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Hqwuhsuhqhxuvkls dqg Jryhuqphqw Vxevlglhv
Xqghu Fdslwdo Frqvwudlqwv= D Jhqhudo

Htxloleulxp Dqdo|vlv

Zhqol Ol�

Vhswhpehu 43/ 4<<:

Devwudfw

Wklv sdshu vwxglhv wkh lqwhudfwlrq ri fdslwdo frqvwudlqwv zlwk exvl0

qhvv irupdwlrq/ jurzwk dqg ghvwuxfwlrq/ dqg wkh srolf| lpsolfdwlrqv ri

wklv lqwhudfwlrq1 D g|qdplf jhqhudo htxloleulxp prgho lv frqvwuxfwhg

dqg vkrzq wr eh frqvlvwhqw zlwk uhfhqw hpslulfdo �qglqjv rq wklv vxe0

mhfw1 Lq wkh prgho/ djhqwv idfh xqlqvxudeoh lqfrph ulvn dqg frvwo|

�qdqfldo lqwhuphgldwlrq/ dqg wkh| fkrrvh wr eh hlwkhu d zrunhu ru dq

hqwuhsuhqhxu1 D fdoleudwhg yhuvlrq ri wkh prgho lv xvhg wr h{dplqh

wzr jryhuqphqw dvvlvwdqfh surjudpv= ordq jxdudqwhhv dqg judqwv1 Wkh

pdlq �qglqjv duh wkdw erwk surjudpv fdq lpsuryh zhoiduh dqg wkdw

judqwv rxwshuirup wkh pruh srsxodu ordq jxdudqwhhv1

Nh| zrugv= Eruurzlqj Frqvwudlqwv/ Frvwo| Lqwhuphgldwlrq/ Hq0

wuhsuhqhxuvkls/ Lqfrph Vxevlglhv/ Lqwhuhvw Vxevlglhv1

MHO Fodvvl�fdwlrqv= H77/ H951

�Dgguhvv= Uhvhdufk Ghsduwphqw/ Ihghudo Uhvhuyh Edqn ri Ulfkprqg/ S1R1 Er{
5:955/ Ulfkprqg/ YD 565941 Who= +;37,09<:0;58:1 Id{= ;3709<:0;5881 H0pdlo=
zhqol1olCulfk1iue1ruj1 Wkh dxwkru zrxog olnh wr wkdqn Y1 Y1Fkdul/ Hgzdug Juhhq/ Qrexklur
Nl|rwdnl/ Wkrpdv Krophv/ Mh� Odfnhu dqg vhplqdu sduwlflsdqwv dw wkh Ihghudo Uhvhuyh
Edqn ri Plqqhdsrolv/ Ihghudo Uhvhuyh Edqn ri Ulfkprqg/ Ihghudo Uhvhuyh Edqn ri Dw0
odqwd/ Txhhq*v Xqlyhuvlw|/ Wh{dv D ) P dqg Ndqvdv Vwdwh Xqlyhuvlw|1 Wkh ylhzv h{suhvvhg
duh wkrvh ri wkh dxwkru dqg gr qrw qhfhvvdulo| uh hfw wkrvh ri wkh Ihghudo Uhvhuyh Edqn
ri Ulfkprqg ru wkh Ihghudo Uhvhuyh V|vwhp1
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4 Lqwurgxfwlrq

Hqwuhsuhqhxuvkls kdv dozd|v rffxslhg d vshfldo sodfh ri hvwhhp lq wkh Xqlwhg

Vwdwhv1 �D exvlqhvv ri p| rzq� kdv ehhq wkh uhfxuulqj guhdp ri jhqhudwlrqv

ri zdjh hduqhuv1 Lq 4<<5/ ryhu 48 ploolrq wd{0sd|huv �ohg Vfkhgxoh F/ �Sur�w

ru Orvv Iurp Exvlqhvv1� Wkhuh duh derxw 8 ploolrq ixoo wlph vhoi0hpsor|hg

shrsoh li zh frxqw rqo| khdgv ri �upv wkdw kdyh hpsor|hhv/ zklfk lv pruh

wkdq 6 shufhqw ri wkh wrwdo oderu irufh +Nlufkr� 4<<7,1 Wkh XV jryhuqphqw

sod|v dq dfwlyh uroh lq surprwlqj hqwuhsuhqhxuvkls1 Wkurxjk wkh Vpdoo Exvl0

qhvv Dgplqlvwudwlrq/ derxw '6 eloolrq lv sxw lqwr wkh vpdoo exvlqhvv frppx0

qlw| dqqxdoo| lq wkh irup ri ordqv dqg judqwv1 D fhqwudo lvvxh wkdw frqfhuqv

hfrqrplvwv dv zhoo dv sudfwlwlrqhuv lv wkhq= vkrxog wkh jryhuqphqw lqwhuihuh

lq wkh fdslwdo pdunhw/ dqg li vr/ zklfk srolflhv vkrxog wkh jryhuqphqw dgrswB

Wkh sxusrvh ri wklv sdshu lv wr surylgh dq dqvzhu wr wklv txhvwlrq1 Vshfli0

lfdoo|/ L ghyhors d g|qdplf jhqhudo htxloleulxp prgho zlwk h{solflw fdslwdo

frqvwudlqwv dqg hqgrjhqrxvo| ghwhuplqhg rffxsdwlrqdo fkrlfhv dqg wkhq xvh

lw wr vwxg| wkh lqwhudfwlrqv ri fdslwdo frqvwudlqwv zlwk exvlqhvv fuhdwlrq dqg

ghyhorsphqw/ dqg wr frqgxfw srolf| h{shulphqwv1

Wkh prgho lv frqvlvwhqw zlwk wkh iroorzlqj revhuydwlrqv grfxphqwhg e|

uhfhqw hpslulfdo dqdo|vlv= +l, wkh suredelolw| ri ehfrplqj dq hqwuhsuhqhxu lv

srvlwlyho| fruuhodwhg zlwk dq lqglylgxdo*v rzqhuvkls ri dvvhwv> +ll, wkh sure0

delolw| ri ehfrplqj dq hqwuhsuhqhxu lv qhjdwlyho| fruuhodwhg zlwk dq lqgl0

ylgxdo*v rssruwxqlwlhv lq wkh oderu pdunhw> +lll, exvlqhvv lqyhvwphqw vl}h lv

srvlwlyho| fruuhodwhg zlwk dq hqwuhsuhqhxu*v qhw dvvhwv> +ly, exvlqhvv h{lw udwh

lv qhjdwlyho| fruuhodwhg zlwk dq hqwuhsuhqhxu*v qhw dvvhwv1 Wzr ihdwxuhv ri

wkh prgho/ xqlqvxudeoh lqfrph ulvn dqg frvwo| �qdqfldo lqwhuphgldwlrq/ frq0

wulexwh wr wklv frqvlvwhqf|1 Wkh lqdelolw| wr shuihfwo| vprrwk frqvxpswlrq

ryhu wlph pdnhv srru djhqwv pruh ulvn dyhuvh dqg wkhuhiruh ohvv zloolqj wr
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ehdu ulvnv dqg ehfrph hqwuhsuhqhxuv1 Frvwo| lqwhuphgldwlrq pdnhv h{whuqdo

�qdqfh h{shqvlyh dqg hqwuhsuhqhxuvkls ohvv dsshdolqj wr wkh fdslwdo frq0

vwudlqhg1

Wkh prgho lv fdoleudwhg wr pdwfk vhohfwhg vwdwlvwlfv lq wkh XV hfrqrp|1

Lq sduwlfxodu/ L uhsurgxfh wkh oderu lqfrph g|qdplfv ri krxvhkrogv rewdlqhg

iurp wkh Sdqho Vxuyh| ri Lqfrph G|qdplfv +SVLG, dqg wkh �up vl}h glv0

wulexwlrq/ dqg jurzwk dqg h{lw udwhv e| �up ghulyhg iurp wkh Orqjlwxglqdo

Uhvhdufk Gdwd Iloh +OUG,1 Wkh prgho dovr fdswxuhv wkh pdlq sdwwhuqv ri

�up vl}h dqg h{lw udwhv zlwk uhvshfw wr djh dv grfxphqwhg e| hpslulfdo vwxg0

lhv +Gxqqh hw do1/4<;<d/ Shwhuvrq dqg Udmdq 4<<7,/ dqg shuirupv zhoo lq

uhsolfdwlqj wkh zhdowk dqg lqfrph lqhtxdolwlhv ri wkh XV hfrqrp|1

Jlyhq wkh hpslulfdo vxffhvv ri wkh prgho/ L surfhhg wr frqgxfw wzr vhwv

ri srolf| h{shulphqwv1 Iluvw/ L lqyhvwljdwh wkh frvw ri lqfrph wd{dwlrq zlwk

fdslwdo frqvwudlqwv dqg frpsduh lw wr wkh fdvh zlwkrxw fdslwdo frqvwudlqwv1

Vhfrqgo|/ L hydoxdwh wkh zhoiduh lpsolfdwlrqv ri lqwhuhvw vxevlglhv dqg lq0

frph vxevlglhv1 Lqwhuhvw vxevlglhv duh d sur{| iru wkh srsxodu ordq jxdu0

dqwhh surjudpv zkhuh jryhuqphqw vxevlgl}hv wkh lqwhuhvw sd|phqwv ri qhz

hqwuhsuhqhxuv1 Lqfrph vxevlglhv ixqfwlrq olnh jryhuqphqw judqwv wr qhz hq0

wuhsuhqhxuv1 Wkh pdlq uhvxowv fdq eh vxppdul}hg dv iroorzv= +4, xvlqj wkh

fulwhulrq ri �frqvwdqw uhyhqxh/� lqfrph wd{hv/ hlwkhu xqlirup ru oxps vxp/

duh pruh glvwruwlrqdu| khuh wkdq lq d uhsuhvhqwdwlyh djhqw hfrqrp| zlwkrxw

fdslwdo frqvwudlqwv dqg zlwk frpsohwh lqvxudqfh> +5, vpdoo dprxqwv ri erwk

lqfrph vxevlglhv dqg lqwhuhvw vxevlglhv duh zhoiduh lpsurylqj> +6, lqfrph

vxevlglhv shuirup ehwwhu wkdq lqwhuhvw vxevlglhv lq whupv ri vrfldo zhoiduh

dqg wrwdo rxwsxw> +7, wkhuh h{lvwv dq rswlpdo ohyho ri lqfrph vxevlglhv1 Vpdoo

dprxqwv ri jryhuqphqw vxevlglhv khos uhod{ wkh elqglqj fdslwdo frqvwudlqwv

qhz hqwuhsuhqhxuv idfh vr wkdw wkhlu hqwuhsuhqhxuldo dv zhoo dv lqyhvwphqw
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ghflvlrqv duh ohvv ghshqghqw rq wkhlu zhdowk dqg khqfh wkhlu lqfrph klvwru|1

Krzhyhu/ wkh uroh ri jryhuqphqw vxevlglhv lv erxqghg vlqfh wkh pdujlqdo

jdlqv iurp wkh vxevlglhv ghfuhdvh zlwk wkh vxevlglhv zkloh wkh pdujlqdo frvw

lqfuhdvhv1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq wzr L eulh |

uhylhz wkh uhodwhg olwhudwxuh1 Lq vhfwlrq wkuhh L ghyhors wkh prgho/ gh�qh

htxloleulxp dqg suhvhqw wkhruhwlfdo uhvxowv1 Wkh prgho lv fdoleudwhg wr wkh

XV gdwd lq vhfwlrq irxu/ dqg wkhq frpsduhg wr d uhsuhvhqwdwlyh djhqw hfrqrp|

lq vhfwlrq �yh1 Lq vhfwlrq vl{ L frqgxfw srolf| h{shulphqwv1 Wkh odvw vhfwlrq

frqfoxghv wkh sdshu1 Dsshqgl{ D frqwdlqv surriv ri sursrvlwlrqv1 Dsshqgl{

E ghvfulehv wkh frpsxwdwlrqdo phwkrg1

5 Uhodwhg Olwhudwxuh

Dq h{whqvlyh olwhudwxuh kdv dujxhg wkdw fdslwdo frqvwudlqwv sod| lpsruwdqw

urohv lq exvlqhvv fuhdwlrq dqg ghyhorsphqw1 Hydqv dqg Mrydqrylf +4<;<,/

Hydqv dqg Ohljkwrq +4<;<,/ Krow}0Hdnlq/ Mrxoidldq dqg Urvhq +4<<7d/ 4<<7e,/

Eodqfk rzhu dqg Rvzdog +4<<3,4 dqdo|}h wkh uhodwlrq ehwzhhq hqwu| lqwr hq0

wuhsuhqhxuvkls dqg zhdowk1 Wkhlu uhvxowv vkrz wkdw wkhuh lv d srvlwlyh fruuh0

odwlrq ehwzhhq wkh suredelolw| ri ehfrplqj dq hqwuhsuhqhxu dqg lqglylgxdov*

rzqhuvkls ri dvvhwv1 Rwkhu dxwkruv +Fdushqwhu/ Id}}dul dqg Shwhuvrq 4<<7/

Krvkl/ Ndvk|ds dqg Vfkduivwhlq 4<<4, grfxphqw gl�huhqfhv dfurvv eruurz0

huv lq wkh vwuxfwxuh ri ordq frqwudfwv/ dqg wkh uhodwlrq ri wkhvh gl�huhqfhv

wr wkh xvh ri lqwhuqdo ixqgv1 Wkh| �qg hylghqfh ri vljql�fdqw fdslwdo pdu0

4Krow}0Hdnlq/ Mrxoidldq dqg Urvhq +4<<7d,/ Eodqfk rzhu dqg Rvzdog +4<<3, duh sdu0
wlfxoduo| lqwhuhvwlqj iru wzr uhdvrqv1 Iluvw/ wkhlu phdvxuh ri dvvhwv lv jliwv dqg lqkhulwdqfhv/
vr lw lv dujxdeo| h{rjhqrxv wr wkh ghflvlrq wr hqwhu vhoi0hpsor|phqw1 Vhfrqg/ wkh| �qg dq
h�hfw ri dvvhwv wkdw lv txdqwlwdwlyho| odujh dv zhoo dv ehlqj vwdwlvwlfdoo| vljql�fdqw1
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nhw lpshuihfwlrqv hyhq iru sxeolfo| wudghg pdqxidfwxulqj frpsdqlhv15 Oljkw

+4<:5,/ Vrzhoo +4<;4,/ Ph|hu +4<<4, dqg rwkhuv dujxh wkdw ohqglqj e| irupdo

lqvwlwxwlrqv lv qrw yhu| lpsruwdqw lq wkh hvwdeolvkphqw ri vpdoo exvlqhvvhv1

Erqg dqg Wrzqvhqg +4<<9, dovr �qg wkdw edqn �qdqflqj lv olwwoh xvhg iru

exvlqhvv vwduw0xs/ zklfk vxjjhvwv wkdw vwduw0xsv duh pruh fdslwdo frqvwudlqhg

wkdq lqfxpehqw exvlqhvvhv1

Wkh qrwlrq wkdw vpdoo dqg vwduw0xs exvlqhvvhv idfh vshfldo sureohpv frp0

sduhg wr odujh rqhv kdv orqj ehhq uhfrjql}hg e| sudfwlwlrqhuv1 Wkhvh vshfldo

sureohpv lqfoxgh= +4, vpdoo exvlqhvvhv vx�hu iurp d fkurqlf vkruwdjh ri rzq

ixqgv> +5, fuhglw lv jhqhudoo| pruh frvwo| iru vpdoo exvlqhvvhv wr rewdlq frp0

sduhg wr odujhu exvlqhvvhv/ zklfk duh deoh lq pdq| fdvhv wr qhjrwldwh wkh

whupv ri ordqv> +6, vpdoo exvlqhvvhv kdyh 0 rzlqj wr kljk ulvn idfwruv 0 juhdwhu

gl!fxow| lq �qdqflqj lqwdqjleoh lqyhvwphqwv +vxfk dv uhvhdufk/ wudlqlqj/ txdo0

lw| lpsuryhphqw/ hwf1, zklfk lq pdq| fdvhv duh ylwdo wr wkhlu jurzwk1 Dv

orqj djr dv 4<64/ wkh Pdfploodq Frpplwwhh lq wkh Xqlwhg Nlqjgrp srlqwhg

rxw wkh h{lvwhqfh ri wkhvh vshfldo sureohpv1 Wkh Mdqxdu| 4<;5 vxuyh| ri

phpehuv ri wkh Qdwlrqdo Ihghudwlrq ri Lqghshqghqw Exvlqhvv +QILE, �qgv

wkdw 66( ri wkh uhvsrqghqwv udwhg �lqwhuhvw udwhv dqg �qdqflqj� dv wkh prvw

lpsruwdqw sureohp zklfk wkh| idfh dv vpdoo exvlqhvv shuvrqv1

Wkh eholhi wkdw fdslwdo pdunhwv gr qrw surylgh dghtxdwh ixqgv iru vpdoo

dqg vwduw0xs exvlqhvvhv lv rqh ri wkh udwlrqdohv iru jryhuqphqw dvvlvwdqfh sur0

judpv lq pdq| frxqwulhv1 Doprvw doo RHFG frxqwulhv dqg pdq| ghyhorslqj

frxqwulhv dsso| vshfldo phdvxuhv dqg vfkhphv zklfk dlp dw lpsurylqj wkh

hfrqrplf dqg whfkqrorjlfdo hqylurqphqw ri vpdoo dqg qhz exvlqhvvhv/ wkhuhe|

idflolwdwlqj wkh hvwdeolvkphqw dqg jurzwk ri wkhvh hqwhusulvhv1 Wkrxjk wkh

udqjh dqg lpsruwdqfh ri wkhvh surylvlrqv duh pdunhgo| gl�huhqw dfurvv frxq0

5Zhlqehuj +4<<7, rq wkh rwkhu kdqg dujxhv wkdw pdq| ri wkh gl�hulqj �upv* �qdqflqj
ehkdylru fdq eh h{sodlqhg e| wkh olih f|foh ri �up*v ghyhorsphqw1
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wulhv/ wkh| duh lq xhqfhg e| vlplodu frqvlghudwlrqv1 Dprqj wkhp/ wkh gl!0

