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Devwudfw

Lq klv idprxv prqrjudsk/ Oxfdv +4<;:, sxw iruwk dq dujxphqw wkdw wkh zhoiduh jdlqv
iurp uhgxflqj wkh yrodwlolw| ri djjuhjdwh frqvxpswlrq duh qhjoljleoh1 Vxevhtxhqw zrun
wkdw kdv uhylvlwhg Oxfdv* fdofxodwlrq kdv frqwlqxhg wr �qg rqo| vpdoo ehqh�wv iurp uhgxf0
lqj wkh yrodwlolw| ri frqvxpswlrq/ ixuwkhu uhlqiruflqj wkh shufhswlrq wkdw exvlqhvv f|fohv
grq*w pdwwhu1 Wklv sdshu dujxhv lqvwhdg wkdw  xfwxdwlrqv frxog d�hfw wkh jurzwk surfhvv/
zklfk frxog kdyh pxfk odujhu h�hfwv wkdq frqvxpswlrq yrodwlolw|1 L suhvhqw dq dujxphqw
iru zk| vwdelol}dwlrq frxog lqfuhdvh jurzwk zlwkrxw d uhgxfwlrq lq fxuuhqw frqvxpswlrq/
zklfk frxog lpso| vxevwdqwldo zhoiduh h�hfwv dv Oxfdv +4<;:, douhdg| revhuyhg lq klv fdofx0
odwlrq1 Hpslulfdo hylghqfh dqg fdoleudwlrq h{huflvhv vxjjhvw wkdw wkh zhoiduh h�hfwv fdq eh
txlwh vxevwdqwldo/ srvvleo| dv pxfk dv wzr rughuv ri pdjqlwxgh juhdwhu wkdq Oxfdv* ruljlqdo
hvwlpdwhv1

WWklv sdshu zdv suhsduhg iru d frqihuhqfh wr krqru Dvvdi Ud}lq1 Lw lv edvhg rq uhodwhg zrun zklfk zdv khoshg
e| wkh frpphqwv iurp Pdufr Edvvhwwr/ Oduu| Fkulvwldqr/ Hokdqdq Khospdq/ Vdp Nruwxp/ Urehuw Oxfdv/ Doh{
Prqjh/ Dvvdi Ud}lq/ Khohqh Uh|/ dqg ydulrxv vhplqdu sduwlflsdqwv1



41 Lqwurgxfwlrq

Lq d idprxv prqrjudsk/ Oxfdv +4<;:, sxw iruwk d frpshoolqj dujxphqw wkdw exvlqhvv f|fohv lq

wkh srvw0Zdu X1V1 lqyroyh rqo| qhjoljleoh zhoiduh orvvhv/ wkhuhe| fkdoohqjlqj wkh suhvxpswlrq

wkdw pdfurhfrqrplf vwdelol}dwlrq lv kljko| ghvludeoh1 Klv dujxphqw fdq eh vwdwhg dv iroorzv1

Frqvlghu d uhsuhvhqwdwlyh frqvxphu zlwk d frqyhqwlrqdo wlph0vhsdudeoh frqvwdqw0uhodwlyh ulvn

dyhuvlrq +FUUD, xwlolw| ixqfwlrq
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zkhuh � � 31 Vxssrvh wklv frqvxphu lv jlyhq d frqvxpswlrq vwuhdp F| gh�qhg e|

F| @ �| +4 . %|,Ff +414,

Wkdw lv/ frqvxpswlrq lv lqlwldoo| htxdo wr Ff dqg wkhq rq dyhudjh jurzv dw d frqvwdqw udwh �/

vr wkdw diwhu w shulrgv dyhudjh frqvxpswlrq lv htxdo wr �|Ff1 Dfwxdo frqvxpswlrq hdfk shulrg

lv doorzhg wr ghyldwh iurp wklv dyhudjh e| d udqgrp idfwru 4 . %|/ zkhuh %| lv dq l1l1g1 udqgrp

yduldeoh zlwk phdq 31 Xvlqj gdwd rq shu0fdslwd frqvxpswlrq jurzwk iurp wkh srvw0Zdu shulrg/

zh fdq hvwlpdwh � dqg wkh yrodwlolw| ri %|1 Wr ghwhuplqh wkh frvwv ri djjuhjdwh  xfwxdwlrqv/

Oxfdv dvnhg zkdw iudfwlrq ri lqlwldo frqvxpswlrq Ff wkh frqvxphu zrxog eh zloolqj wr vdful�fh

lq rughu wr dyrlg djjuhjdwh  xfwxdwlrqv/ l1h1 wr uhsodfh %| lq hdfk shulrg zlwk lwv phdq1 Iru

uhdvrqdeoh hvwlpdwhv ri ulvn dyhuvlrq �/ wkh dqvzhu wxuqv rxw wr eh dvwrqlvklqjo| vpdoo/ ohvv

wkdq rqh0whqwk ri rqh shufhqw1 E| frqwudvw/ Oxfdv fdofxodwhv wkh frqvxphu zrxog eh zloolqj

wr vdful�fh d pxfk odujhu iudfwlrq ri lqlwldo frqvxpswlrq/ derxw 53( zkhq � @ 4/ lq rughu wr

lqfuhdvh wkh dyhudjh jurzwk udwh � e| rqh shufhqwdjh srlqw1 Wklv ohdgv klp wr frqfoxgh wkdw

jurzwk lv yhu| lpsruwdqw iru zhoiduh/ exw djjuhjdwh  xfwxdwlrqv duh qrw1

Ghvslwh wkh  xuu| ri sdshuv wkdw vrxjkw wr glvsxwh Oxfdv* lqvljkw/ klv hvvhqwldo fodlp wkdw

frqvxpswlrq ulvn dw exvlqhvv f|foh iuhtxhqflhv lv dvvrfldwhg zlwk plqru zhoiduh frvwv dsshduv

wr kdyh vxuylyhg lqwdfw1 Ydulrxv dxwkruv kdyh prgl�hg nh| dvvxpswlrqv wkdw duh lpsolflw lq

Oxfdv* fdofxodwlrq1 Wkhvh lqfoxgh fdoleudwlqj frqvxpswlrq wr lqglylgxdo lqfrph vwuhdpv udwkhu

wkdq wr shu0fdslwd frqvxpswlrq dqg doorzlqj iru rqo| vhoi0lqvxudqfh/ dv lq Lpurkrurjox +4<;<,/

Dwnhvrq dqg Skdohq +4<<7,/ dqgNuxvhoo dqg Vplwk +4<<<,> doorzlqj iru pruh shuvlvwhqw vkrfnv wr

frqvxpswlrq/ dv lq Revwihog +4<<7,> dqg doorzlqj iru qrq0h{shfwhg xwlolw| fodvvhv ri suhihuhqfhv

wkdw duh dujxdeo| ehwwhu dw fdswxulqj dwwlwxgh wrzdugv ulvn wkdq wkh FUUD xwlolw|/ dv lq Revwihog
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+4<<7,/ Shpehuwrq +4<<9, dqg Gropdv +4<<;,1 Krzhyhu/ doo ri wkhvh h{huflvhv kdyh frqwlqxhg

wr |lhog frvwv ri djjuhjdwh  xfwxdwlrqv wkdw uduho| h{fhhg 4( iru uhdvrqdeoh sdudphwhul}dwlrqv1

Lq rughu wr frqylqflqjo| dujxh wkdw lqglylgxdov zrxog eh vxevwdqwldoo| ehwwhu r� li wkh kljkv

dqg orzv ri srvw0Zdu exvlqhvv f|fohv zhuh holplqdwhg/ wkhq/ lw zrxog dsshdu wkdw zh pxvw vkliw

dwwhqwlrq wr frvwv ri hfrqrplf  xfwxdwlrqv wkdw vwhp iurp vrphwklqj rwkhu wkdq frqvxpswlrq

ulvn shu vh14

Zkloh frqvxpswlrq ulvn lv wkh prvw reylrxv frvw ri djjuhjdwh  xfwxdwlrqv/ Oxfdv* uhvxowv wkdw

fkdqjhv lq jurzwk kdyh d vxevwdqwldo lpsdfw rq zhoiduh vxjjhvw wkdw dqrwkhu srwhqwldoo| lp0

sruwdqw frvw ri  xfwxdwlrqv frxog rshudwh wkurxjk wkhlu h�hfw rq wkh udwh ri hfrqrplf jurzwk1

Vshfl�fdoo|/ vxssrvh wkdw wkh ohyho ri hfrqrplf dfwlylw| d�hfwv wkh lqfhqwlyhv iru djhqwv wr xq0

ghuwdnh lqyhvwphqw wkdw hqkdqfhv ixwxuh surgxfwlrq/ dv lv w|slfdo lq pdq| prghov ri hqgrjhqrxv

jurzwk1 Ioxfwxdwlrqv lq wkh ohyho ri hfrqrplf dfwlylw| frxog wkhq frqfhlydeo| d�hfw wkh dyhu0

djh udwh dw zklfk frqvxpswlrq dqg lqfrph jurz ryhu wlph1 Vlqfh Oxfdv ghprqvwudwhg wkdw

hyhq vpdoo fkdqjhv lq dyhudjh jurzwk udwhv kdyh d gudpdwlf lpsdfw rq zhoiduh/ wklv fkdqqho

frxog ohdg wr d odujh frvw ri exvlqhvv f|fohv hyhq iru uhodwlyho| prghvw jurzwk h�hfwv1 Wklv

sdshu vhhnv wr irupdol}h wklv lqwxlwlrq1 Wkdw lv/ lw h{dplqhv zkhwkhu holplqdwlqj  xfwxdwlrqv

lv olnho| wr jhqhudwh dq lqfuhdvh lq jurzwk wkdw zrxog ohdg wr d gudpdwlf ulvh lq zhoiduh dorqj

wkh olqhv lpsolhg e| Oxfdv* fdofxodwlrqv1 Dowkrxjk wklv txhvwlrq kdv douhdg| ehhq wdfnohg lq

Eduohy| +5333,/ wkdw sdshu irfxvhv rq d prgho lq zklfk U)G dfwv dv wkh hqjlqh ri jurzwk1

Wklv sdshu lqvwhdg irfxvhv rq d prgho ri jurzwk lq zklfk fdslwdo dffxpxodwlrq vhuyhv dv wkh

hqjlqh iru jurzwk1 Dv vxfk/ lw lv forvhu wr prghov wkdw kdyh ehhq xvhg e| rwkhuv lq wkh olw0

hudwxuh wr h{dplqh hqgrjhqrxv jurzwk xqghu xqfhuwdlqw|/ dqg ghprqvwudwh pruh fohduo| zk|

wkh| idlo wr jhqhudwh vxevwdqwldo frvwv ri exvlqhvv f|fohv1 Lq dgglwlrq/ vlqfh wkh prgho doorzv iru

orqj0uxq jurzwk zlwkrxw h{whuqdo h�hfwv/ lw khosv foduli| fhuwdlq lvvxhv wkdw duh reixvfdwhg e|

wkh suhvhqfh ri h{whuqdolwlhv lq wkh U)G prgho1 Ilqdoo|/ zkloh p| suhylrxv sdshu dujxhg wkdw

hpslulfdo hylghqfh rq U)G zdv frqvlvwhqw zlwk jurzwk h�hfwv wkdw lqyroyh vxevwdqwldo jdlqv

iurp vwdelol}dwlrq/ wklv sdshu looxvwudwhv wkdw vlplodu frqfoxvlrqv fdq eh uhdfkhg iurp hylghqfh

rq fdslwdo dffxpxodwlrq dqg lqyhvwphqw1

4Ghwudfwruv iurp wklv ylhz lqfoxgh Fdpsehoo dqg Frfkudqh +4<<8, dqg Wdoodulql +4<<<,1 Wkh| dujxh wkdw
wkh odujh suhplxp zh revhuyh rq htxlw| looxvwudwhv lqglylgxdov duh zloolqj wr sd| vxevwdqwldo dprxqwv wr dyrlg
 xfwxdwlrqv lq frqvxpswlrq1 Krzhyhu/ rqh kdv wr eh fduhixo gudzlqj wklv frqfoxvlrq iurp wkh htxlw| suhplxp1
Iluvw/ wkh htxlw| suhplxp frxog eh gxh wr pdunhw iulfwlrqv udwkhu wkdq dwwlwxgh wrzdugv ulvn1 Vhfrqg/ dv Doyduh}
dqg Mhupdqq +4<<<, srlqw rxw/ wkh htxlw| suhplxp dqg wkh frvw ri frqvxpswlrq  xfwxdwlrqv duh glvwlqfw frqfhswv1
Wkh| hvwlpdwh d idfwru prgho iru wkh pdujlqdo xwlolw| ri frqvxpswlrq xvlqj �qdqfldo gdwd dqg sxw dq xsshu erxqg
rq wkh frvwv ri  xfwxdwlrqv dw exvlqhvv f|foh iuhtxhqflhv ri f��I1
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Wr suhylhz p| dqdo|vlv/ wkh prgho lpsolhv d frqvxpswlrq vwuhdp wkdw lv frqvlvwhqw zlwk

