
Lpsolflw sulfhv dqg uhfxuvlylw| ri djulfxowxudo
krxvhkrogv* ghflvlrqv

V|oylh Odpehuw� dqg Wklhuu| Pdjqdf|

Iluvw yhuvlrq/ Mxqh 4<<8
Fxuuhqw uhylvlrq/ Pdl 4<<;

Devwudfw

Wklv sdshu dqdo|}hv wkh uhfxuvlylw| ri frqvxpswlrq dqg surgxfwlrq ghfl0
vlrqv ri djulfxowxudo krxvhkrogv1 Wkh sdshu ghprqvwudwh wkdw d qhfhvvdu| dqg
vx!flhqw frqglwlrq ri uhfxuvlylw| lv wkdw lpsolflw sulfhv ri jrrgv wkdw duh sur0
gxfhg e| d krxvhkrog ru xvhg dv lqsxwv duh htxdo wr pdunhw sulfhv1 Wklv uhvxow
hpskdvl}hv wkh krxvhkrog vshfl�f qdwxuh ri wkh uhfxuvlylw| surshuw|1 Iru dq|
vdpsoh/ uhfxuvlylw| frxog krog iru rqo| d iudfwlrq ri wkh revhuydwlrqv1 Dq hp0
slulfdo looxvwudwlrq/ irfxvvlqj xsrq wkh htxdolw| ri lpsolflw dqg pdunhw sulfhv ri
idplo| oderxu/ lv xqghuwdnhq xvlqj gdwd iurp wkh F÷wh g*Lyrluh1 Uhvxowv lqglfdwh
wkdw qrq uhfxuvlylw| lv d frpprq fdvh lq wklv vdpsoh1
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41 Lqwurgxfwlrq4

Prvw dqdo|vhv ri wkh h�hfwv ri srolflhv gluhfwhg wrzdugv djulfxowxudo surgxfhuv duh

edvhg rq prghov ghulyhg iurp wkh wkhru| ri surgxfwlrq1 Dv djulfxowxudo krxvhkrogv

duh erwk surgxfhuv dqg frqvxphuv/ wkhvh dqdo|vhv duh zhoo irxqghg rqo| li krxvhkrogv*

ghflvlrqv duh uhfxuvlyh +gh Mdqyu|/ Idifkdpsv dqg Vdgrxohw/ 4<<4,/ wkdw lv li wkh| fdq

eh prghohg dv uhvxowlqj iurp d ghflvlrq surjudp frqvlvwlqj ri wzr vwdjhv1 Iluvw/ rxw0

sxwv dqg lqsxwv ri surgxfwlrq duh ghwhuplqhg e| sur�w pd{lplvdwlrq1 Wkhq/ ghflvlrqv

uhodwhg wr frqvxpswlrq dqg ohlvxuh duh wdnhq dffruglqj wr wkhlu pdunhw sulfhv/ wr xq0

hduqhg lqfrph dqg wr sur�w hduqhg rq wkh idup +Vlqjk/ Vtxluh dqg Vwudxvv/ 4<;9,1 Li

ghflvlrqv duh qrw uhfxuvlyh/ lw lv qrw rqo| wkh h�hfwv ri hfrqrplf srolflhv rq surgxfwlrq

ohyhov zklfk fdq ghsduw iurp wkh vwdqgdug qhrfodvvlfdo ylhz/ exw dovr wkhlu lpsdfw rq

krxvhkrog zhoiduh1 Wkh uhfxuvlylw| ri djulfxowxudo krxvhkrog ghflvlrqv lv wkhuhiruh d

txhvwlrq ri pdmru lpsruwdqfh iru srolf| dvvhvvphqw1

Lq wklv sdshu/ zh vkrz wkdw d qhfhvvdu| dqg vx!flhqw frqglwlrq ri wkh uhfxuvlylw|

ri ghflvlrqv lv wkdw lpsolflw sulfhv ri jrrgv wkdw duh surgxfhg +ru xvhg dv lqsxwv,

duh htxdo wr wkh fruuhvsrqglqj pdunhw sulfhv1 Dowkrxjk vrphwlphv phqwlrqhg lq

wkh olwhudwxuh/ wklv htxlydohqfh uhvxow kdv qrw |hw ehhq ghprqvwudwhg lq d jhqhudo

iudphzrun1 Gh Mdqyu|/ Idifkdpsv dqg Vdgrxohw +4<<4, dqg Mdfre| +4<<6, hvwdeolvk

uhvxowv lq wkh olplwhg vhwwlqj ri ohlvxuh dqg frqvxpswlrq prghov xqghu wkh frqvwudlqw

ri pdunhw sduwlflsdwlrq1 Vnrx�dv +4<<7, dovr kdg wkh lqwxlwlrq ri vxfk d uhvxow exw glg

qrw dwwhpsw wr suryh lw irupdoo|1 Rxu dssurdfk hqfrpsdvvhv ydulrxv fdxvhv ri qrq0

uhfxuvlylw|= pdunhwv lpshuihfwlrqv/ vxfk dv udwlrqlqj ru gl�hulqj vhoolqj dqg ex|lqj

sulfhv> qrq sduwlflsdwlrq ri wkh krxvhkrog wr vrph pdunhwv> ru h{whuqdolwlhv uhodwhg

wr vdohv ru sxufkdvhv1 Zh dujxh lq wklv sdshu wkdw gl�huhqfhv ehwzhhq lpsolflw dqg

pdunhw sulfhv dovr lqglfdwh wkh olnho| ruljlq ri wkh qrq uhfxuvlyh vlwxdwlrq zkhq lw

4Zh wkdqn S1 Ednhu/ D1 Edujkdyd/ U1 Eoxqghoo/ I1 Erxujxljqrq/ H1 Vdgrxohw/ D1 gh Mdqyu|/ M1
Vwudxvv dqg sduwlflsdqwv dw frqihuhqfhv lq Fdhq/ Prqwshoolhu/ Uhqqhv/ Wrxorxvh/ Pdolqydxg vhplqdu/
XFOrqgrq iru pdq| khosixo frpphqwv1 Uhpdlqlqj huuruv duh rxuv1
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suhydlov1

Zh hpskdvl}h wkh krxvhkrog0vshfl�f qdwxuh ri wkh uhfxuvlylw| surshuw|1 Uhfxu0

vlylw| lv qrw d ixqfwlrqdo surshuw| ri krxvhkrog ghflvlrq pdnlqj vlqfh lw ghshqgv rq

wkh ydoxhv ri pdunhw sulfhv1 Wkh orfdo dvshfw ri wkh uhfxuvlylw| ri ghflvlrqv lv olw0

woh uhfrjql}hg lq wkh olwhudwxuh1 Zh nqrz ri rqo| rqh sdshu +gh Mdqyu|/ Idifkdpsv

dqg Vdgrxohw +4<<4,, zklfk xqghuolqhv lw= lq wkh fdvh zkhuh wudqvdfwlrq frvwv fuh0

dwh d zhgjh ehwzhhq vdoh dqg sxufkdvh sulfhv/ wkh hqvxlqj pdunhw idloxuh lv vkrzq

wr eh krxvhkrog vshfl�f1 Wkxv/ lq dq| hpslulfdo dqdo|vlv xvlqj krxvhkrog gdwd/ rqo|

vrph krxvhkrogv zrxog vdwlvi| wkh uhtxluhphqwv ri uhfxuvlylw|1 Frqvhtxhqwo|/ uhohydqw

hpslulfdo prghov kdyh wr eh frqvlvwhqw xqghu dq| frpelqdwlrq ri uhfxuvlyh dqg qrq

uhfxuvlyh ehkdylrxuv iru krxvhkrogv zlwklq wkh vdpsoh xqghu vfuxwlq|1

Wkh phwkrgrorj| ghyhorshg khuh surylghv d vlpsoh zd| wr dvvhvv wkh hpslulfdo

uhohydqfh ri wkh k|srwkhvlv ri uhfxuvlylw|1 Lw lv edvhg rq wkh hvwlpdwlrq ri krxvh0

krog vshfl�f lpsolflw sulfhv/ dqg wkhuhiruh/ glvshqvhv zlwk dq| sulru dvvxpswlrq rq

uhfxuvlylw|1

Wkh hpslulfdo looxvwudwlrq ri rxu phwkrgrorj| wkdw zh suhvhqw lq wklv sdshu vkrzv

wkh wudfwdelolw| ri wklv dssurdfk1 Lw frxog eh xvhg sulru wr wkh hvwlpdwlrq ri ixoo

krxvhkrogv* prghov vr dv wr ghflgh zkdw vshfl�fdwlrq +uhfxuvlyh ru qrw, vkrxog eh

fkrvhq1 Lwv lpsohphqwdwlrq uhtxluhv rqo| surgxfwlrq gdwd/ wklv ehlqj vx!flhqw wr

uhfryhu wkh uhohydqw lpsolflw sulfhv +Wklmvvhq/ 4<;;/ Mdfre|/ 4<<6/ Vnrx�dv/ 4<<7,1

Wkh gdwd xvhg khuh frph iurp wkh F÷wh g*Lyrluh Olylqj Vwdqgdug Vxuyh| 4<;804<;9

frqgxfwhg e| wkh Zruog Edqn dqg wkh F÷wh g*Lyrluh Vwdwlvwlfdo R!fh1 Zh rqo| irfxv

rq ghflvlrqv uhodwhg wr idplo| oderxu dqg frpsduh hvwlpdwhg uhdo pdujlqdo surgxfwv

ri oderxu lq wkh idup iru gl�huhqw idplo| phpehuv dqg zdjhv sdlg lq wkh orfdo oderxu

pdunhw1 Uhvxowv lqglfdwh wkdw lpsolflw zdjhv ri ihpdoh oderxu duh orzhu wkdq pdunhw

zdjhv iru qhduo| kdoi ri wkh vdpsoh1 Wklv lv irxqg wr eh wkh pdlq fdxvh ri qrq0

uhfxuvlylw| lq wklv vdpsoh1

Lq vhfwlrq 5/ zh vhw xs wkh prgho/ ghprqvwudwh wkh htxlydohqfh uhvxow dqg glvfxvv

rwkhu fkdudfwhul}dwlrqv ri uhfxuvlylw| jlyhq lq wkh olwhudwxuh1 Lq vhfwlrq 6/ zh ghvfuleh
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wkh uhvxowv ri wkh hpslulfdo dssolfdwlrq1 Vhfwlrq 7 frqfoxghv1

51 Uhfxuvlylw| dqg lpsolflw sulfhv

Wkh hfrqrplf olwhudwxuh rq wkh uhfxuvlylw| ri surgxfwlrq dqg frqvxpswlrq ghflvlrqv

ri uxudo krxvhkrogv +Qdndmlpd +4<9<,, ruljlqdwhg iurp txhvwlrqv derxw wkh h�hfw wkdw

pdunhw idloxuhv dqg qrq sduwlflsdwlrq wr pdunhwv kdyh rq djulfxowxudo krxvhkrogv* eh0

kdylrxu1 Wkh frpprq ylhz lv wkdw li pdunhwv duh qrw frpshwlwlyh ru li krxvhkrogv

duh qhlwkhu ex|huv qru vhoohuv lq vrph pdunhwv/ wkhuh duh lqwhudfwlrqv ehwzhhq frq0

vxpswlrq dqg surgxfwlrq ghflvlrqv dqg uhfxuvlylw| grhv qrw krog + Vlqjk/ Vtxluh dqg

Vwudxvv +4<;9, dqg Ehqmdplq +4<<5,,1 Wklv dujxphqw pd| surylgh dq h{sodqdwlrq

iru wkh srru shuirupdqfh ri wkh wudglwlrqdo qhrfodvvlfdo prgho ri uxudo krxvhkrogv

lq suhglfwlqj ehkdylrxu +Mxqdqndu/ 4<;;/ gh Mdqyu|/ Idifkdpsv dqg Vdgrxohw/ 4<<4,1

Qhyhuwkhohvv/ prvw ri wkh dssolhg olwhudwxuh rq uxudo krxvhkrogv* ehkdylrxu lq OGFv/

lv edvhg rq wkh dvvxpswlrq wkdw surgxfwlrq dqg frqvxpswlrq ghflvlrqv duh uhfxuvlyh1

5141 Wkh wkhruhwlfdo vhw0xs1

Wkh prgho frqvlghuhg khuh lv vwdwlf dqg ghwhuplqlvwlf1 Wklv lv d jhqhudo iudphzrun

li frqvxpswlrq dqg surgxfwlrq sodqv fdq eh pdgh frqwlqjhqw wr dq| vwdwh ri wkh

zruog lq dq| shulrg1 Vxfk d prgho doorzv wkh h�hfw ri ydulrxv ghsduwxuhv iurp wkh

dvvxpswlrq ri frpsohwh pdunhwv wr eh vwxglhg lq d vlpsoh iudphzrun1 Lw lv hvvhqwldo

wr eh deoh wr vwxg| vxfk ghsduwxuhv vlqfh qrq uhfxuvlylw| fdq rqo| vwhp iurp pdunhw

idloxuhv1 Lq idfw/ li pdunhwv duh frpsohwh lq wkh vhqvh ri Duurz0Gheuhx/ krxvhkrogv*

ghflvlrqv duh uhfxuvlyh vlqfh lq vxfk dq hfrqrp|/ wkh glvwulexwlrq ri rzqhuv* uljkwv

rq surgxfwlrq xqlwv grhv qrw pdwwhu +h1j1 Od�rqw/ 4<;6,1 Lq rwkhu zrugv/ lq wkh

Duurz0Gheuhx zruog/ wkh idfw wkdw vrph krxvhkrogv rzq surgxfwlrq xqlwv dv wklv lv

wkh fdvh zlwk djulfxowxudo krxvhkrogv/ grhv qrw pdwwhu1

Frqvlghu rqh krxvhkrog zkrvh suhihuhqfhv duh ghvfulehg e| d xwlolw| ixqfwlrq/

ghqrwhg LES�c �c S?�/ zkhuh ES�c �c S?� ' S duh frqvxpswlrqv ri jrrgv � wr ?� Lqlwldo hq0

grzphqwv/ vxfk dv ohlvxuh wlph ru lqlwldo vwrfnv/ duh zulwwhq dv d yhfwru / ' E/�c �c /?�
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dqg xqhduqhg lqfrph lv ghqrwhg e| � 1 Rq wkh surgxfwlrq vlgh/ wkh idup whfkqro0

rj| lv ghvfulehg e| CE^�c �c ^?� � f zkhuh E^�c �c ^?� ' ^ duh lqsxwv dqg rxwsxwv ri

surgxfwlrq/ xvlqj wkh frqyhqwlrq wkdw lqsxw txdqwlwlhv duh qhjdwlyh1 Wkh idfw wkdw

vrph jrrgv fdqqrw eh frqvxphg/ surgxfhg ru xvhg dv lqsxwv/ fdq eh ghvfulehg e|

srvlwlylw| dqg2ru qhjdwlylw| frqvwudlqwv wkdw duh zulwwhq dv d vhw ri olqhdu frqvwudlqwv