fxow| lq udlvlqj �qdqfh/ erwk iru gd|0wr0gd| rshudwlrqv dqg iru lqyhvwphqw lq

fdslwdo dqg htxlsphqw/ vhhp wr kdyh sod|hg dq hvshfldoo| lpsruwdqw uroh lq

wkh srolf| glvfxvvlrqv1

Wkhuh lv qr frqvhqvxv dprqj hfrqrplvwv zlwk uhjdug wr wkh shuirupdqfh

ri wkhvh jryhuqphqw surjudpv/ lq sduw gxh wr wkh odfn ri d vwdqgdug jhq0

hudo htxloleulxp prgho1 Vlqfh wkh dfw ri uhglvwulexwlqj uhvrxufhv dqg lqfrph

dvvrfldwhg zlwk vxevlglhv w|slfdoo| lqwurgxfh glvwruwlrq/ wkh frqvlghudwlrq

ri wkh uhglvwulexwlyh lpsdfw ri d jryhuqphqw surjudp lv lqfrpsohwh zlwk0

rxw xqghuvwdqglqj dq| h!flhqf| frvwv uhodwhg wr wkh surjudp1 D qxpehu

ri dxwkruv kdyh vwxglhg wkh lpsdfw ri djhqf| frvwv ru lqfrpsohwh �qdqfldo

pdunhwv rq lqyhvwphqw +vhh GhPh}d dqg Zhee/ 4<;:/ 4<;;/ 4<;</ Ehuqdqnh

dqg Jhuwohu/ 4<;</ 4<<3 dqg sdshuv flwhg lq wkhlu zrun,1 Iru wkh prvw sduw/

wkh| duh fduulhg rxw lq vwdwlf ru sduwldo htxloleulxp iudphzrunv wkdw dvvxph

olwwoh djjuhjdwh glvwruwlrq dqg frqfhqwudwh odujho| rq wkh lpsdfw ri vxevlglhv

uhflslhqwv1 Wklv sdshu vhwv xs d g|qdplf iudphzrun wr vwxg| wkh lqkhuhqwo|

g|qdplf surfhvvhv ri rffxsdwlrqdo fkrlfhv/ dqg exvlqhvv fuhdwlrq/ jurzwk dqg

ghvwuxfwlrq/ dqg wr surylgh d txdqwlwdwlyh dv zhoo dv txdolwdwlyh dvvhvvphqw

ri jryhuqphqw srolflhv1 Wkh uroh ri jryhuqphqw lqwhuyhqwlrq frphv iurp

wzr vrxufhv1 Iluvw/ lqfrph uhglvwulexwlrq doohyldwhv wkh fdslwdo frqvwudlqwv

pdq| djhqwv idfh dqg surylghv oltxlglw| iru wkhp vr wkdw wkhlu rffxsdwlrqdo

fkrlfhv zloo eh ohvv ghshqghqw rq wkhlu dvvhwv ru wkhlu lqfrph klvwru|1 Wklv lv

uhplqlvfhqw ri wkh furvv0vxevlgl}dwlrq uroh iru jryhuqphqw vxjjhvwhg e| wkh

dgyhuvh vhohfwlrq olwhudwxuh +GhPh}d dqg Zhee 4<;:/ 4<;;/ 4<;</ Vplwk dqg

Vwxw}hu 4<;</ dqg Urehuw Lqqhv 4<<4> Jdoh 4<<4 dqg Odfnhu 4<<7 glvsxwh wklv

ylhz,1 Vhfrqgo|/ jryhuqphqw dqg sulydwh djhqwv idfh gl�huhqw hqirufhphqw

sureohpv1 Glvwulexwlrq ri vxevlglhv gl�huv iurp ohqglqj lq wkdw wkh iruphu lv
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d rqh0zd| wudqvihu zkloh wkh odwwhu lv d wzr0zd| frqwudfwxdo duudqjhphqw1 Lw

lv frvwo| wr hqirufh qrqfroodwhudol}hg ordq sd|phqw1

6 Vwuxfwxuh ri wkh Hfrqrp|

Wkh nh| ihdwxuhv ri wkh prgho duh= E�� xqlqvxudeoh lqfrph ulvn idfhg e|

krxvhkrogv wdnhv wkh irup ri lglrv|qfudwlf vkrfnv wr wkhlu oderu surgxfwlylw|>

E��� rffxsdwlrqdo fkrlfhv duh hqgrjhqrxvo| ghwhuplqhg> E���� krxvhkrogv duh

lq�qlwho| olyhg> E��� hqwuhsuhqhxuv idfh lglrv|qfudwlf surgxfwlylw| vkrfnv dqg

E�� wkh �qdqfldo pdunhw lv lqfrpsohwh1

Wkh prgholqj ri wkh frqvxpswlrq vlgh ri wkh hfrqrp| ehorqjv wr d odujhu

fodvv ri prghov zlwk khwhurjhqrxv djhqwv zkrvh lpsruwdqfh kdv ehhq vwuhvvhg

e| pdq| dxwkruv +Dl|djdul 4<<6/ Lpurkrurjox 4<;</ Lpurkrurjox dqg Kdqvhq

4<<4 dqg Kxjjhw 4<<6,1 P| zd| ri prgholqj wkh rffxsdwlrqdo fkrlfh iroorzv

Edqhumhh dqg Qhzpdq +4<<6,1 Hurvd +4<<8, dqg Txdgulql +4<<9, prgho

rffxsdwlrqdo fkrlfhv vlploduo|1 Wkh surgxfwlrq vlgh ri wkh hfrqrp| h{whqgv

Krshqkd|q dqg Urjhuvrq +4<<6,/ zkhuh �up ohyho g|qdplfv duh jhqhudwhg

wkurxjk wlph ydu|lqj lglrv|qfudwlf surgxfwlylw| vkrfnv/ dqg wkh h{lw ri �upv

lv ghwhuplqhg e| d vx!flhqwo| orz uhdol}dwlrq ri wkh surgxfwlylw| vkrfn1 Wkh

pdlq gl�huhqfh khuh lv wkdw lq dgglwlrq wr oderu/ L lqwurgxfh fdslwdo dv dq

lqsxw dqg wkh �qdqfldo pdunhw lv lqfrpsohwh/ e| grlqj vr L doorz iru ixoo0

 hgjhg fdslwdo dffxpxodwlrq1

614 Wkh Hqylurqphqw

61414 Suhihuhqfhv

L frqvlghu d glvfuhwh wlph dqg lq�qlwh krul}rq hfrqrp|1 D vlqjoh jrrg lv sur0

gxfhg lq hdfk shulrg1 Fdslwdo dw d jlyhq gdwh frqvlvwv ri rxwsxw dffxpxodwhg

xs wr wkdw gdwh1
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Wkhuh lv d frqwlqxxp ri lq�qlwho| olyhg djhqwv zlwk xqlw pdvv1 Djhqwv

pd{lpl}h wkh h{shfwhg vxp ri glvfrxqwhg xwlolw| .
S"

|'f q
|LES|�c zkhuh q lv

d vxemhfwlyh wlph glvfrxqw idfwru/ dqg S| lv frqvxpswlrq lq shulrg |1 Xwlolw|

ixqfwlrq L vdwlv�hv wkh dvvxpswlrqv ri prqrwrqlflw| dqg frqfdylw|/ dqg wkh

Lqdgd frqglwlrqv1 Wkh odwwhu hqvxuhv vwulfwo| srvlwlyh frqvxpswlrqv1

Lq hdfk shulrg/ dq djhqw fdq eh d zrunhu ru dq hqwuhsuhqhxu1 D zrunhu

idfhv  xfwxdwlqj lqfrph fdxvhg e| d vwrfkdvwlf oderu surgxfwlylw| vkrfn gh0

qrwhg e| 0� Wklv oderu surgxfwlylw| vkrfn iroorzv d �uvw rughu Pdunry sur0

fhvv zlwk wudqvlwlrq suredelolw| }�E0�m0�� Zh fdq ylhz wkh oderu surgxfwlylw|

vkrfn dv d phdvxuh ri pdwfk txdolw| ehwzhhq d zrunhu dqg klv mre1 Wklv

lqwhusuhwdwlrq iroorzv Pruwhqvhq dqg Slvvdulghv +4<<7d/ 4<<7e,1 Wkh lqfrph

 xfwxdwlrq lv qrw lqvxudeoh ehfdxvh lw lv qrw yhul�deoh e| d wklug sduw|/ dqg

wkhuhiruh djhqwv fdqqrw zulwh frqwudfwv frqwlqjhqw rq lw1 D zrunhu dovr uh0

fhlyhv dq hqwuhsuhqhxuldo lghd w dw hdfk gdwh/ w lqglfdwhv wkh survshfwv ri wkh

exvlqhvv lq wkh hyhqw wkh zrunhu fkrrvhv wr eh dq hqwuhsuhqhxu1 Vshfl�fdoo|/

wkh exvlqhvv txdolw| ghqrwhg e| wkh surgxfwlylw| vkrfn ri d qhz hqwuhsuhqhxu

zlwk hqwuhsuhqhxuldo lghd w lv ghvfulehg e| wkh glvwulexwlrq ixqfwlrq DwE)��

Wklv duudqjhphqw lv phdqw wr fdswxuh wkh qrwlrq wkdw wkhuh lv vrph vxqn

frvw dvvrfldwhg zlwk hqwuhsuhqhxuvkls1 Dw wkh wlph wkh rffxsdwlrqdo ghfl0

vlrq qhhgv wr eh pdgh/ djhqwv uhfhlyh dq lpshuihfw vljqdo ri wkhlu exvlqhvv

txdolw|1 D jrrg lghd lpsolhv d ehwwhu glvwulexwlrq lq wkh vhqvh ri �uvw rughu

vwrfkdvwlf grplqdqfh1 Hqwuhsuhqhxuldo lghdv duh srvlwlyho| fruuhodwhg zlwk

oderu surgxfwlylw|1 Iru d qhz zrunhu/ wkh oderu surgxfwlylw| vkrfn dqg klv

dvvrfldwhg hqwuhsuhqhxuldo lghd lv gudzq iurp d mrlqw glvwulexwlrq D�E0c w��

Fdslwdo lq wklv prgho sod|v wzr urohv= d idfwru lqsxw iru surgxfwlrq dqg d

phdqv ri vhoi lqvxudqfh djdlqvw  xfwxdwlqj lqfrph1 L uhvwulfw fdslwdo kroglqjv

wr eh qrqqhjdwlyh wkurxjk wkh sdshu uh hfwlqj wkh qhhg iru suhyhqwlqj Srq}l

;



vfkhph dqg d uhvwudlqw wkdw ordqv duh sdlg edfn1

61415 Whfkqrorj|

Wkhuh duh wzr whfkqrorjlhv lq wkh hfrqrp|= d surgxfwlrq whfkqrorj| dqg dq

lqwhuphgldwlrq whfkqrorj|1

Surgxfwlrq Whfkqrorj|

Hqwuhsuhqhxuv xvh fdslwdo dqg oderu wr surgxfh rxwsxw dffruglqj wr sur0

gxfwlrq ixqfwlrq + ' sE)c &c ?�c zkhuh & lv fdslwdo lqsxw/ ? lv wkh h!flhqf|

xqlwv ri oderu hpsor|hg/ dqg ) lv wkh �up vshfl�f surgxfwlylw| vkrfn1 Wklv

vkrfn jhqhudwhv pxfk ri wkh �up ohyho khwhurjhqhlw| lq wkh prgho1 Rqh uhd0

vrq iru khwhurjhqhlw| lq �up0ohyho rxwfrphv lv gl�huhqfhv lq hqwuhsuhqhxuldo

dqg pdqdjhuldo delolw|1 Wkhvh gl�huhqfhv lqfoxgh wkh delolw| wr lghqwli| dqg

ghyhors qhz surgxfwv/ wr rujdql}h dfwlylw|/ wr prwlydwh zrunhuv/ dqg wr dgdsw

wr fkdqjlqj flufxpvwdqfhv +Oxfdv/ 4<:;,1 Wkh vkrfn wdnhv ydoxhv lq -n dqg

iroorzv d �uvw rughu Pdunry surfhvv ghvfulehg e| d ixqfwlrq CeE)�m)�/ zlwk

wkh lqwhusuhwdwlrq wkdw iru hdfk fxuuhqw ydoxh ri wkh vkrfn ghqrwhg e| )c

CeE)�m)� lv wkh glvwulexwlrq ixqfwlrq iru qh{w shulrg*v ydoxh ri wkh vkrfn

ghqrwhg e| )�� Wkh vkrfnv duh lqghshqghqw dfurvv �upv/ exw hdfk �up*v

vkrfn zloo hyroyh dffruglqj wr wkh vdph ixqfwlrq Ce� Wkh surgxfwlrq ixqf0

wlrq h{klelwv ghfuhdvlqj uhwxuq wr vfdoh zlwk uhvshfw wr fdslwdo dqg oderu1

Fdslwdo ghsuhfldwhv dw d frqvwdqw udwh B zkhq xvhg lq wkh surgxfwlrq sur0

fhvv/ f 	 B 	 �1 Wkh surgxfwlrq ixqfwlrq vdwlv�hv wkh Lqdgd frqglwlrqv zlwk

uhvshfw wr lwv lqsxwv1

Lqwhuphgldwlrq Whfkqrorj|

Lq dgglwlrq wr wkh surgxfwlrq vhfwru/ wkhuh lv dq lqwhuphgldwlrq vhfwru

zklfk surfhvvhv doo ghsrvlwv dqg ordqv1 Wkh �qdqfldo pdunhw lq wkh hfrqrp|

lv lqfrpsohwh1 Dv lq Nl|rwdnl dqg Prruh +4<<:,/ d eruurzhu fdq froodwhudol}h

<



sduw ri wkh ordq rq wkh qrqghsuhfldwhg fdslwdo diwhu surgxfwlrq1 Krzhyhu/

wkh lqwhuphgldu| kdv wr vshqg � xqlwv ri prqlwrulqj frvw iru hdfk xqlw ri

qrq0froodwhudol}hg ordq lq rughu wr nhhs wudfn ri wkh ghewruv vr wkdw wkh| fdq0

qrw uhqhjh rq wkh sd|phqw +Gldprqg 4<;7,1 D sulqflsdo yluwxh ri wklv vhwxs

lv lwv vlpsolflw|/ zklfk doorzv xv wr prgho wkh �qdqfldo vhfwru lq d plqlpdo

zd|1 Wklv duudqjhphqw lv frqvlvwhqw zlwk wkh wzr pdlq lpsolfdwlrqv ri wkh

dv|pphwulf lqirupdwlrq olwhudwxuh lq wklv duhd/ qdpho|/ wkhuh lv d zhgjh eh0

wzhhq wkh sulfh ri qrqfroodwhudol}hg h{whuqdo ixqgv dqg wkh sulfh ri lqwhuqdo

ixqgv> wkh suhplxp iru h{whuqdo ixqgv ghshqgv lqyhuvho| rq wkh eruurzhu*v

froodwhudol}hg qhw zruwk uhodwlyh wr wkh ordq reoljdwlrq1 Hpslulfdoo|/ lw fds0

wxuhv wkh ihdwxuh ri ghewv ri gl�huhqw vhqlrulw| dqg wkh idfw wkdw eruurzhuv

sd| gl�huhqw lqwhuhvw suhpld iru froodwhudol}hg dqg qrq0froodwhudol}hg ordqv

dv grfxphqwhg e| Jdufld0Frerv +4<<7,1

61416 Vhtxhqfh ri Hyhqwv

Wkhuh duh wzr w|shv ri djhqwv lq wkh hfrqrp|= hqwuhsuhqhxuv dqg zrunhuv1

Wkhlu dfwlylwlhv zlwklq d shulrg duh ixoo| ghvfulehg e| wkh iroorzlqj wlph olqh1

,?|hiThi?i�ht +Zrunhuv,

�ehjlqqlqj ri gdwh w

�lqirupdwlrq lv uhyhdohg>

+surmhfw txdolw| iru hqwuhsuhqhxuv/ oderu surgxfwlylw| dqg hqwuhsuhqhxuldo

lghd iru zrunhuv,

�lqyhvwphqw dqg hpsor|phqw ghflvlrqv e| hqwuhsuhqhxuv>

�surgxfwlrq wdnhv sodfh>

�frqvxpswlrq ghflvlrq lv pdgh>
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�qh{w shulrg*v rffxsdwlrqdo ghflvlrq lv ghwhuplqhg1

�hqg ri gdwh w

Djhqwv vwduw hdfk shulrg zlwk d suhghwhuplqhg rffxsdwlrq1 Wkh|

wkhq uhfhlyh vkrfnv1 Lq sduwlfxodu/ zrunhuv ohduq derxw wkhlu oderu surgxf0

wlylw| dqg wkh txdolw| ri wkhlu hqwuhsuhqhxuldo lghdv/ hqwuhsuhqhxuv ohduq derxw

wkhlu exvlqhvv txdolwlhv1 Rqfh wkh lqirupdwlrq lv uhyhdohg/ zrunhuv dqg hq0

wuhsuhqhxuv hqjdjh lq eruurzlqj dqg ohqglqj1 Surgxfwlrq wdnhv sodfh di0

whuzdugv1 Dw wkh hqg ri wkh shulrg/ diwhu rxwsxw kdv ehhq glvwulexwhg dqg

ordqv uhsdlg/ djhqwv frqvxph dqg ghflgh wkhlu qh{w shulrg*v rffxsdwlrqv/ l1h1

zkhwkhu wr eh dq hqwuhsuhqhxu ru d zrunhu1 Vlqfh rffxsdwlrqdo fkrlfhv iru

qh{w shulrg duh pdgh ehiruh wkh qh{w shulrg vkrfnv duh uhyhdohg/ djhqwv edvh

wkhlu ghflvlrq rq wkh hqg ri shulrg dvvhwv dqg fxuuhqw vkrfnv1

Dq hqwuhsuhqhxu wrjhwkhu zlwk klv rshudwlqj surmhfw lv fdoohg d �up1 Wklv

rqh wr rqh fruuhvsrqghqfh ehwzhhq d �up dqg dq hqwuhsuhqhxu lv prwlydwhg

e| wkh idfw wkdw wkh pdmrulw| ri vpdoo dqg phglxp �upv duh sursulhwruvklsv

dqg sduwqhuvklsv1 Wklv duudqjhphqw dovr fruuhvsrqgv zhoo zlwk frusrudwlrqv

li zh ylhz wkh frqvxpswlrq ri wkh hqwuhsuhqhxu dv glylghqg glvwulexwlrq1

Wkh vwdwh ri dq hqwuhsuhqhxu lv ghwhuplqhg e| klv exvlqhvv txdolw| ) dqg

wkh ehjlqqlqj ri shulrg dvvhwv @1 Wkh vwdwh ri d zrunhu ghshqgv rq klv oderu

surgxfwlylw| 0/ hqwuhsuhqhxuldo lghd w dqg wkh ehjlqqlqj ri shulrg dvvhwv @�

L ghqrwh >� wr eh wkh phdvxuh ri zrunhuv ryhu E@c 0c w�c dqg >2 wr eh wkh

phdvxuh ri hqwuhsuhqhxuv ryhu E@c )�1 Wkh vwdwh ri wkh hfrqrp|/ > ' i>�c

>2jc wkhq lv d suredelolw| glvwulexwlrq ryhu wkh gl�huhqw djhqwv1

615 Djhqwv* Sureohp

Dq djhqw*v remhfwlyh lv wr pd{lpl}h klv h{shfwhg olihwlph xwlolw|1 Kh rshudwhv

lq frpshwlwlyh pdunhwv/ khqfh wdnhv sulfhv +wkh lqwhuhvw udwh dqg wkh zdjh
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udwh, dv jlyhq1 Ehiruh ghvfulelqj wkh djhqwv* sureohp/ L glvfxvv wkh hyroxwlrq

ri dvvhwv1

61514 Hyroxwlrq ri Dvvhwv

D zrunhu*v dvvhwv hyroyh dffruglqj wr

@|n� ' o|@| n 0|�| � S| +4,

zkhuh Eo| � ��@| lv lqwhuhvw hduqhg rq ghsrvlwv> 0|�| lv zdjh lqfrph/ zklfk

ghshqgv rq wkh oderu surgxfwlylw| ohyho> dqg S| lv shulrg | frqvxpswlrq1

Dq hqwuhsuhqhxu ghflghv krz pxfk ri klv rzq dvvhwv wr lqyhvw dqg krz

pxfk wr eruurz1 Wkh wrwdo ordq dprxqw lv vsolw lqwr wzr sduwv/ ,S| dqg ,?| czkhuh

