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Lq dwlrq Xqfhuwdlqw| dqg Jurzwk lq d Vlpsoh

Prqhwdu| Prgho

Plfkdho Grwvh| dqg Slhuuh0Gdqlho Vduwh�

Ihghudo Uhvhuyh Edqn ri Ulfkprqg|

Pd| 4<<:

Devwudfw

Wklv sdshu dqdo|}hv wkh h�hfwv ri lq dwlrq yduldelolw| rq hfrqrplf jurzwk lq d

prgho zkhuh prqh| lv lqwurgxfhg yld d fdvk0lq0dgydqfh frqvwudlqw1 Lq wklv vhwwlqj/ zh

�qg wkdw lq dwlrq dgyhuvho| d�hfwv orqj0uxq jurzwk/ hyhq zkhq wkh fdvk0lq0dgydqfh

frqvwudlqw dssolhv rqo| wr frqvxpswlrq1 Dw wkh vdph wlph/ zh �qg wkdw lq dwlrq dqg

jurzwk duh srvlwlyho| uhodwhg lq wkh vkruw0uxq1 Lq dgglwlrq/ yduldelolw| whqgv wr lqfuhdvh

dyhudjh jurzwk wkurxjk d suhfdxwlrqdu| vdylqjv prwlyh1 Vlqfh lq dwlrq dqg lq dwlrq

yduldelolw| whqg wr eh kljko| fruuhodwhg/ wklv odwwhu h�hfw dwwhqxdwhv wkh qhjdwlyh orqj0

uxq uhodwlrqvkls ehwzhhq lq dwlrq dqg uhdo jurzwk1 Lw dovr surylghv d sduwldo udwlrqdoh

iru wkh qrwrulrxv odfn ri urexvwqhvv lq furvv0frxqwu| uhjuhvvlrqv ri jurzwk dqg lq dwlrq1

� Wkh ylhzv h{suhvvhg lq wklv sdshu duh wkrvh ri wkh dxwkruv dqg gr qrw qhfhvvdulo| uhsuhvhqw wkrvh ri

wkh Ihghudo Uhvhuyh Edqn ri Ulfkprqg ru wkh Ihghudo Uhvhuyh V|vwhp1
| Zh zrxog olnh wr wkdqn Urehuw Nlqj/ Mh� Odfnhu/ Vhujlr Uhehor/ Doh{ Zropdq/ Mh� Zudvh/ dv zhoo dv

vhplqdu sduwlflsdqwv dw wkh Ihghudo Uhvhuyh Edqn ri Ulfkprqg dqg wkh V|vwhp Frpplwwhh lq Lqwhuqdwlrqdo

Hfrqrplf Dqdo|vlv iru khosixo frpphqwv1 Dq| huuruv uhpdlq rxu vroh uhvsrqvlelolw|1



41 Lqwurgxfwlrq

Wkh dgyhqw ri hqgrjhqrxv jurzwk wkhru| kdv jlyhq hfrqrplvwv d qhz iudphzrun iru vwxg|0

lqj wkh uhodwlrqvkls ehwzhhq sxeolf srolf| dqg hfrqrplf jurzwk1 Hduo| sdshuv lq wkh duhd

kdyh ghprqvwudwhg wkdw wkh gl�huhqfhv lq jurzwk udwhv dfurvv frxqwulhv frxog eh sduwldoo|

h{sodlqhg e| gl�huhqfhv lq qdwlrqdo srolflhv41 Vxfk srolflhv pljkw lqfoxgh �vfdo/ �qdqfldo/

wudgh dqg rwkhu irupv ri jryhuqphqw surjudpv1 Prvw ri wklv hduo| olwhudwxuh frqfhqwudwhv rq

srolflhv wkdw duh �{hg ryhu wlph/ exw rqh qrwlfhv wkdw sxeolf srolflhv qrw rqo| gl�hu dfurvv

hfrqrplhv exw dovr ryhu wlph1 Zlwk wkh qrwdeoh h{fhswlrqv ri Hdwrq +4<;4,/ Jrpph +4<<6,/

Dl}hqpdq dqg Pdulrq +4<<6,/ dqg Krshqkd|q dqg Pxqldjxuuld +4<<9,/ wkh dqdo|vlv ri vxfk

yduldwlrqv dqg wkhlu h�hfwv rq hfrqrplf jurzwk kdv uhfhlyhg pxfk ohvv dwwhqwlrq1 Rwkhu wkdq

Jrpph/ prvw ri wklv olwhudwxuh kdv irfxvhg rq wkh h�hfwv ri �vfdo srolflhv1 Lq wklv sdshu/ zh

dqdo|}h wkh lpsolfdwlrqv ri yduldeoh prqhwdu| srolf| iru hfrqrplf jurzwk1

Lq vwxg|lqj wkh h�hfwv ri prqhwdu| srolf| rq uhdo jurzwk/ zh ghvluh d prgho wkdw lv

frqvlvwhqw zlwk d qxpehu ri vw|ol}hg idfwv1 Iluvw/ wkh prgho vkrxog glvsod| d qhjdwlyh uhod0

wlrqvkls ehwzhhq dyhudjh lq dwlrq dqg dyhudjh jurzwk1 Krzhyhu/ w|slfdo hvwlpdwhv ri wklv

uhodwlrqvkls duh uhodwlyho| zhdn dqg zh zdqw d prgho wkdw lv frqvlvwhqw zlwk wklv sduwlfxodu

ihdwxuh ri wkh gdwd1 Vhfrqg/ lq ghyhorshg hfrqrplhv/ lq dwlrq dqg rxwsxw jurzwk duh srv0

lwlyho| fruuhodwhg dw f|folfdo iuhtxhqflhv dqg zh vkrxog eh deoh wr vlpxowdqhrxvo| dffrxqw

iru wklv idfw1 Ilqdoo|/ wkh prgho zh vwxg| vkrxog uhvshfw wkh qrwlrq wkdw frxqwulhv zlwk ohvv

ghyhorshg �qdqfldo v|vwhpv dsshdu wr vx�hu pruh vhyhuho| iurp wkh h�hfwv ri lq dwlrq wkdq

gr pruh ghyhorshg hfrqrplhv ^vhh Er|g/ Ohylqh dqg Vplwk +4<<9,`1

Shukdsv vxusulvlqjo|/ wkhvh ihdwxuhv ri wkh gdwd qdwxudoo| hphujh zlwklq wkh frq�qhv

ri d frqyhqwlrqdo olqhdu qhrfodvvlfdo jurzwk prgho zkhuh prqh| lv lqwurgxfhg yld d fdvk0

lq0dgydqfh frqvwudlqw1 Iru wkh fdvh ri orjdulwkplf xwlolw| dqg zklwh qrlvh prqh| jurzwk

vkrfnv/ wkh prgho dgplwv forvhg irup vroxwlrqv wkdw doorz xv wr surylgh lqwxlwlrq frqfhuqlqj

wkh jhqhudo fkdqqhov wkurxjk zklfk lq dwlrq dqg lq dwlrq yduldelolw| d�hfw uhdo jurzwk1

4Hduo| vwxglhv lqfoxgh/ lq sduwlfxodu/ Mrqhv dqg Pdqxhool +4<<3,/ dqg Uhehor +4<<4,1
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Pruhryhu/ wkhvh forvhg irup vroxwlrqv dovr doorz xv wr fohduo| frqwudvw wkh ehkdylru ri wkh

vwrfkdvwlf hfrqrp| uhodwlyh wr lwv ghwhuplqlvwlf frxqwhusduw1

Dffrxqwlqj iru wkh yduldelolw| ri prqhwdu| srolf| lqwurgxfhv vrph lpsruwdqw frqvh0

txhqfhv iru uhdo jurzwk1 Vshfl�fdoo|/ zh �qg wkdw zkhq wkh fdvk0lq0dgydqfh frqvwudlqw

dssolhv rqo| wr frqvxpswlrq/ lq dwlrq lv qr orqjhu qhxwudo1 Lq htxloleulxp/ wkh h�hfwv ri

lq dwlrq duh vlplodu wr wkrvh ri d vwrfkdvwlf wd{ rq frqvxpswlrq1 Wkhuhiruh/ lq frqwudvw

wr wkh htxlydohqw ghwhuplqlvwlf fdvh/ wkh phdq jurzwk udwh ri rxwsxw lv ghfuhdvlqj lq dyhu0

djh prqh| jurzwk1 Lq dgglwlrq/ wkh jurzwk udwh ri rxwsxw lv vwdwh ghshqghqw/ zlwk kljkhu

jurzwk hphujlqj zkhq prqh| jurzwk lv kljk1 Wklv uhvxow rewdlqv ehfdxvh krxvhkrogv vxe0

vwlwxwh dzd| iurp prqh| edodqfhv/ dqg khqfh frqvxpswlrq/ lq shulrgv ri uhodwlyho| kljk

h{shfwhg lq dwlrq1 Dqdorjrxv wr wkh uhvxowv lq Hdwrq +4<;4,/ exw lq frqwudvw wr Dl}hqpdq

dqg Pdulrq +4<<6,/ zh ixuwkhu vkrz wkdw/ hyhq zlwkrxw shuvlvwhqfh/ wkh phdq jurzwk udwh lv

lqfuhdvlqj lq wkh yduldqfh ri wkh vkrfnv wr prqh| jurzwk1

Zkhq wkh oltxlglw| frqvwudlqw dovr dssolhv wr lqyhvwphqw dqg prqh| jurzwk lv zklwh qrlvh/

zh �qg wkdw wkh qhjdwlyh h�hfw ri dyhudjh prqh| jurzwk rq uhdo jurzwk ghfuhdvhv zlwk wkh

yduldelolw| ri lq dwlrq1 Krzhyhu/ jurzwk udwhv duh qr orqjhu frqwlqjhqw xsrq wkh sduwlfxodu

uhdol}dwlrq ri prqh| jurzwk1 Wklv lv gxh wr wkh idfw wkdw zkhq wkh lq dwlrq wd{ dssolhv

wr erwk frqvxpswlrq dqg lqyhvwphqw/ dqg jlyhq wkdw fxuuhqw vkrfnv wr prqh| jurzwk gr

qrw frqwdlq dq| lqirupdwlrq derxw ixwxuh vkrfnv/ krxvhkrogv duh qr orqjhu deoh wr vxevwlwxwh

ehwzhhq frqvxpswlrq dqg lqyhvwphqw lq rughu wr dyrlg wkh lq dwlrq wd{ dfurvv ydulrxv vwdwhv1

Wkhuhiruh/ wkh vwdwh ghshqghqfh ri uhdo jurzwk ydulhv zlwk wkh iudfwlrq ri lqyhvwphqw vxemhfw

wr wkh lq dwlrq wd{1 Dv lq wkh suhylrxv fdvh zkhuh frqvxpswlrq idfhv d fdvk0lq0dgydqfh

frqvwudlqw/ wkh phdq jurzwk udwh ri rxwsxw lqfuhdvhv zlwk wkh yrodwlolw| ri lq dwlrq1

