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Devwudfw

Wklv sdshu suhvhqwv d vlpsoh prgho ri dq Hwklrsldq idup krxvhkrog zklfk

fdswxuhv wkuhh lpsruwdqw dvshfwv ri wkh srolf| uhjlph fkdudfwhulvlqj wkh Ghuj

shulrg1 Wkhvh dvshfwv duh frpsxovru| judlq gholyhu|/ udwlrqlqj lq pdqxidfwxuhg

frqvxphu jrrgv/ dqg udwlrqlqj lq prghuq idup lqsxwv1 Wkh prgho lqyroyhv

wzr pdlq lqqrydwlrqv zlwklq wkh djulfxowxudo krxvhkrog prghoolqj iudphzrun1

Iluvw/ d qhz surfhgxuh ri dqdo|}lqj wkh lpsdfw ri wkh srolf| ri irufhg judlq

surfxuhphqw lv lqwurgxfhg1 Wkh surfhgxuh hqdeohv xv wr gluhfwo| fkdudfwhul}h

wkh h�hfwv ri wkdw srolf| rq idup krxvhkrogv* zhoiduh/ dv zhoo dv wkh surgxfwlrq

dqg frqvxpswlrq fkrlfhv wkh| pdnh1 Vhfrqg/ lw sxoov wrjhwkhu ydulrxv vwudqgv ri

wkh uhohydqw olwhudwxuh lq d vlpsoh pdqqhu1 Lq sduwlfxodu/ lw surylghv d pruh gluhfw

zd| ri ghwhuplqlqj wkh zhoiduh h�hfwv ri udwlrqlqj/ frpsxovru| judlq gholyhu|/

sulfhv/ dqg lqfrphv1 Erwk lqglylgxdo dqg mrlqw h�hfwv fdq eh kdqgohg wklv zd|1

Wkh frpsdudwlyh vwdwlf surshuwlhv ri wkh prgho gluhfwo| vkrz wkdw irufhg judlq

surfxuhphqw e| wkh vwdwh uhgxfhv wkh zhoiduh ri idup krxvhkrogv dqg glvwruwv

wkhlu surgxfwlrq fkrlfhv1 Wkh uhvxowv dovr lqglfdwh wkdw vkruwdjhv +udwlrqlqj, lq

pdqxidfwxuhg frqvxphu jrrgv dqg prghuq lqsxwv pdnh frpprglw| ghpdqgv/

lqsxw ghpdqgv/ dqg rxwsxw vxssolhv ohvv sulfh uhvsrqvlyh1

� �������	�
��

Wklv sdshu suhvhqwv d vlpsoh prgho ri dq Hwklrsldq idup krxvhkrog zklfk lqfrusr0

udwhv d qxpehu ri vw|ol}hg idfwv prvwo| dssolfdeoh wr wkh 4<;3v1 Lw lv ghyhorshg zlwk

wkh remhfwlyh ri h{dplqlqj wkh surgxfwlrq/ frqvxpswlrq/ dqg zhoiduh h�hfwv ri irufhg

judlq surfxuhphqw e| wkh vwdwh/ dqg vkruwdjhv ri pdqxidfwxuhg frqvxphu jrrgv dqg

prghuq lqsxwv1 Wkh prgho lqyroyhv wzr pdlq lqqrydwlrqv1 Iluvw/ d qhz surfhgxuh ri

dqdo|}lqj wkh lpsdfw ri wkh srolf| ri irufhg judlq surfxuhphqw lv lqwurgxfhg1 Wkh

surfhgxuh hqdeohv xv wr gluhfwo| fkdudfwhul}h wkh h�hfwv ri wkdw srolf| rq idup krxvh0

krogv* zhoiduh/ dv zhoo dv wkh surgxfwlrq dqg frqvxpswlrq fkrlfhv wkh| pdnh1 Vhfrqg/

WWklv lv d uhylvhg yhuvlrq ri d fkdswhu ri p| G1Sklo1 wkhvlv vxeplwwhg wr wkh Vxe0idfxow| ri

Hfrqrplfv/ Xqlyhuvlw| ri R{irug1 L zrxog olnh wr wkdqn p| vxshuylvruv/ Surihvvru Sdxo Froolhu dqg

Gu1 Vwhidq Ghufrq/ dqg h{dplqhuv Surihvvruv Mrkq Pxhooedxhu dqg Mhdq0Sdxo D}dp iru ydoxdeoh

frpphqwv1 L kdyh dovr ehqh�whg iurp d orqj0vwdqglqj frooderudwlrq zlwk Gu1 Dqguhz Pfnd| ri wkh

Xqlyhuvlw| ri Qrwwlqjkdp1 Doo uhpdlqlqj huuruv dqg rplvvlrqv duh plqh1
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lw sxoov wrjhwkhu ydulrxv vwudqgv ri wkh uhohydqw olwhudwxuh lq d vlpsoh pdqqhu1 Lq sdu0

wlfxodu/ lw surylghv d pruh gluhfw zd| ri ghwhuplqlqj wkh zhoiduh h�hfwv ri udwlrqlqj/

FJG/ sulfhv/ dqg lqfrphv1 Erwk lqglylgxdo dqg mrlqw h�hfwv fdq eh kdqgohg wklv zd|1

Dv d v|vwhpdwlf vwxg| ri wkh fkrlfhv dqg frqvwudlqwv ri Hwklrsldq idup krxvhkrogv

gxulqj wkhGhuj shulrg/ wklv sdshu krshv wr frqwulexwh wrzdugv d ehwwhu xqghuvwdqglqj

ri wkh ehkdylrxu ri vxfk krxvhkrogv lq d qxpehu ri zd|v41 Vxfk vwxg| khosv wr

lghqwli| wkh ghwhuplqdqwv ri idup krxvhkrogv* zhoiduh dqg h!flhqf|1 Lw dovr surprwhv

d pruh dffxudwh fkdudfwhulvdwlrq ri wkh sdwwhuq ri uhvsrqvhv ri idup krxvhkrogv wr

fkdqjhv lq pdunhw yduldeohv/ surgxfwlrq whfkqrorj| dqg jryhuqphqw srolflhv1 Lq vr

grlqj/ lw surylghv vrph h{sodqdwlrqv uhjduglqj revhuyhg uhvsrqvhv ri vxfk krxvhkrogv

dqg uhodwhg rxwfrphv lq wkh djulfxowxudo vhfwru1 Ixuwkhupruh/ vxfk dqdo|wlfdo h�ruw

srwhqwldoo| ohdgv wr ehwwhu hpslulfdo dqdo|vlv/ lq jhqhudo/ dqg pruh dffxudwh hvwlpdwhv

ri ghpdqg dqg vxsso| hodvwlflwlhv/ lq sduwlfxodu1 Doo ri wkhvh duh ghvludeoh lq dq|

frqwh{w/ exw wkh| dvvxph juhdwhu vljql�fdqfh lq wkh oljkw ri wkh hfrqrplf uhirup

surfhvv Hwklrsld kdv ehhq xqghujrlqj vlqfh 4<<31 Vshfl�fdoo|/ vrph ri wkh srwhqwldo

h�hfwv ri wklv surfhvv fdq eh slqsrlqwhg1

Wkh sdshu lv rujdql}hg dv iroorzv1 Wkh uhvw ri Vhfwlrq 4 prwlydwhv wkh prghoolqj

vwudwhj| dgrswhg e| lghqwli|lqj wkh pdlq ihdwxuhv ri Hwklrsldq krxvhkrogv dqg wkhlu

rshudwlrqdo plolhx gxulqj wkh Ghuj shulrg1 Lw dovr ghvfulehv dvshfwv ri wkdw prg0

hoolqj vwudwhj|1 Vhfwlrq 5 suhvhqwv wkh prgho lq vrph ghwdlo1 Wkh srwhqwldo h�hfw

ri frpsxovru| judlq gholyhu| rq wkh doorfdwlyh h!flhqf| ri idup krxvhkrogv lv ghdow

zlwk lq Vhfwlrq 61 Wkh irxuwk vhfwlrq irfxvhv rq wkh lpsdfw ri fkdqjhv lq wkh ohyho ri

irufhg judlq surfxuhphqw/ udwlrq ohyhov dqg sulfhv rq krxvhkrog ghpdqgv/ vxssolhv/

dqg zhoiduh1 Vhfwlrq 8 frqfoxghv1
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Lq d eulhi dqg vw|ol}hg fkdudfwhul}dwlrq ri d w|slfdo Hwklrsldq idup krxvhkrog gxulqj

wkh Ghuj shulrg/ zh fdq lghqwli| wkh iroorzlqj ihdwxuhv5c61 Gxulqj wkdw shulrg/ vxfk

4Dq dx{loldu| remhfwlyh ri wkh sdshu lv wr hqfrxudjh d pruh zlgh0vsuhdg xvh ri djulfxowxudo krxvh0

krog prghov dqg wkh yluwxdo sulfh dssurdfk lq vwxg|lqj Hwklrsldq idup krxvhkrogv1 Dv d uhvxow/ lw

frqwdlqv d udwkhu ghwdlohg glvfxvvlrq ri prghoolqj whfkqltxhv1 Zh dsrorjl}h wr wkrvh zkr duh idploldu

zlwk wkhvh whfkqltxhv1
5Iru d ghwdlohg glvfxvvlrq ri wkhvh ihdwxuhv vhh Wd�hvvh +4<<:,1
6D eulhi qrwh derxw wkh lqvwlwxwlrqdo vhwxs lv lq rughu1 Wkh shdvdqw dvvrfldwlrq +SD, dqg wkh

vhuylfh frrshudwlyh +VF, zhuh dw wkh fhqwuh ri wkh orfdo lqvwlwxwlrqdo hqylurqphqw ri Hwklrsldq iduplqj

gxulqj prvw ri wkh 4<:3v dqg wkh zkroh ri wkh 4<;3v ^Dohpqhk +4<;:,/ Wd|h +4<<5,`1 Erwk hyroyhg

rzlqj wr wkh odqg uhirup ri wkh plg04<:3*v1

D SD lv hvwdeolvkhg dv d shupdqhqw dvvrfldwlrq ri idup krxvhkrog khdgv olylqj zlwklq dq duhd qrw

h{fhhglqj ;33 khfwduhv1 E| 4<;5 wkhuh zhuh derxw 53/333 vxfk dvvrfldwlrqv wkurxjkrxw wkh frxqwu|

^Whjhjqh dqg Whqqdvvlh +4<;7,`1 Lqlwldoo|/ wkh sulpdu| uroh ri d SD zdv wr lpsohphqw wkh surylvlrqv ri

wkh Uxudo Odqg Uhirup Surfodpdwlrq ri 4<:8/ lq jhqhudo/ dqg odqg uhglvwulexwlrq dprqj lwv phpehuv/

lq sduwlfxodu1 Vxevhtxhqwo|/ krzhyhu/ lw dvvxphg wkh uroh ri wkh orzhvw dgplqlvwudwlyh xqlw ri wkh

vwdwh lq whupv ri dvvhvvlqj dqg froohfwlqj wd{hv/ pdlqwdlqlqj odz dqg rughu/ dqg orfdoo| frruglqdwlqj

dqg hqiruflqj frpsxovru| judlq gholyhu|1 Wkh h�hfwlyhqhvv ri wkh SD lq wkhvh dqg uhodwhg ixqfwlrqv

odujho| vwhpv iurp wkh idfw wkdw/ dsduw iurp uhvlghqfh lq dq djulfxowxudo orfdolw| +w|slfdoo| d yloodjh,/

d iduplqj krxvhkrog fdq h{huflvh wkh uljkw wr dffhvv wr odqg li dqg rqo| li lwv khdg lv d phpehu ri

wkh orfdo SD1

D VF/ rq wkh rwkhu kdqg/ lv iruphg e| d jurxs ri qhljkerxulqj SDv1 Wkuhh wr hljkw vxfk SDv pd|

ehorqj wr d VF1 E| wkh plggoh ri wkh 4<;3v/ wkhuh zhuh derxw 6/;33 VFv lq wkh frxqwu| ^Whjhjqh dqg

Whqqdvvlh +4<;7,`1 VFv duh hvwdeolvkhg wr idflolwdwh wkh pdunhwlqj ri wkh rxwsxw ri idup krxvhkrogv/

wr sxufkdvh dqg glvwulexwh prghuq lqsxwv dqg pdqxidfwxuhg frqvxphu jrrgv/ dqg wr surprwh wkh

surylvlrq ri vhuylfhv lqfoxglqj khdowk/ hgxfdwlrqdo/ dqg ploolqj vhuylfhv1 Wkh �uvw ri wkhvh remhfwlyhv
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d idup krxvhkrog7=

+4, vlpxowdqhrxvo| surgxfhv vhyhudo fursv/ fhuhdov ehlqj wkh prvw lpsruwdqw>

+5, rshudwhv d vpdoo odqg0kroglqj doorwwhg e| wkh vwdwh rq xvxiuxfw/ dqg frqvlvwlqj

ri vhyhudo ydulrxvo| hqgrzhg dqg orfdwhg sorwv>

+6, hpsor|v d wudglwlrqdo whfkqrorj| ri surgxfwlrq zlwk vrph dssolfdwlrq ri lp0

suryhg lqsxwv +wkh pdlq rqhv ehlqj ihuwlol}huv,>

+7, rewdlqhg lwv ihuwlol}hu vxsso| iurp d jryhuqphqw djhqf| lq wkh irup ri udwlrqv

dw vxevlgl}hg sulfhv/ exw dsshduhg wr eh xqdeoh wr ixoo| vdwlvi| lwv ghpdqg iru

wklv lqsxw>

+8, uholhv rq idplo| oderxu/ dxjphqwhg e| wudglwlrqdo oderxu h{fkdqjh uhodwlrqv dqg

sduwlflsdwlrq lq wkh oderxu pdunhw>

+9, frqvxphv sduw ri lwv rxwsxw>

+:, vrog sduw ri lwv rxwsxw wr wkh jryhuqphqw/ wkurxjk wkh frpsxovru| judlq gholyhu|

+FJG, v|vwhp/ dqg sduw ri lw rq wkh ciuhh* ru crshq* pdunhw>

+;, erxjkw pdqxidfwxuhg frqvxphu jrrgv/ sulpdulo| iurp wkh sxeolf vhfwru/ lq wkh

irup ri udwlrqv iurp d Vhuylfh Frrshudwlyh*v vkrs/ exw dsshduhg wr eh xqdeoh

wr ixoo| vdwlvi| lwv ghpdqg iru vrph ri wkhvh jrrgv1

41414 frpsxovru| judlq gholyhu|

D fhqwudo ihdwxuh ri furs pdunhwv lq wkh 4<;3*v zdv wkh h{whqvlyh lqwhuyhqwlrq e| wkh

vwdwh1 Lq idfw wkh jryhuqphqw ri wkh gd| hvwdeolvkhg dq djhqf| iru wklv dqg uhodwhg

sxusrvhv1 Wklv djhqf| lv fdoohg wkh Hwklrsldq Djulfxowxudo Pdunhwlqj Frusrudwlrq

+HDPF,1 Vshfl�fdoo|/ wkh HDPF zdv vhw xs lq 4<:9 zlwk wkh iroorzlqj remhfwlyhv

^Idvlo dqg Dohpd|hkx +4<;8,`=

+4, wr vwdelol}h surgxfhu dqg frqvxphu sulfhv ri judlqv>

+5, wr hqfrxudjh judlq surgxfwlrq wkurxjk sulfh lqfhqwlyhv> dqg

+6, wr hqvxuh dq dghtxdwh irrg vxsso| iru wkh sxeolf glvwulexwlrq v|vwhp1

Lqlwldoo|/ wkh Frusrudwlrq*v uroh lq whupv ri lwv vwdwhg remhfwlyhv zdv plqlpdo1 Lq

sduwlfxodu/ lw zdv qrw vxffhvvixo lq lwv wdvn ri sxufkdvlqj surgxfh iurp idup krxvh0

krogv1 Sduwo| lq uhvsrqvh wr wkdw idloxuh/ wkh jryhuqphqw lqwurgxfhg wkh frpsxovru|

judlq gholyhu| +FJG, v|vwhp lq 4<;31 Wkh v|vwhp kdg wkuhh pdlq ihdwxuhv1 Iluvw/

idup krxvhkrogv zhuh uhtxluhg wr vhoo d sruwlrq ri wkhlu rxwsxw wr wkh HDPF dw

�{hg/ sdq0whuulwruldo sulfhv1 Diwhu phhwlqj wklv reoljdwlrq +frpprqo| uhihuuhg wr dv

wkh ctxrwd*,/ krxvhkrogv zhuh doorzhg wr vhoo wkhlu judlq wr sulydwh wudghuv ru gluhfwo|

wr frqvxphuv/ xvxdoo| rq orfdo/ crshq* ru ciuhh* pdunhwv1 E| 4<;9/ lw zdv fodlphg wkdw

wudqvodwhg lqwr frruglqdwlqj wkh frpsxovru| judlq surfxuhphqw iurp idup krxvhkrogv1 VFv dovr

dsshduhg wr vxffhhg lq shuiruplqj wkh vhfrqg wdvn ^Whjhjqh dqg Whqqdvvlh +4<;7,`1
7 Lq wklv uhjdug/ doo ri wkhvh/ zlwk wkh h{fhswlrq ri +7, dqg +:,0+;,/ dsso| wr wkh odwh 4<:3*v dv zhoo1

Pruhryhu/ lw lv olnho| wkdw +4,0+6, dqg +8,0+9, zloo krog iru vrphwlph lq wr wkh ixwxuh1

6



Wdeoh 4= Dyhudjh Pdunhw dqg Surfxuhphqw Furs Sulfhv +4<;40<3,

Sulfh Eduoh| Pdl}h Vrujkxp Wh� Zkhdw

Pdunhw 8716 +4<15, 7:19 +4<17, 8519 +5419, :71; +5813, 9817 +5315

Surfxuhphqw 5;15 +41<6, 5313 +41;6, 561; +4167, 6<16 +5154, 6419 +31<:,

Qrwhv= Frpsxwhg iurp wkh lqirupdwlrq lq HDPF +4<;:,/ FVD Vwdwlvwlfdo Exoohwlq Qrv1 77/ 8</ 98/

;8/ <8/ 4381 Wkh pdunhw sulfhv duh qdwlrqdo dyhudjhv1 Vwdqgdug ghyldwlrqv lq sdudqwkhvhv1

HDPF kdg fdswxuhg 63073 shu fhqw ri wkh pdunhwhg vxusoxv ri judlq lq wkh frxqwu|

yld FJG ^HDPF +4<;:,`1

Vhfrqg/ FJG lqyroyhg wkh ghwhuplqdwlrq ri erwk sulfhv dqg uhjlrq0ohyho surfxuh0

phqw wdujhwv +erwk wkh w|shv ri judlq dqg wkh fruuhvsrqglqj txdqwlwlhv, e| wkh fhqwudo

jryhuqphqw1 Lq sulqflsoh/ wkh wdujhwv zhuh vhw dffruglqj wr wkh surgxfwlyh srwhqwldo

ri uhjlrqv1 Wkh surfxuhphqw sodqv zhuh wkhq glvwulexwhg grzq wkh dgplqlvwudwlyh

fkdlq1 Hdfk uhjlrq doorfdwhg lwv wdujhw dprqj vxeuhjlrqv/ dqg vr rq grzq wr wkh

ohyho ri wkh SD1 Hdfk SD zdv h{shfwhg wr ghwhuplqh wkh ctxrwd* ri d idup krxvh0

krog e| frqvlghulqj idup vl}h/ wrwdo rxwsxw/ vhhg dqg rzq0frqvxpswlrq uhtxluhphqwv