,S| ghqrwhv wkh froodwhudol}hg dprxqw dqg ,?| ghqrwhv wkh qrq0froodwhudol}hg

dprxqw1 Wkh ghdgzhljkw orvvhv fdxvhg e| wkh h{wud frvw dvvrfldwhg zlwk

qrq0froodwhudol}hg ordqv lpso| wkdw wkhuh lv d suhplxp rq lqwhuqdo ixqgv +wkh

hqwuhsuhqhxu*v rzq dvvhwv,/ wkhuhiruh/ dq hqwuhsuhqhxu zloo dozd|v lqyhvw klv

rzq dvvhwv �uvw ehiruh kh uhvruwv wr wkh �qdqfldo lqwhuphgldu| iru ordqv1 Klv

dvvhwv fkdqjh dffruglqj wr

@|n� ' sE)|c &|c ?|���|?|nE��B�&|no|4@ i@|�&|c fj�o|,
S
|�Eo|n��,?| �S|c

+5,

zkhuh

o|,
S
| � E�� B�&|c +6,

,S| n ,?| ' 4@ E&| � @|c f�� +7,

Khuh/ &| lv fdslwdo lqsxw/ ?| lv oderu lqsxw/ 4@ i&| � @|c fj lv wrwdo eruurzhg

ixqgv/ dqg 4@ i@| � &|c fj lv ghsrvlwv e| hqwuhsuhqhxuv zkrvh lqyhvwphqw
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lv ohvv wkdq wkhlu dvvhwv1 L dvvxph shuihfw frpshwlwlrq lq lqwhuphgldwlrq1

Lqfrph frqvlvwv ri wzr sduwv= sur�wv iurp xqghuwdnlqj surmhfwv dqg lqwhuhvw

hduqhg rq ghsrvlwv1 Qrwh wkdw surgxfwlrq wdnhv sodfh zlwklq d shulrg/ zklfk

vljql�fdqwo| vlpsol�hv wkh dqdo|vlv1

61515 Hqwuhsuhqhxuv* Sureohp

Lq wklv sdshu/ L vwxg| vwdwlrqdu| htxloleuld lq zklfk wkh glvwulexwlrq ri djhqwv

ryhu lqglylgxdo vwdwhv lv frqvwdqw ryhu wlph1 Frqvhtxhqwo| doo wkh djjuhjdwh

yduldeohv/ vxfk dv wkh sulfhv ri fdslwdo dqg oderu duh frqvwdqw dqg fdq eh

wuhdwhg sdudphwulfdoo| lq wkh rswlpl}dwlrq sureohp ri wkh djhqw1 Lq rughu wr

vlpsoli| qrwdwlrq/ L rplw wkh wlph lqgh{1

Gh�qh T eE)c @� wr eh wkh ydoxh ixqfwlrq ri dq hqwuhsuhqhxu zkrvh ehjlq0

qlqj ri shulrg dvvhwv duh @ dqg surgxfwlylw| vkrfn lv )� Gh�qh T �E0c wc @�

wr eh wkh ydoxh ixqfwlrq ri d zrunhu zlwk oderu surgxfwlylw| vkrfn 0c hq0

wuhsuhqhxuldo lghd w dqg dvvhwv @1

Dq hqwuhsuhqhxu*v sureohp lv gh�qhg uhfxuvlyho| dv iroorzv/

T eE)c @� ' 4@ 
t,Sc,?c&c?cSc@�c_�

iLES� n q4@ i
]
)�

T eE)�c @��}eE)�m)�_)�c +8,
]
w

]
0
T �E0c wc @��D�E0c w�_0_wjj

v1w1

@� n S � ZE)c @� +9,

Sc @� � fc +:,

zkhuh Z lv wkh lqfrph dqg lv gh�qhg dv=
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ZE)c @� ' 4@ 
t,Sc,?c&c?�

isE)c &c ?���?nE��B�&�o,S�Eon��,?no4@ i@�&c fjj

v1w1

o,S � E�� B�&

,S n ,? ' 4@ E& � @c f�

H{suhvvlrq +9� lv wkh exgjhw frqvwudlqw1 Wkh qrqqhjdwlylw| frqvwudlqw E.�

suhfoxghv lqwhuwhpsrudo eruurzlqj16 Vlqfh wkh zruvh wkdw fdq kdsshq wr dq

djhqw qh{w shulrg lv ehfrplqj dq hqwuhsuhqhxu dqg uhfhlylqj wkh orzhvw whfk0

qrorj| gudz +zklfk lv qrupdol}hg wr }hur lq wkh dqdo|vlv,/ wklv dvvxpswlrq

lv htxlydohqw wr wkh srolf| ri eruurzlqj xs wr wkh dprxqw wkdw wkh eruurzhu

zloo eh deoh wr uhsd| zlwk fhuwdlqw| dw wkh hqg ri wkh iroorzlqj shulrg1 Wkh

h{shfwhg ydoxh ri frqwlqxlqj wr eh dq hqwuhsuhqhxu qh{w shulrg frqglwlrqdo

rq wklv shulrg*v surgxfwlylw| vkrfn ) dqg ehjlqqlqj ri qh{w shulrg*v dv0

vhwv @� lv
U
T eE)�c @��}eE)�m)�_)�/ wkh h{shfwhg ydoxh ri ehfrplqj d zrunhu lv

U U
T �E0c wc @��D�E0c w�_0_w1 Li wkh h{shfwhg ydoxh ri ehlqj dq hqwuhsuhqhxu

h{fhhgv wkdw ri ehlqj d zrunhu/ wkh hqwuhsuhqhxu uhpdlqv lq exvlqhvv/ rwkhu0

zlvh kh zloo ehfrph d zrunhu qh{w shulrg1 L ghqrwh wklv rffxsdwlrqdo ghflvlrq

e| _1 Lw wdnhv wkh ydoxh ri � li wkh djhqw fkrrvhv wr eh dq hqwuhsuhqhxu dqg

ri f rwkhuzlvh1

61516 Zrunhuv* Sureohp

D zrunhu*v sureohp lv gh�qhg uhfxuvlyho| dv=

6Dv rssrvhg wr lqwudwhpsrudo eruurzlqj e| hqwuhsuhqhxuv uhsuhvhqwhg e| o
f dqg o

q
=
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T �E0c wc @� ' 4@ 
tSc@�c_�

iLES� n q4@ i
]
)
T eE)c @���wE)�_)c +;,]

w�

]
0�

T �E0�c w�c @��}�E0�m0��Ew�m0�_0�_w�jj

v1w1

@� n S � 0� n o@c +<,

Sc @� � f� +43,

Zrunhuv fkrrvh frqvxpswlrq S/ qh{w shulrg*v fdslwdo @� dqg qh{w shulrg*v

rffxsdwlrqdo ghflvlrq _� Wkh uljkw kdqg vlgh ri h{suhvvlrq +<� lv d zrunhu*v

lqfrph zklfk frqvlvwv ri klv zdjh dqg lqwhuhvw rq ghsrvlwv1

616 Gh�qlwlrq ri Htxloleulxp

D vwdwlrqdu| htxloleulxp lq wklv hfrqrp| frqvlvwv ri d sdlu ri sulfhv Eoc ��/ d

vhw ri ghflvlrq uxohv i,Sc ,?c &c ?c Sc @�c _jE)c @�/ iSc @�c _jE0c wc @�c d sdlu ri ydoxh

ixqfwlrqv iT eE)c @�c T �E0c wc @�j dqg d suredelolw| phdvxuh d>eE)c @�c >�E0c wc @�oc

vxfk wkdw=

+4, wkh ghflvlrq uxohv duh jhqhudwhg e| djhqwv* sureohpv +8, dqg +;,/

+5, wkh oderu pdunhw fohduv=

] ] ]
0>�E0c wc @�_0_w_@ '

] ]
?E)c @�>eE)c @�_)_@c +44,

+6, fdslwdo pdunhw fohduv=
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] ]
E,SE)c @� n ,?E)c @��>eE)c @�_)_

'
] ] ]

@>�E0c wc @�_0_w_@n] ]
4@ E@� &c f�>eE)c @�_)_@c +45,

+7, wkh glvwulexwlrq ri krxvhkrogv > ' d>ec >�o lv d �{hg srlqw ri wkh

pdsslqj zklfk ghvfulehv wkh odz ri prwlrq ri wkh glvwulexwlrq ri djhqwv

ryhu wkh lqglylgxdo vwdwhv1 Wklv odz ri prwlrq lv frqvlvwhqw zlwk lqglylgxdo

ghflvlrq uxohv1

>�E0c wc @�

'
] ] ]

>�Eh0c hwc h@�}�E0mh0��Ewmh0��E@�Eh0c hwc h@� ' @��E_Eh0c hwc h@� ' f�_h0_hw_h@
n

] ]
>eEh)c h@�D�E0c w��E@�Eh)c h@� ' @��E_Eh)c h@� ' f�_h0_h@c +46,

>eE)c @� '
] ] ]

>�Eh0c hwc h@��E@�Eh0c hwc h@� ' @��E_Eh0c hwc h@� ' ��D
hwE)�_h0_hw_h@n

] ]
>eEh)c h@�}eE)mh)��E@�Eh)c h@� ' @��E_Eh)c h@� ' ��_h)_h@� +47,

zkhuh �E�� lv dq lqgh{ ixqfwlrq zklfk htxdov � li � lv wuxh dqg f rwkhuzlvh1c

wkh h{suhvvlrq >�Eh0c hwc h@�}�E0mh0��Ewmh0��E@�Eh0c hwc h@� ' @��E_Eh0c hwc h@� ' f� lq

wkh uljkw kdqg vlgh ri +46� lv wkh phdvxuh ri zrunhuv dw vwdwh Eh0c hwc h@� zkr
frqwlqxh wr eh zrunhuv qh{w shulrg zlwk oderu vkrfn 0c hqwuhsuhqhxuldo lghd

w dqg dvvhwv @( wkh whup >eEh)c h@�D�E0c w��E@�Eh)c h@� ' @��E_Eh)c h@� ' f� lv wkh

pdvv ri hqwuhsuhqhxuv dw vwdwh Eh)c h@� zkr ehfrph zrunhuv dqg zkrvh qh{w

shulrg dvvhwv duh @ dqg oderu vkrfnv duh 0 dqg hqwuhsuhqhxuldo lghdv duh w� Wkh

whupv lq wkh uljkw kdqg vlgh ri h{suhvvlrq +47� fdq eh lqwhusuhwhg vlploduo|1
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617 Fkdudfwhul}dwlrq ri Htxloleulxp

Lq wklv vhfwlrq/ L h{dplqh wkh ehkdylru ri djhqwv wr vhh li wkh prgho lpsolfd0

wlrqv duh frqvlvwhqw zlwk uhodwhg plfurhfrqrplf hylghqfh1 Lq wkh sursrvlwlrqv

ehorz/ L zloo uho| rq wkh iroorzlqj dvvxpswlrqv1

Dvvxpswlrq 41 Wkh glvwulexwlrq DwE)� lv lqfuhdvlqj lq w lq wkh vhqvh ri �uvw

rughu vwrfkdvwlf grplqdqfh/ l1h1
U )
f
DwEr�_r �

U )
f
Dw

�

Er�_rc iru ) 5 d)c )oc li

w � w��

Dvvxpswlrq 51 Wkh fxpxodwlyh glvwulexwlrq ixqfwlrqC�E0�m0� lv ghfuhdvlqj

lq 0c dv lv wkh fxpxodwlyh glvwulexwlrq ixqfwlrq MEwm0��

Wkh �uvw sduw ri dvvxpswlrq 5 vd|v oderu hqgrzphqw vkrfnv duh shuvlvwhqw1

Wkh vhfrqg sduw lqglfdwhv d srvlwlyh fruuhodwlrq ehwzhhq oderu surgxfwlylw|

dqg hqwuhsuhqhxuldo delolw|1

Dvvxpswlrq 61 Wkh fxpxodwlyh glvwulexwlrq ixqfwlrq CeE)�m)� lv vwulfwo|

ghfuhdvlqj lq )�

Dvvxpswlrq 6 lpsolhv wkdw surgxfwlylw| vkrfnv duh shuvlvwhqw> wkrvh zlwk

jrrg vkrfnv wklv shulrg duh pruh olnho| wr uhfhlyh d jrrg vkrfn qh{w shulrg1

Dvvxpswlrq 71 Iru dq| ) : fc CEfm)� : f( CEfmf� ' ��

]hur surgxfwlylw| fruuhvsrqgv wr d vwdwh zkhuh qr surgxfwlrq wdnhv sodfh/

ru dq h{lw vwdwh1 Dvvxpswlrq 7 lpsolhv wkdw d �up kdv d vwulfwo| srvlwlyh

suredelolw| ri idlolqj dw dq| wlph1 Wklv lv d vwurqjhu yhuvlrq ri wkh xvxdo

dvvxpswlrq wkdw jxdudqwhhv d �qlwh olih vsdq ri �up dqg wkhuhiruh hqvxuhv

wkh h{lvwhqfh ri dq hujrglf vhw1

Lq htxloleulxp/ wkhuh zloo eh d srvlwlyh phdvxuh ri erwk hqwuhsuhqhxuv

dqg zrunhuv ehfdxvh wkh pdujlqdo surgxfw ri hdfk lqsxw wr surgxfwlrq lv

lq�qlwh zkhq wkh lqsxw lv }hur +zh fdq uhzulwh wkh surgxfwlrq ixqfwlrq vr

wkdw hqwuhsuhqhxuldo delolw| lv dq lqsxw wr wkh surgxfwlrq dv zhoo,1
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Sursrvlwlrq 41 Hqwuhsuhqhxuv zlwk kljkhu dvvhwv lqyhvw pruh lq

wkhlu exvlqhvvhv dqg sd| d orzhu h�hfwlyh lqwhuhvw udwh rq wkhlu

ordqv1

Wkh h�hfwlyh lqwhuhvw udwh lv wkh dyhudjh lqwhuhvw udwh d eruurzhu sd|v

rq klv ordqv lqfoxglqj froodwhudol}hg dv zhoo dv qrqfroodwhudol}hg ordqv1 Wkh

lqwxlwlrq ri Sursrvlwlrq 4 lv vwudljkwiruzdug1 Hqwuhsuhqhxuv zlwk pruh dvvhwv

zloo eh deoh wr eruurz pruh froodwhudol}hg ordqv/ wkhuhiruh wkh frvw dvvrfldwhg

zlwk h{whuqdo �qdqfh duh vpdoohu iru wkhp1 Frpsdulqj wzr hqwuhsuhqhxuv

zlwk wkh vdph surgxfwlylw| vkrfn/ wkh rqh zlwk kljkhu dvvhwv zloo lqyhvw

pruh lq klv exvlqhvv/ dqg kh sd|v d orzhu dyhudjh lqwhuhvw udwh rq klv ordqv1

Wkhvh uhvxowv duh frqvlvwhqw zlwk wkh �qglqjv lq Jdufld0Frerv +4<<7, dqg

Krow}0Hdnlq/ Mrxoidldq dqg Urvhq +4<<7d,1

Sursrvlwlrq 51 Wkhuh h{lvwv d wkuhvkrog oderu delolw| ohyho 0WE@c w�

vxfk wkdw d zrunhu zlwk oderu surgxfwlylw| vkrfn 0 dqg hqwuhsuhqhxuldo

lghd w zloo ehfrph dq hqwuhsuhqhxu li klv oderu delolw| lv ehorz wklv

ohyho/ rwkhuzlvh kh uhpdlqv wr eh d zrunhu1 Olnhzlvh/ wkhuh h{0

lvwv d fxwr� ohyho ri wkh txdolw| ri hqwuhsuhqhxuldo lghd wWE0c @� vxfk

wkdw d zrunhu dw vwdwh E@c 0c w� zloo ehfrph dq hqwuhsuhqhxu li klv

hqwuhsuhqhxuldo lghd kdv d kljkhu txdolw| wkdq wklv fxwr� ohyho1

Pruhryhu/ wkhuh h{lvwv d uhvhuydwlrq exvlqhvv surgxfwlylw| ohyho

)WE@� vxfk wkdw dq hqwuhsuhqhxu zloo frqwlqxh klv exvlqhvv li lw lv ri

d kljkhu txdolw| wkdq wkh fxwr� ohyho/ ru kh zloo h{lw dqg ehfrph d

zrunhu1

Sursrvlwlrq 5 vd|v wkdw wkhuh lv d frqwlqxxp ri shrsoh zkr ehfrph hq0

wuhsuhqhxuv ghshqglqj rq wkhlu hqwuhsuhqhxuldo lghd/ oderu surgxfwlylw| dqg

dvvhw kroglqj1 Dw wkh h{wuhphv/ wkhuh duh wkrvh zlwk jrrg hqwuhsuhqhxuldo
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lghdv +�vxshu vwduv�, dqg wkrvh zlwk orz oderu surgxfwlylw| +riwhq odehohg dv

