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41314 Devwudfw

Wklv sdshu frqvwuxfwv d jhqhudo htxloleulxp prgho zlwk prqrsrolvwlfdoo| frpshwlwlyh �upv dqg

hqgrjhqrxv pdunxsv zkhuh jryhuqphqw vshqglqj frqvlvwv ri erwk frqvxpswlrq dqg lqyhvwphqw

jrrgv1 Lw lv vkrzq wkdw zkhq pdunxsv duh frxqwhuf|folfdo/ dq lqfuhdvh lq wkh vkduh ri lqyhvwphqw

jrrgv lq wrwdo sxeolf h{shqglwxuh/ udlvhv rxwsxw/ hpsor|phqw/ dqg fdslwdo vwrfn lq wkh orqj0

uxq ohdglqj wr lqfuhdvhv lq zhoiduh dqg surgxfwlylw|1 Krzhyhu/ wklv dovr udlvhv wkh vkruw uxq

f|folfdo yduldelolw| ri wkh hfrqrp|1 Lq sduwlfxodu/ yduldqfh ri rxwsxw dqg hpsor|phqw dulvlqj

iurp whfkqrorjlfdo dqg djjuhjdwh ghpdqg vkrfnv lqfuhdvh dv wkh orqj uxq vkduh ri jryhuqphqw

lqyhvwphqw jrhv xs lpso|lqj d wudgh0r� ehwzhhq juhdwhu orqj0uxq h!flhqf| dqg kljkhu vkruw0uxq

yrodwlolw|1 Zh dsso| rxu phwkrgrorj| wr wkh srvwzdu XV hfrqrp| dqg rwkhu RHFG frxqwulhv1

5 Lqwurgxfwlrq

Xvlqj d prgho zlwk krul}rqwdoo| gl�huhqwldwhg jrrgv dqg prqrsrolvwlf frpshwlwlrq/ wklv sdshu

vkrzv krz fkdqjhv lq wkh frpsrvlwlrq ri jryhuqphqw h{shqglwxuh fdq d�hfw wkurxjk pdunxsv

erwk wkh orqj uxq h!flhqf| dv zhoo dv wkh vkruw uxq  xfwxdwlrqv ri dq hfrqrp|/ hyhq zkhq sxeolf

rxwod|v duh dvvxphg wr eh xqsurgxfwlyh1
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Wkh olqn ehwzhhq wkh frpsrvlwlrq ri sxeolf h{shqglwxuh dqg jurzwk kdv ehhq wkh irfxv ri

hqgrjhqrxv jurzwk prghov vxfk dv wkrvh ri Eduur +4<<3, dqg Ghydudmdq hw1 do1 +4<<9,/ zkhuh d

sduw ru doo ri jryhuqphqw h{shqglwxuh lv dvvxphg wr eh gluhfwo| surgxfwlyh1 Vrph dxwkruv kdyh

dovr h{soruhg wkh lpsdfw ri djjuhjdwh jryhuqphqw sxufkdvhv rq vkruw uxq rxwsxw dqg hpsor|phqw

zkhq sxeolf vshqglqj lv qrw gluhfwo| surgxfwlyh1 Lq shuihfwo| frpshwlwlyh hfrqrplhv/ dq lqfuhdvh

lq jryhuqphqw vshqglqj udlvhv krxvhkrogv *zloolqjqhvv wr vxsso| pruh oderu lq uhvsrqvh wr wkh

fruuhvsrqglqj idoo lq zhdowk dulvlqj iurp wkh lqfuhdvh lq uhdo lqwhuhvw udwh wuljjhuhg e| wkh qhhg wr

�qdqfh dgglwlrqdo jryhuqphqw vshqglqj +vhh iru h{dpsoh Dl|djdul hw do/ 4<;< dqg wkh uhihuhqfhv

wkhuhlq,1 Lq d prgho ri roljrsrolvwlf sulfh vhwwlqj/ Urwhpehuj dqg Zrrgirug +4<<5, vkrzhg wkdw

kljkhu jryhuqphqw vshqglqj fdq uhvxow lq lqfuhdvhg rxwsxw dqg hpsor|phqw zlwkrxw dq| vkliw

lq krxvhkrogv *frpqqvxpswlrq0ohlvxuh fkrlfhv1 Krzhyhu/ wkhvh vwxglhv kdyh frqfhqwudwhg rq wkh

h�hfw ri djjuhjdwh sxeolf vshqglqj udwkhu wkdq rq lwv frpsrvlwlrq1

Wkh lpsruwdqfh ri pdunxs yduldwlrqv lq xqghuvwdqglqj exvlqhvv f|foh  xfwxdwlrqv gdwhv edfn

wr Ndohfnl +4<6<, dqg Nh|qhv +4<6;,/ zkloh lw lv Ylfnuh| +4<;9/ 4<<6, zkr odwhu vxjjhvwhg wkdw wkh

jryhuqphqw frxog d�hfw zhoiduh e| sxufkdvlqj jrrgv dffruglqj wr wkh pdunxs1 Lqghhg/ d kljkhu

pdunxs zrxog qhfhvvdulo| lpso| wkdw wkh| duh pruh h!flhqwo| surgxfhg1 Lq idfw/ Ylfnuh| zhqw dv

idu dv sursrvlqj wkdw d pdunhw dqwl0lq dwlrq surjudp eh edvhg rq wkh sulqflsoh ri dq h{fhvv jurvv

pdunxs wd{14 Wklv sdshu vkrzv krz shupdqhqw fkdqjhv lq wkh frpsrvlwlrq ri sxeolf h{shqglwxuh

fdq d�hfw wkh f|folfdo uhvsrqvh ri wkh hfrqrp| e| fkdqjlqj wkh hodvwlflw| ri djjuhjdwh ghpdqg15

Wkh jryhuqphqw fdq d�hfw wkh hodvwlflw| ri djjuhjdwh ghpdqg e| vshqglqj pruh rq jrrgv zlwk

d kljkhu hodvwlflw|/ dv orqj dv sxeolf dqg sulydwh frqvxpswlrq ri wkhvh jrrgv duh qrw qhjdwlyho|

fruuhodwhg1 Rqh frxog iru h{dpsoh wklqn ri jryhuqphqw vshqglqj dv fdwhjrul}hg ehwzhhq wudgdeohv

dqg qrqwudgdeohv/ vhuylfhv dqg pdqxidfwxulqj ru ehwzhhq frqvxpswlrq dqg lqyhvwphqw jrrgv1 Lq

wklv sdshu/ zh kdyh rswhg fkrvhq wkh odwwhu rswlrq pdlqo| ehfdxvh zh zrxog olnh wr hpskdvl}h wkh

idfw wkdw wkh frpsrvlwlrq ri sxeolf rxwod|v pd| kdyh frq lfwlqj orqj uxq dqg vkruw uxq h�hfwv/

4 Vhh dovr Duqrww hw do1 +4<<7,1
5 Dowkrxjk Elov +4<;<, surylghv d vhwxs zkhuh wkh sulfh hodvwlflw| fkdqjhv lq uhvsrqvh wr ghpdqg vkrfnv/ wkh sdshu
grhv qrw surylgh d shuvxdvlyh fdvh dv wr zk| wklv fdq rffxu1 Lq frqwudvw/ wkdw olqn lv pdgh h{solflw lq rxu sdshu1
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dqg ehfdxvh lw lv jhqhudoo| djuhhg wkdw lqyhvwphqw jrrgv kdyh wkh prvw gluhfw orqj0uxq h�hfwv rq

wkh hfrqrp|16

Wkh prgho lv edvhg rq d iudphzrun ruljlqdoo| ghyhorshg e| Jdol +4<<7,1 Jrrgv duh krul}rqwdoo|

gl�huhqwldwhg zlwk hdfk jrrg ehlqj surgxfhg e| d vlqjoh �up lq d prqrsrolvwlf pdunhw1 Wkh sulfh

hodvwlflw| ri ghpdqg lv gl�huhqw iru krxvhkrogv � zkr xvh lw iru frqvxpswlrq � dqg iru �upv �

zkr xvh lw iru lqyhvwphqw1 Zh pdnh wkh fulwlfdo dvvxpswlrq wkdw wkh hodvwlflwlhv ri sxeolf ghpdqg

iru frqvxpswlrq dqg lqyhvwphqw jrrgv duh lghqwlfdo wr wkrvh ri wkh sulydwh vhfwru1 Wklv lv grqh

sulpdulo| wr nhhs wkh prgho wudfwdeoh1 Lqwurgxflqj d vshfl�f remhfwlyh ixqfwlrq dqg �qdqflqj

frqvwudlqwv ehiruh ghulylqj wkhvh hodvwlflwlhv zrxog dujxdeo| eh wkh ehvw zd| wr prgho jryhuqphqw

ehkdylru1 Krzhyhu/ wkhuh lv olwwoh frqvhqvxv lq wkh olwhudwxuh derxw zkdw wkh remhfwlyh ixqfwlrq

vkrxog eh h{fhsw iru wuhdwlqj lw dv d ehqhyrohqw glfwdwru zlwk d zhoiduh pd{lpl}lqj ixqfwlrq1 Dv

wkhuh lv olwwoh hpslulfdo ru khxulvwlf hylghqfh vxssruwlqj wklv ylhz/ zh dovr dyrlg frqwuryhuvlhv e|

rswlqj iru wklv vlpsoh uxoh1

Lq rughu wr rewdlq surf|folfdo pdunxsv/ zklfk lv dq hvwdeolvkhg ihdwxuh ri wkh XV hfrqrp|

+Zrrgirug dqg Urwhpehuj/ 4<<3/ dqg Elov/ 4<;:,/ rxu prgho uhtxluhv wkdw wkh sulfh hodvwlflw|

ri frqvxpswlrq lv odujhu wkdq wkdw ri lqyhvwphqw1 Zkhq wkh uhyhuvh lv wuxh/ pdunxsv duh frxq0

whuf|folfdo1 Li pdunxsv duh frxqwhuf|folfdo/ dq lqfuhdvh lq wkh vkduh ri sxeolf lqyhvwphqw +zkloh

nhhslqj wrwdo rxwod| frqvwdqw, orzhuv wkh pdunxs fkdujhg e| sur�w pd{lpl}lqj �upv/ ohdglqj wr

kljkhu rxwsxw/ hpsor|phqw/ lqyhvwphqw/ dqg/ �qdoo|/ zhoiduh1 Lq dggwlrq/ wkh idoo lq wkh pdunxs

sxvkhv wkh hfrqrp| wruzdugv wkh shuihfwo| frpshwlwlyh htxloleulxp/ |lhoglqj h!flhqf| jdlqv lq

whupv ri erwk oderu dqg wrwdo idfwru surgxfwlylw|1 Li pdunxsv duh surf|folfdo/ wkh vdph srolf| kdv

wkh uhyhuvh h�hfw1 Wklv sdshu vkrzv krz fkdqjhv lq wkh frpsrvlwlrq ri jryhuqphqw h{shqglwxuh

ehwzhhq frqvxpswlrq dqg lqyhvwphqw jrrgv fdq d�hfw erwk wkh orqj uxq h!flhqf| dv zhoo dv vkruw

uxq  xfwxdwlrqv ri dq hfrqrp| hyhq zkhq sxeolf h{shqglwxuh lv dvvxphg wr eh xqsurgxfwlyh1

Xvlqj d prgho zlwk krul}rqwdoo| gl�huhqwldwhg jrrgv dqg prqrsrolvwlf frpshwlwlrq zh �qg wkdw

6 Ghshqglqj rq wkh prgho/ zkhwkhu wkh hpskdvlv lv rq wudgdeohv ru qrqwudgdeohv +vhuylfhv ru pdqxidfwxulqj, fdq
dovr kdyh orqj0uxq h�hfwv rq wkh hfrqrp|1
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zkhq pdunxsv duh frxqwhuf|folfdo/ dq lqfuhdvh lq wkh vkduh ri lqyhvwphqw jrrgv lq wrwdo sxeolf

h{shqglwxuh/ udlvhv rxwsxw/ hpsor|phqw/ dqg fdslwdo vwrfn lq wkh vwhdg| vwdwh1 Zkloh wklv ohdgv wr

lqfuhdvhv lq zhoiduh dqg surgxfwlylw| lq wkh orqj uxq/ lw dovr udlvhv wkh vkruw uxq f|folfdo yduldelo0

lw| ri wkh hfrqrp|1 Lq sduwlfxodu/ yduldqfh ri rxwsxw dqg hpsor|phqw dulvlqj iurp whfkqrorjlfdo

dqg djjuhjdwh ghpdqg vkrfnv lqfuhdvh dv wkh orqj uxq vkduh ri jryhuqphqw lqyhvwphqw jrhv xs1

Txdqwlwdwlyh hvwlpdwhv xvlqj wkh prgho fdoleudwhg/ wr wkh srvwzdu X1V1 hfrqrp|/ vkrzv wkdw wkh

h�hfwv ri fkdqjlqj wkh frpsrvlwlrq ri sxeolf vshqglqj fdq eh txlwh vljql�fdqw1 Dowkrxjk wkhvh

h�hfwv duh uhyhuvhg zkhq pdunxsv duh surf|folfdo/ hpslulfdo hylghqfh lqglfdwhv wkdw lq wkh srvwzdu

X1V1 hfrqrp| pdunxsv duh lq idfw frxqwhuf|folfdo1

Dowkrxjk/ zkhq wkh sulfh hodvwlflw| ri lqyhvwphqw lv odujhu wkdq wkdw ri frqvxpswlrq/ lqfuhdvhv

lq vwhdg| vwdwh sxeolf lqyhvwphqw udlvhv vwhdg| vwdwh rxwsxw dqg zhoiduh e| ghfuhdvlqj wkh pdunxs/

wkh lqfuhdvh lq hodvwlflw| zklfk ohdgv wr wkh idoo lq wkh pdunxs/ dovr pdnhv wkh djjuhjdwh ghpdqg

ohvv vwhhs1 Frqvhtxhqwo|/ erwk h{rjhqrxv ghpdqg dqg vxsso| vkrfnv ohdg wr d odujhu dgmxvwphqw lq

txdqwlw| udwkhu wkdq sulfhv/ vr wkdw rxwsxw dqg hpsor|phqw yduldelolw| dovr lqfuhdvhv/ vxfk wkdw dv

wkh hfrqrp| lv pryhg forvhu wr wkh shuihfwo| frpshwlwlyh doorfdwlrq/ wkh f|folfdo yduldelolw| lv dovr

lqfuhdvhg1 Zlwk wkh lqfuhdvhg f|folfdo yduldwlrqv/ ghshqglqj rq wkh ohyho ri ulvn dyhuvlrq/ wkh orvv lq

zhoiduh fdq ryhufrpshqvdwh wkh jdlqv lq zhoiduh dulvlqj iurp wkh dgghg h!flhqf| vr wkdw lqfuhdvhv

lq sxeolf lqyhvwphqw fdq ghfuhdvh ryhudoo zhoiduh1 Wkxv/ fkdqjhv lq wkh orqj uxq frpsrvlwlrq ri

sxeolf h{shqglwxuh hqwdlo d wudgh0r� ehwzhhq lqfuhdvhg orqj uxq h!flhqf| dqg lqfuhdvhg vkruw uxq

yrodwlolw|1 F|folfdo fkdqjhv lq wklv hfrqrp|/ lqfoxglqj wkdw lq lqyhvwphqw lv gulyhq e| h{rjhqrxv

vxsso| dqg ghpdqg vkrfnv1

Wkh phfkdqlvp e| zklfk vkrfnv d�hfw pdunxsv lq wklv prgho gl�huv vljql�fdqwo| iurp wkh

surfhvvhv uholhg xsrq lq Edvx +4<<8, dqg Urwhpehuj dqg Zrrgirug +4<<5,1 Lq Edvx/ hdfk surgxfhu

idfhv d vwdwh ghshqghqw �phqx frvw� iru fkdqjlqj sulfhv1 Wklv jhqhudwhv sulfh uljlglw| ryhu vrph

udqjh ri djjuhjdwh vkrfnv vxfk wkdw pdunxsv ehfrph frxqwhuf|folfdo1 Urwhpehuj dqg Zrrgirug/

xvhv d vwuxfwxuh edvhg rq Urwhpehuj dqg Vdorqhu +4<;9, zkhuh �upv zlwklq dq roljrsro| frooxgh
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wr nhhs sulfhv deryh pdujlqdo frvw zlwk wkh frooxvlrq ehlqj vxssruwhg e| wkh wkuhdw wr uhyhuw wr wkh

frpshwlwlyh sulfh lq ixwxuh lq uhvsrqvh wr dq| ghyldwlrq1 Dq h{rjhqrxv lqfuhdvh lq ghpdqg udlvhv

wkh jdlqv iurp xqghufxwwlqj wkh lqgxvwu| vhw sulfh1 Wr suhyhqw d euhdngrzq ri wkh frooxvlrq/ wkh

lqgxvwu| uhyhuwv wr d orzhu sulfh dqg khqfh wr d orzhu pdunxs1 Lq frqwudvw wr wkhvh phfkdqlvpv/

lq rxu prgho/ doo sulfhv duh  h{leoh dqg wkhuh lv qr frooxvlrq1

Wkhuh vrph rwkhu ihdwxuhv ri wkh prgho wkdw duh qrwhzruwk|1 Dprqj rwkhuv/ Kdoo +4<;;, dqg