+414,/ exw zkhuh wkh jurzwk udwh ri frqvxpswlrq � lv qr orqjhu frqvwdqw1 Lqvwhdg/ wkh jurzwk

udwh �| hdfk shulrg fdq eh h{suhvvhg dv d frpsrvlwh ixqfwlrq ri wkh ohyho ri hfrqrplf dfwlylw|/

l1h1 �| @ ! +l +%|,,/ zkhuh l +�, ghqrwhv wkh lqyhvwphqw udwh iru d jlyhq ohyho ri hfrqrplf dfwlylw|

%| dqg ! +�, ghqrwhv wkh jurzwk udwh ri frqvxpswlrq iru jlyhq ohyho ri lqyhvwphqw1 Uhprylqj

 xfwxdwlrqv lq %| zloo d�hfw wkh dyhudjh jurzwk udwhH ^�` @ H ^! +l +%|,,` lq wzr gl�huhqw zd|v1

Iluvw/ ghshqglqj rq zkhwkhu l +�, lv frqfdyh ru frqyh{/ vwdelol}dwlrq fdq d�hfw dyhudjh jurzwk

e| fkdqjlqj wkh dyhudjh ohyho ri lqyhvwphqw l1 Vhfrqg/ ghshqglqj rq zkhwkhu ! +�, lv frqfdyh ru

frqyh{/ vwdelol}dwlrq fdq d�hfw dyhudjh jurzwk e| uhgxflqj wkh yrodwlolw| ri lqyhvwphqw l1 Suhyl0

rxv zrun kdv dvvxphg ! +�, lv olqhdu/ zklfk doorzv iru jurzwk h�hfwv wkdw rqo| rshudwh wkurxjk

wkh dyhudjh ohyho ri lqyhvwphqw1 Dv lv qrz zhoo dssuhfldwhg/ wklv uhodwlrqvkls lv lqkhuhqwo| dp0

eljxrxv/ l1h1 l +�, fdq eh hlwkhu frqfdyh ru frqyh{/ ghshqglqj rq wkh qdwxuh ri suhihuhqfhv dqg

whfkqrorj|1 Uhjdugohvv ri zkhwkhu vwdelol}dwlrq ohdgv wr kljkhu ru orzhu lqyhvwphqw/ wkrxjk/

wkh lpsolhg zhoiduh h�hfwv duh olnho| wr eh idu vpdoohu lq pdjqlwxgh wkdq wkrvh vxjjhvwhg e|

Oxfdv* fdofxodwlrq1 Wklv lv ehfdxvh jurzwk h�hfwv wkdw duh gxh wr fkdqjhv lq dyhudjh lqyhvwphqw

duh lqkhuhqwo| gl�huhqw iurp wkh jurzwk h�hfwv Oxfdv vwxglhv1 Klv zhoiduh qxpehuv fdswxuh wkh

h�hfw ri lqfuhdvlqj wkh jurzwk udwh ri frqvxpswlrq vwduwlqj iurp wkh vdph lqlwldo ohyho ri frq0

vxpswlrq/ dv looxvwudwhg e| wkh vrolg dqg gdvkhg olqhv lq wkh �uvw sdqho ri Iljxuh 41 Dv orqj dv

wkh djhqw grhv qrw glvfrxqw ixwxuh frqvxpswlrq wrr khdylo|/ kh zloo eh ydvwo| ehwwhu r� zlwk d

kljkhu jurzwk udwh1 Krzhyhu/ dq lqfuhdvh lq jurzwk wkdw lv gxh wr d kljkhu dyhudjh lqyhvwphqw

ohdyhv wkh djhqw zlwk ihzhu uhvrxufhv wr frqvxph lqlwldoo|/ vlqfh wkhvh pxvw eh doorfdwhg wr

lqyhvwphqw1 Wkxv/ wkh uhvxowlqj frqvxpswlrq sdwk ehjlqv dw d orzhu lqlwldo ohyho/ dv looxvwudwhg

lq wkh erwwrp sdqho ri Iljxuh 41 Zkhwkhu wkh djhqw suhihuv wklv qhz frqvxpswlrq vwuhdp gh0

shqgv rq krz wkh djhqw wudghv r� suhvhqw dqg ixwxuh frqvxpswlrq/ zklfk h{sodlqv zk| djhqwv

pd| yroxqwdulo| fkrrvh wr orzhu wkh jurzwk udwh ri frqvxpswlrq lq uhvsrqvh wr wkh holplqdwlrq

ri djjuhjdwh vkrfnv1 Exw pruh jhqhudoo|/ vlqfh wudglqj r� suhvhqw dqg ixwxuh frqvxpswlrq lv

lqkhuhqwo| gl�huhqw iurp lqfuhdvlqj wkh jurzwk udwh ri frqvxpswlrq iurp d jlyhq lqlwldo ydoxh/

wkhuh lv qr uhdvrq wr h{shfw wkdw wkh zhoiduh jdlqv iurp fkdqjlqj dyhudjh lqyhvwphqw lq hlwkhu

gluhfwlrq zloo eh dq|zkhuh qhdu wkh pdjqlwxgh ri wkh kxjh jdlqv iurp idvwhu jurzwk kroglqj

lqlwldo frqvxpswlrq �{hg1 Vlqfh suhylrxv dxwkruv irfxvhg h{foxvlyho| rq wklv w|sh ri jurzwk

h�hfwv/ lw lv qrw vxusulvlqj wkdw wkh| �qg rqo| vpdoo zhoiduh jdlqv iurp jurzwk h�hfwv1

E| frqwudvw/ frqfdylw| lq ! +�, frxog jhqhudwh dq lqfuhdvh lq jurzwk zlwkrxw uhgxflqj dyhudjh

lqlwldo frqvxpswlrq1 Frqfdylw| lq ! +�, lpsolhv glplqlvklqj uhwxuqv wr lqyhvwphqw/ l1h1 dq
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(a) Increased Growth from reduced volatility of investment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(b) Increased Growth from higher average investment 
 
 

Figure 1: Consumption Paths under Endogenous Growth 
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dgglwlrqdo xqlw ri lqyhvwphqw frqwulexwhv ohvv wr wkh fdslwdo vwrfn zkhq lqyhvwphqw lv douhdg|

kljk1 Zlwk glplqlvklqj uhwxuqv/ nhhslqj dyhudjh lqyhvwphqw xqfkdqjhg exw vkliwlqj uhvrxufhv

iurp shulrgv ri kljk lqyhvwphqw wr wkrvh ri orz lqyhvwphqw zrxog ohdg wr d idvwhu dffxpxodwlrq

udwh ri fdslwdo zlwkrxw uhtxlulqj dyhudjh lqyhvwphqw � dqg wkxv dyhudjh lqlwldo frqvxpswlrq � wr

idoo1 Wkh zhoiduh qxpehuv Oxfdv frpsxwhv iru wkh ydoxh ri dgglwlrqdo jurzwk wkhuhiruh ehfrph

uhohydqw/ zklfk udlvhv wkh srvvlelolw| ri vxevwdqwldo zhoiduh frvwv iurp djjuhjdwh yrodwlolw| hyhq

li jurzwk h�hfwv duh uhodwlyho| prghvw1 Zlwk vx!flhqw frqfdylw| lq wkh lqyhvwphqw ixqfwlrq

! +�,/ d frqglwlrq wkdw lv dw wkh yhu| ohdvw qrw frqwudglfwhg lq wkh gdwd/ rqh fdq rewdlq frvwv ri

djjuhjdwh  xfwxdwlrqv wkdw duh idu odujhu wkdq wkrvh wkdw kdyh ehhq uhsruwhg lq suhylrxv zrun1

Dv d urxjk ehqfkpdun/ ydulrxv slhfhv ri hylghqfh vxjjhvw wkdw zkhq zh lqfrusrudwh wkh jurzwk

h�hfwv ri exvlqhvv f|fohv wkdw rffxu ehfdxvh ri glplqlvklqj uhwxuqv wr lqyhvwphqw/ lqglylgxdov

pljkw eh zloolqj wr vdful�fh dv pxfk dv 43( ri wkhlu frqvxpswlrq wr holplqdwh doo  xfwxdwlrqv

xqghu uhdvrqdeoh vshfl�fdwlrqv ri xwlolw|1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 ghyhorsv wkh prgho wkdw fdq eh xvhg wr glvwlqjxlvk

ehwzhhq wkh uroh ri wkh ohyho ri lqyhvwphqw dqg wkh yrodwlolw| ri lqyhvwphqw1 Vhfwlrq 6 h{soruhv

wkh txdqwlwdwlyh lpsolfdwlrqv ri wkh jurzwk h�hfwv1 Vhfwlrq 7 frqfoxghv1

51 D Prgho ri Hqgrjhqrxv Jurzwk

Wr vwxg| wkh h�hfwv ri hfrqrplf  xfwxdwlrqv rq jurzwk dqg frqvhtxhqwo| rq zhoiduh/ zh qhhg

d prgho lq zklfk wkh jurzwk udwh lv hqgrjhqrxv1 Wrzdugv wklv hqg/ L xvh d vwrfkdvwlf DN

jurzwk prgho1 Wklv vshfl�fdwlrq kdv ehfrph d vwdsoh iru prgholqj hqgrjhqrxv jurzwk xqghu

xqfhuwdlqw|/ dqg xvlqj lw khosv wr uhodwh wkh lqvljkwv ri wklv sdshu zlwk suhylrxv �qglqjv1 Wkh

�uvw wr dqdo|}h wklv prgho zhuh Ohykdul dqg Vulqlydvdq +4<9<,/ zkr xvhg lw wr vwxg| vdylqjv

ghflvlrqv xqghu xqfhuwdlqw|1 Wkh| lq wxuq vroyhg dq lq�qlwh krul}rq yhuvlrq ri d sureohp

wkdw zdv ruljlqdoo| vwxglhg e| Skhosv +4<95,1 Ohodqg +4<:7, vxevhtxhqwo| uhlqwhusuhwhg wklv

prgho lq whupv ri orqj0uxq hfrqrplf jurzwk1 Pdq| dxwkruv kdyh vlqfh xvhg yduldwlrqv ri wklv

edvlf prgho wr vwxg| hqylurqphqwv zlwk hqgrjhqrxv jurzwk dqg djjuhjdwh xqfhuwdlqw|> uhfhqw

h{dpsohv lqfoxgh gh Khn +4<<<, dqg Mrqhv/ Pdqxhool/ dqg Vwdffkhwwl +4<<<,1

Wkh hfrqrp| frqvlvwv ri d vlqjoh uhsuhvhqwdwlyh djhqw zkr ghulyhv xwlolw| rqo| iurp frqvxps0

wlrq1 Wlph lv glvfuhwh/ dqg wkh djhqw glvfrxqwv wkh ixwxuh dw d udwh �1 Iroorzlqj Oxfdv/ L lpsrvh

wkdw wkh shu0shulrg xwlolw| ixqfwlrq ri wkh djhqw h{klelwv frqvwdqw uhodwlyh ulvn dyhuvlrq/ zlwk d
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frh!flhqw ri ulvn dyhuvlrq jlyhq e| �1 Wkxv/ jlyhq d frqvxpswlrq vwuhdp iF|j
"

|'f/ wkh xwlolw|

ri wkh djhqw lv jlyhq e|

"[
|'f

�|X +F|, @
"[
|'f

�|
F�3�
| � 4

4� �

Iroorzlqj Oxfdv/ L zloo fdoleudwh � wr htxdo 41 Vlqfh p| dqdo|vlv irfxvhv rq jurzwk h�hfwv/

wkh uhohydqw lqwhusuhwdwlrq iru � lv dv wkh lqyhuvh hodvwlflw| ri lqwhuwhpsrudo vxevwlwxwlrq1 Dq

hvwlpdwh ri 4 idoov zlwklq wkh udqjh ri hvwlpdwhv iru wklv phdvxuh lq wkh hpslulfdo olwhudwxuh/ h1j1

Hsvwhlq dqg ]lqq +4<<4,1

Wkh djhqw kdv gluhfw dffhvv wr d surgxfwlrq whfkqrorj|1 Dowkrxjk wkhuh lv dq htxlydohqw

ghfhqwudol}hg uhsuhvhqwdwlrq ri wklv hfrqrp| lq zklfk djhqwv rzq lqsxwv zklfk wkh| vhoo wr

surgxfhuv udwkhu wkdq kdylqj krxvhkrogv hqjdjh gluhfwo| lq surgxfwlrq/ lw lv hdvlhu h{srvlwlrqdoo|

wr dvvxph wkh djhqw fduulhv rxw surgxfwlrq wkdq wr lqwurgxfh idfwru pdunhwv1 Wkh rqo| lqsxw lq

wkh hfrqrp| lv fdslwdo1 Pruhryhu/ surgxfwlrq lv olqhdu lq fdslwdo/ zkhuh wkh qxpehu ri xqlwv wkdw

fdq eh surgxfhg iurp d jlyhq xqlw ri fdslwdo  xfwxdwhv vwrfkdvwlfdoo| ryhu wlph1 Lq sduwlfxodu/

\| @ D|N|

zkhuh D| lv dq l1l1g1 udqgrp yduldeoh/ dqg iru vlpsolflw| L vxssrvh wkhuh duh rqo| wzr srvvleoh

uhdol}dwlrqv ri D|/ l1h1 D| 5 iDf>D�j/ D� A Df1
5 Dowkrxjk lw lv vrphzkdw frqwulyhg wr dvvxph

wkdw fdslwdo lv wkh vroh idfwru ri surgxfwlrq/ zlwk dgglwlrqdo qrwdwlrq rqh fdq prgli| wkh prgho

wr doorz iru oderu dqg kxpdq fdslwdo/ dv looxvwudwhg e| Pdqxhool/ Mrqhv/ dqg Vwdffkhwwl +4<<<,1