�plv�wv� e| vrflrorjlvwv,1 Wklv lv d yhu| lqwhuhvwlqj skhqrphqrq1 Lq Hydqv

dqg Ohljkwrq +4<;<,/ rqh ri wkh nh| �qglqjv lv wkdw xqhpsor|hg zrunhuv/

orzhu sdlg zdjh zrunhuv/ dqg phq zkr kdyh fkdqjhg mrev d orw duh pruh

olnho| wr hqwhu vhoi0hpsor|phqw ru wr eh vhoi0hpsor|hg dw d srlqw lq wlph/ doo

hovh htxdo1 Wrzqvhqg dqg Erqg +4<<9, uhsruw vlplodu �qglqjv1 Wkh dqhfgr0

wdo hylghqfh derxw wkh klvwru| ri Fklqhvh dqg Mdsdqhvh lppljudqwv wr wkh

XV lq Oljkw +4<:5, dovr vxssruwv wklv �qglqj1 Wkh odvw sduw ri Sursrvlwlrq 5

vd|v jrrg txdolw| �upv zloo vxuylyh/ hyhu|wklqj hovh wkh vdph1

Sursrvlwlrq 61 h 	 �*q�

Dl|djdul +4<<7, kdv looxvwudwhg krz wkh suhvhqfh ri eruurzlqj frqvwudlqwv

lq d prgho zlwk khwhurjhqhrxv djhqwv ohdgv wr ryhuvdylqjv lq wkh vhqvh wkdw

htxloleulxp lqwhuhvw udwh olhv ehorz wkh udwh ri wlph suhihuhqfh1 Sursrvlwlrq

6 vd|v wklv frqwlqxhv wr krog iru wklv hfrqrp| ghvslwh wkh lqwurgxfwlrq ri

hqwuhsuhqhxuvkls1

Xqghu dgglwlrqdo dvvxpswlrqv rq wkh vwrfkdvwlf surfhvv ri oderu surgxf0

wlylw|/ hqwuhsuhqhxuldo lghd dqg exvlqhvv txdolw| wkdw uhtxluhv wkh lqfrph

vwuhdp iurp zrunlqj vhfrqg rughu vwrfkdvwlf grplqdwhv wkh lqfrph vwuhdp

iurp ehlqj dq hqwuhsuhqhxu/ djhqwv* rffxsdwlrqdo ghflvlrqv duh ghvfulehg e|

Sursrvlwlrq 71

Sursrvlwlrq 71 Wkhuh h{lvwv d uhvhuydwlrq dvvhw ohyho @WE0c w� vxfk

wkdw d zrunhu zlwk oderu surgxfwlylw| vkrfn 0 dqg hqwuhsuhqhxuldo

lghd w zloo ehfrph dq hqwuhsuhqhxu li klv dvvhw kroglqj lv deryh wklv

uhvhuydwlrq ohyho1 Pruhryhu/ @WE0c w� ghfuhdvhv lq w dqg lqfuhdvhv lq

0� Vlploduo|/ wkhuh h{lvwv d wkuhvkrog dvvhw ohyho e@E)� ghfuhdvlqj lq

)/ vxfk wkdw hqwuhsuhqhxuv zlwk surgxfwlylw| vkrfn ) zloo frqwlqxh

wr uxq wkhlu exvlqhvvhv li wkhlu dvvhwv h{fhhg e@E)�c dqg wkh| zloo h{lw
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rwkhuzlvh1

Wkhq wkh deryh uhvxowv vxjjhvw d srvlwlyh fruuhodwlrq ehwzhhq wkh sure0

delolw| ri ehfrplqj dq hqwuhsuhqhxu dqg wkh djhqw*v dvvhw kroglqjv/ zklfk lv

frqvlvwhqw zlwk wkh hpslulfdo olwhudwxuh1 Krow}0Hdnlq/ Mrxoidldq dqg Urvhq

+4<<7d, dqdo|}h d pdwfkhg vdpsoh ri ihghudo hvwdwh dqg shuvrqdo lqfrph wd{

uhwxuqv dqg �qg wkdw dv wkh vl}h ri wkh lqkhulwdqfh lqfuhdvhv/ vr grhv wkh

suredelolw| ri ehfrplqj dq hqwuhsuhqhxu1 Eodqfk rzhu dqg Rvzdog +4<<3,/

Hydqv dqg Mrydqrylf +4<;<, dovr �qg vlplodu uhvxowv1 Krow}0Hdnlq/ Mrxoidldq

dqg Urvhq +4<<7e, �qg wkdw oltxlglw| frqvwudlqwv h{huw qrwlfhdeoh lq xhqfh

rq wkh yldelolw| ri hqwuhsuhqhxuldo hqwhusulvhv1 Gxqqh/ Urehuwv dqg Vdpxho0

vrq +4<;<, zkr vwxg| 533/333 sodqwv wkdw hqwhuhg wkh XV pdqxidfwxulqj

vhfwru lq wkh 4<9:04<:: shulrg dovr �qg wkdw sodqw idloxuh udwhv ghfolqh zlwk

vl}h dqg djh1 Lq p| vlpxodwlrq/ L zloo qrw lpsrvh uhvwulfwlrqv rq wkh surgxf0

wlylw| vkrfnv dqg lwv wudqvlwlrq surfhvv1 Lqvwhdg L fdoleudwh wkhp wr wkh gdwd

dqg ghprqvwudwh wkdw wkh prgho jhqhudwhv uhvxowv wkdw duh frqvlvwhqw zlwk

wkh hpslulfdo revhuydwlrqv1

7 Frpsxwlqj dq Htxloleulxp

714 Sdudphwhul}dwlrq

Ilyh vhwv ri sdudphwhuv qhhg wr eh fdoleudwhg1 Wkhvh sdudphwhuv duh uhodwhg

wr E�� djhqwv* suhihuhqfhv> E��� djhqwv* oderu surgxfwlylw|> E���� surgxfwlrq

whfkqrorj|> E��� surgxfwlylw| vkrfn surfhvv dqg E�� lqwhuphgldwlrq whfkqro0

rj|1 Rqh shulrg lv dvvxphg wr eh �yh |hduv1 Wkhuh duh wzr uhdvrqv iru wklv

fkrlfh1 Iluvw/ L xvh wkh Fhqvxv ri Pdqxidfwxuhv gdwd vhw wr fdoleudwh p| sur0

gxfwlylw| surfhvv/ dqg wkh wlph lqwhuydo ri wklv gdwd vhw lv �yh |hduv1 Vhfrqg/

d wlph shulrg ri wklv ohqjwk hdvhv wkh frpsxwdwlrqdo exughq vljql�fdqwo|1
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Suhihuhqfhv

Suhihuhqfhv duh ri wkh vwdqgdug irup=

LES� '
S�3j

�� j
c

zkhuh j lv wkh uhodwlyh ulvn dyhuvlrq1 Lw wdnhv d ydoxh ri 2 zklfk lv zlwklq wkh

udqjh iru wklv sdudphwhu wkdw kdv ehhq xvhg lq wkh olwhudwxuh1 Wlph glvfrxqw

udwh q lv fkrvhq vr wkdw wkh dqqxdo ghsrvlw lqwhuhvw udwh lv derxw eI�

Oderu Surgxfwlylw|

Wkh vwrfkdvwlf surfhvv iru oderu surgxfwlylw| vkrfn 0 lv dssur{lpdwhg e|

wkh vwrfkdvwlf surfhvv ri oderu lqfrph1 L xvh wkh Sdqho Vxuyh| ri Lqfrph

G|qdplfv iru wkh dssur{lpdwlrq17 Wkh qdwxudo orjdulwkp ri oderu lqfrph lv

dvvxphg wr eh d �uvw0rughu/ dxwruhjuhvvlyh surfhvv zlwk d vhuldo fruuhodwlrq

frh!flhqw 4 dqg d vwdqgdug ghyldwlrq #1 Htxdwlrq E�D� ehorz ghvfulehv wkh

vwrfkdvwlf surfhvv ri oderu lqfrph/

*L}E+|� ' 4 *L}E+|3�� n #E�� 42��*20|c 0| � �Lh4@* Efc �� +48,

L xvh wkh surfhgxuh ghvfulehg lq Wdxfkhq +4<;9, wr dssur{lpdwh wkh dx0

wruhjuhvvlrq zlwk d �uvw0rughu Pdunry fkdlq wkdw kdv wzr vwdwhv1 Wkxv wkh

sdudphwhuv iru wkh Pdunry surfhvv duh wkh ydoxhv iru wkh wzr vwdwhv dqg d

suredelolw| wudqvlwlrq pdwul{ wkdw L ghqrwh e| �01 Wkh ydoxhv ri # dqg 4

duh fkrvhq iurp ydulrxv vwxglhv ri lqglylgxdo pdunhw hduqlqjv +vhh Dl|djdul

4<<7 iru d vxppdu|,/ wkhvh vwxglhv vxjjhvw wkdw # 5 if�2c f�ejc 4 5 ifc f�Sj� L

fkrrvh # ' f�2c 4 ' f�S� Uhvxowv uhsruwhg lq wklv sdshu zloo qrw fkdqjh pxfk

li L fkrrvh rwkhu frpelqdwlrqv1 Wkh fruuhodwlrq ehwzhhq hqwuhsuhqhxuldo lghdv

dqg oderu surgxfwlylw| lv kdug wr phdvxuh/ ehfdxvh wkh revhuydwlrq lv wuxq0

fdwhg1 L frqvlghu wzr h{wuhph fdvhv= shuihfw fruuhodwlrq dqg }hur fruuhodwlrq1

7SVLG lv d qdwlrqdo vxuyh| frqgxfwhg dqqxdoo| rq d vdpsoh ri idplolwlhv vlqfh 4<9;1
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Lq wklv sdshu/ L uhsruw wkh uhvxowv ri wkh �uvw fdvh vlqfh fdvxdo revhuydwlrqv

vhhp wr eh lq idyru ri d srvlwlyh fruuhodwlrq ehwzhhq oderu surgxfwlylw| dqg

hqwuhsuhqhxuldo lghdv1 Wkh vhfrqg vshfl�fdwlrq grhv qrw fkdqjh p| uhvxowv

vljql�fdqwo|1 Doo wkh txdolwdwlyh ihdwxuhv duh suhvhuyhg1

Surgxfwlrq Whfkqrorj|

Wkh surgxfwlrq ixqfwlrq kdv wkh Free0Grxjodv irup

sE)c &c ?� ' �)&k?bc

zkhuh � lv d vfdolqj idfwru qrupdol}hg wr �c k lv wkh fdslwdo lqfrph vkduh

vhw wr f�� dqg b lv wkh oderu lqfrph vkduh vhw wr f�S2 uhvshfwlyho|1 Wkhvh

qxpehuv duh frqvlvwhqw zlwk wkh revhuyhg XV lqfrph vkduhv1

Iru wkh vwrfkdvwlf surfhvv iru wkh oderu surgxfwlylw| vkrfn )/ L xvh wkh

vdph Wdxfkhq +4<;9, surfhgxuh1 L pdwfk wkh iroorzlqj vwdwlvwlfv ghulyhg iurp

Orqjlwxglqdo Uhvhdufk Gdwd Iloh8= E�� vhuldo fruuhodwlrq lq orj hpsor|phqw

iru vxuylyruv lv f�b�( E��� yduldqfh ri jurzwk udwhv iru vxuylyruv lv f�D�� D irxu

vwdwh Pdunry surfhvv lv xvhg1 D �iwk vwdwh ) ' f lv vhw vr wkdw zkhqhyhu lw lv

uhdfkhg/ d �up zloo vwd| wkhuh iruhyhu/ l1h1 wkh �up zloo h{lw1 Wkh suredelolwlhv

ri jrlqj iurp wkh rwkhu irxu vwdwhv wr wklv vwdwh duh fkrvhq vr wkdw E�� dyhudjh

h{lw udwh ryhu d �yh |hdu lqwhuydo lv f��S.� E��� wkh dyhudjh h{lw udwh iru �upv

zlwk 8 wr 4< hpsor|hhv lv 316</ 53 wr 7< hpsor|hhv 3167:/ 83 wr << hpsor|hhv

31679/ 433 wr 57< hpsor|hhv 315<4dqg deryh 583 hpsor|hhv 314<419 Wkh lqlwldo

glvwulexwlrq ri vkrfn lv dssur{lpdwhg e| wkh vl}h glvwulexwlrq iru �upv djhg

f � S |hduv1 Fdslwdo ghsuhfldwlrq udwh B lv vhw wr 3157/ zklfk lv htxlydohqw

wr dq dqqxdo ghsuhfldwlrq udwh ri f�fS1 Wkh dqqxdo fdslwdo wr rxwsxw udwlr lv

derxw � dw wklv ghsuhfldwlrq udwh�

8Wkh OUG/ krxvhg lq wkh Fhqvxv Exuhdx*v Fhqwhu iru Hfrqrplf Vwxglhv/ lv d qdwlrqdo
vdpsoh ri pdqxidfwxulqj hvwdeolvkphqwv/ frqvlvwlqj ri d vhtxhqfh ri frqwljxrxv �yh |hdu
sdqhov ehjlqqlqj lq wkh |hduv 4<96/ 4<9:/ 4<:5/ 4<:: dqg 4<;51

9Gxqqh hw do1 +4<;<,1
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Lqwhuphgldwlrq Whfkqrorj|

Wkh �qdqfldo vhfwru lqwhuphgldwhv wkh  rz ri ixqgv wr hqwuhsuhqhxuv dw

frvw � shu xqlw iru qrqfroodwhudol}hg ordqv1 Wklv frvw ghwhuplqhv wkh gl�hu0

hqfh ehwzhhq wkh lqwhuhvw udwh rq ordqv dqg wkh ghsrvlw udwh1 Gld}0Jlphqh}/

Suhvfrww/ Doyduh} dqg Ilw}jhudog +4<<5, uhsruw wkh dyhudjh lqwhuhvw udwhv sdlg

rq ydulrxv fdwhjrulhv ri krxvhkrog eruurzlqj dqg ohqglqj wr edqnv dqg rwkhu

lqwhuphgldulhv iru vhohfwhg |hduv1 Edvhg rq wkhvh gdwd/ wkh| fdoleudwh wkh

dqqxdo qrplqdo lqwhuhvw vsuhdg dw D�DI1 Lq wkh ehqfkpdun prgho/ L fkrrvh

eI� L fduu| rxw vhqvlwlylw| dqdo|vlv wr vhh krz wklv ydoxh d�hfwv wkh uhvxowv1

Wdeoh 4 vxppdul}hv p| sdudphwhul}dwlrq1

715 Htxloleulxp iru wkh Ehqfkpdun Prgho

Lq wklv vhfwlrq/ L suhvhqw wkh uhvxowv ri p| fdoleudwlrq jlyhq wkh sdudphwhu

ydoxhv glvfxvvhg deryh1 Dsshqgl{ E frqwdlqv d ghvfulswlrq ri wkh frpsxwd0

wlrqdo phwkrg1 Wdeoh 5 suhvhqwv wkh XV vwdwlvwlfv dqg fruuhvsrqglqj prgho

vwdwlvwlfv1 Wdeoh 6 uhsruwv rwkhu uhodwhg vwdwlvwlfv1 Vhyhudo surshuwlhv hphujh1

Rqh lqwhuhvwlqj �qglqj frqfhuqv �upv* jurzwk udwh1 Lw lv prqrwrqlfdoo|

ghfuhdvlqj zlwk vl}h frqglwlrqdo rq vxuylydo/ dqg wkh xqfrqglwlrqdo h{shfwhg

jurzwk udwh lqfuhdvhv lqlwldoo| zlwk vl}h dqg wkhq ghfuhdvhv1 Wklv lv frq0

vlvwhqw zlwk wkh �qglqjv lq Gxqqh/ Urehuwv dqg Vdpxhovrq +4<;<,/ Gdylv/

Kdowlzdqjhu dqg Vfkxh +4<<6, dqg Kdoo +4<;:,1 Frqvwudlqhg �upv zloo vwduw

zlwk d vxerswlpdo dprxqw ri fdslwdo dqg wkhuhiruh zloo eh vpdoohu wkdq xq0

frqvwudlqhg �upv1 Dv d uhvxow/ frqvwudlqhg exvlqhvvhv kdyh d juhdwhu whqghqf|

wr uhlqyhvw hduqlqjv lqwr wkh exvlqhvv wkdq xqfrqvwudlqhg �upv vlqfh wkh uh0

wxuq wr fdslwdo lqyhvwhg lq wkh exvlqhvv lv kljkhu iru wkh frqvwudlqhg �upv1

Wkhuhiruh/ vpdoohu �upv zloo jurz idvwhu wkdq odujhu rqhv frqglwlrqdo rq vxu0

ylydo1 Krzhyhu vpdoo �upv idlo pruh iuhtxhqwo| wkdq odujhu rqhv1 Khqfh wkh
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xqfrqglwlrqdo jurzwk udwhv iru wkhvh �upv ghshqg rq wkh qhw h�hfw ri wkh

wzr irufhv1

Wkh vwdwlvwlfv uhodwhg wr frkruwv lqglfdwh wzr sdwwhuqv= �uvw/ wkh sured0

elolw| ri h{lw lv ghfuhdvlqj lq djh/ dqg vhfrqg/ wkh dyhudjh vl}h lv lqfuhdvlqj

lq djh1 Erwk ri wkhvh surshuwlhv kdyh ehhq qrwhg e| hpslulfdo zrun lq wklv

duhd +vhh Hydqv 4<;:e dqg Gxqqh/ hw do1/ 4<;< iru h{dpsoh,1

Wkh prgho dovr kdv vwurqj lpsolfdwlrqv iru lqfrph dqg zhdowk lqhtxdolwlhv1

Wkh Jlql frh!flhqwv iru lqfrph dqg zhdowk jhqhudwhg e| wkh prgho duh f�D.

