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Devwudfw

Wklv sdshu dqdo|}hv wkh uroh ri sulydwh lqirupdwlrq lq X1V1 wlpehu dxfwlrqv1 Lq wkhvh dxfwlrqv/

�upv elg d shu0xqlw sulfh iru hdfk wlpehu vshflhv1 Wrwdo elgv duh frpsxwhg e| pxowlso|lqj wkhvh

sulfhv e| Iruhvw Vhuylfh yroxph hvwlpdwhv/ exw sd|phqwv ghshqg rq dfwxdo yroxphv kduyhvwhg1

Zh ghyhors dq htxloleulxp wkhru| iru wkhvh dxfwlrqv1 Zh wkhq uhodwh +h{ srvw, gdwd derxw

yroxph wr +h{ dqwh, elgv1 Zh vkrz wkdw elgghuv kdyh sulydwh lqirupdwlrq derxw vshflhv yroxphv

dqg xvh lw dv suhglfwhg e| wkhru|1 Gl�huhqfhv lq elgghu hvwlpdwhv dsshdu wr d�hfw wkh doorfdwlrq

ri wudfwv/ exw frpshwlwlrq olplwv lqirupdwlrq uhqwv1

MHO Fodvvl�fdwlrq Qxpehuv= G77/ G;4/ G;4/ G;5/ O:61

WZh kdyh ehqh�whg iurp wkh khosixo frpphqwv ri Sdw Edmdul/ Johqq Hoolvrq/ Vdud Hoolvrq/ Sklo Kdloh/ Mhuu|

Kdxvpdq/ Nhq Khqgulfnv/ Sdxo Mrvnrz/ Ulfkdug Ohylq/ Ere Pduvkdoo/ Zdoo| Pxoolq/ Zklwqh| Qhzh|/ Plnh Qlffrorxfl/

Wrp Vwrnhu dqg vhplqdu sduwlflsdqwv dw Dodedpd/ Ehunhoh|/ Eurzq/ LGHL Wrxorxvh/ PLW/ Wrurqwr/ Wxiwv/ XEF/ XVF/

wkh IWF/ wkh QVI Frqihuhqfh rq Dxfwlrqv dqg Lqiudvwuxfwxuh/ dqg wkh QEHU/ dv zhoo dv iurp Mrkq Frfkudqh dqg wzr

dqrq|prxv uhihuhhv1 Sdwulfn Zdqj dqg Ohljk Olqghq surylghg h{fhswlrqdo uhvhdufk dvvlvwdqfh1 Zh zrxog dovr olnh

wr wkdqn X1V1 Iruhvw Vhuylfh dqg wlpehu lqgxvwu| hpsor|hhv zkr jhqhurxvo| dqvzhuhg rxu pdq| txhvwlrqv1 Dwkh|

dfnqrzohgjhv �qdqfldo vxssruw iurp QVI Judqw VEU0<964:93 dqg wkh Suryrvw*v Ixqg iru Kxpdqlwlhv dqg Vrfldo

Vflhqfhv dw PLW1 Dwkh| dqg Ohylq dfnqrzohgjh wkh krvslwdolw| dqg vxssruw ri wkh Frzohv Irxqgdwlrq iru Hfrqrplf

Uhvhdufk dw \doh Xqlyhuvlw|1
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Ryhu wkh sdvw wzhqw| |hduv/ d odujh wkhruhwlfdo olwhudwxuh kdv ghvfulehg krz elgghuv pljkw ehkdyh lq

dxfwlrqv zkhuh hdfk elgghu kdv d sulydwh hvwlpdwh ri frpprqo|0ydoxhg dvshfwv ri wkh lwhp iru vdoh1

Iurp wkh shuvshfwlyh ri srolf| ru dxfwlrq ghvljq/ wkhvh �frpprq ydoxh� vhwwlqjv duh txlwh gl�huhqw

iurp �sulydwh ydoxh� vhwwlqjv zkhuh elgghuv kdyh sulydwh lqirupdwlrq derxw wkhlu rzq suhihuhqfhv1

\hw wkh wzr wkhruhwlfdo prghov duh yhu| gl!fxow wr glvwlqjxlvk rq wkh edvlv ri elgglqj gdwd dorqh

+Od�rqw dqg Yxrqj/ 4<<9,/ dqg prvw hpslulfdo zrun vlpso| dvvxphv wkdw rqh vhwwlqj ru wkh rwkhu

lv dssursuldwh1 Lq wklv sdshu/ zh suhvhqw hylghqfh wkdw sulydwh lqirupdwlrq derxw frpprq ydoxhv

sod|v d vljql�fdqw uroh lq X1V1 Iruhvw Vhuylfh +IV, dxfwlrqv iru wlpehu kduyhvw frqwudfwv/ dqg wkdw

vwudwhjlf elgglqj ehkdylru lq wkhvh dxfwlrqv lv frqvlvwhqw zlwk wkhruhwlfdo suhglfwlrqv1

Lq wlpehu dxfwlrqv/ dv lq pdq| rwkhu surfxuhphqw dxfwlrqv/ elgv duh pxowl0glphqvlrqdo1 Dv zh

ghvfuleh ehorz/ sulydwh lqirupdwlrq derxw wkh frpsrvlwlrq ri wkh wudfw iru vdoh d�hfwv wkh rswlpdo

vwuxfwxuh ri elgv1 Zh exlog d prgho ri wkh wlpehu dxfwlrq surfhvv wkdw fdswxuhv wklv ihdwxuh/

dqg wkhq xvh h{ srvw lqirupdwlrq rq wudfw frpsrvlwlrq wr hpslulfdoo| whvw zkhwkhu wkh revhuyhg

vwuxfwxuh ri elgv uh hfwv sulydwh lqirupdwlrq dw wkh wlph ri elgglqj dqg zkhwkhu dxfwlrq rxwfrphv

uh hfw lqirupdwlrqdo gl�huhqfhv ehwzhhq elgghuv1 Zh �qg d ydulhw| ri hylghqfh wr vxssruw erwk

k|srwkhvhv1 Zh dovr �qg hylghqfh wkdw lv frqvlvwhqw zlwk elgghu ulvn0dyhuvlrq1 Lpsolfdwlrqv iru

uhyhqxh jhqhudwlrq dqg dxfwlrq ghvljq duh glvfxvvhg1

Wkh vwduwlqj srlqw iru rxu dqdo|vlv lv wkh �vfdoh vdoh� dxfwlrq irupdw xvhg e| wkh IV1 D vdoh

ehjlqv zlwk wkh IV �fuxlvlqj� d vhohfwhg wudfw ri wlpehu dqg hvwlpdwlqj wkh txdqwlw| ri hdfk vshflhv

+dv zhoo dv rwkhu idfwruv vxfk dv wlpehu txdolw| dqg orjjlqj frvwv,1 Wkhvh hvwlpdwhv duh sxeolfo|

dqqrxqfhg/ dw zklfk srlqw srwhqwldo elgghuv pd| frqgxfw wkhlu rzq fuxlvhv1 Ilupv wkhq elg d

shu0xqlw sulfh iru hdfk vshflhv ri wlpehu1 Wkh zlqqhu lv wkh �up zlwk wkh kljkhvw �hvwlpdwhg� elg/

frpsxwhg e| pxowlso|lqj wkh xqlw sulfhv e| wkh txdqwlwlhv dqqrxqfhg e| wkh IV1 Wkh zlqqhu/ xqghu

frqwudfw/ kdv d qxpehu ri |hduv wr uhpryh doo ghvljqdwhg wlpehu1 Dv wlpehu lv uhpryhg/ wkh IV

phdvxuhv lw/ dqg wkh zlqqhu sd|v dw wkh udwhv vshfl�hg lq wkh elg1 Frqvhtxhqwo|/ wkhuh pd| eh

d vljql�fdqw jds ehwzhhq wkh dyhudjh elg/ zhljkwhg e| IV hvwlpdwhv/ dqg wkh dyhudjh sd|phqw/

zhljkwhg e| wkh wuxh txdqwlwlhv1 Vxfk d jds lv w|slfdo= rq wudfwv zlwk wzr pdlq vshflhv ri wlpehu/

wkh IV hvwlpdwh ri wkh sursruwlrq ri wlpehu wkdw lv wkh sulpdu| vshflhv lv zlwklq 8( ri wkh dfwxdo

sursruwlrq uhpryhg rq rqo| kdoi ri wkh vdohv1

D glvwlqfwlyh ihdwxuh ri vfdoh vdohv lv wkdw li d �up kdv sulydwh lqirupdwlrq derxw wkh frpsrvlwlrq

ri wkh wudfw/ lw fdq vwuxfwxuh lwv elg vr wkdw lwv h{shfwhg sd|phqw lv ohvv wkdq lwv elg1 Wklv fdq eh

grqh e| �vnhzlqj� rqh*v elg rqwr wkh vshflhv wkh elgghu eholhyhv kdv ehhq ryhu0hvwlpdwhg e| wkh

IV1 Frqvlghu d vlpsoh h{dpsoh1 Vxssrvh wkhuh duh wzr vshflhv/ Grxjodv Ilu dqg Zhvwhuq Khporfn/

wkdw wkh IV hvwlpdwhv duh suhvhqw lq htxdo sursruwlrqv1 Vxssrvh wkdw edvhg rq lwv rzq fuxlvh dqg
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wkh IV dqqrxqfhphqw/ d �up hvwlpdwhv wkdw 93( ri wkh wlpehu lv Grxjodv Ilu1 Wkh wzr elg yhfwruv

+'433/'433, dqg +'83/'483, |lhog wkh vdph dyhudjh elg/ '4331 Krzhyhu/ wkh �up h{shfwv wr pdnh

dq dyhudjh sd|phqw ri '433 xqghu wkh �uvw elg dqg rqo| '<3 xqghu wkh vhfrqg1 Vlploduo|/ d elgghu

zkr eholhyhv wkdw 98( ri wkh wlpehu lv Grxjodv Ilu zloo h{shfw wr sd| dq dyhudjh ri rqo| ';8 xqghu

wkh vhfrqg elg1

Phfkdqlvpv vlplodu wr vfdoh dxfwlrqv duh hpsor|hg zlgho| lq surfxuhphqw1 Lq frqvwuxfwlrq

frqwudfwlqj/ �xqlw0sulfh� frqwudfwv vshfli| shu0xqlw sulfhv iru gl�huhqw lwhpv/ dqg sd|phqw lv pdgh

edvhg rq uhdol}hg txdqwlwlhv1 Lq frqwudfw dxfwlrqv/ elgv duh vfruhg xvlqj suh0dqqrxqfhg txdqwlw|

hvwlpdwhv1 Lq suhsdudwlrq iru wkhvh vdohv/ �upv shuirup txdqwlw| vxuyh|v ru kluh surihvvlrqdo vxu0

yh|ruv/ dqg elg vnhzlqj/ ru �xqedodqfhg elgglqj/� lv uhsruwhg wr eh frpprq +Forxjk dqg Vhduv/

4<;9> Klq}h/ 4<<5,14 Lq vrph fdvhv/ frqvwuxfwlrq frqwudfwv h{solflwo| surwhfw djdlqvw h{wuhph vnhz0

lqj e| vwdwlqj wkdw d xqlw sulfh pd| eh uhqhjrwldwhg li wkh uhdol}hg txdqwlwlhv gl�hu iurp wkh

lqlwldo hvwlpdwhv e| pruh wkdq vrph �{hg dprxqw +Klq}h/ 4<<5,1 Pdq| jryhuqphqw surfxuhphqw

frqwudfwv dovr kdyh d vlplodu xqlw0sulfh vwuxfwxuh15 Wkh Jryhuqphqw Sxufkdvlqj R!fh*v +JSR,

uhfhqwo| uhylvhg surfxuhphqw srolf| lqfoxghv surylvlrqv vshfl�fdoo| dlphg dw xqedodqfhg elgglqj1

Lq sduwlfxodu/ wkh JSR uhvhuyhv wkh uljkw wr uhmhfw �pdwhuldoo| xqedodqfhg� elgv +Jlqgohvshujhu/

4<<<,1

Lq wklv sdshu/ zh ghyhors dq htxloleulxp prgho ri elgglqj lq vfdoh dxfwlrqv1 Lq wkh prgho/

wkhuh duh wzr vshflhv ri wlpehu/ dqg wkh IV hvwlpdwhv wkhlu uhodwlyh sursruwlrqv +dv zhoo dv wkh wrwdo

txdqwlw|,1 Elgghuv wkhq fuxlvh dqg irup wkhlu rzq hvwlpdwhv ri wudfw frpsrvlwlrq ehiruh elgglqj1

Wr vroyh wkh prgho/ zh h{sorlw wkh edvlf lqvljkw wkdw elg ghflvlrqv fdq eh ghfrpsrvhg lqwr wzr

sduwv= d fkrlfh ri wrwdo elg/ dqg d ghflvlrq derxw krz wr doorfdwh wkdw elg dfurvv vshflhv1 Iru

dq| wrwdo elg/ elgghuv zloo vnhz rqwr wkh vshflhv wkh| eholhyh wkh IV kdv ryhu0hvwlpdwhg1 Elgghuv

zkrvh rzq hvwlpdwhv gl�hu zlgho| iurp wkh IV vnhz prvw khdylo| dqg duh prvw rswlplvwlf derxw

wkh jds ehwzhhq wkhlu fdofxodwhg elg dqg wkhlu h{shfwhg sd|phqw1 Frqvhtxhqwo|/ wkh| vxeplw wkh

kljkhvw wrwdo elgv lq htxloleulxp1 Hvvhqwldoo| wkh vdph orjlf ghvfulehv erwk vhdohg elg dqg rudo

dxfwlrqv1 Dq dwwudfwlyh ihdwxuh ri rxu rudo dxfwlrq wkhru| lv wkdw vnhzlqj ehkdylru dw hdfk vwdjh

ri wkh dxfwlrq fruuhvsrqgv wr wkh rswlpdo vnhz iru d elgghu zkr lv mxvw lqgl�huhqw derxw gursslqj

rxw ri wkh dxfwlrq1 Wklv doorzv iru d suhflvh lqwhusuhwdwlrq ri orvlqj elgv lq rudo dxfwlrq gdwd1

Zh whvw wkh pdlq suhglfwlrqv ri wkh prgho xvlqj gdwd iurp Ruhjrq dqg Zdvklqjwrq gxulqj

4<:9�4<<3/ irfxvlqj rq rudo dxfwlrqv1 Zh pdwfk elgglqj gdwd dqg lqirupdwlrq iurp wkh IV fuxlvh

4Zh wkdqn Sdw Edmdul iru gluhfwlqj xv wr wkhvh wh{wv1 Qrwh wkdw e| frqvwuxfwlrq/ zh uhihu wr frqvwuxfwlrq dqg

uhsdlu ri erwk exloglqjv dqg urdgv1
5Jryhuqphqw djhqflhv pd| dovr uho| rq d uhodwhg sudfwlfh ri �lqgh�qlwh txdqwlw|� frqwudfwlqj1 Djdlq/ elgghuv

qdph xqlw sulfhv/ dqg elgv duh hydoxdwhg edvhg rq surmhfwhg txdqwlwlhv1 H{ srvw/ wkh surfxuhu pd| sxufkdvh duelwudu|

txdqwlwlhv +shukdsv vxemhfw wr vrph frqvwudlqwv, dw wkh vwdwhg sulfhv1
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zlwk h{ srvw fxwwlqj gdwd iurp hdfk wudfw1 Frxsohg zlwk wkh IV hvwlpdwhv/ wkh h{ srvw gdwd surylghv

d gluhfw phdvxuh ri wkh uhwxuqv wr gl�huhqw elg doorfdwlrqv1 Zh suhvhqw �yh pdlq hpslulfdo �qglqjv=

+l, rq dyhudjh/ zlqqlqj elgv whqg wr eh vnhzhg lq wkh uljkw gluhfwlrq> +ll, wkh pruh d jlyhq vshflhv

kdv ehhq ryhu0hvwlpdwhg e| wkh IV/ wkh pruh wkh zlqqlqj elg lv vnhzhg rqwr wkdw vshflhv> +lll,

zlwklq dq dxfwlrq/ kljkhu0udqnhg elgv whqg wr eh pruh vnhzhg lq devroxwh whupv/ dv zhoo dv pruh

vnhzhg lq wkh uljkw gluhfwlrq> +ly, lq rudo dxfwlrqv/ exw qrw vhdohg elg dxfwlrqv/ kljkhu0udqnhg elgv

whqg wr eh pruh dffxudwho| vnhzhg wkdq orzhu0udqnhg elgv> dqg +y, odujhu IV huuruv duh dvvrfldwhg

zlwk kljkhu wrwdo elgv/ exw plqlpdo uhyhqxh orvv1

Rxu �uvw wzr �qglqjv duh frqvlvwhqw zlwk elgghuv kdylqj lqirupdwlrq derxw wkh wuxh frpsrvlwlrq

ri wkh wudfw eh|rqg zkdw lv frqwdlqhg lq wkh IV hvwlpdwh/ dqg uhvsrqglqj wr wkdw lqirupdwlrq dv

suhglfwhg e| wkhru|1 Pruh jhqhudoo|/ wkhvh wzr �qglqjv duh frqvlvwhqw zlwk doprvw dq| wkhru|

+htxloleulxp0edvhg ru qrw, zkhuh lqglylgxdo elgghuv uhfrjql}h wkh lqfhqwlyh wr vnhz1 Wkh qh{w

wkuhh �qglqjv surylgh hylghqfh rq rxu htxloleulxp prgho1 Wkh| duh frqvlvwhqw zlwk d elgglqj

htxloleulxp zkhuh �upv kdyh gl�huhqw hvwlpdwhv ri wudfw frpsrvlwlrq/ dqg zkhuh lqirupdwlrq lv

uhyhdohg lq wkh frxuvh ri dq rudo dxfwlrq1 Wkh odvw �qglqj vxjjhvwv wkdw srwhqwldo �lqirupdwlrq

uhqwv� fuhdwhg e| IV huuruv duh odujho| frpshwhg dzd|1 Ilqdoo|/ zh vkrz wkdw elgghuv gr qrw

dozd|v vnhz wr wkh pd{lpxp h{whqw srvvleoh/ frqvlvwhqw zlwk elgghu ulvn0dyhuvlrq1 Wkh �qglqjv

duh gxsolfdwhg rq d vpdoo vdpsoh ri vhdohg elg dxfwlrqv1

Wkh uhvxowv ri wklv sdshu frqwulexwh wr wkh h{lvwlqj olwhudwxuh lq vhyhudo zd|v1 Zh h{whqg

Plojurp dqg Zhehu*v +4<;5, �plqhudo0uljkwv� dxfwlrq wr vfdoh dxfwlrqv1 Suhylrxv zrun e| Edogzlq

+4<<8, dqg Glhnpdqq/ Pd|hu dqg Vwdun +4<;5, kdv orrnhg dw vnhzlqj dv d sxuho| ghflvlrq0wkhruhwlf

sureohp/ zkloh Zrrg +4<;<, frqvlghuhg vhfrqg0sulfh vfdoh dxfwlrqv xqghu wkh dvvxpswlrq wkdw

elgghuv xvh suh0vhohfwhg olqhdu elgglqj uxohv16 Dq htxloleulxp prgho ri vfdoh vdohv lv lpsruwdqw iru

xqghuvwdqglqj �qglqjv +lll, dqg +ly, deryh1 Lqghshqghqwo|/ Ilhvhohu +4<<<, kdv vwxglhg htxloleulxp

elgglqj lq xqlw0sulfh surfxuhphqw1 Klv prgho lv hvvhqwldoo| dq lqghshqghqw sulydwh ydoxhv dqdorjxh

ri rxuv17

Lq wkh hpslulfdo olwhudwxuh rq dxfwlrqv/ rxu zrun uhodwhv wr wkh fodvvlf vwxg| ri r�0vkruh rlo ohdvhv

e| Khqgulfnv dqg Sruwhu +4<;;,1 Xvlqj h{ srvw gdwd derxw rlo surgxfwlrq/ wkh| vkrzhg wkdw elgghuv

lq srvvhvvlrq ri �qhljkerulqj� wudfwv kdylqj vxshulru lqirupdwlrq wr wkhlu frpshwlwruv derxw wkh

suhvhqfh ri rlo1 Wlpehu dxfwlrqv wkxv surylgh d vhfrqg h{dpsoh zkhuh h{ srvw lqirupdwlrq fdq

h{sorlwhg wr hvwdeolvk wkdw revhuyhg elgglqj lv frqvlvwhqw zlwk elgghuv kdylqj dqg vwudwhjlfdoo|

6Edogzlq +4<<8, dovr xvhg Iruhvw Vhuylfh gdwd wr hvwlpdwh wkh ghjuhh ri elgghu ulvn0dyhuvlrq1 Khu gdwd/ krzhyhu/

glg qrw lqfoxgh h{ srvw uhdol}dwlrqv ri wudfw frpsrvlwlrq/ vr khu frqfoxvlrqv duh edvhg rq uhyhdohg suhihuhqfh udwkhu

wkdq gluhfw phdvxuhv ri wkh uhwxuq wr vnhzlqj1
7Rvedqg dqg Uhlfkhovwhlq +4<;8,/ Fkh +4<<6, dqg Exvkqhoo dqg Ruhq +4<<7, vwxglhg dxfwlrqv zkhuh elgghuv fdq

elg lq wzr glphqvlrqv dqg d vfrulqj uxoh ghwhuplqhv wkh zlqqhu1 Wkhuh lv qr dqdorjxh ri vnhzlqj lq wkhvh prghov1
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h{sorlwlqj sulydwh lqirupdwlrq18 Qrwdeo|/ lq wlpehu dxfwlrqv wkh h{ srvw gdwd fdq eh uhodwhg wr wkh

vwuxfwxuh ri elgv dv zhoo dv wr wkh wrwdo dprxqw elg/ doorzlqj iru d ulfk vhw ri whvwv ri wkh k|srwkhvlv

wkdw sulydwh lqirupdwlrq sod|v d uroh1

Wkh sdshu surfhhgv dv iroorzv1 Vhfwlrq 5 surylghv edfnjurxqg rq wkh IV wlpehu vdoh surjudp1

Vhfwlrq 6 suhvhqwv wkh prgho dqg ghulyhv d vhulhv ri whvwdeoh lpsolfdwlrqv1 Vhfwlrq 7 ghvfulehv wkh

gdwd/ zkloh Vhfwlrq 8 frqwdlqv rxu pdlq hpslulfdo �qglqjv1 Zh frqfoxgh zlwk vrph glvfxvvlrq ri

wkh frvwv dqg ehqh�wv ri vfdoh vdohv uhodwlyh wr rwkhu dxfwlrq irupdwv1

� �
	�������� ��� ������ ����
	� �
���� �����
�

Lq wkh qruwkhuq dqg zhvwhuq uhjlrqv ri wkh X1V1/ wkh qdwlrqdo iruhvwv wudglwlrqdoo| kdyh ehhq d

sulpdu| vrxufh ri wlpehu iru ploov/ orjjlqj frpsdqlhv/ dqg iruhvw surgxfwv frpsdqlhv1 Gxulqj 4<:9�

4<<3/ wkh IV frqgxfwhg zhoo ryhu d wkrxvdqg dxfwlrqv shu |hdu lq wkhvh duhdv/ jhqhudwlqj dqqxdo

uhyhqxh ri durxqg '4 eloolrq1 Rxu hpslulfdo zrun zloo irfxv rq IV Uhjlrqv 8 +Fdoliruqld, dqg 9

+Ruhjrq dqg Zdvklqjwrq,> lq wkh 4<;3v/ wkhvh uhjlrqv dffrxqwhg iru wzr0wklugv ri doo IV wlpehu

vrog dqg ;3( ri doo IV wlpehu uhfhlswv1 Wdeoh 4 lqfoxghv edvlf vxppdu| vwdwlvwlfv19 Vlqfh ghwdlov

ri wkh IV wlpehu surjudp kdyh ehhq glvfxvvhg hovhzkhuh +vhh/ iru h{dpsoh/ Edogzlq/ Pduvkdoo/ dqg

Ulfkdug +4<<:,,/ zh wrxfk rqo| rq d ihz dvshfwv ri wkh lqgxvwu|/ dqg irfxv rq wkh surfhvv wkurxjk

zklfk elgghuv dftxluh lqirupdwlrq dqg suhsduh d vfdoh vdoh elg1

Elgglqj lq IV vdohv lv xqghuwdnhq e| d glyhuvh froohfwlrq ri wlpehu frqjorphudwhv/ vpdoohu ploov/

dqg lqghshqghqw orjjlqj rshudwlrqv1 Wlpehu iurp d vdoh lv iuhtxhqwo| surfhvvhg lq ploov sur{lpdwh

wr wkh qdwlrqdo iruhvw1 Lq Uhjlrq 9/ wkhuh duh vhyhudo kxqguhg ploov ri gl�huhqw w|shv/ hdfk ghpdqglqj

gl�huhqw vshflhv dqg txdolwlhv ri wlpehu1 Frqjorphudwh �upv +vxfk dv Zh|hukdxvhu/ Erlvh0Fdvfdgh/

dqg Jhrujld0Sdfl�f, rzq pdq| ploov doo ryhu wkh frxqwu|/ dqg pd| eh deoh wr surfhvv wkh zkroh

udqjh ri vshflhv dqg wlpehu txdolwlhv rq d jlyhq wudfw1 Vpdoohu ploov dqg lqghshqghqw orjjlqj

rshudwlrqv gr qrw kdyh wklv delolw|1 Zkhq wkhvh vpdoohu elgghuv zlq IV dxfwlrqv/ wkh| whqg wr

uhvhoo vrph ru doo ri wkh wlpehu1 Lq wkh 4<;3v/ wklv uhvdoh zdv grqh hlwkhu wkurxjk sulydwh elodwhudo

wudghv ru/ lq vpdoohu txdqwlwlhv/ wkurxjk sulfhv srvwhg e| wkh ploov +vhh Kdloh +iruwkfrplqj, iru dq

dqdo|vlv ri uhvdoh lq wlpehu dxfwlrqv,1

Wkh IV ehjlqv suhsdudwlrq vhyhudo prqwkv lq dgydqfh ri d vdoh1 Wkh iruhvw pdqdjhu rujdql}hv

d fuxlvh dqg sxeolfo| dqqrxqfhv wkh �qglqjv dw ohdvw 63 gd|v ehiruh wkh vdoh gdwh1 Wkh pdqdjhu

dovr ghflghv/ edvhg rq wudfw fkdudfwhulvwlfv dqg h{shfwhg frpshwlwlrq/ zkhwkhu wr frqgxfw wkh vdoh

e| rudo ru vhdohg elgglqj � lq Uhjlrq 9/ ryhu ;3( ri vdohv duh rudo dxfwlrqv1 Rqfh wkh vdoh lv

dqqrxqfhg/ hdfk �up pxvw �txdoli|� e| vxeplwwlqj d ghsrvlw ri 43( ri wkh elg lq d vhdohg elg