ASS � f dqg A^^ � f iru frqvxpswlrq dqg surgxfwlrq jrrgv uhvshfwlyho|1 A� duh

pdwulfhv zlwk rqo| rqh qrq }hur hohphqw rq hdfk olqh zklfk fdq eh htxdo wr � ru ��1

Pdunhw sulfhv wkdw krxvhkrogv idfh qhhg qrw eh xqltxh= sxufkdvh sulfhv fdq eh

gl�huhqw iurp vdoh sulfhv/ zkrohvdoh sulfhv duh gl�huhqw iurp uhwdlo sulfhv1 Qrqhwkhohvv/

frqvlghu d vhw ri uhihuhqfh pdunhw sulfhv/ R ' ER�c �c R?� zklfk lv fkrvhq e| wkh dqdo|vw

iurp wkh revhuydwlrq ri sulfhv wkdw wkh krxvhkrog frxog xvh iru wudglqj1 Zh gh�qh

uhfxuvlylw| zlwk uhvshfw wr wkhvh sulfhv1 Jxlgdqfh iru wkh fkrlfh ri vxfk sulfhv lv

suhvhqwhg diwhu rxu pdlq uhvxow lq vhfwlrq 5161

Rwkhu hohphqwv ri wkh hfrqrplf hqylurqphqw duh frqvwudlqwv uhvwulfwlqj fkrlfhv

ehfdxvh ri ydulrxv pdunhw idloxuhv vxfk dv plvvlqj pdunhwv/ udwlrqlqj/ pxowlsolflw| ri

pdunhw sulfhv ru oltxlglw| frqvwudlqwv1 Wr vkrz pruh fohduo| krz hfrqrplf hqylurq0

phqw fdq eh ghvfulehg e| frqvwudlqwv lq wkh prgho/ zh suhvhqw irxu h{dpsohv/ hdfk

fruuhvsrqglqj wr d gl�huhqw pdunhw idloxuh1 Wkhvh h{dpsohv zloo eh iroorzhg xs lq

wkh vhtxho1

H{dpsoh 5141 Idplo| oderxu1 Wkh krxvhkrog fdq vhoo r�0idup krxuv ri zrun EMJs �

ru zrun rq wkh idup EMJ?�1 Li wkhvh wzr jrrgv duh shuihfwo| vxevwlwxwdeoh +vhh Orsh}

+4<;7, iru dq dowhuqdwlyh dvvxpswlrq,/ rqh hohphqw ri Sc vd| S�c lv htxdo wr ohlvxuh

S� ' A � EMJs n MJ?� zkhuh A lv dydlodeoh wlph1 Wkh uhihuhqfh pdunhw sulfh lv

vxssrvhg wr eh wkh r�0idup zdjh �c dqg ^� ' �MJ? lv wkh idplo| oderxu lqsxw1

Frqvwudlqwv/ vxfk dv S� � f dqg ^� � f / duh vxpphg xs lq ASS � f dqg A^^ � f�

Li kluhg oderxu lv qrw shuihfwo| vxevwlwxwdeoh wr idplo| oderxu/ wkhuh lv qr sxufkdvh

pdunhw iru idplo| oderxu dqg wklv lv fhuwdlqo| d pdunhw idloxuh1 Lq wklv fdvh/ wkhuh lv

d furvv0frqvwudlqw ehwzhhq frqvxpswlrq dqg surgxfwlrq ghflvlrqv= S� � ^� � A � f1
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H{dpsoh 5151 Udwlrqlqj frqvwudlqwv1 Sxufkdvhv ri fruq/ iru lqvwdqfh/ fdqqrw eh

juhdwhu wkdq d udwlrqlqj erxqg r�1 Lq wklv fdvh/ S� � ^� � r�1

H{dpsoh 5161 Sulfh edqgv1 Wkh krxvhkrog fdq surgxfh fruq/ ^�c xvlqj dq lqsxw ^21

Wkh| dovr frqvxph d txdqwlw|/ S�� Wkh| fdq vhoo fruq dw sulfh Rr dqg ex| lw dw d

sulfh R_� Wkhuh lv d sulfh edqg ehfdxvh ri wudqvdfwlrq frvwv/ +gh Mdqyu|/ Idifkdpsv

dqg Vdgrxohw/ 4<<4/ dqg Vdgrxohw/ gh Mdqyu| dqg Ehqmdplq/ 4<<9, dqg R_ : Rr�

Fkrrvh wkh uhihuhqfh sulfh wr eh R� ' Rr1 Wkh exgjhw frqvwudlqw lv zulwwhq dv=

R�ES� � ^�� � � n R2^2� Dv sxufkdvlqj fruq lv pruh h{shqvlyh/ wkhuh lv d frqvwudlqw

zulwwhq dv= R_ES� � ^�� � � n R2^2� Li S� 	 ^�c wkh exgjhw frqvwudlqw elqgv dqg wkh

furvv0frqvwudlqw grhv qrw ehfdxvh R_ES� � ^�� 	 R�ES� � ^��1 Lq frqwudvw li S� : ^�c

wkh furvv0frqvwudlqw elqgv dqg wkh exgjhw frqvwudlqw grhv qrw1 Lw lv vwudljkwiruzdug

wr dgdsw wkh h{dpsoh wr wkh fdvh zkhuh wkh sxufkdvh sulfh lv fkrvhq dv wkh uhihuhqfh1

H{dpsoh 5171 +gh Mdqyu|/ Vdgrxohw/ Idifkdpsv dqg Udnl/ 4<<5, Oltxlglw| frq0

vwudlqwv1 Krxvhkrogv* eruurzlqj ghshqgv rq pdunhwhg vxusoxvhv ehfdxvh wkhvh txdq0

wlwlhv duh wkh rqo| revhuydeoh krxvhkrog fkdudfwhulvwlfv wkdw d ohqghu frxog frqglwlrq

rq1 Wkhq=

R�ES� ^ � /� � � n
[
�

k�4@ E^� � S�c f� ;�c k� � fc <�c k� : f

Zh lqihu iurp wkhvh h{dpsohv wkdw prvw/ li qrw doo/ ri h�hfwlyh hfrqrplf frqvwudlqwv

gxh wr pdunhw idloxuhv duh ixqfwlrqv ri pdunhwhg vxusoxvhv dqg xqhduqhg lqfrph rqo|1

Zh dvvxph wkdw wkhvh frqvwudlqwv fdq eh ri wzr w|shv51 Iluvw/ qrq sduwlflsdwlrq ru

udwlrqlqj frqvwudlqwv duh zulwwhq dv=

7�ES� ^ � /� � r

zkhuh r lv d srvlwlyh yhfwru dqg 7 d pdwul{ zlwk rqo| rqh qrq }hur hohphqw lq

hdfk olqh zklfk fdq eh � ru ���

5Wkhvh frqvwudlqwv ghshqg rq sulfhv ru orfdo fkdudfwhulvwlfv1 Dv wkrvh yduldeohv duh dvvxphg wr
eh �{hg lq wkh vhtxho/ zh glvshqvh zlwk wklv ghshqghqfh1
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Vhfrqg/ wkh fdvhv ri sulfh edqgv dqg oltxlglw| frqvwudlqwv lqyroyh doo jrrgv dqg

h{rjhqhrxv lqfrph=

8 ES� ^ � /c�� � f

zkhuh 8 lv d yhfwru ri ixqfwlrqv i8&j&/ vxfk wkdw 8 Efc�� � fc Y8&

Y_�
9' f +li

_� ' S� � ^� � /�, dqg dv � lv dozd|v glvsrvdeoh=

Y8&

Y�
	 f

Ghflvlrqv ri surgxfwlrq dqg frqvxpswlrq duh wkhq ghulyhg e| vroylqj wkh iroorzlqj

surjudp +S, zkhuh wkh sulfh yhfwru hqwhulqj lq wkh exgjhw frqvwudlqw lv wkh yhfwru ri

uhihuhqfh pdunhw sulfhv6=

4@ Sc^ LES�

vxemhfw wr

������������

R�ES� ^ � /� � �
CE^� � f
ASS � f(A^^ � f
7�ES� ^ � /� � r
8 ES� ^ � /c�� � f

Wklv ghflvlrq surjudp glvwlqjxlvkhv frqvwudlqwv ehdulqj rq rqo| rqh vlgh +whfk0

qrorjlfdo dqg srvlwlylw| frqvwudlqwv, dqg furvv0frqvwudlqwv ehdulqj rq erwk vlghv +wkh

exgjhw dqg rwkhu hfrqrplf frqvwudlqwv,1 Wklv glvwlqfwlrq zloo wxuq rxw wr eh hvvhqwldo

iru rxu fkdudfwhul}dwlrq ri uhfxuvlylw|1

5151 D irupdo gh�qlwlrq ri uhfxuvlylw|

Wkh jhqhudo fkdudfwhul}dwlrq ri uhfxuvlylw| lv wkdw wkh ghwhuplqdwlrq ri surgxfwlrq

dqg frqvxpswlrq ghflvlrqv lv vhtxhqwldo +Qdndmlpd/ 4<9</ Vlqjk/ Vtxluh dqg Vwudxvv/

4<;9,1 Iluvw/ wkh krxvhkrog frqvlghuv wkdw sulfhv duh R/ wkh whfkqrorj| ri surgxfwlrq

lv jlyhq e| CE^� � f dqg A^^ � f/ dqg wdnhv lwv surgxfwlrq ghflvlrqv dffruglqjo|1 Dq|

rwkhu frqvwudlqwv lq 7 ru 8 duh glvuhjdughg1 Lw lv lq wklv vhqvh wkdw wkh suhglfwlrqv

6Li wkhuh lv wr eh d xqltxh vroxwlrq wr xwlolw| pd{lpl}dwlrq +Wdnd|dpd/ 4<;8, vrph whfkqlfdo
dvvxpswlrqv duh qhhghg1 Vx!flhqw frqglwlrqv duh wkdw wkh xwlolw| ixqfwlrq lv vwulfwo| txdvl0frqfdyh/
wkh surgxfwlrq vhw lv vwulfwo| frqyh{ dqg wkh vhw ri rwkhu frqvwudlqwv lv frqyh{1 Zh zloo dovr dvvxph
lq wkh vhtxho wkdw doo ghulydwlyhv h{lvw1 Lq rughu wr dffrprgdwh wkh srvvlelolw| wkdw I frxog lqfoxgh
plqlpd dqg pd{lpd ri ixqfwlrqv/ ghulydwlyhv ri I ghqrwh wkh ohiw0ghulydwlyhv ri I=
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ri wkh wkhru| ri surgxfwlrq duh fruuhfw xqghu uhfxuvlylw|1 Vhfrqg/ wkh krxvhkrog

shufhlyhv doo idup sur�wv dqg wdnhv ghflvlrqv uhodwlyh wr frqvxpswlrq xqghu frqvwudlqwv

ehdulqj rq frqvxpswlrq/ ASS � f/ 7�ES� ^W � /� � r/ 8 ES� ^W � /c�� � f71

Wklv fkdudfwhul}dwlrq fdq eh lqwhusuhwhg dv phdqlqj wkdw wkh krxvhkrog ghohjdwhv

doo surgxfwlrq ghflvlrqv wr d sur�w pd{lpl}hu/ uhwdlqlqj krzhyhu doo surshuw| uljkwv

ryhu wkh surgxfwlrq xqlw1

Gh�qlwlrq 5181 Ghflvlrqv duh vdlg wr eh uhfxuvlyh zlwk uhvshfw wr wkh uhihuhqfh sulfh

R li wkh vroxwlrq wr +S, fdq eh rewdlqhg dv wkh uhfxuvlyh vroxwlrq wr wzr ghflvlrq

sureohpv/ S� dqg S2=

S� G
4@ ^ R

�^

vxemhfw wr

����� CE^� � f
A^^ � f

S2 G
4@ S LES�

vxemhfw wr

���������

R�ES� /� ' � n�
ASS � f
7�ES� ^W � /� � r
8 ES� ^W � /c�� � f

zkhuh ^W ghqrwhv wkh dujxphqw ri wkh pd{lpxp ri wkh �uvw ghflvlrq sureohp S� dqg

rswlpdo sur�w lv � ' R�^W1

Wklv gh�qlwlrq uhvwv rq wkh ghflvlrq surjudpv1 Wr pdnh lw d whvwdeoh frqglwlrq

rq revhuydeohv/ fkdudfwhul}dwlrqv lq whupv ri revhuyhg ehkdylrxu kdyh wr eh ghulyhg1

Wkh pdlq dssurdfk iroorzhg lq wkh olwhudwxuh kdv ehhq wr dqdo|}h wkh uhvwulfwlrqv

lpsolhg e| uhfxuvlylw| rq ghpdqgv dqg vxssolhv +Vlqjk/ Vtxluh dqg Vwudxvv/ 4<;9/

Ehqmdplq/ 4<<5,1 Zh khuh iroorz d gl�huhqw urxwh wr fkdudfwhul}h uhfxuvlylw| wkurxjk

wkh frpsdulvrq ri lpsolflw dqg uhihuhqfh sulfhv1

5161 Uhvwulfwlrqv rq lpsolflw sulfhv1

Zh �uvw vkrz wkdw li wkh rqo| frqvwudlqwv lqyroylqj erwk frqvxpswlrq dqg surgxfwlrq

jrrgv lv wkh exgjhw frqvwudlqw/ uhfxuvlylw| krogv1

7Lw lv dv li wkh krxvhkrog zhuh ex|lqj djulfxowxudo surgxfwv dw sulfh s wkurxjk dq lqwhuqdo pdunhw1