dqg f�b�e/ uhvshfwlyho|1 Lq wkh XV gdwd/ wkh Jlql frh!flhqw iru lqfrph lv

derxw f�e dqg wkdw iru qhw zhdowk lv derxw f�H1 Jlyhq wkdw L kdyh lq�qlwho|

olyhg djhqwv dqg qr frusrudwh vhfwru/ lw lv qrw vxusulvlqj wkdw p| qxpehuv

duh eljjhu1:

L qrz xvh wkh hvwlpdwhv wr hydoxdwh wkh lpsdfw ri fdslwdo frqvwudlqwv rq

exvlqhvv vwduw0xsv1 Zlwkrxw fdslwdo frqvwudlqwv/ jlyhq p| sdudphwhul}dwlrq/

zrunhuv zlwk ehwwhu hqwuhsuhqhxuldo lghdv zloo ehfrph hqwuhsuhqhxuv lqghshq0

ghqw ri wkhlu zhdowk1 Zlwk fdslwdo frqvwudlqwv/ wklv lv qr orqjhu wuxh1 Vrph

djhqwv zlwk jrrg hqwuhsuhqhxuldo lghdv ehfrph zrunhuv gxh wr wkh odfn ri

ixqgv/ rq wkh rwkhu kdqg vrph djhqwv zlwk qrw vr jrrg hqwuhsuhqhxuldo lghdv

hqwhu lqwr hqwuhsuhqhxuvkls ehfdxvh wkhlu dssoh lqwhuqdo ixqgv pdnhv rshu0

dwlqj wkh surmhfw ohvv h{shqvlyh khqfh lqfuhdvhv wkhlu qhw sur�wv ghvslwh ri lw

orzhu txdolw|1

Dv phqwlrqhg hduolhu/ p| lq�qlwh krul}rq prgho fdq eh lqwhusuhwhg dv

dq ryhuodsslqj jhqhudwlrqv prgho lq zklfk djhqwv olyh rqh shulrg dqg hdfk

surgxfh rqh ghvfhqghqw zkr lqkhulwv klv rffxsdwlrq dqg dvvhwv1 Khqfh/ dq

djhqw*v ehjlqqlqj0ri0shulrg dvvhwv frxog eh ylhzhg dv klv lqkhulwdqfh1 P|

prgho vkrzv wkdw djhqwv zlwk kljkhu lqkhulwdqfh duh pruh olnho| wr eh vhoi0

:Lq Dl|djdul +4<<7,/ zlwk qr hqwuhsuhxhxuvkls/ oltxlglw| frqvwudlqwv rq wkh krxvhkrog
vhfwru jhqhudwhv pxfk vpdoohu Jlql frh!flhqwv/ 3145 iru qhw lqfrph dqg 3165 iru zhdowk1
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hpsor|hg1 Wkh dqqxdo zhdowk wr rxwsxw udwlr iru hqwuhsuhqhxuv lv 2�e�/ zkloh

wkdw iru zrunhuv lv ��f�1 Pruhryhu/ vpdoohu �upv dqg �upv zlwk orzhu dvvhwv

duh pruh olnho| wr idlo1 Wkh dyhudjh zhdowk ri idlohg hqwuhsuhqhxuv lv H��bI

ri wkdw ri dq dyhudjh hqwuhsuhqhxu1

716 Frpsdudwlyh Vwdwlfv Uhvxowv

Wr jdlq vrph lqwxlwlrq derxw krz wkh prgho zrunv vrph frpsdudwlyh vwdwlfv

h{shulphqwv duh xqghuwdnhq1

Iluvw/ frqvlghu dq lqfuhdvh lq uhodwlyh ulvn dyhuvlrq zklfk fruuhvsrqgv wr d

ghfuhdvh lq wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq lq frqvxpswlrq1 Ihzhu

djhqwv ehfrph hqwuhsuhqhxuv/ erwk lqfrph dqg zhdowk lqhtxdolw| lqfuhdvh1

Dyhudjh exvlqhvv vl}h dovr lqfuhdvhv1

D ghfuhdvh lq froodwhudol}hg ordqv ru dq lqfuhdvh lq wkh lqwhuphgldwlrq frvw

ri qrqfroodwhudol}hg ordqv lqfuhdvhv wkh ghdgzhljkw orvvhv dvvrfldwhg zlwk h{0

whuqdo �qdqfh1 Khqfh wkh fdslwdo frqvwudlqhg zloo �qg wkhlu surmhfwv ohvv

sur�wdeoh frpsduhg zlwk wkrvh zlwk pruh dvvhwv/ hyhu|wklqj hovh wkh vdph1

Wkh uhvhuydwlrq dvvhw ohyho iru hqwu| ehfrphv kljkhu zkloh wkdw iru h{lw eh0

frphv orzhu1 Wdeoh e uhsruwv wkh vhqvlwlylw| dqdo|vlv zlwk uhvshfw wr wkh

lqwhuphgldwlrq frvw1

Zhoiduh khuh lv gh�qhg dv wkh vxp ri xwlolwlhv ri doo ri wkh djhqwv lq wkh

hfrqrp|1 Wklv xwlolwduldq vrfldo zhoiduh ixqfwlrq lv uhdvrqdeoh iru vhyhudo uhd0

vrqv1 Iluvw/ lw fdq eh wkrxjkw ri dv vwhdg|0vwdwh h{0dqwh zhoiduh/ l1h1/ zhoiduh

ri d w|slfdo frqvxphu ehiruh kh uhdol}hv klv lqlwldo dvvhwv dqg vkrfnv1 Vhfrqg/

li zh lqwhusuhw wkh lq�qlwho|0olyhg djhqwv dv d idplo| ri dowuxlvwlfdoo|0olqnhg

rqh0shulrg0olyhg jhqhudwlrqv/ wklv zhoiduh fulwhulrq zhljkwv doo wkh g|qdvwlf

idplolhv htxdoo|1 Wkh wklug mxvwl�fdwlrq lv wkdw lw kdv ehhq xvhg zlgho| lq

wklv fodvv ri prghov1 Wkh zhoiduh fkdqjh lv phdvxuhg dv wkh shufhqw lqfuhdvh
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ru ghfuhdvh lq ehqfkpdun frqvxpswlrq dw hyhu| gdwh dqg vwdwh wkdw htxdwhv

wkh ohyho ri zhoiduh lq wkh dowhuqdwlyh fdvh dqg wkh uhihuhqfh fdvh1

Wr vxppdul}h wkh �qglqjv/ dv wkh lqwhuphgldwlrq frvw lqfuhdvhv/ l1h1 dv

wkh �qdqfldo pdunhw ehfrphv pruh uljlg/ ihzhu shrsoh zloo xqghuwdnh wkhlu

surmhfwv/ dyhudjh �up vl}h ulvhv/ wkh hfrqrp| vshqgv pruh uhvrxufhv rq prq0

lwrulqj/ erwk rxwsxw dqg zhoiduh duh orzhu/ dqg wkh lqfrph dqg zhdowk glv0

wulexwlrqv ehfrph pruh xqhtxdo1 Wkhvh �qglqjv vxjjhvw wkh qrqolqhdulw| ri

�qdqfldo pdunhw uljlglw| h�hfwv= fkdqjhv lq wkh �qdqfldo frqglwlrq ri �upv

wkdw duh zhoo deryh vwdqgdug uhtxluhphqwv kdyh d vpdoohu h�hfw wkdq fkdqjhv

lq wkh �qdqfldo frqglwlrq ri �upv forvh wr wkh pdujlq1 \rxqjhu �upv/ �upv

zlwk d kljk ghjuhh ri lglrv|qfudwlf ulvn dqg �upv wkdw duh qrw zhoo froodwhu0

dol}hg/ zklfk duh rq dyhudjh vpdoohu �upv/ duh pruh olnho| wr ehdu dgglwlrqdo

frvwv gxh wr lqirupdwlrqdo iulfwlrqv/ dqg wkhuhiruh duh pruh olnho| wr eh dw

wkh pdujlq1 Wklv lv frqvlvwhqw zlwk wkh olwhudwxuh wkdw vwxglhv wkh uroh ri

fuhglw pdunhw iulfwlrqv lq wkh sursdjdwlrq ri prqhwdu| srolf| vkrfnv1 Vhh

Ehuqdqnh dqg Jhuwohu +4<<9, iru d uhfhqw vxuyh| ri wklv olwhudwxuh1 Vshfl�0

fdoo|/ dq lqfuhdvh lq dqqxdo shu xqlw prqlwrulqj frvw ri rqh shufhqwdjh srlqw

uhgxfhv wrwdo rxwsxw e| �I dqg zhoiduh e| ���HI/ zkloh d ghfuhdvh lq shu

xqlw prqlwrulqj frvw ri rqh shufhqwdjh srlqw lqfuhdvhv rxwsxw e| ��2I dqg

zhoiduh e| derxw ��e�eI1

8 Wkh Frvw ri Lqfrph Wd{dwlrq

Wkh hfrqrp| vwxglhg khuh fdq eh frpsduhg wr d vlplodu uhsuhvhqwdwlyh djhqw

hfrqrp| zkhuh wkh djhqw uhfhlyhv dyhudjh oderu hqgrzphqw dqg wkh djjuh0

jdwh whfkqrorj| kdv wkh dyhudjh surgxfwlylw| ohyho1 Lq wklv vhfwlrq/ L irfxv

rq wkh frpsdulvrq ri wkh frvw ri lqfrph wd{dwlrq lq wkhvh wzr hqylurqphqwv1

Wkh sxusrvh lv wr jdlq vrph xqghuvwdqglqj ri wkh �qdqflqj ri jryhuqphqw
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vxevlglhv wkdw zloo eh vwxglhg lq wkh qh{w vhfwlrq1

L xvh wkh vwdqgdug sxeolf �qdqfh �frqvwdqw uhyhqxh� fulwhulrq iru hydox0

dwlrq1 Wzr srolf| uhjlphv duh vwxglhg1 Rqh lv d xqlirup lqfrph wd{/ dqg

wkh rwkhu lv d oxps vxp wd{1 Wkh uhvxowv duh uhsruwhg lq Wdeoh D dqg Wdeoh

S1 Qxpehuv fruuhvsrqglqj wr rxwsxw/ zhoiduh dqg shu fdslwdo dvvhwv duh wkh

shufhqwdjh fkdqjhv diwhu wkh wd{ lv lpsrvhg1

Rqh frpprq �qglqj zlwk wkhvh wzr h{shulphqwv lv wkdw jryhuqphqw �vfdo

srolflhv duh pxfk pruh glvwruwlrqdu| lq p| prgho wkdq lq wkh uhsuhvhqwdwlyh

djhqw hfrqrp|1 Lq wkh xqlirup lqfrph wd{ uhjlph/ froohfwlqj f�f�HS xqlwv

ri uhyhqxh/ zklfk lv e�fbI ri wkh wrwdo rxwsxw ri p| prgho hfrqrp|/ fdxvh

rxwsxw wr gurs e| DfI pruh lq p| hfrqrp| wkdq lq wkh uhsuhvhqwdwlyh djhqw

hfrqrp|1 Wkh ghfolqh lq zhoiduh lv doprvw wzlfh dv pxfk dv lq wkh uhsuh0

vhqwdwlyh djhqw hfrqrp|1 Pruhryhu/ lq p| iudphzrun/ d oxps vxp wd{ lv

glvwruwlrqdu|1 Wr froohfw wkh vdph dprxqw ri uhyhqxh/ rxwsxw ghfuhdvhv do0

prvw kdoi dv pxfk dv lq wkh xqlirup lqfrph wd{ uhjlph lq p| hfrqrp|/ zkloh

lq wkh uhsuhvhqwdwlyh djhqw hfrqrp| rxwsxw lv qrw d�hfwhg1 Wkh ghfolqh lq

zhoiduh lv doprvw wkuhh wlphv dv lq wkh uhsuhvhqwdwlyh djhqw hfrqrp|1 Wklv

lv qrw vxusulvlqj/ ehfdxvh zlwk fdslwdo frqvwudlqwv/ qhw zhdowk sod|v dq lp0

sruwdqw uroh lq djhqwv* ghflvlrqv1 Dq| srolf| wkdw d�hfwv djhqwv* zhdowk zloo

glvwruw wkhlu ghflvlrqv gluhfwo|/ hvshfldoo| iru djhqwv dw wkh pdujlq ri ehfrp0

lqj hqwuhsuhqhxuv1 Wkh glvwruwlrq khuh kdv d �uvw rughu h�hfw/ zkloh lq wkh

uhsuhvhqwdwlyh djhqw hfrqrp|/ wkh glvwruwlrq lv wkurxjk exgjhw frqvwudlqw

zklfk lv pruh ri vhfrqg rughu1 Wkhvh uhvxowv vxjjhvw wkdw vrph fdxwlrq pxvw

eh h{huflvhg lq hydoxdwlqj �vfdo srolflhv lq wkh devhqfh ri fdslwdo frqvwudlqwv1

Dqrwkhu lqwhuhvwlqj txhvwlrq lv wkh h�hfw ri lqfrph wd{hv rq hqwuhsuhqhxuldo

dfwlylw|1 Iru xqlirup lqfrph wd{ udwhv ri f/ f�fDc f�2f dqg f�2Dc wkh fruuh0

vsrqglqj shufhqwdjh ri hqwuhsuhqhxuv duh 2�e2�c 2�e.bc 2�DD. dqg 2�D.S/ uh0
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vshfwlyho|1 Rqh uhdvrq hqwuhsuhqhxuvkls lqfuhdvhv lv wkdw zlwk sursruwlrqdo

lqfrph wd{/ ulfk djhqwv sd| pruh lq devroxwh dprxqw wkdq srru djhqwv uhvxow0

lqj lq d pruh hyhq diwhu wd{ lqfrph glvwulexwlrq1 Wkhuhiruh srru djhqwv jhw

d ehwwhu fkdqfh wr ehfrph hqwuhsuhqhxuv1 Lqfuhdvlqj wkh wd{ udwh iurp f wr

f�fD jhqhudwhv wkh vdph dprxqw ri uhyhqxh dv prylqj iurp f�2f wr f�2D/ |hw

wkh rxwsxw dqg zhoiduh glvwruwlrqv dvvrfldwhg zlwk wkh odwwhu fdvh duh pruh

hylghqw1 Wkh shufhqwdjh ghfolqh lq rxwsxw iru wkh wzr fdvhv duh ��fbD dqg

���SD/ uhvshfwlyho|/ dqg wkh shufhqwdjh ghfolqh lq zhoiduh duh D�b2e dqg .�D��/

uhvshfwlyho|1 Wklv lqglfdwhv wkdw wkh pdujlqdo frvw ri wd{dwlrq lqfuhdvhv zlwk

wkh wd{ udwh1 Vhh Wdeoh S1

9 Srolf| Dqdo|vlv 0 0 Jryhuqphqw Vxevlglhv

Vr idu/ L kdyh vwxglhg wkh srvlwlyh txhvwlrqv ri wkh h�hfwv ri fdslwdo frqvwudlqwv

rq wkh hfrqrp| dqg wkh frvw ri lqfrph wd{dwlrq zlwk fdslwdo frqvwudlqwv1 Lq

wklv vhfwlrq/ L xvh wkh fdoleudwhg prgho wr dqvzhu wzr txdqwlwdwlyh txhvwlrqv

derxw sxeolf srolflhv/ pruh vshfl�fdoo|/ jryhuqphqw lqfrph vxevlglhv dqg

lqwhuhvw vxevlglhv1 Rqh txhvwlrq lv frqfhuqhg zlwk ghwhuplqlqj wkh frvwv dqg

ehqh�wv ri hdfk surjudp dqg lghqwli|lqj wkh rswlpdo ohyho ri vxevlg|1 Wkh

rwkhu lv frqfhuqhg zlwk frpsdulqj wkh wzr surjudpv1

Dv glvfxvvhg lq wkh lqwurgxfwlrq/ qxphurxv frxqwulhv/ erwk ghyhorshg

dqg ghyhorslqj/ surylgh sxeolf �qdqfldo dvvlvwdqfh lq ydulrxv irupv wr vpdoo

�upv1 Lq wklv vhfwlrq/ L fkrrvh lqwhuhvw vxevlglhv dqg lqfrph vxevlglhv dv

uhsuhvhqwdwlyh dowhuqdwlyhv dqg vwxg| wkhlu h�hfwv1 Zlwk lqwhuhvw vxevlglhv/

wkh jryhuqphqw khosv �qdqfh wkh lqwhuhvw frvw dvvrfldwhg zlwk vwduw0xs hq0

wuhsuhqhxuv* ordq sd|phqwv1 Zlwk lqfrph vxevlglhv/ d oxps vxp wudqvihu

lv jlyhq wr qhz hqwuhsuhqhxuv1 Wkh h{shqglwxuhv duh �qdqfhg e| xqlirup

5;