Xvlqj qxphulfdo vlpxodwlrqv/ zh dovr h{dplqh wkh jurzwk lpsolfdwlrqv ri yduldeoh prqh0

wdu| srolf| zkhq vkrfnv wr prqh| jurzwk duh shuvlvwhqw dqg d pruh jhqhudo xwlolw| ixqfwlrq

lv vshfl�hg1 Lq shuiruplqj wkhvh vlpxodwlrqv/ zh wdnh lqwr dffrxqw wkh idfw wkdw wkh phdq

dqg yrodwlolw| ri prqh| jurzwk duh vwurqjo| dqg srvlwlyho| fruuhodwhg dfurvv frxqwulhv1 Wkh

uhvxowv vkrz wkdw zkhq d vljql�fdqw iudfwlrq ri lqyhvwphqw lv vxemhfw wr wkh fdvk0lq0dgydqfh

frqvwudlqw/ uhdo jurzwk fdq dovr eh orzhu zkhq wkh kljk prqh| jurzwk vkrfn rffxuv1 Wklv

ihdwxuh ri wkh prgho dulvhv ehfdxvh wkh shuvlvwhqfh ri vkrfnv lpsolhv wkdw ehlqj lq wkh kljk
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prqh| jurzwk uhjlph wrgd| lqglfdwhv wkdw wkh lq dwlrq wd{ lv olnho| wr eh kljk lq wkh ix0

wxuh dv zhoo1 Lq dgglwlrq/ vlqfh uhdo jurzwk lqfuhdvhv zlwk wkh yduldqfh ri prqh| jurzwk/

wklv prgho surylghv d sduwldo udwlrqdoh iru wkh qrwrulrxv odfn ri urexvwqhvv lq furvv0frxqwu|

uhjuhvvlrqv ri jurzwk dqg lq dwlrq1 Lq hvvhqfh/ wkh h�hfwv ri lqfuhdvhg yduldelolw| sduwldoo|

r�vhw wkh h�hfwv ri kljkhu lq dwlrq1

Wklv sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv rxu edvlf prgho dqg eulh | uhylhzv

wkh h�hfwv ri ghwhuplqlvwlf lq dwlrq udwhv rq hfrqrplf jurzwk1 Lq vhfwlrq 6/ zh dqdo|}h wkh

jurzwk lpsolfdwlrqv ri prqhwdu| yduldelolw| zkhq vkrfnv wr prqh| jurzwk kdyh qr shuvlv0

whqfh dqg frpsduh wkhvh uhvxowv zlwk wkrvh rewdlqhg lq vhfwlrq 51 Vhfwlrq 7 h{whqgv wkh

dqdo|vlv wr shuvlvwhqw vkrfnv wkurxjk qxphulfdo vlpxodwlrqv1 Ilqdoo|/ vrph frqfoxglqj uh0

pdunv duh r�huhg lq vhfwlrq 81

51 Edvlf Iudphzrun

Lq wklv vhfwlrq zh suhvhqw wkh edvlf prgho dqg dqdo|}h lwv ehkdylru lq d ghwhuplqlvwlf vhw0

wlqj1 Rxu prgho hfrqrp| lv srsxodwhg e| d frqwlqxxp ri lq�qlwho|0olyhg krxvhkrogv1 Wkhvh

krxvhkrogv duh lghqwlfdo lq whupv ri wkhlu suhihuhqfhv dqg wkhlu whfkqrorj|1 Wlph lv glv0

fuhwh dqg lqgh{hg e| | ' �c 2c ��� 1 Wkh wlplqj ri surgxfwlrq dqg wudgh iroorzv wkdw ri wkh

fdvk0lq0dgydqfh hfrqrp| ghvfulehg lq Vyhqvvrq +4<;8,1 Vshfl�fdoo|/ krxvhkrogv pxvw ghflgh

rq wkhlu fdvk kroglqjv ehiruh nqrzlqj wkhlu fxuuhqw vwdwh1 Wkh| wkhq sxufkdvh jrrgv dqg

diwhu wkh jrrgv pdunhw forvhv/ wkh| uhfhlyh d oxps vxp prqhwdu| wudqvihu dqg uhduudqjh

wkhlu sruwirolrv1 Wklv wlplqj ri hyhqwv lv sduwlfxoduo| lpsruwdqw vlqfh prqh| ghpdqg jhqhu0

doo| hperglhv wudqvdfwlrqv/ suhfdxwlrqdu|/ dqg vwruh0ri0ydoxh prwlyhv51 Wkh uhsuhvhqwdwlyh

krxvhkrog vroyhv

4@ .|

"[
�'|

q�3|LE���c q 5 Efc ��

vxemhfw wr wkh frqvwudlqwv=

�| n �dg|n� � E�� B�g|o � �_
|

�|

c +514,

5Rxu prgho/ wkhuhiruh/ uhvhpeohv wkdw ri Fkdul/ Mrqhv/ dqg Pdqxhool +4<<8,/ exw gl�huv iurp Jrpph

+4<<6,1
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�| ng|n� � E�� B�g| n
�_

|n�

�|

' �g| n
�| n D|

�|

c +515,

Bc � 5 dfc �oc

zkhuh �| dqg g| ghqrwh frqvxpswlrq dqg wkh fdslwdo vwrfn uhvshfwlyho|/ dqg .| lv wkh

frqglwlrqdo h{shfwdwlrqv rshudwru1 Wkh wlph | lqirupdwlrq vhw lqfoxghv doo yduldeohv gdwhg |

dqg hduolhu dv zhoo dv wkh hqg ri shulrg fdslwdo vwrfn1 Prqh| lv lqwurgxfhg yld oxps vxp

wudqvihuv/ D| dw wkh hqg ri shulrg |� Wkxv�|n� ' �|nD| uhsuhvhqwv wkh srvw0wudqvihu qrplqdo

prqh| kroglqjv dw wkh hqg ri shulrg |c dqg �_
| lv wkh dprxqw ri qrplqdo prqh| khog dw wkh

ehjlqqlqj ri wkh shulrg1

Rxwsxw lv surgxfhg xvlqj d olqhdu whfkqrorj| dqg fdslwdo ghsuhfldwhv dw wkh udwh B1 Lq

wklv vhwwlqj/ wkh fdslwdo vwrfn lv ylhzhg dv lqfrusrudwlqj dq h{sdqghg frqfhsw ri fdslwdo dv

�uvw ghvfulehg lq Mrqhv dqg Pdqxhool +4<<3,/ dqg Uhehor +4<<4,1 � frqwurov wkh iudfwlrq

ri lqyhvwphqw/ lq erwk sk|vlfdo dqg kxpdq fdslwdo/ zklfk lv vxemhfw wr wkh fdvk0lq0dgydqfh

frqvwudlqw1 Wklv iudfwlrq pd| eh vxevwdqwldo lq ghyhorslqj frxqwulhv wkdw gr qrw kdyh zhoo

ixqfwlrqlqj fuhglw pdunhwv1 Iru vlpsolflw|/ zh devwudfw iurp wkh idfw wkdw � pd| lwvhoi eh

hqgrjhqrxv61

Wkh �uvw rughu frqglwlrqv iru wkh krxvhkrog*v sureohp duh jlyhq e|=

L �E�|� ' b�c| n b2c|c +516,

�b�c| n b2c| ' qE�� B��.|b�c|n� n qdE�� B� n �o.|b2c|n�c +517,

b2c|
�|

' q.|

Eb�c|n� n b2c|n��

�|n�

c +518,

dqg wkh uhvrxufh frqvwudlqw +515,1 b�c| dqg b2c| ghqrwh wkh pxowlsolhuv dvvrfldwhg zlwk wkh

�uvw dqg vhfrqg frqvwudlqwv uhvshfwlyho|1 Htxdwlrq +518, lqglfdwhv wkdw lw lv rswlpdo wr

htxdwh wkh pdujlqdo ydoxh ri dq dgglwlrqdo groodu wrgd| zlwk wkh glvfrxqwhg h{shfwhg ydoxh

ri dq dgglwlrqdo xqlw ri frqvxpswlrq wrpruurz1 Htxdwlrq +517, lv wkh frqglwlrq ghwhuplqlqj

6Iru h{dpsohv zkhuh wkh ghjuhh ri �qdqfldo vrsklvwlfdwlrq pd| eh frqwlqjhqw rq lq dwlrq/ vhh Ehqflyhqjd

dqg Vplwk +4<<5,/ Luhodqg +4<<7,/ dqg Er|g dqg Vplwk +4<<9,1
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rswlpdo fdslwdo dffxpxodwlrq dqg htxdwhv wkh frvw ri lqyhvwlqj rqh pruh xqlw wrgd| zlwk

wkh ydoxh ri wkdw dgglwlrqdo lqyhvwphqw wrpruurz1 Wkdw ydoxh qrw rqo| lqfoxghv wkh h{wud

surgxfw dydlodeoh/ exw wkh ydoxh ri uhod{lqj qh{w shulrg*v fdvk lq dgydqfh frqvwudlqw1

Zh fdq xvh htxdwlrqv +516, dqg +518, wr uhzulwh htxdwlrq +517, dv

�L �E�|� ' �E�� ��qL �.|E�|n��
�|

�|n�

n qE�� B��.|L
�E�|n��

nqdqE�� B�E�� �� n q�o.|L
�E�|n2�

�|n�

�|n2
� +519,

Htxdwlrq +519, pd| eh lqwhusuhwhg dv wkh ixqgdphqwdo Hxohu htxdwlrq jryhuqlqj wkh odz ri

prwlrq iru frqvxpswlrq1

Ohw xv dvvxph wkdw wudqvihuv ri prqh| duh lvvxhg e| wkh jryhuqphqw dw udwh 5| � q vr

wkdw7

�|n� ' 5|�|� +51:,

Wkh vroxwlrq wr wkh frpshwlwlyh htxloleulxp lqyroyhv �qglqj wkh krxvhkrog*v srolf| ixqfwlrq/

g|n� ' �Eg|c 5|�c zklfk vdwlv�hv +519, zkloh uhvshfwlqj pdunhw fohdulqj lq erwk jrrgv dqg

prqh| pdunhwv1 Wklv ixqfwlrq vkrxog dovr vdwlvi| wkh fdvk0lq0dgydqfh frqvwudlqw lq +514,1

Wkh pdunhw fohdulqj frqglwlrqv duh

�_
| ' �| +51;,

dqg

�| ng|n� � E�� B�g| ' �g|� +51<,

7D qhfhvvdu| frqglwlrq iru wkh fdvk lq dgydqfh frqvwudlqw wr dozd|v elqg lv wkdw

^X 3+Fw,@Sw`@^�HwX
3+Fw.4,@Sw.4` � 41 Zlwk FUUD xwlolw| d qhfhvvdu| frqglwlrq zrxog eh }w � ��4��

pd{ >

zkhuh �pd{ lv wkh pd{lpxp jurzwk udwh ri frqvxpswlrq dqg � lv wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq1

Zlwk orj xwlolw|/ wklv frqglwlrq vlpsol�hv wr } � �= Iru wkh sxusrvhv ri wklv sdshu/ qrwklqj lv orvw e|

frq�qlqj dwwhqwlrq wr wkh fdvh ri d elqglqj fdvk lq dgydqfh frqvwudlqw1
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5141 D ghwhuplqlvwlf vroxwlrq zlwk orjdulwkplf xwlolw|

Dv d srlqw ri uhihuhqfh/ zh glvsod| wkh vroxwlrqv iru wkh jurzwk udwh ri wklv hfrqrp| zkhq

prqh| jurzwk lv ghwhuplqlvwlf dqg xwlolw| lv orjdulwkplf1 Zh fkrrvh orjdulwkplf xwlolw|

ehfdxvh lw doorzv xv wr �qg forvhg0irup vroxwlrqv lq wkh htxlydohqw vwrfkdvwlf hfrqrp|1 Wklv

zloo eh hvshfldoo| xvhixo lq surylglqj lqwxlwlrq lqwr krz ydulrxv uhdol}dwlrqv ri prqh| jurzwk

udwhv d�hfw uhdo jurzwk1 Wkh vroxwlrq lv rewdlqhg e| frqmhfwxulqj wkdw g|n� ' ��g| n

E� � B�g| dqg �| ' E� � ���g|/ dqg �qglqj wkh frqvwdqw � zklfk lv frqvlvwhqw zlwk rxu

ghvfulswlrq ri htxloleulxp1 Zh wkhq xvh wklv vroxwlrq iru � wr fdofxodwh wkh ghwhuplqlvwlf

jurzwk udwh ri rxwsxw1 Wklv |lhogv

�_ '
t|n� � t|

t|

'
qE�� B��5 n qdqE�� B�E�� �� n q�o

�5 n E�� ��q
� �� +5143,

Htxdwlrq +5143, lqglfdwhv wkdw h{fhsw lq wkh fdvh zkhuh � ' f/ wkh hfrqrp|*v jurzwk udwh

lv qhjdwlyho| uhodwhg wr wkh jurzwk udwh ri prqh|1 Dw wkh Iulhgpdq uxoh/ zkhuh 5 ' qc wkh

rswlpdo jurzwk udwh ri wkh hfrqrp| lv �W_ ' qE�n E�� B��� ��8

5151 Wzr idploldu fdvhv=

515141 � ' f G D fdvk0lq0dgydqfh frqvwudlqw rq frqvxpswlrq

Lq wklv fdvh/ lqyhvwphqw lv qrw vxemhfw wr wkh fdvk0lq0dgydqfh frqvwudlqw dqg wkh jurzwk

udwh ri rxwsxw lv lqghshqghqw ri wkh prqh| jurzwk udwh1 Wkh iudfwlrq ri rxwsxw ghyrwhg

wr lqyhvwphqw/ �_/ lv q � EE� � q�E� � B�*�� dqg wkh hfrqrp| zlgh jurzwk udwh lv �W_� Wkh

vroxwlrq fruuhvsrqgv wr rqh wkdw zrxog rewdlq lq dq dqdorjrxv qrq0prqhwdu| hfrqrp| zlwk d

frqvwdqw frqvxpswlrq wd{ zlwk wkh surfhhgv ri wkdw wd{ ehlqj uhedwhg oxps0vxp wr djhqwv1

8Wkh Iulhgpdq uxoh rewdlqv zkhq ^X 3+fw,@Sw`@^�HwX
3+fw.4,@Sw.4` @ 4 zklfk lpsolhv wkdw wkh qrplqdo

lqwhuhvw rq d erqg wkdw vhoov lq dq dvvhw pdunhw sulru wr wkh rshqlqj ri wkh jrrgv pdunhw lv }hur ^vhh Vyhqvrq