Wkh| vkrz wkdw li wkh surgxfwlrq ixqfwlrq ri rxwsxw lv krprjhqhrxv ri ghjuhh 4 lq sk|vlfdo

dqg kxpdq fdslwdo/ wkhuh h{lvwv d xqltxh htxloleulxp lq zklfk erwk sk|vlfdo dqg kxpdq fdslwdo

duh dffxpxodwhg dw wkh vdph udwh/ pdnlqj wkh wzr0idfwru prgho hvvhqwldoo| htxlydohqw wr wkh

rqh0idfwru prgho frqvlghuhg khuh1

Vlqfh fdslwdo lv wkh vroh idfwru ri surgxfwlrq/ wkh wuhqg sdwk ri rxwsxw +dqg frqvhtxhqwo|

frqvxpswlrq, ghshqgv rq wkh hyroxwlrq ri wkh fdslwdo vwrfn N|1 Dw gdwh 3/ wkh djhqw lv hqgrzhg

zlwk vrph lqlwldo dprxqw ri fdslwdo Nf1 Eh|rqg wklv gdwh/ wkh ohyho ri fdslwdo ghshqgv rq wkh

5Wkxv/ wkh rqo| vrxufh ri  xfwxdwlrqv lq wklv hfrqrp| duh surgxfwlylw| vkrfnv1 Krzhyhu/ iroorzlqj Hdwrq
+4<;4,/ zh fdq uhlqwhusuhw whfkqrorj| vkrfnv lq wklv prgho dv jryhuqphqw srolf| vkrfnv1 Wkdw lv/ vxssrvh
surgxfwlylw| zhuh frqvwdqw ryhu wlph/ l1h1 t| ' �g|1 Doorzlqj iru d jryhuqphqw wr froohfw dq l1l1g udqgrp
iudfwlrq � | ri wkh lqfrph ri wkh uhsuhvhqwdwlyh krxvhkrog wr �qdqfh frqwhpsrudqhrxv jryhuqphqw sxufkdvhv
ohdyhv wkh uhsuhvhqwdwlyh djhqw zlwk dq lqfrph ri t| ' E�3 � |��g|  �|g|1

8



hqgrjhqrxv ghflvlrqv ri wkh djhqw1 Li dq djhqw ehjlqv wkh shulrg zlwk N| xqlwv/ d iudfwlrq � ri

wkh fdslwdo ghsuhfldwhv gxulqj wkh shulrg/ vr wkdw e| wkh hqg ri wkh shulrg rqo| +4� �,N| xqlwv

uhpdlq1 Wkh djhqw fdq dgg wr wkh vwrfn ri fdslwdo wkdw lv ohiw e| vhwwlqj dvlgh vrph ri wkh rxwsxw

iurp wkh fxuuhqw shulrg dqg frqyhuwlqj lw lqwr fdslwdo1 Wkh whfkqrorj| iru surgxflqj qhz fdslwdo

iurp rxwsxw lv fkdudfwhul}hg e| d ixqfwlrq �+L|>N|, zklfk ghshqgv rq wkh h{lvwlqj vwrfn ri

fdslwdo N| dqg wkh dprxqw ri rxwsxw vhw dvlgh iru surgxflqj fdslwdo L|/ zkhuh � +�> �, lv dvvxphg

wr eh krprjhqrxv ri ghjuhh 4 dqg lqfuhdvlqj lq lwv �uvw dujxphqw1 Jlyhq wkh krprjhqhlw| ri

ghjuhh 4/ zh fdq uhzulwh wklv surgxfwlrq ixqfwlrq dv

� +L|>N|, @ !

�
L|
N|

�
N|

zkhuh !� +�, A 31 Wkh vwrfn ri fdslwdo wkdw lv dydlodeoh iru surgxfwlrq dw wkh ehjlqqlqj ri shulrg

w. 4 lv wkxv jlyhq e|

N|n� @ �+L|>N|, . +4� �,N|

@

�
!

�
L|
N|

�
. 4� �

�
N| +514,

E| uhshdwhg vxevwlwxwlrq ri wkh deryh htxdwlrq wr h{suhvv wkh fdslwdo vwrfn dw gdwh w dv d

ixqfwlrq ri wkh lqlwldo fdslwdo vwrfn Nf=

N| @

%
|\

r'f

!

�
Lr
Nr

�
. 4� �

&
Nf

Wklv vshfl�fdwlrq fruuhvsrqgv wr wkh iudphzrun ruljlqdoo| vwxglhg e| Ohykdul dqg Vulqlydvdq

+4<9<,/ h{fhsw wkdw wkh|/ dqg prvw vxevhtxhqw dxwkruv zkr xvh wklv prgho/ lpsrvh wzr dggl0

wlrqdo uhvwulfwlrqv1 Iluvw/ wkh| lpsrvh ixoo ghsuhfldwlrq/ l1h1 � @ 41 Wklv dvvxpswlrq lv qrw yhu|

dsshdolqj zkhq zh lqwhusuhw N| dv fdslwdo/ exw lw |lhogv d forvhg0irup vroxwlrq iru wkh djhqw*v

pd{lpl}dwlrq sureohp1 Vhfrqg/ wkh| dvvxph ! +�, lv olqhdu/ dqg pruh vshfl�fdoo| lv htxdo wr

wkh lghqwlw| ixqfwlrq1 Wklv dvvxpswlrq lv qdwxudo xqghu Ohykdul dqg Vulqlydvdq*v lqwhusuhwdwlrq

zkhuh N| uh hfwv zhdowk wkdw lv lqyhvwhg dw d jlyhq lqwhuhvw udwh1 Krzhyhu/ li zh lqwhusuhw N|

dv fdslwdo/ wklv dvvxpswlrq lpsolhv rxwsxw fdq eh frqyhuwhg rqh0iru0rqh lqwr fdslwdo1 Iroorzlqj

X}dzd +4<9<,/ lw lv dovr txlwh qdwxudo wr frqvlghu frqfdyh vshfl�fdwlrqv iru ! +�,/ vlqfh wkhvh

doorz iru lqfuhdvlqj pdujlqdo lqvwdoodwlrq frvwv1 Lq sduwlfxodu/ frqfdylw| lq ! +�, dvvxphv wkdw

dw odujhu ohyhov ri lqyhvwphqw/ dq lqfuhdvlqj dprxqw ri fdslwdo lv uhtxluhg mxvw wr lqvwdoo wkh qhz

fdslwdo +ru dowhuqdwlyho| lv hdwhq xs lq wkh surfhvv ri sxwwlqj wkh fdslwdo lq sodfh,/ d frqglwlrq

zklfk dsshduv wr dffrug zhoo zlwk hpslulfdo hylghqfh rq lqyhvwphqw1
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Wr vxppdul}h/ rxwsxw lq shulrg w ghshqgv rq wkh dprxqw ri fdslwdo dydlodeoh iru surgxfwlrq

dw wkh ehjlqqlqj ri wkh shulrg/ l1h1 \| @ D|N|1 Rxw ri wklv rxwsxw/ wkh djhqw frqvxphv dq

dprxqw F|/ dqg xvhv wkh uhpdlqghu L| @ \| � F| wr lqyhvw lq fdslwdo iru wkh qh{w shulrg1 Lw

zloo suryh frqyhqlhqw wr gh�qh f| @
F|

\|
dv wkh iudfwlrq ri rxwsxw wkh djhqw frqvxphv/ dqg

l| @
L|
\|

@ 4� f| dv wkh iudfwlrq ri rxwsxw wkdw wkh djhqw vhwv dvlgh iru lqyhvwphqw1 Xvlqj wklv

qrwdwlrq/ zh fdq uhzulwh wkh frqvxpswlrq vwuhdp wkh djhqw fkrrvhv lq d irup wkdw lv uhplqlvfhqw

ri Oxfdv* ruljlqdo vshfl�fdwlrq=

F| @ f|D|N|

@ f|D|

%
|\

r'f

! +lrDr, . 4� �

&
Nf

�

%
|\

r'f

�r

&
+4 . %|,Ff +515,

zkhuh �r @ ! +lrDr, . 4 � � lv wkh jurzwk udwh ri wkh fdslwdo vwrfn/ %| @
f|D|

ffDf
� 4 uhsuhvhqwv

wkh ohyho ri frqvxpswlrq iru d jlyhq ohyho ri fdslwdo/ dqg Ff lv wkh lqlwldo ohyho ri frqvxpswlrq1

Qrwh wkdw li wkh jurzwk udwh ri fdslwdo �r zhuh frqvwdqw ryhu wlph/ wkh frqvxpswlrq vwuhdp

wkh djhqw fkrrvhv zrxog vlpsoli| wr �| +4 . %|,Ff/ zklfk lv h{dfwo| wkh irup Oxfdv srvlwhg1

Wkh prgho lqvwhdg |lhogv d vwrfkdvwlf wuhqg

�
|T

r'f

�r

�
Ff lq zklfk wkh shupdqhqw frpsrqhqw ri

frqvxpswlrq jurzwk  xfwxdwhv ryhu wlph1

Vlqfh wkh frqvxpswlrq vwuhdp deryh lv hqgrjhqrxv/ zh fdq xvh wklv prgho wr vwxg| krz holp0

lqdwlqj djjuhjdwh  xfwxdwlrqv vkrxog d�hfw frqvxpswlrq fkrlfhv dqg frqvhtxhqwo| wkh zhoiduh

ri wkh uhsuhvhqwdwlyh djhqw/ dqg wkxv uhylvlw wkh txhvwlrq dv wr zkhwkhu exvlqhvv f|fohv fdq

lqyroyh vxevwdqwldo zhoiduh orvvhv1 Lq wkh suhvhqw frqwh{w/ wkh prvw qdwxudo qrwlrq iru vwdelol}d0

wlrq lqyroyhv uhsodflqj wkh vwrfkdvwlf surfhvv iru D| zlwk d frqvwdqw surfhvv zkhuh surgxfwlylw|

lv htxdo wr lwv dyhudjh ydoxh D @ �
2
+Df .D�,1 Ehiruh L surfhhg zlwk wkh dqdo|vlv/ wkrxjk/ d

ihz frpphqwv duh lq rughu1 Li zh lqwhusuhw D| dv h{rjhqrxv surgxfwlylw| vkrfnv/ wkhq xqohvv

jryhuqphqw srolf| fdq gluhfwo| d�hfw whfkqrorj|/ wkhuh lv qr zd| iru jryhuqphqw lqwhuyhqwlrq wr

dyrlg wkh frvw ri djjuhjdwh  xfwxdwlrqv1 Hyhq wkrxjk wkh jryhuqphqw fdq uhsolfdwh wkh h�hfwv

ri surgxfwlylw| vkrfnv wkurxjk wd{hv/ wkh htxloleulxp lv Sduhwr rswlpdo/ dq| vxfk vfkhph wkdw

glvwruwv wkh lqfhqwlyhv ri wkh djhqw wr irro klp lqwr gl�huhqw frqvxpswlrq dqg vdylqjv fkrlfhv

zloo rqo| uhvxow lq orzhu zhoiduh1 Khqfh/ wkh frvw ri exvlqhvv f|fohv uhsuhvhqwv d sxuho| k|sr0

wkhwlfdo rqh zklfk fdqqrw eh dyrlghg wkurxjk dfwlyh vwdelol}dwlrq1 E| frqwudvw/ li zh ylhz D|

:



dv vsxulrxv vkrfnv wr �vfdo srolf| dv shu irrwqrwh 5/ zh fdq lqwhusuhw wkh frvw ri  xfwxdwlrqv

dv rqh wkdw fdq eh dyrlghg e| dfwlqj wr holplqdwh duelwudu| yrodwlolw| lq srolf|1 Krzhyhu/ lw lv

lpsruwdqw wkdw wkh  xfwxdwlrqv wkdw duh holplqdwhg duh duelwudu| udwkhu wkdq dq rswlpdo uh0

vsrqvh wr vrph rwkhu xqghuo|lqj vkrfn1 Iru h{dpsoh/ rqh fdqqrw xvh wkh orjlf ri wkh prgho wr

dujxh jryhuqphqwv vkrxog dyrlg vhdvrqdo  xfwxdwlrqv lq vshqglqj vxfk dv vqrz uhprydo lq wkh

zlqwhu1 Lq wkdw fdvh/ vprrwklqj jryhuqphqw vshqglqj ryhu wkh |hdu zrxog holplqdwh yrodwlolw|/

exw lw zrxog dovr suhyhqw uhvrxufhv iurp ehlqj doorfdwhg wr dgguhvv xqghuo|lqj zhdwkhu vkrfnv

wkdw duh vhdvrqdo lq dqg ri wkhpvhoyhv1 Wkh kdup fdxvhg e| wkh odwwhu pd| r�vhw dq| ri wkh

ehqh�wv iurp holplqdwlqj  xfwxdwlrqv/ qhjdwlqj dq| ri wkh ehqh�wv iurp vwdelol}dwlrq1 Wkxv/

wr wkh h{whqw wkh prgho lpsolhv d odujh frvw ri djjuhjdwh  xfwxdwlrqv/ lw fdq eh xvhg wr mxvwli|

vwdelol}dwlrq srolflhv rqo| li xqghuo|lqj djjuhjdwh  xfwxdwlrqv duh duelwudu| dqg fdq eh holpl0

qdwhg wkurxjk jryhuqphqw dfwlrq � vxfk dv fdsulflrxv srolf|pdnlqj ru vxqvsrwv � udwkhu wkdq

iru dq| xqghuo|lqj vrxufh ri pdfurhfrqrplf yrodwlolw|1

Wkh frqvxpswlrq vwuhdp deryh lv ghwhuplqhg e| wkh djhqw/ zkr vroyhv wkh pd{lpl}dwlrq

sureohp

Y +Nf> Df, � pd{
�|

Hf

%
"[
|'f

�|
F�3�
|

4� �

&
+516,

vxemhfw wr

N|n� @

�
!