lqfrph wd{hv lq erwk fdvhv1; Ordq jxdudqwhh surjudpv fdq eh ylhzhg dv

vshfldo fdvhv ri lqwhuhvw vxevlglhv1 H{dpsohv ri lqfrph vxevlglhv lqfoxgh wkh

�Xqhpsor|hg Hqwuhsuhqhxuv Surjudp� fduulhg rxw lq 4<:< lq Iudqfh/ wkh

�Hqwuhsuhqhxu Doorzdqfh Vfkhph� dgrswhg e| wkh Eulwlvk jryhuqphqw lq

4<;5/ dqg wkh h{shulphqw frqgxfwhg e| XV Ghsduwphqw ri Oderu lq 4<;9 wr

jlyh rxw vwduw0xs exvlqhvv ixqgv lq olhx ri xqhpsor|phqw lqvxudqfh1 Lqfrph

vxevlglhv ixqfwlrq olnh jryhuqphqw judqwv1

Ehiruh L fduu| rxw wkh h{shulphqwv/ lw lv xvhixo wr h{dplqh wkh rswlpdo

hqwuhsuhqhxuldo ghflvlrq uxohv lq dq hfrqrp| zlwkrxw fdslwdo frqvwudlqwv dqg

xqlqvxudeoh lqfrph ulvn1 Wklv zloo khos xv xqghuvwdqg wkh ixqfwlrq ri jryhuq0

phqw vxevlglhv1 Lq dq hfrqrp| zlwkrxw fdslwdo frqvwudlqwv dqg xqlqvxudeoh

lqfrph ulvn/ dq lqglylgxdo*v rffxsdwlrqdo ghflvlrq lv lqghshqghqw ri klv dv0

vhwv/ dv ghslfwhg e| olqh ��� lq Iljxuh D1 Djhqwv zlwk jrrg hqwuhsuhqhxuldo

lghdv dqg2ru orz oderu surgxfwlylw| ehfrph hqwuhsuhqhxuv1 Zlwk fdslwdo frq0

vwudlqwv/ djhqwv* dvvhw kroglqjv dovr sod| dq lpsruwdqw uroh1 Vlqfh zrunhuv

zlwk kljk oderu surgxfwlylw| duh pruh olnho| wr dffxpxodwh dvvhwv lqghshq0

ghqw ri wkhlu hqwuhsuhqhxuldo lghdv/ lq htxloleulxp vrph djhqwv zlwk edg hq0

wuhsuhqhxuldo lghdv dqg2ru kljk oderu surgxfwlylw| pd| ehfrph hqwuhsuhqhxuv

zklfk lv xqghvludeoh iurp wkh vrfldo srlqw ri ylhz1 ��� ghslfwv wklv vlwxdwlrq1

Jryhuqphqw vxevlglhv d�hfw wkh zhoiduh ri wkh hfrqrp| lq �yh zd|v= zkr

ehfrphv dq hqwuhsuhqhxu +h{whqvlyh pdujlq,> krz pxfk hqwuhsuhqhxuv lqyhvw

+lqwhqvlyh pdujlq,> wkh prqlwrulqj frvw dvvrfldwhg zlwk h{whuqdo �qdqfh> wkh

frvw ri udlvlqj uhyhqxh wkurxjk glvwruwlrqdu| wd{dwlrq> dqg wkh lqwhudfwlrq

ehwzhhq vxevlg| surjudpv dqg pdunhw lqfrpsohwhqhvv1

Lqwhuhvw vxevlglhv gluhfwo| d�hfw wkh frpsrvlwlrq ri qhz hqwuhsuhqhxuv1

Jlyhq wkh vdph ohyho ri dvvhw kroglqj/ jrrg hqwuhsuhqhxuv/ l1h1 wkh rqhv

;Pdq| Ihghudo fuhglw dfwlylwlhv +ordq vxevlglhv dqg jxdudqwhhv, duh fkdqqhohg wkurxjk
�qdqfldo lqwhuphgldulhv* lqirupdwlrq fdslwdo dv khuh1
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zlwk jrrg hqwuhsuhqhxuldo lghdv/ qhhg wr eruurz pruh wkdq wkh qrw0vr0jrrg

hqwuhsuhqhxuv/ dqg wkh| zloo ehqh�w pruh iurp wkh lqwhuhvw vxevlglhv1 Khqfh

lqwhuhvw vxevlglhv fuhdwh d juhdwhu lqfhqwlyh iru jrrg exvlqhvv hqwulhv lq wkh

h{whqvlyh pdujlq1 Vhh �jxuh D olqh �� �� Krzhyhu wklv lv dffrpsolvkhg dw d

frvw1 Vlqfh wkh prqlwrulqj frvw dvvrfldwhg zlwk h{whuqdo �qdqfh lv hqwluho|

eruq e| vrflhw|/ zkhq qhz hqwuhsuhqhxuv pdnh wkhlu lqyhvwphqw ghflvlrq wkh|

zloo eruurz eh|rqg wkh dprxqw wkdw lv vrfldoo| ghvludeoh1 Wklv prudo kd}dug

sureohp lq wkh lqwhqvlyh pdujlq zloo uhgxfh wkh ehqh�wv ri lqwhuhvw vxevlglhv

vxevwdqwldoo|1

Rq wkh rwkhu kdqg/ lqfrph vxevlglhv fuhdwh d prudo kd}dug sureohp dw

wkh h{whqvlyh pdujlq1 Wkh lqglvfulplqdwh glvwulexwlrq ri lqfrph vxevlglhv wr

qhz hqwuhsuhqhxuv zloo dwwudfw lqglylgxdov zlwk edg hqwuhsuhqhxuldo lghdv exw

vx!flhqw dvvhwv lqwr hqwuhsuhqhxuvkls1 Wkhuhiruh vxfk jryhuqphqw vxevlglhv

frxog kdyh d qhjdwlyh h�hfw lq wkh vhqvh wkdw lw lv sxvklqj wkh �zurqj shrsoh�

lqwr hqwuhsuhqhxuvkls1

Erwk lqwhuhvw vxevlglhv dqg lqfrph vxevlglhv khos ryhufrph pdunhw lqfrp0

sohwhqhvv ehfdxvh e| r�hulqj d vxevlg|/ wkh jryhuqphqw pdnhv wkh ghflvlrq

wr vwduw d qhz exvlqhvv ohvv ghshqghqw rq dq djhqw*v zhdowk/ dqg wkhuhiruh

ohvv ghshqghqw rq wkh klvwru| ri oderu surgxfwlylw| vkrfnv wkdw d zrunhu

kdv frqiurqwhg1 Krzhyhu rq wkh qhjdwlyh vlgh/ lq dqwlflsdwlrq ri jryhuqphqw

vxevlglhv/ djhqwv zloo uhgxfh wkhlu vdylqjv/ hvshfldoo| wkrvh zkr zloo ehfrph

hqwuhsuhqhxuv odwhu1 Wkh ghfolqh lq djjuhjdwh vdylqj zloo sduwo| xqgr wkh

srvlwlyh h�hfwv ri jryhuqphqw vxevlglhv1 Lq dgglwlrq/ wkh glvwruwlrqv fdxvhg

e| wkh lqfrph wd{dwlrq xvhg wr �qdqfh wkh jryhuqphqw vxevlglhv zloo dovr

sduwldoo| r�vhw wkh srvlwlyh h�hfwv ri wkh vxevlglhv1

Lq Wdeoh ./ L uhsruw wkh uhvxowv ri wkh h{shulphqw lq zklfk jryhuqphqw

vxevlgl}hv doo ri wkh lqwhuhvw frvwv lqfxuuhg e| qhz hqwuhsuhqhxuv wkurxjk d
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 dw lqfrph wd{1 L dovr frpsduh wklv wr dq lqfrph vxevlg| wkdw uhvxowv lq wkh

vdph dprxqw ri h{shqglwxuh1

D vpdoo dprxqw ri erwk lqwhuhvw vxevlg| dqg lqfrph vxevlg| lv zhoiduh lp0

surylqj1 Wklv lv ehfdxvh erwk vxevlglhv uhod{ wkh elqglqj fdslwdo frqvwudlqwv

pdq| hqwuhsuhqhxuv idfh/ dqg khqfh lpsuryh wkh hqwuhsuhqhxuldo dfwlylwlhv

lq wkh hfrqrp|1 Wkhvh vxevlglhv dovr khos dpholrudwh pdunhw lqfrpsohwh0

qhvv/ pdnlqj djhqwv pruh deoh wr vprrwk frqvxpswlrq ryhu wlph/ dqg khqfh

djhqwv* rffxsdwlrqdo ghflvlrqv duh ohvv ghshqghqw rq wkhlu zhdowk dqg sdvw

lqfrph klvwru|1 Wkh wklug uhdvrq lv wkh gl�huhqw hqirufhphqw sureohp wkdw

wkh jryhuqphqw dqg sulydwh ohqghuv idfh1 Vxevlglhv duh d rqh0zd| wudqvihu

iurp jryhuqphqw wr wkh uhflslhqwv/ zkloh ohqglqj lv d wzr0zd| frqwudfwxdo du0

udqjhphqw1 Khqfh vxevlglhv gr qrw lqyroyh dq| hqirufhphqw sureohp/ zkloh

xqfroodwhudol}hg ghew lqyroyhv wkh prqlwrulqj frvwv1

Lqfrph vxevlglhv rxwshuirup lqwhuhvw vxevlglhv lq whupv ri vrfldo zhoiduh

dqg rxwsxw1 Zlwk lqwhuhvw vxevlglhv/ wkh jryhuqphqw glvsodfhv sulydwh fuhglw

duudqjhphqwv/ zkloh lqfrph vxevlglhv surylgh pruh dssursuldwh lqfhqwlyhv

iru exvlqhvv hqwu|1 Exvlqhvv txdolw| ghfolqhv lq erwk fdvhv/ exw e| d ohvvhu

ghjuhh lq wkh fdvh ri lqwhuhvw vxevlglhv vlqfh lw lv pruh fdsdeoh ri dwwudfwlqj

jrrg exvlqhvv hqwu|1

Wdeoh H uhsruwv h{shulphqwv zlwk gl�huhqw ohyhov ri wkh lqfrph vxevlg|1

Wkh pdujlqdo jdlqv ri wkh vxevlg| ghfuhdvhv zlwk lwv dprxqw zkloh wkh

pdujlqdo frvw dvvrfldwhg zlwk lwv �qdqfh lqfuhdvhv1 Khqfh zh revhuyh rxwsxw

dqg zhoiduh lqlwldoo| lqfuhdvh/ wkhq ghfuhdvh1 Djjuhjdwh fdslwdo iroorzv wkh

vdph sdwwhuq/ exw vwduwv wr idoo hduolhu wkdq rxwsxw dqg zhoiduh1 Wkh lq0

htxdolwlhv lq lqfrph dqg zhdowk ri wkh hfrqrp| duh uhgxfhg/ wkrxjk qrw e| d

vljql�fdqw dprxqw1 Exvlqhvv txdolw| ghfolqhv vlqfh wkh exvlqhvv wxuqryhu udwh

ulvhv dv lqfrph vxevlglhv lqfuhdvh1 Wkhuh h{lvwv dq rswlpdo ohyho ri lqfrph
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vxevlg| lq whupv ri vrfldo zhoiduh dqg djjuhjdwh rxwsxw1

914 Jryhuqphqw zlwk Hqirufhphqw Whfkqrorj|

Wkh uroh ri jryhuqphqw frphv iurp wzr vrxufhv= wkhlu delolw| wr surylgh vrph

ghjuhh ri lqvxudqfh iru sulydwh djhqwv wkurxjk lqfrph uhglvwulexwlrq dqg wr

vdyh lqwhuphgldwlrq frvw wkurxjk vxevlglhv1 Iru wkh vhfrqg uroh/ rqh pd|

dvn zk| wd{ froohfwlrq lv hqirufhdeoh1 Wklv kdv wr gr zlwk d ghhshu txhvwlrq

zklfk lv krz jryhuqphqw dv dq lqvwlwxwlrq gl�huv iurp sulydwh djhqwv1 Rqh

fdq wklqn ri uhdvrqv zk| jryhuqphqw pljkw kdyh ehwwhu hqirufhphqw whfk0

qrorjlhv wkdq sulydwh djhqwv= wkh zlgh uhdfk ri jryhuqphqw djhqflhv pdnh wkh

uhfrug nhhslqj rq lwv flwl}hqv pxfk hdvlhu/ wkh h{lvwhqfh ri sulvrq zklfk vhuyhv

dv d wkuhdw wr wd{ hydghuv/ hwf1 Krzhyhu/ vxfk dq dvvxpswlrq idyru jryhuq0

phqw lqwhuyhqwlrq ryhu sulydwh frqwudfwxdo duudqjhphqwv pljkw eh wkrxjkw

wr duwl�fldoo|1 Lq wklv vhfwlrq/ L jr wr wkh rwkhu h{wuhph dqg vwxg| wkh fdvh lq

zklfk wkh jryhuqphqw idfhv wkh vdph hqirufhphqw sureohp dv sulydwh djhqwv1

Wklv h{huflvh zloo vhsdudwh wkh zhoiduh jdlqv iurp sxeolf surylvlrq ri oltxlglw|

dqg sxeolf frvw vdylqj1

Wkh wd{ khuh lv dvvxphg wr eh ohylhg rq �upv ehiruh wkh glvwulexwlrq ri

zdjh dqg sur�wv1< Mxvw dv sulydwh djhqwv fdq/ wkh jryhuqphqw fdq froodwhu0

dol}h wkhlu wd{ sd|phqwv +zklfk fdq eh ylhzhg dv ghew sulydwh djhqwv rzh

wr wkh jryhuqphqw,1 Wkh froodwhudo iru wd{ sd|phqw lv zkdw lv ohiw ryhu ri

wkh qrqghsuhfldwhg fdslwdo zklfk kdv qrw ehhq xvhg dv froodwhudo iru edqn

ordqv1 Iru hdfk xqlw ri qrqfroodwhudol}hg wd{ sd|phqw/ wkh vdph dprxqw ri

prqlwrulqj frvw lv qhhghg1 Wklv lpsolflwo| dvvxph wkdw wd{ sd|phqw lv mxqlru

wr ghew sd|phqw1 Wkrxjk lw lv qrw wuxh lq uhdolw|/ lw grhv surylgh xv zlwk d

orzhu erxqg rq zkdw jryhuqphqw fdq dfklhyh wkurxjk gl�huhqw hqirufhphqw

<Ilupv ghgxfwlqj sd|uroo wd{ iurp lwv zdjh sd|phqwv lv d frpprq sudfwlfh1
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whfkqrorj|1 Wdeoh b uhsruwv wkh uhvxow1 Derxw b.I ri wkh rxwsxw jdlq lv

iurp oltxlglw| surylvlrq/ rqo| �I frphv iurp wkh frvw vdylqj1 Dqg derxw

b�I ri wkh zhoiduh jdlq frphv iurp oltxlglw| h�hfw/ .I lv iurp vdylqj rq

prqlwrulqj frvw1 Lq dqrwkhu zrugv/ wkh pdmrulw| ri wkh rxwsxw dqg zhoiduh

lpsuryhphqw frphv iurp wkh sxeolf surylvlrq ri oltxlglw|1 Wkh uhdvrq lv wkdw

wkh prqlwrulqj frvw jryhuqphqw fdq vdyh lv sursruwlrqdo wr wkh dprxqw ri

vxevlglhv wkdw lv uhtxluhg/ jlyhq wkh odwwhu lv d uhodwlyho| vpdoo qxpehu/ wkh

frvw lv wkxv dovr vpdoo1

: Frqfoxvlrq

Wkhuh duh wzr pdlq frqwulexwlrqv ri wklv sdshu1 Wkh �uvw lv wkh ghyhors0

phqw ri d g|qdplf frpsxwdeoh jhqhudo htxloleulxp prgho zkhuh wkh lpsdfw

ri fdslwdo frqvwudlqwv rq wkh lqkhuhqw g|qdplf surfhvvhv ri exvlqhvv fuhdwlrq/

jurzwk dqg ghvwuxfwlrq duh vwxglhg1 Wklv sxvkhv wkh h{lvwlqj olwhudwxuh wr

d ehwwhu xqghuvwdqglqj ri �qdqflqj frqvwudlqwv dqg exvlqhvv g|qdplfv1 Wkh

vhfrqg frqwulexwlrq ri wklv sdshu lv wkh h{solflw vwxg| ri jryhuqphqw dv0

vlvwdqfh surjudpv/ hvshfldoo| wkh �qglqj wkdw judqwv rxwshuirup wkh pruh

srsxodu ordq jxdudqwhhv1

Dqrwkhu lpsruwdqw srolf| lpsolfdwlrq ri wkh prgho frqfhuqv lqfrph glv0

wulexwlrq1 D vwdqgdug srolf| zklfk dlp dw uhgxflqj lqfrph lqhtxdolw| lv

uhglvwulexwh zhdowk iurp wkh ulfk wr wkh srru1 D frpprq srolf| ghylfh lv

wkh wd{dwlrq ri lqkhulwdqfh1 Krzhyhu/ dv L ghprqvwudwhg/ jlylqj vxevlglhv wr

hqwuhsuhqhxuv fdq dfwxdoo| uhgxfh vrfldo lqhtxdolw|/ frqwudu| wr wklv frqyhq0

wlrqdo zlvgrp1 Wkh uhdvrq lv wzr0irog1 Rq wkh rqh kdqg/ vxevlglhv uhod{

elqglqj fdslwdo frqvwudlqwv/ zrunhuv kdyh d juhdwhu lqfhqwlyh wr ehfrph hq0

wuhsuhqhxuv/ khqfh vrfldo prelolw| lv juhdwo| lpsuryhg1 Rq wkh rwkhu kdqg/

vxevlglhv/ hvshfldoo| lqfrph vxevlglhv/ duh deoh wr uhgxfh ghdgzhljkw orvvhv/
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dqg wkhuhiruh wrwdo rxwsxw lqfuhdvhv1 Wklv srolf| lpsolfdwlrq lv hvshfldoo| lp0

sruwdqw iru ghyhorslqj frxqwulhv zkhuh wkh lqfrpsohwhqhvv ri �qdqfldo pdu0

nhwv lv olnho| wr eh vhyhuh1

Wkh whfkqlfdo gl!fxow| lqyroyhg lq vroylqj dqg dqdo|}lqj d sduwlfxodu

htxloleulxp olplwv wkh prgholqj ri lqfrpsohwh �qdqfldo pdunhw1 Dowkrxjk

lw lv eh|rqg wkh vfrsh ri wklv sdshu/ lw lv uhdvrqdeoh wr frqmhfwxuh wkdw wkh

txdolwdwlyh uhvxowv ri wklv sdshu zloo vxuylyh wkh lqwurgxfwlrq ri pruh frp0

solfdwhg prgholqj ri lqfrpsohwh �qdqfldo pdunhwv1 Wkh lqwxlwlrq lv vlpsoh1

Dv orqj dv wkh uhwxuq rq lqwhuqdo ixqgv h{fhhgv wkdw ri h{whuqdo ixqgv/ zh

zloo dozd|v revhuyh wkh zhdowk h�hfwv rq �upv wxuqryhu/ zkloh wkh fkdqqhov

wkurxjk zklfk lqwhuhvw vxevlglhv dqg lqfrph vxevlglhv d�hfw exvlqhvv zloo

uhpdlq xqfkdqjhg1

Wkh vwuxfwxuh ghyhorshg khuh fdq dovr eh xvhg wr lqyhvwljdwh wkh frvw ri

fdslwdo frqvwudlqwv ryhu wkh exvlqhvv f|foh1 Dq lpsruwdqw lvvxh lq wklv olwhu0

dwxuh kdv ehhq wr uhsurgxfh txdqwlwdwlyho| wkh gl�huhqw uhvsrqvhv ri �upv

vpdoo dqg odujh wr djjuhjdwh dqg prqhwdu| vkrfnv1 Wklv olwhudwxuh wuhdwv

wkh glvwulexwlrq ri �up vl}h dv h{rjhqrxv1 Khqfh lw lv dq rshq txhvwlrq

zkhwkhu �qdqfldo pdunhw lqfrpsohwhqhvv lv fdsdeoh ri jhqhudwlqj wkhvh gli0

ihuhqfhv1 Zlwk hqgrjhqrxvo| ghwhuplqhg rffxsdwlrqdo fkrlfhv dqg hqgrjh0

qrxvo| jhqhudwhg �up g|qdplfv/ wkh prgho ghyhorshg lq wklv sdshu doorzv

iru ixoo0 hgjhg fdslwdo dffxpxodwlrq dqg fdswxuhv wkh dv|pphwulf lpsdfw ri

fdslwdo frqvwudlqwv rq vpdoo �upv yv odujh �upv/ wkhuhiruh wkh h{whqvlrq ri

wkh prgho wr dffrprgdwh exvlqhvv f|fohv dsshduv wr eh surgxfwlyh1
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ri ehfrplqj dq hqwuhsuhqhxu lv lqghshqghqw ri zrunhu*v oderu delolw|/ zkloh

wkh h{shfwhg ydoxh ri frqwlqxlqj wr eh d zrunhu lv vwulfwo| lqfuhdvlqj lq oderu

delolw| lq wkh fdvh w dqg 0 duh xqfruuhodwhg/ wkhuhiruh wkhuh h{lvwv d fxwr�

oderu delolw| ohyho iru hdfk dvvhw kroglqj vr wkdw dq zrunhu zloo ehfrph dq

hqwuhsuhqhxu li klv oderu delolw| lv ehorz wklv ohyho/ rwkhuzlvh kh uhpdlqv wr eh

d zrunhu1 E| frqwlqxlw|/ wkh uhvxow zloo vwloo krog iru vpdoo srvlwlyh fruuhodwlrq

ehwzhhq oderu delolw| dqg hqwuhsuhqhxuldo lghd1 Vlplodu uhvxowv fdq eh suryhg

zlwk uhvshfw wr w� Iroorzlqj wkh vdph dujxphqwv/ wkh fdvh iru hqwuhsuhqhxuv

fdq eh suryhg olnhzlvh1

Surri ri Sursrvlwlrq 6144 Iurp sursrvlwlrq 5/ L kdyh
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duh erwk lqfuhdvlqj ixqfwlrqv ri @�/ vr duh �� dqg �2� E| dvvxpswlrq 7/ dw

d@3/ dq| hqwuhsuhqhxu kdv d srvlwlyh suredelolw| ri uhdfklqj vwdwh 3 zkhuh lq0
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qdwhv K2c dqg wkdw L �� : fc zh kdyh Y�2