^Ehihndgx dqg Whvid|h +4<<3,`1

Wklug/ frqwudu| wr rqh ri lwv vwlsxodwhg remhfwlyhv +wkh vhfrqg lq wkh olvw deryh,/

wkh HDPF shuvlvwhqwo| sdlg yhu| orz sulfhv iru wkh judlq ri iduphuv1 Wdeoh 4 uhsruwv

wkh surfxuhphqw sulfhv ri wkh �yh pdmru fhuhdov dorqjvlgh wkhlu pdunhw sulfhv1 Wkh

odwwhu duh pruh wkdq wzlfh dv kljk dv wkh iruphu iru pdl}h/ vrujkxp dqg zkhdw1 Wkh

gl�huhqfhv duh rqo| voljkwo| orzhu lq wkh fdvh ri eduoh| dqg Wh�1 Wkh orvv ri lqfrph

lpsolhg e| wkh sulfh gl�huhqwldov lv olnho| wr kdyh ehhq ghwulphqwdo wr wkh zhoiduh ri

idup krxvhkrogv1 Lq dgglwlrq/ wkh zhdnhqlqj ri lqfhqwlyhv lqgxfhg lq wklv pdqqhu lv

olnho| wr kdyh d�hfwhg wkh surgxfwlrq fkrlfhv ri idup krxvhkrogv1

Lw fdq eh lqihuuhg iurp wkh deryh wkdw FJG d�hfwv wkh zhoiduh ri surgxfhuv1 Lw

pd| dovr d�hfw wkhlu uhvrxufh doorfdwlrq ghflvlrqv1 Lq sulqflsoh/ wkh lpsdfw ri wkh

frpsxovru| gholyhu| v|vwhp fdq eh prghoohg lq gl�huhqw zd|v1 Wkdw lw lv dq lp0

solflw irup ri wd{dwlrq +ru uhqw, vhhpv wr eh wkh frpprq ylhz81 Wkxv/ lghqwli|lqj

dq htxlydohqw irup ri h{solflw wd{dwlrq idflolwdwhv dqdo|vlv1 D}dp +4<<5, sursrvhv

wkdw wkh ctxrwd* lv htxlydohqw wr d oxps vxp wd{/ dqg surfhhgv wr h{dplqh lwv lpsdfw

dffruglqjo| lq d prgho zkhuh frqvxpswlrq dqg surgxfwlrq ghflvlrqv duh vhsdudeoh1

Frqvhtxhqwo|/ wkh ctxrwd* fdq rqo| d�hfw wkh frqvxpswlrq ghflvlrqv ri idup krxvh0

krogv1 Wklv frqwudvwv zlwk wkh frpprqo| pdgh dujxphqw wkdw wkh ctxrwd* v|vwhp

d�hfwv wkh surgxfwlrq ghflvlrqv ri iduphuv ^Iudq}ho hw do +4<;<,/ Vfkl� +4<<6,/ Vfkl�

dqg Ydoghv +4<<7,`1 Lw dovr grhv qrw dffxudwho| uh hfw wkh surfhvv ri ctxrwd* doorfdwlrq

wr shdvdqw krxvhkrogv1 Wkh prvw frpprq fulwhuld xvhg lq wklv surfhvv duh9=

l, wkh srwhqwldo furs rxwsxw ri wkh krxvhkrog> dqg

8Vhh Wd�hvvh +4<;<,/ Iudq}ho hw do +4<;<,/ D}dp +4<<5,/ Ghufrq +4<<7,/ dqg Slfnhww +4<<6,1 Wklv

ylhz lv vkduhg e| wkrvh zkr dqdo|vhg wkh surfxuhphqw v|vwhp lq jhqhudo/ dv zhoo dv lwv vshfl�f

dssolfdwlrqv 0 vhh Vdk dqg Vwljolw} +4<<5,/ dqg Vdk dqg Vluqlydvdq +4<;:,1
9Wr wkh h{whqw wkdw lw zdv qrw edvhg rq d ctxrwd vfkhgxoh*/ wkh ghwhuplqdwlrq ri ctxrwd* ohyhov

wr eh gholyhuhg e| krxvhkrogv zdv qrw xqlirup1 Qhyhuwkhohvv/ wkh prvw frpprq sudfwlfh zdv wkh

lpsrvlwlrq ri uhodwlyho| kljkhu ctxrwdv* rq krxvhkrogv zlwk kljkhu rxwsxwv ^vhh Dohpd|hkx +4<;:,`1
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ll, wkh zhdowk +ru/ pruh suhflvho|/ wkh ryhudoo lqfrph0jhqhudwlqj fdsdflw|, ri wkh

krxvhkrog/ phdvxuhg e| vrph yduldeohv/ lqfoxglqj/ vl}h ri odqg0kroglqj/ qxpehu

ri r{hq dqg rwkhu olyhvwrfn rzqhg/ dqg qrqidup lqfrph1

Lq wkh oljkw ri wkh deryh/ lw lv dujxhg wkdw wkh ctxrwd* vkrxog eh ylhzhg dv dq

lpsolflw sursruwlrqdo rxwsxw wd{1 Rqh zd| ri prghoolqj wklv lv wr frqvlghu wkh ctxrwd*

dv d sursruwlrq ri rxwsxw/ vxfk wkdw wkh uhyhqxh ri wkh krxvhkrog iurp wkh fursv+v,

vxemhfw wr FJG lv vxppdul}hg dv:=

s
r

_
�T

@_
. s

6

_
+T

@_
� �T

@_
, @ ^�sr

_
. +4� �,s6

_
`T

@_
+414,

zkhuh= sr
_
@ wkh surfxuhphqw +ru HDPF, sulfh ri wkh furs vxemhfw wr FJG> s6

_
@ wkh

ciuhh* ru crshq* pdunhw sulfh ri wkh furs vxemhfw wr FJG> � @ wkh sursruwlrq ri wkh

ctxrwd* rxw ri wkh wrwdo rxwsxw ri wkh furs vxemhfw wr FJG> T
@_

@ wkh wrwdo rxwsxw

ri wkh furs vxemhfw wr FJG1 Pxowlso|lqj wkh uljkw0kdqg0vlgh e|
R
6

_

R
6

_

dqg gh�qlqj wkh

lpsolflw rxwsxw wd{ udwh dv/ � @ ^+4�
R
r

_

R
6

_

,�`/ d pruh frpsdfw h{suhvvlrq ri wkh lpsdfw

ri FJG rq krxvhkrog uhyhqxh lv ghulyhg=

^�sr
_
. +4� �,s6

_
`T

@_
@ s

6

_
+4� �,T

@_

@ s
_
T
@_

+415,

zkhuh s
_
uhsuhvhqwv wkh zhljkwhg dyhudjh sulfh ri wkh furs vxemhfw wr FJG1 Wkh

dyhudjh sulfh gh�qhg wklv zd| uhsuhvhqwv wkh krxvhkrog*v pdujlqdo ydoxh ri d xqlw

ri rxwsxw1 Qrwh wkdw/ vlqfh sr
_
lv ohvv wkdq s

6

_
/ wkh ydoxdwlrq ri T

@_
e| s

_
fdswxuhv

wkh wd{ qdwxuh ri wkh ctxrwd*1 Ixuwkhupruh/ revhuyh wkdw li d jlyhq ctxrwd* ohyho lv

xqlirupo| lpsrvhg rq doo krxvhkrogv/ wkh vxjjhvwhg surfhgxuh lv lqdssursuldwh dqg

wkdw ri D}dp +4<<5, lv wkh fruuhfw rqh1

41415 udwlrqlqj lq pdqxidfwxuhg frqvxphu jrrgv

Lq wkh vwxg| shulrg/ idup krxvhkrogv kdg wzr vrxufhv ri pdqxidfwxuhg frqvxphu

jrrgv1 Wkh �uvw zdv wkh Hwklrsldq Grphvwlf Glvwulexwlrq Frusrudwlrq +HGGF,1 Wklv

jryhuqphqw djhqf| zdv hqwuxvwhg zlwk wkh wdvn ri glvwulexwlqj prvw pdqxidfwxuhg

jrrgv wr xuedq dqg uxudo frqvxphuv/ jryhuqphqw lqvwlwxwlrqv/ dqg sulydwh wudghuv1

HGGF vxssolhg pdqxidfwxuhg frqvxphu jrrgv +PFJv, wr VFv/ zklfk vxevhtxhqwo|

udwlrq zkdw lv dydlodeoh dprqj SD phpehuv/ pdlqo| dffruglqj wr idplo| vl}h dqg

frpsrvlwlrq1 Lq wklv uhjdug/ VFv/ vxssolhg e| HGGF/ frqvwlwxwhg wkh sulpdu| vrxufh

ri PFJv wr shdvdqw iduphuv1 Vl{w|0qlqh shu fhqw ri d vdpsoh ri idup krxvhkrogv lq

Duvvl/ d uhodwlyho| survshurxv uhjlrq/ lghqwl�hg wkh VF dv vxfk ^Dohpqhk +4<;:,`1

Wkh vhfrqg vrxufh zdv wkh ciuhh* pdunhw/ lq zklfk sulydwh wudghuv vrog frqvxphu

jrrgv dw kljkhu sulfhv1 Wkh sulydwh wudghuv zhuh odujho| vxssolhg e| HGGF1 Lq

dgglwlrq/ wkhuh lv dqhfgrwdo hylghqfh wkdw wklv pdunhw vhuyhg dv d sodfh iru uh0wudglqj

lq udwlrqhg jrrgv1 Lq vkruw/ orfdo pdunhwv vhuyhg dv d vhfrqgdu| pdunhw1

Wkhuh lv qr gluhfw hylghqfh uhjduglqj krz vdwlvidfwru| wkh dydlodelolw| ri PFJv

zdv wr shdvdqw krxvhkrogv1 Krzhyhu/ wkh iroorzlqj pd| vkhg vrph oljkw=

:Wkh dqdo|vlv ehorz grhv qrw frqvlghu zd|v rwkhu wkdq dgmxvwlqj furs0pl{ wkdw krxvhkrogv pd|

kdyh ghylvhg wr dyrlg gholyhulqj wkh txrwd ru plqlpl}h lwv lpsdfw1 Wkxv k kdv wr eh ylhzhg dv

uhodwlqj wr wkh lpsolflw rxwsxw wd{ dfwxdoo| sdlg e| idup krxvhkrogv1

8



41 Gxulqj wkh 4<;3v/ wkh shdvdqw vhfwru zdv/ rq dyhudjh/ doorfdwhg 49 shu fhqw ri

wkh wrwdo ydoxh ri HGGF vxsso|1 Vlploduo|/ gxulqj 4<:<2;304<;62;7 wkh vhfwru

dffrxqwhg rqo| iru 47 dqg 5 shu fhqw ri wrwdo vdow dqg vxjdu vxssolhg e| HGGF/

uhvshfwlyho|;1 \hw/ wkh shdvdqw vhfwru dffrxqwhg iru pruh wkdq ;3 shu fhqw ri wkh

srsxodwlrq dqg derxw 73 shu fhqw ri wkh jurvv grphvwlf surgxfw ri wkh frxqwu|1

Pruhryhu/ wkrvh vkduhv pd| ryhuvwdwh wkh dfwxdo dydlodelolw| ri wkh jrrgv wr

idup krxvhkrogv/ ehfdxvh vrph sruwlrq ri wkhvh vkduhv pd| kdyh  rzhg edfn

lqwr xuedq fhqwuhv/ gxh wr fruuxswlrq1

51 Dv d pdwwhu ri jryhuqphqw srolf|/ lpsruwdwlrq ri PFJv zdv kljko| uhvwulfwhg1

Lqghhg/ wkh 4<;3*v duh dvvrfldwhg zlwk ryhudoo vkruwdjhv ri vxfk jrrgv1

61 Lq wkh frqwh{w ri vkruwdjhv/ sulydwh wudghuv duh olnho| wr kdyh suhihuuhg xuedq

fhqwuhv wr uxudo pdunhwv/ pdlqo| rzlqj wr wkh uhodwlyho| kljk frvwv ri wudqv0

sruwdwlrq lqyroyhg lq vxsso|lqj wkh odwwhu1

Khqfh/ lw lv pruh wkdq olnho| wkdw idup krxvhkrogv kdyh idfhg vkruwdjhv lq PFJv

gxulqj wkh 4<;3*v1 Wkhuhiruh/ wzr pdmru ihdwxuhv uhodwlqj wr wkh vxsso| ri PFJv fdq

eh lghqwl�hg 0 udwlrqlqj lq wkh irup ri dq xsshu erxqg wr krz pxfk d idup krxvhkrog

fdq ex| iurp d VF*v vkrs/ dqg ryhudoo vkruwdjhv1 Pruhryhu/ jlyhq wkh ydulrxv frq0

vwudlqwv rq sulydwh wudgh qrwhg deryh/ wkh uroh ri orfdo pdunhwv dv d vhfrqgdu| pdunhw

lv xqolnho| wr dsso| wr doo udwlrqhg jrrgv/ doo orfdolwlhv/ ru doo krxvhkrogv1 Lq sulqflsoh/

wkhuhiruh/ wzr fodvvhv ri udwlrqhg frqvxphu jrrgv fdq eh lghqwl�hg 0 wkrvh iru zklfk

wkhuh lv d vhfrqgdu| pdunhw dqg wkrvh iru zklfk vxfk d pdunhw zdv devhqw1 Lq wkh

vslulw ri wkh xvdjh ri wkh whupv e| Vdk +4<;:,/ wkhvh fodvvhv duh uhvshfwlyho| uhihuuhg

wr dv cfrqyhuwleoh* dqg cqrq0frqyhuwleoh* udwlrqhg pdqxidfwxuhg frqvxphu jrrgv<1

Dffruglqjo| wkh lpsdfw ri vkruwdjhv lq pdqxidfwxuhg frqvxphu jrrgv lv prghoohg

lq wzr zd|v1 cQrq0frqyhuwleoh* udwlrqv ghwhuplqh wkh pd{lpxp dprxqw ri krxvhkrog

frqvxpswlrq ri wkh jrrgv wr zklfk wkh| dsso|1 Wkh| fdq wkxv eh dffrpprgdwhg e|

lqwurgxflqj d txdqwlw| frqvwudlqw lq whupv ri vxfk jrrgv lq wkh krxvhkrogv rswlpl}d0

wlrq sureohp43=

[
�?

� U
�?

+416,

zkhuh [
�?

dqg U
�?

uhsuhvhqw krxvhkrog ghpdqg iru/ dqg wkh udwlrq ohyho ri/ cqrq0

frqyhuwleoh* udwlrqhg pdqxidfwxuhg frqvxphu jrrgv/ uhvshfwlyho|1

Dv wr cfrqyhuwleoh* udwlrqv wkh srvvlelolw| ri wudglqj lq wkh vhfrqgdu| pdunhw phdqv

krxvhkrogv duh qrw uhvwulfwhg wr frqvxplqj wkhlu udwlrqv1 Krxvhkrogv zkrvh ghpdqg

+[
�S

, lv ohvv wkdq ohyho ri wkhlu udwlrq +U
�S

, zloo vhoo wkh vxusoxv rq wkh vhfrqgdu|

pdunhw1 Lq frqwudvw/ krxvhkrogv zkrvh ghpdqg h{fhhgv wkhlu udwlrq/ dwwhpsw wr �oo

wkh jds wkurxjk sxufkdvhv rq wkh vhfrqgdu| pdunhw1 Dvvxplqj wkh vhfrqgdu| pdunhw

fohduv/ dqg fohduv dw d sulfh kljkhu wkdq wkh sulfh dw zklfk wkh krxvhkrog sxufkdvhv

cfrqyhuwleoh* udwlrqv iurp wkh VF/ wkh udwlrq lv d vrxufh ri lqfrph iru wkh �uvw jurxs ri

krxvhkrogv/ zkloh lw surylghv vxevlgl}hg frqvxpswlrq iru erwk jurxsv1 Wkhvh h�hfwv

;Doo wkh vxsso| vkduhv uhsruwhg lq wklv sdudjudsk duh frpsxwhg xvlqj gdwd frpslohg iurp HGGF/

Vwdwlvwlfdo Devwudfwv/ Qrv1 4061
<Vdk +4<;:, frpsduhv irxu v|vwhpv ri glvwulexwlrq ri frqvxphu jrrgv 0 qrqlqwhuyhqwlrq +sxuh

pdunhw,> qrqfrqyhuwleoh udwlrqv> frqyhuwleoh udwlrqv> dqg txhxhv1 Lq wkh suhvhqw fdvh/ wkh glvwlqfwlrq

ehwzhhq cfrqyhuwleoh* dqg cqrqfrqyhuwleoh* udwlrqv lv hpehgghg lq d pruh jhqhudo sureohp ri h{solflwo|

prghoolqj wkh surgxfwlrq dqg frqvxpswlrq ghflvlrqv ri d idup krxvhkrog xqghu udwlrqlqj1
43Vhh Qhdu| dqg Urehuwv +4<;3,/ Ghdwrq dqg Pxhooedxhu +4<;3,/ Ghdwrq +4<;4,/ Qhdu| +4<;:,/

Fruqhv +4<<5,/ dqg Pfnd| dqg Wd�hvvh +4<<7,1
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fdq eh h{suhvvhg e| zulwlqj wkh h{shqglwxuh rq cfrqyhuwleoh* udwlrqhg pdqxidfwxuhg

frqvxphu jrrgv dv=
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zkhuh= s6
S
@ wkh +vhfrqgdu|, pdunhw sulfh ri cfrqyhuwleoh* udwlrqhg pdqxidfwxuhg frq0

vxphu jrrgv> sr
S
@ wkh sulfh dw zklfk wkh krxvhkrog sxufkdvhv cfrqyhuwleoh* udwlrqhg

pdqxidfwxuhg frqvxphu jrrgv iurp wkh VF1 Wkh vhfrqg whup rq wkh uljkw0kdqg0vlgh

fdswxuhv wkh vxevlg|2lqfrph jhqhudwhg e| cfrqyhuwleoh* udwlrqv1 Wkh exgjhw frq0

vwudlqw ri wkh krxvhkrog lv dgmxvwhg dffruglqjo|1

41416 udwlrqlqj lq ihuwlol}huv

Hwklrsldq idup krxvhkrogv hpsor| hvvhqwldoo| wudglwlrqdo iduplqj sudfwlfhv ^\hudv0

zrun hw do1 +4<;6,/ Slfnhww +4<<4,/ dqg Wd|h +4<<5,`1 Lw lv wudglwlrqdo lq wkh vhqvh

wkdw prvw ri wkh lqvwuxphqwv dqg phwkrgv zhuh lq xvh iru fhqwxulhv zlwkrxw pd0

mru lqqrydwlrq1 Odqg/ oderxu/ dqg r{hq duh wkh surplqhqw idfwruv ri surgxfwlrq441

Judgxdoo|/ krzhyhu/ prghuq lqsxwv duh wdnlqj krog1 Wklv lv sduwlfxoduo| wuxh ri ihu0

wlol}huv451

Ihuwlol}huv frqvwlwxwh d pdmru prghuq lqsxw zklfk duh lqfuhdvlqjo| xvhg e| idup

krxvhkrogv1 Wklv lv sduwlfxoduo| wuxh ri wkh judlq vxusoxv uhjlrqv ri wkh frxqwu|1 Lq wkh

4<;3v/ ihuwlol}huv zhuh glvwulexwhg wr iduphuv dw vxevlgl}hg sulfhv1 Gxulqj 4<::04<;6/

wkh Hwklrsldq Djulfxowxudo Pdunhwlqj Frusrudwlrq +HDPF, zdv wkh rqo| djhqf|

uhvsrqvleoh iru wkh sxufkdvh dqg vxevhtxhqw glvwulexwlrq ri ihuwlol}huv lq wkh frxqwu|1

Lq 4<;6/ wkhvh ixqfwlrqv zhuh wdnhq ryhu e| wkh Hwklrsldq Djulfxowxudo Lqsxwv Vxsso|

Frusrudwlrq +HDLVFR,1 Erwk djhqflhv glvwulexwhg ihuwlol}huv wr idup krxvhkrogv yld

VFv1 Hdfk VF zdv hqwuxvwhg zlwk wkh wdvn ri doorfdwlqj wkh dydlodeoh vxsso| wr lwv

phpehuv lq wkh irup ri udwlrqv1 Wkh ohyho ri wklv udwlrq gh�qhg dq xsshu erxqg wr

krxvhkrog sxufkdvh1 Jlyhq wkh prqrsro| srvlwlrq ri wkh vxssolhu/ wkh udwlrqv dovr

vhw wkh xsshu erxqg iru xvh1 Lq wklv uhjdug/ wkh txdqwlw| ri ihuwlol}huv vxssolhg wr

wkh sulydwh shdvdqw vhfwru zdv yhu| orz1 Lq idfw/ h{fhvv ghpdqg kdv ehhq d uhjxodu

ihdwxuh ri wkh pdunhw iru ihuwlol}huv1 ^Iudq}ho/ Froexuq/ dqg Ghjx +4<;<,`1

Ihuwlol}huv zhuh glvwulexwhg wkurxjk wkh VF lq wkh irup ri udwlrqv1 Iru wkh sxusrvh

ri dqdo|vlv wkh| duh wuhdwhg dv cqrq0frqyhuwleoh* udwlrqv1 Wkh udwlrq ohyho wkxv gh�qhv

dq xsshu erxqg wr krxvhkrog sxufkdvh dv zhoo dv xvh1 Dffruglqjo|/ udwlrqlqj lq

ihuwlol}huv lv lqwurgxfhg yld wkh iroorzlqj dgglwlrqdo frqvwudlqw=

Y � U
�

+419,

zkhuh= Y dqg U
�
uhsuhvhqw krxvhkrog ghpdqg iru dqg wkh udwlrq ohyho ri ihuwlol}huv/

uhvshfwlyho|1

41417 odqg dqg oderxu pdunhwv

Wkurxjk wkh odqg uhirup lqvwlwxwhg lq 4<:8/ doo odqgv ehfdph sxeolf +vwdwh, surshuw|1

Dffhvv wr djulfxowxudo odqg ehfdph xvxiuxfwxdu|1 Hdfk idup krxvhkrog lv doorwwhg d

fhuwdlq dprxqw ri odqg dv d phpehu ri d SD1 Uhqwlqj rxw wklv kroglqj/ lq sduw ru

44R{ srzhu lv fhqwudo wr fxowlydwlrq lq wkh judlq0sorxjk frpsoh{ ri wkh fhqwudo/ hdvwhuq dqg qruwkhuq

sduwv ri wkh frxqwu|1
45Iru lqvwdqfh/ lq 4<<72<8 derxw 5: shufhqw ri wrwdo fxowlydwhg duhd zdv ihuwlol}hg ^FVD +4<<8,`1