Hydqv +4<<5, kdyh vkrzq wkdw hpslulfdoo| surgxfwlylw| vkrfnv fdq eh fruuhodwhg zlwk yduldeohv/

vxfk dv fkdqjhv wr jryhuqphqw h{shqglwxuh dqg prqhwdu| lpsxovhv/ dowkrxjk lq sulqflsoh wkhvh

lqqrydwlrqv vkrxog eh ruwkrjrqdo wr wkh whfkqrorj|1 Zh vkrz wkdw/ jryhuqphqw h{shqglwxuh vkrfnv

fdq eh srvlwlyho| fruuhodwhg wr surgxfwlylw| +dv lq Edvx 4<<8,/ phdvxuhg dv wkh vwdqgdug Vrorz

uhvlgxdo/ zkhq pdunxsv duh surf|folfdo1 Dv d uhvxow/ wkh vwdqgdug phdvxuhv ri wkh Vrorz uhvlgxdo

zloo whqg wr ryhuhvwlpdwh wkh frqwulexwlrq ri whfkqrorjlfdo vkrfnv1 Lw lv dovr vkrzq wkdw zkhq

pdunxsv duh surf|folfdo li wkh dyhudjh hodvwlflw| lv vx!flhqwo| odujh wkhq lqfuhdvhv lq sxeolf lqyhvw0

phqw furzgv lq sulydwh lqyhvwphqw1 Dv sxeolf lqyhvwphqw lv qrw xvhg lq surgxfwlrq/ wkh furzglqj

lq ri sulydwh lqyhvwphqw rffxuv ehfdxvh ri jdlqv lq h!flhqf|/ zklfk lqfuhdvhv wkh pdujlqdo uhyhqxh

surgxfw ri fdslwdo ghvslwh d idoo lq wkh pdunxs1

Wkh ruljlqdo Jdol +4<<7, iudphzrun zdv frqvwuxfwhg wr vkrz krz lq wkh devhqfh ri h{rjhqrxv

vkrfnv/ vhoi0ixo�oolqj uhylvlrqv ri h{shfwdwlrqv ru vxqvsrwv fdq jhqhudwh f|folfdo  xfwxdwlrqv wkdw

duh vlplodu wr wkrvh lq uhdo hfrqrplhv1 Dowkrxjk wklv surshuw| ri wkh prgho lv uhwdlqhg lq wklv

sdshu/ zh �qg wkdw lq oljkw ri wkh pruh uhfhqw hylghqfh rq hfrqrphwulf hvwlpdwhv ri pdunxsv lw lv

gl!fxow wr mxvwli| vxqvsrw htxloleuld wr eh uhdvrqdeoh phfkdqlvpv e| zklfk f|folfdo  xfwxdwlrqv

rffxu1 Lq sduwlfxodu/ zkhq pdunxsv duh surf|folfdo/ wkh h{lvwhqfh ri vxqvsrwv uhtxluhv wkdw/ dw wkh

vwhdg| vwdwh/ wkh pdunxs kdv wr eh odujhu wkdq 5= Uhfhqw vwxglhv vxfk dv wkrvh e| Grprzlw} hw1

do1 +4<;;,/ Pruulvrq +4<<3, dqg Rolylhud Pduwlqv hw1 do1 +4<<9, w|slfdoo| hvwlpdwh pdunxsv wr eh

ohvv wkdq 4=:1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq LL suhvhqwv wkh hqylurqphqw lqfoxglqj wkh
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dvvxpswlrqv pdgh zlwk uhvshfw wr wkh ehkdylru ri jryhuqphqw h{shqglwxuh1 Vhfwlrq LLL fkdudfwhu0

l}hv wkh htxloleulxp zkloh Vhfwlrq LY glvfxvvhv wkh surshuwlhv ri wkh vwhdg| vwdwh1 Lq Vhfwlrq Y wkh

orqj uxq h�hfwv ri fkdqjlqj wkh frpsrvlwlrq ri sxeolf vshqglqj lv glvfxvvhg1 Lvvxhv lqyroylqj wkh

sodxvlelolw| ri vxqvsrw htxloleuld duh glvfxvvhg lq wkh qh{w vhfwlrq1 Vhfwlrq YLL vkrzv wkh h�hfwv

ri fkdqjlqj wkh frpsrvlwlrq ri jryhuqphqw h{shqglwxuh rq wkh hfrqrp| zkhq h{rjhqrxv ghpdqg

dqg whfkqrorjlfdo vkrfnv duh suhvhqw1 Dqg Vhfwlrq YLLL frqfoxghv wkh sdshu1

6 Wkh Hqylurqphqw

614 Krxvhkrogv

Zh dvvxph wkdw wkhuh lv d odujh qxpehu ri lghqwlfdo frqvxphuv ghqrwhg e| l @ 4> 5> ===Q zkrvh
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zkhuh flvw lv wkh txdqwlw| ri jrrg v frqvxphg e| l dw w 1 Wklv lv d frqvwdqw hodvwlflw| ri vxevwlwxwlrq

xwlolw| ixqfwlrq xvhg suhylrxvo| lq wkh olwhudwxuh rq prqrsrolvwlf frpshwlwlrq +Vshqfh 4<:9/ Gl{lw

dqg Vwljolw} 4<::,1 Wkh glvxwlolw| iurp zrunlqj olw krxuv lv jlyhq e|
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�
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Qrupdol}lqj hdfk shulrg zdjh wr xqlw| dqg ghqrwlqj e| tkw wkh sulfh ri wkh vkduhv lq �up k/ zh

fdq zulwh wkh exgjhw frqvwudlqw ri frqvxphu l dv d ixqfwlrq ri klv lqfrph/ wkh uhwxuq rq wkh vkduhv

wkdw kh rzqv dqg wkh wd{hv kh sd|v wr wkh Jryhuqphqw1 Wkxv/ li vlkw lv wkh qxpehu ri vkduhv kh

rzqv lq �up k dw wlph w dqg gkw wkh glylghqg kh uhfhlyhv iurp wkhvh vkduhv/ wkh exgjhw frqvwudlqw

lv jlyhq e|
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F|folfdo H�hfwv ri wkh Frpsrvlwlrq ri Jryhuqphqw Sxufkdvhv
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dqg dvvxph wkdw doo vkduhv duh glvwulexwhg htxdoo| dprqj frqvxphuv dw wlph w @ 3/ wkh frqvxphu*v
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Ohw Sw eh wkh frqvxphu sulfh lqgh{ fruuhvsrqglqj wr wkh frpsrvlwh frqvxpswlrq jrrg sxufkdvhg

e| wkh frqvxphuv dqg gh�qhg dv
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F|folfdo H�hfwv ri wkh Frpsrvlwlrq ri Jryhuqphqw Sxufkdvhv

Wkh lpsdfw ri wkh wd{hv fohduo| dsshduv lq wkh �uvw htxdwlrq fkdudfwhul}lqj wkh ghpdqg iru

frqvxpswlrq jrrgv1 Wkh vhfrqg htxdwlrq lv wkh oderu vxsso| dv d ixqfwlrq ri wkh frpsrvlwh sulfh

lqgh{ zlwk dq hodvwlflw| ri � dv gh�qhg deryh1 Wkh wklug lv wkh Hxohu frqglwlrq dqg fruuhvsrqgv wr

wkh idploldu fdslwdo dvvhw sulflqj htxdwlrq1 Wkh irxuwk htxdwlrq lv d olplw frqglwlrq wkdw jxdudqwhhv

wkdw wkh ydoxh ixqfwlrq lv zhoo gh�qhg1

615 Ilupv

Wkhuh duh P �upv/ hdfk surgxflqj d krul}rqwdoo| gl�huhqwldwhg frpprglw| lqgh{hg e| m @

4> 5> ===P 1 Zlwkrxw orvv ri jhqhudolw| dvvxph wkdw Q @ P 1 Wkh whfkqrorj| wr surgxfh wkhvh

jrrgv lv lghqwlfdo dfurvv �upv dqg uhtxluhv erwk oderu dqg fdslwdo zlwk d surgxfwlrq ixqfwlrq

jlyhq e|
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�
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�� �
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�4��
> 3 ? � ? 4 +6,

zkhuh |mw / n
m
w > dqg omw > ghqrwh uhvshfwlyho| wkh mwk �up*v rxwsxw/ fdslwdo vwrfn dqg oderu lqsxw1 }w

ghqrwhv wkh surgxfwlylw| vkrfn dqg iroorzv

}w.4 @ !}}w . %}w.4

zkhuh !} ? 4/ phdvxuhv wkh shuvlvwhqfh lq wkh vkrfn dqg %}w lv dq l=l=g1 glvwxuedqfh zlwk phdq �%

dqg d �qlwh srvlwlyh vxssruw ^%�> %.`1 Fdslwdo dffxpxodwlrq uhtxluhv wkh xvh ri doo P frpprglwlhv

dqg wkh odz ri prwlrq ri fdslwdo lv jlyhq e| wkh iroorzlqj htxdwlrq
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F|folfdo H�hfwv ri wkh Frpsrvlwlrq ri Jryhuqphqw Sxufkdvhv

dqg zkhuh � 5 ^3> 4` uhsuhvhqwv wkh udwh ri fdslwdo hurvlrq1 Wkxv wkh fdslwdo vwrfn ri hdfk �up

lv lqfuhdvhg e| sxufkdvlqj jrrgv iurp wkh rwkhu �upv wkdw duh pl{hg wrjhwkhu +wkurxjk wkh vdph

ixqfwlrq iru doo �upv, wr surgxfh d frpsrvlwh lqyhvwphqw jrrg i+lmw ,1 Edvx +4<<8, xvhv d whfkqrorj|

wkdw lv vlplodu lq vrph uhvshfwv1 Wkhuh rxwsxw lv surgxfhg xvlqj d frqvwdqw uhwxuqv wr vfdoh

whfkqrorj| lq oderu dqg lqwhuphgldwh jrrgv/ Tm
w @

�
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w
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�4��
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Krzhyhu/ ! zklfk phdvxuhv wkh hodvwlflw| ri vxevwlwxwlrq dprqj gl�huhqw jrrgv lq surgxfwlrq lv

dovr wkh vdph dprqj wkh jrrgv lq frqvxpswlrq vr wkdw wkh sulfh hodvwlflwlhv ri �upv dqg krxvhkrogv

duh lghqwlfdo1 Frqvhtxhqwo|/ lq Edvx wkh wudqvplvvlrq phfkdqlvp e| zklfk vkrfnv �owhu wkurxjk

wr �upv lv gl�huhqw iurp wkh surfhvv uholhg xsrq lq wklv prgho1

Li zh ghqrwh/ dv deryh/ e| skw / k @ 4> 5> ===P / wkh sulfh ri jrrg k/ wkh frvw ri wkh frpsrvlwh

lqyhvwphqw jrrg sxufkdvhg dw hdfk shulrg +l1h1 wkh wrwdo lqyhvwphqw h{shqglwxuh ri wkh �up,

lv jlyhq e| �mw @
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k
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m
kw1 Lpsolflwo|/ wklv iudphzrun uhtxluhv wkdw �upv duh qrw deoh wr

glvfulplqdwh ehwzhhq w|shv ri ex|huv1 Zkhq d ex|hu sxufkdvhv rqh xqlw ri wkh jrrg vrog e|

d �up/ wkdw ex|hu fdq eh d frqvxphu sxufkdvlqj d sduw ri klv frqvxpswlrq frpsrvlwh/ d �up

sxufkdvlqj d sduw ri lwv lqyhvwphqw frpsrvlwh/ ru wkh jryhuqphqw ex|lqj hlwkhu1 Zh dvvxph khuh

wkdw lq qrqh ri wkhvh fdvhv fdq wkh �up glvfulplqdwh dqg h{wudfw d gl�huhqw pdujlq1

Lq hdfk shulrg/ wkh �up fkrrvhv lmkw wr pd{lpl}h i+lmw , jlyhq �mw 1 Frqvhtxhqwo|/
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lv wkh sulfh lqgh{ ri wkh frpsrvlwh lqyhvwphqw jrrg1

Htxdwlrq +9,/ surylghv wkh vroxwlrq wr wkh vwdwlf doorfdwlrq sureohp idfhg e| wkh �up fkrrvlqj

wkh rswlpdo pl{ dprqj P frpprglwlhv wr dffxpxodwh fdslwdo1 Xvlqj wklv vroxwlrq/ rqh fdq wkhq
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F|folfdo H�hfwv ri wkh Frpsrvlwlrq ri Jryhuqphqw Sxufkdvhv
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Vlqfh wkh lqwhuwhpsrudo sureohp lv dovr lghqwlfdo dfurvv �upv/ zh fdq gurs wkh vxevfulsw m1

