
W?i^�@*�|) @?_ BhL�|�G `�@| �@? |�i #@|@ 5@)q

�M����| V� �@?ih�ii @?_ ,t|�ih #��LW

a�?i 2fff

Devwudfw

Wklv sdshu ghvfulehv wkh fruuhodwlrqv ehwzhhq lqhtxdolw| dqg wkh jurzwk udwhv lq furvv0

frxqwu| gdwd1 Xvlqj qrq0sdudphwulf phwkrgv/ zh vkrz wkdw wkh jurzwk udwh lv dq lqyhuwhg

X0vkdshg ixqfwlrq ri qhw fkdqjhv lq lqhtxdolw|= Fkdqjhv lq lqhtxdolw| +lq dq| gluhfwlrq, duh

dvvrfldwhg zlwk uhgxfhg jurzwk lq wkh qh{w shulrg1 Wkh hvwlpdwhg uhodwlrqvkls lv urexvw wr

yduldwlrqv lq frqwuro yduldeohv dqg hvwlpdwlrq phwkrgv1 Wklv lqyhuwhg X0fxuyh lv frqvlvwhqw

zlwk d vlpsoh srolwlfdo hfrqrp| prgho/ dowkrxjk/ dv zh srlqw rxw/ h�ruwv wr lqwhusuhw wklv

prgho fdxvdoo| uxq lqwr gl�fxow lghqwl�fdwlrq sureohpv1 Zh vkrz wkdw wklv qrq0olqhdulw| lv

vx�flhqw wr h{sodlq zk| suhylrxv hvwlpdwhv ri wkh uhodwlrqvkls ehwzhhq wkh ohyho ri lqhtxdolw|

dqg jurzwk duh vr gl�huhqw iurp rqh dqrwkhu1
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Lw lv riwhq wkdw wkh prvw edvlf txhvwlrqv lq hfrqrplfv wxuq rxw wr eh wkh kdughvw wr dqvzhu

dqg wkh prvw suryrfdwlyh dqvzhuv hqg xs ehlqj wkh eudyhvw dqg wkh prvw vxvshfw1 Wkxv lw lv

zlwk wkh hpslulfdo olwhudwxuh rq wkh h�hfw ri lqhtxdolw| rq jurzwk1 Pdq| kdyh ihow frpshoohg wr

wu| wr vd| vrphwklqj derxw wklv yhu| lpsruwdqw txhvwlrq/ eudylqj wkh odfn ri uholdeoh gdwd dqg

wkh reylrxv sureohpv zlwk lghqwl�fdwlrq= Ehqderx +4<<<, olvwv 45 vwxglhv rq wklv lvvxh ryhu wkh

suhylrxv ghfdgh/ edvhg rq furvv0vhfwlrqdo ruglqdu| ohdvw vtxduhv +ROV, dqdo|}hv ri furvv0frxqwu|

gdwd1

Pruh uhfhqwo|/ wkh olwhudwxuh uhfhlyhg d vxevwdqwldo errvw iurp wkh lpsruwdqw zrun ri Ghlqlqjhu

dqg Vtxluh +4<<9, zkr sxw wrjhwkhu d pxfk odujhu dqg pruh frpsuhkhqvlyh furvv0frxqwu| gdwd

vhw rq lqhtxdolw| wkdq zdv klwkhuwr dydlodeoh1 Prvw lpsruwdqwo|/ wkhlu gdwd vhw kdv d sdqho vwuxf0

wxuh zlwk vhyhudo frqvhfxwlyh phdvxuhv ri lqfrph lqhtxdolw| iru hdfk frxqwu|1 Wklv kdv pdgh

lw srvvleoh wr xvh vrphzkdw pruh dgydqfhg whfkqltxhv wr lqyhvwljdwh wkh h�hfw ri lqhtxdolw| rq

jurzwk= Ehqkdele dqg Vslhjho +4<<;,/ Iruehv +4<<;,/ dqg Ol dqg ]rx +4<<;, doo orrn dw wklv

uhodwlrqvkls xvlqj �{hg h�hfwv hvwlpdwhv/ dujxlqj wkdw wkhuh duh rplwwhg frxqwu| vshfl�f h�hfwv