:



rwkhuzlvh/ zdv surklelwhg/ dqg wkh surklelwlrq zdv vwulfwo| hqirufhg1 Lq vkruw wkhuh

zdv qr odqg pdunhw1

Wkh uxudo odqg uhirup odzv dovr edqqhg wkh vdoh dqg sxufkdvh ri oderxu1 Sduwo|

gxh wr sureohpv ri hqirufhphqw/ wkh uhvwulfwlrq zdv qrw ixoo| h�hfwlyh1 Lqghhg/ wkhuh

lv vrph hylghqfh lqglfdwlqj wkdw wudqvdfwlrqv gluhfwo| lqyroylqj zdjh oderxu zhuh

zlgh0vsuhdg ^Wd�hvvh +4<;<,/ Wd|h +4<<5,`1 Iru lqvwdqfh/ iru wkh vdpsoh krxvhkrogv

vwxglhg lq Wd�hvvh +4<;<,/ xs wr d txduwhu ri wkh wrwdo idup oderxu lv dffrxqwhg iru

e| kluhg oderxu1 Vxfk hylghqfh vxjjhvwv wkdw wkhuh zdv d ixqfwlrqlqj uxudo oderxu

pdunhw gxulqj wkh 4<;3*v1 Pruhryhu/ d ydulhw| ri wudglwlrqdo oderxu h{fkdqjh vfkhphv

duh xvhg e| idup krxvhkrogv1

Dv vwdwhg iurp wkh rxwvhw/ rxu pdlq remhfwlyh lv wr h{dplqh wkh lpsdfw/ rq krxvh0

krog fkrlfhv/ ri frpsxovru| judlq gholyhu| dqg udwlrqlqj lq pdqxidfwxuhg frqvxphu

jrrgv dqg ihuwlol}huv1 Wkh surfhgxuhv ghvfulehg deryh doorz xv wr dqdo|vh vxfk h�hfwv

rq frpprglw| dqg lqsxw ghpdqgv/ rxwsxw vxssolhv/ dqg pdunhwhg vxusoxv ri idup

krxvhkrogv1 Lq olqh zlwk wklv/ dqg lq wkh lqwhuhvw ri vlpsolflw|/ zh dvvxph wkdw d

oderxu pdunhw qrw rqo| h{lvwv exw dovr fohduv1 Lq wklv uhjdug/ wkhuh lv vrph hylghqfh/

qrwhg deryh/ lqglfdwlqj wkdw d oderxu pdunhw h{lvwhg gxulqj wkh vwxg| shulrg/ dqg

wkdw idup krxvhkrogv sduwlflsdwhg lq wkdw pdunhw1 Vwulfwo| vshdnlqj/ wkhuhiruh/ wkh

vxevwdqwlyh dvvxpswlrq pdgh lv wkdw wkh oderxu pdunhw fohduv1 Wkh sulpdu| ehqh�w

ri pdnlqj wkdw dvvxpswlrq lv wkh uhprydo ri rqh srvvleoh vrxufh ri qrq0vhsdudelolw|

ri krxvhkrog surgxfwlrq dqg frqvxpswlrq ghflvlrqv1

� ��� �����

Reylrxvo| Hwklrsldq shdvdqw krxvhkrogv pdnh mrlqw surgxfwlrq dqg frqvxpswlrq

ghflvlrqv1 Dq| dqdo|vlv ri wkhlu hfrqrplf ehkdylrxu vkrxog doorz iru dqg vwxg| wkh

qdwxuh ri wklv surshuw|1 Dsduw iurp surylglqj dgglwlrqdo lqvljkwv frqfhuqlqj wkh

ixqfwlrqlqj ri vhpl0vxevlvwhqfh iduplqj krxvhkrogv/ vxfk dqdo|wlfdo h�ruw srwhqwldoo|

ohdgv wr pruh dffxudwh hpslulfdo uhvxowv dqg srolf| lpsolfdwlrqv ^Vlqjk/ Vtxluh/ dqg

Vwudxvv +4<;9,`1 Lw lv/ wkhuhiruh/ ghvludeoh wr h{dplqh wkh lpsdfw ri frpsxovru|

gholyhu| dqg txdqwlw| frqvwudlqwv zlwklq wkh iudphzrun ri djulfxowxudo krxvhkrog

prghov1 Wrzdugv wkdw hqg wkh iudphzrun ghyhorshg lq Vwudxvv +4<;9, dqg jhqhudol}hg

lq Pfnd| dqg Wd�hvvh +4<<7, lv dgrswhg1

��� � ���� ���������

Lq olqh zlwk wkh glvfxvvlrq deryh/ dq Hwklrsldq idup krxvhkrog fdq eh fkdudfwhul}hg

dv pd{lpl}lqj xwlolw| vxemhfw wr d surgxfwlrq ixqfwlrq/ d fdvk lqfrph +ru h{solflw

exgjhw, frqvwudlqw/ dqg d wlph frqvwudlqw1 Wkdw glvfxvvlrq dovr vxjjhvwv wkdw/ lq wkh

4<:3*v dqg 4<;3*v/ dsduw iurp wkhvh vwdqgdug frqvwudlqwv/ vxfk d krxvhkrog pd| kdyh

idfhg txdqwlw| frqvwudlqwv lq wkh irup ri udwlrq ohyhov1 Ehorz d prgho ri dq Hwklrsldq

idup krxvhkrog uh hfwlqj wkhvh idfwruv lv frqvwuxfwhg461 Wkh pdlq dvvxpswlrqv ri

wkh prgho duh wkh iroorzlqj1

46Dowkrxjk wkh prgho lv vshfl�fdoo| dssolhg wr surgxfhuv ri dqqxdo fursv lq wkh 4<;3*v/ lw fdq

dovr eh xvhg wr fkdudfwhulvh wkh vkruw0uxq ehkdylrxu ri shdvdqw iduphuv sulpdulo| surgxflqj rwkhu

surgxfwv1 Reylrxvo|/ iru shuhqqldo fursv sodqwlqj ghflvlrqv fdqqrw eh h�hfwlyho| kdqgohg dqg wkh

rxwsxw yduldeohv kdyh wr eh uhgh�qhg dffruglqjo|1 Lw fdq dovr eh vxlwdeo| uhvwulfwhg wr fkdudfwhul}h

wkh vkruw0uxq ehkdylrxu ri idup krxvhkrogv diwhu 4<<31

;



41 Wkhuh h{lvwv d vlqjoh krxvhkrog xwlolw| ixqfwlrq +X, 0 zlwk krxvhkrog frqvxps0

wlrq ri fursv +[
@_

dqg [
@s
,/ pdqxidfwxuhg frqvxphu jrrgv +[

�S
dqg [

�?
,/

dqg ohlvxuh +[
,
,/ dv lwv dujxphqwv 0 zklfk lv wzlfh frqwlqxrxvo| gl�huhqwldeoh/

prqrwrqlfdoo| lqfuhdvlqj dqg/ txdvlfrqfdyh1

51 Wkh idup surgxfwlrq ixqfwlrq/K+T
@_
>T

@s
> O> Y>D>N, 0 zkhuh T

@_
>T

@s
> O> Y>D>

dqg N uhsuhvhqw furs rxwsxwv/ wrwdo oderxu lqsxw/ ihuwlol}hu/ wrwdo dfuhdjh/ dqg

qrq0odqg �{hg lqsxw+v,/ uhvshfwlyho| 0 lv wzlfh frqwlqxrxvo| gl�huhqwldeoh dqg

txdvlfrqyh{1

Zlwk wkh deryh dvvxpswlrqv/ wkh idup krxvhkrog*v vwdwlf rswlpl}dwlrq sureohp
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+f, vxfk jrrgv duh krprjhqrxv531

Wkh �uvw wzr frqglwlrqv duh qrw ylrodwhg e| rxu prgho iru wzr uhdvrqv1 Iluvw/

erwk udwlrqhg frpprglwlhv duh qrw vlpxowdqhrxvo| vxssolhg dqg ghpdqghg e| wkh

krxvhkrog1 [
�?

lv d sxuh frqvxpswlrq jrrg zkloh Y lv d sxuh surgxfhu jrrg1

Vhfrqg/ lw kdv ehhq srlqwhg rxw wkdw/ diwhu gholyhulqj wkh ctxrwd*/ wkh krxvhkrog lv

frpprqo| deoh wr vhoo2sxufkdvh wkh furs+v, vxemhfw wr FJG1 Zh fdq ixuwkhu dujxh

wkdw wkh| fdq gr vr dv pxfk dv wkh| ghvluh dw wkh orfdo ciuhh* pdunhw sulfhv1 Lq vkruw/

dv idu dv wkh vkruw0uxq sureohp vwdwhg deryh lv frqfhuqhg/ doo wkh pdunhwv iru jrrgv

erwk vxssolhg dqg ghpdqghg e| wkh idup krxvhkrog h{lvw dqg fohdu1 Frpelqhg zlwk

wkh dvvxpswlrq ri krprjhqrxv idfwruv dqg surgxfwv wklv lpsolhv wkdw rxu prgho lv

uhfxuvlyh541 Pruh suhflvho|/ wkh idup krxvhkrog lqlwldoo| pdnhv surgxfwlrq ghflvlrqv

dv d sur�w pd{lpl}hu dqg/ vxemhfw wr wkh rxwfrphv ri wkdw surfhvv/ uhdfk frqvxpswlrq

ghflvlrqv dv d xwlolw| pd{lpl}hu1 D forvhu orrn dw wkh vhw ri �uvw0rughu frqglwlrqv

uhyhdov wkdw wklv lv wkh fdvh1 Wklv vhw fdq eh glylghg lqwr wzr eorfnv1 Wkh �uvw lv wkh

surgxfwlrq eorfn frqvlvwlqj ri +514148,0+514153,1 Qr frqvxpswlrq0vlgh fkrlfh yduldeoh

hqwhuv wklv eorfn/ zklfk lpsolhv wkdw surgxfwlrq ghflvlrqv fdq eh pdgh lqghshqghqwo|

ri frqvxpswlrq ghflvlrqv1 Lq frqwudvw/ wkh frqvxpswlrq eorfn iruphg e| +5141;,0

+514147, lv frqglwlrqhg e| surgxfwlrq fkrlfhv yld wkh ixoo lqfrph exgjhw frqvwudlqw1

4<Wkhvh duh vx!flhqw iru d vwdwlf prgho xqghu fhuwdlqw|1 Rqfh wlph dqg ulvn duh h{solflwo| lqwur0

gxfhg/ krzhyhu/ wklv w|sh ri uhfxuvlyhqhvv uhtxluhv pxfk vwurqjhu frqglwlrqv lqfoxglqj wkh h{lvwhqfh

ri doo uhohydqw frpshwlwlyh vwdwh0frqwlqjhqw pdunhwv1
53Zlwk wkh frpprq dvvxpswlrq ri lqwhulru vroxwlrqv +wkh ohyho ri doo fkrlfh yduleohv duh qrq0

}hur dw wkh rswlpxp,/ wklv frqglwlrq fdq eh uhod{hg lq wkh vhqvh wkdw +d,0+e, duh vx!flhqw iru wkh

uhfxuvlyhqhvv surshuw| wr krog ^Vwudxvv +4<;9,`1
54Reylrxvo|/ zkhwkhu vhsdudelolw| krogv ru qrw lv xowlpdwho| dq hpslulfdo txhvwlrq1

45



Wkh vroxwlrq wr wkh idup krxvhkrog*v rswlpl}dwlrq sureohp fdq eh vxppdul}hg e|

udwlrqhg ru uhvwulfwhg Pduvkdooldq ghpdqg ixqfwlrqv dqg wkh udwlrqhg sur�w ixqfwlrq=

h[
�

@ h[
�

�
s
6

_
> s

6

s
> s

6

,
> s

6

S
> s

r

?
>U

�?
> h� �s6

_
> s

6

s
> s

6

,
> s

r

�
> �>U

�
>D>N

�
. s

6

,
W .H

�
@ h[

�

�
s
6

_
> s

6

s
> s

6

,
> s

6

S
> s

r

?
> s

r

�
> �>U

�?
> U

�
> W>D>N>H

�
> l @ dg> di> o>Pf

+514154,

h[
�?

@ h[
�?

�
s
6

_
> s

6

s
> s

6

,
> s

6

S
> s

r

?
> s

r

�
> �>U

�?
> U

�
> W>D>N>H

�
@ U

�?
= +514155,

h� �s6
_
> s

6

s
> s

6

,
> s

r

�
> �>U

�
>D>N

�
@ s

6

_
+4� �, hT

@_
. s

6

s

hT
@s
� s

6

,

hO� s
r

�

hY +514156,

zkhuh/ ; @ cudwlrqhg*551 Wkh Pduvkdooldq ghpdqgv +514154, dqg +514155, duh gh0

shqghqw rq surgxfwlrq ghflvlrqv wkurxjk sur�wv1 Wkh| dovr ghshqg rq wkh udwlrq

ohyhov U
�?

dqg U
�
dqg wkdw lv zk| wkh| duh fdoohg udwlrqhg ru uhvwulfwhg Pduvkdo0

oldq ghpdqg ixqfwlrqv1 Wkh udwlrqhg sur�w ixqfwlrq h�+=, vkduhv doo wkh surshuwlhv ri
lwv xqudwlrqhg frxqwhusduw561 Lw lv olqhduo| krprjhqhrxv/ frqwlqxrxv/ dqg frqyh{ lq

sulfhv/ lqfuhdvlqj lq rxwsxw sulfhv dqg ghfuhdvlqj lq lqsxw sulfhv1 Lw lv dovr wzlfh0

frqwlqxrxvo| gl�huhqwldeoh vlqfh/ e| dvvxpswlrq/ wkh surgxfwlrq ixqfwlrq kdv wkh

vdph surshuw|1 Pruhryhu/ dsso|lqj Krwhoolqj*v ohppd wr h�+=, uhvxowv lq wkh iroorzlqj

rxwsxw vxsso| dqg lqsxw ghpdqg ixqfwlrqv57=

hT
@�

@ hT
@�

�
s
6

_
> s

6

s
> s

6

,
> s

r

�
> �>U

�
>D>N

�
> m @ g> i +514157,

hO @ hO�
s
6

_
> s

6

s
> s

6

,
> s

r

�
> �>U

�
> D>N

�
+514158,

hY @ hY �
s
6

_
> s

6

s
> s

6

,
> s

r

�
> �>U

�
>D>N

�
@ U

�
= +514159,

Ehfdxvh ri wkhlu ghshqghqfh rq wkh udwlrq ohyho/ U
�
> wkhvh ixqfwlrqv duh fkdudfwhul}hg

dv udwlrqhg ru uhvwulfwhg rxwsxw vxsso| dqg yduldeoh0lqsxw ghpdqg ixqfwlrqv/ uhvshf0

wlyho|1

Wkh deryh xwlolw| pd{lpl}dwlrq sureohp fdq eh uhirupxodwhg dv dq h{shqglwxuh

+ru frvw ri xwlolw|, plqlpl}dwlrq sureohp/ l1h1/ wkh sureohp ri fkrrvlqj rxwsxw/ lqsxw/

dqg frqvxpswlrq ohyhov vr dv wr plqlpl}h wkh h{shqglwxuh qhfhvvdu| wr dfklhyh d jlyhq

ohyho ri xwlolw|/ X 1 Wkh wzr sureohpv duh lghqwl�hg dv gxdo sureohpv1 Wkdw vxfk d

uhirupxodwlrq hqdeohv wkh ghulydwlrq ri pruh srzhuixo uhvxowv uhjduglqj frqvxphu eh0

kdylrxu lv zhoo0nqrzq581 Lq dgglwlrq lw dvvxphv d nh| uroh lq wkh dqdo|vlv ri udwlrqlqj

55Qrwh wkdw wkh ixoo lqfrph ri wkh idup krxvhkrog qrz frqvlvwv ri wkh idup sur�wv +dv frqglwlrqhg

e| udwlrqlqj,/ hZ/ wkh ydoxh ri krxvhkrog wlph0hqgrzphqw/ R6, A / h{rjhqrxv lqfrph/ ./ dqg wkh

lqfrph2vxevlg| ghulyhg iurp cfrqyhuwleoh* udwlrqv/ ER6S 3 R
r

S�-�S1 Dv d uhvxow lw fdq eh uhihuuhg wr

dv udwlrqhg dgmxvwhg ixoo lqfrph/ ht 3

8 1 V|perolfdoo|=

ht 3

8 ' hZ �R6_ c R6s c R6, c Rr�c 4c -�c �cg

�
n R

6

, A n. n ER6S 3 R
r

S�-�S
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Wkh dyhudjh sulfh gh�qhg wklv zd| uhsuhvhqwv wkh krxvhkrog*v pdujlqdo ydoxh +ru qhw sulfh, ri d xqlw

ri '@_1 Lq dsso|lqj Krwhoolqj*v ohppd/ zh kdyh xvhg R_ gluhfwo|1 Wklv krogv iru doo fdvhv ri sduwldo

gl�huhqwldwlrq ri wkh sur�w ixqfwlrq zlwk uhvshfw wr wkh sulfh ri '@_1
58Iru ixuwkhu ghwdlov vhh/ dprqj rwkhuv/ Ghdwrq dqg Pxhooedxhu +4<;3,/ dqg Fruqhv +4<<5,1
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ehorz1 Lq wkh suhvhqw frqwh{w/ wkh vwdqgdug irupxodwlrq ri wkh h{shqglwxuh plql0

pl}dwlrq sureohp kdv wr eh prgl�hg1 Iluvw/ wr dffrpprgdwh wkh surgxfhu0frqvxphu

qdwxuh ri wkh idup krxvhkrog/ lw lv qhfhvvdu| wr plqlpl}h qhw/ udwkhu wkdq wrwdo/ h{0

shqglwxuh/ zlwk lqfrphv +ru uhyhqxhv, gh�qhg dv qhjdwlyh h{shqglwxuhv1 Wkxv/ H

kdv wr eh xvhg1 Vhfrqg/ wr dffrxqw iru wkh suhvhqfh ri cfrqyhuwleoh* udwlrqv/ dgmxvwhg

h{rjhqrxv lqfrph/ H> kdv wr eh xvhg591
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59Dv qrwhg deryh . uhsuhvhqwv krxvhkrog h{rjhqrxv lqfrph dgmxvwhg e| wkh +h{rjhqrxv, lq0

frph2vxevlg| iurp cfrqyhuwleoh* udwlrqv -�S1 Wkdw lv zk| wkh remhfwlyh ixqfwlrq wdnhv wkh iurp

ri +51415:,1
5: Lq vwdwlqj wkh Odjudqjhdq zh kdyh xvhg wkh idfw wkdw plqlplvlqj d ixqfwlrq lv htxlydohqw wr

pd{lplvlqj wkh qhjdwlyh ri wkdw ixqfwlrq1
5;Frpsduh +514145*, zlwk +514145, xqghu xwlolw| pd{lplvdwlrq1 Dqwlflsdwlqj vxevhtxhqw gh�qlwlrqv
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� dv wkh xqfrpshqvdwhg dqg wkh frpshqvdwhg yluwxdo
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Wkh vroxwlrq wr wklv sureohp fdq eh vxppdulvhg e| wkh udwlrqhg ru uhvwulfwhg
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zkhuh hh� lv wkh plqlpxp qhw h{shqglwxuh uhtxluhg wr dwwdlq wkh jlyhq xwlolw| ohyho

X 1 Wkh plqlpxp qhw h{shqglwxuh ixqfwlrq hh�+=, lv frqfdyh lq sulfhv/ lqfuhdvlqj lq

sulfhv dqg xwlolw|/ dqg ghfuhdvlqj dqg frqyh{ lq U
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surshuw| ri wkh xwlolw| ixqfwlrq lw lv dovr wzlfh0frqwlqxrxvo| gl�huhqwldeoh1 Qrwh wkdw

plqlpl}hg qhw h{shqglwxuh lv frpsrvhg ri plqlpl}hg wrwdo h{shqglwxuh rq frqvxps0

wlrq jrrgv/ pd{lpl}hg idup sur�wv/ dqg wkh ydoxh ri krxvhkrog wlph0hqgrzphqw1
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ixqfwlrq1 Lw vkduhv doo wkh surshuwlhv ri wkh qhw h{shqglwxuh ixqfwlrq1 Ixuwkhu/ e|

Vkhskhug*v ohppd/ wkh �uvw0rughu sduwldo gl�huhqwldwlrq ri hh�+=, zlwk uhvshfw wr sulfhv

jhqhudwhv wkh Klfnvldq qhw ghpdqgv/ zkloh grlqj wkh vdph wr hh+=, uhvxowv lq udwlrqhg

Klfnvldq wrwdo ghpdqgv63 c641 Lq dgglwlrq wr sulfhv dqg wkh jlyhq xwlolw| ohyho/ wkhvh

ghpdqgv ghshqg rq wkh udwlrq ohyho U
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1 Frqvhtxhqwo| wkh| duh uhihuuhg

wr dv udwlrqhg ru uhvwulfwhg Klfnvldq +ru frpshqvdwhg, qhw dqg wrwdo ghpdqg ixqfwlrqv/

uhvshfwlyho|1

Jlyhq vhsdudeoh frqvxpswlrq dqg surgxfwlrq ghflvlrqv/ surgxfwlrq fkrlfhv duh

lqghshqghqw ri X= Wkxv/ rqo| Klfnvldq wrwdo ghpdqgv iru frqvxpswlrq jrrgv dvvxph
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5<Ghdwrq +4<;4, hvwdeolvkhv wkhvh surshuwlhv ri wkh h{shqglwxuh ixqfwlrq lq wkh sxuh frqvxphu fdvh1

Xvlqj dqdorjrxv dujxphqwv lw lv srvvleoh wr vkrz wkdw wkhvh surshuwlhv krog lq wkh surgxfhu0frqvxphu

fdvh1
63Qrwh wkdw lq wklv frqwh{w vxssolhv duh gh�qhg dv qhjdwlyh ghpdqgv1
64Ixuwkhu ghwdlov frqfhuqlqj heE�� duh surylghg lq Qhdu| dqg Urehuwv +4<;3,/ Ghdwrq +4<;4,/ dqg

Fruqhv +4<<5,1
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Ilqdoo| qrwh wkdw wkh udwlrqhg htxloleulxp ri wkh idup krxvhkrog fdq qrz eh h{suhvvhg

dv wkh srlqw dw zklfk udwlrqhg plqlpxp qhw h{shqglwxuh lv htxdwhg zlwk dgmxvwhg
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Dw wklv srlqw/ wkh zhoo0nqrzq surfhgxuh ri vxevwlwxwlqj plqlpl}hg h{shqglwxuh iru

lqfrph lq xqfrpshqvdwhg ghpdqgv fdq eh xvhg wr ghprqvwudwh wkh htxdolw| ri Pdu0
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zkhuh l 5 +dg> di> o>Pf>Pq,1 Iroorzlqj Frrn +4<:5, htxdwlrq +51416<, lv dovr xvhg

wr ghulyh wkh Voxwvn| htxdwlrq1
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Wkh prgho dqg uhvxowv suhvhqwhg deryh doorz xv wr dqdo|vh wkh ehkdylrxu ri idup

krxvhkrogv xqghu wkh vwlsxodwhg udwlrqhg hqylurqphqw1 Qhyhuwkhohvv/ uhfdvwlqj wkh

sureohp lq wkh yluwxdo0sulfh iudphzrun d�rugv wkh srvvlelolw| ri rewdlqlqj pruh jhq0

hudo uhvxowv1 Wkh sulqflsdo dgydqwdjh ri grlqj vr olhv lq wkh srvvlelolw| ri ghulylqj

pdwfkhg udwlrqhg dqg xqudwlrqhg ghpdqg dqg vxsso| htxdwlrqv/ vr dv wr h{sorlw wkh

nqrzq joredo surshuwlhv ri wkh odwwhu lq vwxg|lqj wkh iruphu1 Wrzdugv wkdw hqg/ zh

surfhhg dv iroorzv1 Iluvw zh gh�qh wkh yluwxdo sulfhv ri Y dqg [
�?