8Vhh dovr PfDihh/ Wdndfv/ dqg Ylqfhqw +4<<<,/ zkr xvh uhvdoh ydoxhv wr dssur{lpdwh frpprq ydoxhv1
9Wkh xqlw ri phdvxuhphqw iru wlpehu lv �wkrxvdqg erdug ihhw/� ru pei1
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dxfwlrq/ ru 43( ri wkh dssudlvhg ydoxh ri wkh vdoh lq dq rudo dxfwlrq1 Wklv ghsrvlw lv khog xqwlo wkh

frqwudfw lv dzdughg1

Dv ghvfulehg deryh/ elgghuv lq d vfdoh vdoh vxeplw d elg udwh iru hdfk vshflhv dqg wkh zlqqhu

sd|v wkh elg udwh iru wkh uhdol}hg yroxph ri hdfk vshflhv1 Wkh IV dqqrxqfhv lq dgydqfh d plqlpxp

dffhswdeoh elg/ ru uhvhuyh sulfh/ iru hdfk vshflhv1

Wkh vfdoh irupdw lv xvhg lq wkh Qruwkhuq dqg Zhvwhuq uhjlrqv ri wkh frxqwu|/ zkhuh vdohv duh

odujhu dqg wkh suhvhqfh ri roghu wuhhv pdnhv wudfwv pruh gl!fxow wr ydoxh1 Lq rwkhu uhjlrqv/ wkh

IV riwhq xvhv d �oxps vxp� irupdw/ zkhuh elgghuv vxeplw �{hg oxps vxp elgv dqg wkh zlqqhu*v

sd|phqw grhv qrw ghshqg rq wkh wlpehu kduyhvwhg1 D pdlq prwlydwlrq iru wkh vfdoh irupdw lv wr

uhgxfh wkh ulvn eruqh e| wkh zlqqhu1 Li �upv idfh vxevwdqwldo ulvn lq wkh vdoh ydoxh/ wkh| zloo uhtxluh

d ulvn suhplxp dqg elg ohvv djjuhvvlyho|1 Lq d vfdoh vdoh/ wkh dprxqw sdlg lv h{solflwo| olqnhg wr

wkh txdqwlw| ri wlpehu kduyhvwhg1 Wkxv/ d vfdoh vdoh dxwrpdwlfdoo| plwljdwhv xqfhuwdlqw| derxw wkh

wrwdo yroxph ri wlpehu rq d wudfw1 Pruhryhu/ elgghuv lq sulqflsoh fdq lqvxuh djdlqvw xqfhuwdlqw|

derxw wkh sursruwlrq ri hdfk vshflhv rq wkh wudfw e| elgglqj wkh vdph sur�w pdujlq rq hdfk vshflhv

+dowkrxjk/ dv zh zloo vkrz/ vnhzlqj fdq xsvhw wklv surshuw|,1:

Ehiruh vxeplwwlqj wkhlu vhdohg elgv ru txdoli|lqj elgv/ wkh elgghuv kdyh wkh rssruwxqlw| wr fuxlvh

wkh wudfw dqg irup wkhlu rzq hvwlpdwhv ri wudfw fkdudfwhulvwlfv1 Fuxlvlqj d wudfw kdv wudglwlrqdoo|

ehhq frqvlghuhg vrphwklqj ri dq duw e| lqgxvwu| lqvlghuv/ dqg pdq| fuxlvhuv kdyh dq xqghujudgxdwh

ghjuhh lq iruhvwu| +vxfk d ghjuhh dv zhoo dv wzr |hduv ri h{shulhqfh duh uhtxluhphqwv iru dgplvvlrq

wr wkh lqgxvwu| dvvrfldwlrq,1 Dffruglqj wr lqgxvwu| vrxufhv/ ehjlqqlqj fuxlvhuv lq wkh 4<<3v pdgh

derxw '63/333 wr '73/333 shu |hdu/ zkloh pruh h{shulhqfhg fuxlvhuv pdgh '93/333 ru pruh1 Odujh

iruhvw surgxfw frpsdqlhv kdyh lq0krxvh fuxlvlqj vwd�v/ zkloh vpdoohu frpsdqlhv pd| xvh iru0kluh

fuxlvhuv iurp frqvxowlqj frpsdqlhv1 Wkhvh iru0kluh fuxlvhuv w|slfdoo| sulfh wkhlu vhuylfhv hlwkhu e|

wkh dfuh ru e| wkh krxu1 Zkloh wkh frvwv ydu| vxevwdqwldoo| iurp wudfw wr wudfw/ rqh �up hvwlpdwhg

d �w|slfdo� frvw ri '432dfuh1 Wkh dyhudjh wudfw vl}h lq rxu vdpsoh lv 6;3 dfuhv/ sxwwlqj wklv frvw

dw derxw '6;33 shu vdoh +ru derxw 319( ri wkh wudfw ydoxh,1 Lw lv xqxvxdo iru d elgghu wr sodfh d

elg rq d wudfw zlwkrxw fuxlvlqj1 Pruhryhu/ �upv wkdw kdyh lqfxuuhg wkh frvwv ri vxuyh|lqj d wudfw

jhqhudoo| vxeplw elgv � wkxv/ rqh fdq wklqn ri wkh ghflvlrq wr vxuyh| d wudfw dv urxjko| htxlydohqw

wr dq hqwu| ghflvlrq1

Zkloh fuxlvhuv xvh vwdwlvwlfdo vdpsolqj whfkqltxhv/ hvwlpdwhv duh lpshuihfw1 Rqh gl!fxow| lv

ghwhfwlqj srwhqwldo ghihfwv lq wuhhv1 Iru h{dpsoh/ lqvhfwv fdq gdpdjh rog jurzwk wuhhv/ exw wklv

pd| eh gl!fxow wr yhuli| iurp h{whuqdo fkdudfwhulvwlfv> dqg gl�huhqw nlqgv ri lqvhfwv pd| kdyh

fdxvhg sureohpv lq gl�huhqw duhdv ri d iruhvw1 Fuxlvhuv pxvw jxhvv dw wkh ghihfwv lq wuhhv dqg

:Dqrwkhu ehqh�w ri vfdoh vdohv lv wkdw Iruhvw Vhuylfh shuvrqqho ehdu srolwlfdo frvwv zkhq wkhlu h{ dqwh hvwlpdwhv duh

lqfruuhfw1 Zlwk d vfdoh vdoh/ wkhuh pd| eh ohvv fkdqfh ri glvdvwurxv elgghu rxwfrphv li yroxph hvwlpdwhv duh lqfruuhfw1

Ilupv lq wkh lqgxvwu| kdyh klvwrulfdoo| h{fhuflvhg juhdw lq xhqfh ryhu Iruhvw Vhuylfh srolf|1
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ghwhuplqh wkh �phufkdqwdeoh� wlpehu/ zklfk zloo eh vrog dw wkh sulfhv elg dw wkh dxfwlrq/ dqg wkh

�qrq0phufkdqwdeoh� wlpehu/ zklfk lv hvvhqwldoo| vfuds1

Wkh IV kdv orqj ehhq dzduh ri vnhzhg elgglqj lq vfdoh vdoh dxfwlrqv +vhh/ iru h{dpsoh/ JDR

Uhsruw UFHG0;606:/ zklfk grfxphqwv uhyhqxh orvvhv iurp vnhzlqj,1 Ryhu wlph/ uxohv kdyh ehhq

dgrswhg wkdw olplw wkh vfrsh iru vnhzlqj1 Lq vrph iruhvwv gxulqj wkh 4<;3v/ elgghuv frxog rqo| sodfh

elgv deryh wkh uhvhuyh sulfh rq �pdmru vshflhv� wkdw dffrxqwhg iru pruh wkdq 58( ri wkh yroxph1

Lq 4<<6/ lq dq h�ruw wr olplw vnhzlqj/ wkh IV fkdqjhg wkh elgglqj uxohv vr wkdw udwlr ri wkh shu0xqlw

elg wr wkh shu0xqlw uhvhuyh sulfh rq d jlyhq vshflhv fdqqrw eh pruh wkdq wzlfh dv odujh dv wkh udwlr

ri wkh dyhudjh elg wr wkh dyhudjh uhvhuyh sulfh +Iruhvw Vhuylfh Pdqxdo/ 4<<8,1 Zh uhwxuq wr wklv/

dv zhoo dv wr wkh uhodwlyh frvwv dqg ehqh�wv ri vfdoh vdohv/ lq wkh frqfoxvlrq1

� ��� �����

Wklv vhfwlrq suhvhqwv d prgho ri htxloleulxp elgglqj lq vfdoh dxfwlrqv/ dqg ghulyhv whvwdeoh suhglf0

wlrqv1

Wkhuh duh wzr vshflhv/ 4 dqg 5/ zlwk nqrzq shu0xqlw ydoxhv y� dqg y21 Wkh| duh suhvhqw rq wkh

wudfw lq sursruwlrqv �� dqg �2 @ 4� ��1 Wkhvh sursruwlrqv duh lqlwldoo| xqnqrzq1; Wkh IV fuxlvhv

wkh wudfw dqg dqqrxqfhv dq hvwlpdwh ri ��/ ghqrwhg h� +dqg ohw h2 @ 4� h�,/ dqg dovr ri wkh wrwdo

yroxph ri wlpehu rq wkh wudfw/ ghqrwhg T.7A 1 Lw dovr dqqrxqfhv shu0vshflhv uhvhuyh sulfhv u� dqg

u21 Zh dvvxph wkdw y� A u� dqg y2 A u21

Wkhuh duh M elgghuv zlwk lghqwlfdo xwlolw| ixqfwlrqv x+�, ryhu zhdowk1 Zh wdnh x wr eh lq0

fuhdvlqj dqg zhdno| frqfdyh1 Hdfk elgghu m fuxlvhv wkh wudfw dqg rewdlqv lqirupdwlrq L� 1 Ohw

v�
�
@ H^��mh�> L

�` ghqrwh elgghu m*v srvw0fuxlvh hvwlpdwh ri wkh sursruwlrq ri vshflhv 4 +qrwh wkdw

H^�2mh�>L
�` @ 4 � v�

�
,1 Iru vlpsolflw|/ zh vxssrvh wkdw elgghuv ohduq wkh wrwdo yroxph ri wlpehu/

T��A / rq wkhlu fuxlvh +lw pd| qrw eh htxdo wr T.7A ,1
<

D elg lv d sulfh yhfwru +e�> e2, wkdw jhqhudwhv d wrwdo elg ri E @ T.7A

S
� e�h�/ dqg/ li lw zlqv

wkh dxfwlrq/ dq hyhqwxdo sd|phqw S @ T��A

S
� e���1

Zh lpsrvh wkh iroorzlqj dvvxpswlrqv1

+D, Jlyhq dq| h�/ +4, +v��> ===> v
a
� > ��, duh vwulfwo| d!oldwhg dqg +v��> ===> v

a
� , duh h{fkdqjhdeoh> +5,

iru dq| sur�oh +L�> ===> La,/ ��m+h�> L
�> ===> La,kdv vxssruw htxdo wr ^3> 4`> dqg +6, iru dq| sur�oh

+L�> ===> La, uhdol}hg zlwk srvlwlyh suredelolw|/ v��> ===> v
a
�
dqg H^��mh�>L

�> ===>La ` duh vlpxowdqh0

rxvo| juhdwhu wkdq ru ohvv wkdq h�1

;Wkurxjkrxw/ zh wdnh d qrwdwlrqdo vkruw0fxw/ xvlqj wkh vdph qrwdwlrq iru udqgrp yduldeohv dqg wkhlu uhdol}dwlrqv1
<Wr h{whqg wkh prgho wr doorz xqfhuwdlqw| derxw '��A c dgglwlrqdo dvvxpswlrqv rq ulvn suhihuhqfhv pd| eh

uhtxluhg1 Lq rxu gdwdvhw/ '��A dqg 4
�
duh xqfruuhodwhg frqglwlrqdo rq '.7A dqg e��
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Rxu �uvw wzr dvvxpswlrqv duh plog1 Wkh �uvw vd|v wkdw elgghuv* hvwlpdwhv duh d!oldwhg zlwk

wkh wuxwk dqg lpsrvhv v|pphwu| dprqj wkh elgghuv143 Wkh vhfrqg vwdwhv wkdw elgghu hvwlpdwhv

duh qrlv| � wkhuh lv srvw0fuxlvh xqfhuwdlqw| derxw ��1 Wkh �qdo dvvxpswlrq/ D6/ lv vwurqjhu/ exw

d xvhixo vlpsol�fdwlrq1 Lw vd|v wkdw elgghuv* hvwlpdwhv duh fruuhodwhg vr wkdw wkh| duh hlwkhu doo

juhdwhu wkdq/ ru doo ohvv wkdq/ wkh IV hvwlpdwh +ri frxuvh/ wkh IV pd| vwloo eh forvhvw wr wkh wuxwk,1

Wklv dvvxpswlrq vhuyhv wr vlpsoli| wkh xsgdwlqj wkdw rffxuv zkhq elgghuv frqglwlrq wkhlu eholhiv

rq zlqqlqj wkh dxfwlrq +l1h1 zkhq wkh| dffrxqw iru wkh zlqqhu*v fxuvh,1 D frqvhtxhqfh lv wkdw

lq htxloleulxp/ elgghuv zloo hqg xs doo vnhzlqj wkhlu elgv lq wkh vdph +wkrxjk srwhqwldoo| zurqj,

gluhfwlrq/ wkrxjk wr gl�huhqw ghjuhhv1 Lq Dsshqgl{ D/ zh vnhwfk krz wklv dvvxpswlrq fdq eh

uhod{hg1

Ohw xv pdnh wzr ixuwkhu frpphqwv1 Iluvw/ wkh prgho fdq eh h{whqghg wr lqfrusrudwh wkh uhdolvwlf

ihdwxuh wkdw elgghuv fkrrvh krz pxfk lqirupdwlrq wr dftxluh1 Lq wkh h{whqghg prgho/ elgghuv

sulydwho| fkrrvh wkhlu fuxlvlqj lqwhqvlw| +suhflvlrq ri wkhlu hvwlpdwh, dw vwdjh rqh/ iroorzhg e| wkh

uhdol}dwlrq ri lqirupdwlrq dqg elgglqj dw vwdjh wzr1 Wkh ehkdylru zh ghvfuleh khuh fruuhvsrqgv

wr wkh elgglqj vwdjh ri d v|pphwulf sxuh0vwudwhj| htxloleulxp ri wkh h{whqghg prgho1 Vhfrqg/ wkh

prgho irfxvhv rq wkh sduwlfxodulwlhv ri vnhz elgglqj/ dqg devwudfwv iurp khwhurjhqhlw| lq wkh sulydwh

ydoxhv ri wkh �upv iru gl�huhqw vshflhv/ dv zhoo dv iurp sulydwh frvw ru lqyhqwru| gl�huhqfhv1 Lq

sudfwlfh/ sulydwh ydoxh gl�huhqfhv duh dovr lpsruwdqw144 Qhyhuwkhohvv/ zh eholhyh wkh edvlf lqfhqwlyhv

wkdw gulyh elg doorfdwlrq lq wklv prgho zrxog shuvlvw lq d ulfkhu hqylurqphqw zkhuh elgghuv kdg

erwk sulydwh ydoxh gl�huhqfhv dqg gl�huhqw eholhiv derxw wudfw frpsrvlwlrq1

��� ��� ��
��� �
� ��	�
��

Lq d vhdohg elg dxfwlrq/ hdfk elgghu vxeplwv d elg yhfwru +e�> e2,1 Wkh elg ghflvlrq fdq eh eurnhq

lqwr wzr sduwv= vhohfwlqj d wrwdo elg E/ dqg doorfdwlqj wkdw elg ryhu wkh wzr vshflhv/ l1h1 fkrrvlqj

�e @ e� � e2 +qrwh wkdw E dqg �e xqltxho| ghwhuplqh e� dqg e2,1 Vlqfh wkh zlqqhu lv ghwhuplqhg

rqo| e| wrwdo elg/ elg doorfdwlrq lv uhohydqw rqo| li d elg zlqv1 Ohwwlqj

�+�e>E> ��, @ T��A � ^+�e��y,+h� � ��, . +Y �E,@T.7A `

ghqrwh h{ srvw sur�wv frqglwlrqdo rq zlqqlqj +khuh �y @ y� � y2 dqg Y @ T.7A

S
� y�h�,/ elgghu

m*v elg doorfdwlrq sureohp fdq eh zulwwhq dv=

pd{
{K

H4
�

k
x+�+�e>E> ��,, m h�> v

�
�
>;n 9@ m>E& ? E

l
> +4,

vxemhfw wr e� � u�/ e2 � u2=

43Zh uhwxuq wr wkh lvvxh ri elgghu khwhurjhqhlw| lq Vhfwlrq 8181
44 Lqghhg/ li wkh Iruhvw Vhuylfh kdg h{dfwo| wkh vdph lqirupdwlrq dv wkh elgghuv derxw wkh ydoxh dqg h{wudfwlrq frvwv

ri hdfk vshflhv ri wlpehu +dv lq rxu irupdol}dwlrq,/ qr dxfwlrq zrxog eh qhhghg � wkh Iruhvw Vhuylfh frxog vlpso|

vhw d shu0xqlw sulfh iru hdfk vshflhv htxdo wr lwv ydoxh dqg vhoo wr dq| elgghu1

:



Lq pdnlqj klv doorfdwlrq ghflvlrq/ elgghu m frqglwlrqv rq klv rzq hvwlpdwh/ dqg dovr rq zlqqlqj

zlwk wrwdo elg E +dffrxqwlqj iru wkh zlqqhu*v fxuvh,1

Lw lv xvhixo wr wklqn ri elg doorfdwlrq dv d sruwirolr sureohp � wkh elgghu lv �lqyhvwlqj� �e��y

lq d ulvn| dvvhw zlwk �uhwxuq� h����1 E| elgglqj d frqvwdqw sur�w pdujlq rq hdfk vshflhv +vhwwlqj

�e @ �y,/ d elgghu holplqdwhv ulvn iurp wkh IV huuru1 Dowhuqdwlyho|/ wkh elgghu fdq jdpeoh e|

vnhzlqj klv elg +vhwwlqj �e 9@ �y,1 Iurp vwdqgdug sruwirolr wkhru|/ zh rewdlq=

Sursrvlwlrq 4 Iru dq| IV hvwlpdwh/ rssrqhqw vwudwhjlhv/ dqg wrwdo elg E= +l, li E@T.7A A

Y@T.7A � +y� � u�,/ l @ 4> 5/ wkhq wkh rswlpdo elg doorfdwlrq vhwv �e� A �y li v�� ? h� dqg

�e� ? �y li v�� A h�>45 +ll, li d elgghu lv ulvn0qhxwudo/ klv rswlpdo elg hlwkhu vhwv e� @ u� ru e2 @ u2>

dqg +lll, wkh rswlpdo elg doorfdwlrq �e�� lv ghfuhdvlqj46 lq v��1

Lqwxlwlyho|/ elgghuv zloo vnhz wkhlu elg rqwr wkh vshflhv wkh| eholhyh kdv ehhq ryhu0hvwlpdwhg1

Wklv orzhuv wkh h{shfwhg sd|phqw iru d jlyhq elg/ exw lw phdqv wdnlqj rq ulvn1 D ulvn0qhxwudo elgghu

glvuhjdugv wkh ulvn dqg vnhzv wr wkh pd{lpxp h{whqw doorzhg e| wkh uhvhuyh sulfhv1 Wklv uhvxow lv

yhu| jhqhudo1 Zkhq d elgghu lv ulvn0qhxwudo/ h{shfwhg sd|r�v duh olqhdu1 Zkdwhyhu frqmhfwxuh wkh

elgghu kdv derxw rssrqhqw hvwlpdwhv/ vr orqj dv wkh srvwhulru phdq ri �� lv qrw htxdo wr h�> lw zloo

eh rswlpdo wr sodfh dq h{wuhph vnhz1 Ilqdoo|/ d elgghu*v doorfdwlrq lv prqrwrqh lq klv hvwlpdwh �

wkh kljkhu klv hvwlpdwh ri vshflhv 4/ wkh pruh kh doorfdwhv klv elg rqwr vshflhv 51

Elgghuv zkrvh hvwlpdwhv gl�hu juhdwo| iurp wkh IV hvwlpdwh zdqw wr vnhz prvw djjuhvvlyho|1

Vlqfh wkhvh elgghuv zloo dovr eh wkh prvw rswlplvwlf derxw wkh jds ehwzhhq fdofxodwhg elgv dqg

h{shfwhg sd|phqwv/ lw lv qdwxudo wkdw wkh| vkrxog elg pruh dv zhoo1 Wkh qh{w Sursrvlwlrq hvwdeolvkhv

d sxuh0vwudwhj| htxloleulxp wkdw uh hfwv wklv ehkdylru1 Iru wklv uhvxow/ dqg iurp qrz rq/ zh pdnh

wkh ixuwkhu dvvxpswlrq wkdw elgghuv* ulvn suhihuhqfhv vdwlvi| hlwkhu frqvwdqw ru lqfuhdvlqj devroxwh

ulvn0dyhuvlrq147

Sursrvlwlrq 5 Wkhuh lv d sxuh0vwudwhj| Qdvk htxloleulxp lq zklfk doo elgghuv xvh vwudwhjlhv E+v�,>

�e�+v�,/ zkhuh +l, �e� lv ghfuhdvlqj lq v�/ +ll, E lv ghfuhdvlqj lq v� zkhq v� ? h� dqg lqfuhdvlqj

lq v� zkhq v� A h�/ dqg +lll, E � Y iru doo v�1

45Jlyhq �/ wkh uhvhuyh sulfh frqvwudlqwv olplw wkh doorzdeoh vhw ri {K*v wr dq lqwhuydo1 Wkh txdol�fdwlrq wkdw

�*'.7A : T*'.7A 3 E�� 3 o�� hqvxuhv wkdw {� lv lq wkh doorzdeoh lqwhuydo1 Lq htxloleulxp/ wklv lv dozd|v wkh fdvh1
46Wkurxjkrxw/ zh xvh wkh whupv lqfuhdvlqj dqg ghfuhdvlqj lq wkh zhdn vhqvh/ xqohvv zh h{solflwo| lqglfdwh wkdw zh

uhtxluh vwulfw prqrwrqlflw|1
47Wkh uhdvrq iru wklv uhvwulfwlrq lv wkdw zlwk d kljkhu wrwdo elg/ d elgghu hydoxdwhv wkh vshflhv frpsrvlwlrq ulvn iurp

+hvvhqwldoo|, d srvlwlrq ri ghfuhdvhg zhdowk1 Xqghu GDUD/ wklv uhgxfhv klv surshqvlw| wr vnhz/ lqwurgxflqj dq h�hfw

wkdw frpshwhv zlwk wkh gluhfw whqghqf| ri elgghuv zlwk h{wuhph vljqdov wr vnhz dqg elg pruh1 Wkh dvvxpswlrq lv

srwhqwldoo| xqghvludeoh/ vlqfh Edogzlq*v +4<<8, hpslulfdo zrun vxjjhvwv wkdw GDUD pljkw eh d suhihudeoh k|srwkhvlv1

Wr uhod{ lw/ zh zrxog uhtxluh wkdw zhdowk h�hfwv iurp udlvlqj rqh*v elg duh qrw wrr surqrxqfhg uhodwlyh wr rwkhu irufhv

lq wkh prgho1

;



Wkh htxloleulxp elg ixqfwlrq lv X0vkdshg lq d elgghu*v hvwlpdwh1 D ghwdlohg ghulydwlrq ri wkh

htxloleulxp lv lq Dsshqgl{ D/ exw wkh lqwxlwlrq lv mxvw dv vxjjhvwhg deryh1 Elgghuv zkrvh hvwlpdwhv

gl�hu juhdwo| iurp wkh IV duh wkh prvw rswlplvwlf derxw wkhlu delolw| wr gulyh d zhgjh ehwzhhq elg

dqg sd|phqw1 Khqfh wkh| vnhz/ dqg elg/ prvw djjuhvvlyho|1 Lqwhuhvwlqjo|/ lq htxloleulxp/ elgghuv

pxvw vnhz wr zlq wkh dxfwlrq1 Li d elgghu grhv qrw vnhz/ d vhfrqg elgghu fdq hduq juhdwhu sur�wv e|

voljkwo| udlvlqj wkh elg dqg vnhzlqj rswlpdoo|1 Iroorzlqj wklv orjlf/ frpshwlwlrq ohdgv hdfk elgghu

wr fkrrvh E@T.7A juhdwhu wkdq Y@T.7A / wkh +fhuwdlq, shu0xqlw ydoxh ri zlqqlqj zkhq �e @ �y1

���  �
� ��	���
�� ��	�
���

Zh qrz frqvlghu rudo dvfhqglqj vfdoh dxfwlrqv1 D frpprq frqfhuq lq hpslulfdo vwxglhv ri rudo

dxfwlrqv lv wkdw qrq0zlqqlqj elgv pd| qrw eh jrrg lqglfdwruv ri elgghuv* eholhiv1 Lq wkh vfdoh

frqwh{w/ wklv sureohp pljkw eh dfxwh vlqfh elgghuv kdyh vljql�fdqw ohhzd| wr hqjdjh lq vwudwhjlf

ehkdylru hduo| rq/ iru h{dpsoh e| wu|lqj wr lq xhqfh rssrqhqw eholhiv wkurxjk wkh fkrlfh ri vnhz1

Dqhfgrwdo hylghqfh vxjjhvwv wkdw vxfk sudfwlfhv duh xqxvxdo1 Qhyhuwkhohvv/ zh zdqw d wkhruhwlfdo

iudphzrun wr jxlgh rxu lqwhusuhwdwlrq ri wkh qrq0zlqqlqj elgv zh revhuyh lq rxu gdwd1

Zh frqvlghu d vw|ol}hg rudo dxfwlrq/ vlplodu wr Plojurp dqg Zhehu*v +4<;5/ khqfhiruwk PZ,