�
D|N| �F|

N|

�
. 4� �

�
N|

Lw lv hdvlhu wr dqdo|}h wklv sureohp xvlqj d uhfxuvlyh irupxodwlrq wr vroyh iru wkh ydoxh ixqfwlrq

Y +N|>D|,/ qdpho|

Y +N|>D|, @ pd{
�|

+
F�3�
|

4� �
. �H ^Y +N|n�>D|n�,`

,

@ pd{
S|

+
+f|D|N|,

�3�

4� �
. �H ^Y +^! +l|D|, . 4� �`N|>D|n�,`

,
+517,

Zh jxhvv wkdw wkh ydoxh ixqfwlrq Y +N|>D|, dvvxphv wkh irup

Y +N|>D|, @
d +D|,N

�3�
|

4� �

lq zklfk fdvh zh fdq uhzulwh wkh deryh Ehoopdq htxdwlrq dv

d +D|, @ pd{
S|Mdfc�o

+f|D|,
�3� . �H ^d +D|n�,` ^! ++4� f|,D|, . 4� �`�3� +518,

;



Zh fdq xvh wklv htxdwlrq wr vroyh iru f| +dqg wkxv l| @ 4 � f|,/ doorzlqj xv wr vroyh iru wkh

frqvxpswlrq vwuhdp wkh djhqw zrxog fkrrvh zkhq D|  xfwxdwhv dqg zkhq lw lv �{hg1 L ehjlq

dqdo|}lqj wklv htxdwlrq iru wkh vshfldo fdvh zkhuh ! +�, lv olqhdu/ l1h1 ! +{, @ {/ dqg wkhq wxuq

wr wkh fdvh zkhuh ! +�, lv frqfdyh1

5141 Jurzwk H�hfwv wkurxjk wkh Ohyho ri Lqyhvwphqw

Dv qrwhg hduolhu/ suhylrxv dxwkruv kdyh irfxvhg rq wkh vshfldo fdvh zkhuh ! +{, @ {1 Wr doorz

iru d forvhg irup vroxwlrq iru f| dqg l| lq wklv hqylurqphqw/ L qhhg wr dvvxph � @ 41 Wkh Ehoopdq

htxdwlrq +517, deryh vlpsol�hv wr

d +D|, @ pd{
S|Mdfc�o

+f|D|,
�3� . �H ^d +D,` ++4� f|,D|,

�3�

AIurp wkh �uvw rughu frqglwlrq/ zh kdyh

f3�| @ �H ^d +D,` +4� f|,
3�

zklfk lpsolhv f| lv lqghshqghqw ri D|/ l1h1 wkh djhqw fkrrvhv wr frqvxph d frqvwdqw iudfwlrq f

ri klv lqfrph uhjdugohvv ri wkh fxuuhqw ohyho ri surgxfwlylw|1 Wr vroyh iru f/ dyhudjh wkh Ehoopdq

htxdwlrq ryhu wkh uhdol}dwlrqv ri D wr vroyh iru H ^d +D,`=

H ^d +D,` @
f�3�H

�
D�3�

�
4� � +4� f,�3� H ^D�3� `

Vxevwlwxwlqj wklv edfn lqwr wkh �uvw rughu frqglwlrq |lhogv

f @ 4�
�
�H

�
D�3�

�� �

� +519,

l @
�
�H

�
D�3�

�� �

� +51:,

Wr hqvxuh dq lqwhulru vroxwlrq/ zh qhhg wr lpsrvh wkdw �H
�
D�3�

�
? 41

Wkh lpsolhg jurzwk udwh ri wkh fdslwdo vwrfn lv jlyhq e|

�| @ ! +lD|, . 4� �

@ lD|

Lw iroorzv wkdw wkh prgho dgplwv jurzwk h�hfwv rqo| wkurxjk fkdqjhv lq wkh dyhudjh ohyho ri

lqyhvwphqw l1 Lq sduwlfxodu/ vlqfh l lv frqvwdqw hyhq zkhq D|  xfwxdwhv/ wkh dyhudjh jurzwk udwh

<



lv jlyhq e|

H ^�|` @ H ^lD|`

@ lH ^D|`

@ lD

Krzhyhu/ zkhq djjuhjdwh surgxfwlylw| lv vwdelol}hg vr wkdw D| @ D iru doo w/ wkh lpsolhg jurzwk

udwh lv jlyhq e| lWD/ zkhuh lW ghqrwhv wkh lqyhvwphqw udwh zkhq djjuhjdwh surgxfwlylw| lv

frqvwdqw +dqg htxdo wr D,1 Khqfh/ wkh dyhudjh jurzwk udwh ri wkh fdslwdo vwrfn H ^�` zloo

fkdqjh li dqg rqo| li lW 9@ l/ l1h1 li wkh dyhudjh lqyhvwphqw udwh fkdqjhv1 Wkxv/ zkhq ! +�, lv

olqhdu/ jurzwk h�hfwv rshudwh rqo| li wkh holplqdwlrq ri djjuhjdwh vkrfnv lqgxfhv fkdqjhv lq wkh

dyhudjh ohyho ri lqyhvwphqw1 Iurp wkh h{suhvvlrq iru l deryh/ wkh idfw wkdw H
�
D�3�

�
W D

�3�

iru � V 4 lpsolhv wkdw vwdelol}lqj surgxfwlylw| wr lwv dyhudjh ydoxh D zloo lqfuhdvh l li � ? 4 exw

ghfuhdvh lw li � A 41 Wkxv/ wkh jurzwk udwh ri fdslwdo � dqg frqvhtxhqwo| frqvxpswlrq � fdq

hlwkhu lqfuhdvh ru ghfuhdvh zkhq djjuhjdwh vkrfnv duh vwdelol}hg/ ghshqglqj rq wkh xqghuo|lqj

suhihuhqfhv ri wkh djhqw1 Wkh revhuydwlrq wkdw zkhwkhu djhqwv vdyh pruh lq wkh devhqfh ri

 xfwxdwlrqv ghshqgv rq zkhwkhu wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq lv ohvv wkdq 4 zdv �uvw

hvwdeolvkhg e| Skhosv +4<95,/ dqg lv e| qrz zlgho| dssuhfldwhg1

Jlyhq wkh deryh vroxwlrqv iru l dqg f/ zh fdq qrz irupdoo| vwxg| krz vwdelol}dwlrq d�hfwv

wkh sdwk ri frqvxpswlrq +515, wkh djhqw fkrrvhv1 Vwdelol}dwlrq lqgxfhv wkuhh glvwlqfw fkdqjhv

lq wkh frqvxpswlrq vwuhdp1 Iluvw/ vhwwlqj D| htxdo wr lwv dyhudjh ydoxh vhuyhv wr holplqdwh doo

yduldwlrq durxqg wuhqg frqvxpswlrq1 Irupdoo|/ vlqfh D| lv wkh vdph iru doo w/ wkh ghyldwlrq

iurp wuhqg %| @
f|D|

ffDf
� 4 @ 31 Vhfrqg/ iru d jlyhq lqyhvwphqw udwh l/ vwdelol}lqj djjuhjdwh

surgxfwlylw| D| uhsodfhv wkh vwrfkdvwlf wuhqg lq frqvxpswlrq
�T|

r'f lDr

�
Ff zlwk d ghwhuplqlvwlf

wuhqg
�
lD
�|
Ff wkdw kdyh wkh vdph h{shfwdwlrq1 Wkxv/ vwdelol}dwlrq holplqdwhv  xfwxdwlrqv lq

wuhqg frqvxpswlrq dv zhoo dv  xfwxdwlrqv durxqg wuhqg frqvxpswlrq1 Ilqdoo|/ holplqdwlqj

yrodwlolw| d�hfwv wkh lqfhqwlyhv ri wkh djhqw wr vdyh/ lqgxflqj d fkdqjh lq wkh lqyhvwphqw udwh

iurp l wr lW1 Wklv zloo fkdqjh wkh ghwhuplqlvwlf wuhqg lq frqvxpswlrq
�
lD
�|
dqg wkxv wkh dyhudjh

jurzwk udwh ri frqvxpswlrq1

Hdfk ri wkh wkuhh h�hfwv deryh udlvhv wkh zhoiduh ri wkh djhqw> wkh �uvw wzr h�hfwv holplqdwh

whpsrudu| dqg shuvlvwhqw  xfwxdwlrqv lq frqvxpswlrq/ zkloh wkh odvw h�hfw uh hfwv wkh jdlq

iurp doorzlqj wkh djhqw wr dgmxvw krz wkh iudfwlrq ri lqfrph kh frqvxphv lq uhvsrqvh wr

fkdqjhv lq wkh xqghuo|lqj hqylurqphqw kh idfhv1 Krzhyhu/ dv suhylrxv dxwkruv kdyh vkrzq/ iru
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uhdvrqdeoh vshfl�fdwlrqv ri xwlolw|/ doo wkuhh lqyroyh qhjoljleoh fkdqjhv lq zhoiduh zkhq fdoleudwhg

wr X1V1 frqvxpswlrq gdwd1 Oxfdv* ruljlqdo fdofxodwlrq vkrzhg wkdw holplqdwlqj  xfwxdwlrqv lq

frqvxpswlrq durxqg d wuhqg zloo lqfuhdvh zhoiduh e| ohvv wkdq 3=4( hyhq li zh dwwulexwh doo ri

wkh yrodwlolw| lq shu0fdslwd frqvxpswlrq wr ghyldwlrqv iurp wuhqg1 Revwihog +4<<7, hydoxdwhg

wkh zhoiduh jdlqv ri uhsodflqj d vwrfkdvwlf wuhqg zlwk d ghwhuplqlvwlf wuhqg zlwk wkh vdph phdq1

Hyhq zkhq kh dwwulexwhv doo ri wkh  xfwxdwlrqv lq frqvxpswlrq wr shupdqhqw vkrfnv wr wuhqg

frqvxpswlrq/ kh frpsxwhv d zhoiduh frvw ri qr pruh wkdq 3=6( zkhq � � 4�51 Wklv mxvw hfkrhv

wkh fodlp pdgh lq wkh Lqwurgxfwlrq wkdw frqvxpswlrq ulvn dw exvlqhvv f|foh iuhtxhqflhv lv ri

qhjoljleoh lpsruwdqfh1 Pruhryhu/ jurzwk h�hfwv dvvrfldwhg zlwk fkdqjhv lq dyhudjh lqyhvwphqw

dovr |lhog rqo| plqlpdo zhoiduh jdlqv iru uhdvrqdeoh sdudphwhu ydoxhv1 Hsdxodug dqg Srpphuhw

+5333, dqg Pdwkhurq dqg Pdxu| +5333, erwk frpsxwh wkhvh zhoiduh jdlqv/ dqg �qg wkdw iru

� � 4�5/ wkh jdlq iurp fkdqjhv lq wkh jurzwk udwh wkdw duh gxh wr fkdqjhv lq dyhudjh lqyhvwphqw

dprxqwv wr ohvv wkdq 3=4( ri frqvxpswlrq1 Iru � @ 4/ wklv lv qrw hqwluho| vxusulvlqj/ vlqfh zh

mxvw dujxhg deryh wkdw holplqdwlqj  xfwxdwlrqv kdv qr h�hfw rq dyhudjh lqyhvwphqw dqg wkxv

rq jurzwk zkhq wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq lv htxdo wr xqlw|1 Exw hyhq iru sodxvleoh

ydoxhv ri � wkdw duh gl�huhqw iurp 4/ wkh zhoiduh jdlqv iurp fkdqjhv lq l frqwlqxh wr eh vpdoo1

Wkh idfw wkdw fkdqjhv lq wkh jurzwk udwh lqyroyh rqo| qhjoljleoh zhoiduh jdlqv pljkw vhhp dw