1 Vhfrqg zh vxp0

pdul}h wkh uhvxowv ri xqudwlrqhg xwlolw| pd{lpl}dwlrq dqg h{shqglwxuh plqlpl}dwlrq

dw yluwxdo sulfhv1 Ilqdoo|/ wkh uhodwlrqv ehwzhhq udwlrqhg dqg xqudwlrqhg ghpdqg dv

zhoo dv h{shqglwxuh ixqfwlrqv duh vwdwhg1

Wkh yluwxdo sulfh ri d udwlrqhg jrrg lv wkh sulfh dw zklfk d udwlrqhg hfrqrplf

djhqw +lq wkh suhvhqw fdvh d idup krxvhkrog, zloo yroxqwdulo| fkrrvh wkh udwlrq ohyho

^Qhdu| dqg Urehuwv +4<;3,`661 Vxfk d sulfh lv hqgrjhqrxv wr wkh krxvhkrog lq wkdw lw

lv ghwhuplqhg/ qrw rqo| e| h{rjhqrxv yduldeohv +lqfoxglqj pdunhw sulfhv dqg h{rjh0

qrxv udwlrq ohyhov,/ exw dovr e| krxvhkrog suhihuhqfhv/ hqgrzphqwv/ dqg surgxfwlrq

whfkqrorj|1 Lq wkh suhvhqw fdvh wkhuh duh wzr udwlrqhg jrrgv/ Y dqg [
�?

1 Lq wkh

fdvh ri Y> d sxuh surgxfwlrq jrrg/ wkh uhfxuvlyhqhvv ri rxu prgho phdqv wkdw wkh

hqgrjhqhlw| ri wkh yluwxdo sulfh vwhpv iurp lwv ghshqghqfh rq krxvhkrog uhvrxufh

hqgrzphqwv +vshfl�fdoo|/ D dqg N, dqg whfkqrorj| ri surgxfwlrq671 Zh ghqrwh wklv

sulfh e| s
W

�
1 Lq frqwudvw/ wkh yluwxdo sulfh ri [
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lv gh�qhg hlwkhu dw d jlyhq ohyho

ri h{rjhqrxv lqfrph ru d jlyhq ohyho ri xwlolw|681 Dffruglqjo|/ wklv sulfh dvvxphv

65Wklv surfhgxuh lv nqrzq dv Frrn*v wulfn diwhu Frrn +4<:5, zkr �uvw vxjjhvwhg lw1
66Uhjduglqj wkh hvvhqwldo ihdwxuhv ri wkh yluwxdo sulfh dssurdfk/ lqfoxglqj wkh frqglwlrqv iru wkh

h{lvwhqfh dqg xqltxhqhvv ri yluwxdo sulfhv/ dv zhoo dv lwv dssolfdwlrq wr frqvxphu ehkdylrxu xqghu

udwlrqlqj vhh Qhdu| dqg Urehuwv +4<;3,/ Ghdwrq +4<;4,/ dqg Qhdu| +4<;:,1 Lq wkh djulfxowxudo

krxvhkrog prghoolqj olwhudwxuh/ Vwudxvv +4<;9, vhhpv wr eh wkh �uvw wr h{solflwo| hpsor| wkhvh sulfhv1

Vhh dovr PfNd| dqg Wd�hvvh +4<<7/ 4<<8, iru d ghwdlohg h{dplqdwlrq1
67 Lq rwkhu zrugv/ lw grhv qrw ghshqg rq krxvhkrog lqfrph ru xwlolw| ohyho1 Khqfh/ lw dvvxphv rqo|

rqh irup1
68D yluwxdo sulfh lv hvvhqwldoo| dq lqyhuvh ghpdqg ixqfwlrq1 Dv vxfk lw dvvxphv xqfrpshqvdwhg dqg

frpshqvdwhg irupv1 Wklv glvwlqfwlrq lv rqo| lpsolflw lq Qhdu| dqg Urehuwv +4<;3,1 Djdlq frqvxow

Vwudxvv +4<;9,> dqg PfNd| dqg Wd�hvvh +4<<7, iru d ghwdlohg h{dplqdwlrq ri wkh surshuwlhv ri wkhvh

sulfhv dqg wkhlu dssolfdwlrq lq djulfxowxudo krxvhkrog prghov1
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_

> s
�
,/ wkh krxvhkrog doorfdwhv ohvv

O dqg Y wr T
@_

dw +s
_
> s

�
,1

Wkhuhiruh/ e| ghsuhvvlqj wkh uhwxuq rq wkh surgxfwlrq ri T
@_

+ru/ htxlydohqwo|/

udlvlqj wkh uhodwlyh sulfh ri lqsxwv lq whupv ri T
@_

0 R�

E�34�R6
_

lv juhdwhu wkdq R�

R
e

_

,/ wkh

ctxrwd* v|vwhp hyhqwxdwhv fkdqjhv lq wkh pl{ ri fursv fxowlydwhg e| idup krxvhkrogv1

Wkh vwuhqjwk dqg vljql�fdqfh ri wkh glvlqfhqwlyh wkxv fuhdwhg lqfuhdvhv zlwk wkh

vkduh ri T
@_

lq wrwdo furs rxwsxw1 Lqghhg/ li T
@_

lv wkh rqo| furs surgxfhg e| wkh

73Wkh h{suhvvlrq wkdw dssolhv wr wkh pdujlqdo udwh ri wudqvirupdwlrq ehwzhhq '@_ dqg '@s

+PUW_cs , lv=
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�

74Pruh vshfl�fdoo| wklv uhvxow uhtxluhv wkdw/ jlyhq � dqg gc wkh surgxfwlrq whfkqrorj| glvsod|v

+dw ohdvw orfdoo|, ghfuhdvlqj uhwxuqv wr vfdoh zlwk uhvshfw wr u dqg T�
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idup krxvhkrog/ wklv glvlqfhqwlyh ohdgv wr uhgxfwlrqv lq wkh ohyho ri ryhudoo lqsxw

xvh/ wkhuhe| pdnlqj lw xqdeoh wr ixoo| uhdol}h wkh h{lvwlqj sur�w0jhqhudwlqj srwhqwldo1

Frqvhtxhqwo|/ lq wklv sduwlfxodu fdvh/ wkh idup krxvhkrog ehfrphv doorfdwlyho| ohvv

h!flhqw lq surgxfwlrq75 c761 Wkh uhyhqxh0orvv dovr ulvhv zlwk �> dqg ghfuhdvhv zlwk

s
r

_
dqg s

6

_
1 Hylghqwo| lw grhv qrw dulvh li s

_
lv htxdo wr s

e

_
1 Lq idfw/ dq dyhudjh

sulfh lq h{fhvv ri se
_

pd|/ zlwklq wkh erxqgv ri surgxfwlrq whfkqrorj| dqg ohyhov ri

�{hg lqsxwv/ hqfrxudjh h{sdqvlrq lq wkh surgxfwlrq ri T
@_
= Wkhuhiruh/ frqvlghulqj wkh

ctxrwd* dv d sursruwlrqdo rxwsxw wd{ hqdeohg xv wr irupdol}h/ lq d yhu| vlpsoh pdqqhu/

wkh riwhq0pdgh dujxphqw wkdw irufhg judlq surfxuhphqw pd| ohdg wr dq lqh!flhqw

rxwfrph lq iduphuv* surgxfwlyh dfwlylw|771 Wkh prgho vxjjhvwv wkdw zkhwkhu wklv

lqh!flhqf| rffxuv ghshqgv rq furs vxevwlwxwlrq srvvlelolwlhv lq surgxfwlrq dqg wkh

gluhfwlrq dqg pdjqlwxgh ri wkh ghyldwlrq ri s
_
iurp s

e

_
1

� ��������
�  ���
	�

Wkh prgho vhw rxw deryh frqwdlqv d uhodwlyho| odujh qxpehu ri h{rjhqrxv dv zhoo dv

hqgrjhqrxv yduldeohv/ lqfoxglqj wzr yluwxdo sulfhv1 Lw lv qhlwkhu qhfhvvdu| qru lqwhu0

hvwlqj wr frqvlghu wkh lpsdfw dqg2ru wkh uhvsrqvh ri doo ri wkhp h{solflwo|1 Lqvwhdg wkh

frpsdudwlyh vwdwlf surshuwlhv ri wkh prgho duh h{dplqhg lq wzr sduwv1 Wkh �uvw sduw/

suhvhqwhg lq Dsshqgl{ L/ lghqwl�hv wkh zd|v lq zklfk dq h{rjhqrxv yduldeoh lpsdfwv

rq yduldeohv hqgrjhqrxv wr wkh prgho1 Lw lqyroyhv wkh ghulydwlrq ri h{suhvvlrqv iru wkh

h�hfw ri d jhqhudo h{rjhqrxv yduldeoh rq yluwxdo sulfhv/ krxvhkrog zhoiduh/ rxwsxw vxs0

solhv/ dqg frpprglw| ghpdqgv1 Wkh vshfl�f dssolfdwlrqv ri wkh jhqhudo h{suhvvlrqv

wkxv rewdlqhg frpsulvh wkh vhfrqg sduw/ zklfk lv frqwdlqhg lq wklv vhfwlrq1 Wklv sduw

irfxvhv rq wkh lq xhqfh ri FJG dqg udwlrqlqj rq krxvhkrog ehkdylrxu1 Vshfl�fdoo|

frqvlghuhg duh wkh frpsdudwlyh vwdwlf h�hfwv ri �> U
�?

> dqg s
6

_

rq rxwsxw vxssolhv/

frpprglw| ghpdqgv/ pdunhwhg vxusoxv/ dqg krxvhkrog zhoiduh1

��� ����!�� 
� ��� "#����$ ����

Frqvlghu d fkdqjh lq wkh sursruwlrq ri rxwsxw wkdw d idup krxvhkrog kdv wr vhoo wr

wkh jryhuqphqw1 Lq wkh prgho vhw rxw deryh wklv fkdqjh lpsdfwv rq erwk surgxfwlrq

dqg frqvxpswlrq/ dqg wkurxjk wkhp/ rq pdunhwhg vxusoxv1 Lw dovr d�hfwv krxvhkrog

zhoiduh dv d frqvhtxhqfh1

75Wklv uhvxow lv dqdorjrxv wr whqdqwv* lqh!flhqf| lq wkh *Pduvkdooldq* prgho ri vkduhfursslqj1 Lq

erwk fdvhv sduw ri wkh iduphu*v surgxfh dffuxhv/ doehlw lq gl�huhqw irupv/ wr dqrwkhu djhqw1 Krzhyhu/

wkh suhvhqw prgho dgguhvvhv d gl�huhqw sureohp zlwklq d gl�huhqw lqvwlwxwlrqdo vhwxs dqg/ sduwo|

ehfdxvh ri wkdw/ grhv qrw vx�hu iurp wkh zhoo0nqrzq vkruwfrplqjv ri wkh *Pduvkdooldq* prgho1 Iru

lqvwdqfh/ wkh sureohp ri lq�qlwh ghpdqg iru odqg grhv qrw dulvh ehfdxvh wkh odqg whqxuh v|vwhp

pdnhv krxvhkrog odqg0kroglqj h{rjhqrxv1 Wkh fulwltxh dsshdolqj wr wkh yroxqwdulqhvv ri whqdqw0

odqgorug frqwudfwv dqg wkh lpsolhg jdlqv iurp wudgh grhv qrw dsso| ehfdxvh surfxuhphqw lv irufhg1

Vhh Txleuld dqg Udvklg +4<;7, iru d uhylhz ri wkh olwhudwxuh rq vkduhfursslqj1
76Hylghqwo| wkh glvlqfhqwlyh h�hfw lv olnho| wr dvvxph juhdwhu lpsruwdqfh wr orqj0whup ghflvlrqv

vxemhfw wr xqfhuwdlqw|/ lqfoxglqj idup lqyhvwphqw dqg lqqrydwlrq1
77Vfkl� dqg Ydoghv +4<<7, dujxh wkdw h{fhvvlyh gluhfw dqg lqgluhfw wd{dwlrq ri djulfxowxuh qhjdwlyho|

d�hfwv lwv shuirupdqfh/ dqg surylgh vxssruwlqj hylghqfh iurp hljkwhhq frxqwulhv1 Vfkl� +4<<6,/ dqg

lq wkh Hwklrsldq fdvh Iudq}ho hw do +4<;<, iruzdug wkh vdph dujxphqw1 Krzhyhu/ qrqh ri wkhp

surylgh d irupdo plfurhfrqrplf prgho ri wklv sduwlfxodu h�hfw1
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71414 rxwsxw uhvsrqvhv

Lq rxu prgho d fkdqjh lq � jhqhudwhv rxwsxw h�hfwv ehfdxvh lw d�hfwv wkh dyhudjh

sulfh s
_
dqg wkxv/ wkh sur�wdelolw| ri d furs hqwhusulvh vxemhfw wr wkh ctxrwd*781 Wkh

dujxphqw wkhq iroorzv wkdw idup krxvhkrogv/ dv sur�w0pd{lpl}huv/ lqfrusrudwh wkh

fkdqjh lq wkhlu surgxfwlrq ghflvlrqv1 Vwduwlqj zlwk wkh lpsdfw rq T
@_
> zh dffruglqjo|

dsso| +DL146, iru m @ g dqg � @ �> wr rewdlq=
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whupv rq wkh uljkw0kdqg0vlgh duh/ uhvshfwlyho|/ wkh gluhfw dqg yluwxdo0sulfh h�hfwv1

Wkdw � rshudwhv wkurxjk s
_
phdqv/ �

&ck
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/ +n @ dg> di> y> o,/ zkloh wkh

gh�qlwlrq ri s
_
lpsolhv YR_
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@ +sr
_
� s

6

_
,= E| \rxqj*v wkhruhp/ zklfk dssolhv wr

wkh wzlfh0frqwlqxrxvo| gl�huhqwldeoh sur�w ixqfwlrq/ furvv0sulfh h�hfwv duh htxdo/ l1h1/
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&c�
= Lq wkh suhvhqw fdvh wklv uhvxowv �
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�c_
= Vxevhtxhqw vxevwlwxwlrq dqg

uhduudqjhphqw ohdgv wr=
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Zlwk s
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_
/ +sr
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_
, lv qhjdwlyh1 Rq wkh rwkhu kdqg/ e| wkh frqyh{lw| ri

wkh sur�w ixqfwlrq/ �
_c_
> �

�c�
> dqg wkxv +�

�c�
,3� / duh srvlwlyh1 Vlqfh +�

_c�
,2 lv dovr

srvlwlyh/ +714, vkrzv wkdw wkh gluhfw dqg wkh yluwxdo0sulfh h�hfwv zrun lq rssrvlwh

gluhfwlrqv1 Pruhryhu/ wkh flufxpvwdqfhv ri d idup krxvhkrog ghwhuplqh zkhwkhu ru

qrw doo ri wkhvh h�hfwv rshudwh vlpxowdqhrxvo|1 Lq wklv uhjdug +714, dffrpprgdwhv

wkh iroorzlqj srvvlelolwlhv1 Iluvw frqvlghu wkh lpsdfw ri d ulvh lq � rq wkh ohyho ri T
@_

surgxfhg e| d idup krxvhkrog zklfk lv vxemhfw wr wkh ctxrwd* dqg d elqglqj udwlrq

lq Y= Wkh ulvh lq � wudqvodwhv lqwr d idoo lq s
_
dqg hqjhqghuv d uhgxfwlrq lq T

@_
0 wkh

gluhfw h�hfw lv qhjdwlyh1 Lq frqwudvw/ wkh yluwxdo0sulfh h�hfw lv srvlwlyh li lw lv dvvxphg

wkdw Y lv d qrupdo lqsxw +�
�c�

A 3,1 D idoo lq s
_
uhgxfhv wkh ghpdqg iru Y> wkhuhe|

orzhulqj lwv yluwxdo sulfh dw wkh jlyhq ohyho ri U
�
1 Wkh ghfolqh lq s

W

�
> lq wxuq/ h{huwv

d srvlwlyh lq xhqfh rq rxwsxw e| orzhulqj pdujlqdo frvw1 Wkh qhw h�hfw krzhyhu/ lv

qhjdwlyh1 Wr vhh wklv/ pxowlso| +714, e| +�
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Vlqfh lw lv d 5 � 5 sulqflsdo plqru ri wkh Khvvldq ri wkh frqyh{ sur�w ixqfwlrq/ wkh

whup lq vtxduh eudfnhwv lv srvlwlyh791 Dv d uhvxow wkh zkroh h{suhvvlrq lv qhjdwlyh1

Lw lpsolhv wkdw/ dv idu dv wkh qhw lpsdfw rq T
@_

lv frqfhuqhg/ wkh gluhfw h�hfw ri �

grplqdwhv lwv yluwxdo0sulfh h�hfw1 Vhfrqg frqvlghu d krxvhkrog iru zklfk wkh udwlrqlqj

frqvwudlqw grhv qrw elqg1 Lq wkdw fdvh wkh hqwluh rxwsxw uhvsrqvh wr wkh ulvh lq � lv

fdswxuhg e| wkh �uvw whup ri +714,/ zklfk lv qhjdwlyh1 Wklug/ zlwk ru zlwkrxw d

elqglqj udwlrq lq Y> wkh h{whqw wr zklfk T
@_

idoov lqfuhdvhv zlwk wkh vl}h ri wkh sulfh

gl�huhqwldo +sr
_

� s
6

_

,= Ilqdoo|/ qrwh wkdw wkh surgxfwlrq ghflvlrqv duh lqghshqghqw ri

� vr orqj dv wkh krxvhkrog lv iuhh ri wkh ctxrwd*1

Wkh lpsdfw ri � rq hT
@s

lv ghulyhg lq d vlplodu idvklrq dv=
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Iluvw/ lq d prgho zlwk �{hg lqsxwv dqg wzr rxwsxwv/ whfkqlfdo h!flhqf| lpsolhv