wkdw eldv wkh ROV hvwlpdwhv1 Lq frqwudvw/ Eduur +4<<<, xvhv d wkuhh0vwdjh ohdvw vtxduhv +6VOV,

hvwlpdwru zklfk wuhdw wkh frxqwu| vshfl�f huuru whupv dv udqgrp/ dujxlqj wkdw wkh gl�huhqflqj

lpsolflw lq uxqqlqj �{hg h�hfwv +ru �{hg h�hfw0olnh, uhjuhvvlrqv h{dfhuedwhv wkh eldvhv gxh wr

phdvxuhphqw huuruv1

Vrphzkdw vxusulvlqjo|/ erwk dssurdfkhv |lhog qhz uhvxowv1 Zkloh wkh ROV uhjuhvvlrqv xvlqj

rqh furvv0vhfwlrq w|slfdoo| irxqg d qhjdwlyh uhodwlrqvkls ehwzhhq lqhtxdolw| dqg vxevhtxhqw

jurzwk/ wkh �{hg h�hfw dssurdfk |lhogv d srvlwlyh uhodwlrqvkls ehwzhhq fkdqjhv lq lqhtxdolw|

dqg fkdqjhv lq wkh jurzwk udwh/ zklfk kdv ehhq lqwhusuhwhg dv vd|lqj wkdw dv orqj dv rqh orrnv

zlwklq wkh vdph frxqwu|/ lqfuhdvhv lq lqhtxdolw| surprwh jurzwk1� Eduur/ e| frqwudvw/ �qgv qr

uhodwlrqvkls ehwzhhq lqhtxdolw| dqg jurzwk1 Krzhyhu/ kh wkhq euhdnv xs klv vdpsoh lqwr srru

dqg ulfk frxqwulhv dqg �qgv d qhjdwlyh uhodwlrqvkls ehwzhhq lqhtxdolw| dqg jurzwk lq wkh vdpsoh

ri srru frxqwulhv dqg d srvlwlyh uhodwlrqvkls lq wkh vdpsoh ri ulfk frxqwulhv1

Wr frpsolfdwh pdwwhuv ixuwkhu/ lw lv qrw reylrxv wkdw wkhvh uhvxowv duh frpsdudeoh1 Iru

rqh/ wkh| duh edvhg rq gl�huhqw gdwd vhwv= Wkhuh duh uhodwlyho| ihz frxqwulhv wkdw kdyh zkdw
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Ghlqlqjhu dqg Vtxluh +4<<9, ghvfuleh dv jrrg txdolw| lqhtxdolw| gdwd ryhu d orqj hqrxjk shulrg

wr pdnh �{hg h�hfwv hvwlpdwlrq srvvleoh/ zkhuhdv wkh ROV uhjuhvvlrqv fryhu pruh ru ohvv wkh

hqwluh zruog1 Pruhryhu/ wkh frxqwulhv xvhg iru �{hg h�hfwv hvwlpdwlrq whqg wr eh wkh ulfkhu

frxqwulhv/ zklfk frxog eh uhodwhg wr Eduur*v fodlp wkdw lqhtxdolw| kdv d srvlwlyh h�hfw lq ulfk

frxqwulhv1 Eduur klpvhoi xvhv d gdwd vhw zklfk lqfoxghv wkh frxqwulhv w|slfdoo| xvhg iru �{hg

h�hfwv dqdo|vlv exw dggv d vl}hdeoh qxpehu ri srruhu frxqwulhv1 Doo wkhvh vwxglhv dovr gl�hu lq

zklfk frqwuro yduldeohv wkh| lqfoxgh dqg h{foxgh zlwk wkh fruuhvsrqglqj gdqjhuv ri frqwuroolqj

iru wrr pxfk ru wrr olwwoh1 Dovr/ gl�huhqw shrsoh kdyh pdgh gl�huhqw dvvxpswlrqv derxw wlph0

odjv zklfk lv vrphwklqj wkdw rq sxuho| d sulrul jurxqgv rqh zrxog h{shfw wr pdnh d gl�huhqfh=