;



Ohppd 5191 Li wkhuh lv qr frqvwudlqw ri wkh w|sh 7�ES�^�/� � r ru 8 ES�^�/c�� �
f/ wkhq uhfxuvlylw| krogv1

Surri= Il{ ^ vxfk wkdw CE^� � f dqg A^^ � f dqg ghqrwh � ' R^� Vlqfh ghflvlrq

surjudpv S dqg S2 duh lghqwlfdo zkhq ^ lv �{hg/ wkhq SE�� vroxwlrq ri S zkhq ^ lv

�{hg dqg SE�� lq S2 frlqflgh iru dq| �1 Dv xwlolw| lv lqfuhdvlqj lq �/ wkh rswlpdo

vroxwlrq ^ ri S lv wkh pd{lpxp � dqg lw lv jlyhq e| S���

Wklv uhvxow vxevwdqwldwhv wkh fodlp wkdw li pdunhwv duh frpsohwh wkhq uhfxuvlylw|

krogv1 Lw lv d joredo uhvxow dqg lw fdq uhdglo| eh h{whqghg wr wkh fdvh zkhuh zh orrn

rqo| dw frqvwudlqwv elqglqj dw wkh rswlpxp1

Ohppd 51:1 Ohw SW dqg ^W ghqrwh wkh rswlpdo vroxwlrqv wr S vxfk wkdw wkh furvv

frqvwudlqwv duh qrw elqglqj dw wkh rswlpxp= 7�ESW�^W�/� 	 rc 8 ESW�^W�/c�� 	 f�

Wkhq uhfxuvlylw| krogv1

Surri= Dv rswlpdo vroxwlrqv wr S +uhvs1 S�cS2, duh dovr rswlpdo vroxwlrqv wr

ghflvlrq sureohpv S � +uhvs1 S �

�
cS �

2
, zkhuh furvv frqvwudlqwv 7 dqg 8 duh qhjohfwhg/

zh fdq dsso| ohppd 519 wr S �1�

Wkhvh uhvxowv vwdwh wkdw d vx!flhqw frqglwlrq iru uhfxuvlylw| lv wkdw qr furvv0

frqvwudlqw krogv dw wkh rswlpxp1 Frqyhuvho|/ qrq uhfxuvlylw| fdq rqo| rffxu ehfdxvh

vrph furvv0frqvwudlqwv krog1 Wr kdyh d pruh frqfuhwh xqghuvwdqglqj ri wkhvh ohppdv/

frqvlghu wkhlu dssolfdwlrq wr wkh irxu h{dpsohv douhdg| suhvhqwhg1

H{dpsoh 514+frqwlqxhg,= Wkh frqvwudlqw rq r�0idup krxuv ri zrun S��^��A

� f wkdw olqnv frqvxpswlrq dqg surgxfwlrq ghflvlrqv grhv qrw elqg li r�0idup zrun

lv srvlwlyh1 Frqyhuvho|/ li ghflvlrqv duh qrw uhfxuvlyh/ r�0idup krxuv duh }hur +wkh|

fdqqrw eh qhjdwlyh,1

<



H{dpsoh 515+frqwlqxhg,= Zkhq wkhuh lv udwlrqlqj rq sxufkdvhv/ li h{fhvv gh0

pdqg lv +vwulfwo|, ohvv wkdq wkh udwlrqlqj erxqg wkhq ghflvlrqv duh uhfxuvlyh1 Li wkh|

duh qrw uhfxuvlyh/ wkhq wkh udwlrqlqj frqvwudlqw elqgv dqg h{fhvv ghpdqg lv htxdo wr

wkh erxqg1

H{dpsoh 516+frqwlqxhg,= Li wkh uhihuhqfh pdunhw sulfh lv wkh vxsso| sulfh/ wkh

frqvwudlqw rq sxufkdvhv ri fruq R_ES� � ^�� � � n R2^2 grhv qrw elqg li wkhuh lv qr

sxufkdvh= S� 	 ^�1 H{fhvv vxsso|/ ^� � S�c lv vrog dw sulfh R�� Uhfxuvlylw| krogv zlwk

uhvshfw wr wkh vxsso| sulfh1 Uhflsurfdoo|/ li ghflvlrqv duh qrw uhfxuvlyh zlwk uhvshfw wr

wklv sulfh/ wkhq wkh frqvwudlqw elqgv dqg S� � ^�� Rq wkh rwkhu kdqg/ li wkh uhihuhqfh

pdunhw sulfh lv wkh sxufkdvh sulfh/ wkhq uhfxuvlylw| krogv li sxufkdvhv duh vwulfwo|

srvlwlyh1

H{dpsoh 517+frqwlqxhg,=Wkh oltxlglw| frqvwudlqw grhv qrw elqg/ ru pruh h{dfwo|

lv wkh vdph dv wkh exgjhw frqvwudlqw li ;�( ^� 	 S�1 Uhfxuvlylw| krogv1 Uhflsurfdoo|/ li

ghflvlrqv duh qrw uhfxuvlyh wkhq iru dw ohdvw rqh �c ^� � S�1

Wkh uhvxowv suhvhqwhg deryh fdqqrw eh xvhg yhu| hdvlo| lq hpslulfdo dqdo|vlv1

Wkhuh duh wzr uhdvrqv zk| wklv lv wkh fdvh1 Iluvw/ wkhvh uhvxowv vshfli| frqglwlrqv wkdw

ehdu rq krxvhkrog vshfl�f frqvwudlqwv wkdw duh xqolnho| wr eh revhuyhg1 Vhfrqg/ wkh|

surylgh vx!flhqw frqglwlrq rqo|1 Khqfh wkh| fdqqrw ghdo zlwk erughu fdvhv vxfk dv

S� ' ^� lq h{dpsoh 516 zkhuh ghflvlrqv frxog eh hlwkhu uhfxuvlyh ru qrq uhfxuvlyh1 Wkh

uhvw ri wklv vhfwlrq wkhuhiruh jrhv eh|rqg wkhvh �uvw uhvxowv dqg suhvhqwv qhfhvvdu|

dqg vx!flhqw frqglwlrqv ehdulqj rq hdvlo| revhuydeoh yduldeohv1 Wr surfhhg/ zh vkdoo

�uvw dvvxph wkdw doo jrrgv duh frqvxphg dqg surgxfhg dw wkh rswlpxp1 Wkhuhiruh/

zh dqdo|}h ghflvlrqv lq wkh grpdlq ASS 	 f dqg A^^ 	 f� Zh zloo wdfnoh wkh jhqhudo

fdvh odwhu1

Ohw xv �uvw gh�qh lpsolflw sulfhv1 Lq S/ ghqrwh bc >c jc B wkh srvlwlyh Odjudqjh

pxowlsolhuv dvvrfldwhg wr wkh exgjhw frqvwudlqw/ wkh whfkqrorjlfdo frqvwudlqw/ dqg wkh

frqvwudlqwv 7 dqg 8 1 Ehfdxvh wkh frqvwudlqwv EASS � f ru A^^ � f� duh qrw elqglqj/
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wkh Odjudqjldq lv=

O ' XES� n bE� � R�ES� ^ � /��� >CE^�� j�7ES� ^ � /�� B�8 ES� ^ � /c��

Wkh �uvw rughu frqglwlrqv ri S zlwk uhvshfw wr S dqg ^ duh zulwwhq lq whupv ri

pdujlqdo xwlolwlhv L� dqg ghulydwlyhv ri C/ C� dv=

;AA?
AA=

L� ' bR� n j�7� n B�
Y8

Y_�

bR� ' >C� � j�7� � B�
Y8

Y_�

+514,

zkhuh h{fhvv ghpdqgv S � ^ � / duh ghqrwhg _ dqg 7� lv wkh �wk froxpq ri 7�

Li T E�� ghqrwhv wkh lqgluhfw xwlolw| ixqfwlrq dv d ixqfwlrq ri lqfrph/ wkh pdujlqdo

xwlolw| ri prqh| lv zulwwhq=

YO
Y�

' T� ' b� B�
Y8

Y�
: f

Lw lv vwulfwo| srvlwlyh ehfdxvh b � fc B � f +wkh lqhtxdolw| ehlqj vwulfw iru rqh ri

wkhp, dqg Y8&

Y�
	 f 1

Wkh lpsolflw sulfh ri jrrg � lv htxdo wr lwv pdujlqdo udwh ri vxevwlwxwlrq zlwk

prqh| dqg lv sursruwlrqdo wr wkh ghulydwlyh C� xvlqj +514,=

RW

� '
L�

T�
' >

C�

T�
+515,

Wkh htxlydohqfh uhvxow ri wklv sdshu fdq qrz eh irupdol}hg dv iroorzv=

Sursrvlwlrq 51;1 Wkh iroorzlqj vwdwhphqwv duh htxlydohqw=

l,1 Krxvhkrog ghflvlrqv duh uhfxuvlyh zlwk uhvshfw wr R

ll,1 Lpsolflw sulfhv ri doo jrrgv duh htxdo wr wkh uhihuhqfh sulfhv/ R( wkh exgjhw

frqvwudlqw lv elqglqj/ R�ES� ^ � /� ' � ( dqg wkh whfkqrorjlfdo frqvwudlqw lv elqglqj

CE^� ' f�

lll,1 Wkhuh lv qr h�hfw rq xwlolw| ri uhprylqj doo furvv frqvwudlqwv 7 dqg 8�

Surri= Vhh dsshqgl{1
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Qrwh wkdw e| xvlqj +lll,/ uhfxuvlylw| lpsolhv wkdw +S2, fdq dovr eh zulwwhq dvG

4@ S LES�
vxemhfw wr R�ES� /� ' � n�

dv qr furvv frqvwudlqw lv elqglqj dw wkh rswlpxp1 Wkh sursrvlwlrq vkrzv wkdw wklv

lv dq htxlydohqw gh�qlwlrq ri uhfxuvlylw| wr wkh rqh jlyhq deryh1

Wklv uhvxow lv ehwwhu ghvfulehg e| iroorzlqj xs wkh h{dpsohv1

H{dpsoh 514 +frqwlqxhg,= Zh kdyh vhhq wkdw li ghflvlrqv duh qrw uhfxuvlyh/

r�0idup krxuv duh htxdo wr }hur1 Wklv lv wkhuhiruh d fdvh zkhuh krxvhkrogv duh vhoi0

hpsor|hg +�dxwdunlf�, dqg zkhuh wkh lpsolflw sulfh ri idplo| oderxu lv juhdwhu wkdq

wkh pdunhw zdjh1 D erughu fdvh ri uhfxuvlylw| lv zkhq wkh lpsolflw zdjh lv htxdo wr

wkh pdunhw zdjh dqg wkh krxvhkrog lv dxwdunlf1

H{dpsoh 515 +frqwlqxhg,= Ghflvlrqv duh uhfxuvlyh li S�� ^� � r� dqg RW

�
' R�1

Lq frqwudvw/ li RW

�
: R�/ wkh krxvhkrog lv udwlrqhg dqg ghflvlrqv duh qrw uhfxuvlyh

H{dpsoh 516 +frqwlqxhg,= Li wkh uhihuhqfh pdunhw sulfh lv wkh vxsso| sulfh dqg

ghflvlrqv duh qrw uhfxuvlyh/ h{fhvv vxsso| lv }hur1 Wkh lpsolflw sulfh hlwkhu idoov lqwr

wkh sulfh edqg ehwzhhq wkh vhoolqj dqg sxufkdvh sulfh li S� ' ^� ru lv htxdo wr wkh

sxufkdvh sulfh li S� : ^�1 Lq wkh odwwhu fdvh/ ghflvlrqv duh uhfxuvlyh zlwk uhvshfw wr

wkh sxufkdvh sulfh1

H{dpsoh 517 +frqwlqxhg,= Li ghflvlrqv duh qrw uhfxuvlyh/ iru dw ohdvw rqh jrrg/

^� � S�� Lwv lpsolflw sulfh lv hlwkhu htxdo wr R� n k� li ^� : S� ru idoov lqwr wkh sulfh

edqg oR�c R� n k�d li ^� ' S�1

Wr frpsohwh wkh fkdudfwhul}dwlrq ri uhfxuvlylw|/ lw lv qhfhvvdu| wr vkrz wkdw vlwx0

dwlrqv zkhuh jrrgv duh qrw frqvxphg ru qrw surgxfhg pd| eh wuhdwhg1

Sursrvlwlrq 51<1 Dvvxplqj wkdw dw ohdvw rqh jrrg lv frqvxphg dqg surgxfhg/ krxvh0

krog ghflvlrqv duh uhfxuvlyh zlwk uhvshfw wr R li dqg rqo| li wkh iroorzlqj frqglwlrqv

krog= lpsolflw sulfhv ri doo jrrgv wkdw duh surgxfhg ru xvhg dv lqsxwv duh htxdo wr

wkh uhihuhqfh sulfhv/ R( wkh exgjhw frqvwudlqw lv elqglqj/ R�ES� ^ � /� ' � > dqg wkh

whfkqrorjlfdo frqvwudlqw lv elqglqj CE^� ' f�
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Surri1 Wkh surri wkdw uhfxuvlylw| lpsolhv wkhvh frqglwlrqv iroorzv vlplodu olqhv wkdw

wkh surri xvhg lq sursrvlwlrq 51;1 Wr suryh wkh frqyhuvh/ dvvxph wkhvh frqglwlrqv

duh yhul�hg dqg �{ wkh txdqwlwlhv ri jrrgv wkdw duh qrw frqvxphg ru qrw surgxfhg

wr wkhlu rswlpxp ydoxhv1 Li wkhuh lv rqh jrrg wkdw lv surgxfhg dqg frqvxphg/ dsso|