�
sc_

+@ �
_cs

, lv qhjdwlyh1 Vhfrqg/ dvvxplqj Y lv d qrupdo lqsxw/ �
sc�

dqg �
_c�

duh

qhjdwlyh1 Wkxv/ zlwk qhjdwlyh +sr
_
�s

6

_
, dqg srvlwlyh +�

�c�
,3�

> erwk gluhfw dqg yluwxdo0

sulfh h�hfwv duh srvlwlyh1 Lw phdqv/ xqghu wkh flufxpvwdqfhv/ d ulvh lq � hqfrxudjhv

dq h{sdqvlrq lq T
@s

surgxfwlrq1 Wklv xqdpeljxrxv uhvxow iroorzv iurp whfkqlfdo

h!flhqf| dqg wkh suhvhqfh ri rqo| wzr rxwsxwv1 Zlwk pxowlsoh rxwsxwv lw fdq rqo|

eh vdlg wkdw wkh wrwdo surgxfwlrq ri rxwsxwv rwkhu wkdq T
@_

lqfuhdvhv1

Wr vxppdul}h/ dq lqfuhdvh +ghfuhdvh, lq � frqvwlwxwhv d idoo +ulvh, lq s
_
dqg wuljjhuv

d fruuhvsrqglqj sulfh uhvsrqvh lq rxwsxw vxssolhv1 Lqgxfhg e| wkh lpsdfw rq wkh

sur�wdelolw| ri furs hqwhusulvhv uhvrxufhv duh olnho| wr eh uhdoorfdwhg1 Wklv uhvsrqvh

lv frqglwlrqhg e| wkh udwlrqlqj lq Y vr orqj dv wkh odwwhu elqgv1 Frpsdudwlyh vwdwlf

dqdo|vlv uhyhdov wkdw/ dv � jurzv/ idup krxvhkrogv suhihu wr vzlwfk rxw ri fursv vxemhfw

wr wkh ctxrwd* dqg lqwr wkrvh zklfk duh qrw1 Wkh h{whqw wr zklfk wklv suhihuhqfh lv

uhdol}hg ghshqgv rq whfkqrorjlfdo srvvlelolwlhv dqg uhvrxufh hqgrzphqwv1 Sduwlfxoduo|

vljql�fdqw lv wkh srvvleoh furs0vshfl�flw| ri sorwv dqg2ru kxpdq dqg sk|vlfdo fdslwdo1

Fxowlydwlqj d furs pl{ ohvv vxlwdeoh wr uhvrxufh hqgrzphqwv pd| lqyroyh frqvlghudeoh

|lhog orvvhv ru vxevwdqwldo dgmxvwphqw frvwv/ wkhuhe| olplwlqj vzlwfklqj srvvlelolwlhv1

Rwkhu srvvlelolwlhv ru frqvwudlqwv pd| dovr frph lqwr sod|1 Iru lqvwdqfh/ d vx!flhqwo|

odujh lqfuhdvh lq wkh ciuhh* pdunhw sulfh ri T
@_
pd| pruh wkdq frpshqvdwh iru d kljkhu

� vxfk wkdw s
_
> dqg frqvhtxhqwo| T
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>ulvh7:1

79 Lqghhg/ wklv ghprqhvwudwhv wkdw xqghu udwlrqlqj +lq T , rzq0sulfh uhvsrqvh ri rxwsxw ghfolqhv
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wuljjhuhg e| wkh ulvh lq k +wkh whup rq wkh uljkw,1
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71415 frqvxpswlrq uhvsrqvhv

Zh ehjlq e| qrwlqj wkdw/ vlqfh � rshudwhv wkurxjk wkh dyhudjh sulfh ri T@_ dqg vlqfh

s
6

_
+dqg qrw s_, frqvwlwxwhv wkh rssruwxqlw| frvw ri [@_> yduldwlrqv lq wkh ctxrwd* ohyho

fdq rqo| jhqhudwh dq lqfrph h�hfw rq frqvxpswlrq1 Dffruglqjo| dsso|lqj +DL14:,

iru � @ �> wklv h�hfw lv fdswxuhg e|=

C h[�

C�
@

57C[�

CH
�

C[
�

�

CsW
?

#
C[

�

�?

CsW
?

$
3�

C[�?

CH

68 Ch
�

Cs_

Cs_

C�

zkhuh l @ dg> di> o>Pf1 Wkh lpsdfw ri � rq h[� wkxv uhgxfhv wr wkh sur�w h�hfw

zrunlqj gluhfwo| dqg wkurxjk wkh yluwxdo sulfh ri [�?= D ixuwkhu vlpsol�fdwlrq lv
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zkhuh l @ dg> di> o>Pf1

Dv glvfxvvhg lq Dsshqgl{ L wkh whup lq vtxduh eudfnhwv rq wkh uljkw0kdqg0vlgh ri

+716, h{suhvvhv wkh udwlrqhg lqfrph h�hfw1 Htxdwlrq +716, vkrzv wkdw wkh uhgxfwlrq

lq lqfrph iroorzlqj d ulvh lq � ohdgv wr d idoo lq wkh ghpdqg iru [�> vr orqj dv wkh

odwwhu lv d qrupdo jrrg lq wkh devhqfh ri udwlrqlqj +Yf�

Y.
A 3,1 Lq dgglwlrq/ wkh

lqfrph uhgxfwlrq rshudwhv dv d uhod{dwlrq ri wkh udwlrq li [�? lv d qrupdo jrrg/

vxevhtxhqwo| orzhulqj sW
?
= Wkh idoo lq s

W

?
lq wxuq lqgxfhv d ixuwkhu idoo lq wkh ghpdqg

iru [� li [� dqg [�? duh qhw vxevwlwxwhv +
Yf

�
�

YRW?
A 3,= Wkh rssrvlwh uhvsrqvh zloo

rffxu li wkh wzr jrrgv duh qhw frpsohphqwv +
Yf

�
�

YRW?
? 3,= Krzhyhu/ dq lqfuhdvh lq �

xqdpeljxrxvo| uhgxfhv wkh idup krxvhkrogv* ghpdqg iru xqudwlrqhg jrrgv/ vr orqj

dv wkh odwwhu uhpdlq qrupdo zlwk dqg zlwkrxw udwlrqlqj +Y
hf�

Y.
A 3,1 Wkh uhgxfwlrq

lv dq lqfuhdvlqj ixqfwlrq ri wkh gl�huhqfh ehwzhhq s
r

_
dqg s

6

_
= Wklv h�hfw rshudwhv

zlwk ru zlwkrxw d elqglqj udwlrq lq [�?> vr orqj dv [� uhpdlqv qrupdo1 Xqghu vxfk

udwlrqlqj/ krzhyhu/ wkh ghfolqh lq ghpdqg lv odujhu ru vpdoohu ghshqglqj rq zkhwkhu

[� lv d qhw vxevwlwxwh ru d qhw frpsohphqw wr [�?/ uhvshfwlyho|1

Ilqdoo|/ d orrn dw wkh lpsdfw ri � rq krxvhkrog zhoiduh frq�upv wkh uhvxowv re0

wdlqhg deryh1 Dsso|lqj +DL144, iru � @ �> dqg uhfdoolqj Ye
�

Yk
@ +sr

_
� s

6

_
, hT@_> ohdgv

wr=
C hXW

C�
@
�
+sr
_
� s

6

_
, hT@_

�
+h�,

3� +717,

Wkh fxvwrpdu| dvvxpswlrq ri qrqvdwldwlrq lpsolhv wkdw +h�,
3� lv srvlwlyh1 Wkxv

d ulvh +idoo, lq �> e| uhgxflqj +lqfuhdvlqj, lqfrph/ frqwudfwv +hqodujhv, wkh ihdvleoh

frqvxpswlrq vhw/ dqg dv d uhvxow/ xqdpeljxrxvo| orzhuv +udlvhv, krxvhkrog zhoiduh1

Wklv h�hfw jhwv vwurqjhu dv wkh jds ehwzhhq s
r

_
dqg s

6

_
zlghqv1
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71416 pdunhwhg vxusoxv uhvsrqvh

Wkdw wkh yduldwlrq � d�hfwv erwk frqvxpswlrq dqg surgxfwlrq phdqv lw lpsdfwv rq

wkh pdunhwhg vxusoxv ri xqudwlrqhg jrrgv zklfk duh erwk ghpdqghg dqg vxssolhg e|

wkh idup krxvhkrog1 Fursv dqg oderxu duh vxfk frpprglwlhv lq wkh suhvhqw prgho1

Wkh glvfxvvlrq ehorz lv frq�qhg wr T@_> krzhyhu1 Dqdorjrxv uhvxowv dsso| wr wkh

rwkhuv1 Ohw V@_ dqg V
6

@_
ghqrwh wrwdo pdunhwhg vxusoxv ri T@_ dqg krxvhkrog vdohv ri

T@_ rq wkh ciuhh* pdunhw/ uhvshfwlyho|/ l1h1=

hV@_ @ hT@_ �
h[@_ >hV6

@_
@ +4� �, hT@_ �

h[@_

Xvlqj +714, dqg +716, wkh lpsdfw ri � rq hV@_ fdq eh vxppdul}hg dv=

C hV@_
C�

@ +sr
_
�s

6

_
,

;?=k+�_c_,� +�_c�,
2 +��c�,

3�
l
�
hT@_
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�
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68<@>
+718,

Dv vkrzq hduolhu d ulvh lq � zloo lqgxfh d ghfolqh lq erwk rxwsxw dqg frqvxpswlrq ri

T@_ vr orqj dv wkdw furs lv qrupdo lq wkh odwwhu1 Frqvhtxhqwo|/ zkdw kdsshqv wr wrwdo

pdunhwhg vxusoxv ghshqgv rq wkh uhodwlyh vwuhqjwk ri wkh wzr1 Lq wklv uhjdug/ +718,

lpsolhv wkdw iru hV@_ wr jurz zlwk �> wkh sur�w uhvsrqvlyhqhvv ri frqvxpswlrq vkrxog

h{fhhg wkh rzq0sulfh uhvsrqvlyhqhvv ri rxwsxw1 Lqghhg/ vrph pdqlsxodwlrq ri wkdw

htxdwlrq/ xvlqj wkh udwlrqhg frxqwhusduwv ri lwv whupv gluhfwo|/ uhvxowv wkh iroorzlqj

uhvwdwhphqw ri wkh frqglwlrq lq whupv ri hodvwlflwlhv7;=

hz@_
h�
fc.

�
h�
'cR

A 3 +719,

zkhuh= hz@_ @ exgjhw vkduh ri [@_ xqghu udwlrqlqj> h�
fc.

@ udwlrqhg lqfrph hodv0

wlflw| ri ghpdqg iru [@_ > h�
'cR

@ udwlrqhg rzq0sulfh hodvwlflw| ri T@_= Li wkh udwlrq

frqvwudlqwv duh qrw elqglqj wkh xqudwlrqhg dqdorjxh ri +719, dssolhv1 Wkxv/ wrwdo

pdunhwhg vxusoxv ri T@_ fdq lqfuhdvh zlwk � rqo| li wkh lqfrph hodvwlflw| ri ghpdqg

iru [@_> zhljkwhg e| wkh fruuhvsrqglqj exgjhw vkduh/ lv juhdwhu wkdq wkh rzq0sulfh

hodvwlflw| ri T@_=

Wzr revhuydwlrqv fdq eh pdgh rq wkh edvlv ri +718,1

41 Vlqfh wkh qhjdwlyh rxwsxw dqg frqvxpswlrq h�hfwv ri � dsso| hyhq lq wkh de0

vhqfh ri udwlrqlqj lq Y dqg [�?> wkh uhvxow frqfhuqlqj wrwdo pdunhwhg vxusoxv

dovr krogv hyhq zkhq d krxvhkrog lv qrw idflqj vxfk frqvwudlqwv1 Wklv frqwudvwv

zlwk wkh xqdpeljxrxv uhvxow D}dp +4<<5, rewdlqhg rq wkh edvlv ri d prgho

zlwk qr udwlrqlqj/ l1h1/ wrwdo pdunhwhg vxusoxv lv dq lqfuhdvlqj ixqfwlrq ri wkh

ohyho ri wkh ctxrwd*1 Wklv frqfoxvlrq iroorzv ehfdxvh kh ylhzv wkh ctxrwd* dv d

oxps0vxp wd{ zlwk wkh uhvxow wkdw wkh srvvlelolw| ri dq rxwsxw h�hfw grhv qrw

dulvh lq klv prgho1

7;Pxowlso| +718,/ vwdwhg gluhfwo| lq whupv ri udwlrqhg h�hfwv/ wkurxjk e|
�

kh7
dg

R
g

R
g

h'
dgh'
dg

hf
dghf
dg

.

.

�
dqg

uhduudqjh wr rewdlq=

h17ck '

��
R
r
_ 3 R

6
_

R_

��
kh'@_h7@_

��kh1'cR 3 h�@_h1fc.l
zkhuh= h17ck uhsuhvhqwv wkh udwlrqhg hodvwlflw| ri wrwdo pdunhwhg vxusoxv zlwk uhvshfw wr k� Wkh uhvw ri

wkh hodvwlflwlhv duh dv gh�qhg lq wkh wh{w1 Vlqfh wkh whup lq fxuo| eudfnhwv lv qhjdwlyh/ +719, iroorzv1
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51 Wkh srvwxodwhg sdwwhuq ri udwlrqlqj frpsolfdwhv wkh uhvsrqvh ri wrwdo pdunhwhg

vxusoxv lq wzr zd|v1 Iluvw/ udwlrqlqj lq Y zhdnhqv wkh rzq0sulfh uhvsrqvlyhqhvv

ri T@_= Lq vr grlqj lw gdpshqv wkh qhjdwlyh lpsdfw ri � rq hV@_= Vhfrqg/ wkurxjk
lwv lpsdfw rq [@_ frqvlghuhg hduolhu/ udwlrqlqj lq [�? lqfuhdvhv ru uhgxfhv wkh

olnholkrrg ri hV@_ ulvlqj zlwk � li [@_ lv d qhw vxevwlwxwh ru qhw frpsohphqw wr

[�?> uhvshfwlyho|1

Dv wr wkh ciuhh* pdunhw vdohv ri idup krxvhkrogv/ Ghufrq +4<<7,/ uljkwo| hpskdvl}0

lqj lwv lpsruwdqfh/ frqfoxghv wkdw iru hV6
@_

wr lqfuhdvh zlwk wkh ctxrwd*/ wkh iroorzlqj

frqglwlrq +vwdwhg lq rxu qrwdwlrq dqg uhsuhvhqwlqj wkh lqfrph hodvwlflw| ri ghpdqg

iru [@_ lq wkh devhqfh ri udwlrqlqj, vkrxog krog=

z@_�fc. A

#
s
6

_

s
6

_
� s

r

_

$
+71:,

Krzhyhu/ kh xvhv wkh xqudwlrqhg prgho ri D}dp +4<<5, dqg wkxv grhv qrw doorz iru

wkh srwhqwldo rxwsxw h�hfwv ri wkh ctxrwd* dv zhoo dv wkh yluwxdo0sulfh h�hfwv gxh wr

udwlrqlqj1 Lq wklv uhjdug/ xvlqj +714, dqg +716, wrjhwkhu zlwk wkh gh�qlwlrq ri hV6
@_
>

wkh iroorzlqj h{suhvvlrq dssolhv=

C hV6
@_

C�
@ +sr

_
� s

6

_
,
k
+4� �,^+�_c_,� +�_c�,

2+��c�,
3�`

l
�+sr

_
� s

6

_
, hT@_
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68� hT@_ +71;,

Vhfrqg d frqglwlrq dqdorjrxv wr +71:, rewdlqv lq wkh suhvhqw frqwh{w dv zhoo1 Zlwk

vrph dojheudlf pdqlsxodwlrq ri +71;,/ djdlq gluhfwo| xvlqj wkh udwlrqhg htxlydohqwv ri

wkh whupv/ wklv frqglwlrq dsshduv dv 7<=

hz@_
h�
fc.

�

k
+4� �,h�

'cR
� �

l
A

#
s
6

_

s
6

_
� s

r

_

$
+71<,

zkhuh= h�
fc.

dqg h�
'cR

duh dv gh�qhg deryh1 Wkh vwuxfwxuh ri +71;, zloo eh wkh vdph

hyhq li wkh udwlrqv gr qrw elqg/ h{fhsw lq wkdw fdvh xqudwlrqhg whupv zloo uhsodfh

udwlrqhg rqhv1 Fohduo| +71<, lv d frqglwlrq glvwlqfw iurp +71:, deryh1 Xqohvv � h{0

fhhgv +4� �,h�
'cR

> lw lv dovr pruh vwulqjhqw1 Dsduw iurp wkh h�hfw ri udwlrqlqj/ +71:,

dqg +71<, gl�hu ehfdxvh wkh| duh edvhg rq wzr gl�huhqw fkdudfwhul}dwlrqv ri wkh ctxr0

wd*1 Ghufrq +4<<7,/ iroorzlqj D}dp +4<<5,/ frqvlghuv wkh ctxrwd* dv d oxps0vxp wd{

rq furs surgxfhuv1 Htxdwlrq +71<,/ rq wkh rwkhu kdqg/ uh hfwv wkh ylhz wkdw wkh

ctxrwd* rshudwhg dv d sursruwlrqdo wd{ dqg wkxv d�hfwv wkh surgxfwlrq ghflvlrqv ri

idup krxvhkrogv1 Qhyhuwkhohvv/ erwk lqglfdwh wkdw lw lv xqolnho| iru frpsxovru| judlq

gholyhu| wr errvw ciuhh* pdunhw vdohv ri hT@_=

Wr frqfoxgh/ wkh lqwurgxfwlrq dqg h{sdqvlrq ri FJG kdyh lqfuhdvhg wkh judlq

pdunhw vkduh ri wkh Djulfxowxudo Pdunhwlqj Frusrudwlrq1 Lq frqwudvw/ d frqwudfwlqj

ciuhh* pdunhw vdohv dsshduv wr eh wkh pruh olnho| rxwfrph ri FJG1 Lq idfw wkh ryhudoo

pdunhwhg vxusoxv ri T@_ pd| kdyh vkuxqn dv d uhvxow1 Wkh fruroodu| lv wkh derolwlrq ri

FJG lv olnho| wr lqfuhdvh wklv vxusoxv1 Li [@_ dqg [�? duh qhw vxevwlwxwhv/ krzhyhu/ d

elqglqj udwlrq lq wkh odwwhu zloo gdpshq wklv uhvsrqvh1 Olehudol}dwlrq ri judlq pdunhwv

lv d qhfhvvdu| exw qrw vx!flhqw frqglwlrq iru lqfuhdvhg vxsso| wr wkrvh pdunhwv1

7<Wkh pdqlsxodwlrqv duh wkh vdph dv wkrvh xvhg lq ghulylqj +71:,/ zlwk wzr gl�huhqfhv= h76@_ uhsodfhvh7@_> dqg wkh uhodwlrq R_ ' R
6
_ 3 kER6_ 3 R

r
_� lv xvhg1
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Wkh prgho vhw rxw deryh frqwdlqv wkuhh udwlrq ohyhov0 U�S>U�?> dqg U�= Frqyhuwleoh

udwlrq U�S surgxfhv dq lqfrph h�hfw lq frqvxpswlrq wkurxjk wkh lqfrph2vxevlg|

dvvrfldwhg zlwk lw1 Vlploduo|/ wkh h�hfw ri wkh cqrqfrqyhuwleoh* udwlrq U�?> dowkrxjk

pruh frpsolfdwhg/ lv dovr frq�qhg wr frqvxpswlrq1 Wkh udwlrq ohyho ri Y> rq wkh

rwkhu kdqg/ d�hfwv surgxfwlrq gluhfwo| dqg frqvxpswlrq wkurxjk idup sur�wv1 Doo

wkhvh h�hfwv fdq eh dqdo|}hg e| vxlwdeo| uhvwulfwlqj htxdwlrqv +DL146, dqg +DL14:,

ri Dsshqgl{ L1 Krzhyhu/ h{fhsw iru d eulhi qrwh rq U�S dw wkh hqg/ wkh forvhu orrn

suhvhqwhg lq wklv vhfwlrq irfxvhv rq wkh fdvh ri U�?=

Lq wkh frqwh{w ri rxu uhfxuvlyh prgho/ uhod{lqj ru wljkwhqlqj wkh udwlrqlqj lq [�?

fdq rqo| jhqhudwh frqvxpswlrq uhvsrqvhv1 Rqfh pruh +DL14:, lv dssolhg/ qrz zlwk

� @ U�?= Qrwlqj wkdw [
�

�
> [

�

�?
> dqg h� duh qrw gluhfwo| d�hfwhg e| U�?> wkh lpsdfw

ri d fkdqjh lq wkh ohyho ri wkh odwwhu rq wkh ghpdqg iru xqudwlrqhg jrrgv lv rewdlqhg

dv=

C h[�

CU�?

@
C[

�

�

CsW
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#
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�
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CsW
?