+4<;8,`1 Wklv lv dovr wkh frqglwlrq wkdw lpsolhv wkdw wkh fdvk0lq0dgydqfh frqvwudlqw lv mxvw elqglqj1 Lq wkh

ghwhuplqlvwlf fdvh dqg iru FUUD xwlolw| } @ ��4��> zkhuh � lv wkh jurzwk udwh/ |lhogv wkh Iulhgpdq uxoh1

Iru orj xwlolw| wkh Iulhgpdq uxoh rewdlqv zkhq } @ �=

:



Wkh frqvxpswlrq wd{ grhv qrw glvwruw wkh doorfdwlrq ehwzhhq vdylqj dqg lqyhvwphqw dqg

khqfh wkh hfrqrp| dwwdlqv wkh �uvw ehvw rxwfrph1

515151 � ' � G D fdvk�lq0dgydqfh frqvwudlqw rq frqvxpswlrq dqg lqyhvwphqw

Lq wklv fdvh/ prqh| jurzwk lpsolflwo| dfwv dv d wd{ rq lqyhvwphqw dv zhoo dv frqvxpswlrq1

D kljkhu udwh ri prqh| jurzwk/ wkhuhiruh/ uhgxfhv wkh udwh ri uhwxuq wr lqyhvwphqw ^vhh

Vwrfnpdq +4<;4,`1 Wkh vroxwlrqv iru �_ dqg wkh jurzwk udwh ri wkh hfrqrp|/ �_ duh

�_ '
�

�
iqE�� B�5 n q2�

5
� E�� B�j +5144,

dqg

�_ '
t|n� � t|

t|
'

q2�

5
n qE�� B�� �� +5145,

Wkxv/ zkhq lqyhvwphqw lv vxemhfw wr wkh fdvk lq dgydqfh frqvwudlqw/ jurzwk lv ohvv wkdq

rswlpdo1 Pruh jhqhudoo|/ wkh ghjuhh wr zklfk prqhwdu| srolf| dgyhuvho| d�hfwv uhdo jurzwk

xowlpdwho| ghshqgv rq wkh iudfwlrq ri lqyhvwphqw vxemhfw wr wkh lq dwlrq wd{1

Wkhuhiruh/ lq frpsdulqj lq dwlrq dqg jurzwk h�hfwv dfurvv frxqwulhv/ rqh pxvw eh frj0

ql}dqw ri wkh ghjuhh ri �qdqfldo vrsklvwlfdwlrq suhvhqw1 Iru wkh XV dqgprvw RHFG frxqwulhv/

� lv suredeo| forvh wr }hur vr wkdw/ lq d ghwhuplqlvwlf zruog/ vxvwdlqhg lq dwlrq vkrxog qrw

eh h{shfwhg wr |lhog vljql�fdqw jurzwk h�hfwv1 Wklv uhodwlrqvkls xqghuslqv wkh uhvxowv lq

Fkdul/ Mrqhv dqg Pdqxhool +4<<9,1 Krzhyhu/ � vljql�fdqwo| juhdwhu wkdq }hur pd| ehwwhu

fkdudfwhul}h wkh sd|phqwv whfkqrorj| lq pdq| ghyhorslqj hfrqrplhv dqg lw lv lpsruwdqw wr

frqvlghu wkhvh fdvhv dv zhoo1 Lw lv grxewixo wkdw d vlqjoh ydoxh ri � lv dssolfdeoh dfurvv zlgho|

gl�hulqj frxqwulhv/ lqgxvwuldol}hg dqg ghyhorslqj dolnh/ hvshfldoo| zkhq wkh uhohydqw frqfhsw

ri fdslwdo frqwdlqv d kxpdq frpsrqhqw1 Wkdw lv/ dffhvv wr kljkhu hgxfdwlrq lq ghyhorslqj

hfrqrplhv lv riwhq vxemhfw wr vwulqjhqw oltxlglw| frqvwudlqwv1 Dowkrxjk Fkdul/ Mrqhv dqg

Pdqxhool +4<<9, gr pdnh d glvwlqfwlrq ehwzhhq fdvk dqg fuhglw jrrgv zklfk khosv dwwhqxdwh

wkh uhdo h�hfwv ri prqh| jurzwk/ wklv glvwlqfwlrq lv djdlq olnho| wr eh pxfk ohvv uhohydqw iru

ghyhorslqj frxqwulhv1 Lq idfw/ dqg dv vxjjhvwhg lq Kdqvhq +4<<9,/ qrwh wkdw zkhq doo lqyhvw0

phqw lv vxemhfw wr wkh fdvk0lq0dgydqfh frqvwudlqw/ wkh uhdo h�hfwv ri kljkhu dyhudjh prqh|

;



jurzwk fdq eh txlwh vljql�fdqw1 Wklv pd| h{sodlq zk| wkh h�hfwv ri lq dwlrq rq jurzwk duh

vhqvlwlyh wr wkh vxevdpsoh ri frxqwulhv h{dplqhg ^vhh Eduur +4<<9,`1

Wkh wkhruhwlfdo uhvxowv suhvhqwhg deryh wkrxjk gr pdnh lw vxusulvlqj wkdw hpslulfdo

vwxglhv lqyroylqj d zlgh udqjh ri frxqwulhv kdyh qrw ehhq deoh wr lqfrqwuryhuwleo| grfxphqw

wkh kdupixo h�hfwv ri lq dwlrq rq uhdo jurzwk1 Prvw vwxglhv rqo| �qg d vpdoo h�hfw ri lq dwlrq

rq jurzwk1 Lq sduwlfxodu/ wkurxjk wkh xvh ri H{wuhph0Erxqg Dqdo|vlv/ Ohylqh dqg ]huyrv

+4<<6, vxjjhvw wkdw wkh uhodwlrqvkls ehwzhhq lq dwlrq dqg jurzwk pd| eh sduwlfxoduo| iudjloh1

Dv zh vkdoo vhh/ wklv vhhplqjo| zhdn uhodwlrqvkls pd| eh sduwldoo| h{sodlqhg e| frqvlghulqj

wkh yduldelolw| ri prqhwdu| srolf|1

61 Hqgrjhqrxv jurzwk zlwk vwrfkdvwlf prqhwdu| srolf|= wkh fdvh ri

llg vkrfnv

Zh qrz dgguhvv wkh lvvxh uhodwhg wr wkh h�hfwv ri lq dwlrq rq uhdo jurzwk zkhq prqh| jurzwk

lv vwrfkdvwlf1 Vlplodu wr wkh �vfdo srolf| dqdo|vlv frqwdlqhg lq Hdwrq +4<;4,/ Dl}hqpdq dqg

Pdulrq +4<<6,/ dqg Krshqkd|q dqg Pxqldjxuuld +4<<9,/ zh vkrz wkdw yduldeoh prqhwdu|

srolf| lqwurgxfhv vrph lpsruwdqw lpsolfdwlrqv iru jurzwk uhodwlyh wr wkh ghwhuplqlvwlf fdvh1

Ohw xv vxssrvh wkdw jryhuqphqw wudqvihuv ri prqh| duh lvvxhg vwrfkdvwlfdoo| dffruglqj

wr wkh uxoh

�|n� ' E5 n #|��|c +614,

zkhuh #| lv dq lghqwlfdoo| dqg lqghshqghqwo| glvwulexwhg udqgrp yduldeoh1 Lq dgglwlrq/ zh

dvvxph wkdw #| olhv lq wkh wzr srlqw vhw/ #| 5 i�jc jjc vxfk wkdw surei#| ' jj ' surei#| '
�jj ' �*2� Zh fdq wklqn ri wklv vwrfkdvwlf uhsuhvhqwdwlrq dv d wzr0vdwh Pdunry fkdlq zlwk

qr shuvlvwhqfh1 Wkh pruh jhqhudo fdvh lq zklfk shuvlvwhqfh lv doorzhg lv h{dplqhg ehorz1

Frqvlvwhqw zlwk wkh qrwdwlrq lq wkh suhylrxv vhfwlrq/ zh fkrrvh d surfhvv iru prqh| jurzwk

wkdw kdv phdq 5 dqg yduldqfh j21 Pruhryhu/ zh lpsrvh wkh uhvwulfwlrq wkdw 5 � j � q

dqg irfxv rxu dwwhqwlrq rq fdvhv zkhuh wkh fdvk0lq0dgydqfh frqvwudlqw lv elqglqj1 Wklv

vshfl�fdwlrq rq prqhwdu| srolf| doorzv xv wr frqvlghu wkh h�hfwv ri prqh| jurzwk dqg

yrodwlolw| vhsdudwho|1

<



Wkh uhsuhvhqwdwlyh krxvhkrog vroyhv wkh sureohp ghslfwhg lq wkh suhylrxv vhfwlrq1 Wkh

ixqfwlrqdo htxdwlrq wkdw jryhuqv wkh dffxpxodwlrq ri fdslwdo lv jlyhq e| +519, dqg lv uhsur0

gxfhg ehorz1

�L �E�|� ' �E�� ��q.|L
�E�|n��

�|

�|n�

n qE�� B��.|L
�E�|n��

nqdqE�� B�E�� �� n q�o.|L
�E�|n2�

�|n�

�|n2
� +615,

Wkh uhsuhvhqwdwlyh krxvhkrog*v srolf| ixqfwlrq zloo qrz jhqhudoo| eh frqwlqjhqw xsrq wkh

sduwlfxodu uhdol}dwlrq ri prqh| jurzwk vkrfnv1 Frqvhtxhqwo|/ ohw xv frqmhfwxuh ihdvleoh vkrfn

frqwlqjhqw vroxwlrq sdwkv vxfk wkdw g|n� ' �E#|��g| n E�� B�g| dqg �| ' d�� �E#|�o�g|1

Vlqfh prqhwdu| vkrfnv fdq rqo| wdnh rq rqh ri wzr ydoxhv/ �qglqj wkh frpshwlwlyh htxloleulxp

dprxqwv wr vroylqj iru �Ej� dqg �E�j� lq d pdqqhu frqvlvwhqw zlwk prqh| pdunhw fohdulqj

dqg wkh fdvk0lq0dgydqfh frqvwudlqw1

Wr surylgh vrph lqwxlwlrq uhjduglqj wkh h�hfwv ri vwrfkdvwlf prqhwdu| srolf| rq uhdo

jurzwk/ zh qrz uh0h{dplqh wkh wzr fruqhu fdvhv/ � ' f dqg � ' ��

6141 Wzr idploldu fdvhv uhylvlwhg

614141 � ' f G D fdvk0lq0dgydqfh frqvwudlqw rq frqvxpswlrq

Lq wklv fdvh/ wkh ixqfwlrqdo htxdwlrq +615, uhgxfhv wr

.|L
�E�|n��

�|

�|n�
' dqE�� B�E�� �� n q�o.|L

�E�|n2�
�|n�

�|n2
� +616,

Wklv htxdwlrq lpsolhv wkdw zkhq djhqwv uhfhlyh d kljk prqh| wudqvihu wrgd|/ qh{w shulrg*v

qrplqdo edodqfhv zloo jurz dw d uhodwlyho| idvw udwh1 Lq dwlrq lv wkhuhiruh h{shfwhg wr eh

kljkhu wkdq dyhudjh dqg djhqwv frqvhtxhqwo| ghpdqg ohvv uhdo edodqfhv zklfk lqfuhdvhv

lqyhvwphqw1 Dv d uhvxow/ frqvxpswlrq lv orzhu dqg jurzwk lv kljkhu lq wkh kljk wudqvihu

vwdwh1 Vshfl�fdoo|/ iru wkh fdvh ri orj xwlolw|/ htxdwlrq +616, fdq eh zulwwhq dv

�

�|

' qd� n E�� B�o.|i 5 n #|
�|n�d5 n #|n�o

j� +617,

Iurp +617,/ lw lv fohdu wkdw wkh ihdwxuh ri sduwlfxodu lqwhuhvw lv wkh uhodwlyh yduldelolw| ri

prqhwdu| srolf| dv fdswxuhg e| 5n#|
5n#

|n�
1 Dv 5 ehfrphv duelwudulo| odujh/ 5n#|

5n#
|n�

dssurdfkhv
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rqh dqg htxdwlrq +617, whqgv wr wkdw zklfk rewdlqv lq d ghwhuplqlvwlf vhwwlqj1 Xvlqj wkh

gh�qlwlrq ri �/ vroylqj htxdwlrq +617, |lhogv9

�E�j� '
q�5 � E�� q�E�� B�E5 n j�

�d5 n E�� q�jo
+618,

dqg

�Ej� '
q�5 � E�� q�E�� B�E5 � j�

�d5 � E�� q�jo
� +619,

Revhuyh wkdw zkhq j ' f/ � ' q � EE�� q�E�� B�*�� dv lq wkh suhylrxv vhfwlrq1 Dv qrwhg/