sursrvlwlrq 51; zklfk vkrzv wkdw qr furvv frqvwudlqwv elqg dw wkh rswlpxp dqg wkdw

wkh| fdq eh uhpryhg1 Wkhuhiruh +S, fdq eh zulwwhq dv=

4@ Sc^ LES�

vxemhfw wr

������������

R�ES� ^ � /� ' �
CE^� ' f
ASS � f(A^^ � f
7U �ESU � /� � rU
7a �E^a � /� � ra

zkhuh SU lv wkh vxeyhfwru ri jrrgv wkdw wkh| duh frqvxphg dqg qrw surgxfhg dqg

^a lv wkh vxeyhfwru ri jrrgv wkdw duh surgxfhg dqg qrw frqvxphg1 Dv frqvwudlqwv duh

vhsdudwhg iru wkhvh jrrgv/ surgxfwlrq ghflvlrqv ^ duh jlyhq e| +S �

�
,=

4@ ^ R
�^

vxemhfw wr

�������
CE^� � f
A^^ � f
7�E^a � /� � ra

Li lpsolflw sulfhv ri jrrgv ^a duh htxdo wr wkhlu pdunhw sulfhv/ wkh frqvwudlqwv

7�E^a � /� � ra duh qrw elqglqj dqg ghflvlrqv duh uhfxuvlyh1

Wkh odvw sduw ri wkh surri fdq dovr eh xvhg wr irupxodwh rwkhu gh�qlwlrqv ri uh0

fxuvlylw| ri djulfxowxudo krxvhkrogv* ghflvlrqv1 Iru lqvwdqfh/ lw frxog eh gh�qhg dv

ehlqj wkh htxlydohqfh ehwzhhq +S, dqg +S �

�
, dqg +S2,1 Lq wklv fdvh/ d qhfhvvdu| dqg

vx!flhqw frqglwlrq zrxog eh wkdw lpsolflw sulfhv ri jrrgv wkdw duh erwk frqvxphg

dqg surgxfhg duh htxdo wr wkh uhihuhqfh sulfhv dqg wkdw wkh exgjhw frqvwudlqw dqg

wkh whfkqrorjlfdo frqvwudlqw duh elqglqj1

Zh qrz uhwxuq wr wkh fkrlfh ri wkh uhihuhqfh pdunhw sulfhv1 Dv d elqglqj exgjhw

frqvwudlqw lv d qhfhvvdu| frqglwlrq iru uhfxuvlylw|/ d qdwxudo fdqglgdwh iru wkh uhihuhqfh

pdunhw sulfhv lv wkh vhw ri sulfhv dw zklfk wkh krxvhkrog wudghv srvlwlyh txdqwlwlhv1

Li wkhuh lv h{fhvv vxsso| +uhvs1 ghpdqg,/ wkh fdqglgdwh lv wkh vxsso| +uhvs1 ghpdqg,
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sulfh1 Lq rwkhu fdvhv/ vxsso| htxdov ghpdqg dqg hlwkhu wkh vxsso| ru wkh ghpdqg

sulfh frxog eh fkrvhq dv uhihuhqfh1

Ilqdoo|/ zh vkdoo hpskdvl}h wzr lpsruwdqw dvshfwv wkdw vwhp iurp wklv fkdudfwhul0

}dwlrq ri uhfxuvlylw|1 Iluvw/ uhfxuvlylw| lv dq lglrv|qfudwlf surshuw| iru krxvhkrogv1 Ri

wzr krxvhkrogv/ gl�hulqj iru h{dpsoh e| vrph idplo| fkdudfwhulvwlfv ru idflqj gl�huhqw

pdunhw sulfhv/ rqh pd| kdyh d uhfxuvlyh ehkdylrxu zkloh wkh rwkhu grhv qrw1 Vhfrqgo|/

uhfxuvlylw| lv qhlwkhu d surshuw| ri suhihuhqfhv qru ri whfkqrorj| dqg wkdw lv zk| wkh

whuplqrorj| �uhfxuvlylw|� lv wr eh suhihuuhg ryhu �vhsdudelolw|�/ d whup zklfk lv dovr

xvhg lq wkh olwhudwxuh1 Lq rwkhu zrugv/ iru dq| suhihuhqfhv dqg whfkqrorj|/ wkhuh duh

sulfhv vxfk wkdw wkh krxvhkrog zrxog pdnh uhfxuvlyh fkrlfhv1 Vxfk sulfhv duh fkrvhq

vr dv wr htxdol}h lpsolflw sulfhv ri jrrgv zklfk duh surgxfhg1 Li ghflvlrqv duh qrw

uhfxuvlyh/ wkh vwuxfwxuh ri uhodwlyh sulfhv xvhg e| wkh krxvhkrog lv gl�huhqw iurp wkh

vwuxfwxuh ri uhodwlyh pdunhw sulfhv1

5171 H{whqvlrqv

Zkhq lpsolflw sulfhv dqg pdunhw sulfhv duh qrw htxdo/ wkh gl�huhqfh ehwzhhq wkhp

hperglhv vrph lqirupdwlrq uhodwhg wr wkh fdxvh ri qrq uhfxuvlylw|1 Vxssrvh iru h{dp0

soh wkdw wkh lpsolflw sulfh lv juhdwhu wkdq wkh uhihuhqfh pdunhw sulfh1 Wkh krxvhkrog

zrxog olnh wr sxufkdvh pruh ri wklv jrrg dw wkh uhihuhqfh sulfh exw grhv qrw gr lw1 Lw

lv gxh hlwkhu wr wkh idfw wkdw h{fhvv ghpdqg lv udwlrqhg dw wklv sulfh +h{dpsohv 514/

516, ru wr vrph qhjdwlyh h{whuqdolw| ri sxufkdvhv +h{dpsoh 517,1 Li wkh krxvhkrog lv

lq idfw d qhw vxssolhu iru wklv jrrg/ wkhuh lv vrph srvlwlyh h{whuqdolw| ri vxsso|1 Lq

frqwudvw/ wkh krxvhkrog zrxog olnh wr vhoo pruh dw wkh pdunhw sulfh li lw lv juhdwhu wkdq

wkh lpsolflw sulfh1 Qhyhuwkhohvv/ jlyhq wkdw wkh krxvhkrog grhv qrw lqfuhdvh lwv vxsso|/

wklv vljqdov hlwkhu wkdw h{fhvv vxsso| lv udwlrqhg +h{dpsoh 514, ru wkdw wkh krxvhkrog

kdv d srvlwlyh h{fhvv ghpdqg iru wkh jrrg ehfdxvh ri vrph srvlwlyh h{whuqdolw| ri

sxufkdvh1

Wkh fdvh zkhuh wkhuh lv xqlqvxudeoh ulvn lq pdunhw sulfhv lv qrz eulh | ghyhorshg

lq rughu wr vkrz wkdw ghflvlrqv duh wkhq jhqhulfdoo| qrw uhfxuvlyh h{fhsw li wkh krxvh0
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krog lv ulvn qhxwudo1 Frqvlghu wkdw wkhuh lv vrph xqlqvxudeoh ulvn lq wkh pdunhw sulfh

ri rqh frpprglw| zklfk lv surgxfhg dqg frqvxphg1 Doo rwkhu wklqjv ehlqj ghwhu0

plqlvwlf/ zh dvvxph wkdw wkhuh duh wzr vwdwhv ri qdwxuh/ M dqg u/ vxfk wkdw wkh sulfh

ri wkh frpprglw| lv uhvshfwlyho| htxdo wr RM dqg Ru zlwk RM : Ru1 Doo surgxfwlrq

ghflvlrqv duh wdnhq sulru wr wkh uhvroxwlrq ri xqfhuwdlqw|1 Frqvxpswlrq ghflvlrqv duh

wdnhq diwhuzdugv1 Xvlqj rxu iudphzrun/ lw lv hdv| wr ghprqvwudwh wkdw wkh lpsolflw

sulfh ri wkh surgxfhg frpprglw| lv htxdo wr wkh pdunhw sulfh lq erwk vwdwhv ri qdwxuh

li dqg rqo| li wkhuh lv ixoo lqvxudqfh/ l1h1 pdujlqdo xwlolwlhv duh htxdol}hg dfurvv vwdwhv1

Li wkhuh lv qr lqvxudqfh pdunhw/ htxdolw| ehwzhhq lpsolflw dqg pdunhw sulfhv fdq rqo|

kdsshq li wkh krxvhkrog lv qhxwudo wr ulvn1 Ghflvlrqv duh uhfxuvlyh lq wklv fdvh rqo|1

5181 Uhodwhg uhvxowv dqg wkh ghvljq ri hpslulfdo whvwv

Wkh pdlq urxwh wr whvw iru uhfxuvlylw| lq wkh olwhudwxuh lv wr frqvlghu uhvwulfwlrqv rq

ghpdqgv dqg vxssolhv +Orsh}/ 4<;7/ 4<;9/ Ehqmdplq/ 4<<5,1 Xvlqj wkh wkhru| ri

ghpdqg xqghu udwlrqlqj dv ghyhorshg lq Ghdwrq dqg Pxhooedxhu +4<;3,/ ghpdqg dqg

vxsso| ixqfwlrqv fdq dozd|v eh zulwwhq dv ixqfwlrqv ri lpsolflw sulfhv xqghu uhfxuvlylw|

ru qrq uhfxuvlylw|= +
^ ' ^ERW

^�
S ' SERW

S c��

zkhuh RW

^ dqg RW

S duh lpsolflw sulfhv ri surgxfwlrq dqg frqvxpswlrq jrrgv1 Xqghu

wkh dvvxpswlrq ri uhfxuvlylw|/ zh kdyh vkrzq wkdw/ iru wkh vhw ri jrrgv wkdw duh

surgxfhg ru xvhg dv lqsxwv +qrwhg L,=

;� 5 Uc RW

� ' R�

Dvvxplqj wkdw sulfhv ri jrrgv � *5 U duh nqrzqc wkh deryh uhvxow lpsolhv whvwdeoh uh0

vwulfwlrqv= rq wkh surgxfwlrq vlgh/ doo ghflvlrq yduldeohv duh lqghshqgdqw ri h{rjhqrxv

lqfrph � ru pruh jhqhudoo| ri yduldeohv d�hfwlqj rqo| suhihuhqfhv +ghprjudsklfv iru

h{dpsoh,1 Rq wkh frqvxpswlrq vlgh/ doo ghflvlrq yduldeohv duh lqghshqgdqw ri rxwsxw

ru lqsxw sulfhv li sur�w lv khog frqvwdqw1 Wkh iruphu uhvwulfwlrqv duh/ iru h{dpsoh/

xvhg e| Ehqmdplq +4<<5, zkr wulhv wr dvvhvv wkh lq xhqfh ri krxvhkrog*v ghprjudsklf
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yduldeohv rq wkh ghpdqg iru idup oderxu1 Li uhfxuvlylw| krogv/ wklv lq xhqfh vkrxog

qrw eh vljql�fdqw dqg wkdw lv lqghhg zkdw kh �qgv lq wkh fdvh ri uxudo Mdyd1

Wkhuh duh wzr gudzedfnv zlwk wkh phwkrg rxwolqhg deryh1 Iluvw/ wkh qxoo k|srwk0

hvlv lv wkdw ghflvlrqv ri doo krxvhkrogv duh uhfxuvlyh/ zklfk lv d yhu| vwurqj k|srwkhvlv

lqghhg dv zh xqghuolqhg wkdw uhfxuvlylw| lv krxvhkrog vshfl�f1 Wkh vhfrqg gudzedfn

lv wkdw doo jrrgv qhhg wr eh frqvlghuhg dqg wkdw pdunhwv iru jrrgv zklfk duh qrw sur0

gxfhg duh shuihfw1 Dq dowhuqdwlyh phwkrg/ wkdw grhv qrw vx�hu iurp wkhvh gudzedfnv/

zrxog eh wr hvwlpdwh wkh v|vwhp ri ghpdqgv dqg vxssolhv xqghu qrq uhfxuvlylw| exw

wklv lv fhuwdlqo| d yhu| gl!fxow wdvn1 D vlpsohu phwkrg lv wr hvwlpdwh lpsolflw sulfhv

lq d �uvw vwdjh dqg wkhq hvwlpdwh ghpdqgv dqg vxssolhv/ dv ghprqvwudwhg e| Wklmvvhq/

4<;;/ Mdfre|/ 4<<6/ dqg Vnrx�dv/ 4<<71

Wkh uhfxuvlylw| gldjqrvwlf zh ghyhors lq wklv sdshu frqvlvwv lq hvwlpdwlqj lpsolflw

sulfhv xqghu qr k|srwkhvlv/ iroorzlqj lq wklv wkh phwkrg mxvw phqwlrqhg/ dqg wkhq

frpsduh wkrvh sulfhv zlwk pdunhw sulfhv lq rughu wr vhh zkhwkhu uhtxluhphqwv iru

uhfxuvlylw| duh ixo�oohg1

Dq hpslulfdo whvw edvhg rq rxu phwkrgrorj| xvhv wkh idfw wkdw li wkhuh h{lvwv

d vljql�fdqw gl�huhqfh ehwzhhq wkh lpsolflw dqg pdunhw sulfhv iru dq| jrrg zklfk

lv surgxfhg ru xvhg dv dq lqsxw/ uhfxuvlylw| grhv qrw krog1 Lw lv wkhuhiruh srvvleoh

wr irfxv rq rqh jrrg dqg whvw zkhwkhu uhfxuvlylw| frqglwlrqv duh ixoo�oohg iru wklv

sduwlfxodu jrrg1 Wklv whvw ri uhfxuvlylw| lv frqvhuydwlyh lq wkh vhqvh wkdw rqo| wkh

uhmhfwlrq ri wkh qxoo k|srwkhvlv lv lqirupdwlyh= li/ iru wklv jrrg/ lpsolflw sulfh dqg

pdunhw sulfh duh qrw htxdo/ wkhq uhfxuvlylw| grhv qrw krog1 Qr uhmhfwlrq frxog phdq

wkdw qrq uhfxuvlylw| dulvhv ehfdxvh ri dqrwkhu jrrg1 Wklv lv wkh dssurdfk zh dgrsw

lq wkh iroorzlqj vhfwlrq wr looxvwudwh rxu fkdudfwhul}dwlrq ri uhfxuvlylw|1

61 Dq hpslulfdo looxvwudwlrq xvlqj F÷wh g*Lyrluh gdwd

Zh irfxv rxu dqdo|vlv rq idplo| oderxu ri djulfxowxudo krxvhkrogv lq F÷wh g*Lyrluh1