�Hqjolvk� dxfwlrq/ lq zklfk wrwdo elgv ulvh vprrwko| dqg elgghuv pd| qrw gurs rxw ri wkh elgglqj

dqg uh0hqwhu1 Ehorz/ zh uhodwh wklv dxfwlrq wr wkh dfwxdo IV uxohv1

+Hqjolvk vfdoh dxfwlrq, Doo elgghuv duh dfwlyh dw wkh uhvhuyh sulfh1 Wkh dxfwlrqhhu udlvhv wkh

wrwdo elg lq vpdoo lqfuhphqwv1 Dw dq| elg lqfuhphqw/ doo elgghuv fdoo rxw d vnhz +�e, iru wkh

qh{w lqfuhphqw1 Wkh| wkhq dqqrxqfh wkhlu dfwlylw| iru wkh qh{w lqfuhphqw1 Qr elgghu zkr

kdv gursshg rxw fdq ehfrph dfwlyh djdlq1 Li rqo| rqh elgghu dqqrxqfhv dfwlylw|/ wkdw elgghu

lv ghfoduhg wkh zlqqhu dw khu odvw dqqrxqfhg elg1

Jlyhq d elg ohyho E dqg d elgglqj klvwru|/ zh gh�qh d �pdujlqdo� hvwlpdwh wr eh wkh fuxlvh

hvwlpdwh wkdw ohdyhv d elgghu lqgl�huhqw ehwzhhq zlqqlqj dqg orvlqj dw E zlwk dq rswlpdoo| fkrvhq

vnhz1 Zh frqvwuxfw dq htxloleulxp lq zklfk/ dw hdfk srlqw lq wlph/ doo dfwlyh elgghuv plplf wkh

rswlpdo elg doorfdwlrq ri d �up zlwk d �pdujlqdo� fuxlvh hvwlpdwh1 Dv wkh sulfh ulvhv/ elgghuv

gurs rxw dw wkh srlqw zkhuh wkhlu hvwlpdwh ehfrphv pdujlqdo/ dqg elgghuv zlwk pruh glyhujhqw

hvwlpdwhv vwd| lq wkh dxfwlrq orqjhu1 Wkh htxloleulxp kdv wkh vdph txdolwdwlyh ihdwxuhv dv wkh PZ

htxloleulxp= +4, elgghuv gurs rxw lq rughu ri wkhlu hvwlpdwhv/ dqg ixoo| uhyhdo wkhlu lqirupdwlrq zkhq

wkh| gurs rxw> +5, elgghuv uhpdlq lq wkh dxfwlrq xqwlo wkh| duh mxvw lqgl�huhqw ehwzhhq gursslqj

rxw dqg zlqqlqj wkh dxfwlrq dw wkh fxuuhqw elg> +6, wkh rqo| lqirupdwlrq wkdw fdq eh lqihuuhg derxw

dfwlyh elgghuv lv wkdw wkhlu hvwlpdwhv duh dw ohdvw dv juhdw dv vrph pdujlqdo hvwlpdwh148

48Qrwlfh wkdw lw lv qrw fohdu d sulrul wkdw wkh htxloleulxp zloo kdyh wkhvh surshuwlhv1 Uhodwlyh wr wkh vwdqgdug vhwwlqj/
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Irupdoo|/ rughu wkh elgghuv lq ghvfhqglqj rughu dffruglqj wr wkh h{wuhplw| ri wkhlu hvwlpdwhv

+l1h1 vr mv��� h�m A mv�n�� � h�m,1 Li n elgghuv kdyh gursshg rxw/ ohw S& @ is�> ===> s&j eh wkh yhfwru ri

wrwdo elgv dw zklfk wkh gurs0rxwv rffxuuhg1 Zh gh�qh EW+G>S&, wr eh wkh wrwdo elg ohyho dw zklfk

d elgghu zlwk hvwlpdwh v� @ G fdq dfklhyh d sd|r� ri dw prvw }hur jlyhq wkdw doo rwkhu uhpdlqlqj

elgghuv dovr kdyh hvwlpdwh G1 Wkdw lv/ EW+G>S&, vroyhv=

3 @ pd{
{K

H4
�

k
x +� +�e>E> ��,, m h�> v

�

� @ === @ va3&
�

@ G>S&

l
+5,

vxemhfw wr = e� � u�/ e2 � u2=

Rxu qh{w uhvxow hvwdeolvkhv wkdw EW+G>S&, lv X0vkdshg lq G � wkdw lv/ elgghuv zkrvh hvwlpdwhv

duh iduwkhu iurp wkh IV fdq elg pruh dqg vwloo h{shfw d srvlwlyh sd|r�1

Sursrvlwlrq 6 EW+G>S&, lv vwulfwo| lqfuhdvlqj lq G li G A h� dqg vwulfwo| ghfuhdvlqj li G ? h�/

dqg EW+G>S&, � Y 1

Wkh �pdujlqdo� w|sh jlyhq elg ohyho E dqg klvwru| S& lv wkh hvwlpdwh G wkdw vroyhv E @

EW+G>S&,1
49 Ohw �e+E>S&, eh wkh elg doorfdwlrq wkdw vroyhv +5, iru wkh pdujlqdo w|sh1 Zh fdq

ghvfuleh ehkdylru lq wkh dxfwlrq dv iroorzv=

Sursrvlwlrq 7 Wkhuh h{lvwv d Shuihfw Ed|hvldq Htxloleulxp dv iroorzv1 +l, Jlyhq wkdw n elgghuv

kdyh gursshg rxw dqg xqwlo dqrwkhu rssrqhqw gursv rxw/ hdfk elgghu vwd|v lq wkh dxfwlrq xqwlo

E @ EW+v�
�
>S&,1 +ll, Iru hdfk E ? EW+v�

�
>S&,/ dfwlyh elgghuv dqqrxqfh �e+E>S&,1 +lll, Wkh elgghu

zlwk wkh kljkhvw hvwlpdwh zlqv wkh dxfwlrq zlwk d elg +�e>E, wkdw vroyhv

3 @ pd{
{K

H4
�

�
x +� +�e>E> ��,, m h�> v

�

� @ v2�> v
2

�> ===> v
a
�

�
+6,

vxemhfw wr = e� � u�> e2 � u2=

Lq htxloleulxp/ dv wkh elg ohyho ulvhv/ vnhzlqj ehfrphv pruh djjuhvvlyh lq rqh gluhfwlrq ru wkh

rwkhu dqg elgghuv gurs rxw xqwlo rqo| wkh elgghu zlwk wkh prvw h{wuhph hvwlpdwh uhpdlqv14:

wkhuh lv dgglwlrqdo dpeljxlw| ehfdxvh hdfk elgghu pxvw qrw rqo| ghflgh zkhwkhu wr uhpdlq dfwlyh/ exw dovr zkdw

doorfdwlrq wr dqqrxqfh1 Lq sulqflsoh/ doo lqirupdwlrq frxog eh uhyhdohg lpphgldwho| wkurxjk wkhvh dqqrxqfhphqwv1

Krzhyhu/ d vlpsoh dujxphqw fdq h{sodlq zk| wkh uhohdvh ri lqirupdwlrq pxvw eh judgxdo lq htxloleulxp1 Li hdfk

elgghu zhuh wr dqqrxqfh d glvwlqfw doorfdwlrq ghshqglqj rq wkhlu vljqdo +h1j1 wkhlu rswlpdo doorfdwlrq,/ wkhq iurp wkdw

srlqw rq/ doo lqirupdwlrq zrxog eh sxeolf dqg hyhu|rqh zrxog kdyh wkh vdph h{shfwhg ydoxh frqglwlrqdo rq zlqqlqj1

Elgglqj zrxog frqwlqxh xqwlo wkh ydoxh ri zlqqlqj zdv }hur1 Vxfk ehkdylru fdqqrw eh dq htxloleulxp ehfdxvh dq

lqglylgxdo elgghu zrxog zdqw wr idovho| uhyhdo d ohvv h{wuhph hvwlpdwh/ uhgxflqj wkh gurs0rxw ohyho ri doo rssrqhqwv

dqg jlylqj klp srvlwlyh h{shfwhg sur�wv1
49Jlyhq D6/ wkhuh zloo eh d xqltxh ( wkdw vroyhv � ' �

WE((�&�1
4: Lqwhuhvwlqjo|/ dqg shukdsv vxusulvlqjo| jlyhq wkdw elgghuv fdq pdnh d zlgh ydulhw| ri ghyldwlrqv iurp wkh htxlole0

ulxp vwudwhjlhv/ wkh r�0htxloleulxp0sdwk eholhiv uhtxluhg wr vxssruw wkh htxloleulxp duh zhdn1 Wkh pdlq uhvwulfwlrq lv
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Wkh prgho lv sduwlfxoduo| xvhixo iru lqwhusuhwlqj elg gdwd ehfdxvh wkh IV vlpso| uhfrugv wkh

kljkhvw elg sodfhg e| d jlyhq elgghu1 Vlqfh d elgghu pljkw kdyh ehhq zloolqj wr elg kljkhu/ klv odvw

elg fdq rqo| vhuyh dv d erxqg rq klv wrwdo ydoxh1 Krzhyhu/ xqghu wkh ehkdylru ghvfulehg deryh/

wkh elg doorfdwlrq kdv dq h{dfw lqwhusuhwdwlrq1 Lw fruuhvsrqgv wr wkh rswlpdo doorfdwlrq iru d elgghu

zkrvh hvwlpdwh zrxog eh pdujlqdo iru wkh jlyhq wrwdo elg ohyho1

Lq sudfwlfh/ wkh IV uxohv duh ohvv vwuxfwxuhg wkdq wkh dxfwlrq zh kdyh ghvfulehg1 Wkh dxfwlrqhhu

vlpso| uhfrjql}hv rqh elgghu dw d wlph wr udlvh wkh elg1 Elgghuv pd| vwd| vlohqw iru d wlph dqg wkhq

ehfrph dfwlyh dqg wkh elgglqj pd| ulvh lq mxpsv14; Iruwxqdwho|/ wkh pdlq txdolwdwlyh ihdwxuh ri

wkh htxloleulxp � wkdw elgghuv dqqrxqfh vnhzv frqvlvwhqw zlwk kdylqj wkh ohdvw h{wuhph hvwlpdwh

wkdw pdnhv wkhp sur�wdeoh li wkh| zlq � grhv qrw ghshqg rq wkh h{dfw vwuxfwxuh zh ghvfuleh1 Wklv

ihdwxuh dulvhv qdwxudoo| ehfdxvh vljqdolqj d pruh h{wuhph hvwlpdwh fdxvhv rssrqhqwv wr frpshwh

pruh djjuhvvlyho|1 Iru lqvwdqfh/ rxu hduolhu zrunlqj sdshu +Dwkh| dqg Ohylq/ 4<<<, ghprqvwudwhg

dq htxloleulxp lq d iuhh0irup dxfwlrq lq zklfk elgglqj surfhhgv dv lq Sursrvlwlrq 714<

Dv qrwhg deryh/ dq lpsolfdwlrq ri dvvxpswlrq D6 lv wkdw lq d jlyhq dxfwlrq/ doo elgghuv vnhz

lq wkh vdph gluhfwlrq1 Lq Dsshqgl{ D/ zh vnhwfk dq h{whqvlrq wkdw uhod{hv D6/ ohdglqj wr dq

htxloleulxp zkhuh= +l, elgghuv lq wkh vdph dxfwlrq vnhz lq gl�huhqw gluhfwlrqv/ +ll, wkh pdjqlwxgh

ri wkh vnhz +lq d jlyhq gluhfwlrq, lqfuhdvhv zlwk wkh elg ohyho/ dqg +lll, elgghuv zlwk pruh h{wuhph

hvwlpdwhv +lq d jlyhq gluhfwlrq, vwd| lq wkh dxfwlrq orqjhu1 Lq wklv htxloleulxp/ hdfk elgghu vnhzv

lq wkh gluhfwlrq vxjjhvwhg e| klv rzq hvwlpdwh1

��� !�"
�
	
� ����
	�
���

Wkh prgho |lhogv whvwdeoh suhglfwlrqv derxw wkh mrlqw glvwulexwlrq ri revhuyhg elgv/ E dqg �e @

e� � e2/ dqg wkh gl�huhqfh ehwzhhq wkh IV hvwlpdwh dqg wkh dfwxdo vshflhv sursruwlrqv/ ru wkh

plv0hvwlpdwh/ � @ h� � ��= Wkhvh gdwd duh revhuydeoh1 Dffruglqj wr wkh prgho/ �e� lv d ghfuhdvlqj

ixqfwlrq ri elgghu m*v hvwlpdwh v�
�
1 Vlqfh v�

�
lv d!oldwhg zlwk �� dqg khqfh zlwk ��/ wkh prgho

lpsolhv wkdw �e� dqg � duh d!oldwhg udqgrp yduldeohv/ erwk xqfrqglwlrqdoo| dqg frqglwlrqdo rq d

wkdw iroorzlqj d odujhu wkdq h{shfwhg vnhz e| d jlyhq elgghu/ pdujlqdo rssrqhqwv/ l1h1 wkrvh zkr duh derxw wr gurs

rxw/ pxvw ehfrph voljkwo| rswlplvwlf derxw wkh ghyldwlqj elgghu*v hvwlpdwh +wkh| pxvw eholhyh lw lv pruh h{wuhph wkdq

wkh pdujlqdo hvwlpdwh,1 Wkh lghd lv wkdw li wkhvh rssrqhqwv ehfrph pruh rswlplvwlf/ wkh| zloo vwd| lq wkh dxfwlrq

iru dqrwkhu lqfuhphqw/ suhyhqwlqj wkh ghyldwru iurp uhdol}lqj d jdlq1 Vlqfh d elgghu zlwk d hvwlpdwh ohvv h{wuhph

wkdq wkh pdujlqdo hvwlpdwh zrxog pdnh d orvv li wkh dxfwlrq hqghg iroorzlqj d ghyldwlrq/ wkh dvvxpswlrq ri lqfuhdvhg

rswlplvp lv d qdwxudo rqh1
4;Dv lq rxu prgho/ krzhyhu/ wkh zlqqhu pd| qrw dowhu klv elg doorfdwlrq/ ru udlvh klv rzq elg/ dw wkh hqg ri wkh

dxfwlrq1 Wkh Iruhvw Vhuylfh dovr uhvwulfwv d elgghu zkr kdv sodfhg d elg hduolhu lq wkh dxfwlrq iurp orzhulqj klv elg

rq dq| jlyhq vshflhv1 Sdvw elgv e| rwkhu elgghuv gr qrw sodfh dq| uhvwulfwlrq rq d jlyhq elgghu*v ehkdylru/ h{fhsw iru

wkh vwdqgdug uhtxluhphqw wkdw wrwdo elgv pxvw jr xs1
4<Htxloleuld zlwk wkh edvlf ihdwxuhv zh ghvfuleh dovr h{lvw xqghu rwkhu dfwlylw| dqqrxqfhphqw uxohv/ vxfk dv Kduvwdg

dqg Urwknrsi*v +5333, �dowhuqdwlqj uhfrjqlwlrq� prgho/ zkhuh rqo| wzr elgghuv dw d wlph dqqrxqfh dfwlylw|1
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jlyhq elg E� 153 Zh ghulyh whvwdeoh suhglfwlrqv gluhfwo| iurp wklv surshuw|1

Wr gr wklv/ zh odeho wkh vshflhv vr wkdw wkh IV plv0hvwlpdwh lv srvlwlyh +d!oldwlrq krogv uhjdugohvv

ri krz zh duudqjh wkh vshflhv,1 Ohw ! eh wkh vshflhv wkdw lv ryhu0hvwlpdwhg/ vr wkdw �� @ h���� � 3

dqg �e� @ e� � e
S�1

41 Wkh dprxqw elg shu xqlw ri yroxph lv juhdwhu lq h{shfwdwlrq wkdq wkh dprxqw sdlg shu xqlw

ri yroxph= H^E�@T.7A � S �@T��A ` @ H^�e�� � ��` A 31

51 Wkh suredelolw| wkdw elgghuv vnhz �fruuhfwo|/� Sui�e�� ��y� A 3m��j/ lv lqfuhdvlqj lq wkh

plv0hvwlpdwh ��1

61 Wkh h{shfwhg vnhz/ H^�e�� ��y�m��`/ lv lqfuhdvlqj lq wkh plv0hvwlpdwh ��1 Vlploduo|/ iru d

�{hg wrwdo elg E� / H^�e�� ��y�mE
� > ��` lv lqfuhdvlqj lq ��1

71 Wkh vnhzv ri wkh kljkhu udqnhg elgghuv duh h{shfwhg wr eh odujhu/ erwk xqfrqglwlrqdoo| dqg

iru dq| jlyhq elg ohyho E= H
�
�
��e�� ��y�

�
�
�/ H^

�
�
��e�� ��y�

�
�
� mE�` duh ghfuhdvlqj lq m1

81 Wkh jds ehwzhhq wkh zlqqlqj elg dqg wkh sd|phqw/ H^E@T.7A � S@T��A m��`> lv lqfuhdvlqj

lq wkh plv0hvwlpdwh ��1

Ohw xv hpskdvl}h wkdw wkhvh suhglfwlrqv uho| rqo| rq wkuhh edvlf surshuwlhv ri wkh prgho= +l, elgghu

hvwlpdwhv duh d!oldwhg zlwk wkh wuxh frpsrvlwlrq> +ll, elg doorfdwlrqv duh d prqrwrqh ixqfwlrq ri

elgghuv* hvwlpdwhv> dqg +lll, elgghuv zlwk pruh h{wuhph hvwlpdwhv elg pruh lq wrwdo1 Wkxv/ wkh

hpslulfdo frqwhqw ri wkh prgho grhv qrw vhhp wr klqjh fulwlfdoo| rq �qh prghoolqj dvvxpswlrqv1

Ilqdoo|/ zkhq D6 lv uhod{hg/ elgghuv pd| vnhz lq gl�huhqw gluhfwlrqv/ dqg lqirupdwlrq derxw wkh

gluhfwlrq dv zhoo dv wkh pdjqlwxgh ri wkh plv0hvwlpdwh vkrxog eh uhyhdohg lq wkh frxuvh ri dq rudo

dxfwlrq1 Wkxv/ d �qdo suhglfwlrq lv wkdw kljkhu udqnhg elgghuv vkrxog eh pruh olnho| wr vnhz

�fruuhfwo|� lq rudo +exw qrw qhfhvvdulo| vhdohg elg, dxfwlrqv1

# $
�
 �� ������ ����
	� ��	�
���

#�� ��� $
�


Rxu gdwd vhw lqfoxghv d vxevhw ri wkh elgglqj dqg fxwwlqj gdwd iurp IV wlpehu vdohv ghvfulehg lq

Vhfwlrq 51 Wr rxu nqrzohgjh/ zh duh wkh �uvw wr frpelqh elgglqj dqg fxwwlqj gdwd wr v|vwhpdwlfdoo|

dqdo|}h elgglqj ehkdylru lq wlpehu dxfwlrqv154 Zh uhvwulfw dwwhqwlrq wr �wzr vshflhv� vdohv/ zkhuh

53 Lq wkh rudo dxfwlrq {K� zloo eh ghfuhdvlqj lq _
�

�
dqg lq wkh hvwlpdwhv ri doo elgghuv zkr gursshg rxw hduolhu1 Vlqfh

doo ri wkhvh hvwlpdwhv duh d!oldwhg zlwk 4
�
/ dqg khqfh zlwk 3B/ wkh uhvxow lv wkh vdph1

54Fxpplqv +4<<8, xvhv fxwwlqj gdwd wr dqdo|}h krz wkh wlplqj ri wlpehu kduyhvwlqj ydulhv zlwk pdunhw sulfhv

wkurxjk wkh olih ri wkh wlpehu frqwudfw1
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wzr vshflhv/ exw qr pruh wkdq wzr/ hdfk frpsulvh dw ohdvw 58( ri wkh yroxph rq wkh wudfw155 Zh

kdyh irxqg wkh prvw wudqvsduhqw zd| wr wklqn derxw vnhzlqj lv lq wkh frqwh{w ri wzr0vshflhv vdohv

ehfdxvh elgghuv fdq vnhz wkhlu elgv rqo| dorqj d vlqjoh glphqvlrq1 Lq pxfk ri rxu dqdo|vlv/ zh

uhvwulfw dwwhqwlrq wr rudo dxfwlrqv lq Uhjlrq 9 +Ruhjrq dqg Zdvklqjwrq, wkdw uhtxluhg rqo| d vpdoo

dprxqw ri urdg frqvwuxfwlrq156 Lq Vhfwlrq 817/ zh frqvlghu vhdohg elg vdohv lq Uhjlrq 8 +Fdoliruqld,1

Lq wkh elgglqj gdwd/ zh revhuyh doo lqirupdwlrq wkdw wkh IV pdnhv sxeolf diwhu lwv fuxlvh= lwv

hvwlpdwhg yroxphv ri wlpehu/ wkh uhvhuyh sulfh/ dqg dovr lwv hvwlpdwhv ri hqg0surgxfw vhoolqj ydoxhv

dqg surmhfwhg surfhvvlqj frvwv1 Wkh elgglqj gdwd dovr lqfoxghv wkh lghqwlwlhv ri doo elgghuv dqg

wkhlu elgv1 Lq wkh rudo dxfwlrqv/ zh revhuyh hdfk elgghu*v odvw dqqrxqfhg elg1 Wkh fxwwlqj gdwd

lqfoxghv wkh wrwdo yroxph ri hdfk vshflhv dfwxdoo| uhpryhg iurp wkh wudfw1

Lq rxu hpslulfdo dqdo|vlv/ zh lqfoxgh d qxpehu ri frqwuro yduldeohv iru hdfk dxfwlrq w/ uhihuuhg

wr dv [|1 Wkhvh lqfoxgh wkh yroxph ri wkh wudfw> wkh dyhudjh uhvhuyh sulfh> zkhwkhu ru qrw wkh

vdoh zdv d vpdoo0exvlqhvv vhw0dvlgh vdoh> wkh qxpehu ri prqwkv lq wkh frqwudfw shu xqlw ri yroxph>

wkh ghqvlw| ri wlpehu +zkhuh d kljkhu ghqvlw| pd| lqglfdwh �rog0jurzwk� dqg wkxv pruh yduldeoh

yroxphv,> wkh yroxph ri shu0dfuh pdwhuldo +zklfk lv hvvhqwldoo| vfuds,> wkh hvwlpdwhg orjjlqj frvwv

iru wkh wudfw> dqg wkh hvwlpdwhg dprxqw ri urdg frqvwuxfwlrq uhtxluhg1 Lq rxu dqdo|vhv ri vnhzlqj

+exw qrw uhyhqxh,/ zh frqwuro iru wkh qxpehu ri elgghuv157 Odvw/ zh lqfoxgh gxpp| yduldeohv iru

wkh wlph shulrg/ iru vhyhudo odujh iruhvwv/ dqg iru vhyhudo frpprq vshflhv frpelqdwlrqv1 Dgglwlrqdo

vdoh fkdudfwhulvwlfv duh dydlodeoh lq wkh gdwd> wkh uhvxowv zh uhsruw duh urexvw wr ydu|lqj wkh fkrlfh

ri frqwurov1

Wkh wkhruhwlfdo prgho gluhfwv dwwhqwlrq wr �e��y> lqwhusuhwhg dv wkh vnhz uhodwlyh wr d �frq0

vwdqw sur�w pdujlq� doorfdwlrq1 Krzhyhu/ wkh gdwd frqwdlq qr h{dfw dqdorjxh wr wkh ydoxhv lq rxu

prgho1 Zh xvh wkh gl�huhqfh lq uhvhuyh sulfhv dv d sur{| iru wkh gl�huhqfh lq wkh ydoxhv ri wkh

vshflhv/ l1h1 zh dvvxph wkdw �y @ �u1 Wklv dvvxpswlrq lv qrw lpsruwdqw iru pdq| ri rxu hvwlpdwhv/

55 Lq wkhvh vdohv/ elgghuv sd| wkh uhvhuyh sulfh iru dgglwlrqdo vshflhv wkdw duh suhvhqw lq vpdoo txdqwlwlhv1 Zkhq

dqdo|}lqj vnhzlqj/ zh vlpso| ljqruh wkhvh uhpdlqlqj vshflhv1 Zh lqfoxgh wkhvh vshflhv iru wkh uhyhqxh dqdo|vlv1
56 Lq Iruhvw Vhuylfh dxfwlrqv/ elgghuv duh uhlpexuvhg iru urdg0exloglqj xvlqj d v|vwhp ri fuhglwv wkdw fdq eh uhghhphg

iru wlpehu1 Uhvwulfwlqj dwwhqwlrq wr vdohv zkhuh urdg frqvwuxfwlrq lv plqlpdo doorzv xv wr pruh gluhfwo| lqwhusuhw wkh

sulfhv sdlg e| wkh elgghuv1
57Rxu uhvxowv derxw wkh qxpehu ri elgghuv vkrxog eh wuhdwhg zlwk vrph fdxwlrq/ vlqfh xqrevhuyhg ihdwxuhv ri wkh

wudfw pd| d�hfw erwk sduwlflsdwlrq dqg vnhzlqj ehkdylru1 Krzhyhu/ vnhzlqj uhjuhvvlrqv/ wklv hqgrjhqhlw| sureohp

pd| eh ohvv vljql�fdqw wkdq lq vwdqgdug dqdo|vhv ri dxfwlrqv/ zkhuh wkh pdlq ghshqghqw yduldeoh lv wkh pdjqlwxgh ri

wkh elg1 Khuh/ wkh xqh{sodlqhg sruwlrq ri d elgghu*v vnhz vkrxog fruuhvsrqg wr sulydwh lqirupdwlrq rewdlqhg gxulqj

wkh fuxlvh1 Li rqh wklqnv ri wkh fuxlvh dv wdqwdprxqw wr dq hqwu| ghflvlrq/ lw lv sodxvleoh wkdw xqrevhuyhg idfwruv ohdglqj

wr hqwu| zloo eh xquhodwhg wr lqirupdwlrq rewdlqhg diwhu wkh ghflvlrq wr fuxlvh lv pdgh1 Lq dq| hyhqw/ rxu uhvxowv duh

urexvw wr erwk wkh rplvvlrq ri wkh qxpehu ri elgghuv dv dq h{sodqdwru| yduldeoh/ dv zhoo dv wr lqvwuxphqwlqj iru wkh

qxpehu ri elgghuv xvlqj vrph ri wkh vwdqgdug dssurdfkhv iurp wkh h{lvwlqj olwhudwxuh +vxfk dv wkh iruhvw dqg glvwulfw

ri wkh wudfw dqg uhodwhg phdvxuhv/ dv lq Kdqvhq +4<;8, dqg Kdloh +iruwkfrplqj,,1
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exw lw grhv doorz xv wr lqwhusuhw d vx!flhqwo| odujh vnhz �e� +juhdwhu wkdq �u�, dv ehlqj lq wkh