Rqh fdq wkxv vxppdul}h wkh sureohp lq +;, e|

pd{ H3

4[
w@3

�w
4

Sw

�
sw|w � }

� 4
4��

w |
4

4��

w n
� �

4��

w ��w +nw.4 � +4� �,nw,

�
+<,

zkhuh }
� 4

4��

w |
4

4��

w n
� �

4��

w lv wkh yduldeoh frvw dw wlph w1 Vroylqj +<, e| fkrrvlqj i|w> nw.4j rqh jhwv

s
3

w|w . sw @
4

4� �
}
� 4

4��

w

�
|w
nw

� �
4��

zkhuh s
3

w uhsuhvhqwv wkh ghulydwlyh ri sw zlwk uhvshfw wr |w1 Wkh deryh htxdwlrq fdq eh uhduudqjhg

dv

sw

#
s
3

w|w
sw

. 4

$
@

4

4� �
}
� 4

4��

w

�
|w
nw

� �
4��

ru/

sw

�
4� 4

�w

�
@

4

4� �
}
� 4

4��

w

�
|w
nw

� �
4��

zkhuh �w/ lv wkh sulfh hodvwlflw| ri wkh frpprglw| dqg 4
4��}

� 4
4��

w

�
|w
nw

� �
4��

lv wkh pdujlqdo frvw1

44



F|folfdo H�hfwv ri wkh Frpsrvlwlrq ri Jryhuqphqw Sxufkdvhv

Wklv jlyhv xv wkh vwdqgdug sulfh vhwwlqj uxoh lq wkh fdvh ri prqrsrolvwlf frpshwlwlrq qdpho|/ wkdw

wkh sulfh lv vhw htxdo wr d pdun0xs ryhu wkh pdujlqdo frvw/ l1h1/
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fruuhvsrqgv wr wkh ghfolqh lq wkh yduldeoh ru oderu frvw gxh wr d

xqlw lqfuhdvh lq wkh fdslwdo vwrfn1 Htxdwlrqv +9,/ +43,/ dqg +44, fkdudfwhul}h wkh rswlpdo srolf|

ixqfwlrqv ri wkh �upv lq whupv ri rxwsxw dw wlph w dqg fdslwdo vwrfn dw wlph w . 4/ wkxv ixoo|

fkdudfwhul}lqj wkh vroxwlrq wr wkh �up*v sureohp1

616 Wkh Jryhuqphqw

Dv glvfxvvhg suhylrxvo|/ zh dvvxph wkdw wkh jryhuqphqw froohfwv oxps vxp wd{hv iurp frqvxphuv

iru d wrwdo ri Ww/ zlwk Ww @
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l@4 W
l
w 1 Wkh jryhuqphqw vshqgv wkh hqwluh dprxqw rq sxufkdvlqj

frqvxpswlrq dqg lqyhvwphqw jrrgv l1h1/ Jw @ Ww1 Rqfh Ww lv ghwhuplqhg/ wkh exgjhw doorfdwlrq lv

fduulhg rxw lq d wzr vwhs surfhvv1 Iluvw/ wkh ryhudoo vhfwrudo h{shqglwxuh olplwv duh ghwhuplqhg1 Zh

ghqrwh wkhp e| �wJw iru sxeolf lqyhvwphqw dqg +4� �w,Jw iru sxeolf frqvxpswlrq/ zlwk �w 5 ^3> 4`1

Dowhuqdwlyho|/ wkh exgjhw frqvwudlqw ri wkh jryhuqphqw fdq eh zulwwhq dv
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F|folfdo H�hfwv ri wkh Frpsrvlwlrq ri Jryhuqphqw Sxufkdvhv
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Zh pdnh qrz wzr dvvxpswlrqv rq jryhuqphqw ehkdylru1 Iluvw/ zh �{ �w @ � iru doo w/ vhfrqg/

zh dvvxph wkdw iru dq| �{hg dprxqw hdupdunhg iru sxeolf frqvxpswlrq +sxeolf lqyhvwphqw,/ wkh

jryhuqphqw doorfdwhv wkh prqh| dprqj gl�huhqw jrrgv h{dfwo| lq wkh vdph zd| dv lw zrxog eh

grqh e| wkh sulydwh vhfwru1 Wklv zrxog lq h�hfw rffxu li wkh djjuhjdwru ixqfwlrq iru wkh jryhuqphqw
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Ilqdoo|/ zh dvvxph wkdw jryhuqphqw h{shqglwxuh lv vwrfkdvwlf lq wkh vhqvh wkdw jw � Jw
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+4 � !j,�j . !jjw�4 . %jw / zkhuh %jw kdv d �qlwh vxssruw ^j�> j.` frqwdlqlqj �j dqg kdv dq l=l=g1

glvwulexwlrq1 Wklv frqvwlwxwhv wkh ghpdqg vkrfnv wr wkh v|vwhp dv rssrvhg wr }w zklfk lv wkh

vxsso| vkrfn1
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F|folfdo H�hfwv ri wkh Frpsrvlwlrq ri Jryhuqphqw Sxufkdvhv

7 V|pphwulf Pdunhw Htxloleulxp

Htxdwlrqv +5,/ +9,/ +43,/ +44,/ dqg +46, wrjhwkhu zlwk wkh ryhudoo ihdvlelolw| frqglwlrqv dqg wkh

sulfh lqglfhv ghvfuleh wkh pdunhw htxloleulxp1 Krzhyhu/ ehiruh zh surfhhg ixuwkhu zlwk wkh fkdu0

dfwhul}dwlrq ri wkh htxloleulxp lw lv xvhixo wr glvfxvv wkh djjuhjdwh ghpdqg idfhg e| �upv1 Qrwh

wkdw wkh ghpdqg idfhg e| wkh �up m frpsulvlqj ri wkh ghpdqg e| frqvxphuv/ rwkhu �upv dqg wkh
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Dv lv hylghqw iurp +47,/ li � @ 3/ wkhq djjuhjdwh ghpdqg lv qrw d�hfwhg dw doo e| jryhuqphqw

h{shqglwxuh1

Qrz ohw �mw ghqrwh wkh vkduh ri lqyhvwphqw ghpdqg1 Wkhq wkh sulfh hodvwlflw| ri wkh mwk jrrg

lv jlyhq e|

�mw @ +4� �mw ,� . �mw� +48,

Wkh sulfh hodvwlflw| �mw lv d zhljkwhg vxp ri wkh frqvxphuv dqg lqyhvwruv hodvwlflwlhv1 Dqg

wkhuhiruh/ wkh pdunxs zloo ghshqg rq wkh zhljkw/ �mw 1 Ixuwkhupruh/ qrwh wkdw li wkh wzr hodvwlflwlhv

duh wkh vdph wkhq �w @ � / d frqvwdqw1

Zh uhvwulfw rxu dwwhqwlrq wr rqo| v|pphwulf htxloleuld zkhuh doo �upv surgxfh wkh vdph txdq0

wlw| dqg xvh wkh vdph dprxqw ri lqsxw/ dqg zkhuh doo frqvxphuv frqvxph wkh vdph dprxqw1

Ixuwkhupruh/ vlqfh �upv fdqqrw glvfulplqdwh ehwzhhq frqvxphuv dqg lqyhvwruv sulfh fkdujhg iru

dq| sduwlfxodu frpprglw| zloo eh wkh vdph/ uhjdugohvv ri lwv hqg xvh1 Dv d uhvxow Sw @ �w1 Zlwk

wkh dvvxpswlrq ri v|pphwu|/ zh gurs doo �up dqg krxvhkrog vshfl�f lqglfhv1
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F|folfdo H�hfwv ri wkh Frpsrvlwlrq ri Jryhuqphqw Sxufkdvhv
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�. �

� 4.��
4��

+4� �,� +54,
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F|folfdo H�hfwv ri wkh Frpsrvlwlrq ri Jryhuqphqw Sxufkdvhv

Qrwh wkdw �w.4 lv d ixqfwlrq ri �w.41 Wkhuhiruh/ li �w.4 lv shufhlyhg wr lqfuhdvh dqg �
3

+=, 9@ 3/ wkhq

sulydwh lqyhvwruv zloo lqfuhdvh ru ghfuhdvh nw.41 Li/ iru h{dpsoh/ �
3

+=, ? 3/ wkhq nw.4 zloo lqfuhdvh1

Krzhyhu/ wklv zloo lpso| wkdw �w zloo dovr ulvh1 Wkh odz ri prwlrq ri fdslwdo lv jlyhq e| +7,

nw.4 @ ^+4� �, . +�w � �jw,{w` nw +55,

Uhduudqjlqj wkh deryh |lhogv/

+�w � �jw,{w @
nw.4
nw

� +4� �,

htxlydohqwo|/

+�w � �jw,{w @
Dn

nw

#
Hw

%�
}w.4
�w.4

� 4.�
4.��

&$ 4.��
4��

� +4� �, +56,

Xvlqj wkh ghulyhg �uvw rughu frqglwlrqv d v|pphwulf pdunhw htxloleulxp iru wklv hfrqrp| fdq eh

gh�qhg dv=

Jlyhq n3 dqg }3 / d vhtxhqfh ri i}w> jwj dqg jryhuqphqw srolf| ghvfulehg e| i�> � wj/ d

v|pphwulf htxloleulxp iru wklv hfrqrp| lv d vhtxhqfh i|w> fw> ow> nw.4> �w> �w> Swj vxfk wkdw

41 {w @ D{}
4.�
4.��

w �
�

�+4��,
4.��

w n
�

+4��,
4.��

w

51 |w @ D{}
4.�
4.��

w �
��+4��,
4.��

w n
�+4.�,
4.��

w

61 ow @ Do}
�

4.��

w �
��

4.��

w n
��

4.��

w

71 Sw @
�
{w
}w

�� 4
�+4��,

n
� 4
�

w

81 zw @
4
Sw

91 �w @
�w

�w�4

:1 �w @ +4� �w,� . �w�

;1 � w @

w

|w
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<1 +�w � �jw,{w @
nw.4
nw

� +4� �,

431 nw.4 @ Dn

#
Hw

%�
}w.4
�w.4

� 4.�
4.��

&$ 4.��
4��

441 jw @ � w
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F|folfdo H�hfwv ri wkh Frpsrvlwlrq ri Jryhuqphqw Sxufkdvhv

8 Wkh Vwhdg| Vwdwh

Frqglwlrqv +4,�+44, frpsohwho| fkdudfwhul}h wkh frpshwlwlyh htxloleulxp1 Wkh rqo| lqwhuwhpsrudo

htxdwlrqv duh +<,0+44,1 Dvvxplqj wkdw � w @ � dqg �} dqg �j duh wkh phdq ydoxhv ri }w dqg jw dqg

ohwwlqj # � ��j/ lq d ghwhuplqlvwlf vwhdg| vwdwh l1h1/ }w @ �} dqg jw @ �j wkh vwhdg| vwdwh ydoxhv ri

fdslwdo dqg vkduh ri lqyhvwphqw duh jlyhq e|

+��� #,�� @
��

�. �
+57,

�n @ Dn�}
4.�
4��

�
4

��

� 4.�
4��

+58,

�� @

�
+� � �,��. �

+� � �,��� +4� �,

�
+59,

Qrwh wkdw iurp +59, lw iroorzv wkdw zkhq C�
C�

A 3 dv orqj dv � A �1 Zkhq � @ #/ wkh UKV ri

+57, lv 3 dqg prqrwrqlfdoo| lqfuhdvlqj li � A �1 Wkhuhiruh/ dv orqj dv ��
�.� ? +4� #,

�
�

��4

�
wkhuh

zloo h{lvw vrph 3 � � ? 4 iru zklfk +57, lv vdwlv�hg dqg d vwhdg| vwdwh h{lvwv1 Lq sduwlfxodu/ jlyhq

wkh prqrwrqlflw| ri +���#,�� wkh vwhdg| vwdwh zloo dovr eh xqltxh1 Krzhyhu/ li � ? � wkhq C�
C�

? 3

dqg lq zklfk fdvh pxowlsoh vwhdg| vwdwhv fdq h{lvw +Jdol/ 4<<7,1

Iurp +58, lw iroorzv wkdw zkhq �� lv kljk �n lv orz1 Vlqfh vwhdg| vwdwh rxwsxw lv jlyhq e|

�| @ D{�}
4.�
4.�� ��

��+4��,
4.�� �n

�+4.�,
4.��

d idoo lq wkh vwhdg| vwdwh pdunxs xqdpeljxrxvo| lqfuhdvhv vwhdg| vwdwh rxwsxw1 Vlploduo|/ zkhq

wkh pdunxs idoov erwk hpsor|phqw/

�o @ Do�}
�

4.�� ��
��

4.�� �n
��

4.��

dqg oderu surgxfwlylw|/

�|
�o
@ frqvw� �}

4
4�� ��

�
�

4��

4;



F|folfdo H�hfwv ri wkh Frpsrvlwlrq ri Jryhuqphqw Sxufkdvhv

dovr lqfuhdvh1

Uhfdoo wkdw |w @ }wn
�
w o

4��
w ru htxlydohqwo|/ oq |w @ oq }w . � oqnw . +4� �, oq ow1 Rqh phwkrg ri

frpsxwlqj wrwdo idfwru surgxfwlylw|/ WIS / lv wr gh�qh WISw @ oq |w � � oqnw � +4� �, oq ow1 Lq

sduwlfxodu/ wklv irupxodwlrq kdv ehhq xvhg wr ghulyh wkh frqwulexwlrq ri surgxfwlylw| vkrfn }w lq

jurzwk dqg f|folfdo yduldelolw|1 Lq frpsxwlqj wkh wrwdo idfwru surgxfwlylw|/ iroorzlqj Vrorz +4<8:,/

uhvhdufkhuv kdyh xvhg wkh vkduh ri oderu lqfrph lq qdwlrqdo lqfrph wr dssur{lpdwh �1 Lq wkh

suhvhqfh ri shuihfw frpshwlwlrq wkh vkduh ri oderu lqfrph dssur{lpdwhv � txlwh zhoo1 Krzhyhu/

xqghu lpshuihfw frpshwlwlrq l1h1/ � A 4/ wkh vkduh ri oderu lqfrph lv 4��
�

dqg wkdw ri fdslwdo �
�
1

Li wkhvh vkduhv duh xvhg wr frpsxwh surgxfwlylw| wkhq

CWIS

C�
@

C oq |

C�
�
�
�

�

�
C oqn

C�
�
�
4� �

�

�
C oq o

C�

Lw wxuqv rxw wkdw

CWIS

C�
@ � �

�+4� �,5 . �+4 . �,5
��

4� 4

�

�
+5:,

Iru � A 4/ CWIS
C�

? 3 udwkhu wkdq 3 li �/ wkh wuxh oderu hodvwlflw| zdv xvhg1 Frqvhtxhqwo|/

li wkh vwhdg| vwdwh pdunxs lqfuhdvhv/ qrw rqo| grhv rxwsxw lqfuhdvh dv vkrzq ehiruh exw dovr

wrwdo idfwru surgxfwlylw|1 Wklv/ krzhyhu/ vkrxog qrw eh vxusulvlqj1 Wkh suhvhqfh ri wkh pdunxs

fdxvhv wkh htxloleulxp wr eh vxerswlpdo lq wkh �uvw sodfh vr wkdw zkhq wkh pdunxs idoov wkhuh duh

h!flhqf| jdlqv uh hfwhg lq wkh lqfuhdvh lq wrwdo idfwru surgxfwlylw|1 Exw/ pruh lpsruwdqwo|/ lw dovr

lpsolhv wkdw idfwruv wkdw fdq fkdqjh wkh pdunxs/ vxfk dv fkdqjhv lq jryhuqphqw h{shqglwxuh +ri

d shupdqhqw nlqg iru wkh vwhdg| vwdwh dqdo|vlv, zloo eh fruuhodwhg zlwk wkh Vrorz uhvlgxdo/ l1h1/

wkh phdvxuhg idfwru surgxfwlylw|1 Lq sduwlfxodu/ vlqfh � @
�
4� 4

�

��4
/ zkhuh � @ +� � �,�. �/ li

� lqfuhdvhv dqg � � � A 3/ wkhq � idoov dv d kljkhu hodvwlflw| lpsolhv d orzhu pdunxs dv suhglfwhg

e| vwdqgdug plfurhfrqrplf wkhru|1 Li � � � ? 3 wkh rssrvlwh krogv wuxh1 Zh vxppdul}h wkhvh

�qglqjv lq wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 4 D ghfuhdvh lq wkh vwhdg| vwdwh pdunxs lv dvvrfldwhg zlwk kljkhu vwhdg| vwdwh ohyhov

4<



F|folfdo H�hfwv ri wkh Frpsrvlwlrq ri Jryhuqphqw Sxufkdvhv

ri fdslwdo vwrfn/ hpsor|phqw dqg rxwsxw dqg dovr kljkhu oderu dqg wrwdo idfwru surgxfwly0

lw|1 Pruhryhu/ li +� � �, lv srvlwlyh+qhjdwlyh, wkhq wkh vkduh ri lqyhvwphqw lq rxwsxw lv

srvlwlyho|+qhjdwlyho|, fruuhodwhg zlwk wrwdo idfwru surgxfwlylw| lq wkh orqj uxq1