Idplo| oderxu lv rxu pdlq yduldeoh ri lqwhuhvw ehfdxvh lw lv wkh prvw zlgho| xvhg lqsxw

ri surgxfwlrq iru djulfxowxudo krxvhkrogv1 Zh rqo| orrn dw wklv qhfhvvdu| frqglwlrq
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iru uhfxuvlylw|1

6141 Wkh gdwd

Wkh gdwd lv gudzq iurp wkh Olylqj Vwdqgdug Vxuyh|v frqgxfwhg lq F÷wh g*Lyrluh e|

wkh Zruog Edqn dqg wkh F÷wh g*Lyrluh Vwdwlvwlfdo R!fh +FLOVV,81 Dv wkh vxuyh| lv d

uroolqj sdqho ryhu wzr |hduv/ rxu zrunlqj vdpsoh lv frpsrvhg e| krxvhkrogv suhvhqw

lq 4<;8 dqg 4<;91 Wkh vxuyh| jlyhv ghwdlohg lqirupdwlrq rq furs surgxfwlrqv/ lqsxwv

dqg fkdudfwhulvwlfv ri krxvhkrogv dqg orfdo oderxu pdunhwv1 Rqo| wkh pdlq dvshfwv ri

wkh gdwd frqvwuxfwlrq duh suhvhqwhg khuh1

Wkh vxuyh| uhjlvwhuv djulfxowxudo surgxfwlrq e| dvnlqj krxvhkrogv wkh dqqxdo gh0

wdlohg furs surgxfwlrqv/ qhw ri krph0frqvxpswlrq/ dqg wkhlu vhoolqj pdunhw sulfhv1

Ydoxhv ri lqsxwv/ ihuwlol}huv/ lqvhfwlflghv/ wudqvsruw dqg rwkhu lqsxwv dv zhoo dv kluhg

oderxu frvwv duh uhsruwhg hlwkhu iru hdfk furs ru iru wkh surgxfwlrq dv d zkroh1 Wkh

odwwhu lv yhu| frpprq dqg suhfoxghv dqdo|vlv ri lqglylgxdo fursv1 Wr frqvwuxfw d

surgxfwlrq yduldeoh/ zh pdnh wzr dvvxpswlrqv=

Iluvw/ dv wkh xqlwv ri phdvxuhphqw ri txdqwlwlhv surgxfhg duh riwhq qrq vwdqgdug/

zh dvvxph wkdw �qrupdol}hg� sulfhv dqg txdqwlwlhv fdq eh xvhg1 Wkhvh duh rewdlqhg

e| lqihulqj d vfdoh ri fruuhvsrqgdqfh iru qrq vwdqgdug xqlwv +h1j1 exfnhwv/ wlqv hwf,

rq wkh edvlv ri wkh uhodwlrq ehwzhhq wkhlu phdq sulfhv dqg wkh phdq sulfh ri wkh prvw

frpprqo| xvhg xqlw ri phdvxuhphqw lq 4<;8/ 4<;9 dqg 4<;:1 Zh v|vwhpdwlfdoo|

fruuhfwhg sulfhv e| vhwwlqj revhuydwlrqv rxwvlgh wkh 580:8( lqwhuydo dw wkh ydoxhv ri

wkh �uvw dqg wklug txduwlohv e| foxvwhuv1

Vhfrqg/ zh djjuhjdwhg sulfhv lq �yh jurxsv xvlqj d vwdqgdug Glylvld lqgh{1 Wkhvh

�yh jurxsv ri fursv duh= Fr�hh dqg frfrd> Rwkhu wuhhv> Wredffr/ frwwrq/ vxjdufdqh/

|dp dqg jurxqgqxw> Plo/ fruq dqg ulfh> Yhjhwdeohv/ pdqlrf/ wdur/ vzhhw srwdwrhv1

Txdqwlwlhv ri rxwsxw lq hdfk jurxs duh frpsxwhg xvlqj wkhvh lqglfhv1 Wkhq djjuh0

jdwlrq lv uhshdwhg ryhu wkh �yh jurxsv wr rewdlq dq lqgh{ ri djjuhjdwh surgxfwlrq

8Jhqhudo lqirupdwlrq derxw djulfxowxudo pdunhwv dqg wkh vhwwlqj ri djulfxowxudo sulfhv lq F÷wh
g*Lyrluh fdq eh irxqg lq Ehuwkìoìp| dqg Erxujxljqrq +4<<9, iru h{dpsoh1 Uhihuhqfhv iru wkh vxuyh|
duh Dlqvzruwk dqg Pxôr} +4<;9, dqg Jurrwdhuw +4<;9,1
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+\YQHW,1 Wklv wzr0vwhs surfhgxuh doorzv xv wr xvh jurxs0sulfhv dv lqvwuxphqwv lq

wkh hpslulfdo dqdo|vlv wkdw iroorzv1

Zh frqvlghu irxu yduldeoh lqsxwv= ihuwlol}huv dqg lqvhfwlflghv +FKLP,/ kluhg oderxu

+ODE,/ pdoh dqg ihpdoh idplo| oderxu1 Txdqwlwlhv ri wkh �uvw lqsxw lv dydlodeoh lq wkh

vxuyh|1 Kluhg oderxu lv frqvwuxfwhg e| xvlqj wkh lqirupdwlrq rq lq0nlqg sd|phqwv

iru hdfk furs/ fruuhfwlqj iru grxeoh0frxqwlqj lq wkh fdvh ri vkduhfursslqj +Ghdwrq

dqg Ehqmdplq +4<;:,,1 Dqqxdo prqhwdu| sd|phqwv wr kluhg oderxu duh wkhq dgghg1

Wr frqvwuxfw wkh qxpehu ri krxuv ri pdoh idplo| oderxu +KPDO, dqg ihpdoh idplo|

oderxu +KIHP,/ txhvwlrqv derxw zrun odvw zhhn dqg gxulqj wkh odvw |hdu duh xvhg1

Dwwhpswv wr xvh �qhu ghfrpsrvlwlrqv +ru fkloguhq*v krxuv ri zrun, zhuh xqvxffhvvixo1

Zh dovr frqvlghuhg wzr �{hg idfwruv/ odqg +ODQG, dqg fdslwdo +FDS, zklfk lv d

udz phdvxuh ri dydlodeoh htxlsphqw1 Ilqdoo|/ wkh lqirupdwlrq lq wkh vxuyh| rq zdjhv

hduqhg e| idplo| phpehuv lq rxwvlgh dfwlylwlhv lv ri yhu| srru txdolw|1 Zh wkhuhiruh

xvh orfdo zdjhv wkdw duh frqvwuxfwhg xvlqj wkh frppxqlw| txhvwlrqqdluh1 Khqfh/ zh

dvvxph wkdw doo ihpdoh dqg pdoh oderxu lq d jlyhq yloodjh kdyh wkh vdph rssruwxqlwlhv1

Pruh suhflvh phdvxuh ri zdjhv lv qrw shuplwwhg e| wkh gdwd dqg zh fdqqrw frqglwlrq

zdjhv wr lqglylgxdo fkdudfwhulvwlfv1 Wkh olvw ri yduldeohv xvhg dqg ghvfulswlyh vwdwlvwlfv

dsshdu lq wdeoh 41 Wkh vdpsoh lv frpsrvhg ri 6:6 krxvhkrogv1

6151 Hfrqrphwulf vshfl�fdwlrq dqg phwkrgv

Lpsolflw sulfhv iru oderxu duh uhfryhuhg iurp wkh hvwlpdwlrq ri d surgxfwlrq ixqfwlrq1

Wkhvh lpsolflw sulfhv frxog dovr eh frpsduhg wr wkrvh rewdlqhg iurp wkh hvwlpdwlrq

ri lqsxw ghpdqgv ixqfwlrqv/ dqg wklv zdv grqh lq dq hpslulfdo sdshu +Odpehuw dqg

Pdjqdf 4<<7,1 Wkh uhdvrq iru xvlqj d surgxfwlrq ixqfwlrq iru wkh suhvhqw looxvwudwlrq

lv wzrirog1 Iluvw/ wkh qxpehu ri revhuydwlrqv dydlodeoh wr shuirup wkh hvwlpdwlrq ri d

surgxfwlrq ixqfwlrq lv qrw d�hfwhg e| wkh pdq| }hurv irxqg lq wkh revhuyhg txdqwlwlhv

ri lqsxwv +fkhplfdov,1 Vhfrqg/ hvwlpdwlqj d surgxfwlrq ixqfwlrq dovr lqyroyh pdnlqj

ihzhu dvvxpswlrqv uhjduglqj rswlpl}dwlrq ehkdylrxu wkdq hvwlpdwlqj d frvw ixqfwlrq

+Fkdpehuv/ 4<;;,1 Wzr frqvlghudwlrqv kdyh ohdg xv wr xvh d jhqhudol}hg Ohrqwlhi
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vshfl�fdwlrq iru wkh surgxfwlrq ixqfwlrq1 Lw lv vhfrqg rughu  h{leoh +Glhzhuw +4<:4,,

dqg lw hdvlo| doorzv lqsxwv wr eh }hur/ lq frqwudvw zlwk wkh wudqvorj vshfl�fdwlrq iru

h{dpsoh1

Dv wkhuh duh irxu yduldeoh lqsxwv +kluhg oderxu/ fkhplfdov/ pdoh dqg ihpdoh idplo|

oderxu,/ dqg wzr txdvl �{hg idfwruv +odqg dqg fdslwdo,/ wkh iroorzlqj vshfl�fdwlrq lv

xvhg=

+ ' @f n
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�'�

K�
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%� n

S[
�'�

S��
s
%�%�

zkhuh %� lv wkh txdqwlw| ri lqsxw � dqg + lv wkh surgxfwlrq lq yroxph1

Qrq frqvwdqw uhwxuqv wr vfdoh duh wkhq doorzhg li @f dqg
S

K� duh gl�huhqw iurp

}hur1 Lpsolflw zdjhv fdq wkhq eh frpsxwhg e| pxowlso|lqj wkh pdujlqdo surgxfwv ri

oderxu e| wkh rxwsxw sulfh1

Wkh hvwlpdwlrq ri wkh surgxfwlrq ixqfwlrq lv fduulhg rxw lq ohyhov iru wkh |hdu

4<;91 Vlqfh lqsxwv duh olnho| wr eh hqgrjhqrxv lq wkh surgxfwlrq ixqfwlrq/ zh lq0

vwuxphqw wkhp e| h{sorlwlqj wkh sdqho glphqvlrq ri wkh vxuyh|1 Zh frqvlghu d vhw

ri lqvwuxphqwdo yduldeohv zklfk frqvlvwv lq yduldeohv gdwhg |� � zklfk duh uhodwhg wr

sulfhv dqg idplo| fkdudfwhulvwlfv dv zhoo dv yduldeohv vxfk dv surgxfwlrq rxwsxwv dqg

lqsxwv gdwhg |� �� Wkh wzr0|hduv glphqvlrq ri wkh vdpsoh lv rqo| xvhg wr frqvwuxfw

lqvwuxphqwv ehfdxvh �uvw0gl�huhqflqj wkh htxdwlrqv zrxog lpso| fruuhodwlrq ehwzhhq

lqvwuxphqwv gdwhg | � � dqg uhvlgxdov ri wkh �uvw0gl�huhqfh htxdwlrq1 Zh uhwdlq doo

lqvwuxphqwv lq wkhlu olqhdu irup dqg dgghg lqwhudfwlrqv ehwzhhq wkhp vlqfh lqsxwv

duh lqwhudfwhg lq wkh surgxfwlrq ixqfwlrq1 Vhyhudo vshfl�fdwlrqv zhuh whvwhg xvlqj wkh

Vdujdq fulwhulrq iru ryhulghqwli|lqj uhvwulfwlrqv1 Zh vhwwohg khuh iru wkh prvw frp0

sohwh vhw ri lqvwuxphqwv qrw uhmhfwhg e| whvwv ri ryhulghqwli|lqj uhvwulfwlrqv1 Qrwhv wr

wdeoh 5 surylgh d olvw ri wkhvh lqvwuxphqwv1

Wkh uhvxowv ri wkh hvwlpdwlrqv ri wkh surgxfwlrq ixqfwlrq htxdwlrq duh suhvhqwhg

lq wdeoh 51 Zh glg qrw nhhs doo wkh lqwhudfwlrqv wkdw vkrxog kdyh dsshduhg dffruglqj

wr wkh vshfl�fdwlrq deryh1 Wkrvh lqwhudfwlrqv wkdw glg qrw kdyh d vljql�fdqw h�hfw

+dw d 53( ohyho, zhuh h{foxghg1 Qhyhuwkhohvv/ zh glg qrw orrn iru sduvlprq|/ vlqfh
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rxu remhfwlyh lv qrw wr kdyh suhflvho| ghwhuplqhg frh!flhqwv exw udwkhu d jrrg �w iru

lpsolflw zdjhv1 Wkhuhiruh/ wkh vshfl�fdwlrq zh �qdoo| fkrvh uhwdlqv dv pdq| uhjuhvvruv

dv zdv uhdvrqdeo| srvvleoh/ jlyhq wkh qxpehu ri revhuydwlrqv1 Dowkrxjk wkh txdolw|

ri wkh ghwhuplqdwlrq ri wkh prgho vhhpv orz/ wkh hvwlpdwhv ri wkh hodvwlflwlhv duh txlwh

vdwlvi|lqj/ hyhq li wkh| duh yhu| vpdoo +Odpehuw dqg Pdjqdf/ 4<<7,1 Wkh rzq sulfh

hodvwlflwlhv frqirup lq wkh pdmrulw| ri fdvhv wr wkh uhvwulfwlrqv ri hfrqrplf wkhru|1