�fruuhfw� gluhfwlrq158

Dsshqgl{ E surylghv ixuwkhu ghwdlov derxw rxu gdwd vrxufhv dqg vdpsoh vhohfwlrq fulwhuld1 Wdeoh

5 frqwdlqv vxppdu| vwdwlvwlfv1

#�� ����
�
�
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Rq dyhudjh/ wkh uhyhqxh wkh IV froohfwv iurp d jlyhq vdoh lv durxqg <( +lq rxu pdlq vdpsoh/

'69/7;9, ohvv wkdq wkh zlqqlqj elg1 Wr vhh krz wkh jds ehwzhhq zlqqlqj elg dqg uhyhqxh dulvhv/

zh fdq ghfrpsrvh lw dv iroorzv=

E � S @ +E@T.7A ,+T.7A �T��A , . +�e � �, �T��A >

zkhuh wkh �uvw whup lv wkh sruwlrq ri wkh elg0uhyhqxh jds gxh wr wkh yroxph vkruwidoo +rq dyhudjh/

wkh yroxph fxw lv 81;( ohvv wkdq wkh yroxph hvwlpdwhg,/ dqg wkh vhfrqg whup lv gxh wr wkh elgghu

v|vwhpdwlfdoo| sd|lqj d gl�huhqw dprxqw wkdq kh elg iru d �uhsuhvhqwdwlyh wuhh� iurp wkh wudfw1

Lq rxu vdpsoh/ wkh �uvw whup dffrxqwv iru '5:/484 ri wkh elg0uhyhqxh jds/ zkloh wkh vhfrqg whup

dyhudjhv rxw wr '</6681 Wkxv iru wkh dyhudjh wkrxvdqg erdug ihhw ri wlpehu uhpryhg iurp d wudfw/

wkh dxfwlrq zlqqhu sd|v derxw '6183 ohvv wkdq lw elg +wkh dyhudjh zlqqlqj elg lv '458,1

D vhfrqg ihdwxuh ri wkh gdwd lv wkh vljql�fdqw yduldqfh lq wkh IV hvwlpdwhv dqg lq wkh dprxqw ri

vnhzlqj1 Iljxuh 4 vkrzv wkh glvwulexwlrq ri IV plv0hvwlpdwhv/ ghprqvwudwlqj wkh srwhqwldo uhwxuq

wr lqirupdwlrq1 Wkh IV hvwlpdwhv ri wkh vshflhv sursruwlrqv gl�hu iurp wkh sursruwlrqv uhpryhg

e| pruh wkdq 8( lq derxw kdoi wkh vdohv +78(, dqg e| pruh wkdq 43( lq derxw rqh ri vl{ vdohv

+4:(,1 Iljxuh 5 vkrzv krz wkh zlqqhu glvwulexwhg klv ryhuelg +wkh gl�huhqfh ehwzhhq wkh wrwdo elg

dqg wkh uhvhuyh sulfh, dprqj wkh wzr vshflhv1 Wkh fkduw looxvwudwhv pdq| vdohv zkhuh wkh zlqqlqj

ryhuelg lv glvwulexwhg dfurvv erwk vshflhv1 Wklv lv frqvlvwhqw zlwk elgghu ulvn0dyhuvlrq= lq wkhru|/

dq lqiruphg ulvn0qhxwudo elgghu zrxog sodfh klv hqwluh ryhuelg rq rqh vshflhv ru wkh rwkhu159

Zh dovr revhuyh srvlwlyh ghshqghqfh dprqj wkh vnhzv +dv sur{lhg e| �e ��u, ri frpshwlqj

elgghuv1 Iljxuh 6 vkrzv d vfdwwhu0sorw ri wkh zlqqlqj dqg vhfrqg0sodfh elg doorfdwlrqv/ dqg Iljxuh

7 vkrzv wkh zlqqlqj dqg wklug0sodfh elg doorfdwlrqv1 Lq hdfk sorw/ vshflhv 4 lv ryhu0hvwlpdwhg/ dqg

58Wkh dvvxpswlrq dovr vhhpv uhdvrqdeoh jlyhq wkh zd| wkh uhvhuyh sulfhv duh frqvwuxfwhg1 Wkh Iruhvw Vhuylfh vwduwv

zlwk pdunhw sulfhv iru hdfk vshflhv ri wlpehu/ vxewudfwv fxwwlqj frvwv/ dqg dggv d sur�w pdujlq1
59Rqh fdq lpdjlqh irufhv rwkhu wkdq ulvn0dyhuvlrq wkdw pljkw jhqhudwh lqwhuphgldwh vnhzv � iru lqvwdqfh/ d uhihuhh

vxjjhvwhg wkdw elgghuv ihduhg dwwudfwlqj uhjxodwru| dwwhqwlrq1 Lqghhg/ h{wuhph vnhzv gr vrphwlphv lqgxfh forvhu

prqlwrulqj ri fxwwlqj ehkdylru/ dv glvfxvvhg lq Vhfwlrq 8181 Lq lqwhuylhzv/ krzhyhu/ ulvn dyrlgdqfh zdv wkh rqh

h{sodqdwlrq zh khdug iru lqwhuphgldwh vnhzv1 Rwkhu hylghqfh dovr lqglfdwhv wkdw elgghuv lq wlpehu dxfwlrqv duh

ulvn0dyhuvh1 Iru h{dpsoh/ U|qhduvrq hw do +4<<:, frqgxfwhg d vxuyh| ri elgghuv/ dvnlqj wkhp wr frpsduh oxps vxp

vdohv zlwk vfdoh vdohv1 Derxw kdoi ri wkh elgghuv lqglfdwhg wkdw wkh pdlq gudzedfn ri oxps vxp vdohv lv wkh ulvn/ dqg

vhyhudo elgghuv h{solflwo| phqwlrqhg wkdw wkh| orzhuhg wkhlu elgv lq vxfk vdohv wr frpshqvdwh iru wkh ulvn1
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vr d elgghu vnhzv lq wkh �fruuhfw� gluhfwlrq zkhq wkh vnhz lv srvlwlyh1 Wkh zlqqlqj dqg vhfrqg0

sodfh vnhzv duh wljkwo| fruuhodwhg> wkh zlqqlqj dqg wklug0sodfh vnhzv duh vrphzkdw pruh glvshuvhg1

Dowkrxjk elg doorfdwlrqv duh srvlwlyho| ghshqghqw/ wkhuh duh dxfwlrqv zkhuh elgghuv vnhz lq rssrvlwh

gluhfwlrqv/ dqg hyhq vrph dxfwlrqv zkhuh rqh elgghu kdv klv hqwluh ryhuelg rq vshflhv 4/ dqrwkhu

kdv klv hqwluh ryhuelg rq vshflhv 51 Wkxv/ iurp wklv shuvshfwlyh wkh gdwd lv qrw frqvlvwhqw zlwk D6/

zklfk lpsolhg wkdw elgghuv dozd|v vnhz lq wkh vdph +wkrxjk srwhqwldoo| lqfruuhfw, gluhfwlrq> lq rxu

vdpsoh/ wkh zlqqlqj elgghu vnhzv lq wkh vdph gluhfwlrq dv wkh vhfrqg0kljkhvw elgghu ;3( ri wkh

wlph/ exw orzhu0udqnhg elgghuv zhuh pruh olnho| wr vnhz lq gl�huhqw gluhfwlrqv1 Wkh jhqhudol}hg

prgho vnhwfkhg lq Dsshqgl{ D fdq srwhqwldoo| udwlrqdol}h wklv �qglqj1
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Zh qrz wxuq wr whvwlqj wkh hpslulfdo suhglfwlrqv ri rxu prgho1 Zh ehjlq zlwk wkh sulpdu| txhvwlrq

ri zkhwkhu zlqqlqj elgv lq IV dxfwlrqv uh hfw h{ dqwh lqirupdwlrq derxw IV plv0hvwlpdwhv1 Zh

orrn dw zkhwkhu odujhu plv0hvwlpdwhv fruuhvsrqg wr pruh dffxudwh zlqqlqj elg vnhzv +lq wkh vhqvh

ri ehlqj lq wkh fruuhfw gluhfwlrq, dqg wr odujhu zlqqlqj vnhzv1

Rqh slhfh ri vxjjhvwlyh hylghqfh lv wkdw lq vdohv zkhuh wkh IV plv0hvwlpdwh lv qrq0qhjoljleoh/

wkh zlqqlqj elg lv pxfk pruh olnho| wr eh vnhzhg vljql�fdqwo| lq wkh uljkw gluhfwlrq wkdq lq wkh

zurqj gluhfwlrq1 Ri wkh 7;3 vdohv zkhuh �� A 3=358/ zh revhuyh �e� ��u� A 53 lq 566 vdohv/ dqg

�e���u� ? �53 lq rqo| 46;1 Rq wkh rwkhu kdqg/ lq wkh 54: vdohv zkhuh wkh IV hvwlpdwh zdv yhu|

dffxudwh +�� ? 3=358,/ zh revhuyh urxjko| htxlydohqw qxpehuv ri vljql�fdqw fruuhfw dqg lqfruuhfw

vnhzv +;: yhuvxv ;5,1 Ryhudoo/ wkh zlqqlqj elg lv vnhzhg fruuhfwo| +�e� ��u� � 3, lq 8;( ri wkh

vdohv1 D } 0whvw uhmhfwv wkh qxoo k|srwkhvlv wkdw wkh zlqqlqj elg lv vnhzhg fruuhfwo| lq h{dfwo| kdoi

wkh vdohv dw wkh 314( ohyho1

Wdeoh 6 uhsruwv d surelw uhjuhvvlrq frq�uplqj rxu k|srwkhvlv wkdw odujhu plv0hvwlpdwhv vkrxog

fruuhvsrqg wr d kljkhu suredelolw| wkdw wkh zlqqlqj elg lv vnhzhg lq wkh uljkw gluhfwlrq/ frqglwlrqdo

rq wkh frqwuro yduldeohv +[,1 Dq lqfuhdvh lq wkh pdjqlwxgh ri wkh plv0hvwlpdwh ri 134 lv dvvrfldwhg

zlwk urxjko| d 405( kljkhu fkdqfh ri wkh zlqqlqj elg ehlqj vnhzhg fruuhfwo|1 Froxpq +5, hvwdeolvkhv

wkdw wkh uhodwlrqvkls lv frqfdyh= wkh lqlwldo h�hfw ri dq lqfuhdvh ri 134 lq wkh plv0hvwlpdwh lv d 50

7( lqfuhdvh lq wkh suredelolw| ri d fruuhfw vnhz/ exw wkh vorsh glplqlvkhv lq ��= Lq whupv ri wkh

frqwuro yduldeohv/ wkh prvw lqwhuhvwlqj uhvxow lv wkdw lqfuhdvlqj wkh qxpehu ri elgghuv lqfuhdvhv

wkh suredelolw| wkdw wkh zlqqhu vnhzv lq wkh uljkw gluhfwlrq15: Wklv �qglqj lv frqvlvwhqw zlwk wkh

5:Dv glfxvvhg lq irrwqrwh 57/ lw vhhpv sodxvleoh wkdw wkh qxpehu ri elgghuv lv h{rjhqrxv lq wkh vnhzlqj uhjuhvvlrq/

dv elgghuv pxvw fuxlvh wkh wudfw wr ohduq derxw plv0hvwlpdwhv1 Rxu uhvxowv duh urexvw wr h{foxglqj wklv frqwuro1
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k|srwkhvlv wkdw lqirupdwlrq lv uhyhdohg gxulqj wkh dxfwlrq1

D uljrurxv whvw ri zkhwkhu elgghuv kdyh h{ dqwh lqirupdwlrq derxw wkh h{ srvw yroxphv eh|rqg

zkdw lv sxeolfo| dqqrxqfhg pxvw dffrxqw iru wkh frpshwlqj k|srwkhvlv wkdw IV hvwlpdwhv duh

v|vwhpdwlfdoo| eldvhg/ dqg wkdw elgghuv kdyh uhdol}hg wklv dqg mxvw vnhz v|vwhpdwlfdoo| lq uhvsrqvh1

Li elgghuv xvh rqo| sxeolf lqirupdwlrq/ wkhq

H^�e� ��u�m[> ��` @ H^�e� ��u�m[` � k+[,= +7,

Qrwh wkdw k+�, zloo lq jhqhudo eh qrq0olqhdu/ vlqfh [ pljkw d�hfw d elgghu*v ulvn0dyhuvlrq/ ru eholhiv/

lq ydulrxv zd|v1

Zh whvw +7, djdlqvw wkh dowhuqdwlyh=

H^�e� ��u�m[> ��` @ k+[, . ���= +8,

Li elgghu*v gr qrw kdyh sulydwh lqirupdwlrq/ zh vkrxog �qg � @ 31

Iru dq dffxudwh whvw/ lw vhhpv fuxfldo wr doorz d jhqhudo ixqfwlrqdo irup iru k+�,/ sduwlfxoduo|

jlyhq wkdw[ dqg �� duh fruuhodwhg lq wkh gdwd1 Zh dgrsw d vhpl0sdudphwulf dssurdfk1 Lq sduwlfxodu/

zh glylgh wkh frqwuro yduldeohv [ +olvwhg lq Wdeoh 6, lqwr frqwlqxrxv uhjuhvvruv ] dqg gxpp|

yduldeohv Z1 Zh wkhq doorz k+[, @ j+], .Z�/ zkhuh j lv dq duelwudu| frqwlqxrxv ixqfwlrq ri

wzr lqglfhv +]���>]2�2,1 Zkloh wklv grxeoh lqgh{ vshfl�fdwlrq lv qrw frpsohwho| xquhvwulfwlyh/

rxu uhvxowv duh urexvw dfurvv d udqjh ri vshfl�fdwlrqv ri wkh wzr lqglfhv ]� dqg ]21 Lq wkh uhsruwhg

vshfl�fdwlrq/ zh ohw ]� eh wkh dyhudjh uhvhuyh sulfh/ zkloh ]2 frqwdlqv wkh uhpdlqlqj frqwlqxrxv

frqwuro yduldeohv1

Wr hvwlpdwh �/ zh ehjlq e| hvwlpdwlqj

�e� ��u� @ ak{+], . %{> Z @ ak` +], . %` dqg �� @ akB+], . %B> +9,

zkhuh ak{/ ak` dqg akB hdfk wdnh d grxeoh0lqgh{ irup15; Ghqrwlqj wkh uhvlgxdov iurp wkhvh vhpl0

sdudphwulf uhjuhvvlrqv dv h{>h` dqg %B/ zh iroorz Urelqvrq +4<;;, lq xvlqj ruglqdu| ohdvw vtxduhv

wr hvwlpdwh

h{ @ h`�.hB� . %= +:,

Rxu hvwlpdwh ri wkh frh!flhqw � lv 6:3=8 zlwk d vwdqgdug huuru ri 435=;1 Zh fdq uhmhfw wkh qxoo

k|srwkhvlv wkdw � @ 3 dw wkh 4( ohyho1

5;Wr hvwlpdwh/ h1j1/ {K� 3{o� ' 	�{E~� n 0{/ zh xvhg wkh dyhudjh ghulydwlyh phwkrg ri Srzhoo/ Vwrfn dqg Vwrnhu

+4<;<, wr rewdlq frqvlvwhqw +xs wr vfdoh, hvwlpdwhv ri k�c k2/ zkhuh 	�{E~� ' 	�{E~�k�c~2k2�1 Zh wkhq xvhg d nhuqho

hvwlpdwru +zlwk d qrupdo ghqvlw|, wr hvwlpdwh wkh ixqfwlrq 	�{/ hvwlpdwlqj {K� 3{o� ' 	�{E~�ek�c~2ek�� n 0{1 Zh

xvhg d urxwlqh ghvfulehg lq Vwrnhu +4<;<, wr fkrrvh wkh edqgzlgwk +wkh ydoxhv zhuh 174 iru wkh �uvw lqgh{ dqg 414 iru

wkh vhfrqg,/ dqg zh xvhg d wulpplqj uxoh ri 8(1 Wrp Vwrnhu jhqhurxvo| surylghg sruwlrqv ri frgh iru wkh hvwlpdwlrq1

Vwrnhu*v +4<;<, prqrjudsk fohduo| glvfxvvhv wkh prgho zh frqvlghu1
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Iru frpsdulvrq/ Wdeoh 7 +5, uhsruwv d olqhdu vshfl�fdwlrq/ dvvxplqj k+[, @ [�1 Wkh ROV

hvwlpdwh ri � lv 669=: zlwk d vwdqgdug huuru ri 453=515< Wdeoh 7 +6, lqfoxghv d frqwuro iru wkh

pdjqlwxgh ri wkh elg> wklv fdswxuhv wkh lghd wkdw sduw ri wkh h�hfw ri wkh plv0hvwlpdwh lv wr

hqfrxudjh pruh djjuhvvlyh elgglqj1 Lqghhg/ zh �qg d srvlwlyh/ vljql�fdqw h�hfw ri wkh ydoxh elg rq

wkh vnhz/ dorqjvlgh d vrphzkdw vpdoohu srlqw hvwlpdwh ri � +5;61: zlwk d vwdqgdug huuru ri 43:,1

Li elgglqj ehkdylru lv h{dfwo| jlyhq e| +8,/ zh fdq frqfoxgh wkdw dq lqfuhdvh lq wkh plv0hvwlpdwh

ri 134 lv dvvrfldwhg zlwk d '6=: lqfuhdvh lq wkh vnhz +lq wkh uljkw gluhfwlrq,1 Krzhyhu/ zh duh fdxwlrxv

derxw d gluhfw vwuxfwxudo lqwhusuhwdwlrq/ lq sduw ehfdxvh zh kdyh ljqruhg wkh shu0vshflhv uhvhuyh

sulfhv/ zklfk elqg lq derxw 75( ri rxu revhuydwlrqv1 Wkhvh pd| suhyhqw elgghuv iurp vnhzlqj dv

pxfk dv wkh| zrxog kdyh olnhg dw wkh jlyhq elg ohyho/ srwhqwldoo| fdxvlqj xv wr xqghu0hvwlpdwh wkh

vhqvlwlylw| ri elgv wr plv0hvwlpdwhv1 Zh uhwxuq wr wklv lvvxh lq Vhfwlrq 816163
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D nh| dvshfw ri rxu vnhzlqj prgho/ dqg lqghhg ri dq| �frpprq0ydoxh� dxfwlrq/ lv wkdw doorfdwlrq lv

gulyhq e| sulydwh hvwlpdwhv udwkhu wkdq suhihuhqfhv1 Lq rxu prgho/ elgghuv zkr duh pruh rswlplvwlf

derxw wkh jds ehwzhhq elgv dqg sd|phqwv vnhz pruh djjuhvvlyho| dqg/ lq htxloleulxp/ vxeplw kljkhu

elgv1 Wkxv/ zh zrxog olnh wr nqrz hpslulfdoo| zkhwkhu kljkhu0udqnhg elgghuv zhuh pruh djjuhvvlyh

lq wkhlu vnhzv1 Zh dovr vhhn wr whvw zkhwkhu kljkhu0udqnhg elgv duh pruh olnho| wr eh vnhzhg lq

wkh uljkw gluhfwlrq= li lqirupdwlrq lv uhyhdohg gxulqj wkh frxuvh ri dq rudo dxfwlrq/ wkh zlqqlqj

elg vkrxog eh vnhzhg lq wkh uljkw gluhfwlrq +zhdno|, pruh riwhq wkdq orvlqj elgghuv1 Ilqdoo|/ rxu

prgho vxjjhvwv wkdw wkh wrs wzr elgghuv vkrxog h{klelw yhu| vlplodu vnhzlqj ehkdylru1 Wkh wrs

elgghu vkrxog vwd| lq wkh dxfwlrq iru rqo| rqh elg lqfuhphqw sdvw wkh vhfrqg0kljkhvw elgghu/ dqg/

ehfdxvh elgghuv duh srrolqj lq wkhlu fkrlfh ri vnhz dw dq| jlyhq elg/ wkh vnhzv ri wkhvh wzr elgghuv

vkrxog eh txlwh forvh +hyhq wkrxjk/ lq h{shfwdwlrq/ wkhuh lv d qrq0wulyldo jds lq wkhlu hvwlpdwhv,1

Lq frqwudvw/ orzhu0udqnhg elgghuv zloo lq h{shfwdwlrq gurs rxw dw vljql�fdqwo| orzhu elg ohyhov dqg

vljql�fdqwo| ohvv djjuhvvlyh vnhzv1

Zh �uvw lqyhvwljdwh zkhwkhu kljkhu0udqnhg elgghuv doorfdwh wkhlu elgv pruh dffxudwho|1 Ohw

+�e���u�,�| ghqrwh wkh vnhz ri wkh udqn m elg lq dxfwlrq w1 Dqg ohw x| ghqrwh wkh vdoh fkdudfwhulv0

5<Wkh vwdqgdug huuru lv kljkhu lq wkh olqhdu ROV vshfl�fdwlrq ehfdxvh zh xvh Kxehu0Zklwh vwdqgdug huuruv1 Wkh

xqfruuhfwhg vwdqgdug huuru iru wkh olqhdu ROV prgho lv 436191 Rwkhu +xquhsruwhg, ROV vshfl�fdwlrqv zlwk kljkhu0rughu

sro|qrpldo whupv lq j |lhoghg vlplodu uhvxowv1
63Dovr/ zkloh hvwdelolvklqj d olqhdu uhodwlrqvkls ehwzhhq E{K�3{o�� dqg B� lv vx!flhqw wr uhmhfw wkh qxoo k|srwkhvlv

wkdw elgghuv kdyh rqo| sxeolf lqirupdwlrq/ zh h{shfw wkh wuxh uhodwlrqvkls wr eh qrq0olqhdu1 Lqghhg/ zkhq zh hvwlpdwhg

pruh jhqhudo prghov +xvlqj d vhpl0sdudphwulf vshfl�fdwlrq {K� 3{o� ' �E~kc B�� n`qn0/ vlplodu wr deryh,/ zh

irxqg wkh vnhz wr eh lqfuhdvlqj dqg jhqhudoo| frqyh{ lq B� +zkhq hydoxdwhg dw wkh phdq ri ~,1 Frqvlvwhqw zlwk rxu

olqhdu prgho/ zh irxqg wkh dyhudjh ghulydwlyh ri wkh vnhz zlwk uhvshfw wr B� wr eh srvlwlyh dqg vljql�fdqw dw d 8(

ohyho1

4:



wlfv revhuyhg e| doo elgghuv wkdw pljkw d�hfw wkh suredelolw| ri vnhzlqj fruuhfwo| +wkhvh pd| ru pd|

qrw eh revhuyhg e| wkh hfrqrphwulfldq,1 Zh whvw wkh qxoo k|srwkhvlv wkdw Su ++�e� ��u�,�| � 3 m x|,

lv wkh vdph iru doo elgghu udqnv m1 Zh frqvlghu wkh iroorzlqj olqhdu suredelolw| prgho=

Gxpp| ++�e� ��u�,�| � 3,, @ �f .
e[

&'2

�& �Gxpp|+Udqn@n,. x| . %�|= +;,

Wkh uhohydqw qxoo k|srwkhvlv lv wkdw �& @ 3/ iru n @ 5> 6> 7164 Wkh whup x| fdswxuhv doo ri wkh

dxfwlrq0vshfl�f vdoh fkdudfwhulvwlfv/ doorzlqj xv wr lvrodwh wkh srvvleoh h�hfw ri elgghu udqn1 Zh

hvwlpdwh +;, dv d �{hg0h�hfw uhjuhvvlrq/ xvlqj d vxevdpsoh ri dxfwlrqv zlwk irxu ru pruh elgghuv/

zkhuh zh frqvlghu rqo| wkh wrs irxu elgghuv1 Wkh uhvxowv duh uhsruwhg lq Wdeoh 81 Zh �qg wkdw

wkh zlqqlqj dqg vhfrqg0kljkhvw elg duh vljql�fdqwo| pruh olnho| wr eh vnhzhg lq wkh uljkw gluhfwlrq

wkdq wkh wklug dqg irxuwk0kljkhvw elgv1 Dq I 0whvw uhmhfwv wkh k|srwkhvlv ri qr udqn h�hfwv1

Wkh vhfrqg txhvwlrq lv zkhwkhu wkh vnhzv ri kljkhu0udqnhg elgghuv duh pruh djjuhvvlyh1 Khuh/

zh uhvwulfw dwwhqwlrq wr vdohv zkhuh qrqh ri wkh wrs irxu elgv lv fhqvruhg e| wkh uhvhuyh sulfh165 Zh

hvwlpdwh wkh prgho=

+�e� ��u�,�| @ �f .
e[

&'2

�& �Gxpp|+Udqn@n,. x| . %�|> +<,

djdlq xvlqj d �{hg h�hfwv vshfl�fdwlrq1 Wkh uhvxowv duh lq Wdeoh 8+5,1 Djdlq/ zh uhmhfw wkh

k|srwkhvlv ri qr udqn h�hfwv1 Wkh zlqqlqj dqg vhfrqg0kljkhvw elgv duh vlploduo| vnhzhg/ zkloh wkh

wklug dqg irxuwk0kljkhvw elgv zhuh vljql�fdqwo| ohvv vnhzhg +e| urxjko| '53�63,1

Wkh wklug froxpq ri Wdeoh 8 uhsruwv d �qdo vshfl�fdwlrq zkhuh wkh ghshqghqw yduldeoh lv dq

dowhuqdwlyh phdvxuh ri vnhzlqj djjuhvvlyhqhvv= wkh devroxwh pdjqlwxgh ri wkh elgghu*v vnhz1 Wklv

vshfl�fdwlrq pdwfkhv rxu wkhruhwlfdo prgho forvho|� lw vhsdudwhv rxw wkh idfw wkdw kljkhu0udqnhg

elgghuv vnhz pruh dffxudwho| dqg frqfhqwudwhv vroho| rq wkh vl}h ri wkh vnhz1 Wkh �qglqjv duh

vlplodu � wkh wrs wzr elgv duh yhu| forvh/ zkloh wkh wklug dqg irxuwk elgv duh ohvv vnhzhg1 Lqghhg/

zh vkrxog hpskdvl}h wkh odujh txdqwlwdwlyh gl�huhqfhv lq vnhzv ehwzhhq wkh zlqqlqj dqg orzhu0

udqnhg elgghuv/ dqg wkh ryhudoo glvshuvlrq ri wkh elgghuv* vnhzv1 Lq wklv vdpsoh/ wkh dyhudjh