$
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68 +7143,

zkhuh l @ dg> di> o>Pf1 Htxdwlrq +7143, fdq eh lqwhusuhwhg dv d Voxwvn|0w|sh htxd0

wlrq831 Wr looxvwudwh/ frqvlghu d uhod{dwlrq ri wkh udwlrq frqvwudlqw1 Wkh �uvw whup rq

wkh uljkw0kdqg0vlgh ri +7143, frqvwlwxwhv wkh vxevwlwxwlrq h�hfw/ dqg lv wuljjhuhg e| wkh

idoo lq wkh yluwxdo sulfh ri [�? gxh wr wkh lqfuhdvhg ohyho ri U�?= Wkh vhfrqg whup/

rq wkh rwkhu kdqg/ fdswxuhv wkh lqfrph h�hfw/ dqg lv lqgxfhg e| wkh uhgxfwlrq lq wkh

ohyho ri h{shqglwxuh uhtxluhg wr dfklhyh wkh lqlwldo ohyho ri xwlolw| wkdw wkh lqfuhdvh lq

U�? eulqjv derxw1 Wkh pdjqlwxgh ri wklv uhgxfwlrq lv htxdo wr +sW
?
� s

r

?
,841

Dvvxplqj lw lv qrupdo +dqg vwd|v vr xqghu udwlrqlqj,/ krz krxvhkrog ghpdqg iru

[� uhvsrqgv ghshqgv rq wkh sdwwhuq ri vxevwlwxwlrq lq frqvxpswlrq1 Vxssrvh [� dqg

[�? duh qhw frpsohphqwv/

�
Yf

�
�

YRW?
? 3

�
= Vlqfh

�
Yf

�
�?

YRW?

�
3�

0 wkh lqyhuvh ri wkh frpshq0

vdwhg rzq0sulfh uhvsrqvh ri [�? 0 lv qhjdwlyh/ wkh vxevwlwxwlrq h�hfw lv srvlwlyh1 Wkh

srvwxodwhg suhvhqfh ri h{fhvv ghpdqg iru [�?> rq wkh rwkhu kdqg/ pdnhv +sW
?
� s

r

?
,

srvlwlyh/ zklfk/ frpelqhg zlwk wkh qrupdolw| ri [�> lqgxfhv d srvlwlyh lqfrph h�hfw1

Wklv lpsolhv wkh ghpdqg iru [� ulvhv zlwk lqfuhdvhg dydlodelolw| ri wkh udwlrqhg jrrg1

Lq frqwudvw/ wkdw wkh wzr frpprglwlhv duh qhw vxevwlwxwhv/

�
Yf

�
�

YRW?
A 3

�
> phdqv wkh

wzr h�hfwv zrun lq rssrvlwh gluhfwlrqv/ zlwk wkh vxevwlwxwlrq h�hfw ehlqj qhjdwlyh1

Wkh uhvxowdqw lpsdfw rq wkh ghpdqg iru [� fdqqrw eh ghwhuplqhg d sulrul851 Lq wklv

83Wklv fkdudfwhulvdwlrq lv gxh wr Qhdu| dqg Urehuwv +4<;3,1 Lq idfw +7143, lv lghqwlfdo wr htxdwlrq

+54, lq wkdw sdshu rqfh wkhlu htxdwlrqv +4<, dqg +57, duh vxevwlwxwhg lq1
84Wkdw wklv lv wkh fdvh fdq eh hvwdeolvkhg e| gl�huhqwldwlqj

he� ' e
�

3 ERW6 3 R
r
6�-�? 3 ERW� 3 R

r
��-�?

zlwk uhvshfw wr -�?�
85Qrwzlwkvwdqglqj wkh srvvlelolw| ri dpeljxrxv vshfl�f frqvxpswlrq uhvsrqvhv/ wkh ryhudoo zhoiduh

lpsdfw ri d ulvh lq -�? lv fohdu0fxw1 Xvlqj +DL144, zlwk � ' -�?c wkh odwwhu h�hfw dsshduv dv=

YhLW

Y-�?

' Ee��
3� ERW? 3 R

r
?� �

Zlwk wkh uhod{dwlrq ri wkh udwlrq dqg wkh vxevhtxhqw idoo lq h{shqglwxuh/ wkh krxvhkrog d�rugv d ohvv

frqvwudlqhg fkrlfh vhw dqg d fruuhvsrqglqjo| kljkhu xwlolw| ohyho1

5;



fdvh rqo| li wkh vxevwlwxwlrq h�hfw grplqdwhv wkdw d kljkhu U�? hqjhqghuv d orzhu

ghpdqg iru xqudwlrqhg jrrgv1 Iru lqvwdqfh/ krxvhkrog frqvxpswlrq ri [@_ ghfolqhv

zlwk wkh uhod{dwlrq ri wkh udwlrq frqvwudlqw rqo| li lw lv qrupdo dqg d qhw vxevwlwxwh

wr [�?> dqg li wkh uhvxowlqj qhjdwlyh vxevwlwxwlrq h�hfw h{fhhgv wkh srvlwlyh lqfrph

h�hfw1 Krzhyhu/ lq jhqhudo/ zlwk lqfrph xqd�hfwhg e| wkh fkdqjh lq U�?> wkh wrwdo

ghpdqg iru xqudwlrqhg jrrgv kdv wr idoo wr dffrpprgdwh wkh lqfuhdvhg h{shqglwxuh

rq [�?= Zklfk ri wkhvh jrrgv lv dvvrfldwhg zlwk wkh idoo lv zkdw fdqqrw eh lqihuuhg

d sulrul1

Ilqdoo|/ qrwh wkdw d fkdqjh lq wkh ohyho ri wkh cfrqyhuwleoh* udwlrq/ zrunlqj wkurxjk

wkh lqfrph2vxevlg| uhodwhg wr wkdw udwlrq/ jhqhudwhv lqfrph h�hfwv lq frqvxpswlrq1

Lqvwhdg ri h{dplqlqj wkh lpsdfw rq frpprglw| ghpdqgv/ khuh zh vwdwh wkh zhoiduh

h�hfw wkhuhe| hqjhqghuhg1 Xvlqj wkh qrz idploldu +DL144, iru � @ U�S> wkh odwwhu

dsshduv dv=

C hXW

CU�S

@ +s6
S
� s

r

S
,+h�,

3� +7144,

Vlqfh s6
S
A s

r

S
/ +7144, vkrzv wkdw d ulvh +idoo, lq U�S> e| lqfuhdvlqj +ghfuhdvlqj, wkh

lqfrph2vxevlg| dvvrfldwhg zlwk lw/ ohdgv wr d kljkhu +orzhu, ohyho ri krxvhkrog xwlo0

lw|861 Wkxv/ fhwhulv sdulexv/ derolvklqj wkh vxevlgl}hg glvwulexwlrq ri frqvxphu jrrgv/

uhgxfhv wkh zhoiduh ri idup krxvhkrogv1 Reylrxvo|/ wklv orvv kdv wr eh zhljkwhg djdlqvw

wkh jdlqv iru wkhvh krxvhkrogv wkdw iroorz iurp wkh ryhudoo olehudol}dwlrq surfhvv/ ri

zklfk wkh derolwlrq ri vxevlgl}hg frqvxphu jrrgv surylvlrq lv mxvw rqh frpsrqhqw1

��� ����!�� 
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Wkhuh duh hljkw h{rjhqrxv sulfhv0 s6
_
> s

6

s
> s

6

,
> s

6

S
> s

r

S
> s

r

?
> s

r

_
> s

r

�
0 lq wkh prgho suhvhqwhg

deryh1 Wkh �uvw irxu duh pdunhw sulfhv/ zkloh wkh uhvw duh jryhuqphqw0ghwhuplqhg ru

cr!fldo* rqhv1 Vrph ri wkhvh sulfhv d�hfw erwk frqvxpswlrq dqg surgxfwlrq ghflvlrqv/

zkhuhdv rwkhuv lpsdfw rqo| rq wkh iruphu1 Wdeoh 614 ehorz olvwv wkh w|sh ri h�hfwv

fruuhvsrqglqj wr hdfk1 Lw vkrzv wkdw doo sulfhv jhqhudwh frqvxpswlrq lqfrph h�hfwv

ri erwk w|shv/ zkhuhdv frqvxpswlrq vxevwlwxwlrq h�hfwv duh frq�qhg wr pdunhw sulfhv1

Rq wkh surgxfwlrq vlgh/ uhfxuvlyhqhvv h{foxghv wkh pdunhw sulfh ri cfrqyhuwleoh* ud0

wlrqv iurp wkh sulfh vhw uhohydqw wr surgxfwlrq ghflvlrqv/ zkloh wkh furs surfxuhphqw

sulfh/ sr
_
> lv wkh rqo| cr!fldo* sulfh d�hfwlqj wkrvh ghflvlrqv1

Wdeoh 614 dovr uhyhdov wkdw rqo| s
6

_
> s

6

s
> dqg s

6

,
duh fdsdeoh ri lqlwldwlqj gluhfw

dqg yluwxdo0sulfh h�hfwv lq surgxfwlrq/ dv zhoo dv gluhfw dqg yluwxdo0sulfh lqfrph

dqg vxevwlwxwlrq h�hfwv lq frqvxpswlrq1 Lq wkdw vhqvh/ dqg zlwklq wkh olplwv ri rxu

prgho/ wkh| pdnh0xs wkh sulfh vhw prvw lpsruwdqw wr ghflvlrqv e| idup krxvhkrogv1

Lq uhfrjqlwlrq ri wklv lpsruwdqfh/ d ulvh lq rqh ri wkhp 0 s6
_

0 lv vhohfwhg iru gh0

wdlohg frpsdudwlyh vwdwlf h{dplqdwlrq1 Wkh vhohfwlrq ri s6
_
lv dovr prwlydwhg e| wkh

ghvluh wr kljkoljkw wkh lpsdfw ri FJG dqg udwlrqlqj rq wkh sulfh uhvsrqvlyhqhvv ri

rxwsxw vxssolhv/ lqsxw ghpdqgv/ dqg frpprglw| ghpdqgv1 Wkh glvfxvvlrq lv ixuwkhu

uhvwulfwhg wr wkh uhvsrqvh ri T@_> [@_> dqg V@_= Lw lv vwudljkwiruzdug wr ghulyh wkh

h�hfw ri wklv dqg rwkhu sulfhv rq dq| rwkhu hqgrjhqrxv yduldeoh e| dsso|lqj +DL146,

dqg +DL14:, dv uhtxluhg1

86 Lq klv frpsdulvrq ri irxu dowhuqdwlyh glvwulexwlrq v|vwhpv Vdk +4<;:, irxqg d vlplodu uhvxow1

5<



Wdeoh 5= H�hfwv ri H{rjhqrxv sulfhv

Frqvxpswlrq Frqvxpswlrq

Rxwsxw Vxevwlwxwlrq Lqfrph

Sulfh H�hfw H�hfw H�hfw

Gluhfw Yluwxdo0sulfh Gluhfw Yluwxdo0sulfh Glulhfw Yluwxdo0sulfh

s
6

_
\ hv \ hv \ hv \ hv \ hv \ hv

s
6

s
\ hv \ hv \ hv \ hv \ hv \ hv

s
6

,
\ hv \ hv \ hv \ hv \ hv \ hv

s
6

S
Qr Qr \ hv \ hv \ hv \ hv

s
r

S
Qr Qr Qr Qr \ hv \ hv

s
r

?
Qr Qr Qr Qr \ hv \ hv

s
r

_
\ hv \ hv Qr Qr \ hv \ hv

s
r

�
Qr Qr Qr Qr \ hv \ hv

71614 rxwsxw uhvsrqvhv

Olnh wkdw ri rwkhu h{rjhqrxv yduldeohv/ wkh lpsdfw ri d fkdqjh lq s
6

_
rq rxwsxwv lv

zrunhg rxw e| xvlqj +DL146,1 Khuh +DL146, lv dssolhg iru � @ s
6

_
wr jlyh=

C hT@_

Cs
6

_

@
C�_

Cs
6

_

� �_c� +��c�,
3� C��

Cs
6

_

Olnh �> wkh surfxuhphqw dqg ciuhh* pdunhw sulfhv ri wkh furs vxemhfw wr FJG rshudwh

wkurxjk wkh dyhudjh sulfh ri wkdw furs/ s_ 1 Wklv lpsolhv = YZ_

YR
6
_

@ YZ_

YR_

YR_

YR
6
_

> dqg

YZ�

YR
6
_

@ YZ�

YR_

YR_

YR
6
_

1 Ixuwkhupruh/ iurp wkh gh�qlwlrq ri s_ lw iroorzv wkdw/
YR_

YR
6
_

@ +4��,=

Vxevwlwxwlqj dv dssursuldwh/ xvlqj wkh htxdolw| ri furvv0sulfh h�hfwv/ dqg pxowlso|lqj

wkh uhvxow e| +��c�,+��c�,
3�
> wkh ghvluhg h{suhvvlrq lv rewdlqhg dv=

C hT@_

Cs
6

_

@ +4� �,
k
+�_c_,+��c�,� +�_c�,

2

l
+��c�,

3� +7145,

Wkuhh uhpdunv fdq eh pdgh derxw vxsso| uhvsrqvhv rq wkh edvlv ri +7145,1

Iluvw/ wkh frqyh{lw| ri wkh sur�w ixqfwlrq/ frpelqhg zlwk 3 � � � 4> hqvxuhv wkdw
wkh ryhudoo rxwsxw uhvsrqvh lv srvlwlyh1 Wkh whup lq vtxduh eudfnhwv rq wkh uljkw0kdqg0

vlgh lv srvlwlyh vlqfh lw lv d +5� 5, sulqflsdo plqru ri wkh Khvvldq +zklfk lv srvlwlyh

vhplgh�qlwh, ri �> zkhuhdv +��c�,
3�/ ehlqj wkh lqyhuvh ri d gldjrqdo hohphqw ri wkh

Khvvldq ri �> lv dovr srvlwlyh1 Lq vkruw/ hyhq zlwk udwlrqlqj lq Y> sur�w0pd{lpl}lqj

ehkdylrxu rq wkh sduw ri idup krxvhkrogv lqgxfhv wkhp wr srvlwlyho| uhvsrqg wr ulvlqj

rxwsxw sulfh1

Vhfrqg/ wkh frpsxovru| judlq gholyhu| v|vwhp uhgxfhv wkh rzq0+pdunhw,sulfh uh0

vsrqvlyhqhvv ri T@_ wr d iudfwlrq/ +40�,/ ri wkh ohyho wkdw zrxog kdyh rewdlqhg +iru

d pdunhw sulfh htxdo wr s_, lq lwv devhqfh1 Wkh kljkhu � lv/ wkh orzhu wklv uhvsrqvh

jhwv/ wkh olplw ehlqj }hur dw � @ 4> l1h1/ li wkh krxvhkrog lv irufhg wr vhoo wkh zkroh ri

lwv pdunhwhg vxusoxv wr wkh jryhuqphqw/ wkhq T@_ lv xqd�hfwhg e| s6
_
1 Lpsrvlwlrq ri

wkh ctxrwd* fkdqjhv wkh rxwsxw sulfh uhohydqw wr surgxfwlrq fkrlfh iurp wkh pdunhw

sulfh/ s6
_
> wr wkh dyhudjh sulfh/ s_= Wkh lpsdfw ri wkh iruphu  rzv wkurxjk wkh odwwhu/

vxfk wkdw dw wkh pdujlq=

gs_ @ +4� �,gs6
_
=
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Urxjko| vshdnlqj/ rxw ri d xqlw ulvh lq s
6

_
rqo| +4� �, dffuxhv wr wkh krxvhkrog/

zklfk uhvsrqgv dffruglqjo|1 E| ghsuhvvlqj wkh uhwxuqv iurp T@_/ wkh ctxrwd* v|vwhp

pdnhv wkh vxsso| ri wkdw furs/ dqg wkxv wrwdo furs rxwsxw/ ohvv uhvsrqvlyh wr fkdqjhv

lq s
6

_
= Ixuwkhupruh/ wklv h�hfw rshudwhv hyhq zkhq udwlrqlqj lq Y grhv qrw elqg1 Lq

wkh odwwhu fdvh wkh rxwsxw uhvsrqvh frqvlvwv rqo| ri +4� �,+�_c_,1
Wklug/ d elqglqj udwlrq lq Y ixuwkhu orzhuv wkh uhvsrqvlyhqhvv ri T@_ wr fkdqjhv

lq lwv rzq sulfh871 Wklv h�hfw fdq eh lvrodwhg e| fduu|lqj rxw wkh pxowlsolfdwlrq e|

+��c�,
3� lq +7145, dqg uhduudqjlqj wkh uhvxowlqj h{suhvvlrq1 Lw irupv wkh vhfrqg whup

ri wkh uhvxowlqj h{suhvvlrq dqg dsshduv dv=

�

k
+4� �,+�_c�,

2+��c�,
3�

l
= +7146,

Iru uhdvrqv qrwhg hduolhu doo whupv lq wkh vtxduh eudfnhw duh srvlwlyh1 Dv d uhvxow

wkh yluwxdo0sulfh h�hfw lv qhjdwlyh1 D ulvh lq s
6

_
> sxvkhv rxwsxw ri T@_ kljkhu1 E|

lqfuhdvlqj wkh ghpdqg iru Y +dvvxphg wr eh d qrupdo lqsxw,/ wklv rshudwhv dv d

wljkwhqlqj ri wkh udwlrq1 Wkh yluwxdo sulfh ri Y lqfuhdvhv dv d frqvhtxhqfh/ dqg/ lq

wxuq/ d�hfwv T@_ qhjdwlyho|1 Krzhyhu/ dv qrwhg hduolhu/ wkh wrwdo rzq0sulfh h�hfw rq

T@_ lv uhgxfhg exw uhpdlqv srvlwlyh1

71615 frqvxpswlrq uhvsrqvhv

Wkh uhvsrqvh ri wkh ghpdqg iru [@_ wr d fkdqjh lq s
6

_
lv ghulyhg iurp +DL14:,1 Qrwlqj

wkdw � lv wkh rqo| frpsrqhqw ri \
�

8
d�hfwhg e| s

6

_
> wkdw s6

_
rshudwhv wkurxjk s_>

dqg wkdw/ e| Krwhoolqj*v ohppd/ wkh �uvw0rughu sduwldo ghulydwlyh ri � zlwk uhvshfw wr

s_ lv T@_> zh jhw =
Yt

�

8

YR
6
_

@ +4��,T@_= Dw wkh vdph wlph/ dsso|lqj Vkhskhug*v ohppd

uhvxowv lq Ye

YR
6
_

@ [
�

@_
+@ [@_,1 Ixuwkhu/ v|pphwu| ri wkh Voxwvn| pdwul{ lpsolhv

wkdw=
Yf

�
@_

YRW?
@

Yf
�
�?

YR
6
_

= Vxevwlwxwlqj wkhvh uhvxowv lq wkh h{suhvvlrq rewdlqhg iurp +DL14:,

iru l @ dg dqg � @ s
6

_
ohdgv wr wkh ghvluhg uhodwlrq=

C h[@_

Cs
6

_

@
C[

�

@_

Cs
6

_

�

#
C[

�

@_

CsW
?

$
2
#
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CsW
?

$
3�

.^+4� �,T@_ �[@_`

57C[@_

CH
�

C[
�

@_

CsW
?

#
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�

�?

CsW
?

$
3�

C[�?

CH

68 +7147,

Wkh gluhfw dqg yluwxdo0sulfh vxevwlwxwlrq h�hfwv ri s6
_

duh uhvshfwlyho| uhsuhvhqwhg

e| wkh �uvw wzr whupv rq wkh uljkw0kdqg0vlgh ri +7147,1 Wkh wklug whup frpelqhv wkh

gluhfw dqg yluwxdo0sulfh lqfrph h�hfwv wuljjhuhg e| wkh fkdqjh lq sur�wv/ ^+4��,T@_`/

dqg frqvxpswlrq h{shqglwxuh/ +[@_,1 H{dplqdwlrq ri wkhvh whupv jhqhudwhv wkh

iroorzlqj revhuydwlrqv frqfhuqlqj wkh lpsdfw ri d fkdqjh lq s6
_
rq krxvhkrog ghpdqg

iru [@_
881

41 Wkh rzq0sulfh vxevwlwxwlrq h�hfw rq [@_ ghfolqhv lq devroxwh whupv gxh wr ud0

wlrqlqj lq [�?1 Wkh gluhfw vxevwlwxwlrq h�hfw lv qhjdwlyh1 Li [@_ dqg [�?

duh qhw vxevwlwxwhv +frpsohphqwv,/ wkhq d ulvh lq s
6

_
lqfuhdvhv +ghfuhdvhv, wkh

ghpdqg iru [�?= Zrunlqj dv d wljkwhqlqj +uhod{dwlrq, ri wkh udwlrqlqj frq0

vwudlqw/ wklv sxvkhv wkh yluwxdo sulfh ri [�? xs +grzq,1 Lq erwk lqvwdqfhv wkh

87Wklv uhpdun dssolhv wr wkh rzq0sulfh uhvsrqvlyqhvv ri '@s dqg u dv zhoo1
88Dqdorjrxv uhpdunv dsso| wr wkh rzq0sulfh vxevwlwxwlrq dqg lqfrph h�hfwv rq f, dqg f�S�
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ghpdqg iru [@_ ulvhv1 Frpsdfwo| fdswxulqj wklv h�hfw lv wkh vhfrqg whup rq

wkh uljkw0kdqg0vlgh ri +7147,> lw lv srvlwlyh vlqfh
Yf

�
�?