Wklv lv jhqhudoo| yhul�hg erwk dw wkh phdq srlqw dqg li txduwlohv ri wkhlu glvwulexwlrqv

duh frqvlghuhg1

6161 Wkh frpsdulvrq ehwzhhq lpsolflw dqg pdunhw zdjhv

Lq wdeoh 6/ zh suhvhqw ghvfulswlyh vwdwlvwlfv uhvshfwlyho| rq pdunhw zdjhv/ frpsxwhg

iurp wkh vdpsoh/ dqg lpsolflw zdjhv +ru vkdgrz zdjhv, wkdw duh frpsxwhg e| pxo0

wlso|lqj wkh pdujlqdo surgxfwlylwlhv ri oderxu e| wkh rxwsxw sulfh1 Frpsdulqj wkh

lpsolflw sulfh iru oderxu +�W, dqg wkh pdunhw zdjh +�, doorzv wr frqfoxgh zkhwkhu

uhfxuvlylw| krogv +�W ' �, ru qrw +�W 9' �,1 Lpsolflw zdjhv iru wkh wkuhh fdwhjrulhv ri

oderxu +kluhg oderxu dqg pdoh dqg ihpdoh idplo| oderxu, duh frpsxwhg revhuydwlrq

e| revhuydwlrq xvlqj wkh hvwlpdwhv ri wkh surgxfwlrq ixqfwlrq1 Zh dvvxphg dzd|

dq| xqrevhuyhg khwhurjhqhlw| lq pdujlqdo surgxfwlylwlhv ri lqsxwv dqg zh frpsxwhg

khwhurvnhgdvwlf0frqvlvwhqw vwdqgdug huuruv ri lpsolflw zdjhv e| xvlqj wkh yduldelolw| ri

wkh hvwlpdwhv e| wkh ghowd phwkrg +Dphpl|d/ 4<;8,1 Wkh frpsxwhg vwdqgdug huuruv

duh orzhu erxqgv iru wkh wuxh vwdqgdug huuruv ri lpsolflw zdjhv li wkhuh lv xqrevhuyhg

khwhurjhqhlw|1 Dq lqirupdwlyh vwdwlvwlf lv wkh fruuhodwlrq ehwzhhq wkh pdunhw dqg wkh

lpsolflw zdjhv dsshdulqj lq wdeoh 61E1 Lw lv vljql�fdqwo| srvlwlyh iru kluhg oderxu/ exw

lw lv yhu| vpdoo iru idplo| krxuv ri zrun/ dqg hyhq qhjdwlyh iru ihpdoh idplo| oderxu1

Dv wkhvh hvwlpdwhv duh gluhfw phdvxuhv ri uhdo pdujlqdo surgxfwlylwlhv/ lw lqglfdwhv

wkdw wkh uhodwlrqvkls ehwzhhq pdunhw zdjhv dqg lpsolflw zdjhv lv vwurqjhu iru kluhg

oderxu wkdq iru idplo| oderxu/ zklfk zrxog frqirup zlwk wkh lghd wkdw pdunhw zdjhv

duh htxdo wr wkh lpsolflw zdjhv ri kluhg oderxu dqg qrw wr wkh lpsolflw zdjhv ri idplo|

oderxu1
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Uhvxowv uhjduglqj uhfxuvlylw| duh jlyhq lq wdeoh 61F1 Zh frpsxwhg wkh iuhtxhqflhv

ri revhuydwlrqv iru zklfk wkh pdunhw zdjh lv deryh/ ehorz ru zlwklq wkh frq�ghqfh

lqwhuydo ri wkh hvwlpdwhg lpsolflw zdjh1 Wklv lqglfdwru frxog eh yhu| vhqvlwlyh wr

dq| phdvxuhphqw huuru lq pdunhw zdjhv dqg zh dfnqrzohgjh wkdw rxu surfhgxuh

lv qrw urexvw lq vxfk d vlwxdwlrq1 Wkhuhiruh/ zh dovr surylgh d ghvfulswlrq ri wkh

fkdudfwhulvwlfv ri krxvhkrogv zklfk idoo rxwvlgh wkh erxqgv wr vhh li wkh| frqirup

zlwk wkh sulru lghdv wkdw zh kdyh derxw uhfxuvlylw|1

Wkh vwurqjhvw uhvxow lq wdeoh 61F lv wkdw wkh pdunhw zdjh iru ihpdoh oderxu lv kljkhu

wkdq wkh lpsolflw zdjh iru qhduo| kdoi ri wkh vdpsoh1 Wkhuhiruh uhfxuvlylw| ehwzhhq

frqvxpswlrq dqg surgxfwlrq ghflvlrqv grhv qrw vhhp wr krog1 Iru kluhg oderxu dqg

iru pdoh idplo| oderxu/ uhvxowv duh ohvv vwulnlqj= ;<( ri wkh revhuydwlrqv duh vxfk wkdw

wkh pdunhw zdjh ehorqjv wr wkh <3( frq�ghqfh lqwhuydo ri wkh fruuhvsrqglqj lpsolflw

zdjh dqg derxw 43( ri wkh vdpsoh kdv dq lpsolflw zdjh wkdw lv orzhu wkdq wkh pdunhw

zdjh1 Ixuwkhupruh/ wkh vwdqgdug ghyldwlrq ri wkh hvwlpdwru ri pdoh idplo| oderxu

lpsolflw zdjh lv yhu| kljk1 Lq idfw/ dowkrxjk wkh phgldq ri pdoh lpsolflw zdjh lv 3177

zkloh wkh phdq ri wkh pdunhw zdjh lv 81;8/ wkh odwwhu vwloo idoo lq wkh <3( frq�ghqfh

lqwhuydo ri wkh lpsolflw zdjh lq ;<( ri wkh fdvhv1 Zh duh wkhuhiruh pruh frq�ghqw rq

wkh uholdelolw| ri wkh ihpdoh lpsolflw zdjhv hvwlpdwhv dqg rxu whvw zrxog ohdg xv wr

frqfoxgh wkdw ihpdoh idplo| oderxu lv dq lpsruwdqw vrxufh ri qrq0uhfxuvlylw|1

Wkh gl�huhqfh ehwzhhq lpsolflw zdjhv dqg pdunhw zdjhv frxog dulvh iurp d plv0

vshfl�fdwlrq ri wkh surgxfwlrq ixqfwlrq1 Lq idfw/ li wkhuh zhuh rqo| rqh djulfxowxudo

rxwsxw/ wkh vshfl�fdwlrq ri wkh surgxfwlrq ixqfwlrq zrxog qrw ghshqg rq wkh uhfxu0

vlylw| ri krxvhkrogv* ghflvlrqv ehfdxvh lw lv d whfkqrorjlfdo uhodwlrqvkls1 Wkhuh duh

pdq| rxwsxwv wkrxjk dqg dv h{sodlqhg lq vhfwlrq 614/ zh djjuhjdwhg wkhp xvlqj pdu0

nhw sulfhv1 Li ghflvlrqv zhuh qrw uhfxuvlyh ehfdxvh ri vrph pdunhw idloxuhv/ uhodwlyh

wr vrph rxwsxwv/ wkh djjuhjdwh rxwsxw lqgh{ wkdw zh ghulyhg frxog eh lqfruuhfw dqg

wkh surgxfwlrq ixqfwlrq plvvshfl�hg1 Pdujlqdo surgxfwlylw| ri idplo| oderxu zrxog

qrw eh frqvlvwhqwo| hvwlpdwhg dqg pljkw eh gl�huhqw iurp pdunhw sulfh ehfdxvh ri

wklv plvvshfl�fdwlrq1 Wklv zrxog dovr eh lqglfdwlyh krzhyhu wkdw uhfxuvlylw| grhv qrw
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krog dowkrxjk lq dq lqgluhfw zd|1

Wr wu| wr kdyh d ehwwhu lghd derxw wkh hpslulfdo uhohydqfh ri wkh qrq0uhfxuvlylw|

uhvxow/ zh h{dplqhg lq pruh ghwdlov wkh krxvhkrog fkdudfwhulvwlfv dffruglqj wr wkh

ohyho ri wkhlu lpsolflw zdjhv iru ihpdoh idplo| oderxu uhodwlyh wr wkh pdunhw zdjhv1

Dffruglqj wr wkh deryh hvwlpdwhv/ zh glvwlqjxlvk wzr jurxsv ri krxvhkrogv= wkrvh

zkrvh pdunhw zdjh ihoo deryh wkh <3( frq�ghqfh lqwhuydo ri wkh lpsolflw zdjh dqg

wkh rwkhuv91 Wkh jurxsv ri krxvhkrogv zkrvh lpsolflw zdjh iru ihpdoh idplo| oderxu

lv ohvv wkdq wkh fruuhvsrqglqj pdunhw zdjh frqvlvw lq 7<( ri wkh srsxodwlrq1

Wkhruhwlfdo dujxphqwv whoo xv wkdw li lpsolflw zdjh olhv ehorz wkh pdunhw zdjh/

fruuhvsrqglqj krxvhkrogv vkrxog idfh udwlrqlqj ru qhjdwlyh h{whuqdolwlhv ri sduwlfl0

sdwlrq lq wkh oderxu pdunhw1 Zh revhuyh +wdeoh 7, wkdw krxvhkrogv iru zklfk wkh

pdunhw sulfh iru ihpdoh oderxu lv deryh wkh <3( frq�ghqfh lqwhuydo ri wkh lpsolflw

zdjh duh krxvhkrogv idflqj d orzhu sulfh iru wkhlu djulfxowxudo rxwsxw +S, wkdq rwkhu

krxvhkrogv1 Wklv frxog eh gxh wr phdvxuhphqw huuruv lq rxwsxw sulfhv vlqfh zh xvh

wkhp zkhq frpsxwlqj wkh lpsolflw zdjhv1 Qhyhuwkhohvv/ lw vkrxog wkhq eh wuxh dovr

iru wkh lpsolflw sulfhv ri wkh wzr rwkhu w|shv ri oderxu zkhuh lq idfw rqo| 43( ri

wkh vdpsoh lv vxfk wkdw wkh pdunhw zdjh lv deryh wkh lpsolflw zdjh1 Wkh krxvhkrogv

zkrvh lpsolflw zdjh lv orzhu wkdq wkh pdunhw zdjh dovr kdyh d uhodwlyho| kljkhu pdu0

nhw zdjh +ZK,1 Wklv/ lq wxuq/ frxog eh gxh wr phdvxuhphqw huuruv lq pdunhw zdjhv1

Qrqhwkhohvv/ wkh ohyho ri surgxfwlrq wkh| dfklhyh lv pxfk kljkhu/ zkhwkhu phdvxuhg

lq devroxwh whupv +\YQHW, ru shu khdg +\YQHW2DGW,1 Wkhvh krxvhkrogv xvh pruh

ri wkhlu rzq zrun irufh rq wkh idup +KPDO/ KIHP, dqg pruh vhhgv +VHPY, wkdq

wkh rwkhuv1 Frqyhuvho|/ wkh| xvh ohvv fdslwdo +FDS, wkdq rwkhuv1 Ixuwkhupruh/ wkhvh

krxvhkrogv duh revhuyhg zlwk d +qrq vljql�fdqwo|, orzhu udwlr ri r�0idup hpsor|phqw

wr idplo| vl}h +KRII2IV, ru wr rq0idup zrun +KRII2KRQ,1 Wkhvh �qglqjv duh doo

frqvlvwhqw zlwk wkh lghd wkdw wkhvh krxvhkrogv pljkw idfh d frqvwudlqw rq wkhlu vxsso|

9Dv wklv surfhgxuh lv sxuho| ghvfulswlyh/ zh suhihu wr orrn gluhfwo| dw wkh gl�huhqfhv lq phdqv
dfurvv wkh wzr jurxsv lq wkh srsxodwlrq1 Uxqqlqj uhjuhvvlrqv zlwk wkh vkdgrz zdjh dv ghshqghqw
yduldeoh zrxog qrw doorz dq| ehkdylrxudo lqwhusuhwdwlrq vlqfh doo yduldeohv rq wkh uljkw0kdqg vlgh
duh srwhqwldoo| hqgrjhqrxv ehfdxvh wkh| duh ghwhuplqhg e| wkh vdph krxvhkrog xqrevhuyhg h�hfwv
wkdq wkh vkdgrz zdjhv1
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ri r�0idup zrun1 Ehfdxvh udwlrqlqj ghsulyhv wkhp ri dq dowhuqdwlyh lqfrph jhqhudw0

lqj dfwlylw|/ wkh| sxw pruh h�ruw lqwr wkhlu djulfxowxudo surgxfwlrq wkdq rwkhuv/ hyhq

wkrxjk wkhlu rxwsxw sulfh lv orzhu1 Wklv h�ruw wudqvodwhv lq d zlghu xvh ri lqsxwv wkdw

gr qrw qhfhvvdulo| qhhg wr eh sxufkdvhg rq wkh pdunhw +idplo| oderxu/ vhhgv, dqg

frqyhuvho|/ lq d ohvvhu xvh ri pdunhw sxufkdvhg lqsxw vxfk dv fdslwdo1

Ilqdoo|/ d orzhu lpsolflw sulfh lv fruuhodwhg zlwk d odujhu qxpehu ri phpehuv ri

wkh krxvhkrog zkhwkhu pdoh +QP, ru ihpdoh +QI,1 Wkhvh uhvxowv duh frqvlvwhqw zlwk

wkh xvxdo k|srwkhvhv ri ghfuhdvlqj pdujlqdo surgxfwv ri oderxu1 Wkh hgxfdwlrq ri

wkh krxvhkrog khdg ru ri krxvhkrog phpehuv dqg wkh txdqwlw| ri kluhg oderxu +qrw

uhsruwhg lq wkh wdeohv, duh qrw gl�huhqw lq wkh wzr jurxsv1

Wkh ghvfulswlyh dqdo|vlv dsshduv wr frq�up wkh dujxphqw wkdw wkh fkdudfwhulvwlfv

ri krxvhkrogv zkrvh lpsolflw zdjhv duh orzhu wkdq pdunhw zdjhv gl�hu iurp wkrvh

ri krxvhkrogv iru zklfk wkh htxdolw| ehwzhhq wkh wzr fdq qrw eh uhmhfwhg1 Lw dovr

surylghv vxssruw iru wkh lghd wkdw wklv gl�huhqfh lv olnho| wr eh gxh wr frqvwudlqwv rq

oderxu vxsso|1

Wkhuh duh krzhyhu rwkhu h{sodqdwlrqv iru orz lpsolflw zdjhv1 Iru h{dpsoh/ li wkhuh

lv d srvlwlyh h{whuqdolw| lq wkh dfwlylw| shuiruphg dw krph/ vxfk dv fklog uhdulqj/ wkh

pdujlqdo surgxfwlylw| ri rq idup zrun vkrxog lqfoxgh wkh ydoxdwlrq ri wklv dfwlylw|:1