�uvw wr frqwudglfw wkh lqwxlwlrq lq Oxfdv* ruljlqdo wuhdwlvh lq zklfk kh dujxhg wkdw hyhq prghvw

jurzwk h�hfwv kdyh kxjh zhoiduh frqvhtxhqfhv1 Krzhyhu/ Oxfdv* uhvxow � wkdw dq djhqw zrxog

vdful�fh xs wr 53( ri klv lqlwldo frqvxpswlrq wr lqfuhdvh wkh jurzwk udwh e| mxvw rqh shufhqwdjh

srlqw � shuwdlqv wr dq lqfuhdvh lq jurzwk vwduwlqj iurp d jlyhq lqlwldo ohyho ri frqvxpswlrq Ff/

dv looxvwudwhg lq wkh erwwrp sdqho ri Iljxuh 41 E| frqwudvw/ jurzwk h�hfwv wkdw duh gxh wr

fkdqjhv lq wkh dyhudjh ohyho ri lqyhvwphqw duh frqfhswxdoo| txlwh gl�huhqw1 Lq sduwlfxodu/ li wkh

jurzwk udwh ri frqvxpswlrq ulvhv ehfdxvh dyhudjh lqyhvwphqw l ulvhv/ lw pxvw eh dovr wuxh wkdw

wkh iudfwlrq ri lqfrph wkh djhqw frqvxphv/ f @ 4� l/ zloo idoo1 Khqfh/ d kljkhu dyhudjh jurzwk

udwh zloo eh dvvrfldwhg zlwk d orzhu h{shfwhg lqlwldo frqvxpswlrq Ff @ fDNf/ dv looxvwudwhg

lq wkh erwwrp sdqho ri Iljxuh 41 Wklv idoo lq lqlwldo frqvxpswlrq zlshv rxw prvw ri wkh jdlqv

iurp idvwhu jurzwk wkdw duh lqkhuhqw lq Oxfdv* fdofxodwlrq1 Lq rughu wr jhqhudwh vxevwdqwldo

zhoiduh jdlqv dorqj wkh pdjqlwxghv Oxfdv uhsruwv/ rqh pxvw dujxh wkdw vwdelol}dwlrq uhvxowv lq

kljkhu jurzwk iru d jlyhq lqlwldo frqvxpswlrq Ff/ ru dowhuqdwlyho|/ iru d jlyhq ohyho ri dyhudjh

lqyhvwphqw l16

6Lw vkrxog eh qrwhg wkdw zhoiduh h�hfwv wkdw duh gxh wr fkdqjhv lq wkh ohyho ri lqyhvwphqw pljkw eh sduwlfxoduo|
vpdoo lq wkh �g prgho/ zkhuh wkh ruljlqdo jurzwk udwh +lq wkh suhvhqfh ri vkrfnv, lv h!flhqw1 Lq d prgho zlwk
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5151 Jurzwk H�hfwv wkurxjk Lqyhvwphqw Yrodwlolw|

Wkh odvw uhpdun deryh klqwv dw d uroh iru frqfdylw| lq wkh lqyhvwphqw ixqfwlrq ! +�, lq jhqhudwlqj

odujh zhoiduh frvwv iurp djjuhjdwh  xfwxdwlrqv1 Lq sduwlfxodu/ vxssrvh wkdw zh vwdelol}h D dqg

irufh wkh djhqw wr ohdyh dyhudjh lqyhvwphqw wr fdslwdo udwlr xqfkdqjhg/ l1h1 zh irufh wkh djhqw

wr fkrrvh d vdylqjv udwh lW vxfk wkdw

lWD @ H ^lD`

Lw iroorzv wkdw fW @ 4� lW vdwlv�hv

fWD @ +4� lW,D

@ D�H ^lD`

H ^+4� l,D`

@ H ^fD`

zklfk lqvxuhv dyhudjh lqlwldo frqvxpswlrq H ^Ff` @ H ^fD`Nf uhpdlqv xqfkdqjhg e| wkh holpl0

qdwlrq ri  xfwxdwlrqv1 Krzhyhu/ dv orqj dv lfDf 9@ l�D�/ frqfdylw| zrxog lpso| wkdw H ^! +lD,` ?

! +H ^lD`, @ !
�
lWD

�
/ vr dyhudjh jurzwk lv kljkhu rqfh vkrfnv duh holplqdwhg hyhq wkrxjk dy0

hudjh lqlwldo frqvxpswlrq uhpdlqv xqfkdqjhg1 Lqwxlwlyho|/ li wkh lqyhvwphqw wr fdslwdo udwlr
L

N
 xfwxdwhv ryhu wlph/ glplqlvklqj uhwxuqv wr lqyhvwphqw lpso| wkdw uhvrxufhv frxog eh uhdoor0

fdwhg wr dfklhyh d kljkhu dyhudjh jurzwk udwh ri wkh fdslwdo vwrfn1 E| vkliwlqj vrph lqyhvwphqw

iurp shulrgv ri kljk lqyhvwphqw/ zkhq wkh uhwxuq wr dgglwlrqdo lqyhvwphqw lv idluo| orz vlqfh

lw lqyroyhv kljk lqvwdoodwlrq frvwv/ wr shulrgv ri orz lqyhvwphqw/ zkhq wkh uhwxuq wr dgglwlrqdo

lqyhvwphqw lv idluo| kljk1 Vwdelol}dwlrq hvvhqwldoo| dfklhyhv wklv e| uhprylqj wkh lqfhqwlyhv iru

wkh djhqw wr fkdqjh klv lqyhvwphqw wr fdslwdo udwlr ryhu wlph/ wkxv doorzlqj wkh djhqw wr dwwdlq

d vwhhshu frqvxpswlrq sdwk zlwkrxw iruflqj klp wr jlyh xs lqlwldo frqvxpswlrq1

Wr hvwdeolvk wkh dujxphqw irupdoo|/ L �uvw qhhg wr dujxh wkdw li D|  xfwxdwhv ryhu wlph/ vr

zloo wkh htxloleulxp lqyhvwphqw udwh
L|
N|

@ l|D|1 Krzhyhu/ L �uvw qhhg wr lpsrvh vrph uhjxodulw|

frqglwlrqv rq ! +�,1 Vshfl�fdoo|/ vxssrvh ! +�, lv vwulfwo| frqfdyh/ zkhuh olp%<f !
� +{, @4 dqg

olp%<" !� +{, @ 31 Xqghu wkhvh dvvxpswlrqv/ zh fdq hvwdeolvk wkh iroorzlqj=

h{whuqdo h�hfwv zkhuh wkh htxloleulxp jurzwk udwh fdq eh vxsrswlpdo/ h1j1 wkh U)G prgho h{dplqhg lq Eduohy|
+5333,/ d fkdqjh lq dyhudjh lqyhvwphqw pd| pdnh djhqwv vljql�fdqwo| ehwwhu ru zruvh r� e| prylqj wrzdugv
ru dzd| iurp wkh rswlpdo jurzwk udwh1 Krzhyhu/ wkhvh zhoiduh h�hfwv zrxog vwloo uhpdlq idu vpdoohu wkdq wkrvh
frpsxwhg e| Oxfdv/ vlqfh vkliwlqj frqvxpswlrq iurp wkh suhvhqw wr wkh ixwxuh ru ylfh0yhuvd d�hfwv zhoiduh ohvv
wkdq fkdqjlqj wkh vorsh ri wkh frqvxpswlrq sur�oh kroglqj lqlwldo frqvxpswlrq �{hg1
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Sursrvlwlrq 4= Vxssrvh D� A Df1 Wkhq
L

N
lv lqfuhdvlqj lq D/ l1h1 wkh lqyhvwphqw wr fdslwdo

udwlr lv vwulfwo| kljkhu zkhq djjuhjdwh surgxfwlylw| lv kljkhu1

Surri = Iurp wkh �uvw rughu frqglwlrq ri wkh Ehoopdq htxdwlrq/ zh kdyh

+f|D|,
3� @ �H ^d +D|n�,` ^! ++4� f|,D|, . 4� �`3� !� ++4� f|,D|,

Zh fdq uhduudqjh wklv htxdwlrq wr rewdlq

!� +l|D|, @
4

�H ^d +D|n�,`

�
! +l|D|,

D| +4� l|,

��

+51;,

Ohw { @ lD1 Wkhq zh fdq uhzulwh wkh �uvw rughu frqglwlrq dv

!� +{, @ n

�
! +{, . 4� �

D� {

��

zkhuh n lv d srvlwlyh frqvwdqw1 Vlqfh !� +{, lv ghfuhdvlqj lq { dqg

�
! +{,

D| � {

��

lv lqfuhdvlqj lq

{/ wkhuh h{lvwv dw prvw rqh { zklfk vroyhv wklv htxdwlrq1 H{lvwhqfh wkhq iroorzv iurp wkh olplw

frqglwlrqv olp%<f !
� +{, @ 4 dqg olp%<" !� +{, @ 31 Li zh uhzulwh wklv htxloleulxp frqglwlrq

dv i +{>D, � !� +{,�
4

�H ^d +D|n�,`

�
! +{,

D� {

��

@ 3/ wkh idfw wkdw i% ? 3 dqg i� A 3 lpso| wkdw

dv D ulvhv/ { pxvw dovr ulvh wr pdlqwdlq i +{>D, @ 3/ zklfk hvwdeolvkhv wkh fodlp iroorzv1 �

Wkh deryh Sursrvlwlrq hvwdeolvkhv wkdw li zh vwdelol}h D| dw lwv dyhudjh ydoxh exw irufh wkh

djhqw wr nhhs dyhudjh lqyhvwphqw wr fdslwdo udwlr xqfkdqjhg/ zh fdq dwwdlq d kljkhu dyhudjh

jurzwk vwduwlqj iurp wkh vdph lqlwldo frqvxpswlrq rq dyhudjh1 Khqfh/ Oxfdv* zhoiduh fdofxod0

wlrqv dsso|= li � @ 4/ wkhq iru hdfk rqh srlqw lqfuhdvh lq jurzwk wkdw lv gxh wr uhgxfhg yrodwlolw|

lq lqyhvwphqw/ wkh djhqw zrxog eh zloolqj wr vdful�fh dssur{lpdwho| 53( ri klv lqlwldo frqvxps0

wlrq1 Wklv vxjjhvwv wkdw e| vwdelol}lqj djjuhjdwh vkrfnv lq D| dqg iruflqj wkh djhqw wr nhhs

wkh dyhudjh lqyhvwphqw wr fdslwdo udwlr frqvwdqw/ zh fdq pdnh wkh djhqw vljql�fdqwo| ehwwhu1

Ixuwkhupruh/ e| ohwwlqj wkh djhqw fkrrvh d gl�huhqw lqyhvwphqw udwh l 9@ lW/ zh zloo rqo| pdnh

wkh djhqw ehwwhu r�/ vlqfh uhfdoo wkdw wkh htxloleulxp ri wklv hfrqrp| lv Sduhwr rswlpdo1 Wkxv/

wkh jurzwk h�hfwv wkdw duh gxh wr lqyhvwphqw yrodwlolw| r�hu d orzhu erxqg rq wkh zhoiduh jdlqv

iurp holplqdwlqj djjuhjdwh  xfwxdwlrqv1 Pruh jhqhudoo|/ li h{whuqdolwlhv lpso| wkh jurzwk udwh

lv lqh!flhqw/ fkdqjhv lq dyhudjh lqyhvwphqw wkdw duh lqgxfhg e| wkh holplqdwlrq ri djjuhjdwh

 xfwxdwlrqv frxog hlwkhu lqfuhdvh ru ghfuhdvh zhoiduh1 Krzhyhu/ dv douhdg| qrwhg deryh/ wkh

zhoiduh lpsolfdwlrqv ri wkhvh fkdqjhv duh olnho| wr eh pxfk vpdoohu wkdq wkrvh frpsxwhg e|

Oxfdv1 Wkxv/ jurzwk h�hfwv wkdw vwhp iurp uhgxfhg yrodwlolw| lq lqyhvwphqw kdyh wkh srwhqwldo
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wr jhqhudwh idluo| vxevwdqwldo zhoiduh jdlqv iurp wkh holplqdwlrq ri djjuhjdwh yrodwlolw|/ pxfk

pruh wkdq wkh hvwlpdwhv uhsruwhg deryh1 Krz odujh wkhvh zhoiduh h�hfwv duh olnho| wr eh ghshqgv

rq wkh h{whqw ri glplqlvklqj uhwxuqv rq lqyhvwphqw/ zklfk pxvw eh ghwhuplqhg edvhg rq wkh

hpslulfdo hylghqfh1

Ehiruh wxuqlqj wr wkh uhohydqw hpslulfdo hylghqfh/ L forvh zlwk d uhpdun derxw wkh lqwxlwlrq

ehklqg p| uhvxowv1 Jlyhq wkh srwhqwldoo| odujh jdlqv iurp vprrwklqj wkh lqyhvwphqw wr fdslwdo

udwlr/ lw vhhpv qdwxudo wr dvn zk| wkh djhqw zrxog zloolqjo| lqgxfh yrodwlolw| lq lqyhvwphqw

jlyhq wkdw lw kdv vxfk d gudpdwlf lpsdfw rq zhoiduh1 Wr rewdlq vrph lqvljkwv rq wklv/ qrwh wkdw

wkh �uvw rughu frqglwlrq lq +51;, fdq eh uhzulwwhq dv

!� +l|D|, @

�
H ^�Yg +N|n�>D|n�,`

X � +F|,

�
3�

Wklv h{suhvvlrq lqvlgh wkh eudfnhwv lv mxvw pdujlqdo t/ l1h1 lw lv wkh udwlr ri wkh pdujlqdo ydoxh

ri d xqlw ri fdslwdo uhodwlyh wr wkh sulfh ri lqyhvwphqw +zklfk lv mxvw wkh sulfh ri rxwsxw/ khuh

qrupdol}hg wr 4,1 Wkxv/ wkh �uvw0rughu frqglwlrq fdq eh uhzulwwhq dv

!� +l|D|, @
4

t|

Dv orqj dv t|  xfwxdwhv ryhu wlph/ wkh djhqw zloo �qg lw rswlpdo wr fkdqjh klv lqyhvwphqw udwh