YRW?
lv qhjdwlyh1 Wkxv wkh

yluwxdo0sulfh vxevwlwxwlrq h�hfw lv srvlwlyh dqg frqvhtxhqwo| gdpshqv wkh qhjd0

wlyh gluhfw vxevwlwxwlrq h�hfw1 Krzhyhu/ wkh ryhudoo vxevwlwxwlrq h�hfw uhpdlqv

qhjdwlyh1 Uhfdoo wkdw doo lwv frpsrqhqwv duh vhfrqg0rughu sduwldo ghulydwlyhv ri

wkh h{shqglwxuh ixqfwlrq/ h> zlwk uhvshfw wr sulfhv1 Uhzulwlqj dffruglqjo|/ pxo0

wlso|lqj e| + Y
2
e

YRW
2

?

,+ Y
2
e

YRW
2

?

,3�
> dqg xvlqj wkh qrwdwlrq iru wkh udwlrqhg vxevwlwxwlrq

h�hfw zh rewdlq=

C h[�

@_

Cs
6

_

@

57# C
2
h

Cs
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C
2
h

CsW
2

?

$
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#
C
2
h

CsW
?
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6
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2
h

CsW
2

?

$
3�

+7148,

Wkh wzr whupv rq wkh uljkw duh 5 � 5 +wkh rqh lq vtxduh eudfnhwv, dqg 4 � 4
sulqflsdo plqruv ri wkh Khvvldq ri h= Wkh| duh srvlwlyh +hyhq0rughu sulqflsdo

plqru, dqg qhjdwlyh +rgg0rughu sulqflsdo plqru,/ uhvshfwlyho|/ vlqfh h lv d frq0

fdyh ixqfwlrq/ dqg wkxv/ srvvhvvhv d qhjdwlyh vhplgh�qlwh Khvvldq1 Wkhuhiruh/

xqghu udwlrqlqj lq [�?> wkh wrwdo rzq0sulfh vxevwlwxwlrq uhvsrqvh ri [@_ lv vwloo

qhjdwlyh exw orzhu lq devroxwh whupv1

51 Wkurxjk wkh yluwxdo0sulfh lqfrph h�hfw/ udwlrqlqj udlvhv +orzhuv, wkh ryhudoo

lqfrph h�hfw/ djdlq ghshqglqj rq zkhwkhu[@_ lv d qhw vxevwlwxwh +frpsohphqw,

wr [�? +zklfk lv dvvxphg wr eh qrupdo,1

61 Frpsxovru| judlq gholyhu| uhgxfhv wkh sur�w h�hfw iurp ^T@_+
Y hf@_

Y.
,` wr ^+4 �

�,T@_+
Y hf@_

Y.
,` +zkhuh wkh qrwdwlrq iru wkh udwlrqhg lqfrph h�hfw lv gluhfwo|

xvhg iru frpsdfwqhvv,1 Lw/ wkhuhiruh/ orzhuv wkh wrwdo lqfrph h�hfw ri s6
_
1 Wkh

h{sodqdwlrq olhv lq wkh ctxrwd*0frqvwudlqhg uhvsrqvh ri rxwsxw wr fkdqjhv lq lwv

pdunhw sulfh glvfxvvhg hduolhu1

71 Dvvxplqj [@_ lv qrupdo lq frqvxpswlrq/ wkh wrwdo lqfrph h�hfw pd| errvw ru

gdpshq wkh qhjdwlyh lpsdfw ri wkh vxevwlwxwlrq h�hfw ghshqglqj rq zkhwkhu

wkh krxvhkrog lv d qhw0ex|hu +^+4 � �,T@_ � [@_` ? 3, ru d qhw0vhoohu +^+4 �
�,T@_ �[@_` A 3, ri T@_ rq wkh ciuhh* pdunhw1 Wkxv hyhq zlwk wkh qrupdolw|

dvvxpswlrq wkh lqfrph h�hfw fdqqrw eh vljqhg d sulrul1 Wklv uhvxow/ dwwulexwdeoh

wr wkh sur�w h�hfw/ uh hfwv wkh mrlqw surgxfhu0frqvxphu qdwxuh ri djulfxowxudo

krxvhkrogv/ dqg dv vxfk krogv zlwk ru zlwkrxw FJG dqg2ru udwlrqlqj1 Wkh

lpsdfw ri udwlrqlqj dqg FJG rq wkh lqfrph h�hfw kdv douhdg| ehhq frqvlghuhg1

Rqh srvvleoh rxwfrph ri FJG fdq eh ixuwkhu qrwhg1 Iru vx!flhqwo| kljk ohyhov

ri � wkh ctxrwd* reoljdwlrq ri d krxvhkrog pd| irufh lw wr ehfrph d qhw0ex|hu

rq wkh ciuhh* pdunhw/ wkhuhe| lqgxflqj d fkdqjh lq wkh gluhfwlrq ri wkh lqfrph

h�hfw ri s6
_

rq lwv frqvxpswlrq ghpdqgv1 Li d krxvhkrog ehfrphv vxfk d qhw

ex|hu gxh wr FJG/ dqg li [@_ lv qrupdo lq frqvxpswlrq dqg frqwlqxhv wr eh

xqghu udwlrqlqj/ wkhq wkh lqfrph h�hfw ri s6
_
lv qhjdwlyh dqg ohdgv wr d ixuwkhu

uhgxfwlrq lq wkh ghpdqg iru [@_=

Htxdwlrq +7147,/ dqg uhpdunv 405 dqg 7 dvvrfldwhg zlwk lw/ looxvwudwh wkdw lq jhq0

hudo wkh wrwdo uhvsrqvh ri frqvxpswlrq wr d ulvh lq s
6

_
lv dpeljxrxv1 Hyhq dvvxplqj

d qrupdo [@_ zloo qrw uhvroyh wkh dpeljxlw| lq wkh fdvh ri qhw0vhoohuv +w|slfdoo| d pd0

mrulw|, ri T@_1 Wkh ryhudoo lpsdfw rq krxvhkrog zhoiduh fdq/ krzhyhu/ eh ghwhuplqhg
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ohvv dpeljxrxvo|1 Iru � @ s
6

_
> +DL144, uhvxowv=

C hXW

Cs
6

_

@ ^+4� �,T@_ �[@_`+h�,
3� +7149,

Jlyhq qrqvdwldwlrq/ wkh rqo| lqirupdwlrq uhtxluhg wr vljq wkh whup rq wkh uljkw0

kdqg0vlgh uhodwhv wr zkhwkhu wkh krxvhkrog lv d qhw0vhoohu ru d qhw0ex|hu ri T@_ rq

wkh ciuhh* pdunhw1 Hylghqwo|/ wkh ulvh lq s
6

_
eulqjv derxw dq lqfuhdvh lq lqfrph/ dqg

vxevhtxhqwo| zhoiduh/ wr qhw0vhoohuv +^+4� �,T@_ �[@_` A 3,1 Lq frqwudvw/ wkdw sulfh

ulvh hqjhqghuv d kljkhu h{shqglwxuh +shu xqlw ri frqvxpswlrq,/ dqg wkxv d orzhu ohyho

ri zhoiduh/ iru qhw0sxufkdvhuv +^+4 � �,T@_ � [@_` ? 3,1 Wklv lv d jhqhudo uhvxow lq

wkdw lw dssolhv hyhq lq wkh devhqfh ri FJG +ru � @ 3, dqg udwlrqlqj lq frqvxphu

jrrgv1

71616 pdunhwhg vxusoxv uhvsrqvhv

Wkh jhqhudoo| dpeljxrxv frqvxpswlrq uhvsrqvhv looxvwudwhg deryh lpso| wkdw dggl0

wlrqdo lqirupdwlrq lv uhtxluhg wr vljq wkh fruuhvsrqglqj uhvsrqvhv ri pdunhwhg vxusoxv

ri jrrgv erwk surgxfhg dqg frqvxphg e| idup krxvhkrogv1 Wkh h{fhswlrq lq wklv

uhjdug lv wkh fdvh ri qhw0ex|huv iru zklfk xqdpeljxrxv uhvxowv fdq eh rewdlqhg1 Lq

wkh fdvh ri qhw0vhoohuv/ rq wkh rwkhu kdqg/ zh fdq rqo| lghqwli| frqglwlrqv xqghu zklfk

pdunhwhg vxusoxv +wrwdo ru qhw ri ctxrwd*, pd| ulvh ru idoo1 Zh looxvwudwh wkhvh srlqwv

e| kdylqj d forvhu orrn dw wkh fdvh ri surgxfhuv* ciuhh* pdunhw vdohv ri wkh furs vxemhfw

wr FJG1

Xvlqj wkh gh�qlwlrq ri hV6
@_

lq frqmxqfwlrq zlwk +7145, dqg +7147,/ erwk uhvwdwhg

gluhfwo| lq whupv ri udwlrqhg h�hfwv/ zh rewdlq wkh uhvsrqvh ri pdunhwhg vxusoxv qhw

ri ctxrwd* dv=

C hV6
@_

Cs
6

_

@ +4� �,2
C hT@_

Cs_

�

C h[�

@_

Cs
6

_

� ^+4� �,T@_ �[@_`
C h[@_

CH
+714:,

Dowkrxjk uhgxfhg e| FJG dqg udwlrqlqj lq Y wkh uhvsrqvh ri rxwsxw ri T@_ wr d

ulvh lq lwv pdunhw sulfh lv vwloo srvlwlyh1 Frpshqvdwhg ghpdqg iru [@_> rq wkh rwkhu

kdqg/ lv qhjdwlyho| d�hfwhg e| vxfk d fkdqjh1 Krzhyhu wkh odwwhu h�hfw lv gdpshqhg

e| udwlrqlqj lq [�?= Wkxv wkh �uvw wzr whupv rq wkh uljkw0kdqg0vlgh ri +714:, duh

srvlwlyh1 Wkh gluhfwlrq ri wkh wrwdo uhvsrqvh dv d uhvxow ghshqgv rq wkh vljq ri wkh

wklug whup zklfk lv wkh lqfrph h�hfw1 Vxssrvh [@_ lv qrupdo1 Wkhq/ iru d qhw0ex|hu

ri T@_> iru zkrp wkh frqvxpswlrq lqfrph h�hfw lv qhjdwlyh/ qhw0vxsso| wr wkh pdunhw

ulvhv zlwk s
6

_
= Vlqfh wkdw qhw0vxsso| lv qhjdwlyh+ hV6

@_
? 3,/ krxvhkrog qhw0ghpdqg iru

[@_> zklfk lv htxdo wr +�hV6
@_
,/ idoov1 Lq frqwudvw/ d qhw0vhoohu*v vxsso| ri T@_ wr wkh

ciuhh* pdunhw pd| ulvh ru idoo ghshqglqj rq wkh vwuhqjwk ri wkh sur�w h�hfw uhodwlyh wr

wkh rxwsxw h�hfw/ dqg wkh ruglqdu| lqfrph dqg vxevwlwxwlrq h�hfwv lq frqvxpswlrq1

Vshfl�fdoo|/ iru d ulvh lq wklv qhw0vxsso| wkh vxp ri wkh odwwhu wkuhh h�hfwv kdv wr eh

juhdwhu wkdq wkh sur�w h�hfw/ l1h1=#
+4� �,2

C hT@_

Cs_

�

C h[�

@_

Cs
6

_

.[@_

C h[@_

CH

$
A ^+4� �,T@_`

C h[@_

CH

Rwkhuzlvh/ wkdw vxsso| idoov1
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D eulhi fkdudfwhulvdwlrq ri dq Hwklrsldq idup krxvhkrog +dqg lwv rshudwlrqdo plolhx

gxulqj wkh Ghuj shulrg, lqglfdwhv wkdw/ w|slfdoo|/ vxfk d krxvhkrog lv vlpxowdqhrxvo|

d surgxfwlrq dqg frqvxpswlrq xqlw1 Dv vxfk lw kdv wr pdnh rswlpdo surgxfwlrq dqg

frqvxpswlrq fkrlfhv1 Wkhvh fkrlfhv duh lq xhqfhg e| pdunhw yduldeohv/ lqfoxglqj

sulfhv dqg dydlodelolw| ri jrrgv dqg idfwruv1 Wkh| dovr uh hfw qrqpdunhw yduldeohv

vxfk dv krxvhkrog fkdudfwhulvwlfv dqg surgxfwlrq whfkqrorj|1 Wkh odwwhu wzr vhwv ri

yduldeohv/ lq wxuq/ uhodwh wr jryhuqphqw srolflhv/ wkh vwuxfwxuh dqg hyroxwlrq ri pdu0

nhwv/ wkh sdwwhuq ri glvvhplqdwlrq ri lpsuryhg whfkqrorj|/ v|vwhp ri odqg whqxuh/ dqg

krxvhkrog uhvrxufh hqgrzphqwv dqg suhihuhqfhv1 Lq vkruw/ wkh surgxfwlrq dqg frq0

vxpswlrq ghflvlrqv ri Hwklrsldq idup krxvhkrogv dqg wkhlu dgmxvwphqw wr hfrqrplf

fkdqjhv ghshqg rq d odujh qxpehu ri lqwhufrqqhfwhg pdunhw/ whfkqrorjlfdo/ ehkdy0

lrxudo/ dqg lqvwlwxwlrqdo idfwruv1 Fohduo|/ lw lv qrw srvvleoh wr vwxg| wklv frpsoh{

surfhvv lq lwv hqwluhw|1 Dv d uhvxow lw lv qhfhvvdu| wr frqfhqwudwh rqo| rq vrph ri wkh

frqvwlwxhqwv ri wkdw surfhvv/ vhohfwhg rq wkh suhvxpswlrq wkdw wkh| duh lpsruwdqw

hohphqwv1

Dffruglqjo|/ wklv sdshu suhvhqwhg d vlpsoh prgho ri dq Hwklrsldq idup krxvhkrog1

Wkh prgho fkdudfwhul}hv wkh vkruw0uxq ghflvlrq0pdnlqj surfhvv ri vxfk krxvhkrogv

xqghu frpsxovru| judlq gholyhu| dqg udwlrqlqj lq ihuwlol}huv dqg pdqxidfwxuhg frq0

vxphu jrrgv1 Lwv frpsdudwlyh vwdwlf surshuwlhv zhuh xvhg wr h{soruh wkh lpsdfw ri

wkhvh dgglwlrqdo frqvwudlqwv rq vxfk krxvhkrogv* fkrlfhv1 Rq wkh edvlv ri wkh uhvxowv

wkxv ghulyhg wkh iroorzlqj revhuydwlrqv fdq eh pdgh1

Wkh frpsxovru| judlq gholyhu| v|vwhp lv olnho| wr kdyh lqgxfhg idup krxvhkrogv

wr vzlwfk rxw ri wkh fursv wkdw lw dssolhg wr dqg dovr pdgh wkh vxsso| dqg rzq0

frqvxpswlrq ri wkhvh fursv ohvv uhvsrqvlyh wr wkhlu rzq sulfhv1 Lw dovr uhgxfhg wkh

zhoiduh ri idup krxvhkrogv e| uhgxflqj wkhlu lqfrph iurp fursv d�hfwhg e| lw1 Lq

dgglwlrq/ lw lv olnho| wr kdyh ghsuhvvhg idup krxvhkrogv* wrwdo pdunhwhg vxusoxv dqg

ciuhh* pdunhw vdohv ri fursv vxemhfw wr wkh ctxrwd*1 Lw lv dovr vkrzq wkdw wkhvh h�hfwv

duh vwurqjhu/ wkh kljkhu wkh sursruwlrq ri rxwsxw surfxuhg dqg wkh zlghu wkh zhgjh

ehwzhhq wkh surfxuhphqw dqg ciuhh* pdunhw sulfhv ri fursv idoolqj xqghu wkh FJG

v|vwhp1 Lw vkrxog dovr eh qrwhg wkdw FJG pd| kdyh d�hfwhg furs vxsso| lq zd|v

rwkhu wkdq lqgxflqj fkdqjhv lq furs0pl{1 Iru lqvwdqfh/ wkh orzhu furs sur�wdelolw|

hqjhqghuhg e| FJG pd| dgyhuvho| d�hfw wkh idup krxvhkrogv* h�ruwv wrzdugv udlvlqj

idup surgxfwlylw|/ vxfk dv dgrswlrq ri qhz fxowlydwlrq sudfwlfhv dqg furs ydulhwlhv1

Ru lw pd| hyhq kdyh irufhg vrph ri wkhvh krxvhkrogv wr uhgxfh wkhlu ghshqghqfh

rq furs fxowlydwlrq dqg vhhn dowhuqdwlyh lqfrph vrxufhv/ vxfk dv dqlpdo kxvedqgu|1

Wkhvh srvvlelolwlhv/ yldeoh ru rwkhuzlvh/ fdqqrw eh h{solflwo| fdswxuhg e| wkh vlpsoh

prgho hpsor|hg lq wklv sdshu1 Qhyhuwkhohvv/ rq wkh edvlv ri wkdw prgho/ lw lv srvvleoh

wr frqfoxgh wkdw wkh srolf| ri frpsxovru| judlq gholyhu| lv xqolnho| wr kdyh ehhq

ehqh�fldo wr wkh jurzwk ri furs surgxfwlrq1

Lq Pdufk 4<<3 wkh frpsxovru| judlq gholyhu| v|vwhp zdv derolvkhg dv sduw ri

dq hfrqrplf uhirup surfhvv1 Dv idu dv fursv suhylrxvo| vxemhfw wr FJG duh frq0

fhuqhg/ olehudol}dwlrq ri judlq pdunhwv lv erxqg wr hqfrxudjh lqfuhdvhg surgxfwlrq>

dqg sduwldoo| uhvwruh rzq0sulfh uhvsrqvlyhqhvv ri vxsso| dqg krxvhkrog frqvxpswlrq1

Ixuwkhupruh lw zloo udlvh idup krxvhkrogv* lqfrphv dqg/ wkurxjk lw/ errvw wkhlu frq0

vxpswlrq +ru ghpdqg, ri jrrgv dqg ohlvxuh/ lpsurylqj zhoiduh dv d frqvhtxhqfh1

Reylrxvo|/ frpsduhg wr suh0uhirup vxsso| wr wkh ciuhh* pdunhw/ vxfk olehudol}dwlrq

udlvhv furs vdohv wr wkh +qrz xql�hg, pdunhw vlqfh dw ohdvw sduw ri zkdw xvhg wr eh

67



surfxuhg e| wkh HDPF qrz jrhv wkurxjk wkdw pdunhw1 Exw lw lv dovr olnho| wr lqfuhdvh

wrwdo pdunhwhg vxusoxv deryh suh0uhirup ohyhov1

Udwlrqlqj lq ihuwlol}huv/ frpelqhg zlwk h{fhvv ghpdqg iru wkhp/ uhgxfhg wkh rzq0

sulfh uhvsrqvlyhqhvv ri rxwsxw vxssolhv dqg oderxu ghpdqg rq wkh sduw ri idup krxvh0

krogv1 Lqfuhdvlqj wkh vxsso| ri ihuwlol}huv dqg rwkhu prghuq lqsxwv lv olnho| wr lqfuhdvh

rxwsxw dqg surgxfwlylw| ri idup krxvhkrogv1 D pruh h!flhqw dqg odvwlqj rxwfrph

fdq eh dfklhyhg li vxfk lqfuhdvhv duh sduw ri dq ryhudoo djulfxowxudo vhfwru srolf| zklfk

lv/ orqj0whup/ hqylurqphqwdoo| suxghqw/ dqg dssuhfldwlyh ri wudglwlrqdo iduplqj sudf0

wlfhv1

Lq wkh frqwh{w ri h{fhvv ghpdqg iru pdqxidfwxuhg frqvxphu jrrgv/ cqrqfrqyhuw0

leoh* udwlrqlqj ri vxfk jrrgv ghfuhdvhg wkh rzq0sulfh vxevwlwxwlrq h�hfw rq xqudwlrqhg

jrrgv lqfoxglqj wkrvh vlpxowdqhrxvo| vxssolhg dqg ghpdqghg e| idup krxvhkrogv1 Lq

vr grlqj lw pd| kdyh pdgh wkh wrwdo dv zhoo dv qhw ghpdqg iru vxfk jrrgv ohvv uhvsrq0

vlyh wr fkdqjhv lq wkhlu rzq sulfhv1 Rq wkh rwkhu kdqg/ zlwklq wkh olplwv ri lwv dssolfd0

elolw|/ cfrqyhuwleoh* udwlrqlqj pd| kdyh ehqh�whg doo idup krxvhkrogv hlwkhu wkurxjk

vxevlgl}hg frqvxpswlrq +uhodwlyh wr frqwhpsrudqhrxv vhfrqgdu| pdunhw sulfhv, ru dv

d vrxufh ri lqfrph/ ru erwk1 Wkh vkliw lq ryhudoo jryhuqphqw srolf| dqg wkh vwuxfwxudo

dgmxvwphqw surjudp dgrswhg uhfhqwo| phdqw surjuhvvlyho| ohvv gluhfw uroh ri wkh vwdwh

lq hfrqrplf dfwlylw|1 Dv sduw ri wkdw surfhvv surylvlrq ri pdqxidfwxuhg jrrgv wr

uxudo krxvhkrogv dw uhodwlyho| orz sulfhv zdv glvfrqwlqxhg1 Li wklv ghfolqh lq sxeolf

vhfwru vxsso| lv qrw pruh wkdq pdwfkhg e| sulydwh vhfwru vxsso|/ vkruwdjhv ri vxfk

jrrgv pd| kdyh shuvlvwhg1 Li wkdw lv wkh fdvh/ lw lv kljko| suredeoh iru wklv shuvlvwhqfh

ri vkruwdjhv wr gdpshq wkh lpsdfw ri olehudol}dwlrq rq pdunhwhg vxusoxv ri judlq1 Lq

rwkhu zrugv lqfuhdvhg dydlodelolw| ri pdqxidfwxuhg frqvxphu jrrgv vwuhqjwkhqv wkh

srvlwlyh h�hfwv ri olehudol}dwlrq1

Lw lv zhoo0nqrzq wkdw wkh wrwdo uhvsrqvh ri frqvxpswlrq wr fkdqjhv lq sulfhv lv

lq jhqhudo dpeljxrxv1 Krzhyhu/ zh zhuh deoh wr ghwhuplqh wkh ryhudoo lpsdfw rq

krxvhkrog zhoiduh ohvv dpeljxrxvo|1 Wkh nh| fkdudfwhulvwlf lq wklv uhjdug lv zkhwkhu

wkh krxvhkrog lv d qhw0ex|hu ru d qhw0vhoohu ri wkh frpprglw| lq txhvwlrq1 Hylghqwo|/

d ulvh lq wkh sulfh ri d furs eulqjv derxw dq lqfuhdvh lq lqfrph/ dqg vxevhtxhqwo|

zhoiduh/ wr qhw0vhoohuv1 Lq frqwudvw/ wkdw sulfh ulvh hqjhqghuv d kljkhu h{shqglwxuh