64Qrwh wkdw zh qhhg rqo| frqvlghu olqhdu udqn whupv wr uhixwh wkh qxoo1 Li zh uhmhfw wkh qxoo k|srwkhvlv ri qr

udqn h�hfwv/ wkhuh pd| eh frqfhuq wkdw zh kdyh plv0vshfl�hg wkh wuxh ixqfwlrqdo uhodwlrqvkls wkh ghshqghqw yduldeoh

dqg elgghu udqn1 Krzhyhu/ rxu hvwlpdwhv ri wkh k*v duh frqvlvwhqw +wkrxjk lqh!flhqw, hyhq li wkhuh lv dq dgglwlrqdo

+rplwwhg, dxfwlrq0vshfl�f h�hfw/ #|c wkdw hqwhuv pxowlsolfdwlyho|1
65Wkh uhdvrq iru wklv lv wkdw uhvhuyh sulfhv elqg pruh wljkwo| iru hduolhu +orzhu0udqn, elgv1 Wr wkh h{whqw wkdw

uhvhuyh sulfhv frqvwudlq rswlpdo vnhzlqj/ orrnlqj dw wkh ixoo vdpsoh pljkw ohdg xv wr lqihu d srvlwlyh lpsdfw ri elgghu

udqn hyhq li elgghuv kdg lghqwlfdo rswlpdo vnhzv +l1h1 lghqwlfdo lqirupdwlrq,1 E| uhvwulfwlqj wkh vdpsoh/ zh dyrlg wklv

srwhqwldo eldv1 Zh uhsruw uhvxowv xvlqj wkh wrs irxu elgghuv/ exw rewdlq vlplodu uhvxowv xvlqj wkh wrs wkuhh ru �yh=

wkh wrs wzr elgghuv kdyh vlplodu elg doorfdwlrqv/ dqg orzhu udqnhg elgv duh ohvv vnhzhg1 Li zh ljqruh wkh uhvhuyh sulfh

h�hfw/ dqg hvwlpdwh rq wkh ixoo vdpsoh/ wkh uhvxowv duh vwurqjhu/ dv zh zrxog h{shfw1
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gl�huhqfh ehwzhhq wkh vnhz ri wkh zlqqlqj elg dqg wkh irxuwk0kljkhvw elg zdv '731 Wkh dyhudjh

gl�huhqfh ehwzhhq wkh kljkhvw dqg orzhvw vnhz dprqj doo irxu wrs elgv zdv ':; +zlwk d vwdqgdug

ghyldwlrq ri '<3 dqg d pd{lpxp ri '6;7,1 Wr sxw wklv lq frqwh{w/ wkh dyhudjh zlqqlqj elg zdv

'47:/ dqg wkh dyhudjh vnhz ri wkh zlqqlqj elg zdv ':;1

Wklv hylghqfh vxjjhvwv wkuhh frqfoxvlrqv uhjduglqj wkh yduldwlrq lq vnhzv dfurvv elgghuv1 Iluvw/

lw dsshduv wkdw elgv odwhu lq wkh dxfwlrq duh pruh lqiruphg1 Wklv pljkw uh hfw hlwkhu pruh dffxudwh

sulru hvwlpdwhv ru wkh idfw wkdw lqirupdwlrq lv dftxluhg gxulqj wkh dxfwlrq1 Vhfrqg/ jlyhq wkdw

zlqqlqj elgghuv duh h�hfwlyho| sd|lqj d orzhu shufhqwdjh ri wkhlu elgv wkdq orzhu0udqnhg elgghuv/

wkh orjlfdo frqvhtxhqfh ri rxu �qglqjv lv wkdw lqirupdwlrq vkrxog kdyh dq h�hfw rq doorfdwlrq1 Wklug/

wkh gl�huhqfhv ehwzhhq wkh vnhzv ri gl�huhqw elgghuv lq dq dxfwlrq duh uhodwlyho| odujh lq pdjqlwxgh1

Zh uhwxuq wr wkhvh srlqwv lq Vhfwlrq 818/ zkhuh zh glvfxvv ydulrxv dowhuqdwlyh h{sodqdwlrqv ri wkh

hylghqfh1

&�� )������ !-�	��

Rxu prgho vxjjhvwv wkdw zkhq wkh IV hvwlpdwh lv lqdffxudwh/ d srwhqwldo uhwxuq wr lqirupdwlrq lv

fuhdwhg/ ehfdxvh dq lqiruphg elgghu fdq gulyh d zhgjh ehwzhhq elg dqg sd|phqw1 Dq lqwhuhvwlqj

hpslulfdo txhvwlrq lv zkhwkhu wklv uhwxuq lv fdswxuhg e| wkh elgghuv +lq wkh irup ri orzhu sd|phqwv,/

ru frpshwhg dzd| +lq wkh irup ri kljkhu elgv,166

Ohw U��A eh wkh dyhudjh uhvhuyh sulfh zhljkwhg e| wkh uhdol}hg sursruwlrq +U lv wkh dyhudjh

uhvhuyh sulfh zhljkwhg e| wkh IV hvwlpdwhv,1 Wkh gl�huhqfh ehwzhhq wkh shu0xqlw zlqqlqj elg/ ryhu

dqg deryh wkh uhvhuyh sulfh/ dqg wkh shu0xqlw sd|phqw/ vlploduo| deryh wkh uhvhuyh sulfh/ lv wkh

shu0xqlw uhwxuq wr vnhzlqj=

+E �U, @T.7A � +S �U��A , @T��A @ +�e� ��u�, � ��=

Uhfdoo iurp Vhfwlrq 715 wkdw wklv jds/ rq dyhudjh/ lv derxw '6=831 Dq lpsolfdwlrq ri wkh prgho lv

wkdw +�e� ��u�, � �� vkrxog eh lqfuhdvlqj lq ��1

Wr fkhfn hpslulfdoo| li wkh jds ehwzhhq shu0xqlw elg dqg shu0xqlw sd|phqw lqfuhdvhv zlwk wkh

IV huuru/ zh hvwlpdwh=

+E �U, @T.7A � +S �U��A , @T��A @ [�.��� . %=

66Srolf| pdnhuv kdyh irfxvhg rq d gl�huhqw �uhyhqxh� lvvxh/ qrwlqj wkdw gxh wr wkh vfdoh irupdw/ orvlqj elgv pljkw

kdyh jhqhudwhg pruh uhyhqxh wkdq zlqqlqj elgv/ jlyhq wkh dfwxdo yroxphv fxw +vhh JDR uhsruw UFHG0;606:,1 Lq rxu

vdpsoh/ d orvlqj elg zrxog kdyh jhqhudwhg pruh uhyhqxh lq 4:( ri wkh vdohv> wkh uhyhqxh �orvv� iurp wklv plvdoorfdwlrq

lv '816< ploolrq/ derxw 41:( ri wkh wrwdo uhyhqxh1 Ri frxuvh/ lw lv qrw fohdu wkdw wklv �orvv� frxog eh fdswxuhg= dq|

uxoh fkdqjh zrxog fkdqjh wkh htxloleulxp elgglqj ehkdylru1
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Wkh uhvxowv duh uhsruwhg lq Wdeoh 9+4,1 Zh �qg wkdw � @ :<=9 +vwdqgdug huuru 53=6,1 Wkdw lv/

dq lqfuhdvh ri 3=38 lq wkh plv0hvwlpdwh lv dvvrfldwhg zlwk derxw d '7 lqfuhdvh lq wkh jds ehwzhhq

shu0xqlw elg dqg sd|phqw1

Wkh txhvwlrq wkhq ehfrphv zkhwkhu wklv jds uhvxowv lq dq �lqirupdwlrqdo uhqw� fdswxuhg e|

wkh zlqqhu1 Frqvlghu �uvw krz shu0xqlw elgv +E �U, @T.7A pljkw uhvsrqg wr d odujhu IV huuru1

Rxu prgho vxjjhvwv wkdw zlwk d odujhu plv0hvwlpdwh/ elgghuv* hvwlpdwhv vkrxog eh iduwkhu iurp wkh

IV hvwlpdwh/ dqg khqfh +E �U, @T.7A vkrxog eh odujhu gxh wr wkh frpelqdwlrq ri frpshwlwlrq

dqg lqfuhdvhg vnhzlqj167 Rq wkh rwkhu kdqg/ li elgghuv kdyh qr lqirupdwlrq/ ru li wkhuh lv rqo|

d vlqjoh lqiruphg elgghu frpshwlqj djdlqvw d qdlyh dqg xqlqiruphg �iulqjh� wkdw dozd|v elgv wkh

vdph sur�w pdujlq iru hdfk vshflhv/ +E �U, @T.7A vkrxog qrw uhvsrqg wr d odujhu IV huuru1 Zh

hvwlpdwh=

+E �U, @T.7A @ [� . ��� . %=

Wkh uhvxowv duh uhsruwhg lq Wdeoh 9+5,1 Zh �qg wkdw � @ 97=7 +vwdqgdug huuru 6:=5,1 Wkxv/ dq

lqfuhdvh ri 3=38 lq wkh plv0hvwlpdwh lv dvvrfldwhg zlwk urxjko| d '6=55 lqfuhdvh lq wkh shu0xqlw

zlqqlqj elg1

Ilqdoo|/ zh dvn zkhwkhu wkh IV orvhv uhyhqxh zkhq wkh plv0hvwlpdwh lv odujhu1 Rxu prgho grhv

qrw pdnh dq xqdpeljxrxv suhglfwlrq1 Lw vxjjhvwv wkdw elgglqj zloo frqwlqxh xqwlo wkh h{shfwhg

shu0xqlw sd|phqw lv htxdo wr wkh h{shfwhg shu0xqlw dyhudjh ydoxh plqxv vrph ulvn0suhplxp +zkhuh

wkhvh h{shfwdwlrqv duh frpsxwhg xqghu vshfl�f dvvxpswlrqv rq hdfk elgghu*v hvwlpdwh/ dffrxqwlqj

iru wkh zlqqhu*v fxuvh/ l1h1 dv lq htxdwlrq +6,,1 Li elgghuv eholhyh wkh plv0hvwlpdwh lv odujhu/ wkhq

doo hovh htxdo/ wkh| zloo lqfuhdvh elgv dqg vnhzv1 Dowkrxjk lw vhhpv sodxvleoh wkdw wklv zloo lqfuhdvh

h{srvxuh wr ulvn dqg khqfh wkh ulvn0suhplxp +wkxv ghfuhdvlqj uhyhqxh,/ wklv frqfoxvlrq grhv qrw

iroorz iurp wkh prgho zlwkrxw dgglwlrqdo dvvxpswlrqv derxw wkh lqirupdwlrq vwuxfwxuh1 Wkxv/ wkh

lpsdfw ri d odujhu plv0hvwlpdwh rq uhyhqxh lv dq hpslulfdo txhvwlrq1 Zh hvwlpdwh=

+S �U��A , @T��A @ [�.��� . %=

Wkh uhvxowv duh uhsruwhg lq Wdeoh 9+6,1 Zh �qg wkdw � @ �48=5 +vwdqgdug huuru 63=3,1 Dq lqfuhdvh

lq wkh plv0hvwlpdwh lv dvvrfldwhg zlwk rqo| d vpdoo uhyhqxh orvv � derxw '=:9 shu xqlw ri wlpehu

iru dq 3=38 lqfuhdvh lq wkh plv0hvwlpdwh1 Wkh orvv lv qrw vljql�fdqwo| gl�huhqw wkdq }hur1

Vxppdul}lqj/ plv0hvwlpdwhv dsshdu wr kdyh d vljql�fdqw h�hfw rq erwk wkh zlqqlqj elg ohyhov

dqg wkh jds ehwzhhq zlqqlqj elg dqg sd|phqw1 Wkh| duh dvvrfldwhg zlwk d vpdoo/ dqg qrw vwdwlv0

67Rewdlqlqj wklv uhvxow irupdoo| dfwxdoo| uhtxluhv dgglwlrqdo frqglwlrqv/ vlqfh zkloh wkh suredelolw| wkdw elgghuv

eholhyh B� lv odujh lqfuhdvhv zlwk B�/ wkh suredelolw| wkdw elgghuv eholhyh 3B� lv odujh +dqg vnhz khdylo| lq wkh rssrvlwh

gluhfwlrq, ghfuhdvhv1 Urxjko|/ wkh uhvxow vkrxog krog vr orqj dv wkh zlqqhu lv olnho| hqrxjk wr eh vnhzhg lq wkh uljkw

gluhfwlrq1
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wlfdoo| vljql�fdqw/ uhyhqxh orvv1 Wkxv/ wkh gdwd dsshdu wr lqglfdwh wkdw wkh lqirupdwlrqdo uhwxuqv

wr vnhzlqj duh odujho| frpshwhg dzd|1

Zh vkrxog dovr phqwlrq wkh uhvhuyh sulfhv/ iru zklfk zh kdyh qrw h{solflwo| dffrxqwhg1 Dv

vxjjhvwhg hduolhu/ wr wkh h{whqw wkdw elqglqj uhvhuyh sulfhv frqvwudlq vnhzlqj/ wkh| pd| ohvvhq wkh

h�hfw ri IV plv0hvwlpdwhv +dqg dovr fdxvh xv wr xqghu0hvwlpdwh wkh uhvsrqvlyhqhvv ri elgglqj wr wkh

plv0hvwlpdwh,1 Lq hpslulfdo whupv/ uhvhuyh sulfhv dfw dv d fhqvrulqj phfkdqlvp rq elg doorfdwlrq1

Krzhyhu/ ehfdxvh wkh uhvhuyh sulfhv ehfrph ohvv uhvwulfwlyh dv wkh wrwdo elg lqfuhdvhv/ wklv fhqvrulqj

lv hqgrjhqrxv1 Rxu zrunlqj sdshu +Dwkh| dqg Ohylq/ 4<<<, ghulyhg vwuxfwxudo wrwdo elg dqg elg

doorfdwlrq ixqfwlrqv iurp rxu prgho dqg hvwlpdwhg wkhvh mrlqwo|/ dffrxqwlqj iru wkh lpsdfw ri wkh

uhvhuyh sulfhv erwk rq wrwdo elgv dqg vnhzv1 Ryhudoo/ rxu hvwlpdwhv ri wkh txdqwlwdwlyh h�hfw ri

plv0hvwlpdwhv rq uhyhqxh +dqg rq elg doorfdwlrq, zhuh forvh wr wkh pdjqlwxghv uhsruwhg deryh

+dowkrxjk wkh uhyhqxh orvv zdv vljql�fdqwo| gl�huhqw iurp }hur,1

&�# ��
��� �
� ��	�
���

Zh qrz uhsruw vrph hylghqfh rq vhdohg elg dxfwlrqv1 Iru hpslulfdo sxusrvhv/ vhdohg elg dxfwlrqv

kdyh wkh dwwudfwlyh ihdwxuh wkdw wkhuh lv qr dpeljxlw| lq lqwhusuhwlqj vnhzv � hdfk �up*v elg

doorfdwlrq lv rqo| uhohydqw lq wkh hyhqw wkdw wkh �up zlqv/ vr lw lv d grplqdqw vwudwhj| iru hdfk

elgghu wr fkrrvh wkh vnhz wkdw pd{lpl}hv lwv h{shfwhg xwlolw| frqglwlrqdo rq zlqqlqj1 Xvlqj d vpdoo

+96 vdohv, vdpsoh ri �wzr0vshflhv� vdohv iurp Uhjlrq 8/ zh uhsulvh wkh pdlq whvwv frqgxfwhg rq wkh

rudo dxfwlrq vdpsoh1 Zh fkrvh Uhjlrq 8 ehfdxvh vhdohg elg dxfwlrqv zhuh pruh suhydohqw wkhuh1

Wkh �uvw froxpq ri Wdeoh : uhsruwv vhdohg elg hvwlpdwhv ri wkh surelw prgho iurp Vhfwlrq 814/

zkhuh wkh ghshqghqw yduldeoh lv wkh suredelolw| wkdw wkh zlqqhu vnhzhg fruuhfwo|1 Ryhudoo/ wkh

zlqqhu vnhzhg lq wkh uljkw gluhfwlrq lq 98( ri wkh vhdohg elg vdohv/ dqg zdv pruh olnho| wr vnhz lq

wkh uljkw gluhfwlrq zkhq wkh plv0hvwlpdwh zdv odujh1 Wkh vl}h ri wkh zlqqhu*v vnhz +�e� ��u�, lv

lqfuhdvlqj lq wkh plv0hvwlpdwh �� +Wdeoh : +5,,1 Dq lqfuhdvh lq wkh plv0hvwlpdwh ri 134 lv dvvrfldwhg

zlwk dq dgglwlrqdo '8153 vnhz lq wkh uljkw gluhfwlrq +rxu srlqw hvwlpdwh lq wkh rudo dxfwlrq vdpsoh

zdv '6173,1 Wkxv lw dsshduv wkdw lq vhdohg elg dxfwlrqv/ dv zhoo dv lq rudo vdohv/ wkh zlqqhu*v elg

grhv lqfrusrudwh lqirupdwlrq derxw wkh vshflhv sursruwlrqv eh|rqg zkdw lv nqrzq iurp wkh IV

hvwlpdwhv1

Wkh odvw wkuhh froxpqv ri Wdeoh : uhsruw vhdohg elg hvwlpdwhv ri wkh �{hg0h�hfwv sdqho vshfl�0

fdwlrqv/ dqdorjrxv wr Vhfwlrq 8151 Zh uhvwulfwhg wkh vdpsoh �uvw wr vdohv zkhuh wkhuh zhuh dw ohdvw

wkuhh elgv +froxpq +6,, dqg wkhq +froxpqv +7,0+8,, wr d vwloo vpdoohu vdpsoh zkhuh wkh uhvhuyh sulfhv

duh qrw elqglqj iru dq| ri wkh wrs wkuhh elgv1 Zh irxqg wkdw wkh zlqqhu*v vnhz lv vljql�fdqwo| odujhu

lq devroxwh pdjqlwxgh wkdq wkh vnhzv ri wkh orzhu0udqnhg elgghuv1 Lq idfw/ wkh pdjqlwxgh ri wkh

vnhz lv rughuhg e| udqn1 Zh glg qrw/ krzhyhu/ �qg vljql�fdqw gl�huhqfhv lq wkh dffxudf| ri wkh
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vnhzv/ qru lq wkh pdjqlwxgh ri wkh vnhzv lq wkh uljkw gluhfwlrq +�e� ��u�,1 Wkhvh �qglqjv duh

jhqhudoo| frqvlvwhqw zlwk wkh orjlf ri lqirupdwlrq0edvhg vnhzlqj1 Dffruglqj wr wkhru|/ wkh zlqqhu

lv pruh rswlplvwlf/ dqg khqfh vnhzv pruh djjuhvvlyho|/ ohdglqj wr odujhu devroxwh vnhzv +zklfk zh

�qg,1 Pruhryhu/ vlqfh wkhuh lv qr ohduqlqj lq d vhdohg elg dxfwlrq/ lw lv qrw fohdu wkdw wkh zlqqhu

vkrxog kdyh pruh dffxudwh lqirupdwlrq wkdq rwkhu elgghuv +frqvlvwhqw zlwk zkdw zh �qg,1 Krz0

hyhu/ ehfdxvh elgghuv duh olnho| wr vnhz lq wkh uljkw gluhfwlrq/ rqh pljkw h{shfw kljk udqn elgghu

wr pdnh odujhu vnhzv lq wkh uljkw gluhfwlrq +zklfk zh gr qrw revhuyh,1

&�& ������
�
�� !+"�
�
�
���

Rxu �qglqjv duh frqvlvwhqw zlwk elgghuv kdylqj gl�huhqw fuxlvh hvwlpdwhv dqg ehkdylqj dv lq wkh

htxloleulxp ri rxu prgho1 Shukdsv wkh prvw reylrxv dowhuqdwlyh k|srwkhvlv lv wkdw revhuyhg gl�hu0

hqfhv lq elgv dqg vnhzv duh gulyhq qrw e| gl�huhqfhv lq hvwlpdwhv/ exw e| �sulydwh ydoxh� gl�huhqfhv=

shukdsv lq frvwv ri kduyhvwlqj/ lq ydoxhv iru wkh gl�huhqw vshflhv/ ru lq ulvn dyhuvlrq1 Ri frxuvh/

rxu lqlwldo �qglqj wkdw zlqqlqj elgv whqg wr eh vnhzhg lq wkh uljkw gluhfwlrq vxjjhvwv wkdw dw ohdvw

wkh zlqqlqj elgghu kdv dffhvv wr lqirupdwlrq vxshulru wr wkh Iruhvw Vhuylfh fuxlvh hvwlpdwhv1 Zkdw

lw grhv qrw qhfhvvdulo| lpso| lv wkdw gl�huhqfhv lq vnhzlqj dprqj elgghuv dw d jlyhq dxfwlrq duh

gulyhq e| gl�huhqfhv lq lqirupdwlrq1 Iru lqvwdqfh/ li elgghuv doo kdyh wkh vdph lqirupdwlrq derxw

wudfw frpsrvlwlrq/ dqg wkhlu suhihuhqfhv vdwlvi| ghfuhdvlqj devroxwh ulvn0dyhuvlrq/ wkrvh zlwk d kljk

sulydwh ydoxh iru wkh wudfw zrxog whqg wr vnhz pruh djjuhvvlyho|168 Wklv vwru| zrxog suhglfw doo elgv

ehlqj vnhzhg lq wkh vdph gluhfwlrq/ zlwk kljkhu0udqnhg elgv vnhzhg pruh khdylo|1 Dowhuqdwlyho|/

lglrv|qfudwlf yduldwlrq lq frvwv ru ydoxhv +l1h1 lq �y, frxog jhqhudwh yduldwlrq lq vnhzlqj wkurxjk

gl�huhqfhv lq wkh �frqvwdqw sur�w pdujlq� doorfdwlrq1

Krzhyhu/ d ydulhw| ri hpslulfdo idfwv �w srruo| zlwk h{sodqdwlrqv ri vnhzlqj edvhg sxuho| rq

sulydwh ydoxh gl�huhqfhv1 Iluvw/ zlwk sxuho| sulydwh ydoxh gl�huhqfhv/ qr ohduqlqj zrxog rffxu lq

rudo dxfwlrqv/ vr wkhuh lv qr uhdvrq iru kljkhu0udqnhg elgv wr eh pruh dffxudwho| vnhzhg/ dv zh

�qg lq Vhfwlrq 8151 Vhfrqg/ zh riwhq revhuyh d jlyhq �up elgglqj rq vrph frpelqdwlrq ri wzr

vshflhv +h1j1 khporfn dqg �u, lq pxowlsoh vdohv dqg vnhzlqj lq gl�huhqw gluhfwlrqv lq gl�huhqw

vdohv1 Wklv lv lqfrqvlvwhqw zlwk elg doorfdwlrq ehlqj gulyhq e| �up khwhurjhqhlw| lq �y1 Wklug/

rxu prgho qdwxudoo| jlyhv ulvh wr wkh wrs wzr elgv/ exw qrw orzhu elgv/ kdylqj vlplodu vnhzv lq

rudo dxfwlrqv1 Lq frqwudvw/ lw uhtxluhv d yhu| vshfldo fruuhodwlrq vwuxfwxuh wr jhqhudwh wklv ihdwxuh

lq d sxuh sulydwh ydoxhv prgho1 Ilqdoo|/ dqg pruh vxemhfwlyho|/ uhfrqflolqj wkh uhodwlyho| odujh

gl�huhqfhv lq pdjqlwxgh ehwzhhq wkh vnhzv ri gl�huhqw elgghuv zlwk gl�huhqfhv lq sulydwh ydoxhv

ru ulvn sdudphwhuv vhhpv wr uhtxluh lpsodxvleoh gl�huhqfhv dfurvv elgghuv/ sduwlfxoduo| jlyhq wkdw

uhvdoh rssruwxqlwlhv vkrxog frpsuhvv ydoxhv iru wkh gl�huhqw vshflhv169

68Zh duh judwhixo wr Sklo Kdloh iru vxjjhvwlqj wklv srvvlelolw|1
69Iru lqvwdqfh/ zh qrwhg lq Vhfwlrq 815 wkdw lq wkh vdohv zkhuh qrqh ri wkh wrs irxu elgv duh erxqg e| wkh uhvhuyh
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Wkxv/ zkloh sulydwh ydoxh gl�huhqfhv duh frqvlvwhqw zlwk vrph ri wkh hpslulfdo uhjxodulwlhv/

lw vhhpv gl!fxow wr udwlrqdol}h rxu �qglqjv dv d zkroh zlwkrxw dsshdolqj lq sduw wr gl�huhqfhv

lq lqirupdwlrq dfurvv elgghuv1 Rxu lqwhuylhzv zlwk lqgxvwu| sduwlflsdqwv vxssruw wkh ylhz wkdw

fuxlvh hvwlpdwhv pljkw ydu| vljql�fdqwo| rq wkh vdph wudfw/ gxh wr wkh frpelqdwlrq ri vxemhfwlyh

dvvhvvphqwv dqg vwdwlvwlfdo vdpsolqj lqyroyhg lq fuxlvlqj1

D vhfrqg dowhuqdwlyh wr rxu prgho/ dovr edvhg rq d irup ri dv|pphwulf lqirupdwlrq/ lv elgghuv duh

deoh wr ghvwur| vrph ri wkh wlpehu rq wkh wudfw udwkhu wkdq sd| iru lw1 Wklv zrxog jlyh vdoh zlqqhuv

dq lqfhqwlyh wr ghvwur| orz0txdolw| wlpehu udwkhu wkdq kduyhvw lw16: Vxfk pdqlsxodwlrq frxog

jhqhudwh d fruuhodwlrq ehwzhhq vnhzv dqg gl�huhqfhv lq hvwlpdwhg dqg fxw vshflhv sursruwlrqv/ hyhq

zlwkrxw h{ dqwh lqirupdwlrq/ vlqfh kljkhu elgv rq d jlyhq vshflhv zrxog lpso| d odujhu prwlydwlrq

wr ghvwur| orz0txdolw| orjv ri wkdw vshflhv16;