lq uhvsrqvh1 Iurp wkh surri ri wkh sursrvlwlrq deryh/ lw iroorzv wkdw kroglqj lqyhvwphqw �{hg/

d srvlwlyh surgxfwlylw| vkrfn zrxog whqg wr udlvh t|/ dqg zlwk lw wkh lqfhqwlyh wr lqfuhdvh lq0

yhvwphqw1 Wkxv/ wkh djhqw zloo �qg lw rswlpdo wr lqfuhdvh lqyhvwphqw lq uhvsrqvh wr d srvlwlyh

surgxfwlylw| vkrfn udwkhu wkdq nhhslqj lqyhvwphqw frqvwdqw1 Lq rwkhu zrugv/ wkh frvw ri djjuh0

jdwh  xfwxdwlrqv frphv qrw iurp wkh idfw wkdw lqyhvwphqw lv yrodwloh shu vh/ exw ehfdxvh wkh

xqghuo|lqj hqylurqphqw pdnhv lw rswlpdo iru wkh djhqw wr fkrrvh yrodwloh lqyhvwphqw1 Holplqdw0

lqj  xfwxdwlrqv uhpryhv wkh lqfhqwlyhv ri wkh djhqwv wr fkdqjh klv lqyhvwphqw udwh ryhu wlph/

zklfk pdnhv klp ehwwhu r�1 Exw lq wkh suhvhqfh ri djjuhjdwh  xfwxdwlrqv/ iruflqj wkh djhqw wr

nhhs d frqvwdqw lqyhvwphqw wr fdslwdo udwlr zrxog pdnh klp vwulfwo| zruvh r�1 Mxvw ehfdxvh wkh

djhqw fkrrvhv d yrodwloh sdwk iru lqyhvwphqw grhv qrw ghq| wkdw kh frxog eh pdgh vljql�fdqwo|

ehwwhu r� li wkh vkrfnv wkdw fdxvhg klp wr ehkdyh lq wklv zd| zhuh holplqdwhg1

61 Txdqwlwdwlyh Dqdo|vlv

Wkh suhfhglqj glvfxvvlrq ghprqvwudwhv wkdw lq hydoxdwlqj wkh h�hfw ri holplqdwlqj djjuhjdwh

 xfwxdwlrqv rq zhoiduh/ zh vkrxog wdnh lqwr dffrxqw erwk wkh uhgxfwlrq lq frqvxpswlrq yrodwlo0
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lw| dv zhoo dv fkdqjhv lq wkh orqj0uxq dyhudjh jurzwk udwh ri frqvxpswlrq1 Dv qrwhg lq wkh

Lqwurgxfwlrq/ suhylrxv dxwkruv kdyh douhdg| hvwdeolvkhg wkdw frqvxpswlrq yrodwlolw| dsshduv wr

lqyroyh rqo| qhjoljleoh zhoiduh orvvhv1 Wkh txhvwlrq/ wkhq/ lv zkhwkhu jurzwk h�hfwv fdq ohdg

wr pruh vljql�fdqw zhoiduh frvwv ri djjuhjdwh  xfwxdwlrqv1 Rqh zd| wr dgguhvv wklv txhvwlrq lv

wr dgrsw d uhgxfhg0irup dssurdfk ri hvwlpdwlqj krz wkh dyhudjh jurzwk udwh ghshqgv rq wkh

xqghuo|lqj yrodwlolw| suhvhqw lq wkh hfrqrp|1 Wkh glvfxvvlrq vxjjhvwv wkdw lq fduu|lqj rxw vxfk

dq h{huflvh/ lw lv lpsruwdqw wr glvwlqjxlvk ehwzhhq fkdqjhv lq wkh jurzwk udwh H ^�` kroglqj dy0

hudjh lqyhvwphqw �{hg iurp fkdqjhv lq H ^�` wkdw duh vwhp iurp fkdqjhv lq wkh dyhudjh ohyho ri

lqyhvwphqw/ vlqfh wkh wzr duh dvvrfldwhg zlwk yhu| gl�huhqw zhoiduh lpsolfdwlrqv1 Lq sduwlfxodu/

dq lqfuhdvh lq jurzwk iru d jlyhq ohyho ri dyhudjh lqyhvwphqw lv olnho| wr jhqhudwh pxfk odujhu

zhoiduh h�hfwv/ vlqfh lw doorzv iru pruh udslg frqvxpswlrq jurzwk zlwkrxw d gurs lq dyhudjh

lqlwldo frqvxpswlrq1 Zh fdq jdlq d vhqvh ri wkh pdjqlwxgh ri wklv jurzwk h�hfw e| hvwlpdwlqj

dyhudjh jurzwk dv d ixqfwlrq ri wkh yrodwlolw| ri lqyhvwphqw/ kroglqj dyhudjh lqyhvwphqw �{hg/

l1h1

H ^� m dyhudjh l` @ i +��, +614,

Xvlqj wkh hvwlpdwhg i +�,/ zh fdq suhglfw wkh ohyho ri jurzwk wkdw zrxog suhydlo li zh holplqdwhg

yrodwlolw| exw pdlqwdlqhg dyhudjh lqyhvwphqw dw wkh vdph ohyho1 Iru wkh prgho ghyhorshg deryh/

wkh zhoiduh jdlq iurp prylqj wr wklv qhz frqvxpswlrq vwuhdp zrxog hvwdeolvk d orzhu erxqg rq

wkh zhoiduh jdlqv iurp wkh holplqdwlrq ri djjuhjdwh  xfwxdwlrqv/ vlqfh dq| dgglwlrqdo fkdqjhv lq

wkh lqyhvwphqw udwh wkdw uhdoorfdwh frqvxpswlrq ehwzhhq wkh suhvhqw dqg wkh ixwxuh rqo| pdnh

wkh djhqw ehwwhu r�1

Iruwxqdwho|/ hvwlpdwhv ri +614, douhdg| h{lvw lq wkh olwhudwxuh1 Lq sduwlfxodu/ Udph| dqg Udph|

+4<<8, hvwlpdwh d vlplodu htxdwlrq xvlqj furvv0frxqwu| gdwd/ erwk iru d odujh vhw ri frxqwulhv

dv zhoo dv d vdpsoh wkdw lqfoxghv rqo| RHFG frxqwulhv1 Krzhyhu/ wkh| uhjuhvv dyhudjh jurzwk

rq wkh yrodwlolw| ri rxwsxw jurzwk �b udwkhu wkdq wkh yrodwlolw| ri wkh lqyhvwphqw ��/ zklfk

wkh prgho deryh lghqwl�hv dv wkh nh| idfwru lq ghwhuplqlqj dyhudjh jurzwk1 Wklv lv qrw pxfk

ri d sureohp/ wkrxjk/ vlqfh vwdelol}dwlrq zrxog holplqdwh yrodwlolw| lq erwk vhulhv/ dqg vr zh

fdq xvh hlwkhu phdvxuh ri yrodwlolw| wr lqihu wkh lpsolhg jurzwk udwh zkhq wkh yrodwlolw| ri wkh

xqghuo|lqj vkrfn lv vhw wr 317 Udph| dqg Udph| �qg wkdw kroglqj wkh dyhudjh lqyhvwphqw vkduh

7Lq dgglwlrq/ Udph| dqg Udph| frqwuro iru dyhudjh lqyhvwphqw xvlqj wkh lqyhvwphqw vkduh ri rxwsxw/ l1h1 wkh
udwlr ri lqyhvwphqw wr rxwsxw/ udwkhu wkdq wkh lqyhvwphqw wr fdslwdo udwlr dv lpsolhg e| wkh prgho1 Jlyhq wkh
gl!fxow| ri dvvhpeolqj uholdeoh gdwd rq fdslwdo/ wkh rxwsxw vkduh � lv pxfk hdvlhu wr phdvxuh wkdq wkh lqyhvwphqw
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ri rxwsxw �{hg/ d rqh shufhqwdjh srlqw uhgxfwlrq lq wkh vwdqgdug ghyldwlrq ri rxwsxw jurzwk lv

dvvrfldwhg zlwk dq lqfuhdvhg jurzwk udwh ri 3=5(1 Vlqfh wkh vwdqgdug ghyldwlrq ri rxwsxw jurzwk

lq wkh X1V1 lv 5=8(/ holplqdwlqj djjuhjdwh vkrfnv dowrjhwkhu vkrxog lqfuhdvh wkh jurzwk udwh

iurp 5=3( wr 5=8(1 Xvlqj wkh vdph gdwdvhw dv Udph| dqg Udph|/ L yhul�hg wkdw hvwlpdwlqj

+614, xvlqj wkh vwdqgdug ghyldwlrq ri wkh orj lqyhvwphqw vkduh �� udwkhu wkdq �+ |lhogv wkh

vdph suhglfwhg lqfuhdvh lq dyhudjh jurzwk kroglqj dyhudjh lqyhvwphqw �{hg1 Dsso|lqj Oxfdv*

hvwlpdwh wkdw dq djhqw zrxog vdful�fh 53( ri frqvxpswlrq iru d 4 srlqw lqfuhdvh lq jurzwk

zkhq � @ 4/ wkh lpsolhg zhoiduh jdlq iurp holplqdwlqj  xfwxdwlrqv lq D| lv dssur{lpdwho| 43(

ri lqlwldo frqvxpswlrq/ wzr rughuv ri pdjqlwxgh juhdwhu wkdq Oxfdv* ruljlqdo hvwlpdwh1 Wkxv/

hyhq wkrxjk frqvxpswlrq ulvn uhsuhvhqwv rqo| d plqru exughq ri djjuhjdwh  xfwxdwlrqv/ furvv0

frxqwu| gdwd vhhpv wr vxjjhvw d idu pruh vxevwdqwldo exughq rq djhqwv frplqj iurp wkh h�hfw

ri djjuhjdwh  xfwxdwlrqv rq orqj0uxq jurzwk1

Wkh deryh fdofxodwlrq uhsruwv wkh h�hfwv rq jurzwk li zh irufhg dyhudjh lqyhvwphqw wr uhpdlq

xqfkdqjhg1 Lq jhqhudo/ wkrxjk/ vwdelol}dwlrq frxog dovr d�hfw wkh dyhudjh ohyho ri lqyhvwphqw/

zklfk zrxog jhqhudwh dgglwlrqdo jurzwk h�hfwv1 Lq wkh prgho ghvfulehg deryh/ doorzlqj wkh

djhqw wr fkdqjh wkh iudfwlrq ri lqfrph kh doorfdwhv wr lqyhvwphqw zrxog rqo| pdnh klp ehwwhu

r�/ dqg vr dq| dgglwlrqdo fkdqjhv lq jurzwk zrxog rqo| pdnh wkh djhqw hyhq ehwwhu r� wkdq

li zh uhvwulfw dyhudjh lqyhvwphqw wr uhpdlq xqfkdqjhg1 Exw lq prghov zkhuh wkh jurzwk udwh

lv lqh!flhqw/ vxfk fkdqjhv lq dyhudjh lqyhvwphqw frxog pdnh wkh djhqw vwulfwo| zruvh r�/ lq

zklfk fdvh wkh deryh fdofxodwlrq zloo ryhuvwdwh wkh wuxh frvw ri exvlqhvv f|fohv1 Wklv lvvxh lv

wr vrph h{whqw dpholrudwhg e| dqrwkhu �qglqj grfxphqw e| Udph| dqg Udph|/ qdpho| wkdw

wkh dyhudjh ohyho ri l dfurvv frxqwulhv dsshduv wr eh xqfruuhodwhg zlwk xqghuo|lqj hfrqrplf

yrodwlolw| �+ 1 Udph| dqg Udph| �qg wklv sx}}olqj/ uho|lqj rq wkh lqwxlwlrq iurp suhylrxv zrun

lq zklfk ! +�, lv dvvxphg wr eh olqhdu dqg zkhuh jurzwk h�hfwv fdq rqo| rffxu wkurxjk fkdqjhv

lq dyhudjh lqyhvwphqw1 Krzhyhu/ wkh prgho deryh gholqhdwhv ehwzhhq jurzwk h�hfwv wkdw ghshqg

rq wkh ohyho ri lqyhvwphqw dqg wkrvh wkdw ghshqg rq wkh yrodwlolw| ri lqyhvwphqw/ dqg wkh odwwhu

lpso| dyhudjh jurzwk frxog eh kljkhu lq wkh devhqfh ri  xfwxdwlrqv hyhq li dyhudjh lqyhvwphqw

uhpdlqv xqfkdqjhg1 Wkh idfw wkdw yluwxdoo| doo ri wkh jurzwk h�hfwv Udph| dqg Udph| �qg

gr qrw dsshdu wr rshudwh wkurxjk lqyhvwphqw lv fuxfldo iru jhqhudwlqj vxevwdqwldo zhoiduh frvwv

iurp djjuhjdwh  xfwxdwlrqv/ vlqfh wkhvh duh dvvrfldwhg zlwk pruh vxevwdqwldo zhoiduh jdlqv iru

wkh djhqw1

wr fdslwdo udwlr ��1 Krzhyhu/ dv orqj dv surgxfwlylw| vkrfnv wr � duh uhodwlyho| vpdoo/ wkh lqyhvwphqw vkduh ri
JGS vkrxog vhuyh dv d xvhixo sur{| iru U*g1
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Dowkrxjk wkh furvv0frxqwu| gdwd |lhogv hvwlpdwhv ri jurzwk h�hfwv wkdw duh dvvrfldwhg zlwk

d odujh frvw ri exvlqhvv f|fohv/ zh vkrxog surfhhg zlwk vrph fdxwlrq lq uhdglqj wklv hylghqfh1