9 Sxeolf H{shqglwxuh Srolf| � Wkh Orqj Uxq H�hfwv

Sursrvlwlrq 4 pdnhv lw fohdu wkdw fkdqjhv lq wkh htxloleulxp pdunxs fdq kdyh lpsruwdqw frqvh0

txhqfhv iru wkh hfrqrp| lq jhqhudo1 Lq wklv vhfwlrq zh orrn dw d sduwlfxodu zd| ri fkdqjlqj wkh

pdunxs/ qdpho| e| dowhulqj wkh vkduh ri sxeolf lqyhvwphqw/ #1 Wr vhh krz jryhuqphqw srolflhv

uh hfwhg lq wkh frpsrvlwlrq ri sxeolf h{shqglwxuh fdq d�hfw wkh pdunxs ri surgxfhuv frqvlghu wkh

h{suhvvlrq iru wkh zhljkwhg hodvwlflw| �w @ +4� �w,�. �w�1 Ghqrwh e| �sw / wkh vkduh ri lqyhvwphqw

lq wrwdo sulydwh vshqglqj/ wkhq �w @ +4� jw,�
s
w . �wjw dqg

�w @ +� � �, ^+4� jw,�
s
w . �wjw,` . �

Jryhuqphqw h{shqglwxuh/ jw/ e| lwvhoi fdq rqo| kdyh d vhfrqg0rughu h�hfw rq wkh hodvwlflw| vlqfh

li �w @ 3 wkhq �w @ +� � �, +4 � jw,�
s
w . � dqg jw fdq kdyh dq h�hfw rqo| li �sw fkdqjhv/ l1h1/

li fkdqjhv lq jryhuqphqw vshqglqj d�hfwv wkh zd| sulydwh djhqwv doorfdwh wkhlu lqfrph ehwzhhq

frqvxpswlrq dqg lqyhvwphqw1 Lq wklv prgho vlqfh lqyhvwphqw lv ghwhuplqhg e| �upv/ zkr fduh rqo|

iru wkh ryhudoo euhdngrzq ehwzhhq lqyhvwphqw dqg frqvxpswlrq/ dqg qrw zkr wkh hqg0xvhuv duh

+ e| dvvxpswlrq doo hqg0xvhuv iru wkh vdph ixqfwlrqdo sxusrvhv kdyh wkh vdph hodvwlflw|, fkdqjhv

lq jw zloo eh frpsohwho| r�vhw e| fkdqjhv lq �sw vxfk wkdw +4 � jw,�
s
w uhpdlqv frqvwdqw1 Li lq

frqwudvw/ krxvhkrogv ghflghg rq wkh ohyho ri lqyhvwphqw wkhq �sw zrxog suredeo| qrw pryh hqrxjk

wr frpsohwho| r�vhw wkh fkdqjh lq jw vxfk wkdw +4� jw,�
s
w zrxog fkdqjh ohdglqj wr d fkdqjh lq wkh

hodvwlflw|1 Lq sduwlfxodu lw zrxog ghshqg rq krz jryhuqphqw h{shqglwxuh fkdqjhv erwk glvsrvdeoh

lqfrph ri krxvhkrogv dqg wkh lqwhuhvw udwh lq wkh hfrqrp| dqg wkh uhdfwlrq ri sulydwh lqyhvwphqw

wr vxfk fkdqjhv1 Krzhyhu/ li �w 9@ 3 wkhq fkdqjhv lq erwk �w dqg jw pdwwhu lq htxloleulxp1 Zkhq

jw ru �w lv dowhuhg/ wkh ryhudoo frpsrvlwlrq ri rxwsxw fkdqjhv fdxvlqj wkh hodvwlflw| wr fkdqjh zklfk

53



F|folfdo H�hfwv ri wkh Frpsrvlwlrq ri Jryhuqphqw Sxufkdvhv

lq wxuq ohdgv wr d fkdqjh lq wkh pdunxs1

Lq wkh vwhdg| vwdwh/ +���#,�� @ ��
�.� dqg �� @

�
+���,��.�

+���,���+4��,

�
1 Vxevwlwxwlqj wkh vhfrqg htxdwlrq

lq wkh �uvw zh kdyh +�� #,
�

+���,�.�
+���,��+4��,

�
� ��

�.� @ 31 Vlqfh +���,��.�
+���,���+4��,

9@ 3 iru 3 � � � 4 dqg

� � 3/ wkh vwhdg| vwdwh uhodwlrqvkls ehwzhhq � dqg # fdq eh h{suhvvhg dv � @ i+#,1

Ohppd 4 Li � ? � wkhq 3 ? gi
g#

? 41 Rwkhuzlvh/ gi
g#

A 4 li �+��4, A +��#,+���, dqg gi
g#

? 3

li �+� � 4, ? +�� #,+� � �,1

Surri1 Iroorzv gluhfwo| iurp gl�huhqwldwlqj +i+#,� #,
�

+���,i+#,.�
+���,i+#,�+4��,

�
� ��

�.� @ 31

Iurp wkh deryh ohppd lw iroorzv wkdw zkhq � ? �/ li sxeolf lqyhvwphqw lqfuhdvhv/ dowkrxjk vkduh

ri wrwdo lqyhvwphqw jrhv xs � g�
g#

A 3 � wkh lqfuhdvh lv ohvv wkdq wkh dprxqw e| zklfk sxeolf

lqyhvwphqw lv udlvhg � g�
g#

? 41 Wklv lpsolhv wkdw wkh vkduh ri sulydwh lqyhvwphqw pxvw idoo1 Vlqfh �

lqfuhdvhv zkhq # lv udlvhg dqg ��� ? 3/ lw iroorzv iurp � @ +���,�.� dqg � @
�
4� 4

�

��4
wkdw

wkh pdunxs dovr lqfuhdvhv1 Zlwk � ehlqj udlvhg vwhdg| vwdwh rxwsxw idoov +Sursrvlwlrq 4, vr wkdw

qrw rqo| grhv wkh vkduh ri sulydwh lqyhvwphqw ghfuhdvh exw dovr lwv ohyho1 Shupdqhqw lqfuhdvhv lq

sxeolf lqyhvwphqw/ lq wklv fdvh/ furzgv rxw sulydwh lqyhvwphqw1 Krzhyhu/ li ��� A 3 dqg wkh sulfh

hodvwlflw| ri djjuhjdwh ghpdqg lv vx!flhqwo| kljk/ l1h1/ �+��4, A +��#,+���,/ qrw rqo| grhv wkh

vkduh ri wrwdo lqyhvwphqw lqfuhdvh exw dovr lqgxfhv dq lqfuhdvh lq wkh vkduh ri sulydwh lqyhvwphqw �

g�
g#

A 41 Jlyhq wkdw �� � A 3/ wkh vwhdg| vwdwh pdunxs idoov dqg rxwsxw dovr lqfuhdvhv +djdlq gxh

wr Sursrvlwlrq 4, vr wkdw wkh ohyho ri sulydwh lqyhvwphqw dovr lqfuhdvhv1 Lq frqwudvw wr wkh suhylrxv

fdvh/ sxeolf lqyhvwphqw furzgv lq sulydwh lqyhvwphqw1 Vlqfh lqfuhdvlqj � ru j zkloh nhhslqj wkh

rwkhu xqfkdqjhg lq htxlydohqw wr lqfuhdvlqj # zh kdyh wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 5 Li � lv lqfuhdvhg nhhslqj j frqvwdqw ru j lv lqfuhdvhg nhhslqj � frqvwdqw dqg li

� � � A 3 dqg �+� � 4, A +� � #,+� � �, wkhq wkh vwhdg| vwdwh ohyhov ri rxwsxw/ sulydwh

lqyhvwphqw/ dqg hpsor|phqw duh lqfuhdvhg dorqj zlwk oderu surgxfwlylw| dqg wrwdo idfwru

surgxfwlylw|1 Wkh rssrvlwh rffxuv li � � � ? 31

Surri1 Iroorzv iurp sursrvlwlrq 4 dqg ohppd 41
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Wkh orqj uxq h�hfwv ri fkdqjlqj jryhuqphqw h{shqglwxuh dqg lwv frpsrvlwlrq ghshqg rq

zkhwkhu lqyhvwru hodvwlflw| lv odujhu wkdq frqvxphu hodvwlflw| dqg wkh zhljkwhg dyhudjh ri wkh wzr

hodvwlflwlhv � wkh hodvwlflw| ri djjuhjdwh ghpdqg1 Dv zh dujxh odwhu lq wkh sdshu/ lw lv pruh olnho|

wkdw � � � A 3 iru wkh srvw zdu X1V1 hfrqrp|1 Lq zklfk fdvh/ lqfuhdvlqj wkh vkduh ri lqyhvwphqw

lq jryhuqphqw h{shqglwxuh grhv lq idfw lqfuhdvh rxwsxw/ hpsor|phqw dqg surgxfwlylw|1 Wkh vdph

h�hfwv duh dovr rewdlqhg li wkh vkduh ri jryhuqphqw vshqglqj lv lqfuhdvhg nhhslqj lwv frpsrvlwlrq

xqfkdqjhg1 Wr dvfhuwdlq wkh vkruw uxq h�hfwv zh qhhg wr frpsxwh wkh whpsrudo htxloleuld ri wkh

hfrqrp|1 Krzhyhu/ jlyhq wkh qdwxuh ri wkh hqylurqphqw forvhg irup vroxwlrqv fdqqrw eh rewdlqhg1

Wr jhw durxqg wkh sureohp/ zh frqvwuxfw d olqhdu dssur{lpdwlrq wr wkh htxloleuld dqg vwxg| wkh

vkruw uxq lpsdfw ri jryhuqphqw vshqglqj xvlqj wkh dssur{lpdwh vroxwlrq1

: Vxqvsrw Htxloleuld

Lq d uhfhqw sdshu/ Jdol +4<<7, xvhg wklv hqylurqphqw wr vkrz krz htxloleuld wkdw duh gulyhq e|

vhoi0ixo�oolqj uhylvlrqv ri h{shfwdwlrqv fdq jhqhudwh wlph vhulhv zlwk surshuwlhv wkdw duh vlplodu wr

wkrvh revhuyhg lq X1V1 srvwzdu exvlqhvv f|fohv1 Wkh eholhi wkdw vxqvsrw htxloleuld fdq jhqhudwh

hpslulfdoo| uhdvrqdeoh wlph vhulhv surshuwlhv kdyh ehhq vkduhg e| rwkhuv vxfk dv Iduphu dqg Jxr

+4<<7, dqg Zrrgirug +4<<4, dprqj rwkhuv1 Krzhyhu/ xqolnh lq Jdol/ wkh rwkhu prghov uho| rq

vrph irup ri lqfuhdvlqj uhwxuqv ru h{whuqdolwlhv wr gholyhu wkh vxqvsrw htxloleuld1 Dowkrxjk Jdol*v

dssurdfk lv dsshdolqj vlqfh lw holplqdwhv wkh qhhg wr uho| rq h{rjhqrxv vkrfnv wr jhqhudwh f|fohv/

zh �qg wkdw iru wkh X1V1 srvwzdu hfrqrp| lw lv qrw d sodxvleoh phfkdqlvp wr xvh lq vwxg|lqj

f|folfdo  xfwxdwlrqv1

:14 H{lvwhqfh ri vxqvsrwv

Wr vhh krz vxqvsrw htxloleuld pd| eh jhqhudwhg lq wklv hfrqrp| dqg zk| wkh| duh qrw sodxvleoh

zh wxuq rxu dwwhqwlrq wr vwxg|lqj wkh prgho*v f|folfdo ehkdylru1 Iluvw/ zh olqhdul}h htxloleulxp

frqglwlrqv +4,/ +9, dqg +<,0+43, durxqg wkh vwhdg| vwdwh dv lpsolflwo| jlyhq e| +57, dqg +58, wr

rewdlq dssur{lpdwh forvhg irup vroxwlrqv1 Ohw �{ @ i��> �n> �}j ghqrwh wkh vwhdg| vwdwh ri wkh v|vwhp1
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Wkh olqhdul}hg htxdwlrqv duh

a{w @ d4a}w � d5a�w � d6anw +5;,

a�w @ e4a�w +5<,

a�w @
4

f4
anw.4 � 4

f4
anw � �

f4
a{w . f5ajw +63,

anw.4 @ g4Hw

�
a}w.4 � a�w.4

�
+64,

zkhuh wkh frh!flhqwv duh wkh sduwldo ghulydwlyhv hydoxdwhg dw wkhlu vwhdg| vwdwh ydoxhv +vhh wkh

dsshqgl{ iru ghwdlov,1 E| xvlqj +5;, / +5<, / +63, > +64, ehfrphv

anw.4 @ Hw

k
h4a}w.4 . h5anw.5 . h6ajw.4

l
+65,

Qrz vxssrvh m h5 mA 41 Frqvlghu �uvw wkh shuihfw iruhvljkw htxloleulxp l1h1/ a}w.4 @ 3 dqg

ajw @ 3 ;w @ 3> ===41 Wkh �uvw htxdwlrq lq wklv v|vwhp lv an4 @ h5an51 Frqvhtxhqwo|/ wkhuh lv qr

uhvwulfwlrq rq n4 lpsrvhg e| wkh lqlwldo fdslwdo vwrfn n3 l1h1/ wkh v|vwhp ri htxdwlrqv/ anw.4 @ h5anw.5

;w @ 3> ===4/ duh xquhvwulfwhg e| wkh lqlwldo vwrfn ri fdslwdo1 Wkhuh lv dq xqltxh vwhdg| vwdwh jlyhq

e| anw.4 @ 3 ;w @ 3> ===41 Pruhryhu/ wkh shuihfw iruhvljkw htxloleulxp lv vwdeoh1 Dq| vhtxhqfh

ri
q
anw.4

r
vwduwlqj iurp dq dueulwudu| n4 zloo frqyhujh wr wkh vwhdg| vwdwh anw.4 @ 31 Vlqfh/ n3

grhv qrw uhvwulfw wkh fkrlfh ri n4/ wkhuh lv dq lqghwhuplqdwh qxpehu ri shuihfw iruhvljkw htxloleuld1

Krzhyhu/ ri wkhvh htxloleuld wkhuh lv rqh wkdw lv vwdwlrqdu| qdpho|/
q
anw.4

r
@ 3 ;w @ 3> ===4

zklfk lv wkh vwhdg| vwdwh htxloleulxp1 Exw wklv lv qrw wkh rqo| vwdwlrqdu| htxloleulxp1 Durxqg

d vx!flhqwo| vpdoo qhljkerukrrg ri wkh vwhdg| vwdwh wkhuh pd| eh pruh wkdq rqh vxfk htxloleuld

+Zrrgirug 4<<4/ Jdol 4<<7,1 Wr vhh zk| wkh vwhdg| vwdwh lv qrw wkh rqo| vwdwlrqdu| htxloleulxp

qrwh wkdw Hw

k
anw.4 � h5anw.5

l
@ 3 lv wkh yhuvlrq ri +65, zkhq wkhuh lv qr lqwulqvlf xqfhuwdlqw|

+%}w @ 3 dqg %jw @ 3, zklfk lv wkh rswlpdo fdslwdo dffxpxodwlrq uxoh iroorzhg e| lqyhvwruv1 Odjjhg

rqh shulrg/ wkh uxoh lv jlyhq e| Hw�4

�
anw.4 � 4

h5
anw
�

@ 31 Qrz vxssrvh lqyhvwruv* eholhyh wkdw

lqyhvwphqw iroorzv anw.4 @ 4
h5
anw . vw/ zkhuh wkh udqgrp yduldeoh vw lv d uhdol}dwlrq ri dq l=l=g=
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suredelolw| glvwulexwlrq zlwk Hw�4vw @ 3 dqg ghvfulehg ryhu d forvhg vxssruw ^d> e` frqwdlqlqj wkh

vwhdg| vwdwh1 Dowkrxjk wklv uxoh vwloo lpsolhv wkdw Hw�4

�
anw.4 � 4

h5
anw
�
@ 3 zklfk lv frqvlvwhqw zlwk

wkh rswlpdo srolf| +65,/ wkh h{wulqvlf xqfhuwdlqw| vw fdq jhqhudwh lqyhvwphqw sdwkv wkdw ghshqg

vroho| rq lw1 Li m h5 m? 4 wkhq wkh vroxwlrq wr anw.4 @
4
h5
anw.vw lv jlyhq e| anw.4 @ Hw

S
m@3 +h5,

m
vw.m

;w @ 4> ===41 Dv Hwvw.m @ 3/ anw.4 @ 3 ;w @ 4> ===4 lv wkh xqltxh vwdwlrqdu| vroxwlrq1 Exw li

m h5 mA 4/ wkhq wkh vroxwlrq lv

anw.4 @
[
m@3

�
4

h5

�m

vw�m ;w @ 3> ===4 +66,

zlwk an4 @ h5v3 dqg wkh htxloleulxp sdwk ri fdslwdo vwrfn lv ghwhuplqhg hqwluho| e| fxuuhqw dqg

sdvw uhdol}dwlrqv ri wkh vxqvsrw yduldeoh vw
61 Krzhyhu/ li djhqwv gr qrw eholhyh wkdw wkh vxqvsrw

pdwwhuv iru wkh fdslwdo vwrfn l1h1/ anw.4 9@ 4
h5
anw . vw exw anw.4 @ 4

h5
anw/ wkhq wkh rqo| vwdwlrqdu|

htxloleulxp srvvleoh lv wkh rqh zkhuh ianw.4j @ 3 ;w @ 3> ===41

Vlqfh wkh h{lvwhqfh ri vxqvsrwv ghshqg rq wkh sdudphwhu h5 zh qh{w surylgh lwv fkdudfwhul}dwlrq1

Ohppd 5 m h5 m? 4 li dqg rqo| li 4� �+4��,
4.�

k
4 .