�Ej� : �E�j� vr wkdw d kljkhu jurzwk udwh rewdlqv zkhq prqh| jurzwk lv kljk1 Wkdw lv/ uhdo

jurzwk dqg prqh| jurzwk duh srvlwlyho| uhodwhg lq wkh vkruw uxq1 Qhyhuwkhohvv/ wklv uhvxow lv

frqvlvwhqw zlwk wkh idfw wkdw rq dyhudjh/ prqh| jurzwk dgyhuvho| d�hfwv hfrqrplf jurzwk1

Vshfl�fdoo|/ ohw �6 ghqrwh wkh orqj0uxq phdq edodqfhg jurzwk udwh iru wklv hfrqrp|1 Wkhq:

�6 '
.Et|n� � t|�

.Et|�

' iqd� n E�� B�o52 � E�� B�52 n E�� q�2E�� B�j2

52 � E�� q�2j2
j � Bc +61:,

zkhuh wkh odvw htxdolw| pdnhv xvh ri wkh dvvxpswlrq wkdw prqh| jurzwk vkrfnv duh lqghshq0

ghqwo| glvwulexwhg zkloh g| rqo| ghshqgv rq vkrfnv xs wr wlph |� �1

Lq frqwudvw wr wkh dqdorjrxv ghwhuplqlvwlf fdvh/ prqh| lv qr orqjhu qhxwudo zlwk uhvshfw

wr wkh phdq uhdo jurzwk udwh1 Zkhq j ' �j ' f/ �6 uhgxfhv wr wkh ghwhuplqlvwlf jurzwk

udwh �W_� Lw lv vwudljkwiruzdug wr vkrz wkdw �6 lv qrz d ghfuhdvlqj ixqfwlrq ri dyhudjh prqh|

jurzwk1 Wr vhh zk| wklv lv wuxh/ frqvlghu Iljxuh 814 zklfk sorwv �Ej� dqg �E�j� dv ixqfwlrqv

ri 5� Vlqfh prqhwdu| srolf| lv qrz yduldeoh/ djhqwv xqghuwdnh vrph suhfdxwlrqdu| vdylqj dqg

khqfh vdyh uhodwlyho| pruh wkdq lq wkh ghwhuplqlvwlf fdvh1 Revhuyh wkdw m�Ej�m : m�E�j�m vr
wkdw wkh h{shfwhg iudfwlrq ri rxwsxw wkdw lv lqyhvwhg lq dq| rqh shulrg lv juhdwhu wkdq lwv gh0

whuplqlvwlf frxqwhusduw1 Krzhyhu/ lw lv dovr wuxh wkdw erwk ixqfwlrqv frqyhujh prqrwrqlfdoo|

wr wkh ydoxh ri � xqghu fhuwdlqw|/ �_/ dv 5 ehfrphv duelwudulo| odujh1 Wklv lv ehfdxvh wkh

9Iru ghwdlov ri wkh vroxwlrq/ vhh Dsshqgl{ D1
:Lw fdq eh hdvlo| hvwdeolvkhg wkdw wkh vkduhv ri frqvxpswlrq dqg lqyhvwphqw lq rxwsxw duh vwdwlrqdu| lq

h{shfwhg ydoxh whupv1
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uhodwlyh yduldelolw| ri prqhwdu| srolf| whqgv wr ydqlvk zkhq wklv rffxuv1 Iroorzlqj Mhqvhq*v

Lqhtxdolw|/ wkh xqfrqglwlrqdo h{shfwdwlrq ri uhdo jurzwk lv/ wkhuhiruh/ ghfolqlqj lq 51

Ixuwkhu/ +618, dqg +619, lpsolhv wkdw doo hovh htxdo/ d ulvh lq wkh yduldelolw| ri prqh|

jurzwk lqfuhdvhv wkh dyhudjh ohyho ri vdylqjv dqg lqyhvwphqw1 Dv vkrzq lq +61:,/ dyhudjh

uhdo jurzwk wkhuhiruh lqfuhdvhv zlwk j21 Wklv uhvxow qdwxudoo| iroorzv vlqfh ohvv uhdo prqh|

edodqfhv duh khog rq dyhudjh dv wkh uhwxuq wr prqh| edodqfhv ehfrph pruh xqfhuwdlq1 Dv d

frqvhtxhqfh/ pruh uhvrxufhv duh lqyhvwhg1 Wklv �qglqj lv dqdorjrxv wr wkdw ri Phuwrq +4<9<,/

zkr vkrzv wkdw suhfdxwlrqdu| vdylqjv whqg wr lqfuhdvh zlwk wkh yrodwlolw| ri wkh uhwxuq wr

lqyhvwphqw lq d qrq0prqhwdu| hfrqrp|1 Hdwrq +4<;4,/ dqg Krshqkd|q dqg Pxqldjxuuld

+4<<9,/ �qg vlplodu uhvxowv lq wkh dqdo|vlv ri yduldeoh �vfdo srolf|1 Pruh uhfhqwo|/ Uhehor dqg

[lh +4<<9, dovr vkrz wkdw wkhvh uhvxowv h{whqg wr wkh fdvh ri d prqhwdu| hfrqrp| zlwk d

fdvk0lq0dgydqfh frqvwudlqw rq frqvxpswlrq zkhuh yduldelolw| lv lqgxfhg wkurxjk uhdo vkrfnv1

Lw lv lqwhuhvwlqj wr qrwh wkdw d qxpehu ri hpslulfdo vwxglhv/ qrwdeo| e| Julhu dqg Wxoorfn

+4<;<,/ Ohylqh dqg Uhqhow +4<<5,/ dqg Eduur +4<<9, kdyh ehhq xqdeoh wr yhuli| wkh pruh

frqyhqwlrqdo ylhz wkdw juhdwhu yrodwlolw| lq wkh lq dwlrq udwh vkrxog eh dvvrfldwhg zlwk orzhu

jurzwk/ zkloh PfWdjjduw +4<<5, �qgv wkdw yduldelolw| kdv d srvlwlyh h�hfw rq jurzwk1

Lw vkrxog eh srlqwhg rxw wkdw/ lq frqwudvw wr ghwhuplqlvwlf hqgrjhqrxv jurzwk prghov/

wkhuh qr orqjhu h{lvw d vwudljkwiruzdug olqn ehwzhhq wkh uhdo uhwxuq wr vdylqjv dqg jurzwk lq

wklv hqylurqphqw1 Wr vhh wklv/ ohw ^E#|� ghqrwh wkh sulfh ri d erqg wkdw uhwxuqv rqh xqlw ri

rxwsxw dqg vhoov lq wkh dvvhw pdunhw diwhu wkh jrrgv pdunhw forvhv1 Gh�qlqj �noE#|� '
�

^E#|�
/

lw iroorzv wkdw � n oE#|� lv frqvwdqw dqg htxdo wr � n � � B dv h{shfwhg1 Wklv lv ehfdxvh

lqyhvwphqw lq sk|vlfdo fdslwdo lv qrw vxemhfw wr wkh lq dwlrq wd{ zkhq � ' f1 Qhyhuwkhohvv/

jlyhq wkdw lq dq| wlph shulrg wkh krxvhkrog xqghuwdnhv pruh lqyhvwphqw zkhq wkh uhwxuq

wr uhdo edodqfhv lv orz dqg ylfh yhuvd/ uhdo jurzwk lv vwdwh ghshqghqw1

Wkurxjkrxw rxu glvfxvvlrq/ zh kdyh xvhg wkh qrwlrq wkdw wkurxjk wkh oltxlglw| frqvwudlqw/

prqh| jurzwk sod|v d uroh vlplodu wr wkdw ri d frqvxpswlrq wd{ lq d�hfwlqj uhdo jurzwk1 Wr

vhh wklv/ vxssrvh wkdw rxu uhsuhvhqwdwlyh krxvhkrog zhuh wr pd{lpl}h lwv olihwlph xwlolw| ryhu

dq lq�qlwh krul}rq vxemhfw wr wkh frqvwudlqw/

�|E� n � |� ng|n� � E�� B�g| ' �g| n A-| +61;,
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zkhuh � | 5 Efc �� iroorzv d surfhvv vlplodu wr wkdw zklfk ghvfulehv prqh| jurzwk deryh1 A-|

uhsuhvhqwv fxuuhqw shulrg wd{ surfhhgv uhplwwhg wr wkh krxvhkrog dv d oxps vxp wudqvihu1

Zkhq xwlolw| lv orjdulwkplf/ wkh uhohydqw Hxohu htxdwlrq lv lghqwlfdo wr +617, dqg lv jlyhq e|

�

�|

' qd� n E�� B�o�.|i � n � |
�|n�d� n � |n�o

jc +61<,

zkhuh wkh wd{ rq frqvxpswlrq qrz uhsodfhv wkh udwh ri prqh| jurzwk1 Lq d ghwhuplqlvwlf

vhwwlqj/ zkhuh � | ' � iru | ' �c 2���/ wkh frqvxpswlrq wd{ grhv qrw d�hfw uhdo jurzwk1 Wklv

lv wkh h{shfwhg uhvxow1 Krzhyhu/ qrwh iurp +617, dqg +61<, wkdw d yduldeoh wd{ udwh zrxog

d�hfw phdq uhdo jurzwk lq suhflvho| wkh vdph zd| dv yduldeoh prqh| jurzwk1 Lq sduwlfxodu/

iurp htxdwlrq +617,/ zh fdq wklqn ri wkh surfhhgv jhqhudwhg e| wkh lq dwlrq wd{ lq shulrg

| dv d5 n � n #|o�|1 Wkhvh surfhhgv h{dfwo| htxdo wkh dprxqw ri vhljqrudjh uhedwhg wr wkh

krxvhkrog dv d oxps vxp wudqvihu vlqfh/ xvlqj wkh fdvk0lq0dgydqfh frqvwudlqw/ zh kdyh

d5 � � n #|o�| ' d5 � � n #|o
�|

�|

'
D|
�|

+6143,

Lq d vhqvh/ wklv uhodwlrqvkls wkhuhiruh fuhdwhv dq lqwxlwlyh olqn ehwzhhq wkh jurzwk h�hfwv ri

yduldeoh prqhwdu| srolf| dqg wkrvh ri yduldeoh �vfdo srolf| dv lqyhvwljdwhg lq Hdwrq +4<;4,/

Grwvh| +4<<3,/ dqg Krshqkd|q dqg Pxqldjxuuld +4<<9,1

614151 � ' � G D fdvk�lq0dgydqfh frqvwudlqw rq frqvxpswlrq dqg lqyhvwphqw

Dv phqwlrqhg hduolhu/ zkhq wkh uhohydqw qrwlrq ri fdslwdo lqyroyhv d kxpdq frpsrqhqw/ wkh

iudfwlrq ri lqyhvwphqw vxemhfw wr wkh oltxlglw| frqvwudlqw pd| eh vxevwdqwldo/ hvshfldoo| lq

ohvv ghyhorshg hfrqrplhv1 Wklv vxevhfwlrq r�huv vrph lqvljkwv lqwr wkh jurzwk h�hfwv ri

vwrfkdvwlf prqhwdu| srolf| zkhq wklv lv wuxh1 Wkh ixqfwlrqdo htxdwlrq +615, fdq eh zulwwhq

dv

L �E�|� ' qE�� B�.|L
�E�|n�� n q2�.|L

�E�|n2�
�|n�

�|n2
+6144,

Revhuyh wkdw zlwk zklwh qrlvh vkrfnv/ htxdwlrq +6144, lpsolhv wkdw hfrqrplf ghflvlrqv

duh lqyduldqw wr wkh uhdol}dwlrq ri prqh| jurzwk1 Wklv uhvxow lv lq idfw txlwh lqwxlwlyh1

Vlqfh fxuuhqw prqh| jurzwk vkrfnv gr qrw frqwdlq dq| lqirupdwlrq derxw ixwxuh vkrfnv/
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dqg vlqfh lqyhvwphqw dqg frqvxpswlrq duh erwk vxemhfw wr wkh oltxlglw| frqvwudlqw/ wkh

krxvhkrog fdqqrw vxevwlwxwh ehwzhhq frqvxpswlrq dqg lqyhvwphqw wr dyrlg wkh lq dwlrq wd{

dfurvv vwdwhv1 Pruh lpsruwdqwo|/ wklv phdqv wkdw lq ghyhorslqj hfrqrplhv/ wkh idfw wkdw uhdo

jurzwk dqg prqh| jurzwk pd| eh srvlwlyho| uhodwhg dw f|folfdo iuhtxhqflhv whqgv wr ydqlvk1