Wklv xqghuolqhv wkdw wkh frpsdulvrq ehwzhhq lpsolflw dqg pdunhw zdjhv lv rqo| d

uhgxfhg irup h{huflvh dqg wkh| duh pdq| frpshwlqj h{sodqdwlrqv iru wkh uhvxowv

rewdlqhg1

Dowrjhwkhu/ rxu uhvxowv vhhp wr uhmhfw uhfxuvlylw| iru d odujh sduw ri wkh vdpsoh/

dowkrxjk wklv lv frqglwlrqdo wr wkh fruuhfw phdvxuhphqw ri pdunhw dqg lpsolflw zdjhv1

Lq idfw/ dffruglqj wr wkh deryh hvwlpdwhv/ kdoi ri wkh krxvhkrogv lq wkh vdpsoh +49;,

kdyh dq lpsolflw zdjh iru pdoh dqg 2ru ihpdoh oderxu wkdw gl�huv iurp wkh fruuhvsrqg0

lqj pdunhw zdjh1 Wkh xvh ri d qrq0uhfxuvlyh prgho ri uxudo krxvhkrog ehkdylrxu zkhq

dqdo|}lqj F÷wh g*Lyrluh gdwd grhv vhhp wr eh dgylvdeoh rq wkhvh jurxqgv1

:Zh wkdqn rqh uhihuhh iru wklv dujxphqw1

56



71 Frqfoxvlrq1

Lq wklv sdshu/ zh vkrzhg wkdw wkh htxdolw| ri lpsolflw dqg pdunhw sulfhv ri jrrgv

wkdw duh hlwkhu surgxfhg ru xvhg dv lqsxwv e| djulfxowxudo krxvhkrogv lv d qhfhvvdu|

dqg vx!flhqw frqglwlrq iru wkh uhfxuvlylw| ri wkhlu ghflvlrq pdnlqj1 Pruhryhu/ zh

xqghuolqhg wkh idfw wkdw wkh frpsdulvrq ehwzhhq lpsolflw dqg pdunhw sulfhv pd| eh

xvhg wr surylgh lqirupdwlrq dv wr zk| wkh uhfxuvlylw| frqglwlrq pd| qrw krog1 Wkh

sudfwlfdo xvhixoqhvv ri wkh dssurdfk ghyhorshg lq wkh sdshu lv ghprqvwudwhg xvlqj dq

hpslulfdo looxvwudwlrq edvhg rq gdwd iurp F÷wh g*Lyrluh1

Wkh delolw| wr gldjqrvh qrq uhfxuvlylw| kdv lpsruwdqw lpsolfdwlrqv iru hfrqrplf

srolf| sxusrvhv1 Lq idfw/ lq rughu wr suhglfw wkh uhvsrqvh ri djulfxowxudo krxvhkrogv wr

furs sulfh fkdqjhv/ lw lv qhfhvvdu| wr hvwdeolvk zkhwkhu ghflvlrq pdnlqj lv uhfxuvlyh

ru qrw dqg/ dffruglqjo|/ wr xvh dq dssursuldwh prgho1 Ixuwkhupruh/ lq wkh fdvh

ri qrq uhfxuvlylw|/ wkh uhvsrqvh wr sulfh fkdqjhv ghshqgv qrw rqo| rq suhihuhqfh

sdudphwhuv exw/ dovr/ rq wkh uhdvrq zk| wkh uhfxuvlylw| frqglwlrq idlov wr krog wuxh1

Wkh phwkrgrorj| ghyhorshg lq wklv sdshu surylghv vrph lqglfdwlrqv dv wr wkh uhdvrq

zk| wkhuh pd| eh vxfk d idloxuh1

Wkh dssurdfk zh suhvhqw kljkoljkwv wkh krxvhkrog vshfl�f qdwxuh ri uhfxuvlylw|/

vrphwklqj zklfk kdv lpsruwdqw lpsolfdwlrqv iru djjuhjdwh prghov1 Lq idfw/ li vrph

djulfxowxudo krxvhkrogv glvsod| uhfxuvlyh ehkdylrxu zkloh rwkhuv gr qrw/ qr uhsuhvhq0

wdwlyh djhqw fdq eh gh�qhg1 Wkxv/ dv vrrq dv d vl}hdeoh sursruwlrq ri krxvhkrogv

kdyh qrq0uhfxuvlyh ehkdylrxu/ prghov xvhg wr pdnh srolf| uhfrpphqgdwlrqv vkrxog

vshfli| ghpdqg dqg surgxfwlrq ixqfwlrqv zklfk duh frpsdwleoh zlwk qrq uhfxuvlyh

ghflvlrq pdnlqj1 Wkh huuru uhvxowlqj iurp d idloxuh wr fruuhfwo| vshfli| wkh prgho

lv juhdwhu wkdq wkdw rewdlqhg zkhq vxsso| ixqfwlrqv duh hvwlpdwhg lq uhgxfhg irup/

d uhvxow srlqwhg rxw e| gh Mdqyu|/ Idifkdpsv dqg Vdgrxohw +4<<4,1 Wkh uhfxuvlylw|

gldjqrvwlf sursrvhg lq wklv sdshu hqdeohv wkh vkduh ri qrq uhfxuvlyh krxvhkrogv wr

eh phdvxuhg dqg wkhuhiruh wkh dssursuldwhqhvv ri pdfur prghov wr eh dvvhvvhg1 Wkh

uhvxowv ri wkh hpslulfdo looxvwudwlrq xvlqj gdwd iurp F÷wh g*Lyrluh vxjjhvw wkdw wkh
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uhfxuvlylw| frqglwlrq grhv qrw krog iru ihpdoh oderxu iru qhduo| kdoi ri wkh vdpsoh

dqg wkhuhiruh wkdw/ lq wklv fdvh/ wkh xvh ri d uhsuhvhqwdwlyh djhqw iudphzrun lv rshq

wr txhvwlrq1
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UHIHUHQFHV=

Dlqvzruwk P1 dqg M1 Pxôr} +4<;9,= �Wkh F÷wh g*Lyrluh Olylqj Vwdqgdugv
Vxuyh|�/ ZS59/ OVPV/ Wkh Zruog Edqn1

Dphpl|d/ W1/ +4<;8,/ Dgydqfhg Hfrqrphwulfv/ Edvlo Eodfnzhoo= R{irug1
Ehqmdplq G1 +4<<5,= �Krxvhkrog Frpsrvlwlrq dqg Oderxu Ghpdqg= D Whvw

ri Uxudo Oderxu Pdunhw H!flhqf|�/ Hfrqrphwulfd/ 93+5,=5;:06551
Ehuwkìoìp| M1F1 dqg I1 Erxujxljqrq +4<<9,= Jurzwk dqg Fulvlv lq F÷wh

g*Lyrluh/ Wkh Zruog Edqn=Zdvklqjwrq1
Fkdpehuv U1J1 +4<;;,= Dssolhg Surgxfwlrq Dqdo|vlv/ Fdpeulgjh Xqlyhuvlw|

Suhvv/ Fdpeulgjh1
Ghdwrq D1 dqg G1 Ehqmdplq +4<;:,= �Krxvhkrog Vxuyh|v dqg Srolf| Uhirup=

Frfrd dqg Fr�hh lq wkh F÷wh g*Lyrluh�/ GS467/ Sulqfhwrq Xqlyhuvlw|1
Ghdwrq D1 dqg M1 Pxhooedxhu +4<;3,= Hfrqrplfv dqg Frqvxphu Ehkdylrxu/

Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh1
Glhzhuw Z1H1 +4<:4,= �Dq Dssolfdwlrq ri wkh Vkhskdug Gxdolw| Wkhruhp= D

Jhqhudol}hg Ohrqwlhi Surgxfwlrq Ixqfwlrq�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ :<=7;40
83:1

Jurrwdhuw F1 +4<;9,= �Phdvxulqj dqg Dqdo|}lqj Ohyhov ri Olylqj lq Ghyhorslqj
Frxqwulhv= Dq dqqrwdwhg Txhvwlrqqdluh/ ZS57/ OVPV/ Wkh Zruog Edqn1

Mdfre| K1 +4<<6,= �Vkdgrz Zdjhv dqg Shdvdqw Idplo| Oderu Vxsso|= dq
Hfrqrphwulf Dssolfdwlrq wr wkh Shuxyldq Vlhuud�/ Uhylhz ri Hfrqrplf Vwxglhv 93=
<360551

gh Mdqyu| D1/ P1 Idifkdpsv dqg H1 Vdgrxohw +4<<4,= �Shdvdqw Krxvh0
krog Ehkdylrxu zlwk Plvvlqj Pdunhwv= Vrph Sdudgr{hv H{sodlqhg�/ Wkh Hfrqrplf
Mrxuqdo/ 434=473304:1

gh Mdqyu| D1/ H1 Vdgrxohw/ P1 Idifkdpsv dqg V1 Udnl +4<<5,= �Vwuxf0
wxudo Dgmxvwphqw dqg wkh Shdvdqwu| lq Prurffr= D Frpsxwdeoh Krxvhkrog Prgho�/
Hxurshdq Uhylhz ri Djulfxowxudo Hfrqrplfv 4<=75:0786

Mxqdqndu S1Q1 +4<;;,= �Wkh Uhvsrqvh ri Shdvdqw Iduphuv wr Sulfhv Lqfhq0
wlyhv�/ ZS Xqlyhuvlw| ri Hvvh{1

Od�rqw/ M1M/ +4<;6,/ Frxuv gh wkìrulh plfurìfrqrpltxh/ Hfrqrplfd= Sdulv1
Odpehuw/ V1 dqg W1/Pdjqdf/ +4<<7,/ �Phdvxuhphqw ri Lpsolflw Sulfhv ri

Idplo| Oderxu lq Djulfxowxuh= dq Dssolfdwlrq wr F÷wh g*Lyrluh� lq hgv Fdloodyhw/
Jx|rpdug dqg Oliudq/ Djulfxowxudo Krxvhkrog Prghoolqj dqg Idplo| Hfrqrplfv/
Hovhylhu=Dpvwhugdp/ <0571

Orsh} U1H1 +4<;7,= �Hvwlpdwlqj Oderxu Vxsso| dqg Surgxfwlrq Ghflvlrqv rv
Vhoi0Hpsor|hg Idup Surgxfhuv�/ Hxurshdq Hfrqrplf Uhylhz/ 57=940;51

Orsh} U1H1 +4<;9,= �Vwuxfwxudo Prghov ri wkh Idup Krxvhkrog wkdw Doorz
iru Lqwhughshqghqw Xwlolw| dqg Sur�w Pd{lpl}dwlrq Ghflvlrqv�/ lq hgv Vlqjk/ Vtxluh
dqg Vwudxvv/ Djulfxowxudo Krxvhkrog Prghov= H{whqvlrqv/ Dssolfdwlrqv dqg Srolf|/
Edowlpruh= Mrkqv Krsnlqv X1S1

Qdndmlpd F1 +4<9<,= �Vxevlvwhqfh dqg Frpphufldo Idplo| Idupv= Vrph Wkhr0
uhwlfdo Prghov ri Vxemhfwlyh Htxloleulxp� lq hg F1I1 Zkduwrq/ Vxevlvwhqfh Djulfxowxuh
dqg Hfrqrplf Ghyhorsphqw/ Dgolqh/ Fklfdjr1

Vdgrxohw/H1/ D1gh Mdqyu| dqg F1/Ehqmdplq/ +4<<9,/ �Krxvhkrog Ehkdylrxu
zlwk Lpshuihfw oderxu Pdunhwv�/ ZS :;9/ G1 ri Djulfxowxudo dqg Uhvrxufh Hfrqrplfv/
Ehunhoh|1

Vlqjk L1M1/ O1 Vtxluh dqg M1 Vwudxvv +4<;9,= Djulfxowxudo Krxvhkrog Prghov=
H{whqvlrqv/ Dssolfdwlrqv dqg Srolf|/ Edowlpruh= Mrkqv Krsnlqv X1S1
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Vnrx�dv/ H1 +4<<7,= �Xvlqj Vkdgrz Zdjhv wr Hvwlpdwh Oderu Vxsso| ri Djul0
fxowxudo Krxvhkrogv�/ Dphulfdq Mrxuqdo ri Djulfxowxudo Hfrqrplfv/ :9/ Pd|=548055:1

Wdnd|dpd/ D1/ +4<;8,/ Pdwkhpdwlfdo Hfrqrplfv/ Fdpeulgjh X1S1=Fdpeulgjh1
Wklmvvhq/ J1 +4<;;,= �Hvwlpdwlqj d Oderxu Vxsso| Ixqfwlrq ri Idup Krxvh0

krogv�/ Hxurshdq Uhylhz ri Djulfxowxudo Hfrqrplfv/ 48=9:0:;1
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Surri ri sursrvlwlrq 51;