Dqhfgrwdo dffrxqwv iurp wkh lqgxvwu| vxjjhvw wkdw orjjhuv pd| kdyh d olplwhg delolw| wr pd0

qlsxodwh wkh h{ srvw phdvxuhphqw surfhvv1 Exw vhyhudo dvshfwv ri wkh gdwd vxjjhvw wkdw prudo

kd}dug lq wkh kduyhvwlqj surfhvv lv qrw vx!fhqw wr h{sodlq doo rxu �qglqjv1 Iluvw/ rqh zrxog h{shfw

wkh wrwdo yroxph ri wlpehu ghvwur|hg wr eh fruuhodwhg zlwk wkh revhuyhg plv0hvwlpdwh ri vshflhv

sursruwlrqv1 Lq wkh gdwd/ wkh fruuhodwlrq ehwzhhq wkh plv0hvwlpdwh dqg wkh wrwdo yroxph vkruwidoo

lv yhu| orz dqg lqvljql�fdqw= 31386 +zlwk d w0vwdwlvwlf ri 3165,1 Wklv �qglqj lv frq�uphg zkhq zh

frqwuro iru revhuyhg vdoh fkdudfwhulvwlfv16< Vhfrqg/ zh irxqg lq Vhfwlrq 815 wkdw wkh vhfrqg0kljkhvw

elgghu zdv mxvw dv olnho| wr vnhz lq wkh uljkw gluhfwlrq dv wkh zlqqhu/ zkloh wkh orzhu0udqnhg elgghuv

zhuh vljql�fdqwo| ohvv olnho| wr vnhz lq wkh uljkw gluhfwlrq1 Wklv lv vhqvleoh lq wkh frqwh{w ri dq h{

dqwh lqirupdwlrq vwru|/ exw kdug wr udwlrqdol}h li kduyhvw pdqlsxodwlrq zhuh wkh sulpdu| phfkdqlvp

lq wkh gdwd1 Lq wkh odwwhu fdvh/ wkh zlqqlqj elgghu*v fxwwlqj ehkdylru vkrxog uhvsrqg wr khu rzq

vnhz/ zkloh wkh vhfrqg0kljkhvw elgghu*v vnhz vkrxog eh ohvv forvho| uhodwhg wr wkh dfwxdo gl�huhqfh

lq sursruwlrqv1 Ilqdoo|/ lw lv fohdu wkdw wkh suhvhqfh ri prudo kd}dug lq fxwwlqj lv qrw lqfrqvlvwhqw

zlwk rxu h{ dqwh lqirupdwlrq vwru|1 Lq idfw/ lw pljkw uhlqirufh lqfhqwlyhv wr dftxluh lqirupdwlrq/ li

elgghuv fdq ohduq zkhwkhu lw zloo eh hdv| ru gl!fxow wr ghvwur| orz0txdolw| wlpehu ri d jlyhq vshflhv1

Zh fdq sodfh wklv lq wkh iudphzrun ri rxu prgho e| wklqnlqj ri hdv|0wr0ghvwur| orz0txdolw| wlpehu

sulfh/ wkh dyhudjh vnhz ri wkh zlqqlqj elg lv derxw wzlfh dv odujh dv wkh dyhudjh vnhz ri wkh irxuwk kljkhvw elg1 Vr iru

h{dpsoh/ li elgghuv kdyh phdq0yduldqfh suhihuhqfhv= ��EZ� ' .EZ�3 b�T @oEZ�/ wkh wrs elgghu uhtxluhv d sdudphwhu

b ri derxw �*2 wkh vl}h ri wkh erwwrp elgghu wr h{sodlq wkh vnhzlqj gl�huhqwldo1
6:D vlplodu vwru| kdv orjjhuv frooxglqj zlwk wkh prqlwruv uhvsrqvleoh iru phdvxulqj wkh wlpehu dv lw ohdyhv wkh wudfw1

Oh"hu dqg Uxfnhu +4<;;, vwxg| ydulrxv idfhwv ri wkh kduyhvw surfhvv xqghu Iruhvw Vhuylfh frqwudfwv1
6;Rqo| orjv wkdw phhw d fhuwdlq wkuhvkrog duh frxqwhg dw doo> eurnhq olpev dqg rwkhu gdpdjhg pdwhuldo lv fkdujhg

dw d gl�huhqw udwh1 Wkxv/ d elgghu fdq srwhqwldoo| dyrlg �vwhdolqj� wlpehu vlpso| e| euhdnlqj d orj lqwr slhfhv dqg

sd|lqj d orz sulfh iru lw1
6<Zh dovr orrnhg dw krz wkh jds ehwzhhq hvwlpdwhg dqg fxw wrwdo yroxph dqg vshflhv sursruwlrqv ydulhg ryhu wlph1

Ehfdxvh wlpehu sulfhv zhuh txlwh yrodwloh/ rqh zrxog h{shfw wkh jds lq wrwdo yroxph wr ydu| d orw li prudo kd}dug

zhuh d sulpdu| frqfhuq1 Rq dyhudjh/ lw uhpdlqhg uhodwlyho| vwdeoh ryhu wlph1
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dv ehlqj vlpso| qrw suhvhqw1 Lq jhqhudo/ wkh pruh vnhzhg wkh elgglqj/ wkh kljkhu wkh lqfhqwlyhv iru

h{ srvw ghvwuxfwlrq ri rqh ri wkh vshflhv/73 dqg frqyhuvho|/ wkh hdvlhu lw lv wr ghvwur| orz0txdolw|

wuhhv ri d sduwlfxodu vshflhv h{ srvw/ wkh juhdwhu wkh lqfhqwlyh wr vnhz1

Rqh �qdo frqfhuq zlwk rxu prgho lv wkdw lw dvvxphv elgghuv duh htxdoo| dghsw dw frqvwuxfwlqj

fuxlvh hvwlpdwhv/ dqg kdyh lghqwlfdo suhihuhqfhv1 D srvvleoh frqmhfwxuh lv wkdw rxu �qglqjv duh

gulyhq e| d vxevhw ri �upv wkdw duh sduwlfxoduo| jrrg dw h{sorlwlqj wkh vfdoh vdoh uxohv e| vnhzlqj1

Wkxv/ lw lv lqwhuhvwlqj wr lqtxluh li wkhuh duh revhuydeoh gl�huhqfhv ehwzhhq elgghuv wkdw pljkw eh

d pdmru +xq0prghohg, ghwhuplqdqw ri vnhzlqj ehkdylru1

Wkh pdlq fkdudfwhulvwlf zh h{dplqhg zdv �up vl}h1 Wr wklv hqg/ zh fodvvl�hg wkh elgghuv lqwr

wkuhh jurxsv rq wkh edvlv ri wkh qxpehu ri hpsor|hhv= vpdoo elgghuv zlwk ohvv wkdq 433 hpsor|hhv/

plg0vl}h elgghuv zlwk ehwzhhq 433 dqg 633/ dqg odujh elgghuv zlwk ryhu 6331 Wkhvh jurxsv kdyh

vrphzkdw gl�huhqw elgglqj sdwwhuqv � wkh odujhu dqg pruh ydoxdeoh d jlyhq wudfw/ wkh odujhu wkh vl}h

ri wkh �upv wkh vdoh dwwudfwv174 Krzhyhu/ zh irxqg qr urexvw gl�huhqfhv lq vnhzlqj ehkdylru dfurvv

wkhvh jurxsv ri elgghuv1 Qr jurxs zdv v|vwhpdwlfdoo| pruh olnho| wr vnhz lq wkh uljkw gluhfwlrq

ru v|vwhpdwlfdoo| pruh uhvsrqvlyh wr odujh plv0hvwlpdwhv1 Lq vrph vshfl�fdwlrqv/ odujhu elgghuv

dsshduhg wr vnhz wkhlu elgv vrphzkdw pruh gudpdwlfdoo| lq devroxwh ydoxh/ exw wklv �qglqj zdv

vhqvlwlyh wr vshfl�fdwlrq1 Rqh h{sodqdwlrq lv wkdw prvw ri wkh elgghuv lq rxu vdpsoh/ uhjdugohvv ri

vl}h/ sduwlflsdwhg uhodwlyho| iuhtxhqwo|175 Wr wkh h{whqw wkdw h{shulhqfh lv lpsruwdqw lq fuxlvlqj dqg

elg suhsdudwlrq/ wkh pdmrulw| ri elgghuv zhuh uhodwlyho| h{shulhqfhg176

0 1��	���
��

Lq wklv sdshu/ zh kdyh frqvlghuhg wkh h�hfwv ri lqirupdwlrq rq elgglqj ehkdylru lq IV wlpehu

dxfwlrqv1 Wkh uxohv ri wkh �vfdoh vdohv� fuhdwh lqfhqwlyhv iru vwudwhjlf elg glvwruwlrq1 Xvlqj h{ srvw

lqirupdwlrq derxw wkh ydoxh ri wkh wudfw/ zh irxqg wkdw elgghuv kdyh sulydwh lqirupdwlrq derxw

wkh xqghuo|lqj fkdudfwhulvwlfv ri wkh wudfw dqg h{sorlw wklv lqirupdwlrq lq wkhlu elgglqj ehkdylru1

73Shukdsv qrw vxusulvlqjo|/ rqh Iruhvw Vhuylfh r!fldo wrog xv wkdw fxwwlqj zdv prqlwruhg lqwhqvho| zkhq elgv zhuh

hvshfldoo| vnhzhg1
74 Lq dgglwlrq/ wkh suredelolw| wkdw d jlyhq vdoh lv hyhqwxdoo| zrq e| d odujh elgghu +ru d phglxp vl}h elgghu,

lqfuhdvhv vljql�fdqwo| zlwk wkh hvwlpdwhg yroxph ru wkh uhvhuyh sulfhv1
75Wkh phgldq elgghu lq rxu vxevdpsoh sduwlflsdwhg lq 445 dxfwlrqv wkurxjkrxw Uhjlrq 9 +qrw mxvw lq rxu vxevdpsoh,

gxulqj 4<:904<<31
76Zh dovr h{dplqhg wkh vnhzlqj ehkdylru ri d ihz iuhtxhqw sduwlflsdqwv1 Lq sduwlfxodu/ zh frqvlghuhg wkh �{hg0

h�hfwv vshfl�fdwlrq ri Vhfwlrq 815/ lqfoxglqj gxpplhv iru sduwlfxodu �upv udwkhu wkdq udqn gxpplhv1 Dowkrxjk edvhg

rq d uhodwlyho| vpdoo vdpsoh +wkh prvw iuhtxhqw zlqqhu lq rxu vdpsoh/ Erlvh Fdvfdgh/ zrq 74 vdohv/ dqg vhyhq rwkhuv

zrq ehwzhhq 43 dqg 53,/ qrqh ri wkhvh zhuh vljql�fdqwo| pruh olnho| wr vnhz lq wkh uljkw gluhfwlrq/ dowkrxjk d ihz

elgghuv +lq sduwlfxodu Erlvh Fdvfdgh, vnhzhg pruh djjuhvvlyho| +wkdw lv/ wkh dyhudjh pdjqlwxgh ri wkh vnhz zdv

odujhu,1 Zh pljkw dwwulexwh wklv ehkdylru wr d orzhu ohyho ri ulvn dyhuvlrq/ dv Erlvh Fdvfdgh lv d odujh frqjorphudwh1
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Wklv lqirupdwlrq dsshduv wr sod| d uroh lq doorfdwlqj wkh wudfw ehwzhhq elgghuv/ vlqfh elgghuv zkr

wdnh odujhu jdpeohv duh pruh olnho| wr zlq wkh dxfwlrq1 Zh dovr irxqg wkdw zkhq wkh IV hvwlpdwh

lv iduwkhu iurp wkh wuxwk/ wkh zlqqlqj elg lv jhqhudoo| kljkhu/ exw uhyhqxh ghfuhdvhv rqo| d olwwoh/

li dw doo1 Wklv vxjjhvwv wkdw lqirupdwlrqdo uhqwv pd| eh odujho| frpshwhg dzd|1 Ilqdoo|/ revhuyhg

elgglqj ehkdylru lv frqvlvwhqw zlwk vrph dprxqw ri elgghu ulvn0dyhuvlrq1

Rxu zrun udlvhv vhyhudo txhvwlrqv iru ixwxuh zrun1 Iluvw/ vlqfh elgghuv fohduo| h{shqg uhvrxufhv

wr rewdlq vwudwhjlfdoo| xvhixo lqirupdwlrq/ lw vxjjhvwv wkdw dwwhqwlrq vkrxog eh jlyhq wr wkh surfhvv

ri lqirupdwlrq dftxlvlwlrq1 Wlpehu vdohv pd| eh dq lqwhuhvwlqj hqylurqphqw lq zklfk wr vwxg| wkh

frvwv dqg ehqh�wv ri lqirupdwlrq jdwkhulqj1 Vhfrqg/ zh kdyh grfxphqwhg wkdw sulydwh lqirupdwlrq

sod|v d uroh lq wkhvh dxfwlrqv> |hw sulydwh ydoxh gl�huhqfhv duh vxuho| lpsruwdqw dv zhoo1 D zhoo0

ghvljqhg vwuxfwxudo prgho pljkw doorz rqh wr vruw rxw wkh uhodwlyh lpsruwdqfh ri khwhurjhqhrxv

ydoxhv dqg sulydwh eholhiv1

Ilqdoo|/ jlyhq wkdw vfdoh vdohv jlyh ulvh wr wkh w|sh ri vwudwhjlf elg glvwruwlrq zh kdyh grfxphqwhg/

dq reylrxv txhvwlrq lv zk| wkh vfdoh vdoh irupdw lv zlgho| xvhg1 D qdwxudo dowhuqdwlyh lv wr dvn iru

oxps vxp elgv/ dqg qrw pdnh sd|phqw frqwlqjhqw rq wkh kduyhvw txdqwlwlhv1 Dv zh qrwhg deryh/ dq

dwwudfwlyh ihdwxuh ri vfdoh vdohv lv wkdw wkh| doorz iru pruh ulvn0vkdulqj wkdq oxps vxp vdohv/ vlqfh

wkh zlqqhu lv lqvxuhg djdlqvw xqfhuwdlqw| derxw wkh wrwdo yroxph ri wlpehu1 Wkh lpsruwdqfh ri wklv

lv olnho| wr ghshqg rq wkh vl}h ri wkh vdoh dqg wkh gl!fxow| lq dvvhvvlqj wkh txdqwlw| dqg txdolw| ri

phufkdqwdeoh wlpehu1 Pruhryhu/ elg vnhzlqj xqghuplqhv wkh lqvxudqfh surshuwlhv ri d vfdoh vdoh/

vlqfh e| vnhzlqj elgghuv wdnh rq vshflhv frpsrvlwlrq ulvn1 Wkh uhfhqw uhvwulfwlrqv lpsrvhg e| wkh

IV/ zklfk sodfh dq xsshu erxqg rq wkh pdjqlwxgh ri doorzdeoh vnhzv/ olplw wklv hqgrjhqrxvo|

jhqhudwhg ulvn1 Dqrwkhu dujxphqw iru vfdoh vdohv lv wkdw wkh| pd| lqyroyh orzhu fuxlvlqj frvwv wkdq

oxps0vxp vdohv1 Frqyhuvho|/ lw wdnhv pruh uhvrxufhv h{ srvw wr ghwhuplqh sd|phqwv1 D �qdo srlqw

lv wkdw li wkh ex|hu ghidxowv dw vrph srlqw gxulqj wkh frqwudfw/ d vfdoh frqwudfw pd| surylgh d pruh

xvhixo vwduwlqj srlqw iru uhqhjrwldwlrq wkdq d oxps0vxp frqwudfw1 Wkxv iru odujh/ ydoxdeoh/ ru ulvn|

wudfwv/ wkh ehqh�wv ri d vfdoh irupdw fdq rxwzhljk wkh frvwv177

�""���
+ �� ����,�

Khuh/ zh suryh wkh uhvxowv iurp Vhfwlrq 61 Wkh surriv ri Sursrvlwlrqv 4 dqg 5 uhtxluh wkh iroorz0

lqj gh�qlwlrqv +zh frqwlqxh wr xvh lqfuhdvlqj dqg ghfuhdvlqj lq wkh zhdn vhqvh xqohvv rwkhuzlvh

lqglfdwhg,1 Wkh ixqfwlrq k = U $ U lv vlqjoh furvvlqj li iru doo |M A |u> k+|u, � +A,3 lpsolhv

k+|M, � +A,3= Wkh ixqfwlrq j = U2 $ U lv elyduldwh vlqjoh furvvlqj lq +{> |, li iru doo {M A {u/

77U|qhduvrq hw do +4<<:, lqwhuylhzhg d qxpehu ri lqgxvwu| sduwlflsdqwv dv zhoo dv Iruhvw Vhuylfh r!fldov1 Wkhlu

�qglqjv vxssruw wkhvh frqfoxvlrqv/ h{fhsw wkdw wkh| gr qrw glvfxvv vnhzlqj/ srwhqwldoo| ehfdxvh wkh vwxg| wdnhv sodfh

diwhu wkh Iruhvw Vhuylfh lpsrvhg uhvwulfwlrqv rq vnhzlqj1
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j+{M > �, � j+{u> �, lv vlqjoh furvvlqj1 D ixqfwlrq j = U2 $ U lv vxshuprgxodu li/ iru doo {M A {u/

j+{M > �, � j+{u> �, lv lqfuhdvlqj1 Li j lv srvlwlyh/ j lv orj0vxshuprgxodu li orj+j, lv vxshuprgxodu1

Qrwh wkdw li j dqg k duh srvlwlyh dqg orj0vxshuprgxodu/ wkhq vr lv j � k= Li [ dqg \ duh udqgrp

yduldeohv zlwk srvlwlyh mrlqw ghqvlw| i+{> |, zlwk uhvshfw wr Ohehvjxh phdvxuh/ wkh iroorzlqj duh

htxlydohqw= +l, [ dqg \ duh d!oldwhg > +ll, wkh glvwulexwlrq ri [ frqglwlrqdo rq \ @ | lv rughuhg +lq

|, e| wkh prqrwrqh olnholkrrg udwlr rughu > +lll, i lv orj0vxshuprgxodu lq +{> |, doprvw hyhu|zkhuh

+Ohehvjxh phdvxuh,1 D yhfwru ri udqgrp yduldeohv ] zlwk d srvlwlyh mrlqw ghqvlw| i+}, lv d!oldwhg

li i lv orj0vxshuprgxodu lq +}�> }�, doprvw hyhu|zkhuh/ iru doo l 9@ m1

Wkh Plojurp0Vkdqqrq +4<<7, Prqrwrqlflw| Wkhruhp vwdwhv wkdw li j+{> �, vdwlv�hv elyduldwh

vlqjoh furvvlqj lq +{> �,/ {W+�, @ dujpd{% j+{> �, lv lqfuhdvlqj lq �=78 Wkh iroorzlqj dgglwlrqdo

ohppd zloo eh xvhg +vhh Dwkh| +iruwkfrplqj/ d, dqg Plojurp dqg Zhehu +4<;5,/ iru sduwv +l, dqg

+ll, uhvshfwlyho|,=

Ohppd 4 Ohw i+�m|, eh wkh frqglwlrqdo ghqvlw| ri [ jlyhq \ @ |> dqg vxssrvh wkdw i lv orj0

vxshuprgxodu1 +l, Li j = U2 $ U lv vlqjoh furvvlqj lq { dqg lqfuhdvlqj lq }> wkhq
U
j+{> },i+{m|,g{

lv vlqjoh furvvlqj lq |1 +ll, Li k = U$ U lv lqfuhdvlqj/ wkhq
U
k+{,i+{m|,g{ lv lqfuhdvlqj lq |=

Surri ri Sursrvlwlrq 41 Iluvw/ qrwh wkdw xqohvv wkh �up lv ulvn qhxwudo/ wkh remhfwlyh ixqfwlrq lv

vwulfwo| frqfdyh lq �e dqg wkxv wkhuh lv d xqltxh vroxwlrq1 +l, Li v�� ? h� / wkhq H^h����mh> v
� >;n 9@

m>E&+v&, ? E� ` A 31 Frqvhtxhqwo|/ wkh rswlpdo doorfdwlrq �e> qhjohfwlqj wkh uhvhuyh frqvwudlqwv/

lv juhdwhu wkdq �y1 Wkh frqvwudlqwv olplw wkh vhw ri doorzdeoh doorfdwlrqv wr dq lqwhuydo/ �e 5

^+u� �E@T.7A , @h2> +E@T.7A � u2, @h�`> wkh frqglwlrq rq E lpsolhv wkdw wklv lqwhuydo frqwdlqv �y1

Wkh uhvxow iroorzv iurp frqfdylw| ri wkh remhfwlyh lq �e1 +ll, Zlwk ulvn0qhxwudolw|/ wkh remhfwlyh

ehfrphv olqhdu/ H4
�
^+�e��y, +h� � ��,`/ dqg wkh vroxwlrq lv h{wuhpdo1 +lll, Qrwh wkdw x � � lv

elyduldwh vlqjoh0furvvlqj lq +�e>���, dqg wkdw +���>�v
�
�, duh d!oldwhg1 E| Ohppd 4/ wkh remhfwlyh

lv elyduldwh vlqjoh0furvvlqj lq +�e>�v��, dqg wkh uhvxow iroorzv iurp wkh Plojurp0Vkdqqrq +4<<7,

prqrwrqlflw| wkhruhp1 T1H1G1

Surri ri Sursrvlwlrq 51 Vxssrvh doo elgghuv n 9@ m xvh lghqwlfdo vwudwhjlhv i�e+v�,> �E+v�, zlwk

wkh surshuwlhv vwdwhg lq wkh Sursrvlwlrq1 Zh vkrz wkdw elgghu m*v ehvw0uhvsrqvh pxvw kdyh wkh

vdph surshuwlhv1 Zh wkhq hvwdeolvk wkh htxloleulxp1 Wr vlpsoli| wkh h{srvlwlrq/ dvvxph wkdw

T.7A @ T��A @ 4=

Iluvw/ jlyhq wkdw rssrqhqwv* elgv duh dw ohdvw Y / dq| elg zlwk E ? Y |lhogv sd|r� }hur1 Exw

e| elgglqj E @ Y dqg �e @ �y +l1h1 e� @ y�,/ elgghu m dovr fdq hqvxuh d sd|r� ri }hur1 Vr m fdq

uhvwulfw klpvhoi wr elgv E � Y 1

78 Li wkhuh duh pxowlsoh rswlpd ru qr rswlpd iru vrph sdudphwhu ydoxhv/ wkh vhw ri rswlpl}huv lv qrqghfuhdvlqj lq

wkh vwurqj vhw rughu +Plojurp dqg Vkdqqrq/ 4<<7,1
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Zh qrz hvwdeolvk wkh ghvluhg prqrwrqlflw| surshuwlhv1 Vxssrvh wkdw v�� ? h�1 Ohw p�
� @

plq& �'� v
&
�1 Elgghu m*v h{shfwhg sur�wv zlwk d elg E>�e duh=

] e�

��3�E��

] �

f
x +� +�e>E> ��,, i4

�
��mh�> v

�
�>p

�
�

�
i6

�
p�

�mh�> v
�
�

�
g��gp

�
�>

zkhuh i4 lv wkh ghqvlw| ri ��/ dqg i6 wkh ghqvlw| ri p�
�1 Qrwh wkdw +��> v

�
�>p

�
�, duh d!oldwhg gxh wr

rxu dvvxpswlrq wkdw wkh hvwlpdwhv zhuh d!oldwhg dqg h{fkdqjhdeoh1

Zh frqvlghu elgghu m*v sureohp lq wzr sduwv1 Iluvw/ zh gh�qh �e+E> v��, wr eh wkh vroxwlrq ri

wkh elg doorfdwlrq sureohp iru d jlyhq wrwdo elg E1 Iurp Sursrvlwlrq 4/ zh nqrz �e+E> v��, lv

ghfuhdvlqj lq v��> zh vkrz �e+E> v��, lv lqfuhdvlqj lq E zkhq v�� ? h�1 Vhfrqg/ zh frqvlghu wkh

fkrlfh ri wrwdo elg E+v��,> jlyhq wkdw elg doorfdwlrq zloo eh rswlpdo1

Uh0zulwlqj wkh uhvhuyh frqvwudlqwv/ wkh elg doorfdwlrq sureohp lv=

pd{
{K

] �

f
x +� +�e>E> ��,, i4

�
��mh�> v

�
�>p

�
� �

�E3�+E,
�
g��=

vxemhfw wr +u� �E, @h2 � �e � +E � u2, @h�=

E| Sursrvlwlrq 4/ zh fdq uhvwulfw dwwhqwlrq wr �e � �y1 Dq lqfuhdvh lq E kdv wkuhh h�hfwv= lw

uhod{hv wkh uhvhuyh sulfh frqvwudlqwv dqg vwulfwo| zlghqv wkh lqwhuydo iurp zklfk �e fdq eh fkrvhq>

lw dfwv dv d ghfuhdvh lq zhdowk> dqg/ lw vkliwv wkh glvwulexwlrq ri �� grzq lq wkh vhqvh ri wkh prqrwrqh

olnholkrrg udwlr rughu e| h{sdqglqj wkh vhw ri ghihdwhg w|shv grzqzdug1 Hdfk h�hfw lqfuhdvhv wkh

rswlpl}hu �e1 Irupdoo|/ ghqrwlqj wkh remhfwlyh dv X+�e>E> v��,/
Y

Y{KX+�e>E> v��, htxdov
79

] �

f
+h� � ��,x

� +� +�e>E> ��,, i+��mh> v
�
�>p

�
� �

�E3�+E,,g��=

Wkh �uvw whup/ h����> lv vlqjoh0furvvlqj lq ���1 Wkh vhfrqg whup/ x�+� +�e>E> ��, > lv qrq0qhjdwlyh/

lqfuhdvlqj lq ��� +ehfdxvh �e � �y,/ dqg orj0vxshuprgxodu lq +���> E, +e| FDUD2LDUD,1 Wkh

odvw whup lv qrq0qhjdwlyh dqg orj0vxshuprgxodu lq +���> E,> xvlqj wkh idfw wkdw �E3� lv ghfuhdvlqj1