Wklv dvshfw ri wkh prgho lv uhplqlvfhqw ri wkh dqdo|vlv ri vwrfkdvwlf wd{hv lq Grwvh|

+4<<3,1 Wr eh vshfl�f/ dqg vhwwlqj B ' � iru qrwdwlrqdo frqyhqlhqfh/ htxdwlrq +6144, fdq eh

h{suhvvhg dv

�

�|

' q2�.|i �

�|n�d5 n #|n�o
\|n2jc +6145,

zkhuh \|n2 '
g|n2

�|n2

�|n�
g|n�

1 Qrz/ frqvlghu wkh sureohp ri pd{lpl}lqj xwlolw| lq d uhdo hfrqrp|

zkhq erwk frqvxpswlrq dqg lqyhvwphqw duh wd{hg1 Iru wkh fdvh ri orjdulwkplf xwlolw|/ wkh

uhohydqw vwrfkdvwlf Hxohu htxdwlrq lv

�

�|

' q�.|i �

�|n�d� n � |n�o
j� +6146,

Khqfh/ zkhq d wd{ dssolhv wr lqyhvwphqw dv zhoo dv frqvxpswlrq/ wkh rswlpdo lqwhuwhpsrudo

ghflvlrq grhv qrw ghshqg rq wkh fxuuhqw vwdwh ri wkh zruog1 Wkdw lv/ qhlwkhu wkh fxuuhqw

prqh| jurzwk udwh qru wkh fxuuhqw wd{ udwh dsshdu lq htxdwlrqv +6145, ru +6146,1 Wkhuhiruh/

lq erwk fdvhv/ wkh srolf| ixqfwlrq lv lghqwlfdo dfurvv vwdwhv1 Dv lq Grwvh| +4<<3,/ zh vkdoo vhh

wkdw wkh lqyduldqfh ri wkh srolf| ixqfwlrq zlwk uhvshfw wr prqh| jurzwk vwdwhv glvdsshduv

zkhq vkrfnv duh fruuhodwhg1

D forvhg0irup vroxwlrq iru �E�� fdq eh irxqg e| vroylqj +6145, iru hlwkhu vwdwh ri wkh zruog1

Wkh vroxwlrq lv

�Ej� ' �E�j� '
q25

52 � j2
n

E�� B�Eq � ��

�
� +6147,

Dowkrxjk �E�� lv qrw vwdwh frqwlqjhqw/ wklv vroxwlrq qhyhuwkhohvv grhv ghshqg rq wkh yduldqfh

ri prqh| jurzwk1 Lq sduwlfxodu/ lw lv fohdu wkdw ohvv frqvxpswlrq/ dqg wkxv pruh vdylqjv dqg

lqyhvwphqw/ wdnhv sodfh wkh pruh yrodwloh wkh surfhvv ghvfulelqj prqhwdu| srolf|1 Khqfh/

dv lq wkh suhylrxv vxevhfwlrq/ wkh phdq edodqfhg jurzwk udwh lv lqfuhdvlqj lq wkh ghjuhh ri

prqhwdu| yduldelolw|1 Irupdoo|/ wkh h{shfwhg orqj0uxq jurzwk udwh lv jlyhq e|
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�6 '
.Et|n� � t|�

.Et|�
'

q2�5

52 � j2
n qE�� B�� �� +6148,

Zkhq j ' �j ' f/ �E�� lq +6147, uhgxfhv wr +5144, zkloh �6 lq +6148, uhgxfhv wr wkh

ghwhuplqlvwlf jurzwk udwh �_ lq +5145,1 Rq d pruh vljql�fdqw qrwh/ revhuyh iurp htxdwlrq

+5145, wkdw

�����Y�_Y5

����� ' q2�

52
c +6149,

zkloh iurp +6148,=

�����Y�6Y5

����� ' q2�d52 n j2o

E52 � j2�2
� +614:,

Lw fdq eh hvwdeolvkhg wkdw vlqfh zh kdyh frq�qhg rxuvhoyhv wr j 	 5 � q 	 5/
���Y�6
Y5

��� : ���Y�_
Y5

���
dqg wkh lpsdfw ri dyhudjh prqh| jurzwk rq uhdo jurzwk lv dozd|v vwurqjhu lq wkh suhvhqfh

ri prqhwdu| yduldelolw|1 Wklv uhvxow fdq eh ehvw h{sodlqhg e| uhihuulqj wr Iljxuh 8151 E|

lqwurgxflqj vrph yduldelolw| lq wkh prqhwdu| surfhvv/ pruh vdylqj dqg juhdwhu lqyhvwphqw

wdnhv sodfh uhodwlyh wr wkh ghwhuplqlvwlf fdvh1 Wkhuhiruh/ iru j : f/ �6 whqgv wr h{fhhg �_1

Krzhyhu/ erwk phdvxuhv frqyhujh prqrwrqlfdoo| wr qE� � B� � � dv 5 ehfrphv duelwudulo|

odujh1 Wklv ehkdylru lpsolhv wkdw uhdo jurzwk lq wkh vwrfkdvwlf zruog pxvw ghfolqh idvwhu dv

wkh prqh| jurzwk udwh lqfuhdvhv1 Wklv uhvxow lv lq idfw dqdorjrxv wr wkdw zklfk rewdlqv zlwk

d fdvk0lq0dgydqfh frqvwudlqw vwulfwo| rq frqvxpswlrq vlqfh/ zkhq � ' fc zh vkrzhg wkdw
Y�

_

Y5
' f zkloh Y�

6

Y5
	 f�

Dv srlqwhg rxw hduolhu/ lw lv vwloo wuxh wkdw wkh olqn ehwzhhq wkh uhwxuq wr vdylqjv dqg uhdo

jurzwk gl�huv iurp wkdw zklfk hphujhv lq d ghwhuplqlvwlf zruog1 Lq wklv fdvh/ lqyhvwphqw lq

sk|vlfdo fdslwdo lv vxemhfw wr wkh lq dwlrq wd{1 Wkhuhiruh lq vwdwhv zkhuh prqh| jurzwk lv

kljk/ erqgv duh uhodwlyho| pruh dwwudfwlyh zklfk uhvxowv lq kljkhu sulfhv dqg orzhu uhwxuqv1

Irupdoo|/ zh kdyh �n oEj� ' q�d �
5nj

n E53j�E�3B�
q�5

o 	 q�d �
53j

n E5nj�E�3B�
q�5

o ' �n oE�j�/ zkhuh

� n oE#|� lv gh�qhg dv lq wkh suhylrxv vxevhfwlrq1 Qrqhwkhohvv/ vlqfh wkh krxvhkrog fdqqrw

vxevwlwxwh ehwzhhq frqvxpswlrq dqg lqyhvwphqw wr dyrlg wkh lq dwlrq wd{ dfurvv vwdwhv/ uhdo

jurzwk lv frqvwdqw1
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Ehiruh glvfxvvlqj wkh hpslulfdoo| uhohydqw fdvhv lq wkh qh{w vhfwlrq/ zh vxppdul}h rxu

uhvxowv lq wkh iroorzlqj wdeoh1

H�hfwv ri Lq dwlrq rq Uhdo Jurzwk

Ghwhuplqlvwlf Fdvh Yduldeoh Uhjlph

� ' f Qr h�hfw Qhjdwlyh h�hfw ri lq dwlrq rq dyhudjh jurzwk

Srvlwlyh h�hfw ri yduldelolw|

Kljkhu uhdo jurzwk lq kljk prqh| jurzwk vwdwh

� ' � Qhjdwlyh h�hfw ri lq dwlrq Vwurqjhu qhjdwlyh h�hfw ri lq dwlrq

Srvlwlyh h�hfw ri yduldelolw|

Jurzwk grhv qrw ghshqg rq prqh| jurzwk vwdwh

Wkxv idu/ zh kdyh ehhq deoh wr vkrz wkdw iru wkh fdvhv zkhuh � ' f dqg � ' �/ wkh

dgyhuvh h�hfwv ri lq dwlrq rq orqj0uxq jurzwk duh vwurqjhu zkhq prqhwdu| srolf| lv yduldeoh1

Lq dgglwlrq/ dqg h{fhsw iru wkh fruqhu fdvh zkhuh � ' �/ zh kdyh dovr irxqg wkdw uhdo jurzwk

lv vwdwh ghshqghqw1 Ri vljql�fdqw lpsruwdqfh lv wkdw lq doo fdvhv/ wkh yduldelolw| ri prqh|

jurzwk whqgv wr lqfuhdvh dyhudjh uhdo jurzwk wkurxjk d suhfdxwlrqdu| vdylqjv prwlyh1

Dw wklv vwdjh/ rqh pd| zrqghu pruh vshfl�fdoo| derxw wkh ihdwxuhv ri wkh hqylurqphqw

zklfk kdyh khoshg lq jhqhudwlqj wkhvh uhvxowv1 Zh eulh | glvfxvv wzr ri wkhvh ihdwxuhv1 Iluvw/

wkh vkrfn ghshqghqfh ri lqyhvwphqw lq wkh fdvh zkhuh � ' f lpsolflwo| uholhv rq wkh idfw

wkdw wrgd|*v prqhwdu| wudqvihu fdqqrw eh xvhg iru frqvxpswlrq1 Li/ dv lq Jrpph +4<<6,/

wudqvihuv frxog eh xvhg lq wkh jrrgv pdunhw/ wkhq yduldelolw| zrxog kdyh qr h�hfw rq uhdo

jurzwk zkhq prqh| jurzwk vkrfnv duh zklwh qrlvh1 Lq wklv fdvh/ �Ej� ' �E�j� ' �_ '

q � EE� � q�E� � B��*�1 Prgholqj prqh| wudqvihuv dv lq Vyhqvvrq +4<;8, lpsolhv wkdw rxu

vshfl�fdwlrq lv frqvlvwhqw zlwk zkdw Hdvwhuo| dqg Euxqr +4<<8, uhihu wr dv �frqyhqwlrqdo

zlvgrp1� Wkdw lv/ �dw exvlqhvv0f|foh iuhtxhqflhv/ lq dwlrq dqg jurzwk pd| eh srvlwlyho|

uhodwhg/ zkloh wkh uhodwlrqvkls vkrxog eh qhjdwlyh iru wkh phglxp dqg orqj0uxq1� Lw lv

lqwhuhvwlqj wr qrwh wkdw wkh uhvxowv iru wkh fdvh zkhuh � ' � duh lghqwlfdo luuhvshfwlyh ri

zkhwkhu prqhwdu| wudqvihuv fdq eh xvhg lq wrgd|*v jrrgv pdunhw1 Vhfrqg/ dq dowhuqdwlyh

vshfl�fdwlrq iru wkh prqh| jurzwk uxoh pljkw kdyh ehhq �|n� ' 5E� n #|��|1 Wklv zrxog
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lpso| wkdw prqh| jurzwk zdv luuhohydqw lq wkh fdvh zkhuh � ' f1 Ehfdxvh wkh hpslulfdo

uhodwlrqvkls ehwzhhq jurzwk udwhv dqg yrodwlolw| lv qrq0olqhdu/ zh fkrvh wr zrun zlwk wkh

vshfl�fdwlrq lq +614,1

Sdqhov d, dqg e, ri Iljxuh 816 ghslfw d vwurqj srvlwlyh uhodwlrqvkls ehwzhhq wkh orj ri phdq

prqh| jurzwk dqg wkh orj ri lwv vwdqgdug ghyldwlrq iru erwk orz dqg kljk lq dwlrq frxqwulhv1

Dv lq Eduur +4<<9,/ zh gh�qh kljk lq dwlrq frxqwulhv dv wkrvh kdylqj dyhudjh lq dwlrq udwhv

h{fhhglqj 73 shufhqw dqg frqyhuvho| iru orz lq dwlrq frxqwulhv1 Wklv glvwlqfwlrq lv lpsruwdqw

vlqfh Er|g/ Ohylqh/ dqg Vplwk +4<<9, dovr revhuyh wkdw �frxqwulhv zlwk lq dwlrq udwhv lq

h{fhvv ri wklv wkuhvkrog rq dyhudjh revhuyh d glvfuhwh dqg vxevwdqwldo uhgxfwlrq lq �qdqfldo

ghswk1� Vlqfh dyhudjh prqh| jurzwk dqg wkh yduldelolw| ri prqh| jurzwk duh srvlwlyho|

fruuhodwhg/ rxu prgho vxjjhvwv wkdw wkh jurzwk h�hfwv ri kljkhu dyhudjh prqh| jurzwk pd|

eh dpeljxrxv zkhq d odujh qxpehu ri frxqwulhv lv frqvlghuhg1 Wklv zrxog surylgh d sduwldo

h{sodqdwlrq iru wkh �qglqjv uhsruwhg lq Ohylqh dqg ]huyrv +4<<6,1 Lq wkh qh{w vhfwlrq/ zh

dwwhpsw wr txdqwli| wkh uhdo h�hfwv ri dyhudjh prqh| jurzwk wkurxjk d qxphulfdo vlpxodwlrq1