�
��

����#

�
4
�%�

l
A 471

Surri1 Vhh dsshqgl{1

Zkloh wkh wkhruhwlfdo srvvlelolw| ri vxqvsrwv h{lvwlqj kdyh ehhq hvwdeolvkhg lw vwloo uhpdlqv wr

eh vkrzq zkhwkhu hpslulfdoo| vxfk htxloleuld vkrxog eh frqvlghuhg vhulrxvo|1 Wr wklv hqg/ lq wkh

qh{w vhfwlrq zh xvh d vxlwdeo| sdudphwhul}hg hfrqrp| wr surylgh wkh dqvzhu1

:15 Wkh Olnholkrrg ri Vxqvsrwv

Lq wklv vhfwlrq/ zh uhvwulfw wkh ydulrxv sdudphwhuv ri wkh prgho wr eh frpsdwleoh zlwk wkh srvw0zdu

X1V1 hfrqrp| xvlqj orqj0uxq dqg plfur0ohyho gdwd dqg hfrqrphwulf vwxglhv1 Iroorzlqj/ N|godqg

dqg Suhvfrww +4<<3, zh vhw �� @ 3=54/ wkh vkduh ri lqyhvwphqw lq djjuhjdwh rxwsxw1 Ghshqglqj rq

zkhwkhu lqyhvwphqw lq ghihqvh htxlsphqw lv lqfoxghg �# @ 3=356 ru 3=361 Zh vhw wkh ghsuhfldwlrq

udwh dw � @ 3=349 shu txduwhu vxfk wkdw wkh vwhdg| vwdwh fdslwdo0rxwsxw udwlr lv durxqg 431 Wklv

ghsuhfldwlrq udwh lv gl�huhqw iurp wkh 3=358 zklfk lv qrupdoo| xvhg dssur{lpdwlqj dq dqqxdo udwh
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ri 43 shufhqw1 Xvlqj wkh dyhudjh ulvn0iuhh lqwhuhvw udwh shu txduwhu lq wkh srvwzdu X1V1 hfrqrp|

zh vhw � @ 3=34 ru � @ 3=<<1 W|slfdoo|/ htxloleulxp exvlqhvv f|foh prghov dvvxph h{wuhpho| odujh

oderu vxsso| hodvwlflwlhv1 Krzhyhu/ hvwlpdwhg hodvwlflwlhv kdyh ehhq lq jhqhudo yhu| orz +forvh wr

}hur iru dgxow zklwh pdohv, dqg kdyh uduho| ehhq ryhu 5 +Nloolqjvzruwk dqg Khfnpdq 4<;9,1 Lq

rxu prgho zh vhw ) @ 41 Wklv ohdyhv ehklqg xquhvroyhg wkh ydoxhv iru �> �> � dqg �1 Qrwh wkdw

wkh vwhdg| vwdwh frqglwlrq +�� � #,� @ ��
�.� lpsolhv wkdw iru dq| ydoxh ri � wkhuh lv dq xqltxh �

frqvlvwhqw zlwk lw1

Xvlqj lqgxvwu| gdwd/ Kdoo +4<;:/ 4<;<, hvwlpdwhg � ri ryhu 4=; iru doo wkh rqh0gljlw lqgxvwulhv1

Vxevhtxhqw zrun e| Grprzlw}/ Kxeedug dqg Shwhuvhq +4<;;, dqg Pruulvrq +4<<3, kdyh vkrzq

wkdw hvwlpdwhv ri pdunxsv wkdw udqjh iurp 4=5 wr 4=: duh pruh uhdvrqdeoh1 Wklv udqjh ri ydoxhv

iru � vhhp pruh uhdvrqdeoh dovr rq wkh jurxqg wkdw iru wkh srvwzdu X1V1 hfrqrp| sur�w pdujlqv

kdyh ehhq udwkhu vpdoo1 Pruh uhfhqwo|/ Pduwlqv/ Vfdushwwd dqg Slodw +4<<9, hvwlpdwhg wkh dyhudjh

pdunxs iru wkh X1V1 hfrqrp| wr eh durxqg 4=481 Rq vhfwrudo edvlv/ wkh| irxqg wkdw pdunxsv iru

prvw lqgxvwulhv zhuh ehwzhhq 4=38 dqg 4=871 Krzhyhu/ Jdol +4<<7, dvvxphv d vwhdg| vwdwh ydoxh ri

� 5 ^5=3> 6=36` xvlqj hylghqfh iurp Kdoo +4<;;,1 Wkhvh wzr udqjhv l1h1/ ^5=3> 6=36` dqg ^4=5> 4=:` kdyh

vljql�fdqw ehkdylrudo gl�huhqfhv1 Wr vhh wkhvh gl�huhqfhv lq d pruh wudqvsduhqw pdqqhu frqvlghu

wkh gdwd lq Wdeoh 41 Lw ghvfulehv wkh ydoxhv ri i�> �j frqvlvwhqw zlwk d jlyhq �1 Wdeoh 4 dovr olvwv

wkh fruuhvsrqglqj vljq ri h5 dqg zkhwkhu lw lv juhdwhu ru ohvv wkdq 41 Uhfdoo wkdw li h5 lv juhdwhu

wkdq 4 wkhq vxqvsrwv duh srvvleoh1

^Wdeoh 4 khuh`

Iru hyhu| ydoxh ri � frqvlghuhg/ iru vrph uhjlrq ri i�> �j/ m h5 mA 4 vxfk wkdw lw lv srvvleoh wkdw

vxqvsrw htxloleuld pd| h{lvw iru d zlgh udqjh ri pdunxsv1 Pruhryhu/ dv fdq eh vhhq lq Wdeoh 4/

wkh lqwhuydov ri i�> �j iru zklfk vxqvsrwv h{lvw duh dovr txlwh odujh1 Frqvhtxhqwo|/ wkh h{lvwhqfh ri

vxfk htxloleuld lq wkh hqylurqphqw glvfxvvhg lq wklv sdshu grhv qrw ghshqg rq yhu| vshfl�f ydoxhv

ri sdudphwhuv1 Qrwh/ wkdw iru ydoxhv ri i�> �j forvh wr rqh dqrwkhu m h5 m? 4 dqg iru vx!flhqwo|
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dsduw ydoxhv m h5 mA 41 Wklv lpsolhv/ dv ghvfulehg e| Jdol/ iru vxqvsrwv wr h{lvw wkh wzr hodvwlflwlhv

qhhg wr eh vx!flhqwo| idu dsduw1 Li � dqg � duh forvh wr rqh dqrwkhu �%� lv h{wuhpho| vpdoo vxfk

wkdw 4
�%�

lv yhu| odujh zklfk lq wxuq lpsolhv wkdw m h5 m@
�
4� � +4� �,

4 . �

�
4 .

� ��
��� #

�
4

�%�

���4
zloo

eh vpdoo dqg vxqvsrw htxloleuld fdqqrw h{lvw1

Krzhyhu/ zkhq � lv vpdoo h1j1/ 4=5 ru 4=8/ vxqvsrwv h{lvw rqo| lq wkh uhjlrq � ? �1 Iru odujhu

ydoxhv ri wkh pdunxs h1j1/ iru ydoxhv frqvlghuhg e| Jdol l1h1/ � 5 ^5> 6=36`/ m h5 mA 4 lq uhjlrqv zkhuh

� ? � dv zhoo dv � A �1 Wkh gl�huhqfh lq wkh ehkdylru ri wkh hfrqrp| iru odujhu ydoxhv ri wkh

vwhdg| vwdwh � wxuqv rxw wr eh txlwh vljql�fdqw1 Lq wkh uhjlrq � A � / wkh hodvwlflw| ri wkh pdunxs

wr �/ �%� @
+� � �,��
��
�
�� � 4

� lv qhjdwlyh1 Dw wkh hpslulfdo ohyho/ wkh X1V1 hfrqrp| glvsod|v wzr vwurqj

uhjxodulwlhv

+d, d vwurqjo| surf|folfdo lqyhvwphqw vkduh�

+e, d vwurqjo| frxqwhuf|folfdo pdunxs81

Li wkhvh wzr ihdwxuhv duh wr krog vlpxowdqhrxvo| wkhq zkhq rxwsxw lqfuhdvhv/ � vkrxog lqfuhdvh

dqg � vkrxog idoo1 Wklv lpsolhv wkdw %� ? 31 Wkhuhiruh/ li wkh prgho lv wr eh frqvlvwhqw zlwk wkh

uhjxodulwlhv glvsod|hg e| wkh X1V1 hfrqrp| lw iroorzv wkdw � A � vlqfh �%� @ +���,��
��+���4,

1 Zkloh iru

sdudphwhu ydoxhv frqvlvwhqw zlwk d vwhdg| vwdwh pdunxs � A 5=3/ vxqvsrwv fdq h{lvw +m h5 mA 4,

zkhq � A �/ lq wkh udqjh � 5 ^4> 5, wklv lv qrw wuxh1 Lq idfw iru � � 5/ vxqvsrwv idlo wr h{lvw iru

� A �1

Sursrvlwlrq 6 Li � A 3/ � A 3/ dqg � A � wkhq dw wkh vwhdg| vwdwh/ � A 5 iru vxqvsrw htxloleuld

wr h{lvw1

Surri1 Vhh dsshqgl{1

Qrwh wkdw lq wkh surri ri Sursrvlwlrq 6/ zh glg qrw xvh dq| vshfl�f sdudphwhu ydoxhv h{fhsw

iru uhvwulfwlqj wkh sdudphwhuv wr eh srvlwlyh dqg wkh pdunxs wr eh juhdwhu wkdq 41 Frqvhtxhqwo|/

wkh sursrvlwlrq krogv txlwh jhqhudoo| dqg iru wklv fodvv ri hfrqrplhv li wkh vkduh ri lqyhvwphqw lv

wr eh surf|folfdo dqg wkh rswlpdo pdunxs frxqwhuf|folfdo/ dw wkh vwhdg| vwdwh wkh pdunxs kdv wr
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eh ryhu 433 shufhqw1 Jlyhq wkh pruh uhfhqw vwxglhv glvfxvvhg suhylrxvo|/ lw lv xqolnho| wkdw wkh

orqj0uxq pdunxs iru wkh X1V1 hfrqrp| fdq eh wkdw odujh1 Lq idfw/ wkh Pduwlqv/ Vfdushwwd dqg Slodw

+4<<9, vwxg| vkrzv wkdw iru prvw RHFG frxqwulhv pdunxsv duh vxevwdqwldoo| orzhu wkdq 51

Vlpsoli|lqj wkh sdudphwhuv h4 dqg h6/ +65, ehfrphv

anw.4 @ Hw

�
g4+4� h5,a}w.4 . h5anw.5 .

�
�. �

�

�
#5h5ajw.4

�

Wklv lpsolhv wkdw li h5 A 4 wkhq anw.4 lv qhjdwlyho| fruuhodwhg zlwk whfkqrorjlfdo vkrfnv dv g4+4�

h5, ? 31 Lq wxuq/ h5 A 4 dovr lpsolhv d qhjdwlyh fruuhodwlrq iru lqyhvwphqw zklfk zh �qg wr eh

frxqwhu lqwxlwlyh1 Ixuwkhupruh/ li � 5 ^5> 6=36`/ wkh ydoxhv xvhg e| Jdol/ � 5 ^3=86> 3=;` dqg wkh

vkduh ri zdjhv lq qdwlrqdo lqfrph olhv ehwzhhq ^3=57> 3=3:`1 Wklv ydoxh lv vljql�fdqwo| gl�huhqw

iurp wkh revhuyhg vkduh ri durxqg 3=97 +Suhvfrww/ 4<;9,1 Frqvhtxhqwo|/ jlyhq wkh suhsrqghudqfh

ri erwk hpslulfdo hylghqfh dqg wkh lpsolhg lqfrqvlvwhqflhv zlwk hpslulfdo uhjxodulwlhv lw vhhpv

xqolnho| wkdw wkh yhuvlrq ri wklv prgho zlwk vxqvsrwv zloo eh d uhdvrqdeoh dssur{lpdwlrq ri wkh

uhdo hfrqrp|1

; Htxloleulxp zlwk H{rjhqrxv Ioxfwxdwlrqv dqg Sxeolf H{0
shqglwxuh Srolf|

Lq nhhslqj zlwk wkh uhvwulfwlrqv ghulyhg lq wkh suhylrxv vhfwlrq zh iroorz vwxglhv wkdw kdyh xvhg

d vlplodu iudphzrun vxfk dv Urwhpehuj dqg Zrrgirug +4<<5, dqg Edvx +4<<8, wr uhvwulfw vwhdg|

vwdwh pdunxsv wr wkh lqwhuydo ^4=5> 4=:` wkdw pdwfkhv wkh pruh uhfhqw hfrqrphwulf hvwlpdwhv1 Dv

vkrzq lq sursrvlwlrq 6/ wklv uhvwulfwlrq irufhv mh5m ? 4/ vr wkdw vxqvsrw htxloleuld duh uxohg rxw1

Pruhryhu/ lq wkh uhvw ri wklv vhfwlrq xqohvv rwkhuzlvh qrwhg zh vkdoo dovr dvvxph wkdw � A � vr

wkdw %� ? 31 Lq rughu/ wkhuhiruh/ wr jhqhudwh f|folfdo  xfwxdwlrqv zh ghshqg rq wkh wzr h{rjhqrxv

vkrfnv = +l, wkh whfkqrorjlfdo vkrfn a}w dqg +ll, wkh ghpdqg vkrfn ajw1 Frqvlghu �uvw wkh shuihfw

iruhvljkw htxloleulxp l1h1/ a}w @ 3 dqg ajw @ 3> ;w @ 3> ===41 Wkh �uvw htxdwlrq lq wklv v|vwhp lv

an4 @ h5an51 Frqvhtxhqwo|/ wkhuh lv qr uhvwulfwlrq rq n4 lpsrvhg e| wkh lqlwldo fdslwdo vwrfn n31 Wkh

xqltxh vwhdg| vwdwh ri wkh v|vwhp lv an @ 3 dqg vlqfh m h5 m? 4 lw lv xqvwdeoh/ vxfk wkdw wkh rqo|
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udwlrqdo h{shfwdwlrqv htxloleulxp lv wkh rqh zkhuh ianw.4j @ 3 ;w @ 3> ===41 Wkhuhiruh/ jlyhq dq|

lqlwldo fdslwdo vwrfn n3/ wkhuh lv dq xqltxh shuihfw iruhvljkw htxloleulxp zklfk lv dovr vwdwlrqdu|1

Wkh lqvwdelolw| ri wkh vwhdg| vwdwh doorzv wkh vwrfkdvwlf yhuvlrq ri wkh gl�huhqfh htxdwlrq +65, wr

eh iruzdug vwdeoh vxfk wkdw wkhuh lv dq xqltxh udwlrqdo h{shfwdwlrqv htxloleulxp jlyhq e|

anw.4 @ h4Hw

5
7[
m@3

hm5a}w.m.4

6
8. h6Hw

5
7[
m@3

hm5ajw.m.4

6
8 +67,

Vlqfh a}w.4 @ !}a}w . a%}w.4 dqg Hw ^a%w.4` @ 3 dqg ajw.4 @ !jajw . a%jw.4 dqg Hw

�
a%jw.4

�
@ 3 zh kdyh/

anw.4 @ !}h4Hw

5
7[
m@3

+!}h5,
m a}w

6
8. !jh6Hw

5
7[
m@3

+!jh5,
m ajw

6
8 +68,

zklfk fdq eh h{suhvvhg dv

anw.4 @
!}h4

4� !}h5
a}w .