Frqvhtxhqwo|/ e| Ohppd 4/ Y
Y{KX+�e>E> v��, lv vlqjoh0furvvlqj lq E/ dqg wkh frqvwudlqw vhw lv

lqfuhdvlqj lq E1 Plojurp dqg Vkdqqrq*v +4<<7, prqrwrqlflw| wkhruhp wkhq lpsolhv wkdw �e+E> v��,

lv lqfuhdvlqj lq E1

Qrz frqvlghu wkh wrwdo elg sureohp/ jlyhq rswlpdo elg doorfdwlrq1 Zh zlvk wr vkrz wkdw wkh

remhfwlyh lv elyduldwh vlqjoh furvvlqj lq +E>�v��,1 Wkh remhfwlyh ixqfwlrq lv=

] e�

��3�E��

] �

f
x
�
�
�
�e+E> v��,>E> ��

��
i4
�
��mh�> v

�
�>p

�
�

�
i6

�
p�

�mh�> v
�
�

�
g��gp

�
�>

79Iru vlpsolflw| ri qrwdwlrq/ zh irfxv rq wkh fdvh zkhuh �� lv vwulfwo| lqfuhdvlqj1 Wkh fdvh zkhuh �� lv zhdno|

lqfuhdvlqj lv dqdorjrxv1
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Wdnlqj wkh ghulydwlyh zlwk uhvshfw wr E +xvlqj wkh hqyhorsh wkhruhp vr wkdw wkh h�hfw ri E rshudwlqj

wkurxjk �e fdq eh ljqruhg,/ dqg wkhq uh0duudqjlqj/ zh rewdlq=k
4� I6

�
�E3�+E,mv�

�

�l
�+

�
g �E3�+E,

gE

i6
4� I6

�
�E3�+E,mv�

�

�] �

f

x
�
�
�
�e+v��>E,> E> ��

��
i4
�
��mp

�
� @

�E3�+E,> v��

�
g��

�

] �

f

x�
�
�
�
�e+v��>E,> E> ��

��
i4

�
��mp

�
� �

�E3�+E,> v��

�
g��

�
=

Zh qrz vkrz wkdw wkh eudfnhwhg whupv duh ghfuhdvlqj lq v��1 Ehfdxvh 4 � I6 lv dozd|v srvlwlyh/

wklv zloo hvwdeolvk wkdw wkh hqwluh h{suhvvlrq lv vlqjoh0furvvlqj lq �v��/ dqg khqfh wkdw wkh rswlpdo

elg E+v��, lv ghfuhdvlqj1 Zh frqvlghu wkh wzr eudfnhwhg whupv vhsdudwho|1

Whup 4= Wkh whup �g �E3�+E,@gE lv srvlwlyh dqg frqvwdqw lq v��1 Wkh kd}dug udwh whup lv

srvlwlyh dqg ghfuhdvlqj lq v�� ehfdxvh 4�I6+p
�
�mv

�
�, lv orj0vxshuprgxodu lq +p�

�> v
�
�, +d frqvhtxhqfh

ri d!oldwlrq,1 Wr vhh wkdw wkh lqwhjudo whup +zklfk lv dovr srvlwlyh, lv ghfuhdvlqj lq v��/ qrwh wkh

wzr h�hfwv1 Wkh gluhfw h�hfw ri dq lqfuhdvh lq v�� +�{lqj �e, lv wr vkliw wkh glvwulexwlrq ri �� xs lq

wkh vhqvh ri prqrwrqh olnholkrrg udwlr rughu1 Ehfdxvh �e � �y/ � lv ghfuhdvlqj lq ��/ dqg vr wklv

ghfuhdvhv wkh lqwhjudo e| Ohppd 41 Wkh h�hfw ri d pdujlqdo lqfuhdvh lq v��/ rshudwlqj wkurxjk �e/

lv=
C�e+v�

�
>E,

C+v��,
�

]
�

f

+h� � ��,x
�

�
�
�
�e+v��>E,> E> ��

��
i4

�
��mp

�
� @

�E3�+E,> v��

�
g��

Wkh �uvw whup lv qhjdwlyh1 Zh qrz dujxh wkdw wkh vhfrqg whup lv srvlwlyh1 Wkh lqwhjudqg +h� �

��,x
�+�+�,, lv vlqjoh0furvvlqj lq ���/ vr e| d!oldwlrq ri +��>p

�
�,/ Ohppd 4 lpsolhv wkdw wkh lqwhjudo

lv vlqjoh0furvvlqj lq �p�
�
1 Pruhryhu/ rswlpdolw| ri �e lpsolhv wkdw wkh lqwhjudo zrxog eh }hur li zh

frqglwlrqhg rq p�
� 5 ^ �E3�+E,> h�`/ vr lw pxvw eh srvlwlyh frqglwlrqhg rq p�

� @ �E3�+E,1 Wkxv doo

ri Whup 4 lv ghfuhdvlqj lq v��1

Whup 5= Dq lqfuhdvh lq v�� kdv wzr h�hfwv rq wkh lqwhjudo1 Wkh gluhfw h�hfw lv wr vkliw wkh

glvwulexwlrq ri �� xs lq wkh vhqvh ri prqrwrqh olnholkrrg udwlr rughu1 Vlqfh � lv ghfuhdvlqj lq ��

iru �{hg �e/ e| Ohppd 4 wklv ghfuhdvhv wkh zkroh whup1 Wkh pdujlqdo h�hfw ri dq lqfuhdvh lq v��/

rshudwlqj wkurxjk �e fdq eh zulwwhq dv=

C�e+v��> E,

C+v��,
�

] �

f

�
�
x��

x�
+� +�,,

�
�
q
+h� � ��,x

� +� +�,, i4
�
��mp

�
� �

�E3�+E,> v��

�r
g��=

Wkh �uvw whup lv qhjdwlyh1 Wkh lqwhjudqg kdv wzr eudfnhwhg whupv1 Wkh �uvw lv srvlwlyh dqg

lqfuhdvlqj lq ��� e| FDUD2LDUD dqg wkh idfw wkdw � lv ghfuhdvlqj lq ��1 Wkh vhfrqg lv vlqjoh

furvvlqj lq ���1 Rplwwlqj wkh �uvw whup/ wkh lqwhjudo zrxog eh }hur e| rswlpdolw| ri �e1 Khqfh/

lqfoxglqj wkh �uvw whup/ lw pxvw eh srvlwlyh1 Wkxv doo ri Whup 5 lv ghfuhdvlqj lq v��1
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Zh frqfoxgh wkdw elgghu m*v ehvw0uhvsrqvh wrwdo elg E+v��,/ dqg khqfh klv rswlpdo doorfdwlrq

�e+v��,/ duh ghfuhdvlqj lq v�� iru v�� ? h�1 Dq dqdorjrxv dujxphqw vkrzv wkdw zkhq v�� A h�/ wkhq

E+v��, zloo eh lqfuhdvlqj dqg �e+v��, ghfuhdvlqj lq v��1 Dwkh| +iruwkfrplqj/ e, kdv vkrzq wkdw wkh

h{lvwhqfh ri d v|pphwulf sxuh vwudwhj| htxloleulxp iroorzv iurp wkhvh prqrwrqlflw| surshuwlhv1

T1H1G1

Surri ri Sursrvlwlrq 6= Vxssrvh wr wkh frqwudu| wkdwU ? EW+G>S&, ? Y 1 Wkhq wkhuh h{lvw vrph

e�> e2 vxfk wkdw T.7A +e � h, @ EW+G>S&, dqg u� � e� � y�1 Wklv �vdih� sruwirolr kdv vwulfwo| srvlwlyh

h{shfwhg sur�wv iru dq| uhvroxwlrq ri xqfhuwdlqw|/ frqwudglfwlqj wkh idfw wkdw wkh rswlpdo vnhz jlyhv

}hur h{shfwhg xwlolw|1 Vr EW+�, � Y 1 Qrz/ vxssrvh v�� ? h� +dq dqdorjrxv dujxphqw dssolhv zkhq

v�� A h�,1 E| Sursrvlwlrq 4/ dw wkh rswlpxp/ �eW+G>S&, A �y lpso|lqj wkdw eW� � y� A u�1 Ohw ��

dqg �2 ghqrwh wkh Odjudqjh pxowlsolhuv rq wkh uhvhuyh sulfh frqvwudlqwv1 Zh kdyh

3 @ H4
�

k
x +�+�eW+G>S&,> E

W+G>S&,> ��,, m h�> v
�
� @ === @ va3&� @ G>S&

l
. +43,

.�� ^+E@T.7A , .�e+4� h�,� u�` . �2 ^+E@T.7A ,��eh� � u2` =

Vlqfh �eW A �y/ � lv lqfuhdvlqj lq ��� dqg khqfh wkh uljkw0kdqg vlgh ri +43, lv lqfuhdvlqj lq �G>

lw lv ghfuhdvlqj lq E vlqfh � lv ghfuhdvlqj lq E dqg �2 � 3 @ ��1 Wkh uhvxow iroorzv1 T1H1G1

Surri ri Sursrvlwlrq 71 Zh suryh wkh uhvxow iru zkhq v�� ? h� +dq dqdorjrxv dujxphqw dssolhv

zkhq v�� A h�,1 Vxssrvh elgghuv o 9@ m iroorz wkh vwudwhjlhv ghvfulehg lq wkh Sursrvlwlrq1 Gh�qh

GW+E>S&, wr eh wkh ydoxh G wkdw vroyhv E @ EW+G>S&,/ l1h1 wkh pdujlqdo w|sh/ iru jlyhq E>S&1

Li doo rssrqhqwv duh vwloo dfwlyh dw d elg E/ doo wkdw fdq eh lqihuuhg lv wkdw v,� ? GW+E> >, iru hdfk

rssrqhqw o1 Vxssrvh qr rqh kdv gursshg rxw> zh zloo frqvlghu sod|hu m*v lqfhqwlyhv wr ghyldwh

iurp wkh htxloleulxp vwudwhj|1 Dw E @ EW+v��> >,/ elgghu m nqrzv wkdw kh zloo zlq dw E rqo| li doo

rssrqhqw*v hvwlpdwhv duh htxdo wr GW+E> >, @ v��1 Iru klp wr hduq qrq0qhjdwlyh h{shfwhg sur�wv

li kh zlqv/ kh pxvw dqqrxqfh �e+E> >,1 Vr elgghu m kdv qr lqfhqwlyh wr ghyldwh dw E @ EW+v��> >,1

Pruhryhu/ dv E ulvhv sdvw EW+v��> >,/ m fdqqrw srvvleo| pdnh srvlwlyh h{shfwhg sur�wv li kh zlqv1 Vr

kh zloo gurs rxw mxvw eh|rqg EW+v��> >,1

Qrz frqvlghu m*v elg doorfdwlrq dqqrxqfhphqw �e� zkhq E ? EW+v��> >,1 Frqvlghu �uvw dq

dqqrxqfhphqw �e ? �e+E> >,1 Vxssrvh wkdw iroorzlqj vxfk d ghyldwlrq/ rssrqhqw*v eholhiv duh wkh

vdph dv li m dqqrxqfhg �e+E> >,/ wkdw lv/ rssrqhqwv gr qrw xsgdwh dw doo1 Wkhq wkh ghyldwlrq zloo

eh sd|r�0uhohydqw rqo| li elgghu m dfwxdoo| zlqv dw E/ l1h1 li v,� @ GW+E> >, iru doo1 Jlyhq wklv hyhqw/

zh nqrz wkdw li m kdg hvwlpdwh GW+E> >,/ kh zrxog suhihu d vnhz ri �e+E> >, wr dq| orzhu �e1

Exw lq idfw/ v�� ? GW+E> >,/ vr m fhuwdlqo| suhihuv d vnhz ri �e+E> >, wr dq| orzhu �e +wklv iroorzv

iurp wkh idfw wkdw wkh remhfwlyh gh�qlqj �e+�, lv elyduldwh vlqjoh furvvlqj lq �e dqg �v��,1 Vr wklv

ghyldwlrq lv qrw sur�wdeoh1
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Ilqdoo|/ vxssrvh E ? EW+v��> >, dqg frqvlghu d ghyldwlrq wr �e A �e+E> >,1 Qrwh wkdw li

v�� A GW+E> >,/ wkhq m*v h{shfwhg sur�wv iurp elgglqj �e A �e+E> >, duh qhjdwlyh1 Vlqfh rssrqhqwv

douhdg| eholhyh wkdw v�� � GW+E> >,/ lw pdnhv vhqvh wr dvvxph wkdw li wkh| gr xsgdwh wkhlu eholhiv

wkh| zloo uhylvh wrzdug d pruh h{wuhph +orzhu, hvwlpdwh1 Wr wklv hqg/ dvvxph wkdw dq| rssrqhqw

o zkr lv pdujlqdo/ l1h1 zkr sodqv wr gurs rxw lpphgldwho|/ uhylvhv klv eholhiv derxw m wr eh wkdw

v�� ?
aG+E> >, ? GW+E> >,/ zkhuh aG+E> >, lv orz hqrxjk wr ghwhu o iurp gursslqj rxw1 Doo rwkhu

elgghuv pdnh qr uhylvlrq lq wkhlu eholhiv derxw v��1 Zlwk wkhvh r�0sdwk eholhiv/ d elg doorfdwlrq

ghyldwlrq e| elgghu m wr�e A �e+E> >, fdqqrw lqfuhdvh dqg pd| ghfuhdvh m*v h{shfwhg sd|r�v +vlqfh

rssrqhqwv kdyh pruh rswlplvwlf eholhiv derxw klv hvwlpdwh dqg zloo vwd| lq wkh dxfwlrq orqjhu,1 Wkh

vdph dujxphqwv fdq eh dssolhg diwhu dq| qxpehu ri elgghuv kdyh gursshg rxw/ zklfk hqvxuhv wkdw

wkh sursrvhg vwudwhjlhv irup dq htxloleulxp1 Qrwh wkdw d ydulhw| ri rwkhu r�0htxloleulxp0sdwk eholhi

uhvwulfwlrqv zrxog dovr vx!fh1 Vr orqj dv lq wkh hyhqw ri d elg doorfdwlrq ghyldwlrq e| vrph elgghu

m/ rssrqhqwv duh dw ohdvw dv rswlplvwlf derxw klv hvwlpdwh dv lq wkh htxloleulxp zh kdyh ghvfulehg/

kh zloo kdyh qr lqfhqwlyh wr ghyldwh1 T1H1G1

Uhod{lqj Dvvxpswlrq D61 Li Dvvxpswlrq D6 lv uhod{hg/ lw pd| eh wkdw v�
� ? h� dqg v&� A h� iru

wzr elgghuv m> n lq wkh vdph dxfwlrq1 Wr hvwdeolvk d vhdohg elg htxloleulxp zlwk wkh vdph surshuwlhv

+rqo| zkhuh elgghuv vnhz lq erwk gluhfwlrqv lq d jlyhq dxfwlrq,/ rxu deryh dujxphqwv uhtxluh vrph

prgl�fdwlrq1 Li klv rssrqhqwv xvh d X�vkdshg wrwdo elg ixqfwlrq/ wkhq e| udlvlqj E� / elgghu m

ghihdwv wzr dgglwlrqdo vhwv ri rssrqhqwv= vrph zlwk hvwlpdwhv ehorz h�> vrph zlwk hvwlpdwhv deryh

h�1 Vxssrvlqj v
�
� ? h�/ wkhuh lv qr orqjhu d jxdudqwhh wkdw frqglwlrqlqj rq ehdwlqj wkhvh dgglwlrqdo

w|shv zloo fdxvh m wr uhylvh klv eholhiv derxw h� � �� xs lq wkh vhqvh ri prqrwrqh olnholkrrg udwlr

surshuw|1 Doo hovh htxdo/ udlvlqj E� frxog srwhqwldoo| pdnh m zdqw wr vnhz ohvv1 Ri frxuvh/ li elgghu

m kdv d hvwlpdwh iduwkhu iurp h� kh dovr kdv gluhfw uhdvrqv erwk wr elg dqg wr vnhz pruh1 Wr

hqvxuh wkdw elgghu m*v ehvw0uhvsrqvh E+v��,> �e+v
�
�, kdv wkh uhohydqw prqrwrqlflw| surshuwlhv/ dqg

wkxv wkdw wkhuh lv vwloo dq htxloleulxp zlwk wkh vdph surshuwlhv dv ehiruh/ zh pxvw dvvxph wkdw wkh

srwhqwldo lqgluhfw h�hfwv dulvlqj wkurxjk wkh zlqqhu*v fxuvh eh vx!flhqwo| vpdoo uhodwlyh wr wkhvh

gluhfw h�hfwv1

Wkh Hqjolvk dxfwlrq fdvh lv vrphzkdw pruh vxewoh1 Zh pxvw vshfli| krz lqirupdwlrq lv uhyhdohg

gxulqj wkh frxuvh ri wkh dxfwlrq1 Wkhuh duh d ydulhw| ri srvvleoh htxloleuld> zh vnhwfk d sduwlfxoduo|

vlpsoh rqh1 Zh prgli| wkh prgho wr doorz elgghuv wr h{lw dqg uh0hqwhu> exw/ zh frqvlghu dq

htxloleulxp zkhuhe| elgghuv h{lw dqg uh0hqwhu dw prvw rqfh1 Rughu wkh elgghuv vr wkdw wkh �uvw

4/11/O elgghuv kdyh h� A v��/ zkhuh O lv wkh qxpehu ri vxfk elgghuv/ dqg zlwklq wkh wzr vxevhwv

ri elgghuv/ rughu wkh elgghuv lq ghvfhqglqj rughu ri wkh pdjqlwxgh ri wkh hvwlpdwhv1 Dw wkh vwduw

ri wkh dxfwlrq/ wkh rshqlqj wrwdo elg ohyho lv U. %> dqg doo elgghuv +h{fhsw wkrvh zkrvh hvwlpdwhv

duh yhu| forvh wr wkh IV hvwlpdwh, vnhz lq wkh gluhfwlrq vxjjhvwhg e| wkhlu hvwlpdwhv1 Wkhuh duh
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wzr pdujlqdo w|shv +h1j1 G3 ? h� ? Gn,/ zkhuh hdfk hduqv }hur sur�w li wkh dxfwlrq hqgv dw wklv

srlqw17: Diwhu wkh �uvw urxqg ri wkh dxfwlrq/ O lv uhyhdohg1 Li O � M@5> doo elgghuv m A O gurs

rxw/ dqg wkh dxfwlrq surfhhgv lq d pdqqhu vlplodu wr wkh Hqjolvk dxfwlrq htxloleulxp ghvfulehg

lq wkh wh{w1 Doo elgghuv vnhz dv li wkh| zhuh wkh fxuuhqw �pdujlqdo w|sh/� dqg wkh pdujlqdo w|sh

hduqv }hur sur�w frqglwlrqdo rq wkh dxfwlrq hqglqj dw wkh fxuuhqw elg ohyho17; Zkhq rqo| elgghu 4

uhpdlqv/ elgghuv O.4> ==> M frqvlghu zkhwkhu ru qrw wr uh0hqwhu wkh dxfwlrq1 Iru hdfk vxfk elgghu/

li frqglwlrqdo rq klv hvwlpdwh wrjhwkhu zlwk wkh lqirupdwlrq wkdw kdv ehhq uhyhdohg xqwlo wklv srlqw/

eholhiv duh vx!flhqwo| rswlplvwlf/ wkh elgghu uh0hqwhuv1 Li rqo| rqh elgghu uh0hqwhuv/ wkh dxfwlrq

hqgv1 Li pruh wkdq rqh elgghu uh0hqwhuv/ wkh dxfwlrq surfhhgv lq d pdqqhu vlplodu wr wkdw ghvfulehg

lq wkh wh{w1 Zkhq rqo| elgghu O . 4 uhpdlqv/ wkh dxfwlrq hqgv1 Li dq| elgghu m ghyldwhv iurp

wkh vshfl�hg ehkdylru/ hdfk uhpdlqlqj elgghu n eholhyhv wkdw +l, vljq+v�� � h�, @ vljq+v&� � h�,> dqg

+ll, elgghu m*v hvwlpdwh lv dv odujh dv srvvleoh lq pdjqlwxgh1 Wklv htxloleulxp kdv wkh ihdwxuh wkdw

elgghuv dozd|v plplf d �pdujlqdo w|sh� zkr lv lqgl�huhqw wr gursslqj rxw ri wkh dxfwlrq> dqg

wkh zlqqlqj elgghu uhwdlqv vrph sulydwh lqirupdwlrq dw wkh hqg ri wkh dxfwlrq1 Wkhvh duh fulwlfdo

ihdwxuhv ri wkh htxloleulxp> rxu rwkhu fkrlfhv duh vrphzkdw duelwudu|17<

Lq wklv htxloleulxp/ lq hdfk �skdvh� ri wkh dxfwlrq/ elgghuv zlwk ohvv h{wuhph hvwlpdwhv +lq d

jlyhq gluhfwlrq, gurs rxw �uvw1 Doo wkdw uhpdlqv lv wr jxdudqwhh wkdw zlwklq hdfk �skdvh/� vnhzv +lq

d jlyhq gluhfwlrq, ehfrph pruh h{wuhph dv wkh dxfwlrq surjuhvvhv1 Lqwxlwlyho|/ dv E ulvhv/ wkhuh lv

d gluhfw qhjdwlyh h�hfw rq xwlolw|1 Wkxv/ wkh �pdujlqdo� elgghu pxvw shufhlyh juhdwhu rssruwxqlwlhv

iru vnhzlqj/ lq rughu wr euhdn hyhq dw d kljkhu elg ohyho1 Li wkh vkdsh ri wkh srvwhulru glvwulexwlrq

lv zhoo0ehkdyhg/83 wklv lpsolhv wkdw lq d jlyhq gluhfwlrq/ vnhzv ulvh lq devroxwh pdjqlwxgh dv wkh

dxfwlrq surjuhvvhv1

7:Qrwh wkdw wkh elgghuv gr qrw nqrz wkh ydoxh ri u> krzhyhu/ hdfk elgghu zlwk e� : r
�

�
nqrzv wkdw u D �c zkloh hdfk

elgghu zlwk e� : r
�

�
nqrzv wkdw u 	 a 1 Wkxv/ wkh wzr jurxsv ri elgghuv frqglwlrq rq voljkwo| gl�huhqw lqirupdwlrq

zkhq fkrrvlqj wkhlu vnhzv1
7;Wkh elgghuv fruuhfwo| dqwlflsdwh wkh frqglwlrqv xqghu zklfk wkh dxfwlrq hqgv dw wklv srlqw> lq sduwlfxodu/ wkh|

wdnh lqwr dffrxqw wkh frqglwlrqv xqghu zklfk elgghuv � : u uh0hqwhu1
7<Dqrwkhu htxloleulxp/ shukdsv pruh frqylqflqj/ iroorzv wkh vdph rxwolqh/ exw h{whqgv orqjhu wr doorz elgghuv 4

dqg u.4 wr pdnh dowhuqdwlqj elgv xqwlo rqh gursv rxw1
83Zkdw zh qhhg lv wkdw wkh srvwhulru eholhiv wkdw dulvh gxulqj wkh frxuvh ri wkh dxfwlrq fdq eh rughuhg dffruglqj

wr wkh prqrwrqh olnholkrrg udwlr rughu +wklv zloo doorz xv wr shuirup frpsdudwlyh vwdwlfv rq wkh fkrlfh ri vnhz/ dv

deryh,1 Iru h{dpsoh/ d vx!flhqw frqglwlrq lv wkdw srvwhulru eholhiv derxw 4
�
frqglwlrqdo rq e� dqg +� $ r� $ 5� fdq

eh zulwwhq C4 Eu �e�c >E)c 3� � c zkhuh }4 E4
�
�e�c > � kdv wkh vwulfw prqrwrqh olnholkrrg udwlr surshuw| lq E4

�
c >� iru doo

e��
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Lq wklv vhfwlrq/ zh eulh | ghvfuleh rxu gdwd vrxufhv dqg fulwhuld iru vhohfwlqj rxu vdpsoh1 Wkh gdwd

fdq eh glylghg lqwr wzr fdwhjrulhv= elgglqj gdwd dqg fxwwlqj gdwd1 Wkh elgglqj gdwd frqwdlqv vdoh

dssudlvdo lqirupdwlrq dv zhoo dv wkh kljkhvw elgv sodfhg e| hdfk elgghu dw wkh dxfwlrq1 Wklv gdwd

lv sxeolfo| dydlodeoh iurp wkh IV lpphgldwho| diwhu wkh dxfwlrq1 Wkh fxwwlqj gdwd lv wkh h{ srvw

lqirupdwlrq derxw wkh wlpehu dfwxdoo| uhpryhg iurp wkh wudfw1 Wklv gdwd lv dovr sxeolfo| dydlodeoh

iurp wkh IV1 Ehfdxvh wkh IV xvhv gl�huhqw frglqj v|vwhpv iru wkh gl�huhqw vshflhv ri wlpehu lq wkh

elgglqj dqg fxwwlqj gdwd/ wkh IV gdwd lv vrphzkdw gl!fxow wr zrun zlwk/ dqg vr zh sxufkdvhg

�pdwfkhg� gdwd iurp rqh ri wkh ohdglqj lqgxvwu| gdwd vrxufhv/ Wlpehu Gdwd Frpsdq|1

Zh vhohfwhg d qxpehu ri iruhvwv/ irfxvlqj rq odujhu iruhvwv wkdw kdg d odujh iudfwlrq ri vdohv zlwk

wzr pdmru vshflhv1 Wkh iruhvwv zh rewdlqhg lqfoxgh Uhjlrq 9/ Iruhvwv 409/ <045/ dqg 4804;> Uhjlrq