Lq grlqj vr/ zh vkrz wkdw dffrxqwlqj iru wkh yduldelolw| lq wkh prqhwdu| surfhvv uhgxfhv wkh

vwuhqjwk ri wkh uhodwlrqvkls ehwzhhq dyhudjh lq dwlrq dqg uhdo jurzwk1

71 Hqgrjhqrxv jurzwk zlwk vwrfkdvwlf prqhwdu| srolf|= wkh fdvh ri

fruuhodwhg vkrfnv

Lq wklv vhfwlrq/ zh pdnh xvh ri d qxphulfdo vlpxodwlrq wr vroyh d pruh jhqhudo yhuvlrq ri

wkh edvlf prgho suhvhqwhg deryh1 Zh doorz iru wkh ohvv uhvwulfwlyh xwlolw| ixqfwlrq h{klelwlqj

frqvwdqw uhodwlyh ulvn dyhuvlrq/ LE�� ' ��3k
3�

�3k
c k : f/ dqg wdnh wkh uhodwlrqvklsv lq Iljxuh

816 dv jlyhq1 Dsshqgl{ E vkrzv wkdw lq vslwh ri kdylqj FUUD xwlolw|/ dqg dv d uhvxow ri wkh

olqhdu whfkqrorj|/ wkh ixqfwlrqdo htxdwlrq dqdorjrxv wr +615, grhv qrw ghshqg rq wkh fdslwdo

vwrfn1 Wkhuhiruh/ d srolf| ixqfwlrq frqwlqjhqw xsrq wkh ydulrxv prqh| jurzwk vwdwhv fdq eh

irxqg xvlqj d vlpsoh qrq0olqhdu htxdwlrq vroyhu1

Lq rughu wr lqyhvwljdwh wkh lpsolfdwlrqv wkdw rxu prgho kdv iru wkh jurzwk h�hfwv ri

lq dwlrq lq dq hpslulfdoo| uhohydqw vhwwlqj/ zh pxvw fdoleudwh rxu prgho1 Zh �uvw ghvfuleh

rxu vshfl�fdwlrq iru wkh prqh| vxsso| uxoh1 Iru vlpsolflw|/ zh dvvxph wkdw wkh vkrfnv wr
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prqh| jurzwk iroorz d wzr0vwdwh Pdunry surfhvv1 Gh�qlqj #, dqg #� dv wkh orz dqg wkh kljk

vkrfnv uhvshfwlyho|/ zh ohw wkh vwdwh wudqvlwlrq suredelolwlhv eh jlyhq e| surei#|n� ' #,m#| '
#,j ' �� R dqg surei#|n� ' #�m#| ' #�j ' �� ^1 Wklv vwrfkdvwlf surfhvv kdv wkh dgydqwdjh

ri vlpsolflw| dqg dw wkh vdph wlph lv deoh wr pdwfk furvv frxqwu| lqirupdwlrq rq wkh phdq

dqg vwdqgdug ghyldwlrq ri prqh| jurzwk1 Irupdoo|/ ohw #6 dqg j2 ghqrwh wkh orqj0uxq phdq

dqg yduldqfh ri wkh vkrfnv jhqhudwhg e| wkh Pdunry fkdlq1 Wkhq/ lw iroorzv wkdw #, dqg #�

fdq dovr eh h{suhvvhg dv

#, ' #6 � j

v
R

^
dqg #� ' #6 n j

v
^

R
� +714,

Jlyhq #, dqg ^/ htxdwlrq +714, fdq eh xvhg wr �qg wkh ydoxhv ri #� dqg R zklfk duh frqvlvwhqw

zlwk dq| sdlu E#6c j�1 Lq wkh iroorzlqj h{dpsohv zh fdoleudwh � � ^ wr eh 1HD lpso|lqj

wkdw zkhq prqh| jurzwk lv lq wkh kljk vwdwh/ lw whqgv wr vwd| lq wkdw vwdwh1 Euxqr dqg

Hdvwhuo| +4<<8, surylgh hylghqfh wkdw wklv lv lqghhg wkh fdvh lq wkh vhqvh wkdw rqfh lq d kljk

lq dwlrq udqjh/ frxqwulhv w|slfdoo| �qg lw yhu| gl!fxow wr uhyhuw edfn wr orzhu lq dwlrq udwhv1

Wklv lv gxh lq sduw/ qr grxew/ wr wkh idfw wkdw gudvwlf phdvxuhv duh xvxdoo| qhhghg lq vxfk

flufxpvwdqfhv1

Zh wkhq ohw wkh furvv0frxqwu| uhodwlrqvkls ehwzhhq wkh vwdqgdug ghyldwlrq dqg wkh phdq

ri prqh| jurzwk eh jlyhq e|

*L} j� ' l n 4 *L}E� n #6��c +715,

zkhuh j� dqg E� n #6�� uhvshfwlyho| ghqrwh wkh orqj0uxq vwdqgdug ghyldwlrq dqg phdq ri

prqh| jurzwk ri frxqwu| �1 Revhuyh wkdw lq whupv ri wkh qrwdwlrq xvhg lq vhfwlrqv 5 dqg

6/ zh qrz kdyh 5 ' � n #61 Ohdvw Vtxduh ydoxhv ri l dqg 4 fdq wkhq eh rewdlqhg iru

erwk wkh orz dqg kljk lq dwlrq frxqwulhv1 Wkxv/ lq ydu|lqj wkh phdq ri prqh| jurzwk lq

wkh vlpxodwlrqv ehorz/ zh zloo eh fduhixo wr vhw #� dqg R xvlqj +714, vr dv wr suhvhuyh wkh

uhodwlrqvkls ghslfwhg lq +715, dv dsso|lqj wr orz dqg kljk lq dwlrq vdpsohv1 Dv idu dv wkh

rwkhu sdudphwhuv lq wkh prgho duh frqfhuqhg/ zh vhw wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq k

wr 4158/ wkh udwh ri lpsdwlhqfh q wr 1<9/ dqg wkh ghsuhfldwlrq udwh B wr 13;1 Fkrrvlqj � htxdo

wr �4:8 jhqhudwhv uhdvrqdeoh jurzwk udwhv dfurvv frxqwulhv zlwk ydu|lqj ohyhov ri lq dwlrq1
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Zh qrz h{dplqh wzr qxphulfdo h{dpsohv wkdw sruwud| wkh lqwhudfwlrq ehwzhhq prqh|

jurzwk dqg lwv yduldelolw| rq hfrqrplf jurzwk1 Lq grlqj vr zh duh deoh wr kljkoljkw vrph

nh| ehkdylrudo ihdwxuhv wkdw vkrxog eh suhvhqw dfurvv ydulrxv prqhwdu| prghov1 Wkh �uvw

h{dpsoh dqdo|}hv wkh jurzwk lpsolfdwlrqv ri yduldeoh prqhwdu| srolf| iru frxqwulhv zkhuh

wkh oltxlglw| frqvwudlqw rqo| dssolhv wr d vpdoo iudfwlrq ri lqyhvwphqw zlwk � ' ��1 Zlwk wklv

sdudphwhul}dwlrq/ dssur{lpdwho| 64( ri rxwsxw lv vxemhfw wr wkh fdvk0lq0dgydqfh frqvwudlqw/

zklfk lv derxw wkh vdph shufhqwdjh dv lq Fkdul/ Mrqhv/ dqg Pdqxhool +4<<8,1 Wklv fdvh lv

phdqw wr hqfrpsdvv prvw ghyhorshg qdwlrqv dv zhoo dv vrph qhzo| lqgxvwuldol}hg frxqwulhv

zkhuh fuhglw pdunhwv ixqfwlrq uhodwlyho| zhoo1 Qh{w/ zh fduu| rxw wkh vdph qxphulfdo h{huflvh

iru frxqwulhv zlwk hlwkhu olplwhg ru lqh�hfwxdo fuhglw pdunhwv lq zklfk fdvh zh vhw � '

�SD1 Wklv odwwhu vfhqdulr lv olnho| wr eh hqfrxqwhuhg pdlqo| lq ghyhorslqj frxqwulhv zkhuh

vrsklvwlfdwhg �qdqfldo lqvwlwxwlrqv kdyh qrw |hw hphujhg1 Wklv srlqw lv hvshfldoo| uhohydqw

zlwk uhvshfw wr lqyhvwphqwv lq kxpdq fdslwdo1

Vroylqj htxdwlrq +615, |lhogv wkh vroxwlrqv �E#,� dqg �E#�� zlwk wkh dvvrfldwhg jurzwk

udwhv

�E#|� '

;A?
A=

�E#,� ' �E#,��� B zkhq #| ' #,

�E#�� ' �E#���� B zkhq #| ' #�
� +716,

Jlyhq wkh glvwulexwlrq ri prqh| jurzwk vshfl�hg deryh/ wkh orqj0uxq phdq jurzwk udwh lv

frpsxwhg dv

�6 '
^

Rn ^
�E#,� n

R

Rn ^
�E#��� +717,

Zlwk wklv lq plqg/ zh qrz wxuq rxu dwwhqwlrq wr wkh uhvxowv1

7141 � ' ��= D zhdn oltxlglw| frqvwudlqw rq lqyhvwphqw

Lq wklv vlpxodwlrq/ zh vhw wkh jurzwk udwh ri prqh| lq wkh orz vwdwh/ #,/ wr 136/ dqg frqvlghu

dyhudjh lq dwlrq udwhv udqjlqj iurp 4 wr 73 shufhqw1 Wkh hvwlpdwhg ydoxhv ri l dqg 4 lq

htxdwlrq +715, duh 143 dqg 51:4 zlwk |�ydoxhv ri 4<16 dqg 615 uhvshfwlyho|1 Sdqho g, ri Iljxuh
817 vkrzv wkdw/ dv lq wkh vlpsoh fdvk0lq0dgydqfh fdvh/ uhdo jurzwk lv srvlwlyho| uhodwhg wr wkh

sduwlfxodu uhdol}dwlrq ri prqh| jurzwk1 Dv zh kdyh douhdg| qrwhg/ zkhq d vpdoo iudfwlrq
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ri lqyhvwphqw lv vxemhfw wr wkh lq dwlrq wd{/ wkh uhsuhvhqwdwlyh krxvhkrog fdq vxevwlwxwh

ehwzhhq frqvxpswlrq dqg lqyhvwphqw wr dyrlg wkh lq dwlrq wd{ dfurvv gl�huhqw vwdwhv1 Pruh

lpsruwdqwo|/ qrwh wkdw dv wkh dyhudjh lq dwlrq udwh lqfuhdvhv/ dqg dv d uhvxow wkh yduldqfh

ri lq dwlrq dovr ulvhv/ wkh ghjuhh ri vxevwlwxwlrq ehfrphv pruh lqwhqvlyh fuhdwlqj d zlghu

glvshuvlrq ehwzhhq wkh wzr ohyhov ri vwdwh frqwlqjhqw jurzwk udwhv1 Wkhuhiruh/ frxqwulhv vxfk

dv Froxpeld/ zklfk kdyh pdqdjhg wr olyh zlwk uhodwlyho| kljk ohyhov ri lq dwlrq;/ vkrxog

h{klelw juhdwhu yrodwlolw| lq wkhlu uhdo jurzwk udwh wkdq prvw lqgxvwuldol}hg frxqwulhv1 Wklv

lv hvshfldoo| wuxh vlqfh Sdqho f, lq Iljxuh 817 vkrzv wkdw qdwlrqv zklfk srvvhvv orz dyhudjh

prqh| jurzwk vshqg yluwxdoo| doo wkhlu wlph lq wkh orz vwdwh1 Lq frqwudvw/ frxqwulhv zklfk

glvsod| dyhudjh ohyhov ri lq dwlrq durxqg 53 wr 63 shufhqw shu |hdu vshqg urxjko| htxdo

dprxqwv ri wlph lq hdfk vwdwh1 Wkxv/ wklv prgho vxjjhvwv wkdw dv dyhudjh prqh| jurzwk

ulvhv/ zklfk e| htxdwlrq +715, dovr ohdgv wr dq lqfuhdvh lq qrplqdo yduldelolw|/ uhdo jurzwk

udwhv ehfrph pruh yrodwloh1 Wkh idfw wkdw yduldeoh prqhwdu| srolf| kdv lpsolfdwlrqv iru wkh

yrodwlolw| ri uhdo jurzwk udwhv kdv wkxv idu ehhq ryhuorrnhg lq hpslulfdo vwxglhv1