Diwhu doo/ gl�huhqfhv lq jurzwk udwhv dfurvv frxqwulhv frxog eh gxh wr d ydulhw| ri gl�huhqfhv

dfurvv frxqwulhv/ d srvvlelolw| wkdw lv xqghuvfruhg e| wkh idfw wkdw vrph ri Udph| dqg Udph|*v

hvwlpdwhv fkdqjh gudpdwlfdoo| zlwk wkh dgglwlrq ri fhuwdlq h{sodqdwru| yduldeohv1 Zkloh wkhlu

srlqw hvwlpdwh iru wkh frh!flhqw rq �b whqgv wr eh foxvwhuhg durxqg 3=5(/ wkhlu hvwlpdwhv udqjh

ehwzhhq 3=4 dqg 3=<(1 Lq dgglwlrq/ dowkrxjk wkh qhjdwlyh uhodwlrqvkls ehwzhhq wkh yrodwlolw| ri

jurzwk dqg wkh dyhudjh udwh ri jurzwk lv vwdwlvwlfdoo| vljql�fdqw/ lw lv qrw hvwlpdwhg zlwk juhdw

suhflvlrq1 Wklv vxjjhvwv orrnlqj pruh ghhso| dw wkh vrxufh ri glplqlvklqj uhwxuqv wr lqyhvwphqw

dqg jdxjh zkhwkhu lw frxog sodxvleo| jhqhudwh dq lqfuhdvh lq jurzwk iurp 5=3( wr 5=8( dv

vxjjhvwhg e| wkh furvv0frxqwu| hylghqfh1 Lq sduwlfxodu/ wkh prgho vxjjhvwv wkdw wkh nh| idfwru

lq jhqhudwlqj jurzwk h�hfwv lv fxuydwxuh lq wkh surgxfwlrq ri fdslwdo1 Wkxv/ dv d frpsohphqw wr

wkh uhgxfhg0irup dssurdfk/ zh fdq dvn zkhwkhu wkh surgxfwlrq ixqfwlrq iru lqyhvwphqw jrrgv

! +�, h{klelwv wkh uhtxlvlwh frqfdylw| wr jhqhudwh vxevwdqwldo jurzwk h�hfwv1

Wr dgguhvv wklv txhvwlrq/ frqvlghu �uvw wkh fdvh zkhuh ! +�, lv lvrhodvwlf/ l1h1

!

�
L

N

�
@

�
L

N

��

Glplqlvklqj dqg srvlwlyh uhwxuqv wr lqyhvwphqw uhtxluh d ydoxh ri ! 5 +3> 4,1 Wr ghwhuplqh

zkdw ghjuhh ri glplqlvklqj uhwxuqv lv qhfhvvdu| wr jhqhudwh dq lqfuhdvh lq jurzwk dorqj wkh

olqhv vxjjhvwhg e| wkh furvv0frxqwu| hylghqfh/ L iroorz Eduohy| +5333, lq �wwlqj frqvxpswlrq

gdwd wr d wzr uhjlph vwrfkdvwlf surfhvv wkdw vdwlv�hv +515,1 Xvlqj srvw0zdu gdwd/ wkdw sdshu

hvwlpdwhv wkdw wkh dyhudjh jurzwk udwh � lv htxdo wr 5=3(/ zlwk d vwdqgdug ghyldwlrq ri 4=;(1

Iru wkh lvrhodvwlf ixqfwlrq wr jhqhudwh jurzwk  xfwxdwlrqv wkdw udqjh ehwzhhq 5=3 	 4=;(/ wkh

lqyhvwphqw udwhv lfDf dqg l�D� pxvw vdwlvi|

+lfDf,
� . 4� � @ 4=335

+l�D�,
� . 4� � @ 4=36;

Dvvxplqj d vwdqgdug ghsuhfldwlrq udwh � ri <( shu |hdu/ zh fdq uhzulwh wkh lqyhvwphqw udwhv

lD dv ixqfwlrqv ri !/ l1h1 lfDf @ +3=3<5,
�

� dqg l�D� @ +3=45;,
�

� 1 Wklv doorzv xv wr frpsxwh wkh

jurzwk udwh zkhq lqyhvwphqw lv vhw htxdo wr wkh dyhudjh ri lfDf dqg l�D� dv d ixqfwlrq ri !=

!
�
�
2

�
+=3<5,

�

� . +=45;,
�

�

��
. 4� � @

�
�
2

�
+=3<5,

�

� . +=45;,
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Wr jhqhudwh dq lqfuhdvh lq dyhudjh jurzwk iurp 5=3( wr 5=8( dv lv lpsolhg e| wkh furvv0frxqwu|

hylghqfh/ lw lv qhfhvvdu| wkdw ! @ 3=541 Wr fkhfn zkhwkhu wklv ghjuhh ri frqfdylw| lv uhdvrqdeoh/

zh fdq wxuq wr hpslulfdo hylghqfh wkdw uhodwhv lqyhvwphqw udwhv wr t1 Lq sduwlfxodu/ iru wkh

lvrhodvwlf ixqfwlrqdo irup/ wkh �uvw rughu frqglwlrq +51;, ehfrphv

oq

�
L

N

�
@

4

4� !
oq t

Wkxv/ iru wkh lvrhodvwlf vshfl�fdwlrq/ dq lqfuhdvh lq jurzwk ri kdoi d shufhqwdjh uhtxluhv dq

hodvwlflw| ri lqyhvwphqw zlwk uhvshfw wr t ri
4

4� 3=54
@ 4= 591 Dq hyhq orzhu hodvwlflw| zrxog

lpso| hyhq odujhu jurzwk h�hfwv wkdq wkrvh lpsolhg e| wkh furvv0frxqwu| gdwd1 Wxuqlqj wr wkh

olwhudwxuh rq hpslulfdo lqyhvwphqw htxdwlrqv/ wkh hvwlpdwhg hodvwlflw| ri lqyhvwphqw zlwk uhvshfw

wr t lv w|slfdoo| orzhu wkdq wklv hvwlpdwh1 Iru h{dpsoh/ Hehuo| +4<<:, h{solflwo| hvwlpdwhv dq

lvrhodvwlf vshfl�fdwlrq xvlqj X1V1 gdwd/ dqg rewdlqv dq hodvwlflw| ri 4=551 Deho dqg Hehuo|

+4<<8, dovr hvwlpdwh dq lvrhodvwlf vshfl�fdwlrq xvlqj d gl�huhqw vdpsoh ri �upv/ exw rewdlq

hyhq vpdoohu srlqw hvwlpdwhv1 Wxuqlqj wr rwkhu zrun rq hpslulfdo lqyhvwphqw htxdwlrqv/ prvw

uhvhdufkhuv kdyh whqghg wr hvwlpdwh wkh uhodwlrqvkls ehwzhhq lqyhvwphqw dqg t lq ohyhov udwkhu

wkdq orjv dv zrxog eh lpsolhg e| wkh lvrhodvwlf vshfl�fdwlrq1 Krzhyhu/ zh fdq vwloo xvh wkhvh

hvwlpdwhv wr frpsxwh dq hodvwlflw| dw wkh vdpsoh phdq1 Wkh uhsruwhg hodvwlflwlhv ri lqyhvwphqw

zlwk uhvshfw wr t duh vwloo orzhu wkdq 4=591 Iru h{dpsoh/ Deho*v +4<;3, hvwlpdwhv iru wklv wkh

hodvwlflw| idoo ehwzhhq 3=8 dqg 4=4 +s:7,1 Pruh uhfhqw zrun rq lqyhvwphqw uhjuhvvlrqv/ vxfk dv

Fxpplqv/ Kdvvhww/ Rolqhu +4<<;,/ zkr dujxh wkdw wkhlu hvwlpdwhv �qg d pxfk vwurqjhu uhvsrqvh

ri lqyhvwphqw wr t wkdq frqyhqwlrqdo vwxglhv/ surgxfh srlqw hvwlpdwhv wkdw foxvwhu durxqg xqlw|1

Wkxv/ dw d �uvw sdvv/ jhqhudwlqj dq lqfuhdvh lq wkh jurzwk udwh ri d kdoi shufhqwdjh srlqw grhv

qrw uhtxluh lpsodxvleo| odujh ghjuhhv ri fxuydwxuh lq wkh lqyhvwphqw ixqfwlrq/ dw ohdvw zkhq

frpsduhg zlwk dydlodeoh hvwlpdwhv ri wklv fxuydwxuh lq wkh olwhudwxuh1

Zkloh wkh deryh glvfxvvlrq vxjjhvwv prghvw jurzwk h�hfwv wkdw qrqhwkhohvv |lhog odujh zho0

iduh frvwv ri djjuhjdwh  xfwxdwlrqv duh frqvlvwhqw zlwk wkh hpslulfdo hylghqfh rq lqyhvwphqw

ghflvlrqv/ wkhuh duh uhdvrqv wr uhpdlq vnhswlfdo derxw hvwlpdwhv wkdw duh edvhg rq wkh hodvwlflw|

ri lqyhvwphqw zlwk uhvshfw wr t1 Iluvw/ wkhvh hvwlpdwhv whqg wr eh txlwh qrlv|/ zlwk vrph hvwl0

pdwhv zhoo ehorz xqlw|1 Vxfk hvwlpdwhv duh lqfrqvlvwhqw zlwk ! 5 +3> 4,/ zklfk lv qhfhvvdu| iru

frqfdylw| iru wkh sduwlfxodu vshfl�fdwlrq deryh1 Krzhyhu/ yhu| orz hvwlpdwhv iru wklv hodvwlflw|

frxog vlpso| eh gxh phdvxuhphqw huuru> w|slfdoo|/ lqvwuxphqwlqj iru t lq wkhvh uhjuhvvlrqv |lhogv

kljkhu hodvwlflwlhv wkdw riwhq h{fhhg xqlw|/ zkloh orzhu hvwlpdwhv duh pruh surplqhqw zkhq phd0

vxuhphqw huuru lv qrw surshuo| dffrxqwhg iru1 Exw hyhq li zh wuhdw wkh kljkhu srlqw hvwlpdwhv dv
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uholdeoh/ wkh lvrhodvwlf vshfl�fdwlrq uhtxluhv idluo| yrodwloh vzlqjv lq t wr lqgxfh djhqwv wr dowhu

wkhlu lqyhvwphqw ghflvlrqv lq d zd| wkdw zrxog ohdg wr  xfwxdwlrqv lq jurzwk ehwzhhq 3=5(

dqg 6=;(1 Iurp wkh �uvw rughu frqglwlrq deryh/ zh fdq frpsxwh wkh udwlr ri t� wr tf wkdw lv

qhfhvvdu| wr lqgxfh wkh  xfwxdwlrqv lq jurzwk udwh wkdw zh revhuyh=

t�
tf

@
+lfDf,

�3�

+l�D�,
�3�

@

�
=3<5

=45;

� �2�3�

�2�

@ 6=79

Wklv zrxog eh dvvrfldwhg zlwk d vwdqgdug ghyldwlrq iru t ri urxjko| 88(1 Wklv lv vrphzkdw

pruh yrodwloh wkdw w|slfdo vhulhv iru t1 Iru h{dpsoh/ Vxpphuv +4<;4, surylghv wlph vhulhv iru

erwk t dqg wd{0dgmxvwhg t ehwzhhq 4<64 dqg 4<:;1 Wkh vwdqgdug ghyldwlrqv iru wkh vhulhv kh

uhsruwv duh 5;( dqg 73(/ uhvshfwlyho|1 Olnhzlvh/ erwk lqyhvwphqw dqg frqvxpswlrq wxuq rxw wr

eh txlwh yrodwloh xqghu wkh lvrhodvwlf vshfl�fdwlrq/ zlwk lqyhvwphqw lq shdn shulrgv doprvw irxu

wlphv dv odujh dv lqyhvwphqw lq orz shulrgv1 D qdwxudo frqfhuq/ wkhq/ lv zkhwkhu wkh phfkdqlvp

ri glplqlvklqj uhwxuqv uhtxluhv yrodwlolw| lq erwk lqyhvwphqw dqg lqfhqwlyhv iru lqyhvwphqw wkdw

h{fhhg zkdw zh revhuyh lq wkh gdwd1

Wr dgguhvv wklv odvw txhvwlrq/ L qrz wxuq wr wkh txhvwlrq ri krz pxfk ri dq lqfuhdvh lq jurzwk

zh fdq dqwlflsdwh li zh uhtxluh wkdw t h{klelw uhdvrqdeoh  xfwxdwlrqv1 Irupdoo|/ L dvn li iru d

jlyhq ohyho ri
t�
tf

wkhuh h{lvwv d frqfdyh ixqfwlrq ! +�, wkdw lv frqvlvwhqw zlwk wkh �uvw0rughu

frqglwlrq dqg zklfk lpsolhv dq lqfuhdvh lq jurzwk ri kdoi d shufhqwdjh srlqw1 Wklv dssurdfk

hvvhqwldoo| sodfhv dq xsshu erxqg rq wkh dprxqw ri jurzwk wkdw lv frqvlvwhqw zlwk wkh revhuyhg

yrodwlolw| lq t1 Zkloh grhv qrw doorz ph wr ghwhuplqh zkhwkhu jurzwk h�hfwv ri wkh pdjqlwxgh

grfxphqwhg e| Udph| dqg Udph| duh olnho|/ lw grhv doorz ph wr lqihu wkh pruh prghvw txhvwlrq

ri zkhwkhu vxfk jurzwk h�hfwv duh srvvleoh1 D pruh suhflvh dvvhvvphqw ri wkh srwhqwldo iru f|fohv

wr d�hfw dyhudjh jurzwk uhtxluhv d ehwwhu xqghuvwdqglqj ri glplqlvklqj uhwxuqv wr lqyhvwphqw

dw wkh djjuhjdwh ohyho wkdq fdq eh johdqhg iurp fxuuhqwo| dydlodeoh olwhudwxuh1

Wkh �uvw rughu frqglwlrq !� +lD, @ t3� hvwdeolvkhv d qdwxudo erxqg rq wkh srwhqwldo lqfuhdvh

lq jurzwk dv d ixqfwlrq ri wkh xqghuo|lqj yrodwlolw| lq t1 Wkh uhdvrq lv wkdw iru dq| ixqfwlrq