Ehiruh surylqj wkh sursrvlwlrq/ zh ghulyh wkh ydoxh ri uhprylqj wkh furvv0frqvwudlqwv
lq wkh jhqhudo surjudp1 Wkh pdujlqdo h�hfw ri elqglqj frqvwudlqwv/ 7ES� ^ � /� � r
ru 8 ES� ^ � /c�� � @ +dw wkh srlqw @ ' f, lv jlyhq e|=

YO
Yr

' j�

YO
Y@

' B�

Li d frqvwudlqw lv qrw elqglqj/ j& ' f ru B& ' f/ dqg wkhuh lv qr h�hfw ri uhprylqj
wklv frqvwudlqw rq xwlolw|1 Wkh pdujlqdo h�hfw rq xwlolw| ri fkdqjhv lq lqfrph dqg
frqvwudlqwv lv jlyhq e|=

_T ' T�_� n j�_rn B�_@ +14,

zkhuh wkh pdujlqdo h�hfw ri uhprylqj doo furvv frqvwudlqwv rq xwlolw| lv rewdlqhg
e| d pdujlqdo fkdqjh=

j�_rn B�_@

Qrz/ e| gh�qlwlrq +515, lpsolhv wkdw=

L� ' RW

�T� +15,

Frqvlghu fkdqjhv _�c _rc _@ dqg wkh fruuhvsrqglqj fkdqjhv lq frqvxpswlrq _S '
E_S�c �c _S�c �� dqg surgxfwlrq _^� Wkh pdujlqdo h�hfw rq xwlolw| lv jlyhq e|=

_T '
[
�

L�_S� ' T� �
[
�

RW

� _S� ' T�RW�_S

E| gh�qlwlrq +515, dovr lpsolhv wkdw=

>C� ' T�RW

�

Dv lq doo fdvhv wkdw zh duh jrlqj wr frqvlghu +�c ��c ���, wkh whfkqrorjlfdo frqvwudlqw
CE^� � f lv elqglqj/ lw lpsolhv wkdw=

T� �RW�_^ ' f

dqg wkhuhiruh=
_T ' T� �RW�E_S� _^� +16,

Zh fdq wxuq qrz wr wkh surri ri wkh sursrvlwlrq1 Zh suryh lq vhtxhqfh wkdw
E��� , E���� , E�� , E����

41E��� , E����= Vlqfh wkh exgjhw frqvwudlqw lv elqglqj/ R�E_S� _^� ' _� dqg=

_T ' T�_� n j�_rn B�_@

' T�R�E_S� _^� n j�_rn B�_@

Xvlqj +16, dqg RW ' Rc
j�_rn B�_@ ' f
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Wkhuh lv qr h�hfw rq xwlolw| ri uhprylqj doo furvv frqvwudlqwv1 +Lw grhv qrw lpso|
qhfhvvdulo| wkdw doo Odjudqjh pxowlsolhuv duh }hur dw wkh rswlpxp exw wkdw wkh| fdqfho
rxw1 Dq h{dpsoh ri vxfk d fdvh zrxog eh d plvvlqj pdunhw lpsrvlqj= ^�� S� � f dqg
S�� ^� � f� Lw fdq kdsshq wkdw wkh wzr frqvwudlqwv edodqfh hdfk rwkhu dqg wklv lv wkh
fdvh zkhq RW

�
' R�,�

51 E���� , E�� G li wkhuh lv qr h�hfw rq xwlolw| ri uhprylqj doo frqvwudlqwv 7 dqg 8 /
+S, lv htxlydohqw wr=

4@ Sc^ LES�

vxemhfw wr

����� R
�ES� ^ � /� � �
CE^� � f

Wkh exgjhw frqvwudlqw dqg wkh whfkqrorjlfdo frqvwudlqw duh elqglqj1 Dqg zh fdq
dsso| ohppd 51:1

61 E�� , E��� G Li wkh surjudp lv uhfxuvlyh/ wkhq rswlpdo ghflvlrqv wr +S, duh
rewdlqhg e| vroylqj +S�, dqg +S2,1 Wkh exgjhw frqvwudlqw dqg wkh whfkqrorjlfdo
frqvwudlqw duh elqglqj1 E| vroylqj +S�,/ zh ghulyh wkdw=

RW

� ' kR�

zkhuh k lv d frh!flhqw ri sursruwlrqdolw|1 Xvlqj +16,/ zh kdyh=

_T ' T� �kR�E_S� _^�

dv wkh exgjhw frqvwudlqw lv elqglqj/ R�E_S� _^� ' _� / wkhq k ' ��

5<



Wdeoh 4= Ghvfulswlyh vwdwlvwlfv

Yduldeoh Phdq Vwg Ghy Plq Pd{
ODQGW 4194 4194 3 481;3

FDS 61:3 45164 3 <3133
ODQG@ 318: 3179 3 51:3
FKLP 414: 61:4 3 761<:

S ;174 ;168 31:7 88194
QPDO 616< 513; 3 45133
QIHP 61<4 5179 3 48133

QDGWP 414; 31<< 3 :133
QDGWI 41<5 416< 3 <133

ODE 415; 518: 3 5;145
KPDO 5164 41;6 3 43168
KIHP 51<8 5194 3 53163

ZK 81;; 5194 518 48133
\YQHW 481:9 76178 3149 9:715;

Qrwhv= @48 krxvhkrogv ghfoduh d txdqwlw| ri odqg xvhg htxdo wr }hur dqg qhyhuwkhohvv
uhsruw srvlwlyh djulfxowxudo rxwsxw1 Wkh| duh krxvhkrog zlwk d yhu| orz rxwsxw +dyhudjh
3166,1 Lw lv olnho| wkdw lw lv surgxfhg pdlqo| rq wkh odqg orfdwhg lpphgldwho| durxqg wkh
krxvh +jdughq, dqg qrw lq d �hog dv vxfk/ ohdglqj wr wklv uhsruwhg }hur odqg xvhg1

Vdpsoh vl}h= 6:6

Gh�qlwlrqv ri yduldeohv=
ODQGW @ duhd ri dydlodeoh odqg/ lq 4<;9 +43 kd,>
FDS @ htxlsphqw/ lq 4<;9 +43/333 FID,>
ODQG @ duhd ri odqg xvhg/ lq 4<;9 +43 kd,>
FKLP @ fkhplfdo lqsxwv/ lq 4<;9 +h{shqglwxuhv lq 43/333 FID,>
S @ rxwsxw sulfh lqgh{ 4<;9>
QPDO/ QIHP/ QDGWP/ QDGWI @ qxpehu ri pdoh/ ihpdoh/ dgxow pdoh dqg dgxow

ihpdoh phpehuv lq wkh krxvhkrog lq 4<;9>
ODE @ txdqwlw| ri kluhg oderxu +4/333 krxuv,/ 4<;9 +xqghu wkh dvvxpswlrq wkdw d gd|

ri kluhg oderxu lv 43 krxuv orqj,>
KPDO/ KIHP @ qxpehu ri krxuv zrunhg |hduo| rq wkh idup uhvshfwlyho| e| pdoh dqg

ihpdoh phpehuv ri wkh krxvhkrog +4/333 krxuv,/ 4<;9>
ZK @ orfdo gdlo| pdunhw zdjh iru pdoh zrunhuv +433 FID,/ 4<;9>
\YQHW @ rxwsxw/ 4<;9 +txdqwlw| lqgh{/ qhw ri vhhgv,>
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Wdeoh 5= Hvwlpdwhv ri wkh surgxfwlrq ixqfwlrq

Yduldeoh Hvwlpdwhv W0udwlr
U?|eoSeR| 518<84 31:4

��e6�S@,r
�

2 418;3< 3195
M�oe_ ,@KJ�o

�

2 418577 31::
u@?_

�

2 0481;4;; 4178
�@R�|@,

�

2 0413499 3195
�@,e �J�or

�

2 6148<8 4175
8e6@,e �J�or

�

2 419564 4136
��e6�S@,r

�

2 �M�oe_ ,@KJ�o
�

2 0413697 31:;
��e6�S@,r

�

2 � u@?_�

2 613;95 3197
��e6�S@,r

�

2 � �@R�|@,
�

2 3188;: 415;
��e6�S@,r

�

2 ��@,e �J�or
�

2 4138;7 3196
��e6�S@,r

�

2 � 8e6@,e �J�or
�

2 0518868 5174
M�oe_ ,@KJ�o 041866: 4185

M�oe_ ,@KJ�o
�

2 � u@?_�

2 :1476: 5135
M�oe_ ,@KJ�o

�

2 � �@R�|@,
�

2 0314<9; 315:
M�oe_ ,@KJ�o

�

2 ��@,e �J�or
�

2 031<<3< 3198
u@?_ 519<75 318<

u@?_
�

2 � �@R�|@,
�

2 416758 3184
u@?_

�

2 ��@,e �J�or
�

2 031:;33 314;
u@?_

�

2 � 8e6@,e �J�or
�

2 417<4: 3183
�@R�|@, 0317;;: 41<:

�@R�|@,
�

2 ��@,e �J�or
�

2 031;464 3197
�@R�|@,

�

2 � 8e6@,e �J�or
�

2 416:43 41;9
�@,e �J�or

�

2 � 8e6@,e �J�or
�

2 0414587 31;9

Qrwhv= Wkh ghshqghqw yduldeoh lv \YQHW 1 Wkh vdpsoh vl}h lv 6:61
Wkh lqvwuxphqwv duh= sulfh lqglfhv iru gl�huhqw surgxfwlrq jurxsv lq 4<;8/ jhrjudsklfdo

gxpplhv uhvshfwlyho| iru hdvw0iruhvw/ zhvw0iruhvw/ vdydqqdk dqg Ndvvrx odnh vxuurxqglqjv/
txdqwlw| ri vhhgv xvhg lq 4<;8/ txdqwlw| ri rwkhu lqsxwv xvhg lq 4<;8 +wudqvsruw,/ qxpehu
ri pdoh dqg ihpdoh idplo| phpehuv lq 4<;8 dqg vrph furvv0surgxfwv ri wkhvh lqvwuxphqwv1
Wkh vshfl�fdwlrq vhdufk zdv frqwurohg e| whvwv ri ryhulghqwli|lqj uhvwulfwlrqv lq dq dvfhqglqj
rughu1

Vdujdq whvw = 641<:/ zlwk 5< gi +Sure@31654,
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Wdeoh 6= Pdunhw dqg vkdgrz zdjhv ri kluhg oderxu dqg pdoh dqg ihpdoh
idplo| oderxu1

61D1 Pdunhw Zdjhv=

M�oe_ ,@KJ�o �@,e �J�or 8e6@,e �J�or

Phdq 81<3 81;8 81::
Vdpsoh vwdqgdug ghyldwlrq 5195 5195 518<

61E1 Vkdgrz Zdjhv=

M�oe_ ,@KJ�o �@,e �J�or 8e6@,e �J�or

Txdqwloh 58( 31;4 041<9 3159
Phgldq 81<< 3177 41;7

Txdqwloh :8( 4;135 5184 717;
Phdq 481:5 3195 6147

Vdpsoh vwdqgdug ghyldwlrq 6:135 5518: 4;15;
Fruuhodwlrq zlwk pdunhw zdjhv 3155 313; 03138

61F Frpsdulvrq ehwzhhq pdunhw zdjhv dqg vkdgrz zdjhv

M�oe_ ,@KJ�o �@,e �J�or 8e6@,e �J�or

	 3133 3133 3135
LF 31;< 31;< 317<
: 3144 3143 317<
Q1d1 6: 76 6;

Qrwhv= Wklv wdeoh suhvhqwv wkh sursruwlrq ri revhuydwlrqv vxfk wkdw pdunhw zdjh lv
ehorz +?, wkh orzhu erxqgdu| ri wkh <3( frq�ghqfh lqwhuydo/ ehorqj wr wklv lqwhuydo +LF, ru
lv deryh lwv xsshu erxqgdu| +A,1 Qrq dssolfdeoh +Q1d1, lqglfdwhv wkh qxpehu ri krxvhkrogv
zkr gr qrw xvh wkh fruuhvsrqglqj lqsxw1
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Wdeoh 7= Frpsdulvrq ehwzhhq qrq0uhfxuvlyh dqg uhfxuvlyh krxvhkrogv
+zlwk uhvshfw wr ihpdoh oderxu ,

�W 	 � �W ' �
q@496 q@4:4
phdq V1G1 phdq V1G1

Odqg +ODQG, 3193 3175 3186 317<
Rxwsxw sulfh +S,-- 81:9 918< 44138 <134
Qxpehu ri pdoh phpehuv +QP,-- 61:; 515: 6148 41<5
Qxpehu ri ihpdoh phpehuv +QI,-- 7173 5188 61:4 5167
Fdslwdo +FDS,-- 4159 81:3 9166 49195
Vhhgv +VHPY,-- <158 461:8 6165 8134
Pdoh krxuv +KPDO,-- 51;5 41;< 41<6 419<
Ihpdoh krxuv +KIHP,-- 61<8 51<7 5196 41<4
Pdunhw zdjh +ZK,-- 9169 51;< 814< 5144
Surgxfwlrq lqgh{ +\YQHW,-- 516< 9147 31;8 41;3
R� idup krxuv +KRII, 313: 315: 313< 3163
R� idup krxuv shu khdg +KRII2IV, 31354 313< 3136 3146
Kluhg2idplo| oderxu udwlr +ODE2KRQ,-- 3149 3157 3163 3187
R�2rq idup oderxu udwlr +KRII2KRQ, 3135 3144 31378 3163
Qhw surgxfwlrq shu khdg +\YQHW2DGW,-- 31:; 41<8 3166 3186

Qrwhv= Phdqv dqg vwdqgdug ghyldwlrqv +V1G1, duh frpsxwhg xvlqj wkh wzr vdpsohv1 --
lqglfdwhv wkdw wkh gl�huhqfh ehwzhhq wkh wzr jurxsv lv vljql�fdqw dw d 8( ohyho> - lqglfdwhv
wkdw wkh gl�huhqfh ehwzhhq wkh wzr jurxsv lv vljql�fdqw dw d 43( ohyho1
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