Zh dovr qrwh wkdw lq Iljxuh 817/ sdqho g,/ wkh orqj0uxq phdq jurzwk udwh glvsod|v ohvv

vhqvlwlylw| zlwk uhvshfw wr dyhudjh lq dwlrq wkdq grhv wkh ghwhuplqlvwlf jurzwk udwh1 Zh nqrz

iurp wkh suhylrxv vhfwlrq wkdw/ doo hovh htxdo/ wkh dgyhuvh lpsdfw ri dyhudjh prqh| jurzwk

rq uhdo jurzwk lv vwurqjhu zkhq prqhwdu| srolf| lv yduldeoh1 Krzhyhu/ dv htxdwlrqv +61:,

dqg +6148, vxjjhvw/ wkh ulvh lq yduldelolw| zklfk dffrpsdqlhv kljkhu dyhudjh prqh| jurzwk

whqgv wr udlvh uhdo jurzwk1 Zkhq wkh olqn ehwzhhq wkh phdq dqg yrodwlolw| ri prqh| jurzwk

lv fdoleudwhg dv lq +715,/ wkh qhw h�hfw lv wr fuhdwh d zhdnhu uhodwlrqvkls ehwzhhq dyhudjh

lq dwlrq dqg uhdo jurzwk uhodwlyh wr wkh ghwhuplqlvwlf fdvh1 Wklv uhvxow ehfrphv hyhq pruh

dssduhqw lq wkh qh{w h{dpsoh1 Dv idu dv txdqwlwdwlyh hvwlpdwhv ri wkh h�hfwv ri lq dwlrq rq

uhdo jurzwk duh frqfhuqhg/ zh �qg wkdw d 43 shufhqw ulvh lq lq dwlrq lv dvvrfldwhg zlwk d

146 shufhqw ghfuhdvh lq uhdo jurzwk1 Eduur +4<<9, uhsruwv wkdw iru orz lq dwlrq frxqwulhv/ d

vlplodu lqfuhdvh lq lq dwlrq uhvxowv lq d 156 shufhqw ghfuhdvh lq jurzwk exw wkdw odwwhu ydoxh

lv qrw vwdwlvwlfdoo| gl�huhqw iurp }hur1

;Durxqg 55 shufhqw rq dyhudjh iru wkh fdvh ri Froxpeld1
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7151 � ' �SD= Olplwhg ru lqh�hfwxdo fuhglw pdunhwv

Khuh/ zh h{soruh d uhodwlrqvkls ehwzhhq dyhudjh lq dwlrq dqg uhdo jurzwk zklfk pd| eh pruh

uhohydqw iru hfrqrplhv zlwk vhyhuho| olplwhg �qdqfldo pdunhwv1 Dv phqwlrqhg hduolhu/ Er|g/

Ohylqh/ dqg Vplwk +4<<9, revhuyh wkdw wkhvh frxqwulhv w|slfdoo| srvvhvv dyhudjh lq dwlrq

udwhv lq h{fhvv ri d 73 shufhqw wkuhvkrog1 Dv d uhvxow/ zh uxq wkh vlpxodwlrqv iru lq dwlrq

udwhv deryh 73 shufhqw dqg vhw wkh jurzwk udwh ri prqh| zklfk suhydlov lq wkh orz vwdwh/

#,/ wr 151 Wkh hvwlpdwhg ydoxhv ri l dqg 4 lq htxdwlrq +715, duh 13;7 dqg 7165 lq wklv fdvh1

Wkh dvvrfldwhg |�ydoxhv duh 91< dqg 817 uhvshfwlyho|1 Iluvw/ qrwh iurp sdqho g, lq Iljxuh

818 wkdw lq frqwudvw wr wkh fdvh zkhuh � ' ��/ d kljkhu jurzwk udwh qrz hphujhv zkhq wkh

orz prqh| jurzwk vkrfn rffxuv ^l1h1 �E#,� : �E#��`1 Wr xqghuvwdqg wklv uhvxow/ lw lv xvhixo

wr uhihu wr wkh dqdo|vlv ri vwrfkdvwlf wd{hv fduulhg rxw lq Grwvh| +4<<3,1 Lq wkdw sdshu/ d

juhdwhu iudfwlrq ri rxwsxw lv lqyhvwhg lq wkh orz wd{ vwdwh li wkh orz wd{ vwdwh lpsolhv wkdw

wd{hv duh olnho| wr eh orz lq wkh ixwxuh1 Lq wklv h{dpsoh/ erwk frqvxpswlrq dqg d odujh

iudfwlrq ri lqyhvwphqw duh vxemhfw wr wkh lq dwlrq wd{1 Zh kdyh douhdg| vhhq wkdw zkhq

vkrfnv wr prqh| jurzwk duh lghqwlfdoo| dqg lqghshqghqwo| glvwulexwhg/ fxuuhqw vkrfnv gr

qrw frqwdlq dq| lqirupdwlrq derxw ixwxuh vkrfnv vr wkdw wkh krxvhkrog fdqqrw h�hfwlyho|

dyrlg wkh lq dwlrq wd{ dfurvv vwdwhv1 Lq wklv fdvh krzhyhu/ wkh uhodwlrqvkls ghslfwhg lq +715,

lpsolhv wkdw prqh| jurzwk vkrfnv duh shuvlvwhqw lq wkh vhqvh wkdw ^n R 	 �1 Wkh ydoxhv ri R

frqvlvwhqw zlwk htxdwlrq +714, iru ydulrxv ohyhov ri dyhudjh prqh| jurzwk duh vkrzq lq sdqho

e, ri Iljxuh 8181 Wkhuhiruh/ wkh fxuuhqw uhdol}dwlrq ri d orz vkrfn wr prqh| jurzwk lpsolhv

wkdw wkh lq dwlrq wd{ lv olnho| wr eh orz lq wkh ixwxuh dv zhoo1 Frqvhtxhqwo|/ pruh lqyhvwphqw

wdnhv sodfh lq wkdw vwdwh ri wkh zruog1 Wkxv/ rxu dqdo|vlv qrw rqo| vxjjhvwv wkdw wkh ehkdylru

ri uhdo jurzwk ghshqgv xsrq vshfl�f uhdol}dwlrqv ri prqh| jurzwk/ exw dovr wkdw wkh qdwxuh

ri wklv ghshqghqfh ydulhv zlwk wkh iudfwlrq ri lqyhvwphqw vxemhfw wr wkh lq dwlrq wd{1

Lw vkrxog eh uhpdunhg wkdw/ lq wklv iudphzrun/ wkh txdqwlwdwlyh dpsolwxgh ri uhdo jurzwk/

m�E#,���E#��m/ lv wrr vpdoo wr h{sodlq wkh vkdus ghfolqh lq jurzwk udwhv zklfk w|slfdoo| iroorz
lq dwlrq fulvhv dv grfxphqwhg lq Hdvwhuo| dqg Euxqr +4<<8,1 Krzhyhu/ lq d zruog zkhuh

frxqwulhv* prqhwdu| srolflhv glvsod| vrph yduldelolw|/ wklv dvshfw ri wkh prgho khosv h{sodlq

zk| uhdo jurzwk pd| uhvsrqg qhjdwlyho| wr d whpsrudu| errvw lq lq dwlrq lq ghyhorslqj
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hfrqrplhv1

Sdqho g, lq Iljxuh 818 dovr vkrzv wkdw wkh qhjdwlyh h�hfw ri kljkhu dyhudjh lq dwlrq rq wkh

ghwhuplqlvwlf jurzwk udwh duh vljql�fdqw1 Lq frqwudvw/ qrwh wkdw wkh phdq orqj0uxq jurzwk

udwh zklfk hphujhv zkhq prqh| jurzwk lv yduldeoh h{klelwv pxfk ohvv vhqvlwlylw|1 Wklv lv

gxh wr wkh plwljdwlqj h�hfw ri kljkhu qrplqdo yrodwlolw|1 Sdqho g, vkrzv wkdw dv wkh dyhudjh

lq dwlrq udwh �uvw ulvhv/ wkh jurzwk udwh ehjlqv wr idoo1 Krzhyhu/ dv wkh dyhudjh lq dwlrq

udwh frqwlqxhv wr ulvh/ wkh h�hfwv ri kljkhu yrodwlolw| ehjlq wr grplqdwh dqg uhdo jurzwk

hyhq vwduwv wr lqfuhdvh1 Khqfh/ lq frqwudvw wr wkh ghwhuplqlvwlf iudphzrun/ wklv vwrfkdvwlf

prgho vxjjhvwv wkdw hyhq zkhq d vxevwdqwldo iudfwlrq ri lqyhvwphqw lv vxemhfw wr wkh fdvk0

lq0dgydqfh frqvwudlqw/ wkh uhodwlrqvkls ehwzhhq lq dwlrq dqg uhdo jurzwk uhpdlqv uhodwlyho|

zhdn dqg lv rqo| derxw kdoi dv odujh dv lq wkh ghwhuplqlvwlf fdvh1 Iru h{dpsoh/ dq 43 shufhqw

lqfuhdvh lq lq dwlrq lv dvvrfldwhg zlwk d 146 shufhqw ghfuhdvh lq jurzwk lq wkh vwrfkdvwlf

hqylurqphqw/ exw zlwk d 178 shufhqw lq wkh ghwhuplqlvwlf hqylurqphqw1 Wkh plwljdwlqj h�hfw

ri prqhwdu| yduldelolw| pd| khos sduwldoo| h{sodlq zk| Ohylqh dqg ]huyrv +4<<6, �qg wkdw

hyhq zkhq frxqwulhv zlwk dyhudjh lq dwlrq lq h{fhvv ri 73 shufhqw duh frqvlghuhg/ lq dwlrq

vhhpv xquhodwhg wr jurzwk1

Lw uhpdlqv wkdw prvw hpslulfdo zrun rq wkh h�hfwv ri lq dwlrq rq jurzwk lv frqgxfwhg

xvlqj wkh hqwluh vdpsoh ri frxqwulhv1 Fdofxodwlrqv ri wkh h�hfwv ri lq dwlrq rq jurzwk lq wklv

fdvh pd| eh dssur{lpdwhg e| wkh vorsh ri wkh olqh/ vd|/ ehwzhhq jurzwk udwhv dw 43 shufhqw

lq dwlrq lq ghyhorshg hfrqrplhv dqg jurzwk udwhv dw 93 shufhqw lq dwlrq lq ohvv ghyhorshg

frxqwulhv1 Wkh vorsh ri wklv olqh lpsolhv d 175 shufhqw ghfuhdvh lq jurzwk iru hyhuw 43 shufhqw

lqfuhdvh lq lq dwlrq/ d qxpehu zklfk lv zlwklq wkh udqjh ri prvw hpslulfdo vwxglhv1

81 Frqfoxvlrq

Lq wklv sdshu zh lqyhvwljdwh wkh wkhruhwlfdo olqndjhv ehwzhhq lq dwlrq/ lq dwlrq yrodwlolw|/

dqg hfrqrplf jurzwk lq d edvlf prqhwdu| jurzwk prgho1 Dv lq wkh olwhudwxuh rq jurzwk

dqg �vfdo srolf|/ zh �qg wkdw yrodwlolw| lqwurgxfhv vrph qhz lpsolfdwlrqv iru hfrqrplf

jurzwk1 Iru lqvwdqfh/ wkh prgho vkrzv wkdw lq dwlrq dqg jurzwk pd| eh qhjdwlyho| uhodwhg

lq wkh orqj uxq zkloh srvlwlyho| uhodwhg dw f|folfdo iuhtxhqflhv1 Lq dgglwlrq/ wkh srvlwlyh