!jh6
4� !jh5

ajw +69,

Wklv lv wkh fdslwdo dffxpxodwlrq odz ri prwlrq jhqhudwhg e| wkh htxloleulxp frqglwlrqv ri wkh

hfrqrp| dqg xvlqj wkh olqhdul}hg v|vwhp ri htxdwlrqv +5;,�+77, doo rwkhu yduldeohv fdq eh h{suhvvhg

lq whupv ri a}w dqg ajw1 Lq sduwlfxodu9/

a�w @ �}a}w � �nanw . �jajw +6:,

a�w @ e4�
}a}w � e4�

nanw . e4�
jajw +6;,

a|w @ |}a}w . |nanw . |jajw +6<,

aow @ o}a}w . ojajw . onanw +73,

Zh lqyhvwljdwh wkh h�hfwv ri fkdqjlqj wkh orqj uxq vkduh ri lqyhvwphqw jrrgv lq ryhudoo jry0

huqphqw sxufkdvhv/ �/ rq wkh f|folfdo ehkdylru ri djjuhjdwh rxwsxw |w/ lqyhvwphqw lw/ frqvxpswlrq
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fw dqg oderu ow nhhslqj wkh orqj uxq ohyho ri ryhudoo jryhuqphqw h{shqglwxuh �j frqvwdqw1 Xvlqj wkh

h{suhvvlrq iru htxloleulxp rxwsxw +6<,ghulyhg lq wkh dsshqgl{ dqg ljqrulqj wkh yduldwlrqv lq wkh

vwrfn ri fdslwdo zklfk duh jhqhudoo| vpdoo/

ydu+a|, @ +|d4,
5
�5} . +|d6,

5
�5j

vlqfh Fry+a}> an, @ 3> Fry+a}> aj, @ 3/ Fry+aj> an, @ 31 Frqvhtxhqwo|/ wkh zd| rxwsxw uhvsrqgv wr wkh

h{rjhqrxv vkrfnv/ a}w dqg ajw/ ghshqgv rq wkh sdudphwhuv |} dqg |j1 Wkhvh wzr sdudphwhuv duh

d�hfwhg e| �1 Dv d uhvxow/ zkhq wkh orqj0uxq frpsrvlwlrq ri jryhuqphqw rxwod| fkdqjhv/ lw d�hfwv

wkh zd| wkh hfrqrp| uhdfwv wr erwk vxsso| dqg ghpdqg vkrfnv1 Wkh f|folfdo yduldelolw| ri rxwsxw

fdq wkhuhiruh/ eh dffhqwxdwhg ru uhgxfhg e| wkh fkrlfh ri �1

Dv qrwhg lq wkh glvfxvvlrq rq wkh orqj uxq h�hfwv ri fkdqjhv lq wkh vkduh ri sxeolf lqyhvwphqw/

zkhq � fkdqjhv wkh sulfh hodvwlflw| ri wkh frpprglw| dovr fkdqjhv dw wkh vwhdg| vwdwh dovr fkdqjhv

vlqfh

�� @ +� � �,
�
+4� �j,��

s
. ��j

�
. �

Lq sduwlfxodu/ zkhq +� � �, A 3/ wkhq dq lqfuhdvh lq � zloo lqfuhdvh wkh hodvwlflw| dv orqj dv

��+�� � 4, A +�� � ��j,+� � �, +vhh ohppd 4,1 Wklv zloo ohdg wr d uhgxfwlrq lq wkh pdunxs1 Dsduw

iurp lqfuhdvlqj zhoiduh e| uhgxflqj wkh pdunxs dqg lqfuhdvlqj surgxfwlylw| +sursrvlwlrq 4, dq

lqfuhdvh lq � dovr lpslqjhv rq wkh zd| wkh yduldelolw| ri rxwsxw dqg yduldeohv vxfk dv hpsor|phqw/

frqvxpswlrq dqg lqyhvwphqw1 Wklv rffxuv vlqfh dq lqfuhdvh lq wkh hodvwlflw| uhvxowv lq d � dwwhqlqj�

ri wkh djjuhjdwh ghpdqg ixqfwlrq1 Zlwk d  dwwhu ghpdqg ixqfwlrq/ h{rjhqrxv vkrfnv kdyh d odujhu

h�hfw rq txdqwlw| wkdq sulfhv1 Frqvhtxhqwo|/ wkh yduldelolw| lq djjuhjdwh rxwsxw iru wkh vdph

h{rjhqrxv vkrfnv zloo eh odujhu uhvxowlqj lq d odujhu vkruw0uxq yrodwlolw| ohdglqj wr wkh iroorzlqj

vlwxdwlrq1 Rq rqh kdqg/ lqfuhdvhg jryhuqphqw lqyhvwphqw hqkdqfhv surgxfwlylw| dqg zhoiduh zkloh

rq wkh rwkhu lw dovr udlvhv wkh yrodwlolw| lq lqfrph1 Ghshqglqj rq wkh ulvn dyhuvlrq ri krxvhkrogv/

wkh orvv lq zhoiduh gxh wr lqfuhdvhg yrodwlolw| frxog/ lq sulqflsoh/ ryhuvkdgrz wkh zhoiduh jdlqv gxh

wr lqfuhdvhg surgxfwlylw| ohdglqj d wr idoo lq wkh wrwdo zhoiduh1
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;14 F|folfdo H�hfwv ri Sxeolf Lqyhvwphqw

Dowkrxjk lw lv srvvleoh wr ghulyh forvhg irup vroxwlrqv h{suhvvlqj doo wkh yduldeohv lq whupv ri

wkh h{rjhqrxv vkrfnv +vhh wkh dsshqgl{, hydoxdwlqj wkh h�hfwv ri lqfuhdvhg � dqdo|wlfdoo| lv vwloo

wrr fxpehuvrph1 Lqvwhdg/ zh xvh wkh sdudphwulf uhvwulfwlrqv ghulyhg lq wkh suhylrxv vhfwlrq

wr vlpxodwh wkh h�hfwv1 Lq wkhvh h{shulphqwv zh nhhs j frqvwdqw dw wkh orqj uxq dyhudjh iru

jryhuqphqw sxufkdvhv zklfk lv durxqg 3=541 Wkh vwhdg| vwdwh ydoxh ri � lv durxqg 3=48 zklfk

lqfoxghv lqyhvwphqw jrrgv iru ghihqvh1 Wklv lpsolhv wkdw jryhuqphqw lqyhvwphqw lv derxw 6=4

shufhqw ri JGS1

^Wdeoh 5 khuh`

Zh wdnh dv wkh ehqfkpdun wkh vwhdg| vwdwh lpsolhg e| wkh sdudphwhu ydoxhv hqxphudwhg lq

Wdeoh 5 1 Wkh xquhvroyhg yduldeohv duh � dqg �1 Krzhyhu/ jlyhq wkh surf|folfdolw| ri pdunxsv dv

glvfxvvhg lq wkh suhylrxv vhfwlrq zh nqrz wkdw � A �1 Lq wklv uhjlrq zh frqvlghu wzr vhwv ri ydoxhv

iru wkhvh yduldeohv i� @ 5=:8> � @ 5=98j dqg i� @ 6=8> � @ 5=79j1 Lq wkh �uvw vhw wkh gl�huhqfh

ehwzhhq wkh wzr hodvwlflwlhv lv vpdoo dqg lq wkh vhfrqg uhodwlyho| odujh1 Iru hdfk vhw ri sdudphwhuv

zh ydu| wkh � nhhslqj j frqvwdqw dw 3=541 D �yh shufhqwdjh srlqw lqfuhdvh +ghfuhdvh, lq � lpsolhv

d rqh shufhqwdjh srlqw lqfuhdvh+ghfuhdvh, lq vkduh ri jryhuqphqw lqyhvwphqw lq JGS1 Wkh vwhdg|

vwdwh vkduh ri sxeolf lqyhvwphqw/ #/ lv durxqg 3=36= Wdeohv 6d dqg 6e vxppdul}hv wkh h�hfwv ri

fkdqjlqj wklv vkduh e| rqh shufhqwdjh srlqw ru htxlydohqwo| fkdqjlqj � iurp lwv vwhdg| vwdwh ydoxh

ri 3=48 e| ilyh shufhqwdjh srlqwv1

^Wdeoh 6d khuh`

Zkhq # lv fkdqjhg e| 4 shufhqwdjh srlqw/ wkh vkduh ri wrwdo lqyhvwphqw � fkdqjhv e| pruh

wkdq 4 shufhqwdjh iru erwk fdvhv l1h1/ � dqg � duh forvh wr rqh dqrwkhu +Wdeoh 6d/ froxpq D, dqg �

dqg � uhodwlyho| idu dsduw +Wdeoh 6d/ froxpq E,1 Krzhyhu/ wkh pxowlsolhu h�hfw lv vrphzkdw odujhu

zkhq wkh wzr hodvwlflwlhv duh ixuwkhu dsduw � wkh pxowlsolhu lqfuhdvhv iurp 4=34387 wr 4=343<91 Rq
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wkh rwkhu kdqg/ zkhq � dqg � duh forvh wr rqh dqrwkhu/ wkh h�hfw rq wkh vwhdg| vwdwh pdunxs lv

yhu| vpdoo1 Wkh pdunxs/ � uhpdlqv doprvw xqfkdqjhg1 Wklv rffxuv ehfdxvh wkh dyhudjh hodvwlflw|/

zklfk ghwhuplqhv wkh ohyho ri wkh pdunxs/ jlyhq e| +� � �,� . � lv dssur{lpdwho| frqvwdqw dw

� zkhq � � � lv vpdoo1 Zkhq wkh gl�huhqfh ehwzhhq � dqg � lv odujh wkh fkdqjh lq wkh pdunxs

lv e| doprvw kdoi d shufhqwdjh srlqw1 Lq d vlplodu yhlq/ fdslwdo vwrfn/ oderu/ rxwsxw dqg sulydwh

frqvxpswlrq ulvh lq erwk fdvhv dowkrxjk wkh lqfuhdvh lv vkdushu zkhq wkh wzr hodvwlflwlhv duh ixuwkhu

dsduw1

Zkhq � @ 6=8 dqg � @ 5=79/ wkh h�hfw ri shufhqwdjh lqfuhdvh lq sxeolf lqyhvwphqw ohdgv wr

doprvw kdoi d shufhqw lqfuhdvh lq hpsor|phqw1 Li � zdv khog frqvwdqw dw 3=48/ wr dfklhyh wkh vdph

h�hfw jryhuqphqw h{shqglwxuh dv d shufhqwdjh ri rxwsxw zrxog kdyh kdg wr lqfuhdvh e| 8 shufhqwdjh

srlqwv/ l1h1/ iurp 3=54 wr derxw 3=591 Wkxv nhhslqj wkh frpsrvlwlrq ri sxeolf h{shqglwxuh frqvwdqw/

shupdqhqw lqfuhdvhv lq jryhuqphqw vshqglqj shupdqhqwo| lqfuhdvhv hpsor|phqw dqg rxwsxw1 Lq

prghov zlwk frqvwdqw pdunxs/ dowkrxjk vxfk h�hfwv duh suhvhqw wkh fdxvdolw| zrunv wkurxjk wkh

oderu vxsso| ghflvlrqv ri krxvhkrogv dqg ghshqgv doprvw hqwluho| rq wkh lqfrph h�hfw rq ohlvxuh1

Dq lqfuhdvh lq jryhuqphqw h{shqglwxuh ohdgv wr d ghfolqh lq sulydwh zhdowk dqg udlvhv uhdo lqwhuhvw

udwhv1 Erwk wkhvh udlvh wkh pdujlqdo xwlolw| ri zhdowk dqg fdxvhv oderu vxsso| wr ulvh +Eduur 4<;4,1

Krzhyhu/ lq wklv hqylurqphqw wkh fdxvdolw| zrunv iurp wkh ghpdqg vlgh1 Zlwk dq lqfuhdvh lq wkh

vkduh ri lqyhvwphqw/ wkh sulfh hodvwlflw| ri d �up*v rxwsxw ghfuhdvhv fdxvlqj wkh pdunxs wr idoo

dqg frqvhtxhqwo| ohdglqj wr dq lqfuhdvh lq oderu ghpdqg +iru d uhodwhg dqdo|vlv vhh Urwhpehuj

dqg Zrrgirug 4<<5,1

^Wdeoh 6e khuh`

Wkh vkruw uxq h�hfwv ri shupdqhqwo| fkdqjlqj � duh txlwh vljql�fdqw hyhq zkhq wkh gl�huhqfh

ehwzhhq � dqg � lv vpdoo +froxpq D/ Wdeoh 6e,1 Zkloh wkh shufhqw lqfuhdvh lq wkh yduldqfh ri

rxwsxw iurp wkh whfkqrorj| vkrfn lv e| doprvw 4 shufhqw/ iru oderu lw lv e| ryhu 5 shufhqw1 Wkh

h�hfw lv pruh gudpdwlf iru wkh yduldqfh fdxvhg e| ghpdqg vkrfnv1 Iru erwk hpsor|phqw dqg
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rxwsxw wkh lqfuhdvh lv e| ryhu ;8 shufhqw zklfk lqfuhdvhv wr ryhu 433 shufhqw zkhq wkh hodvwlflwlhv

duh ixuwkhu dsduw1 Wklv lqfuhdvh lq wkh yduldqfh ri hpsor|phqw dqg rxwsxw ohdgv wr d idoo lq

krxvhkrogv* zhoiduh1 Wkh orvv lq zhoiduh lv durxqg 3=36 shufhqw1 Zkhq wkh gl�huhqfh ehwzhhq wkh

wzr hodvwlflwlhv lv odujhu/ wkh orvv ri zhoiduh lqfuhdvhv dv gr wkh yduldqfhv lq rxwsxw dqg hpsor|phqw