Wkh ROV uhjuhvvlrqv w|slfdoo| orrn dw wkh h�hfw ri lqhtxdolw| dw d uhodwlyho| hduo| gdwh +vxfk dv

4<93, rq wkh qh{w 58 |hduv ru pruh ri jurzwk/ zkhuhdv wkh �{hg h�hfw vwxglhv vhhn wr h{sodlq

jurzwk ryhu �yh0|hdu shulrgv1 Eduur wdnhv dq lqwhuphgldwh vwdqfh/ xvlqj odjv ri whq |hduv1

Lv wkhuh dq|wklqj wkhq/ dsduw iurp wkh reylrxv idfw ri glvdjuhhphqw/ wkdw zh fdq wdnh dzd|

iurp wklv erg| ri hylghqfhB Wklv sdshu/ voljkwo| wr rxu rzq vxusulvh/ r�huv dq d�updwlyh dqvzhu

wr wklv txhvwlrq1 Rxu pdlq frqfoxvlrq lv wkdw wkhuh duh d vhw ri fruuhodwlrqv lq wkh gdwd wkdw gr

qrw vhhp wr ghshqg rq wkh fkrlfh ri gdwd vhwv dqg frqwuro yduldeohv1 Lq sduwlfxodu zh �qg wkdw

fkdqjhv lq lqhtxdolw| +lq dq| gluhfwlrq, duh dvvrfldwhg zlwk orzhu ixwxuh jurzwk udwhv1 Zh dovr

�qg d vwurqj qhjdwlyh uhodwlrqvkls ehwzhhq fkdqjhv lq lqhtxdolw| dqg sdvw lqhtxdolw|1 Ilqdoo|/

wkhuh vhhpv wr eh d qhjdwlyh uhodwlrqvkls ehwzhhq jurzwk udwhv dqg lqhtxdolw| odjjhg rqh shulrg/

dprqj frxqwulhv zkhuh wkh ohyho ri lqhtxdolw| zdv qrw yhu| kljk wr vwduw zlwk1

Wklv sdshu vwrsv zhoo vkruw ri jlylqj d �up fdxvdo lqwhusuhwdwlrq wr wkh uhodwlrqvklsv zh

ghvfuleh= Wkhuh duh wrr pdq| reylrxv lghqwl�fdwlrq sureohpv1 Zh gr/ krzhyhu/ vxjjhvw wkdw

wkh hylghqfh lv uhdvrqdeo| frqvlvwhqw zlwk d vlpsoh srolwlfdo hfrqrp| prgho wkdw zh suhvhqw lq

Vhfwlrq 51 Wklv yhu| vlpsoh wkhru| suhglfwv uhodwlrqvklsv wkdw duh idu iurp ehlqj olqhdu/ dqg wkh

gdwd vwurqjo| vxssruwv wkh fdvh iru wdnlqj wkh qrq0olqhdulw| vhulrxvo|1 Wklv lv lq vkdus frqwudvw

wr wkh xqlirupo| olqhdu prghov wkdw kdyh ehhq hvwlpdwhg lq wkh olwhudwxuh1

Lqghhg/ wklv qrq0olqhdulw| lv vx�flhqw wr h{sodlq zk| gl�huhqw yduldqwv ri wkh edvlf olqhdu

prgho +ROV/ �{hg h�hfwv/ udqgrp h�hfwv, kdyh xvxdoo| jhqhudwhg yhu| gl�huhqw frqfoxvlrqv= Lq

pdq| fdvhv/ lw wxuqv rxw wkdw wkh gl�huhqfhv dulvh rxw ri jlylqj gl�huhqw vwuxfwxudo lqwhusuhwdwlrqv

wr wkh vdph uhgxfhg0irup hylghqfh1

Lq wkh hqg/ rxu sdshu lv suredeo| ehvw vhhq dv d fdxwlrqdu| wdoh= Lpsrvlqj d olqhdu vwuxfwxuh

5



zkhuh wkhuh lv qr wkhruhwlfdo vxssruw iru lw fdq ohdg wr vhulrxv plvlqwhusuhwdwlrqv1