Y@�
� Y��

Y@�
� Wkhuhiruh/ li �2 lqwhuvhfwv

��c lw lv iurp ehorz dqg wkh| lqwhuvhfw rqo| rqfh1 Vlqfh @� lv lqfuhdvlqj lq

@/ wklv lpsolhv wkdw wkhuh h{lvwv @WE0c w�/ zrunhuv E0c wc @� fkrrvhv wr eh dq

hqwuhsuhqhxu qh{w shulrg li dqg rqo| li klv dvvhwv lv deryh wklv fxwr� ohyho1

Wkh prqrwrqlflw| ri @WE0c w� lq 0 iroorzv gluhfwo| iurp wkh idfw wkdw �� lv

lqfuhdvlqj lq 0c zkloh �2 grhv qrw fkdqjh zlwk 0� Vlploduo|/ @WE0c w� ghfuhdvhv

lq w� T1H1G146

46Jlyhq wkdw wkhuh lv d fruuhvsrqghqfh ehwzhhq shulrg frqvxpswlrq dqg shulrg lqfrph/
wkh deryh dvvxpswlrq lv htxlydohqw wr wkh uhvwudlqw wkdw wkh lqfrph vwuhdp iurp ehlqj
d zrunhu vhfrqg rughu vwrfkdvwlf grplqdwhv wkdw ri ehlqj dq hqwuhsuhqhxu dw hdfk dvvhw

6<



Dsshqgl{ E= Frpsxwdwlrq Phwkrg
L xvh d phwkrg ri vxffhvvlyh dssur{lpdwlrq wr qxphulfdoo| vroyh iru d

vwdwlrqdu| htxloleulxp iru wklv hfrqrp|1 Wkh lwhudwlyh surfhgxuh frqvlvwv ri

vhyhudo vwhsv1 L ehjlq zlwk d jxhvv iru wkh sulfhv +lqwhuhvw udwh dqg zdjh,/ wkhq

xvh ydoxh lwhudwlrq wr vroyh wkh ixqfwlrqdo htxdwlrqv gh�qhg lq wkh zrunhu dqg

wkh hqwuhsuhqhxu*v sureohpv1 Qh{w/ wkh lqyduldqw glvwulexwlrq fruuhvsrqglqj

wr wkhvh ghflvlrq uxohv lv irxqg e| lwhudwlqj rq htxdwlrq +��� dqg +�e�1 Wr0

jhwkhu zlwk wkh ghflvlrq uxohv/ wkh lqyduldqw glvwulexwlrqv duh xvhg wr h{dplqh

wkh pdunhw fohdulqj frqglwlrqv1 Qhz ydoxhv duh lqfuhdvhg li wkhuh lv dq h{fhvv

ghpdqg dqg ghfuhdvhg li wkhuh lv dq h{fhvv vxsso| dw wkh suhylrxv sulfhv147

Wkh dojrulwkp lv wkhuhiruh edvhg rq wkh frqmhfwxuh wkdw wkh h{fhvv ghpdqg

iru fuhglw dqg oderu duh ghfuhdvlqj lq wkh lqwhuhvw udwh dqg zdjh/ uhvshfwlyho|1

Dowkrxjk wklv kdv qrw ehhq suryhq/ wklv dsshduv wr eh wkh fdvh iru doo wkh

hfrqrplhv h{dplqhg khuh1

Wkh phwkrg xvhg wr vroyh iru wkh ghflvlrq uxohv lqyroyhv glvfuhwl}lqj wkh

vwdwh vsdfh e| fkrrvlqj d julg ri ihdvleoh dvvhw kroglqjv1 Wkh plqlpxp dvvhw

ohyho frxog qrw jr eh|rqg }hur vlqfh lqwhuwhpsrudo eruurzlqj lv qrw doorzhg/

wkh pd{lpxp ohyho lv fkrvhq vr wkdw djhqwv* qh{w shulrg dvvhw srvlwlrq zloo

qrw uhdfk wkh xsshu erxqg1 Wkh julg lv fkrvhq wr eh vx!flhqw �qh vr wkdw

rxu uhvxowv duh qrw d�hfwhg e| dgglqj julg srlqwv1 L fkrvh Dff julg srlqwv

iru wkh dvvhwv/ wrjhwkhu zlwk D surgxfwlylw| vkrfnv dqg 2 oderu surgxfwlylw|

vkrfnv/ wkhuh duh wrwdoo| �Dff vwdwhv1 Wkh rswlpdo ydoxh ixqfwlrqv dqg gh0

flvlrq uxohv iru wklv �qlwh vwdwh glvfrxqwhg g|qdplf surjudpplqj sureohp

duh rewdlqhg e| vxffhvvlyh dssur{lpdwlrqv1 Wklv dssurdfk lqyroyhv vwduwlqj

ohyho1
47L fkrrvh wr lwhudwh rq zdjh �uvw jlyhq lqwhuhvw udwh wloo oderu pdunhw fohduv/ wkhq lwhudwh

rq lqwhuhvw udwh wloo erwk pdunhwv fohdu1 Lw lv pruh gl!fxow dffruglqj lq p| h{shulhqfh wr

lwhudwh wzr sulfhv dw wkh vdph wlph1
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zlwk lqlwldo dssur{lpdwlrqv iru wkh ydoxh ixqfwlrqv/ dqg xvlqj wkhp wr rewdlq

d vxevhtxhqw dssur{lpdwlrq e| frpsxwlqj wkh uljkw vlgh ri wkh wzr ydoxh

ixqfwlrqv1 Wklv surfhvv frqwlqxhv xqwlo wkh vhtxhqfh ri ydoxh ixqfwlrqv vr

rewdlqhg frqyhujhv1

Jlyhq wkdw wkh vwdwh wudqvlwlrq ixqfwlrq lpsolhg e| wkh htxloleulxp ghfl0

vlrq uxohv lv hujrglf/ wkhuh h{lvwv d xqltxh lqyduldqw glvwulexwlrq1 Wr frpsxwh

wkh lqyduldqw glvwulexwlrq/ L ehjlq zlwk dq lqlwldo dssur{lpdwlrq/ dqg hydox0

dwh E��� dqg E�e� xvlqj ghflvlrq uxohv rewdlqhg1 Wkh uhvxow lv xvhg dv wkh qh{w

fdqglgdwh/ dqg wkh surfhvv lv uhshdwhg xqwlo vxffhvvlyh dssur{lpdwlrqv duh

vx!flhqwo| forvh1 Rqfh wkh lqyduldqw glvwulexwlrq lv irxqg/ wkh pdunhw fohdu0

lqj frqvwudlqwv duh hydoxdwhg dqg d qhz fdqglgdwh iru wkh sulfhv lv fkrvhq1

Wkh surfhgxuh lv wkhq uhshdwhg dv ghvfulehg deryh1

Ohppd1 Wkh wudqvlwlrq pdwul{ iru wkh hfrqrp| lv hujrglf1

Surri1 Iluvw/ jlyhq wkdw surgxfwlrq ixqfwlrq vdwlv�hv Lqdgd Frqglwlrqv/ lq

htxloleulxp wkhuh zloo eh erwk srvlwlyh phdvxuh ri zrunhuv dqg hqwuhsuhqhxuv1

Vhfrqgo|/ dv orqj dv wkh vwrfkdvwlf surfhvvhv rq oderu surgxfwlylw| dqg exvl0

qhvv txdolw| vdwlv�hv wkh �pl{lqj� frqglwlrq zklfk uhtxluhv djhqwv ehlqj deoh

wr uhdfk wkh ehvw dqg zruvw vwdwh lq �qlwh vwhsv iurp dq| vwdwh +vhh dvvxps0

wlrq 4514/ s16;4/ VOS 4<;<,/ wkh hujrglflw| ri wkh hfrqrp| lv hvwdeolvkhg1

T1H1G1

Wklv ohppd ghprqvwudwhv wkh urohv sod|hg e| wkh oderu surgxfwlylw|

vkrfnv1 Zlwkrxw wklv ihdwxuh/ lw lv olnho| wkdw wkh hfrqrp| zloo qrw eh hujrglf/

l1h1 wkh hfrqrp| pd| ghjhqhudwh lqwr d vlwxdwlrq zklfk uhvhpeohv �sryhuw|

wuds�= vrph djhqwv zloo uhpdlq srru iruhyhu dqg qhyhu kdyh d fkdqfh ri pry0

lqj xs1 Wklv fdvh lv qrw lqwhuhvwlqj iru rxu sxusrvhv/ dqg wkxv L dvvxph lw

dzd|1
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Wdeoh 4= Fdoleudwhg Sdudphwhuv

Sdudphwhu Ydoxh

Suhihuhqfh

j uhodwlyh ulvn dyhuvlrq 5
q wlph glvfrxqw udwh 31:9
0 oderu surgxfwlylw| vkrfn +31;36 414<:,
D0 lqlwdo glvwulexwlrq +318 318,
Whfkqrorj|

D whfkqrorj| frh!flhqw 4
k fdslwdo lqfrph vkduh 316
b oderu lqfrph vkduh 3195
B fdslwdo ghsuhfldwlrq udwh 3157
� lqwhuphgldwlrq frvw 3155
) surgxfwlylw| vkrfn ^31;38 31<6 413:5 4159`

Wudqvlwlrq pdwul{ iru oderu surgxfwlylw| vkrfn=

%
3186 317:
317: 3186

&

Wudqvlwlrq pdwul{ iru exvlqhvv surgxfwlylw| vkrfn=

3
EEEEEEC

4 3 3 3 3
316; 31864; 313;;5 3 3
3167 3137;8 318763 3139;8 3
3155 3 313;4 31975 3138:
3153 3 3 31447 319;9

4
FFFFFFD
c

Lqlwldo glvwulexwlrq iru exvlqhvv surgxfwlylw| vkrfn=

#
3185 316748 3146;6 313335 3
3175 317477 314986 313336 3

$
�
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Wdeoh 5= XV Hfrqrp| yv1 Prgho Hfrqrp|

XV Hfrqrp| Prgho Hfrqrp|

Vhuldo fruuhodwlrq lq orj hpsor|phqw� 31<6 31<6
Yduldqfh lq jurzwk udwhv 3185 3183
Phdq hpsor|phqw 941: 9:1;
H{lw udwh 6:( 75(
Ilup Vl}h Glvwulexwlrq

404< 3185 3187
5304<< 316: 316:
53307<< 3143 313:
833. 3134 3135
H{lw Udwh

404< 316; 316;
5304<< 3167 3167
53307<< 3158 3155
833. 3153 3153
Qrwh= 41 Ilyh |hdu lqwhuydo1
51 Gl�huhqfh lq orj hpsor|phqw/ �yh lqwhuydo dqg vxuylyruv rqo|1
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Wdeoh 6= Dgglwlrqdo Vxppdu| Vwdwlvwlfv ri Edvholqh Prgho

Ilup Vl}h
404< 530<< 43307<< 833.

Hpsor|phqw vkduh 313: 3157 315< 3173
Jurzwk udwh� 03196 0313; 3134 03185
Jurzwk udwh2 3175 3173 3163 0317
Dyhudjh Vl}h dqg H{lw Udwhv e| Djh Frkruw

Frkruw djh 4 5 8
Dyhudjh vl}h 9418 ;4136 496
Dyhudjh h{lw udwh 3168 3167 3164
Rwkhu Vwdwlvwlfv

Hqwuhsuhqhxuv 5175
Ordqv dv d shufhqw ri wrwdo fdslwdo lqyhvwphqw 7;19
Shufhqwdjh ri rxwsxw xvhg lq lqwhuphgldwlrq 7178
Jlql frh!flhqw +lqfrph, 318:
Jlql frh!flhqw +zhdowk, 31<67
Qrwh= 41 Phdq hpsor|phqw jurzwk udwh ri doo �upv1
51 Phdq hpsor|phqw jurzwk udwh ri vxffhvvixo �upv1

Wdeoh 7= Vhqvlwlylw| Dqdo|vlv

Lqwhuphgldwlrq Frvw
3155� 3163 3149

Hqwuhsuhqhxu +(, 51756 5159 51798
Dyhudjh �up vl}h 9:1;: :415 9818
Fdslwdo shu lqglylgxdo 315<8: 315<33 316489
Shufhqw ri rxwsxw xvhg lq lqwhuphgldwlrq 7178 9138 51<5
Rxwsxw 31787: 317835 3178<;
Zhoiduh fkdqjh+(, 3 0416; .41767
Jlql +lqfrph, 318: 318:8 31895
Jlql +zhdowk, 31<67 31<6; 31<5<
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Wdeoh 8= Frvw ri Lqfrph Wd{dwlrq= 4

Xqlirup Wd{ Oxps Vxp Wd{

Prgho Uhsuhvhqwdwlyh Prgho Uhsuhvhqwdwlyh
Wd{ udwh 3138 3135; 313499 313499
Rxwsxw Fkdqjh 0413<8( 0319<6( 031858( 3
Zhoiduh Fkdqjh 081<57( 061575( 0:17:( 051:35(
Qrwh= 41 Uhyhqxh froohfwhg 3134;937 +713<( ri wrwdo rxwsxw,1
51 Uhsuhvhqwdwlyh uhihuv wr wkh uhsuhvhqwdwlyh djhqw hfrqrp|1

Wdeoh 9= Frvw ri Lqfrph Wd{dwlrq= 5

Prgho Uhs1 Prgho Uhs1 Prgho Uhs1
Wd{ Udwh 3138 3135; 3153 3144 3158 3146:
Uhyhqxh 3134;9 3134;9 313:4; 31:4; 313;<< 313;<<
Rxwsxw fkdqjh+(, 0413<8 0319<6 0817<8 051;99 091:;8 061679
Zhoiduh fkdqjh+(, 081<57 061575 05619< 0451:4 05<175 048197
Hqwuhsuhqhxu+(, 517:< 5188: 518:9

Wdeoh := Lqwhuhvw yv Lqfrph Vxevlglhv= D Frpsdulvlrq

Edvholqh Lqwhuhvw Vxevlg| Lqfrph Vxevlg|
Wd{ udwh 3 313455 313445
Rxwsxw Fkdqjh+(, 3 .51:3: .8176
Zhoiduh Fkdqjh+(, 3 .61698 .;14;4
Ilup Vl}h 9:1; 7;14 64198
Fdslwdo 315<89 3163;99 3163<68
H{lw udwh 75( 8<14( 9;1<(
Edqn ordqv 7;19( 7<18( 8616(
Hqwuhsuhqhxuv+(, 51756 61538 813<
Jlql +lqfrph, 318: 31875 3186<
Jlql +zhdowk, 31<67 31<4; 31<3<
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Wdeoh ;= Lqfrph Vxevlglhv

Vxevlg| 3+Edvholqh, 3138 314 3145 3147 3149
Wd{ udwh 3 31335 3133; 3133<7 31346 3134:
Rxwsxw fkdqjh+(, 3 51;6 717: 815< 818:W 817<
Zhoiduh fkdqjh+(, 3 61<5 9177 :1;3 ;189 <148
Dyhudjh vl}h 9;1: 831< 6;17 6615 5;1< 571<
Fdslwdo 315<9 315<7 3163< 3163<W 31639 31634
Ilup H{lw udwh+(, 75 851; 9;1< 9;1< 9;1< 9;1<
Edqn ordqv�EI� 7;19 8314 8516 8616 8616 8616
Hqwuhsuhqhxuv+(, 5175 6148 715 71:< 8176 9156
Jlql +lqfrph, 318:5 3188: 31883 31873 3186< 3186
Jlql +zhoiduh, 31<67 31<5: 31<48 31<43 31<3; 31<38
Qrwh= 41 Edqn ordqv dv d shufhqwdjh ri wrwdo lqyhvwphqw1

frqwlqxhg
Vxevlg| 3153 3154 3155
Wd{ udwh 3135:; 313654 31374
rxwsxw fkdqjh+(, 8164 8135 619;
Zhoiduh fkdqjh+(, <19:W <198 ;1;8
Dyhudjh �up vl}h 4;17 4:14 4819
Fdslwdo 315;; 315;8 315:7
Ilup h{lw udwh+(, 9;1< 9;1< 9;1:
Edqn ordqv 8616 86 8519
Hqwuhsuhqhxuv ;159 ;1;5 4314
Jlql +lqfrph, 31854 3184< 3177
Jlql+zhoiduh, 31<34 31;<; 31;;<
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Wdeoh <= Lqfrph Vxevlglhv zlwk Hqirufhphqw Sureohp

Lqfrph Vxevlg| 3138 314 3145 3147
qr Wd{ udwh 31335 3133; 3133<7 31346
froohfwlrq Rxwsxw fkdqjh+(, 51;6 717: 815< 818:W

frvw Zhoiduh fkdqjh+(, 61<5 9177 :1;3 ;189

zlwk Wd{ udwh 313357 3133;< 31345 31349<
froohfwlrq Rxwsxw fkdqjh+(, 51;:: 7174 8156 8179W

frvw Zhoiduh fkdqjh+(, 61:;9 81<:6 :179; :14:

Lqfrph Vxevlg| 3149 3153 3154 3155
qr Wd{ udwh 3134: 3135:; 313654 31374
froohfwlrq Rxwsxw fkdqjh+(, 817< 8164 8135 7193
frvw Zhoiduh fkdqjh+(, <148 <19:W <198 ;1;8

zlwk Wd{ udwh 313537 313659 3136< 3137;
froohfwlrq Rxwsxw fkdqjh+(, 8169 8156 71;8 7138
frvw Zhoiduh fkdqjh+(, ;1779 <136W ;1:4 91;:
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assets

investment

k*

k**

k*(r+delta-1)/rk**(r+delta-1)/r

k*:optimal investment at r;
k**: optimal investment at r+gamma.