55



vkruw uxq uhodwlrqvkls ehwzhhq lq dwlrq dqg jurzwk glvvlsdwhv/ dqg pd| hyhq eh qhjdwlyh/

lq hfrqrplhv zlwk olplwhg �qdqfldo pdunhwv1 Wkh qhjdwlyh orqj uxq uhodwlrqvkls ehwzhhq

jurzwk dqg lq dwlrq wkdw lv jhqhudwhg lq wklv iudphzrun lv ri wkh rughu ri pdjqlwxgh irxqg

lq pxfk ri wkh hpslulfdo olwhudwxuh1 Vlqfh wkh prgho devwudfwv iurp pdq| lpsruwdqw dyhqxhv

wkurxjk zklfk prqh| pd| d�hfw jurzwk/ zh gr qrw zlvk wr pdnh wrr pxfk ri wklv uhvxow1 Zh

gr/ krzhyhu/ uhjdug wkh wkhruhwlfdo fkdqqhov lvrodwhg lq wklv sdshu dv srwhqwldoo| lpsruwdqw

iru rwkhu prghov ri prqh|1 Pruhryhu/ lw vkrxog eh fohdu wkdw wkh dqdo|vlv suhvhqwhg lq wklv

sdshu hdvlo| h{whqgv wr wkh ydulhw| ri vshfl�fdwlrqv lqfoxghg zlwklq wkh fodvv ri �g jurzwk

prghov1 Dq reylrxv h{dpsoh ri vxfk d yduldwlrq lv rqh zkhuh wkh uhodwlyh sulfh ri fdslwdo lv

hqgrjhqrxv1

Rxu dqdo|vlv dovr lqglfdwhv wkdw wkh yrodwlolw| ri prqh| dqg wkh yrodwlolw| ri jurzwk duh

gluhfwo| olqnhg dqg wklv revhuydwlrq ghvhuyhv hpslulfdo dwwhqwlrq1 Ixuwkhupruh/ yrodwlolw| fdq

r�vhw wkh h�hfwv ri dyhudjh lq dwlrq li wkhvh wzr ihdwxuhv ri prqhwdu| srolf| duh vx!flhqwo|

fruuhodwhg1 Wkdw lv/ wkh suhfdxwlrqdu| vdylqjv h�hfwv fdq eh odujh dqg srwhqwldoo| lq xhqfh

wkh vl}h ri wkh frh!flhqw lq d qdlyh uhjuhvvlrq ri jurzwk rq lq dwlrq wkdw grhv qrw dghtxdwho|

dffrxqw iru wkh uhodwlrqvkls ehwzhhq wkhvh wzr prphqwv1 Wkh lqwhuolqndjh ehwzhhq lq dwlrq

udwhv dqg lq dwlrq yrodwlolw| pd|/ wkhuhiruh/ eh dq lpsruwdqw hohphqw pdvnlqj wkh jurzwk

h�hfwv ri lq dwlrq1

56



Uhihuhqfhv

^4` Dl}hqpdq/ M1 dqg Pdulrq/ Q1 +4<<6,/ �Srolf| Xqfhuwdlqw|/ Shuvlvwhqfh dqg Jurzwk/�

Uhylhz ri Lqwhuqdwlrqdo Hfrqrplfv/ 4/ 47804961

^5` Eduur/ U1 +4<<9,/ �Ghwhuplqdqwv ri Hfrqrplf Jurzwk= D Furvv0Frxqwu| Hpslulfdo

Vwxg|/� QEHU Zrunlqj sdshu 89<;1

^6` Ehqflyhqjd/ Y1 dqg Vplwk/ E1 +4<<5,/ �Gh�flwv/ lq dwlrq/ dqg wkh edqnlqj v|vwhp lq

ghyhorslqj frxqwulhv= Wkh rswlpdo ghjuhh ri �qdqfldo uhsuhvvlrq/� R{irug Hfrqrplf

Sdshuv/ 77/ :9:0<31

^7` Er|g/ M1 dqg Vplwk/ E1 +4<<9,/ �Fdslwdo Pdunhw lpshuihfwlrqv lq d prqhwdu| jurzwk

prgho/� Hfrqrplf Wkhru|/ iruwkfrplqj1

^8` Fkdul/ Y1 Y1/ Mrqhv/ O1 dqg Pdqxhool/ U1 +4<<8,/ �Wkh Jurzwk H�hfwv ri Prqhwdu|

Srolf|/� Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv Txduwhuo| Uhylhz/ 4</ 4;0641

^9` Grwvh|/ P1 +4<<3,/ �Wkh Hfrqrplf H�hfwv ri Surgxfwlrq Wd{hv lq d Vwrfkdvwlf Jurzwk

Prgho/� Dphulfdq Hfrqrplf Uhylhz/ ;3/ 449;044;51

^:` Hdwrq/ M1 +4<;4,/ �Ilvfdo Srolf|/ Lq dwlrq dqg wkh Dffxpxodwlrq ri Ulvn| Fdslwdo/�

Uhylhz ri Hfrqrplf Vwxglhv/ 7;/ 76807781

^;` Hdvwhuo|/ Z1 dqg Euxqr/ Q1 +4<<8,/ �Lq dwlrq Fulvhv dqg Orqj0uxq Jurzwk/� Zruog

Edqn Zrunlqj Sdshu1

^<` Jrpph/ S1 +4<<6,/ �Prqh| dqg Jurzwk Uhylvlwhg/� Mrxuqdo ri Prqhwdu| Hfrqrplfv/

65/ 840::1

^43` Julhu/ N1 dqg Wxoorfn/ M1 +4<;<,/ �Dq Hpslulfdo Dqdo|vlv ri Furvv0Qdwlrqdo Hfrqrplf

Jurzwk/� Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 57/ 58<0:91

^44` Kdqvhq/ J1 +4<<9, �Lq dwlrq/ Jurzwk/ dqg Ilqdqfldo Lqwhuphgldwlrq= Frpphqwdu|/�

Ihghudo Uhvhuyh Edqn ri Vw1 Orxlv Uhylhz/ :;/ 8<0941

57



^45` Krshqkd|q/ K1 dqg Pxqldjxuuld/ P1 +4<<9, �Srolf| Yduldelolw| dqg Hfrqrplf Jurzwk/�

Uhylhz ri Hfrqrplf Vwxglhv/ 96/ 94409581

^46` Luhodqg/ S1 +4<<7, �Prqh| dqg Jurzwk= Dq Dowhuqdwlyh Dssurdfk/� Dphulfdq Hfrqrplf

Uhylhz/ ;7/ 7:0981

^47` Mrqhv/ O1 dqg Pdqxhool/ U1 +4<<3,/ �D Frqyh{ Prgho ri Htxloleulxp Jurzwk= Wkhru|

dqg Srolf| Lpsolfdwlrqv/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ <;/ 433;0436;1

^48` Nruphqgl/ U1 dqg Phjxluh/ S1 +4<;8,/ �Pdfurhfrqrplf Ghwhuplqdqwv ri Jurzwk= Furvv0

Frxqwu| Hylghqfh/� Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 48/ 47404961

^49` Ohylqh/ U1 dqg ]huyrv/ V1 +4<<6,/ �Zkdw Kdyh Zh Ohduqhg Derxw Srolf| dqg Jurzwk

iurp Furvv0Frxqwu| Uhjuhvvlrqv B/� Dphulfdq Hfrqrplf Uhylhz/ ;6/ 75907631

^4:` Ohylqh/ U1 dqg Uhqhow/ G1 +4<<5,/ �D Vhqvlwlylw| Dqdo|vlv ri Furvv0Frxqwu| Jurzwk

Uhjuhvvlrqv/� Dphulfdq Hfrqrplf Uhylhz/ ;5/ <750<961

^4;` PfWdjjduw/ G1 +4<<5,/ �Wkh Frvw ri Lq dwlrq lq Dxvwudold/� lq Lq dwlrq/ Glvlq dwlrq

dqg Prqhwdu| Srolf|/ Uhvhuyh Edqn ri Dxvwudold1

^4<` Phuwrq/ U1 +4<9<,/ �Olihwlph Sruwirolr Vhohfwlrq xqghu Xqfhuwdlqw|= Wkh Frqwlqxrxv

Wlph Fdvh/� Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ 84/ 57:05871

^53` Uhehor/ V1 +4<<4,/ �Orqj0Uxq Srolf| Dqdo|vlv dqg Orqj0Uxq Jurzwk/� Mrxuqdo ri Sr0

olwlfdo Hfrqrp|/ <</ 83308541

^54` Uhehor/ V1 dqg G1 [lh +4<<9,/ �Rq wkh Rswlpdolw| ri Lqwhuhvw Udwh Vprrwklqj/� Xql0

yhuvlw| ri Urfkhvwhu Zrunlqj Sdshu1

^55` Vyhqvvrq/ O1 +4<;8,/ �Prqh| dqg Dvvhw Sulfhv lq d Fdvk0lq0Dgydqfh Hfrqrp|/� Mrxuqdo

ri Srolwlfdo Hfrqrp|/ <6/ <4<0<771

^56` Vwrfnpdq/ D1 +4<;4,/ �Dqwlflsdwhg Lq dwlrq dqg wkh Fdslwdo Vwrfn lq d Fdvk0lq0Dgydqfh

Hfrqrp|/� Mrxuqdo ri Prqhwdu| Hfrqrplfv/ ;/ 6;:06<61

58



Dsshqgl{ D=

Xvlqj wkh fdvk0lq0dgydqfh frqvwudlqw/ dqg wkh idfw wkdw �| ' d���E#|�o�g| zkloh g|n� '

�E#|��g| n E�� B�g|/ wkh ixqfwlrqdo htxdwlrq lq +617, uhgxfhv wr

�E#|�� n E�� B�

d�� �E#|�od5 n #|o
' qd�n E�� B�o.|i �

d�� �E#|n��od5 n #|n�o
j

Gh�qh wkh wudqvirupdwlrq �E#|� '
qsE#

|
�

�nqsE#|�
1 Wklv |lhogv

sE#|� ' .|id� n qsE#|n��o
5 n #|
5 n #|n�

j � �� B

qd�n E�� B�o
c

zklfk/ lq wklv frqwh{w/ uhsuhvhqwv d vhw ri wzr olqhdu htxdwlrqv lq wrz xqnqrzqv1 Wkdw lv

sE�j� '
�

2
E� n qsE�j�� n

�

2
E� n qsEj��

5 � j

5 n j
� �� B

qd�n E�� B�o

dqg

sEj� '
�

2
E� n qsE�j��

5 n j

5 � j
n

�

2
E� n qsEj��� �� B

qd� n E�� B�o
�

Vroylqj iru s wkhq |lhogv wkh vroxwlrqv iru � lq wkh wh{w1

Dsshqgl{ E=

Wklv dsshqgl{ vkrzv wkdw hyhq zlwk FUUD xwlolw|/ wkh ixqfwlrqdo htxdwlrq dqdorjrxv

wr +615, grhv qrw ghshqg rq wkh fxuuhqw fdslwdo vwrfn1 Wkhuhiruh frpsxwdwlrqv ri htxloleuld

dfurvv gl�huhqw prqhwdu| uhjlphv fdq eh fduulhg rxw uhodwlyho| vlpso|1

Wkh Hxohu htxdwlrq zklfk jryhuqv wkh rswlpdo hyroxwlrq ri frqvxpswlrq lq +615, lv

�L �E�|� ' �E�� ��q.|L
�E�|n��

�|

�|n�
n qE�� B��.|L

�E�|n��

nqdqE�� B�E�� �� n q�o.|L
�E�|n2�

�|n�

�|n2

Ohwwlqj LE�� ' ��3k
3�

�3k
/ �| ' d�� �E#|�o�g|/ g|n� ' �E#|��g| n E�� B�g|/ dqg xvlqj wkh

fdvk0lq0dgydqfh frqvwudlqw/ zh jhw

59



��3k
| ' �E�� ��q

d�E#|��n �� Bo

d5 n #|od�� �E#|� n ��E#|�o
�

.|iEd�� �E#|n��o�g|n��
3kd�� �E#|n�� n ��E#|n��oj

nqE�� B��.|id�� �E#|n��o
3k�3kg3k

|n�j
nqdqE�� B�E�� �� n q�o�
.|i d�E#|n���n �� Bod�� �E#|n2� n ��E#|n2�od�� �E#|n2�o

3k�3kg3k
|n2

d5 n #|n�od�� �E#|n�� n ��E#|n��o
j

Vxevwlwxwlqj iru �|/ g|n�/ dqg g|n2/ wkh deryh h{suhvvlrq vlpsol�hv wr

�

d�� �E#|�o
k

' �E�� ��q
d�E#|��n �� Bo�3k

d5 n #|od�� �E#|� n ��E#|�o
.|i d�� �E#|n�� n ��E#|n��o

d�� �E#|n��o
k

j

n
qE�� B��

d�E#|�� n �� Bok
.|i �

d�� �E#|n��o
k
j

n
qdqE�� B�E�� �� n q�o

d�E#|��n �� Bok
�

.|i d�E#|n���n �� Bo�3kd�� �E#|n2� n ��E#|n2�o

d5 n #|n�od�� �E#|n�� n ��E#|n��od�� �E#|n2�o
k
j

zklfk lv lqghshqghqw ri g|1

5:



φ(σ)

φ(−σ)

E[φ(ηt)]

φd

z1

φ
βΑ−(1−β)(1−δ)(1−σ)

Α[1−(1−β)σ]

βΑ−(1−β)(1−δ)(1+σ)
Α[1+(1−β)σ]

Iljxuh 814=

γd

γm

z
β(1−δ)−1

β2Α+β(1−δ)−1

β2Α+β(1−δ)−1
1−σ2

1

Iljxuh 815=

5;
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