+froxpq E/ Wdeoh 6e,1 Dv glvfxvvhg suhylrxvo|/ dq lqfuhdvh lq wkh sxeolf lqyhvwphqw lqfuhdvhv wkh

hodvwlflw| dqg ghfuhdvhv wkh pdunxs1 Zkloh wklv ohdgv wr dq lqfuhdvh lq zhoiduh gxh wr h!flhqf|

jdlqv/ wkh lqfuhdvh lq hodvwlflw| dovr pdnhv djjuhjdwh ghpdqg � dwwhu�1 Zlwk d pruh  dw ghpdqg/

dgmxvwphqwv lq txdqwlw| +rxwsxw dqg wkhuhiruh hpsor|phqw, duh odujhu wkdq lq sulfhv1 Wklv lqfuhdvh

lq yrodwlolw| whqgv wr ghfuhdvh wkh ohyho ri zhoiduh1

;15 Fruuhodwlrq ri Wrwdo Idfwru Surgxfwlylw| zlwk Ghpdqg Vkrfnv

Dvvxph lq wklv vhfwlrq wkdw a}w @ 3/ vr wkdw wkh rqo| h{rjhqrxv vkrfn wr wkh v|vwhp lv ajw1 Ohwwlqj

a{w � {w��{
�{ * oq

�
{w
�{

�
/ wrwdo idfwru surgxfwlylw| lv jlyhq e|

atw @ |n
�
4� 4

��

�
anw . |j

�
4� 4

��

�
ajw

zkhuh |j @ � )+4��,���
j

4.�� 1 Dv orqj dv wkh hodvwlflw| ri � zlwk uhvshfw wr pdunxs lv qhjdwlyh/

d frqglwlrq vdwlv�hg li � A � � zklfk lv wkh vdph uhtxluhphqw wr hqvxuh wkdw wkh pdunxs lv

surf|folfdo � wkh Vrorz uhvlgxdo/ atw/ zloo eh srvlwlyho| fruuhodwhg wr ajw/ qdpho| wkh djjuhjdwh

ghpdqg vkrfn1 Frqvhtxhqwo|/ lq wklv hfrqrp| li Vrorz uhvlgxdov duh phdvxuhg lq wkh vwdqgdug

zd| l1h1/ wkh gl�huhqfh ehwzhhq dfwxdo rxwsxw dqg wkh vkduh zhljkwhg frqwulexwlrq ri fdslwdo dqg

oderu/ lw zloo eh eldvhg xszdugv dv vkrfnv vxfk dv ajw wkdw duh h{rjhqrxv wr wkh wuxh whfkqrorjlfdo

vkrfn/ zloo eh slfnhg xs1 Zkloh/ Kdoo +4<;;, dqg Hydqv +4<<5, kdyh hpslulfdoo| vkrzq wkdw

surgxfwlylw| lv fruuhodwhg zlwk yduldeohv vxfk dv jryhuqphqw h{shqglwxuh vkrfnv/ Edvx +4<<8,

surylghv dq dujxphqw zk| wklv pd| wdnh sodfh lq d prgho zkhuh �qdo jrrg surgxfwlrq uhtxluhv

lqwhuphgldwh jrrgv1 Lq wklv hqylurqphqw krzhyhu/ wkh gulylqj irufh ehklqg wkh uhvxow lv wkh zhgjh

ehwzhhq wkh hodvwlflwlhv ri �upv dqg krxvhkrogv iru wkh vdph jrrgv1
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< Frqfoxglqj Uhpdunv

Wkdw djjuhjdwh ghpdqg d�hfwv wkh f|folfdo ehkdylru ri dq hfrqrp| e| fkdqjlqj wkh pdunxs lv zhoo

hvwdeolvkhg lq wkh olwhudwxuh zlwk pdunxsv ehkdylqj lq d frxqwhuf|folfdo pdqqhu dv lqfuhdvhv lq

ghpdqg udlvh wkh hodvwlflw| ri ghpdqg idfhg e| prqrsrolvwlfdoo| frpshwlwlyh �upv vxfk wkdw sur�w

pd{lpl}dwlrq ohdgv wr d uhgxfwlrq lq wkhlu pdunxsv1 Exloglqj rq wkh iudphzrun ghyhorshg e| Jdol

+4<<7,/ zkr vkrzhg wkdw wkh frpsrvlwlrq ri djjuhjdwh ghpdqg fdq kdyh vlplodu lpsdfw/ zh irxqg

wkdw fkdqjhv lq jryhuqphqw sxufkdvhv fdq kdyh h!flhqf| h�hfwv dv zhoo dv d�hfw wkh vkruw uxq

yrodwlolw| ri pdfurhfrqrplf yduldeohv olnh rxwsxw dqg hpsor|phqw1 Lq sduwlfxodu/ zkhq wkh sulfh

hodvwlflwlhv ri lqyhvwphqw lv odujhu wkdq wkdw ri frqvxpswlrq/ pdunxsv ehkdyh frxqwhuf|folfdoo|1 Lq

vxfk d vlwxdwlrq li wkh vkduh ri lqyhvwphqw lq wrwdo sxeolf h{shqglwxuh lv lqfuhdvhg djjuhjdwh ghpdqg

ehfrphv pruh hodvwlf dqg frqvhtxhqwo|/ rswlpdo pdunxs lv uhgxfhg1 Zlwk d idoo lq wkh pdunxs wkh

hfrqrp| lv sxvkhg wrzdugv wkh frpshwlwlyh htxloleulxp zlwk wkh uhvxowlqj lqfuhdvh lq surgxfwlylw|

udlvlqj wkh pdujlqdo uhyhqxh surgxfwv ri erwk fdslwdo dqg oderu/ vxfk wkdw lq htxloleulxp/ �upv kluh

pruh zrunhuv dqg dffxpxodwh pruh fdslwdo/ zklfk lq wxuq lqfuhdvhv wkh vwhdg| rxwsxw/ hpsor|phqw

dqg fdslwdo vwrfn1 Krzhyhu/ wkh lqfuhdvh lq wkh hodvwlflw| ri djjuhjdwh ghpdqg lpsolhv wkdw lq

uhvsrqvh wr h{rjhqrxv vkliwv lq ghpdqg ru vxsso| txdqwlw| dgmxvwphqw zloo eh pruh wkdq sulfh

dgmxvwphqw wkhuhe| lqfuhdvlqj wkh f|folfdo yduldelolw| ri rxwsxw dqg hpsor|phqw1 Wklv wudgh0r�

ehwzhhq zhoiduh jdlqv gxh wr lqfuhdvhg h!flhqf| dqg zhoiduh orvvhv gxh wr juhdwhu yduldelolw| lv

wkh fulwlfdo ghflvlrq wkdw srolf| pdnhuv qhhg wr pdnh zkhq fkdqjlqj wkh frpsrvlwlrq ri sxeolf

h{shqglwxuh1

Iru wkh srvwzdu X1V1 hfrqrp|/ d rqh shufhqwdjh lqfuhdvh lq wkh vkduh ri sxeolf lqyhvwphqw/

nhhslqj wkh vkduh ri wrwdo jryhuqphqw vshqglqj frqvwdqw/ udlvhv vwhdg| vwdwh rxwsxw e| doprvw 313:

shufhqw dqg zhoiduh e| 31; hyhq zkhq wkh hodvwlflwlhv ri frqvxpswlrq dqg lqyhvwphqw duh forvh wr

rqh dqrwkhu1 Iru odujhu gl�huhqfhv lq wkh wzr hodvwlflwlhv zkloh wkh lqfuhdvh lq rxwsxw lv odujhu wkh

zhoiduh jdlqv duh ohvv vlqfh wkhuh lv dq r�vhwwlqj lqfuhdvh lq glvxwlolw| iurp lqfuhdvhg krxuv ri zrun1
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Krzhyhu/ wklv dovr lqfuhdvhv wkh vkruw uxq yduldelolw| ri wkh hfrqrp|1 Wkh yduldqfh ri rxwsxw iurp

wkh vdph whfkqrorj| vkrfn lqfuhdvhv e| doprvw rqh shufhqw zkloh wkh yduldqfh ri hpsor|phqw lv

udlvhg e| derxw 5 shufhqw1 Wkh uhvxowlqj orvv lq zhoiduh iurp wklv lqfuhdvhg xqfhuwdlqw| lv derxw

3136 shufhqw1

Zh frqfoxgh wkh sdshu e| glvfxvvlqj eulh | d sduwlfxodu vkruwfrplqj ri wkh prgho1 W|slfdoo|

jryhuqphqw h{shqglwxuh lv pdgh ri frqvxpswlrq dqg lqyhvwphqw jrrgv dqg oderu/ l1h1/ sxeolf vhfwru

hpsor|hhv1 Li d jryhuqphqw fkdqjhv wkh qxpehu ri lwv hpsor|hhv/ wkh hfrqrp| fdq dovr eh d�hfwhg1

Krzhyhu/ wklv h�hfw zloo eh wkurxjk wkh vxsso| vlgh1 E| fkdqjlqj lwv ohyho ri hpsor|phqw/ wkh

jryhuqphqw fdq d�hfw wkh dprxqw ri oderu lqsxw dydlodeoh wr wkh sulydwh vhfwru1 l1h1/ wkh h�hfwlyh

oderu vxsso| idfhg e| �upv lq wkh sulydwh vhfwru1 Wkh h�hfw ri vxfk fkdqjhv frxog eh vljql�fdqw

erwk txdqwlwdwlyho| dv zhoo dv lq whupv ri lwv gluhfwlrq1 Rqh fdqqrw gudz d vwulfw dqdorj| ehwzhhq

fkdqjhv lq wkh frpsrvlwlrq ri jryhuqphqw sxufkdvhv dqg sxeolf vhfwru hpsor|phqw vlqfh wkh

odwwhu zloo d�hfw wkh hfrqrp| sulpdulo| e| fkdqjlqj wkh frpsrvlwlrq ri dydlodeoh lqsxwv dqg wkhlu

uhodwlyh sulfhv1 Lq wklv sdshu/ krzhyhu/ zh glg qrw frqvlghu wkh h�hfwv ri fkdqjhv lq wkh sxeolf

vhfwru hpsor|phqw1

67



F|folfdo H�hfwv ri wkh Frpsrvlwlrq ri Jryhuqphqw Sxufkdvhv
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Wkh olqhdu dssur{lpdwlrq

Wkh olqhdul}dwlrq ri wkh iroorzlqj htxdwlrqv
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Vlqfh �� @ +� � �,�� . �/ wkh e4 ehfrphv ��
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f4�e4+g4��,

@ � g4f4f5�%�
f4��%�+g4��,

Qh{w/ zh olvw ehorz vrph ri wkh rwkhu frh!flhqwv ri wkh olqhdul}hg v|vwhp ri htxdwlrqv=

n} @
!}h4

4� !}h5
> nj @

!jh6
4� !jh5

> �} @
n} � �d4
f4 � �d5e4

> �n @
+4� �d6,

f4 � �d5e4
> �j @

nj . f4f5
f4 � �d5e4

|} @

�
+4 . �,� �+4� �,e4�

}

4 . ��

�
> |n @

#
�+4 . �, . �+4� �,e4�

n

4 . ��

$
> |j @ � )+4� �,e4�

j

4 . ��

o} @
�

4 . ��
+4� e4�

},> oj @ � �e4�
j

4 . ��
> on @

�

4 . ��
+�. e4�

n,

Surri ri Ohppd 5

Xvlqj wkh h{suhvvlrq iru g4> f4dqg e4 rqh jhwv

h5 @ �

;AA?
AA=

�
��
�.�

��
+���,

++���,��.�,5

�

�
�
4��
4.�

��
4�

�
4.�

�+4��, � 4
��

��
�.�

��
+���,

++���,��.�,5

��
<AA@
AA>
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F|folfdo H�hfwv ri wkh Frpsrvlwlrq ri Jryhuqphqw Sxufkdvhv

4

h5
@ �

;AA?
AA=

�
�
4��
4.�

��
4�

�
4.�

�+4��, � 4
��

��
�.�

��
+���,

++���,��.�,5

��
�
4.�
4��

��
��
�.�

��
+���,

++���,��.�,5

�
<AA@
AA>

@ ��

�
4� �

4 . �

�5
997 4�

4.�
4��

��
��
�.�

��
+���,

++���,��.�,5

� . 4�
�

4 . �

� +4� �,

�6::8

@ �

;AA?
AA=

� +4� �,

4 . �

5
9974 . 4�

��
�.�

��
+���,

++���,��.�,5

�
6
::8� 4

<AA@
AA>

Xvlqj wkdw idfw wkdw wkh vwhdg| vwdwh
�

��
�.�

��
+���,

++���,��.�,5

�
@

�
���#
��

�
�%�/ zh kdyh

4

h5
@ �

�
� +4� �,

4 . �

�
4 .

� ��
��� #

�
4

�%�

�
� 4

�

Wdnlqj prgxoxv/ 4
mh5m

@ 4 � �+4��,
4.�

k
4 .

�
��

���#

�
4
�%�

l
1 Li m h5 m? 4/ wkhq m 4

h5
mA 4 l1h1/ 4 �

�+4��,
4.�

k
4 .

�
��

���#

�
4
�%�

l
A 41

Surri ri Sursrvlwlrq 6

Frqvlghu wkh h{suhvvlrq iru h5 @

�
4� � +4� �,

4 . �

�
4 .

� ��
��� #

�
4

�%�

���4
1 Vlqfh �%� @ +���,��

��+���4,

dqg �� @ +���,��.�/ xvlqj wkh vwhdg| vwdwh frqglwlrq +���#,� @ ��
�.� / zh jhw h5 @ F5

k
F5
4

��� .F6

l�4
zkhuh F4 @ +� � �,� . � A 3/ F5 @ �+4.�,

+�.�,+4��, A 3 dqg F6 @ F5 � ��
+�.�, A 31 Qrz li m h5 mA 4

zkhq � � � A 3 wkhq F5 A
k
F5
4

��� .F6

l
1 Wklv lpsolhv wkdw F5 � F6 A

F5
4

��� / l1h1
��

+�.�, A
F5
4

���

zklfk lq wxuq uhvxowv lq � � � A F5
4

�
��
�.�

��4
1 Vlqfh/ � � � @ F4

�
� �/ wkh lqhtxdolw| fdq eh

uhduudqjhg dv F4

�
� � A F5

4

�
��
�.�

��4
1 Djdlq xvlqj wkh vwhdg| vwdwh frqglwlrq +���#,� @ ��

�.� dqg

uhduudqjlqj wkh h{suhvvlrq iru rswlpdo pdunxs vxfk wkdw F4 @ +4� 4
�
,�4/ wkh lqhtxdolw| ehfrphv

�F4 � F5
4

�
�

��#

�
A ��1 Qrz li � A 3 wkhq �� F4

�
�

��#

�
A 3 l1h1/ ��

�
�

��4

��
�

��#

�
A 31 Wklv

lpsolhv wkdw � A 4 . �
��# 1 Vlqfh

�
��# A 4 lw lpsolhv wkdw � A 51
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F|folfdo H�hfwv ri wkh Frpsrvlwlrq ri Jryhuqphqw Sxufkdvhv

Uhihuhqfhv

Dl|djdul/ V1 Udr/ Odzuhqfh Fkulvwldqr/ dqg Pduwlq Hlfkhqedxp/ �Wkh Rxwsxw dqg Hpsor|phqw

H�hfwv ri Jryhuqphqw Sxufkdvhv/� Pdqxvfulsw/ Plqqhdsrolv= Ihghudo Uhvhuyh Edqn/ +Iheuxdu|

4<;<,1

Duqrww/ Ulfkdug/ Nhqqhwk Duurz/ Dqwkrq| Dwnlqvrq/ dqg Mdftxhv Guë}h +Hgv,/ Sxeolf Hfrqrplfv/