Wkh uhpdlqghu ri wklv sdshu surfhhgv dv iroorzv1 Lq Vhfwlrq 5/ zh glvfxvv wkh gl�huhqw

dssurdfkhv wr prgholqj wkh uhodwlrqvkls ehwzhhq lqhtxdolw| dqg jurzwk1 Lq Vhfwlrq 6/ zh suhvhqw

rxu hpslulfdo uhvxowv1 Vhfwlrq 7 vkrzv wkdw wkhvh uhvxowv khos xv wr xqghuvwdqg zk| gl�huhqw

phwkrgv ri hvwlpdwlqj wkh vdph uhodwlrqvkls ohg wr gl�huhqw uhvxowv1 Zh frqfoxgh lq Vhfwlrq 81

2 A�i W?i^�@*�|)�BhL�|� +i*@|�L?t��T

Rxu jrdo lq wklv vhfwlrq lv wr xqghuvwdqg zkdw wkh xqghuo|lqj wkhru| whoov xv derxw wkh dssursul0

dwh fkrlfh ri vshfl�fdwlrqv wr eh xvhg zkhq ghvfulelqj wkh gdwd rq lqhtxdolw| dqg jurzwk1 Wkhuh

duh hvvhqwldoo| wzr fodvvhv ri dujxphqwv lq wkh olwhudwxuh wkdw vxjjhvw d fdxvdo uhodwlrq ehwzhhq

lqhtxdolw| dqg jurzwk= srolwlfdo hfrqrp| dujxphqwv/ dqg zhdowk h�hfw dujxphqwv1 Wkh zhdowk

h�hfw dujxphqwv duh vwdqgdug dqg wkhuhiruh zh olplw rxuvhoyhv wr suhvhqwlqj wkh edvlf lqwxlwlrq1

Wkh srolwlfdo hfrqrp| dujxphqwv zh suhvhqw duh vrphzkdw ohvv wudglwlrqdo dqg wkhuhiruh zh

ghyhors wkhp pruh irupdoo|1

2�� �L*�|�U@* ,UL?L4) �L_i*t

Srolwlfdo hfrqrp| prghov/ lq wkhlu vlpsohvw yhuvlrq/ vwduw zlwk wkh suhplvh wkdw lqhtxdolw| ohdgv

wr uhglvwulexwlrq dqg zh wkhq dujxh wkdw uhglvwulexwlrq kxuwv jurzwk12 Vlqfh rxu jrdo lv wr

looxvwudwh zkdw fdq kdsshq lq wklv fodvv ri prghov/ zh suhvhqw d yhuvlrq ri wkh dujxphqw wkdw

plqlpl}hv lqvwlwxwlrqdo ghwdlo1

51414 D Yhu| Vlpsoh Prgho Edvhg rq _Krog0xs%

Frqvlghu dq hfrqrp| frqvwlwxwhg ri wzr fodvvhv/ D dqg E/ zklfk ixqfwlrq dv frpshwlqj srolwlfdo

jurxsv1 Dvvxph wkdw wkh hfrqrp| dw dq| srlqw ri wlph lv fkdudfwhul}hg e| d vlqjoh qxpehu j

zklfk uhsuhvhqwv wkh vkdulqj uxoh iru wkh hfrqrp|= Jurxs D jhwv j( ri wkh rxwsxw1

Lq hdfk shulrg wklv hfrqrp| lv suhvhqwhg zlwk dq rssruwxqlw| zklfk/ li dydlohg ri/ fdq ohdg

wr jurzwk1 Wkhvh rssruwxqlwlhv frxog eh d qhz whfkqrorj|/ d wudgh djuhhphqw/ dq lqwhuqdo
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uhirup/ ru d pdmru iruhljq lqyhvwphqw1 Wkh srwhqwldo jurzwk jhqhudwhg e| wkh rssruwxqlw|

zloo eh ghqrwhg e| �|/ zklfk lv d udqgrp yduldeoh wkdw lv lqghshqghqw ryhu wlph dqg kdv wkh