!� +�,/ wkh �uvw rughu frqglwlrqv lpso| wkdw

!� +lfDf,

!� +l�D�,
@

t�
tf

Lw iroorzv wkdw d uhvwulfwlrq rq wkh vwdqgdug ghyldwlrq ri t/ zklfk h�hfwlyho| uhvwulfwv wkh udwlr
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t�
tf
/ lpsrvhv olplwv rq krz pxfk wkh �uvw ghulydwlyh !� +�, fdq fkdqjh/ dqg wkxv uhvwulfwv !�� +�,18

Wklv uhvwulfwlrq lv looxvwudwhg judsklfdoo| lq Iljxuh 51 Dv wkh �jxuh looxvwudwhv/ zh nqrz wkdw wkh

jurzwk udwh � @ ! +�,.4�� dvvxphv d ydoxh ri 4=335 zkhq wkh lqyhvwphqw lv orz/ dqg d ydoxh ri

4=36; zkhq wkh lqyhvwphqw lv kljk1 Pruhryhu/ zh nqrz wkdw wkh vorsh ri wkh jurzwk udwh zlwk

uhvshfw wr lqyhvwphqw dw wkh wzr uhjlphv lv jlyhq e| �� +lfDf, @ !� +lfDf, @
4

tf
dqg �� +l�D�, @

!� +l�D�, @
4

t�
/ uhvshfwlyho|1 Jlyhq sduwlfxodu ydoxhv iru wkh lqyhvwphqw wr fdslwdo udwlr lfDf

dqg l�D�/ lw iroorzv wkdw dq| frqfdyh ixqfwlrq ! +�,/ wkh jurzwk udwh � +{, @ ! +{,.4� � zklfk

vdwlv�hv wkhvh surshuwlhv lv erxqghg deryh e| wkh ixqfwlrq

e� +{, @ plq

�
4=335 .

4

tf
+{� lfDf, > 4=36;�

4

t�
+l�D� � {,

�
. 4� �

Wkh ixqfwlrq e� +{, wkhuhiruh |lhogv wkh pd{lpxp lqfuhdvh lq jurzwk wkdw lv srvvleoh jlyhq

lfDf dqg l�D�1 Vlqfh ! +l�D�,�! +lfDf, @ 3=369 dqg wkh vorsh ri ! +�, iru dq| frqfdyh ixqfwlrq

lv frq�qhg wr wkh lqwhuydo

�
4

t�
>
4

tf

�
/ wkh jds �lD @ l�D� � lfDf pxvw olh lq wkh lqwhuydo

+=369tf> =369t�, iru fkdqjhv lq lqyhvwphqw wr dffrxqw revhuyhg  xfwxdwlrqv lq rxwsxw jurzwk1

Vlqfh t lv dssur{lpdwho| 4 rq dyhudjh lq wkh gdwd/ wklv lpsolhv idluo| uhdvrqdeoh  xfwxdwlrqv lq

lqyhvwphqw wr pdwfk xs zlwk revhuyhg  xfwxdwlrqv lq wkh jurzwk udwh ryhu wlph/ sduwlfxoduo| li

tf lv zhoo ehorz 41 Dv fdq eh vhhq iurp Iljxuh 5/ wkh srwhqwldo lqfuhdvh lq jurzwk ghshqgv rq

wkh ydoxh ri �lD1 Pd{lpl}lqj ryhu doo srvvleoh ydoxhv ri �lD 5 +=369tf> =369t�,/zh rewdlq wkh

iroorzlqj uhvxow=

Sursrvlwlrq 5= Vwdelol}lqj wkh dyhudjh lqyhvwphqw wr fdslwdo udwlr lD wr d frqvwdqw lWD @

H ^lD` |lhogv dq dyhudjh jurzwk udwh wkdw lv erxqghg deryh e|

4

t�@tf . 4
^! +lfDf, . 4� �` .

t�@tf
t�@tf . 4

^! +l�D�, . 4� �` +615,

Surri = Wkh pd{lpl}dwlrq sureohp fdq eh h{suhvvhg dv

pd{
{��

�
plq

�
4=335 .

4

tf

�
�lD

5

�
> 4=36;�

4

t�

�
�lD

5

���
8Qrwh wkdw wklv dssurdfk lv qrw urexvw wr wkh suhvhqfh ri frqvwudlqwv rq lqyhvwphqw/ h1j1 �qdqflqj frqvwudlqwv1

Li zh dffrxqw iru wkrvh/ �� E��� zloo qrw htxdo ^3� exw wkh vxp ri wklv dqg wkh pxowlsolhu rq wkh uhohydqw frqvwudlqw1
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Figure 2: Bounds on Growth Effect 
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Dw wkh pd{lpxp/ wkh wzr h{suhvvlrqv pxvw eh htxdo/ vlqfh li wkh| duh qrw htxdo/ lw zrxog dozd|v

eh srvvleoh wr lqfuhdvh wklv h{suhvvlrq hlwkhu e| lqfuhdvlqj �lD ru ghfuhdvlqj �lD/ ghshqglqj rq

zklfk h{suhvvlrq lv odujhu1 Vroylqj iru �lD dw wkh srlqw ri htxdolw| |lhogv �lD @ 3=3:5
t�tf

t� . tf
/

dqg vxevwlwxwlqj edfn lq |lhogv wkh ghvluhg uhvxow1 �

Qrwh wkdw wkh erxqg lq Sursrvlwlrq 5 lv vkdus/ l1h1 wkhuh h{lvwv d ixqfwlrq ! +�, iru zklfk

vwdelol}dwlrq zloo |lhog wkh jurzwk udwh jlyhq lq +615,1 Wklv ixqfwlrq lv slhfhzlvh olqhdu/ dqg fdq

eh ylhzhg dv d olqhdu dssur{lpdwlrq ri wkh wuxh ixqfwlrq ! +�, iru d jlyhq ydoxh ri �lD1 Xvlqj

wkh hvwlpdwhv ri wkh yrodwlolw| ri t edvhg rq wkh gdwd iurp Vxpphuv +4<;4,/ zh rewdlq

! +H ^lD`, . 4� � �
4

5=:;
4=335 .

4=:;

5=:;
4=36; @ 4= 358

xvlqj d vwdqgdug ghyldwlrq ri 5;( iru t dqg

4

6=66
4=335 .

5=66

6=66
4=36; @ 4= 35:

iru d vwdqgdug ghyldwlrq ri 73(1 Wkxv/ wkh revhuyhg yrodwlolw| ri t grhv qrw suhfoxgh d jurzwk

udwh ri wkh pdjqlwxgh vxjjhvwhg e| wkh furvv0frxqwu| hylghqfh1 Ri frxuvh/ zkhwkhu wklv jurzwk

udwh lv dfwxdoo| dwwdlqhg ghshqgv rq wkh vl}h ri dfwxdo  xfwxdwlrqv lq lqyhvwphqw/ l1h1 �lD/

dqg rq wkh ghjuhh wr zklfk ! +�, lv zhoo dssur{lpdwhg e| d slhfhzlvh olqhdu ixqfwlrq1 Zlwkrxw

d ehwwhu xqghuvwdqglqj ri glplqlvklqj uhwxuqv wr lqyhvwphqw/ wkh prvw zh fdq vd| edvhg rq

wkh dydlodeoh hylghqfh lv wkdw qrwzlwkvwdqglqj wkh vpdoo frvwv ri frqvxpswlrq ulvn frpsxwhg

e| rwkhuv/ wkhuh uhpdlqv d vfrsh iru idluo| odujh zhoiduh frvwv ri hfrqrplf  xfwxdwlrqv gxh wr

jurzwk h�hfwv/ zlwk vrph hylghqfh srlqwlqj wr vxfk odujh zhoiduh h�hfwv dv ehlqj txlwh olnho|1

71 Frqfoxvlrq

Wklv sdshu frqvlghuv wkh srwhqwldo frvw ri djjuhjdwh  xfwxdwlrqv wkdw vwhp qrw iurp frqvxps0

wlrq yrodwlolw| exw iurp wkh h�hfwv ri djjuhjdwh  xfwxdwlrqv rq hfrqrplf jurzwk1 Lq d vhqvh/

lw forvhv d flufoh wkdw ehjdq zlwk Oxfdv +4<;:,/ zkr dujxhg wkdw jurzwk pdwwhuv iru zhoiduh

zkloh exvlqhvv f|fohv gr qrw1 E| ghprqvwudwlqj wkdw exvlqhvv f|fohv fdq d�hfw wkh udwh ri

hfrqrplf jurzwk/ wklv sdshu dujxhv wkdw exvlqhvv f|fohv frxog pdwwhu suhflvho| ehfdxvh wkh|

d�hfw jurzwk1 Lw ghprqvwudwhv wkdw d sodxvleoh fdvh fdq eh pdgh wkdw iru wkh X1V1/ vwdelol}lqj

 xfwxdwlrqv fdq ohdg wr dq lqfuhdvh lq wkh jurzwk udwh ri kdoi ri d shufhqwdjh srlqw zlwkrxw
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d�hfwlqj dyhudjh lqlwldo frqvxpswlrq1 Wklv surgxfhv d frvw ri exvlqhvv f|fohv wkdw lv ryhu 433

wlphv odujhu wkdq zkdw Oxfdv frpsxwhg edvhg rq wkh frvwv ri frqvxpswlrq ulvn dorqh1

L forvh zlwk d ihz fdyhdwv derxw wkh frqfoxvlrqv ri wkh sdshu1 Iluvw/ jlyhq wkh lqkhuhqw

zhdnqhvv lq wkh uhohydqw gdwd/ lw lv suredeo| vdihvw wr lqwhusuhw wkh dujxphqw lq wklv sdshu dv

ghprqvwudwlqj wkdw jurzwk h�hfwv frxog jhqhudwh d vxevwdqwldo frvw ri exvlqhvv f|fohv/ qrw wkdw

lw fdqqrw1 Vlqfh Oxfdv hvwdeolvkhg d vpdoo orzhu erxqg rq wkh frvwv ri djjuhjdwh  xfwxdwlrqv/ klv

dujxphqw dsshduhg wr forvh wkh errn rq wkh qrwlrq wkdw vwdelol}dwlrq frxog vrphkrz dfklhyh

vxevwdqwldo zhoiduh jdlqv1 Wkh prvw frpshoolqj dujxphqw suhvhqwhg khuh hvwdeolvk d kljkhu

xsshu erxqg e| doorzlqj iru jurzwk h�hfwv1 Exw zlwkrxw pruh frqfuhwh hylghqfh rq wkh qdwxuh

ri glplqlvklqj uhwxuqv lq wkh surgxfwlrq ri lqyhvwphqw jrrgv/ lw fdqqrw r�hu d orzhu erxqg ru

d uholdeoh hvwlpdwh ri krz odujh wkhvh h�hfwv frxog eh1 Wkxv/ lwv frqwulexwlrq olhv lq uhrshqlqj

wkh ghedwh rq zkhwkhu exvlqhvv f|fohv duh frvwo| dqg zkhwkhu vwdelol}dwlrq lv ghvludeoh/ qrw

lq surylglqj d �qdo zrug lq wkh ghedwh1 Vhfrqg/ hyhq li jurzwk h�hfwv duh dv vxevwdqwldo dv

wklv gdwd lpsolhv/ lw lv qrw reylrxv wkdw rqh fdq uhfryhu wkhvh frvwv wkurxjk lpsohphqwdwlrq ri

djjuhjdwh vwdelol}dwlrq srolflhv1 Wkh prgho suhvhqwhg khuh lqwurgxfhv vsxulrxv yrodwlolw| dqg

dvvxphv srolf| lv deoh wr vkxw lw grzq dqg doorz wkh hfrqrp| wr rshudwh rq d vprrwk wudfn1

Dowkrxjk wkh edvlf qrwlrq wkdw vwdelol}dwlrq fdq d�hfw dyhudjh orqj0uxq jurzwk h{whqgv wr

rwkhu vhwwlqjv dv zhoo/ li xqghuo|lqj  xfwxdwlrqv duh qrw phuho| vsxulrxv/ lqwhuyhqwlrq pd| kdyh

r�vhwwlqj frvwv wkdw qhjdwh wkh ehqh�wv ghvfulehg khuh1
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