+shu xqlw ri frqvxpswlrq,/ dqg wkxv d orzhu ohyho ri zhoiduh/ iru qhw0sxufkdvhuv1 Wkh

lpsolfdwlrq lv wkdw lqfuhdvlqj furs sulfhv gr qrw ehqh�w doo surgxfhuv11 Dq lpsolfdwlrq

zklfk vkrxog eh lqfrusrudwhg lq dq| hydoxdwlrq ri wkh zhoiduh h�hfwv ri furs sulfh

fkdqjhv1

Wkh deryh uhvxowv vkrz wkdw jryhuqphqw hfrqrplf srolf| frqglwlrqv wkh ehkdylrxu

ri idup krxvhkrogv1 Vshfl�fdoo|/ wkh| vxjjhvw wkdw wkh ghjuhh ri idup krxvhkrogv* uh0

vsrqvlyhqhvv wr fkdqjh +lqfoxglqj fkdqjhv lq sulfhv dqg surgxfwlrq whfkqrorj|, pd|

kdyh ehhq kdpshuhg e| FJG dqg udwlrqlqj1 Wkh odwwhu wkxv frqvwlwxwh wzr idfwruv

srwhqwldoo| h{sodlqlqj wkh revhuyhg xqvdwlvidfwru| shuirupdqfh ri wkh Hwklrsldq djul0

fxowxudo vhfwru gxulqj wkh Ghuj shulrg1 Dv d fruroodu|/ lw iroorzv wkdw wkhlu uhprydo

pd| sduwo| h{sodlq wkh jrrg shuirupdqfh ri djulfxowxuh lq uhfhqw |hduv1 Lq erwk

fdvhv/ krzhyhu/ wkh h{sodqdwlrq lv olnho| wr eh sduwldo lq wkh oljkw wkh frpsoh{lw| ri

wkh surfhvv zklfk ghwhuplqhv wkh shuirupdqfh ri wkh vhfwru1 Lpsruwdqw idfwruv qrw

h{solflwo| frqvlghuhg lqfoxgh wkh zhdwkhu +udlqidoo/ lq sduwlfxodu, dqg flylo zdu1 Wkhvh

idfwruv gluhfwo| lq xhqfh rxwfrphv lq djulfxowxuh1 Wkh| dovr frpsrxqg wkh ghjuhh

ri xqfhuwdlqw| frqglwlrqlqj wkh ehkdylrxu ri idup krxvhkrogv1 Lq dgglwlrq wr ghvlu0

deoh fkdqjhv lq jryhuqphqw srolflhv/ wkh uhfhqw |hduv kdyh ehhq fkdudfwhul}hg e| d
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uhodwlyho| idyrxudeoh zhdwkhu dqg wkh devhqfh ri flylo zdu1 Wkh odwwhu pxvw kdyh frq0

wulexwhg wr wkh ehwwhu shuirupdqfh ri Hwklrsldq djulfxowxuh1 Ixwxuh uhvhdufk vkrxog

h{whqg wkh vlpsoh prgho ghyhorshg lq wklv sdshu lq vxfk d zd| wkdw wkh h�hfwv ri

dw ohdvw vrph ri wkhvh idfwruv duh v|vwhpdwlfdoo| h{dplqhg1 Wkh vwxg| ri wkh lpsdfw

ri ulvn/ lqwhuwhpsrudo fkrlfhv dqg frqvwudlqwv/ dqg wkh hyroxwlrq ri lqvwlwxwlrqv dovr

frqvwlwxwh pdmru duhdv ri h{whqvlrq1

&�'����	��

^4` Dohpd|hkx Oluhqvr +4<;:,1 Judlq Pdunhwlqj dqg Sulflqj lq Hwklrsld=D Vwxg|

ri wkh Lpsdfw ri Judlq ctxrwd* dqg Il{hg Sulfhv rq Judlq Surgxfhuv1 Uhvhdufk

Uhsruw qr15;/ Lqvwlwxwh ri Ghyhorsphqw Uhvhdufk/ Dgglv Deded Xqlyhuvlw|/

Dgglv Deded

^5` Dohpqhk Ghmhqh +4<;:,1 Shdvdqwv/ Djuduldq Vrfldolvp dqg Uxudo Ghyhorsphqw

lq Hwklrsld1 Zhvwylhz Suhvv/ Erxoghu1

^6` Dvndul/ K1 dqg Fxpplqjv/ M1 +4<::,1 �Hvwlpdwlqj Djulfxowxudo Vxsso| Uhvsrqvh

Zlwk wkh Qhuoryldq Prgho= D Vxuyh|1� Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 4;/ 58:0

5<51

^7` D}dp/ M1S1 +4<<5,1 Judlq Pdunhw Ghfrqwuro lq Hwklrsld+4<<3,1 G1L1D1O1

^8` Eduqxp/ K1Q1 dqg Vtxluh/ o1 +4<;3, �Suhglfwlqj Djulfxowxudo Rxwsxw Uhvsrqvh1�

R{irug Hfrqrplf Sdshuv/65/ 5;705<81 +4<:<,1 �Dq Hfrqrphwulf Dssolfdwlrq ri

wkh Wkhru| ri wkh Idup Krxvhkrog1� Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ 9/

:<04351

^9` ��/ ��1 +4<:<,1 �Dq Hfrqrphwulf Dssolfdwlrq ri wkh Wkhru| ri wkh Idup

Krxvhkrog1� Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ 9/ :<04351

^:` Ehihndgx Ghjhih dqg Whvid|h Wd�hvvh +4<<3,1 �Wkh Pdunhwlqj dqg Sulflqj ri

Djulfxowxudo Surgxfwv lq Hwklrsld/� lq Vlhjiulhg/ Sdxvhzdqj/ Idqwx Fkhux/ Vwh0

idq Euxqh/ dqg Hvkhwx Fkroh +hgv1, Hwklrsld= Rswlrqv iru Uxudo Ghyhorsphqw/

]hg Errnv Owg1/ Orqgrq/ XN1

^;` Ehuwkhohp|/ M1F1 dqg Jd}h|/ I1 +4<;:,1 �Wkh Djulfxowxudo Vxsso| Sulfh Hodvwlf0

lw| lq Diulfd= D Qrwh rq Shdvdqwv* Udwlrqdolw| lq d Qrq0Zdoudvldq Frqwh{w1�

Hxurshdq Hfrqrplf Uhylhz/ 64/ 47<61

^<` Ehuwkhohp|/ M1F1 dqg Pruulvvrq/ F1 +4<;:,1 �Pdqxidfwxuhg Jrrgv Vxsso| dqg

Fdvk Fursv lq Vxe0Vdkdudq Diulfd1� Zruog Ghyhorsphqw/ 48/ 46860469:1

^43` Ehvho|/ W1 +4<;;,1 �Udwlrqlqj/ Lqfrph H�hfwv dqg Vxsso| Uhvsrqvh= D Wkhruhw0

lfdo Qrwh1� R{irug Hfrqrplf Sdshuv/ 73/ 6:;06;<1

^44` Ehydq/ G1O1/ Froolhu/ S1 dqg Jxqqlqj/ M1Z1 +4<<4, �Lqfrph dqg Vxevwlwxwlrq Hi0

ihfwv lq Prghov ri Shdvdqw Vxsso| Uhvsrqvh xqghu Udwlrqlqj1� R{irug Hfrqrplf

Sdshuv/ 76/ 67306761

^45` Ehydq/ G1O1/ Eljvwhq/ D1/ Froolhu/ S1/ dqg Jxqqlqj/ M1Z1 +4<;:,1 �Shdvdqw Vxsso|

Uhvsrqvh lq Udwlrqhg Hfrqrplhv1� Zruog Ghyhorsphqw/ 48/ 764076<1
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^46` Fhqwudo Vwdwlvwlfdo Dxwkrulw|/ Vwdwlvwlfdo Exoohwlq/ Qrv1 77/ 8</ 98/ ;8/ <8/ 438/

Dgglv Deded/ Hwklrsld1

^47` Fkdpehuv/ U1J1 +4<;;,1 Dssolhg Surgxfwlrq Dqdo|vlv= D Gxdo Dssurdfk1 Fdp0

eulgjh/ X1N1 Fdpeulgjh Xqlyhuvlw| Suhvv1

^48` Fruqhv/ U1 +4<<5,1 Gxdolw| dqg Prghuq Hfrqrplfv1 Fdpeulgjh/ X1N/ Fdpeulgjh

Xqlyhuvlw| Suhvv1

^49` Ghdwrq/ D1V1 +4<;4,1 �Wkhruhwlfdo dqg Hpslulfdo Dssurdfkhv Wr Frqvxphu Gh0

pdqg Xqghu Udwlrqlqj1� lq Hvvd|v lq wkh Wkhru| dqg Phdvxuhphqw ri Frqvxphu

Ehkdylrxu/ hglwhg e| D1 V1 Ghdwrq1 Fdpeulgjh Xqlyhuvlw| Suhvv/ 880:51

^4:` ��/ dqg Pxhooedxhu/ M1 +4<;4,1 �Ixqfwlrqdo Irupv iru Oderxu Vxsso| dqg

Frpprglw| Ghpdqgv zlwk dqg zlwkrxw Txdqwlw| Uhvwulfwlrqv1� Hfrqrphwulfd/

7</ 48540651

^4;` ��/�� +4<;3,1 Hfrqrplfv dqg Frqvxphu Ehkdylrxu1 Fdpeulgjh Xqlyhuvlw|

suhvv1

^4<` Ghufrq/ V1 +4<<7,1� Irrg Pdunhwv/ Olehudol}dwlrq dqg Shdfh lq Hwklrsld= dq

hfrqrphwulf dqdo|vlv1� plphr1/ FVDH/ R{irug Xqlyhuvlw|1

^53` Hwklrsldq Djulfxowxudo Pdunhwlqj Djhqf| +4<;:,1 Vwdwlvwlfdo Gljhvw/ Dgglv

Deded/ Hwklrsld1

^54` Hwklrsldq Grphvwlf Glvwulexwlrq Frusrudwlrq/ Vwdwlvwlfdo Devwudfw/ Qrv1 4061 Dg0

glv Deded/ Hwklrsld1

^55` Idvlo Jheuh Nlurv dqg Dohpd|hkx Oluhqvr +4<;8,1 Dqdo|vlv ri Judlq Pdunhwlqj

dqg Sulflqj lq Hwklrsld zlwk Sduwlfxodu Uhihuhqfh wr wkh Vwdsoh Wh�/ Lqvwlwxwh

ri Ghyhorsphqw Uhvhdufk/ Dgglv Deded/ Hwklrsld1

^56` Iudq}ho/ V1/ I1 Froexuq/dqg Jhwdkxq Ghjx +4<;<,1 �Judlq Pdunhwlqj Uhjxod0

wlrqv/� Irrg Srolf|/ Qryhpehu/ 67:068;1

^57` Judyhooh/ K1 dqg Uhhv/ U1 +4<<5,1 Plfurhfrqrplfv1 Orqjpdq/ Orqgrq1

^58` Odpehuw/ V1 dqg Pdjqdf/ W1 +4<<5,1 �Uhfxuvlyh dqg Qrq0uhfxuvlyh Djulfxowxudo

Krxvhkrog Ghflvlrq Pdnlqj= Dq Dssolfdwlrq wr Frwh g*Lyrluh/ Grfxphqw Qr1<<0

53/ GHOWD/ Sdulv1

^59` Ohh/ Oxqj0Ihl dqg Slww/ Pdun P1 +4<;:,1 � Plfurhfrqrphwulf Prghov ri Ud0

wlrqlqj/ Lpshuihfw Pdunhwv/ dqg Qrq0qhjdwlylw| Frqvwudlqwv1� Mrxuqdo ri Hfrqr0

phwulfv/ 69/ ;<04431

^5:` Pfnd|/ D1/ dqg Wd�hvvh/ Dohpd|hkx V1 +4<<8,1 � Udwlrqlqj/ Plvvlqj Pdunhwv/ dqg

wkh Ehkdylrxu ri Djulfxowxudo Krxvhkrogv = D Wkhruhwlfdo Dqdo|vlv1� plphr1

^5;` / 1 +4<<7,1 �Udwlrqlqj dqg Shdvdqw Krxvhkrog Ehkdylrxu1�

ZSV2<71</ FVDH/ R{irug Xqlyhuvlw|1

^5<` Qhdu|/ M1S1 +4<;:,1 �Udwlrqlqj�/ lq Wkh Qhz Sdojudyh= D Glfwlrqdu| ri Hfr0

qrplfv/ 7/ hglwhg e| M1 Hdwzhoo/ P1 Plojdwh dqg S1 Qhzpdq/ Orqgrq= Wkh

Pdfploodq Suhvv/ ss1<50<91
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^63` / dqg Urehuwv/ N1Z1V1 +4<;3,1 �Wkh Wkhru| ri Krxvhkrog Ehkdylrxu

xqghu Udwlrqlqj1� Hxurshdq Hfrqrplf Uhylhz/ 46/ 580751

^64` Slfnhww/ M1 +4<<4,1 Hfrqrplf Ghyhorsphqw lq Hwklrsld= Djulfxowxuh/ wkh Pdunhw

dqg wkh Vwdwh/ RHFG/ Sdulv1

^65` Sxgqh|/ Vwhskhq1 +4<;<,1Prghoolqj Lqglylgxdo Fkrlfh= wkh Hfrqrphwulfv ri Fru0

qhuv/ Nlqnv/ Krohv1 Eodfnzhoo/ R{irug1

^66` Txleuld/ P1J1 dqg Udvklg/ Vdolp1 +4<;7,1 � Wkh Sx}}oh ri Vkduhfursslqj = D

Vxuyh| ri Wkhrulhv1� Zruog Ghyhorsphqw/ 45/ 4/ 43604471

^67` Vdk/ Uddm Nxpdu +4<;:,1 � Txhxhv/ Udwlrqv/ dqg Pdunhw = Frpsdulvrq ri Rxw0

frphv iru wkh Srru dqg wkh Ulfk1� Dphulfdq Hfrqrplf Uhylhz/ ::/ 4/ 9<0::1

^68` Vdk/ Uddm Nxpdu/ dqg Vluqlydvdq/ W1 Q1 +4<;;,1 � Glvwulexwlrqdo Frqvhtxhqfhv

ri Uxudo Irrg Ohy| dqg Vxevlgl}hg Xuedq Udwlrqv1� Hxurshdq Hfrqrplf Uhylhz/

65/ 474048<1

^69` Vdk/ Uddm Nxpdu/ dqg Vwljolw}/ M1 H1 +4<<5,1 Shdvdqwv Yhuvxv Flw|0gzhoohuv =

Wd{dwlrq dqg wkh Exughq ri Hfrqrplf Ghyhorsphqw1 Foduhqgrq Suhvv1 R{irug1

^6:` Vfkl�/ Pdxulfh1 +4<<6,1 � Lqgld*v Irrg Surfxuhphqw Srolf| dqg Glvwulexwlrq

Srolf| = Lpsdfw rq Sulfhv dqg Zhoiduh1� Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/

75/ 6;:06<:1

^6;` Vfkl�/ Pdxulfh/ dqg Ydogìv/ Doehuwr1 +4<<7,1 Wkh Soxqghulqj ri Djulfxowxuh lq

Ghyhorslqj Frxqwulhv1 plphr1

^6<` Vlqjk/ L1M1/ Vtxluh/ O1 dqg Vwudxvv/ M1/ +4<;9, �D Vxuyh| ri Djulfxowxudo Krxvh0

krog Prghov= Uhfhqw Ilqglqjv dqg Srolf| Lpsolfdwlrqv�/ Wkh Zruog Edqn Hfr0

qrplf Uhylhz/ 4/ 4/ 47<04:<1

^73` Vwudxvv/ M1 +4<;9,1 �Wkh Wkhru| dqg Frpsdudwlyh Vwdwlfv ri Djulfxowxudo Krxvh0

krog Prghov= D Jhqhudo Dssurdfk�/ lq Djulfxowxudo Krxvhkrog Prghov= H{whq0

vlrqv/ Dssolfdwlrqv dqg Srolf|/ hglwhg e| L1 M1 Vlqjk/ O1 Vtxluh/ dqg M1 Vwudxvv

Edowlpruh/ Pg= Mrkq Krsnlqv Xqlyhuvlw| Suhvv/ :40<41

^74` Wd�hvvh/ Dohpd|hkx V1 +4<<:,1 Wkuhh Hvvd|v rq wkh Hwklrsldq Hfrqrp|1 xqsxe0

olvkhg G1 Sklo1 Wkhvlv/ Vxe0idfxow| ri Hfrqrplfv/ Xqlyhuvlw| ri R{irug1

^75` 1 +4<<6,1 � Fhuhdo Vxsso|/ Sulfhv/ dqg wkh Vxsso| ri Pdqxidfwxuhg Frq0

vxphu Jrrgv lq Hwklrsld = D Qrwh1� Hwklrsldq Mrxuqdo ri Hfrqrplfv/ 5/ 4/

40631

^76` 1 +4<;<,1 � Whfkqlfdo dqg Doorfdwlyh H!flhqf| ri Idup Krxvhkrogv lq

Hwklrsld = Whqwdwlyh Ilqglqjv ri d Fdvh0Vwxg| ri Wzr Shdvdqw Dvvrfldwlrqv1�

lq Surfhhglqjv ri wkh Zrunvkrs rq Uxudo Ghyhorsphqw lq Hwklrsld1 Lqvwlwxwh ri

Ghyhorsphqw Uhvhdufk / Dgglv Deded Xqlyhuvlw|1

^77` Wd|h Phqjlvwdh +4<<5,1 �Sxeolf Srolf|/ Pdunhwv dqg Whfkqlfdo Surjuhvv lq wkh

Judlq Sorxjk Fxowxuh/� Hwklrsldq Mrxuqdo ri Hfrqrplfv/ 4/ 41

6;



^78` Whjhjqh Whnd dqg Whqqdvvlh Qlfkrod +4<;7,1 Uxudo Sryhuw| Doohyldwlrq= wkh Fdvh

ri Hwklrsld/ IDR/ Urph1

^79` \hudvzrun Dgpdvvlh hw do +4<;6,1 Hwklrsldq Kljkodqgv Uhfodpdwlrq Vwxg| 0 Uh0

sruw rq wkh Vrflrorjlfdo Vxuyh| dqg Vrflrorjlfdo Frqvlghudwlrqv lq Suhsdulqj D

Ghyhorsphqw Vwudwhj|/ Dgglv Deded/ Hwklrsld1
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Wklv dsshqgl{ vxppdul}hv wkh ghulydwlrq ri jhqhudo h{suhvvlrqv iru wkh frpsdu0

dwlyh vwdwlf uhvsrqvhv ri yluwxdo sulfhv/ krxvhkrog zhoiduh/ rxwsxw vxssolhv/ dqg frp0
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wkh lpsdfw ri dq| ri wkh h{rjhqrxv yduldeohv ri wkh prgho1 Qrwdwlrqv khuh duh dv lq

wkh wh{w1

� &������� �' 
����� ��
	�� ��� ��
�
��
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Krzhyhu/ zrunlqj zlwk d vlqjoh uhsuhvhqwdwlrq ri wkh yluwxdo sulfh vlpsol�hv suhvhq0
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89Dv qrwhg deryh/ lq wkh suhvhqw fdvh/ wkh ruglqdu| h{rjhqrxv lqfrph ri wkh idup krxvhkrog lv
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