Iljxuh 4= Lqyhvwphqw dv d Ixqfwlrq ri Dvvhwv

7;



k*(r+delta-1)/rk** (r+delta-1)/r assets

effective interest rate

r+gamma

r

k*: optimal investment at r;
k**: optimal investment at r+gamma.

Iljxuh 5= H�hfwlyh Lqwhuhvw Udwh dv d Ixqfwlrq ri Dvvhwv
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entrepreneurial idea

entrepreneur

worker

  assets

labor productivity

worker

entrepreneur

business quality

assets

assets

stay

exit

Iljxuh 6= Ilup Hqwu| dqg H{lw
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45 line

k

k'

Iljxuh 7= Qh{w Shulrg*v Fdslwdo dv d Ixqfwlrq ri Fxuuhqw Fdslwdo
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entrepreneurial idea

assets

A A'

B

B'

C

C'

D

D'

interest subsidy

income subsidy

Iljxuh 8= Lqwhuhvw Vxevlg| yv Lqfrph Vxevlg|
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Uhihuhqfhv

41 Dl|djdul/ Udr V1 4<<7 �Xqlqvxuhg Lglrv|qfudwlf Ulvn dqg Djjuhjdwh

Vdylqj�1 Txduwhuo| Mrxuqdo ri Hfrqrplfv1 y43< q6 98<0;71

Edqhumhh/ Deklmlw Y1 dqg Qhzpdq/ Dqguhz I1 4<<4 �Ulvn Ehdulqj dqg

wkh Wkhru| ri Lqfrph Glvwulexwlrq�/ Uhylhz ri Hfrqrplf Vwxglhv1

Ehuqdqnh/ Ehq dqg Jhuwohu/ Pdun1 4<<3 �Ilqdqfldo Iudjlolw| dqg hfr0

qrplf Shuirupdqfh�1 Txduwhuo| Mrxuqdo ri Hfrqrplfv1 y438/ q4/ ;:0

4471

Eodqfk rzhu dqg Rvzdog1 �Zkdw Pdnhv dq HqwuhsuhqhxuB�1 QEHU/

4<<41 Zrunlqj Sdshu 65851

Erqg/ Sklols dqg Wrzqvhqg/ Urehuw14<<9 �Irupdo dqg Lqirupdo Il0

qdqflqj lq d Fklfdjr Hwkqlf Qhljkerukrrg�1 Ihghudo Uhvhuyh Edqn ri

Fklfdjr Hfrqrplf Shuvshfwlyhv1 y53 q7 605:1

Fdushqwhu/ Urehuw H1/ Id}}dul/ Vwhyhq P1 dqg Shwhuvhq/ Euxfh F1 4<<7

�Lqyhqwru| Lqyhvwphqw/ Lqwhuqdo Ilqdqfh Ioxfwxdwlrqv/ dqg wkh Exvl0

qhvv F|foh�1 Eurrnlqjv Sdshuv lq Hfrqrplf Dfwlylw|1 q5 :804551

Gdylv/ Vwhyhq M1/ Kdowlzdqjhu/ Mrkq F1 dqg Vfkxk/ Vfrww1 Mre Fuhdwlrq

dqg Ghvwuxfwlrq1 Wkh PLW Suhvv/ Fdpeulgjh/ Pdvvdfkxvhwwv/ Orqgrq/

Hqjodqg1 4<<91

GhPh}d/ Gdylg dqg Zhee/ Gdylg F1 4<;: �Wrr Pxfk Lqyhvwphqw=

D Sureohp ri Dv|pphwulf Lqirupdwlrq�1 Txduwhuo| Mrxuqdo ri Hfr0

qrplfv1 434/ 5;405<51

GhPh}d/ Gdylg dqg Zhee Gdylg F1 4<;; �Fuhglw Pdunhw H!flhqf|

dqg Wd{ Srolf| lq wkh Suhvhqfh ri Vfuhhqlqj Frvwv�1 Mrxuqdo ri Sxeolf

Hfrqrplfv1 69/ 40551
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GhPh}d/ Gdylg dqgZhee Gdylg F1 4<;< �Wkh Uroh ri Lqwhuhvw Wd{hv lq

Fuhglw Pdunhwv zlwk Glylvleoh Surmhfwv dqg Dv|pphwulf Lqirupdwlrq�1

Mrxuqdo ri Sxeolf Hfrqrplfv1 6</ 660771

Gldprqg/ Grxjodv Z1 4<;71 �Ilqdqfldo Lqwhuphgldwlrq dqg Ghohjdwhg

Prqlwrulqj�/ Uhylhz ri Hfrqrplf Vwxglhv/ 84+6,/ 6<607471

Gld}0Jlphqh}/ Mdylhu/ Suhvfrww/ Hgzdug F1/ Ilw}jhudog/ Whuu| dqg Do0

yduh}/ Ihuqdqgr1 4<<5 �Edqnlqj lq Frpsxwdeoh Jhqhudo Htxloleulxp

Hfrqrplfv�1 Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro1 y49 q607

86608<1

Gxqqh/ Wlprwk|/ Urehuwv/ Pdun M1 dqg Vdpxhovrq/ Oduu|1 4<;<d �Wkh

Jurzwk dqg Idloxuh ri XV1 Pdqxidfwxulqj Sodqwv�1 Txduwhuo| Mrxuqdo

ri Hfrqrplfv1 y437 q7 9:40<;1

Gxqqh/ Wlprwk|/ Urehuwv/ Pdun M1 dqg Vdpxhovrq/ Oduu|1 4<;<e

�Sodqw Wxuqryhu dqg Jurvv Hpsor|phqw Iorzv lq wkh XV Pdqxidf0

wxulqj Vhfwru�1 Mrxuqdo ri Oderu Hfrqrplfv1 y: q4 7;0:41

Hurvd/ Dqguhv1 4<<91 �Ilqdqfldo Lqwhuphgldwlrq dqg Hfrqrplf Ghyho0

rsphqw�1 Pdqxvfulsw/ Xqlyhuvlw| ri Plqqhvrwd1

Hydqv/ Gdylg V1 4<;:1 �Wkh Uhodwlrqvkls Ehwzhhq Ilup Jurzwk/ Vl}h/

dqg Djh= Hvwlpdwhv Iru 433 Pdqxidfwxulqj Lqgxvwulhv�1 Mrxuqdo ri

Lqgxvwuldo Hfrqrplfv1 yro1 [[[Y q7

Hydqv/ Gdylg V1 dqg Ohljkwrq/ Olqgd V1 4<;< �Vrph Hpslulfdo Dvshfwv

ri Hqwuhsuhqhxuvkls�1 Dphulfdq Hfrqrplf Uhylhz1 y:< q6 84<0681

Hydqv/ Gdylg V1 dqg Mrydqrylf/ Er|dq1 4<;< �Dq Hvwlpdwhg Prgho

ri Hqwuhsuhqhxuldo Fkrlfh xqghu Oltxlglw| Frqvwudlqwv�1 Mrxuqdo ri

Srolwlfdo Hfrqrp|1 y<: q7 ;3;05:1

87



Jdoh/ Zlooldp J1 4<<4 �Hfrqrplf H�hfwv ri Ihghudo Fuhglw Surjudpv�1

Dphulfdq Hfrqrplf Uhylhz1 Pdufk 4<<4/ y;4 q4 4660841

Jdufld0Frerv/ Mxolr1 4<<7 �Ohqglqj Uhodwlrqvklsv dqg Froodwhudo= Dq

Hpslulfdo H{huflvh�1 Pdqxvfulsw1 Vwdwh Xqlyhuvlw| ri Qhz \run dw

Vwrq| Eurrn1

Jrph/ Juhhqzrrg dqg Uhehor1 Htxloleulxp Xqhpsor|phqw1 Pdqxvfulsw1

Xqlyhuvlw| ri Urfkhvwhu1

Kdoo/ Eurqzd|q K1 4<;: �Wkh Uhodwlrqvkls Ehwzhhq Ilup Vl}h dqg

Ilup Jurzwk lq wkh XV Pdqxidfwxulqj Vhfwru�1 Wkh Mrxuqdo ri Lqgxv0

wuldo Hfrqrplfv1 y68 q7 8;609391

Kdqvhq/ Jdu| G1 dqg Lpurkrurjox/ D|vh1 4<<5 �Wkh Uroh ri Xqhpsor|0

phqw Lqvxudqfh lq dq Hfrqrp| zlwk Oltxlglw| Frqvwudlqwv dqg Prudo

Kd}dug�1 Mrxuqdo ri Srolwlfdo Hfrqrp|1 433+4, 44;0751

Krow}0Hdnlq/ Gdylg/ Mrxoidldq/ Grxjodv dqg Urvhq/ Kduyh| V1 4<<7d

�Hqwuhsuhqhxuldo Ghflvlrqv dqg Oltxlglw| Frqvwudlqwv�1 Udqg Mrxuqdo

ri Hfrqrplfv1 y58 q5 66707:1

Krow}0Hdnlq/ Gdylg/ Mrxoidldq/ Grxjodv dqg Urvhq/ Kduyh| V1 4<<7e

�Vwlfnlqj Lw Rxw= Hqwuhsuhqhxuldo Vxuylydo dqg Oltxlglw| Frqvwudlqwv�1

Mrxuqdo ri Srolwlfdo Hfrqrp|1 y435 q4 860:81

Krshqkd|q/ Kxjr D1 dqg Urjhuvrq/ U1 4<<6 �Mre Wxuqryhu dqg Srolf|

Hydoxdwlrq= D Jhqhudo Htxloleulxp Dqdo|vlv�1 Mrxuqdo ri Srolwlfdo

Hfrqrp|1 434 <480<6;1

Krvkl/ Wdnhr/ Ndvk|ds/ Dqlo dqg Vfkduivwhlq/ Gdylg1 4<<4 �Frusrudwh

Vwuxfwxuh/ Oltxlglw| dqg Lqyhvwphqw= Hylghqfh iurp Mdsdqhvh Lqgxv0

wuldo Jurxsv�1 Txduwhuo| Mrxuqdo ri Hfrqrplfv1 y439 q4 660931
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Kxjjhww/ Pdun U1 4<<6 �Wkh Ulvn0Iuhh Udwh lq Khwhurjhqrxv Djhqw

Lqfrpsohwh0Lqvxudqfh Hfrqrplhv�1 Mrxuqdo ri Hfrqrplf G|qdplfv dqg

Frqwuro1 y4: q809 <8609<1

Lpurkrurjox/ D|vh1 4<;< �Frvw Ri Exvlqhvv F|fohv zlwk Lqglylvlelolwlhv

dqg Oltxlglw| Frqvwudlqwv�1 Mrxuqdo ri Srolwlfdo Hfrqrp|1 y<: q9

46970;61

Lqqhv/ Urehuw1 4<<4 �Lqyhvwphqw dqg Jryhuqphqw Lqwhuyhqwlrq lq

Fuhglw Pdunhwv Zkhq Wkhuh lv Dv|pphwulf Lqirupdwlrq�1 Mrxuqdo ri

Sxeolf Hfrqrplfv1 y79 67:0;41

Ndvk|ds/ D1/ M1 Vwhlq dqg G1 Zlofr{1 4<<6 �Prqhwdu| Srolf| dqg

Fuhglw Frqglwlrqv= Hylghqfh Iurp wkh Frpsrvlwlrq ri H{whuqdo Il0

qdqfh�/ Dphulfdq Hfrqrplf Uhylhz1 ;6= :;0<;1

Nlufkr�/ Euxfh D1 4<<7 �Hqwuhsuhqhxuvkls dqg G|qdplf Fdslwdolvp�1

Zhvwsruw/ Frqq1=Suhqjhu1

Nl|rwdnl/ Qrexklur dqg Prruh/ Mrkq K1 4<<: �Fuhglw F|fohv�1 Iruwk0

frplqj/ Mrxuqdo ri Srolwlfdo Hfrqrp|1

Odfnhu/ Mh�hu| P1 4<<7 �Grhv Dgyhuvh Vhohfwlrq Mxvwli| Jryhuqphqw

Lqwhuyhqwlrq lq Ordq PdunhwvB�/ Ihghudo Uhvhuyh Edqn ri Ulfkprqg

Hfrqrplf Txduwhuo|1 940<8

Oljkw/ Lydq1 4<:5 Hwkqlf Hqwhusulvh lq Dphulfdq Exvlqhvv dqg Zho0

iduh dprqj Fklqhvh/ Mdsdqhvh dqg Eodfnv1 Ehunoh|/ FD= Xqlyhuvlw| ri

Fdoliruqld Suhvv1

Oxfdv/ Urehuw H1 Dxwxpq 4<:; �Rqh wkh Vl}h Glvwulexwlrq ri Exvlqhvv

Ilupv�1 Ehoo Mrxuqdo ri Hfrqrplfv1 y< q5 83;0561

Ph|hu/ Euxfh G1 4<<4 �Zk| Duh Wkhuh Vr Ihz Eodfn HqwuhsuhqhxuvB�1

QEHU Zrunlqj Sdshu / Qr1 686:1
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Pruwhqvhq/ Gdoh W1 dqg Slvvdulghv/ Fkulvwrskhu D1 4<<7d �Wkh F|folfdo

Ehkdylru ri Mre dqg Zrunhu Iorz�1 Mrxuqdo ri Hfrqrplf G|qdplfv

dqg Frqwuro1 y4; q9 4454075

Pruwhqvhq/ Gdoh W1 dqg Slvvdulghv/ Fkulvwrskhu D1 4<<7e �Mre Fuh0

dwlrq dqg Mre Ghvwuxfwlrq lq wkh Wkhru| ri Xqhpsor|phqw�1 Uhylhz

ri Hfrqrplf Vwxglhv1 6<:07481

RHFG1 4<<71 �Wd{dwlrq dqg Vpdoo Exvlqhvvhv�1

Shwhuvrq/ Plwfkhoo D1 dqg Udmdq/ Udjkxudp J1 4<<7 �Wkh Ehqh�wv

ri Ohqglqj Uhodwlrqvklsv= Hylghqfh iurp Vpdoo Exvlqhvv Gdwd�1 Wkh

Mrxuqdo ri Ilqdqfh1 y[OL[ q4 606:1

Vplwk/ Euxfh G1/ dqg Plfkdho M1 Vwxw}hu1 4<;< �Fuhglw Udwlrqlqj dqg

Jryhuqphqw Ordq Surjudpv= D Zhoiduh Dqdo|vlv�1 DUHXHD Mrxuqdo/

y4: 4::04<61

Vrzhoo/ Wkrpdv1 �Wkrxjkwv dqg Ghwdlov rq Sryhuw|�1 Srolf| Uhylhz1

4<;41

Vwrnh|/ Qdqf| O1 dqg Urehuw H1 Oxfdv/ Mu1 zlwk Hgzdug F1 Suhvfrww1

4<;<1 Uhfxuvlyh Phwkrgv lq Hfrqrplf G|qdplfv1 Kduydug Xqlyhuvlw|

Suhvv1 Fdpeulgjh/ Pdvvdfkxvhwwv/ dqg Orqgrq/ Hqjodqg1

Wdxfkhq/ Jhrujh1 4<;9 �Ilqlwh Vwdwh Pdunry0Fkdlq Dssur{lpdwlrqv

wr Xqlyduldwh dqg Yhfwru Dxwruhjuhvvlrqv�1 Mrxuqdo ri Pdwkhpdwlfdo

Hfrqrplfv1

Txdgulql/ Ylqfhq}r1 4<<9 �Hqwuhsuhqhxuvkls/ Vdylqj dqg Vrfldo Pr0

elolw|�1 Wkhvlv1 Xqlyhuvlw| ri Shqqv|oydqld1

Yhudwlhuwr/ Pdufhor O1 4<<8 �Hvvd|v rq Mre Fuhdwlrq dqg Mre Ghvwuxf0

wlrq�1 Wkhvlv1 Xqlyhuvlw| ri Plqqhvrwd1
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Zhlqehuj/ Mrkq D1 4<<7 �Ilup Vl}h/ Ilqdqfh/ dqg Lqyhvwphqw�1 Ihghudo

Uhvhuyh Edqn ri Ulfkprqg Hfrqrplf Txduwhuo|1 y;3 q4 4<0731

8;


	Working Paper Series Title: Entrepreneurship and Government Subsidies Under Capital Constraints: A General Equilibrium Analysis 
	Working Paper Series Date: WP 97-09
	Working Paper Series Authors: Wenli Li
Federal Reserve Bank of Richmond