Zlooldp Ylfnuh|/ Fdpeulgjh Xqlyhuvlw| Suhvv/ +4<<7,1

Edvx/ Vxvdqwr/ �Lqwhuphgldwh Jrrgv dqg Exvlqhvv F|fohv= Lpsolfdwlrqv iru Surgxfwlylw| dqg Zho0

iduh/� Dphulfdq Hfrqrplf Uhylhz/ Yro1 ;8/ Qr1 6/ +4<<8,/ ss1 84508641

Eduur/ Urehuw M1/ �Jryhuqphqw Vshqglqj lq d Vlpsoh Prgho ri Hqgrjhqrxv Jurzwk/� Mrxuqdo ri

Srolwlfdo Hfrqrp| +Fklfdjr,/ Yro1 <;/ +4<<3,/ ss1 V4360V4581

Eduur/ Urehuw M1/ �Rxwsxw H�hfwv ri Jryhuqphqw Sxufkdvhv/� Mrxuqdo ri Srolwlfdo Hfrqrp|

+Fklfdjr,/ Yro1 ;</ +Ghfhpehu 4<;4,/ ss1 4<405581

Elov/ Pdun/ �Sulflqj lq d Fxvwrphu Pdunhw/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Yro1 437/ +Qryhpehu

4<;<,/ ss1 9<<0:4;1

Elov/ Pdun/ �Wkh F|folfdo Ehkdylru ri Pdujlqdo Frvw dqg Sulfh/� Dphulfdq Hfrqrplf Uhylhz/

Yro1 ::/ +Ghfhpehu 4<;:,/ ss1 ;6;08:1

Ghydudmdq/ Vkdqwd|dqdq/ Ylqd|d Vzdurrs/ dqg Khqj0ix ]rx/ �Wkh Frpsrvlwlrq ri Sxeolf H{shq0

glwxuh dqg Hfrqrplf Jurzwk/� Mrxuqdo ri Prqhwdu| Hfrqrplfv/ Yro1 6:/ +4<<9,/ ss1 64606771

Grprzlw} Ldq/ U1 Johqq Kxeedug/ dqg Euxfh F1 Shwhuvhq/ �Pdunhw Vwuxfwxuh dqg F|folfdo Ioxf0

wxdwlrqv lq X1V1 Pdqxidfwxulqj/� Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ Yro1 :3 +Iheuxdu| 4<;;,/

ss1 880991

Hydqv/ Fkduohv O1/ �Surgxfwlylw| Vkrfnv dqg Uhdo Exvlqhvv F|fohv/� Mrxuqdo ri Prqhwdu| Hfr0

qrplfv/ Yro1 5</ ~Dsulo 4<<5,/ ss1 4<4053;1

Iduphu/ Urjhu H1D1/ dqg Mdqj0Wlqj Jxr/ �Uhdo Exvlqhvv F|fohv dqg wkh Dqlpdo Vslulwv K|srwk0

hvlv/� Mrxuqdo ri Hfrqrplf Wkhru|/ Yro1 96 +Mxqh 4<<7,/ ss1 750:51
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F|folfdo H�hfwv ri wkh Frpsrvlwlrq ri Jryhuqphqw Sxufkdvhv

Jdoð/ Mrugl/ �Prqrsrolvwlf Frpshwlwlrq/ Exvlqhvv F|fohv/ dqg wkh Frpsrvlwlrq ri Djjuhjdwh Gh0

pdqg/� Mrxuqdo ri Hfrqrplf Wkhru|/ Yro1 96 +Mxqh 4<<7,/ ss1 :60<91

Kdoo/ Urehuw H1/ �Wkh Uhodwlrq Ehwzhhq Sulfh dqg Pdujlqdo Frvw lq X1V1 Lqgxvwu|/� Mrxuqdo ri

Srolwlfdo Hfrqrp| +Fklfdjr,/ Yro1 <9/ +4<;;,/ ss1 <540<7;1

Ndohfnl/ Plfkdho/ �Wkh Ghwhuplqdqwv ri Glvwulexwlrq ri wkh Qdwlrqdo Lqfrph/� Hfrqrphwulfd/ Yro1

9/ +Dsulo 4<6;,/ ss1 <:04451

Nh|qhv/ Mrkq Pd|qdug/ �Uhodwlyh Pryhpqhwv ri Uhdo Zdjhv dqg Rxwsxw/� Hfrqrplf Mrxuqdo/

Yro1 7</ +Pdufk 4<6<,/ ss1 670841

Nloolqjvzruwk/ Pdun U1/ dqg Mdphv M1 Khfnpdq/ �Ihpdoh Oderu Vxsso|= D Vxuyh|/� lq Kdqgerrn

ri Oderu Hfrqrplfv +Ruoh| Dvkhqihowhu dqg Ulfkdug Od|dug hgv1/,/ Yro1 4/ Dpvwhugdp= Qruwk0

Kroodqg/ +4<;9,1

N|godqg/ Ilqq H1 dqg Hgzdug F1 Suhvfrww/ � Exvlqhvv F|fohv= Uhdo Idfwv dqg d Prqhwdu| P|wk/�

Txduwhuo| Uhylhz +Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv,/ +Zlqwhu 4<<3,/ ss1 604;1

Pduwlqv/ Mrdtxlp R1/ Vwhidqr Vfdushwwd/ dqg Glun Slodw/ �Pdun0xs Udwlrv lq Pdqxidfwxulqj Lq0

gxvwulhv= Hvwlpdwhv iru 47 RHFG Frxqwulhv/� RHFG Zrunlqj Sdshu Qr1 495/ Sdulv/ +4<<9,1

Pruulvrq/ Fdwkhulqh M1/ �Pdunhw Srzhu/ Hfrqrplf Sur�wdelolw| dqg Surgxfwlylw| Jurzwk Phd0

vxuhphqw= Dq Lqwhjudwhg Vwuxfwxudo Dssurdfk/� QEHU Zrunlqj Sdshu Qr1 6688/ Fdpeulgjh/

Pdvv1/ +Pd| 4<<3,1

Urwhpehuj/ Mxolr M1/ dqg Jduwk Vdorqhu/ �D Vxshujdph0Wkhrulwlf Prgho ri Sulfh Zduv Gxulqj

Errpv/� Dphulfdq Hfrqrplf Uhylhz/ Yro1 :9/ +Mxqh 4<;9,/ ss1 6<3073:1

Urwhpehuj/ Mxolr M1/ dqg Plfkdho Zrrgirug/ �Roljrsrolvwlf Sulflqj dqg wkh H�hfwv ri Djjuhjdwh

Ghpdqg rq Hfrqrplf Dfwlylw|/� Mrxuqdo ri Srolwlfdo Hfrqrp| +Fklfdjr,/ Yro1 433/ Qr1 9/ +4<<5,/

ss1 44860453:1

Urwhpehuj/ Mxolr M1/ dqg Plfkdho Zrrgirug/ �F|folfdo Pdunxsv= Wkhrulhv dqg Hylghqfh/� QEHU

Zrunlqj Sdshu Qr1 6867/ Fdpeulgjh/ Pdvv1/ +Ghfhpehu 4<<3,1

Vrorz/ Urehuw P1/ �Whfkqlfdo Fkdqjh dqg wkh Djjuhjdwh Surgxfwlrq/� Uhylhz ri Hfrqrplf Vwxglhv
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F|folfdo H�hfwv ri wkh Frpsrvlwlrq ri Jryhuqphqw Sxufkdvhv

+Hglqexujk,/ Yro1 6< +Dxjxvw 4<8:,/ ss1 6450531

Ylfnuh|/ Zlooldp/ �Wrgd|*v Wdvn iru Hfrqrplvwv�/ Dphulfdq Hfrqrplf Uhylhz/ +Pdufk 4<<6,/

ss140431

Ylfnuh|/ Zlooldp/ �Lqfhqwlyhv0Edvhg Lqfrph Srolflhv�/ lq G1 F1 Frodqghu/ Hg1 +Edoolqjhu/ 4<;9,/

ss1 47<048;1

Zrrgirug/ Plfkdho/ �Vhoi0ixo�oolqj H{shfwdwlrqv dqg Ioxfwxdwlrqv lq Djjuhjdwh Ghpdqg/� lq Qhz

Nh|qhvldq Hfrqrplfv +Q1Juhjru| Pdqnlz dqg Gdylg Urphu/ Hgv1,/ Yro1 5/ PLW Suhvv/ Fdp0

eulgjh/ PD/ +4<<4,1
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F|folfdo H�hfwv ri wkh Frpsrvlwlrq ri Jryhuqphqw Sxufkdvhv

Wdeohv

Wdeoh 41 Vxqvsrw ]rqhv dqg Pdunxsv

� � � � h5 vxqvsrw

4=5 3=33� 8=48 :=83� 9=54 3=65 . |hv

4=5 8=4;� 8=93 9=53� 9=43 3=65 � |hv

4=5 8=94� 8=<; 9=3<� 9=33 3=65 � qr

4=5 9=33� 63=3 8=<<� 3=33 3=65 . qr

4=9 3=33� 5=8; 6=66� 5=: 3=7: . |hv

4=9 5=8<� 5=94 5=9<� 5=9; 3=7: � |hv

4=9 5=95� 5=98 5=9;� 5=9: 3=7: � qr

4=9 5=99� 46=66 5=99� 3=33 3=7: . qr

5=; 3=33� 4=86 4=<7� 4=89 3=:7 . |hv

5=; 4=86� 488 * 4=88 3=:7 � |hv

5=; 4=89� 8=38 4=87� 3=9; 3=:7 . qr

5=; 8=39� :=:; 3=9:� 3=33 3=:7 . |hv
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F|folfdo H�hfwv ri wkh Frpsrvlwlrq ri Jryhuqphqw Sxufkdvhv

Wdeoh 51 Sdudphwhuv xvhg lq Vlpxodwlrqv

Sdudphwhu ghvfulswlrq Ydoxh

�� krxvhkrog*v glvfrxqw idfwru 3=<<

)� hodvwlflw| ri oderu vxsso| 4

�� hodvwlflw| ri fdslwdo xvdjh 3=79:

�� udwh ri ghsuhfldwlrq ri fdslwdo vwrfn 3=349

��� vwhdg| vwdwh vkduh ri wrwdo lqyhvwphqw lq JGS 3=54

��� vwhdg| vwdwh pdunxs 4=9

��� vkduh ri lqyhvwphqw lq jryhuqphqw h{shqglwxuh 3=48

�j� vwhdg| vwdwh vkduh ri jryhuqphqw h{shqglwxuh lq JGS 3=54

!}� vhuldo fruuhodwlrq ri whfkqrorj| vkrfn 3=<8

!j� vhuldo fruuhodwlrq ri jryhuqphqw h{shqglwxuh vkrfn 3=;5

�}� vwdqgdug ghyldwlrq ri whfkqrorj| vkrfn 3=33:96

�j� vwdqgdug ghyldwlrq ri jryhuqphqw h{shqglwxuh vkrfn 3=3574
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F|folfdo H�hfwv ri wkh Frpsrvlwlrq ri Jryhuqphqw Sxufkdvhv

Wdeoh 6d1 Vwhdg| Vwdwh H�hfwv ri d Rqh Shufhqwdjh Fkdqjh

lq Sxeolf Lqyhvwphqw�

D E

Shufhqwdjh fkdqjh lq vkduh ri wrwdo lqyhvwphqw0�� 4=387 4=3<9

Shufhqwdjh fkdqjh lq pdunxs0�� �3=36; �3=74

Shufhqw fkdqjh lq fdslwdo0�n 3=3;< 3=<8

Shufhqw fkdqjh lq hpsor|phqw0�o 3=377 3=7:9

Shufhqw fkdqjh lq sulydwh frqvxpswlrq 3=38; 3=958

Shufhqw fkdqjh lq rxwsxw0�| 3=398 3=:35

Shufhqw fkdqjh lq zhoiduh 3=;5 3=835

�Froxpq D fruuhvsrqgv wr i� @ 5=:8> � @ 5=98jdqg froxpq E wr i� @ 6=8> � @ 5=79j

Wdeoh 6e1 F|folfdo H�hfwv ri d Rqh Shufhqwdjh Fkdqjh

lq Sxeolf Lqyhvwphqw�

D E

Shufhqw fkdqjh lq yduldqfh ri rxwsxw gxh wr a} 3=<5: 6=85

Shufhqw fkdqjh lq yduldqfh ri rxwsxw gxh wr aj ;8=49 433=74

Shufhqw fkdqjh lq yduldqfh ri hpsor|phqw gxh wr a} 5=59 7=:5

Shufhqw fkdqjh lq yduldqfh ri hpsor|phqw gxh wr aj ;8=49 433=74

Shufhqw fkdqjh lq krxvhkrogv* zhoiduh �3=36 �3=38

�Froxpq D fruuhvsrqgv wr i� @ 5=:8> � @ 5=98jdqg froxpq E wr i� @ 6=8> � @ 5=79j
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F|folfdo H�hfwv ri wkh Frpsrvlwlrq ri Jryhuqphqw Sxufkdvhv

Qrwhv

41 Lq sduwlfxodu/ qrwh wkdw li dq ryhudoo exgjhw frqvwudlqw lv rqo| lpsrvhg/ l1h1/
S

svw f
v
jw .S

skw l
k
jw � Jw/ wkhq �w @ $1

51 Qrwh wkdw wkh hodvwlflwlhv ri jryhuqphqw*v frqvxpswlrq jrrgv dqg lqyhvwphqw jrrgv h{shq0

glwxuhv duh wkh vdph dv iru lqglylgxdo djhqwv l1h1/ wkh hodvwlflwlhv duh � dqg �1

61 Wkh uhdvrq zk| vxfk vxqvsrw htxloleuld fdq h{lvw lv lghqwlfdo wr wkdw ri Zrrgirug +4<<4,1

Zlwkrxw orvv ri jhqhudolw| dvvxph wkdw lq shulrg w wkh uhdol}dwlrq ri wkh vxqvsrw lv d srvlwlyh

vw1 Ixuwkhupruh/ vxssrvh doo lqyhvwruv eholhyh wkdw wkh fkrlfh ri anw.5 zloo iroorz wkh uxoh

anw.5 @
S

m@3

�
4
h5

�m
vw�m.41 Wkhq wkh srvlwlyh uhdol}dwlrq ri vw lqfuhdvhv wkh h{shfwhg ydoxh

ri Hw
anw.51 Krzhyhu/ wklv dovr lpsolhv wkdw lqyhvwphqw lq w.4 zloo qhhg wr eh kljkhu vxfk wkdw

Hwa|w.4 zloo eh lqfuhdvhg1 Lq rughu wr vxssruw d kljkhu htxloleulxp rxwsxw lq w. 4 lqyhvwruv

zloo wkhq/ dv dq rswlpdo uhvsrqvh/ lqfuhdvh wkhlu ghvluhg fdslwdo vwrfn lq shulrg w l1h1/ anw.41

Frqvhtxhqwo|/ wkh vhhplqjo| lqfrqvlvwhqw ehkdylru ri anw.4 @ 4
h5
anw.vw lqvwhdg ri anw.4 @ 4

h5
anw

� dv ghwhuplqhg e| wkh ixqgdphqwdov ri wkh hqylurqphqw � lv mxvwl�hg1

71 Wklv ohppd lv lghqwlfdo wr wkh uhvxow lq Jdol +4<<7, h{fhsw wkdw lw lv prgl�hg wr lqfoxgh #1

81 Vhh iru h{dpsoh/ Urwhpehuj dqg Zrrgirug 4<<3/ Elov/ 4<;:1

91 Wkh dsshqgl{ olvwv wkh frpsohwh h{suhvvlrqv iru wkh gl�huhqw frh!flhqwv1
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