8/ Iruhvwv 6/ 8/ 9/ 43/ 44/ dqg 4704;1 Dprqj wkh vdohv iurp wkhvh iruhvwv/ zh frqvlghu rqo| vdohv

zkhuh wkh pdwfklqj surfhvv phw fhuwdlq uholdelolw| fulwhuld1 Zh wkhq qduurzhg wkh vdpsoh dorqj d

qxpehu ri fulwhuld1

Lq Uhjlrq 9/ zh uxohg rxw vdohv zkhuh wkh dyhudjh elg shu pei zdv zlwklq '4 ri wkh uhvhuydwlrq

sulfh/ dv vxfk vdohv ohdyh olwwoh vfrsh iru vnhzlqj> vlploduo|/ zh uxohg rxw vdohv zkhuh wkh ryhuelg

shu pei zdv ohvv wkdq 8( ri wkh dssudlvhg gl�huhqfh lq ydoxhv/ �u= Zh ixuwkhu uxohg rxw vdohv zlwk

h{wuhph plv0hvwlpdwhv +juhdwhu wkdq 5:(, ru jdsv ehwzhhq djjuhjdwh yroxph vrog dqg fxw +juhdwhu

wkdq 63( lq pdjqlwxgh rq wkh vdoh/ ru 58( rq hlwkhu vshflhv,/ dv wkhvh vdohv pd| kdyh vshfldo

flufxpvwdqfhv +iru h{dpsoh/ fxwwlqj pd| kdyh ehhq deruwhg iru vrph uhdvrq,1 Zh wkhq gursshg

rxwolhuv dorqj d qxpehu ri glphqvlrqv/ lqfoxglqj rqo| vdohv zlwk yroxph hvwlpdwhg ehwzhhq 433

pei dqg 58333 pei/ dqg ghqvlw| ohvv wkdq 448 pei2dfuh1 Ilqdoo|/ zh gursshg vdohv zkhuh urdg

frqvwuxfwlrq zdv juhdwhu wkdq 518( ri wkh ydoxh ri wkh vdoh1 Vlqfh wkh jryhuqphqw uhlpexuvhv urdg

frqvwuxfwlrq xvlqj d frpsolfdwhg v|vwhp ri fuhglwv/ elgv lq vdohv zlwk orz urdg frqvwuxfwlrq fdq

eh lqwhusuhwhg pruh gluhfwo| lq whupv ri h{shfwhg sd|phqwv1 Iru Uhjlrq 8/ zh xvhg hvvhqwldoo| wkh

vdph fulwhuld/ zlwk rqh qrwdeoh h{fhswlrq= zh doorzhg vdohv zlwk urdg frqvwuxfwlrq ydoxhg dw xs wr

433( ri wkh dssudlvhg ydoxh ri wkh wudfw1 Wklv doorzv d odujhu vdpsoh vl}h/ d sureohp iru Uhjlrq 8

vhdohg elg dxfwlrqv1

Ilqdoo|/ zh qrwh d vxewohw| wkdw dulvhv lq lqwhusuhwlqj wkh elgglqj gdwd1 IV uhjxodwlrqv uhtxluh

wkdw qr pdwwhu zkdw wkh dssudlvhg ydoxhv dqg frvwv/ doo shu0xqlw elgv pxvw fohdu d fhuwdlq plqlpxp

ydoxh/ nqrzq dv wkh �edvh udwh1� Rq d vpdoo qxpehu ri vdohv/ wkh edvh udwh lv juhdwhu wkdq wkh

uhvhuyh sulfh1 Wkxv/ wkh IV pljkw dffhsw d elg wkdw ylrodwhv wkh edvh udwh uxoh1 Lq vxfk d fdvh/

wkh IV xvhv d suh0dqqrxqfhg phfkdqlvp wr orzhu wkh elg rq vrph vshflhv dqg udlvh lw rq rwkhuv1

Lq wklv zd|/ �upv fdq vrphwlphv dfklhyh vnhzv wkdw ylrodwh wkh srvwhg uhvhuyh sulfh frqvwudlqwv1

Iruwxqdwho|/ wkh IV gdwd lqfoxghv wkh lqirupdwlrq uhtxluhg iru xv wr frpsxwh wkh dprxqw d elgghu
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dqwlflsdwhv sd|lqj zkhq wkh elg lv sodfhg1 Wklv lv nqrzq dv wkh �vwdwlvwlfdo elg/� dqg doo ri rxu

uhvxowv xvh wkh vwdwlvwlfdo elgv1 Lq dq| fdvh/ rqo| d ihz vdohv duh d�hfwhg e| wklv uxoh1
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Dwkh|/ Vxvdq1 �Prqrwrqh Frpsdudwlyh Vwdwlfv Xqghu Xqfhuwdlqw|1� Txduwhuo| Mrxuqdo ri Hfr0

qrplfv +iruwkfrplqj/ d,1

Dwkh|/ Vxvdq1 �Vlqjoh Furvvlqj Surshuwlhv dqg wkh H{lvwhqfh ri Sxuh Vwudwhj| Htxloleuld lq Jdphv

ri Lqfrpsohwh Lqirupdwlrq1� Hfrqrphwulfd +iruwkfrplqj/ e,1

Dwkh|/ Vxvdq dqg Mrqdwkdq Ohylq1 �Lqirupdwlrq dqg Frpshwlwlrq lq X1V1 Iruhvw Vhuylfh Wlpehu

Dxfwlrqv1� Zrunlqj Sdshu qr1 :4;81 Fdpeulgjh/ Pdvv1= QEHU/ 4<<<1

Edogzlq/ Odxud1 �Ulvn Dyhuvlrq lq Iruhvw Vhuylfh Wlpehu Dxfwlrqv1� Pdqxvfulsw/ UDQG Frusr0

udwlrq/ 4<<81

Edogzlq/ Odxud/ Urehuw Pduvkdoo/ dqg Mhdq0Iudqfrlv Ulfkdug1 �Elgghu Frooxvlrq lq X1V1 Iruhvw

Vhuylfh Wlpehu Vdohv1� M1S1H1 438 +Dxjxvw 4<<:,= 98:�<<1

Exvkqhoo/ Mdphv/ dqg Vkpxho V1 Ruhq1 �Elgghu Frvw Uhyhodwlrq lq Hohfwulf Srzhu Dxfwlrqv1� M1

Uhjxodwru| Hfrq1 9 +Iheuxdu| 4<<7,= 8�591

Fkh/ \hrq0Nrr1 �Ghvljq Frpshwlwlrq wkurxjk Pxowlglphqvlrqdo Dxfwlrqv1� Udqg M1 Hfrq1 57

+Zlqwhu 4<<6,= 99;�;31

Forxjk/ Ulfkdug dqg Johqq Vhduv1 Frqvwuxfwlrq Frqwudfwlqj +8wk Hg1,1 Qhz \run= Mrkq Zloh| )

Vrqv/ 4<;91

Fxpplqv/ Mdvrq1 �Lqyhvwphqw Xqghu Xqfhuwdlqw|= Hvwlpdwhv iurp Sdqho Gdwd rq Sdfl�f Qruwkzhvw

Iruhvw Surgxfwv Ilupv1� Pdqxvfulsw/ Froxpeld Xqlyhuvlw|/ 4<<81

Glhnpdqq/ Mdphv H1/ Urehuw K1 Pd|hu/ dqg Urehuw P1 Vwdun1 �Frslqj zlwk Xqfhuwdlqw| lq Xqlw

Sulfh Frqwudfwlqj1� Mrxuqdo ri wkh Frqvwuxfwlrq Glylvlrq/ Surfhhglqjv ri wkh Dphulfdq

Vrflhw| ri Flylo Hqjlqhhuv 43; +Vhswhpehu 4<<5,= 6:<0;<1

Ilhvhohu/ Nduvwhq1 �Fudiwvphq Elgglqj iru Xqlw0Sulfh Frqwudfwv1� Pdqxvfulsw/ Pdqqkhlp/ 4<<<1

Iruhvw Vhuylfh Pdqxdo/ Wlwoh 5733/ Dphqgphqw Qr1 57330<805/ Dsulo 5;/ 4<<81

Jlqgohvshujhu/ Zlooldp1 �Qhz JSR Frqwudfw Whupv/ Surfxuhphqw Uhjxodwlrqv dqg Sdshu Vshfv

Wdnh H�hfw1� Qhz Hqjodqg Sulqwhu ) Sxeolvkhu +Dxjxvw 4<<<,1

Kdloh/ Sklols1 �Dxfwlrqv zlwk Uhvdoh= Dq Dssolfdwlrq wr X1V1 Iruhvw Vhuylfh Wlpehu Dxfwlrqv1�

D1H1U1 +iruwkfrplqj,1

Kdqvhq/ Urehuw J1 �Vhdohg0Elg yhuvxv Rshq Dxfwlrqv= Wkh Hylghqfh1� Hfrq1 Lqtxlu| 57 +Mdqxdu|

4<;9, 458�751

Kduvwdg/ Urqdog P1 dqg Plfkdho K1 Urwknrsi1 �Dq cDowhuqdwlqj Uhfrjqlwlrq* Prgho ri Hqjolvk

Dxfwlrqv1� Pdqdjhphqw Vflhqfh 79 +Mdqxdu| 5333, 40451

Khqgulfnv/ Nhqqhwk dqg Urehuw Sruwhu1 �Dq Hpslulfdo Vwxg| ri dq Dxfwlrq zlwk Dv|pphwulf

Lqirupdwlrq1� D1H1U1 :; +Ghfhpehu 4<;;,= ;98�;61

Klq}h/ Mlpplh1 Frqvwuxfwlrq Frqwudfwv1 PfJudz�Kloo/ 4<<51
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Od�rqw/ Mhdq0Mdftxhv dqg Txdqj Yxrqj1 �Vwuxfwxudo Dqdo|vlv ri Dxfwlrq Gdwd1� D1H1U1 ;9 +Pd|

4<<9,= 747�7531

PfDihh/ U1 Suhvwrq/ Zhqg| Wdndv/ dqg Gdqlho U1 Ylqfhqw1 �Wdul�|lqj Dxfwlrqv1� Udqg M1 Hfrq1

63 +Vsulqj 4<<<,= 48;�4:<1

Plojurp/ Sdxo dqg Fkulvwlqd Vkdqqrq1 �Prqrwrqh Frpsdudwlyh Vwdwlfv1� Hfrqrphwulfd 95 +Mdq0

xdu| 4<<7,= 48:�;31

Plojurp/ Sdxo dqg Urehuw Zhehu1 �D Wkhru| ri Dxfwlrqv dqg Frpshwlwlyh Elgglqj1� Hfrqrphw0

ulfd 83 +Vhswhpehu 4<;5,= 43;<�44551

Rvedqg/ Nhqw/ dqg Vwhidq Uhlfkhovwhlq1 �Lqirupdwlrq0holflwlqj Frpshqvdwlrq Vfkhphv1� M1 Sxeolf

Hfrq1 5: +Mxqh 4<;8,= 43:�481

Srzhoo/ Mdphv O1/ Mdphv K1 Vwrfn/ dqg Wkrpdv P1 Vwrnhu1 �Vhplsdudphwulf Hvwlpdwlrq ri Lqgh{

Frh!flhqwv1� Hfrqrphwulfd 8: +Qryhpehu 4<;<,= 4736�631

Urelqvrq/ S1 P1 �Urrw0Q0Frqvlvwhqw Vhplsdudphwulf Uhjuhvvlrq1� Hfrqrphwulfd 89 +Mxo| 4<;;,=

<64�871

Uxfnhu/ Udqgdo U1 dqg Nhlwk Oh"hu1 �Wr Kduyhvw ru Qrw wr KduyhvwB Dq Dqdo|vlv ri Fxwwlqj

Ehkdylru rq Ihghudo Wlpehu Vdohv Frqwudfwv1� Uhy1 Hfrq1 Vwdw1 :3 +Pd| 4<;;,= 53:0461

U|qhduvrq/ Jdu|/ hw do1 D Qdwlrqzlgh Vwxg| Frpsdulqj Wuhh Phdvxuhphqw dqg Vfdohg Vdoh Phwkrgv

iru Vhoolqj Xqlwhg Vwdwhv Iruhvw Vhuylfh Wlpehu1 Uhsruw wr wkh X1V1 Iruhvw Vhuylfh/

Ghsduwphqw ri Djulfxowxuh/ suhsduhg e| Qdwxudo Uhvrxufhv Pdqdjhphqw Frusrudwlrq/

4<<:1

�Vnhzhg Elgglqj Suhvhqwv Frvwo| Sureohpv iru wkh Iruhvw Vhuylfh Wlpehu Surjudp/� JDR Uhsruw

UFHG0;606:/ Iheuxdu| 4<;61

Vwrnhu/ Wkrpdv P1 Ohfwxuhv rq Vhplsdudphwulf Hfrqrphwulfv1 Orxydlq0od0Qhxyh= Fruh Irxqgd0

wlrq/ Xqlyhuvlwh Fdwkroltxh gh Orxydlq/ 4<<:1

Zrrg/ Gdylg M1 �D Vwxg| ri Pxowlsolfdwlyh0Vwudwhj| Htxloleuld lq Vhfrqg0Sulfh Pxowl0Frpsrqhqw

Dxfwlrqv1� Sk1G1 Glvvhuwdwlrq/ Xqlyhuvlw| ri Fdoliruqld/ Ehunhoh|/ 4<;<1
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WDEOH 4

XVIV Wlpehu Dxfwlrqv/ 4<:9+4,�4<<3+5,/ Vwdwlvwlfv

Uhjlrq 8 Uhjlrq 9

Vdohv 933< 49/;8:

Dyj1 Yroxph +pei, 6:8519 6<<719

Dyj1 Uhvhuyh Sulfh +', 4;7/;<: 65</5;3

Dyj1 Zlqqlqj Elg +', 875/37: 9;5/55:

Dyj1 Elg shu xqlw yro +'2pei, 443167 48419<

Dyj1 Qxpehu ri Elgghuv 619: 813:

( Rudo Dxfwlrqv 7:18 ;:14

69



Region 6 Oral Region 5 Sealed

Number of Observations

Mean Std. Dev. Mean Std. Dev.

Bidding and Volume Variables
Bid Rate on Species 1: 145.41 118.21 108.66 99.19
Bid Rate on Species 2: 118.28 99.54 99.70 113.49
Reserve Rate on Species 1:      66.01 61.19 48.87 50.42
Reserve Rate on Species 2:       65.91 61.81 32.90 32.30
Species 1 Market Value       390.42 88.22 315.81 91.62
Species 2 Market Value      388.78 75.84 284.02 84.25
Average Reserve Rate 64.75 45.20 40.10 30.10
Estimated Volume (thousand mbf) 3.26 3.72 1.70 3.37
Cut Volume (thousand mbf) 3.03 3.35 1.85 3.80
Estimated % of Volume on High-Valued Species 0.512 0.126 0.472 0.130
Actual % of Volume on High-valued Species 0.455 0.132 0.423 0.138
Total Bid (B ) (thousands of $) 410.66 549.12 245.60 708.11
Total Paid (P ) (thousands of $) 374.17 497.34 258.65 768.20
(Tot. Bid)/(Est. Volume) = B /Q est ($ per mbf) 125.09 68.55 96.89 53.05
(Tot. Paid)/(Cut Volume) = P /Q cut ($ per mbf) 121.63 66.75 92.43 49.57

Skewing Variables
% of (Tot. Bid - Res. Price) on Over-Est. Species 0.57 0.40 0.49 0.30
Skew onto Over-Estimated Species:  ∆b − ∆ r 26.99 133.80 -7.15 136.71
Revenue Shortfall from Skew (thousands of $) 9.34 50.14 9.14 27.30
Revenue Shortfall from Undercut (thousands of $) 27.15 100.58 -22.19 90.69

Misestimate Variables
(Volume Cut−Volume Est)/(Volume Est.) -0.065 0.157 0.036 0.125
Misest. on sp. 1: Est. % sp. 1 − Act. % sp. 1 0.003 0.076 0.034 0.065
Absolute magnitude of mis-estimate 0.057 0.051 0.049 0.054

Bidder Participation Variables
Number of Bidders 6.06 3.12 5.32 2.60
Small Business Set-Aside (SBA) Sale 0.21 0.41 0.17 0.38

Sale Characteristics
Contract Length/Volume (months/mbf) 0.01 0.02 0.02 0.02
Density of Timber (mbf/acre) 28.05 24.31 12.32 14.74
Volume of Per-Acre Material per thousand mbf 80.15 167.38 0.00 0.00
Estimated Logging Costs (thousands of $) 357.73 519.17 153.67 222.30
Estimated Road Construction (thousands of $) 0.52 2.50 11.42 32.30

Notes: Volumes are in units of thousand board feet (mbf) and monetary values are in units of $ per mbf, unless othe

TABLE 2

Summary Statistics for Oral and Sealed Auctions with Two Primary Species

697 63

b 1

b 2

r1

r2



 

coefficient s.e. coefficient s.e.

Mis-estimate Variables

    = Mis-estimate 3.16 (1.09) 6.94 (2.69)

      = (Mis-estimate squared) -20.2 (13.0)

Volume and Reserve Price Controls

Est. Volume (thousand mbf) -0.0247 (0.0435) -0.0264 (0.0438)

Est. Volume squared 0.00387 (0.00283) 0.00384 (0.00285)

Average Reserve Price per mbf -0.00035 (0.00144) -0.00039 (0.00145)

Bidder Participation

Number of Bidders 0.0281 (0.0194) 0.0309 (0.0195)

SBA Sale (dummy) -0.1279 (0.1302) -0.1308 (0.1304)

Other Sale Characteristics   

Contract Length/Volume 4.57 (3.54) 4.66 (3.58)

Density of Timber 0.00336 (0.00294) 0.00350 (0.00295)

Volume Per-Acre Material -0.00036 (0.00034) -0.00035 (0.00034)

Est. Logging Costs per thousand mbf -0.00011 (0.00021) -0.00011 (0.00021)

Constant 0.190 (0.392) 0.096 (0.402)

 N =697 N =697

Chi-sq(30) 43.93 Chi-sq(31) 46.19

Prob>Chi-sq 0.0484 Prob>Chi-sq 0.0389

Psuedo R-sq 0.0495 Psuedo R-sq 0.0519

Notes: Species, Forest, and Year dummies included in each specification.  We use Hubert-White standard errors

Sample includes Region 6 oral auctions.  Species ordered so that species 1 is over-estimated.

TABLE 3

Probability of Skewing in the Right Direction

Probit Dependent Variable  : Dummy = 1 if Skew*Misestimate =(∆b −∆r )      > 0

(1) (2)

⋅δ1

δ1
2

δ1



 
coefficient s.e. coefficient s.e. coefficient s.e.

Total Bid/Estimated Volume

Total Bid/Est. Volume = B /Q est 0.765 (0.290)

Mis-estimate Variables

     = Mis-estimate 336.7 (120.2) 283.7 (107.0)

Volume and Reserve Price Controls

Est. Volume (thousand mbf) -2.40 (3.83) -1.62 (3.94) -1.73 (3.86)

Est. Volume squared 0.437 (0.279) 0.401 (0.284) 0.407 (0.274)

Average Reserve Price per mbf 0.080 (0.175) 0.107 (0.174) -0.717 (0.322)

Bidder Participation

Number of Bidders 3.61 (2.23) 3.56 (2.20) -0.57 (2.45)

SBA Sale (dummy) -11.7 (13.0) -13.4 (13.0) -13.7 (13.1)

Other Sale Characteristics   

Contract Length/Volume 124.3 (402.6) 100.1 (409.5) 89.9 (417.9)

Density of Timber 0.428 (0.329) 0.449 (0.329) 0.270 (0.324)

Volume Per-Acre Material -0.023 (0.029) -0.024 (0.029) -0.020 (0.028)

Est. Logging Costs per thousand mbf -0.029 (0.019) -0.028 (0.021) -0.027 (0.022)

Constant 39.3 (46.6) 27.3 (47.1) -10.5 (49.2)

 

 F( 29, 667) 1.46 F( 30, 667) 1.58 F( 31, 667) 2

 Prob > F 0.0578 Prob > F 0.0256 Prob > F 0.0011

 R-squared 0.0572 R-squared 0.0719 R-squared 0.1095

Notes: Species, Forest, and Year dummies included in each specification.  We use Hubert-White standard errors.

Sample includes Region 6 oral auctions.  Species ordered so that species 1 is over-estimated.

N = 697 N = 697 N = 697

TABLE 4

Skewing in Response to Mis-estimates

(1) (2) (3)

OLS Dependent Variable  : Skew = ∆b −∆r  = (species 1 bid rate − species 2 bid rate) −(species 1 reserve − species 2 reserve)

δ1



Fixed Effect Regression
Dependent Variable

 coefficient s.e. coefficient s.e. coefficient s.e.

Rank Dummies

Rank 2 4.51E-16 (0.030) 4.2 (11.4) -1.4 (8.5)

Rank 3 -0.042 (0.030) -21.9 (11.4) -16.6 (8.5)

Rank 4 -0.083 (0.030) -31.0 (11.4) -40.1 (8.5)

Constant 0.583 (0.021) 36.8 (8.1) 78.4 (6.0)

# bids (N), # auctions (n) N=864        n=216 N=276         n=69 N=276         n=69

F-test for no rank effects F(3, 645) = 3.62 F(3, 204) =   4.40 F(3, 204) =   9.52

Prob>F = 0.0130 Prob > F =  0.0050 Prob>F < 0.0001

Notes: Sample includes Region 6 oral auctions.  Species ordered so that species 1 is over-estimated.
We use Hubert-White standard errors.
Specification (1) includes all auctions with at least four bidders. 
Specifications (2)-(3) include auctions with at least four bidders, and where all bidders, ranks 1-4, are uncensored.

(1) (2) (3)

|∆b −∆r| 

Skew  Magnitude of skew

Dummy=1 if Skew 

 in Right Direction

Skewing and Skewing Outcomes, All Ranks

TABLE 5

∆b −∆r



OLS Dependent Variable

 

coefficient s.e. coefficient s.e. coefficient s.e.

Mis-estimate Variables       

     = Mis-estimate 79.6 (20.3) 64.4 (37.2) -15.2 (30.0)

Volume Controls     

Est. Volume (thousand mbf) 0.053 (0.418) 1.987 (1.146) 1.934 (1.159)

Est. Volume squared 0.019 (0.025) -0.083 (0.086) -0.102 (0.084)

Bidder Participation    

SBA Sale (dummy) -0.31 (1.15) 2.45 (3.94) 2.76 (4.19)

Other Sale Characteristics     

Contract Length/Volume -11.8 (46.6) -30.9 (101.7) -19.1 (113.5)

Density of Timber 0.071 (0.028) 0.451 (0.092) 0.379 (0.091)

Volume Per-Acre Material -0.002 (0.002) -0.004 (0.009) -0.002 (0.009)

Est. Logging Costs per thousand mbf -0.003 (0.002) -0.004 (0.005) -0.001 (0.006)

Constant 1.01 (3.18) 67.61 (10.30) 66.60 (10.49)

 

F( 28,   668) 1.590 F( 28,   668) 9.650 F( 28,   668) 9.780

Prob>F 0.028 Prob>F <0.001 Prob>F 0.028

R-squared 0.181 R-squared 0.281 R-squared 0.271

Notes: Species, Forest, and Year dummies included in each specification.  We use Hubert-White standard errors.
Sample includes Region 6 oral auctions.  Species ordered so that sp. 1 is over-estimated.

TABLE 6

Revenue Effects of Mis-estimates

(Bid − Reserve)/(Est. Vol.)

−(Paid−Reserve)/(Cut Vol.)

(Bid − Reserve)/(Est. Vol.) (Paid − Reserve)/(Cut Vol.)

(3)(2)(1)

N = 697 N = 697 N = 697

δ1



Dependent Variable
 
 

 (1)
coefficient s.e. coefficient s.e. coefficient s.e. coefficient s.e. coefficient s.e.

Rank Variables

Rank 2 dummy 0.109 (0.076) 7.55 (8.15) -9.33 (4.94)

Rank 3 dummy 0.055 (0.076) 0.58 (8.15) -15.16 (4.94)

Mis-estimate Variables

      = Mis-estimate 5.23 (2.89) 359.89 (223.94)

Volume and Reserve Price Controls         

Est. Volume (thousand mbf) -0.224 (0.125) -39.906 (12.765)

Average Reserve Price per mbf 0.009 (0.008) 0.144 (0.492)

Bidder Participation         

Number of Biddersr 0.067 (0.067) -1.964 (3.896)

SBA Sale (dummy) -0.394 (0.482) -22.741 (29.597)

Other Sale Characteristics         

Contract Length/Volume -18.1 (11.4) -965.1 (747.3)

Density of Timber -0.003 (0.016) 2.304 (2.250)

Road Costs per thousand mbf -0.017 (0.024) -2.953 (2.414)

Constant 2.87 (3.05) 521.82 (264.13) 0.64 (0.05) -2.13 (5.77) 27.37 (3.50)

# bids (N), # auctions (n) N=165 n=55 N=114 n=38 N=114 n=38

Chi-sq(13) 18.1 F(13, 49) 1.66

Prob>Chi-sq 0.1536 Prob > F 0.1011

Psuedo R-sq 0.156 R-squared 0.4926

Notes: Species, Forest, and Year dummies included in each specification.  Sample includes Region 5 sealed bid auctions.  Species ordered so that sp. 1 is over-estimated.
We use Hubert-White standard errors.
Columns (1)-(2) include only winning bids, while columns (3)-(5) include the top three bids.
F-tests in columns (3)-(5) test the hypothesis of no rank effects.

Specification (3) includes only sales with at least three bidders.
Specifications (4)-(5) include only sales with at least three bidders, where reserve price does not bind for top three bids

TABLE 7

Skewing in Response to Misestimates in Region 5 Sealed Bid Auctions

Skew in Right Dir.
Dummy=1 if Skew 

Skew in Right Dir. Skew Magnitude of skew =
|∆b −∆r| ∆b −∆rDummy=1 if Skew 

in Right Direction
Probit

Skew
∆b −∆r

OLS

(5)(4)(3)

Fixed Effect Regression
in Right Direction  Magnitude of skew

F(54,108) = 2.11

F(2, 108) = 1.04

F(37,74) =    1.64 F(37,74) =    5.27

F(  2, 74) = 4.78

Prob>F = 0.0111Prob>F = 0.3572 Prob > F = 0.5900

F(  2, 74) = 0.53

N=n=63N=n=63

Fixed Effect Regression Fixed Effect Regression

(2)

δ1
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Figure 1: Histogram of mis-estimates, where species 1 is the high-valued species.
Sample includes 697 Region 6 oral auctions.
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Figure 2: Percentage of overbid placed on the over-estimated species, plotted against the
size of the over-estimate. Sample includes 697 Region 6 oral auctions.
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Figure 3: Plot of rank 2 skew against rank 1 skew, where species 1 is the over-estimated
species. Sample includes 532 Region 6 oral auctions with three or more bidders.
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Figure 4: Plot of rank 3 skew against rank 1 skew, where species 1 is the over-estimated
species. Sample includes 532 Region 6 oral auctions with three or more bidders.