glvwulexwlrq I +�|,1

Wkh jurzwk rssruwxqlw| grhv qrw/ krzhyhu/ dxwrpdwlfdoo| wudqvodwh lqwr jurzwk1 Vrph

vwuxfwxudo fkdqjhv qhhg wr eh lpsohphqwhg lq rughu wr ehqh�w iurp wkh rssruwxqlw|/ dqg wkh

srolwlfdo v|vwhp doorzv iru wkh srvvlelolw| wkdw wkhvh fkdqjhv zrxog eh eorfnhg e| rqh ri wkh

jurxsv1 Wr nhhs pdwwhuv vlpsoh/ dvvxph wkdw lq hyhu| shulrg rqfh wkh srwhqwldo jurzwk udwh lv

nqrzq/ rqh ri wkh jurxsv/ fkrvhq dw udqgrp/ jhwv wr krog xs wkh uhvw ri wkh hfrqrp|1 Pruh

vshfl�fdoo|/ dvvxph wkdw wklv jurxs kdv wkh rswlrq ri hlwkhu dftxlhvflqj lpphgldwho| wr wkh

fkdqjhv/ lq zklfk fdvh wkh fkdqjhv duh pdgh dqg wkh ixoo jurzwk rssruwxqlw| lv uhdol}hg/ ru

ghpdqglqj d wudqvihu iurp wkh rwkhu jurxs +l1h1/ dq lqfuhdvh lq lwv vkduh, ehiruh wkh fdkqjhv

fdq eh pdgh1 Wkh rwkhu jurxs/ lq wxuq/ fdq djuhh wr pdnh wkh wudqvihu ru uhixvh1 Li wkh| djuhh/

wkh fkdqjhv duh pdgh dqg jurzwk wdnhv sodfh/ exw e| qrz d sduw ri wkh jurzwk rssruwxqlw| kdv

ehhq orvw dqg wkh hfrqrp| rqo| jurzv e| ��| +� ? 4,1 Li wkh rwkhu jurxs uhixvhv wr pdnh wkh

wudqvihu/ vwdwxv txr lv pdlqwdlqhg dqg wkhuh lv qr jurzwk1

Wkh dvvxpswlrq wkdw wkhuh lv vrph h�flhqf| orvv lq wkh surfhvv ri edujdlqlqj +l1h1/ wkh idfw

wkdw � ? 4, sod|v dq lpsruwdqw uroh lq rxu dqdo|vlv1 Ghod| pd| eh rqh uhdvrq iru wkh orvv= Lw

lv sodxvleoh wkdw wkh surfhvv ri jhwwlqj doo phpehuv ri wkh orvlqj jurxs wr djuhh wr wkh wudqvihu

zrxog wdnh txlwh vrph wlph1 Pdnlqj d fuhgleoh ghpdqg iru d wudqvihu w|slfdoo| wdnhv wlph dqg

uhvrxufhv�dv zh nqrz/ d jurxs pljkw kdyh wr uhvruw wr lqgxvwuldo dfwlrq/ vwuhhw surwhvwv/ dqg

hyhq flylo zdu lq rughu wr hvwdeolvk wkhlu fodlp1 Rq wkh rwkhu vlgh/ pdnlqj d fuhgleoh wudqvihu pd|

uhtxluh lqyroylqj wklug sduwlhv +vxfk dv wkh vwdwh, dqg2ru fkdqjlqj wkh lqvwlwxwlrqdo iudphzrun/�

zklfk kdv srwhqwldo frvwv ri lwv rzq1 Ilqdoo|/ wkhuh duh wkh vwdqgdug dujxphqwv h{sodlqlqj zk|

wudqvihuv whqg wr eh glvwruwlrqdu|1e

Wr frpsohwh wkh ghvfulswlrq ri wkh prgho zh dvvxph wkdw doo djhqwv duh hlwkhu vkruw0olyhg ru

kdyh vkruw krul}rqv1 Zkhq wkh| ghflgh zkhwkhu ru qrw wr uhvlvw/ wkh| ljqruh wkh h�hfw lw zloo

kdyh rq rxwsxw lq ixwxuh shulrgv1
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51415 Dqdo|vlv dqg Uhvxowv

Ohw xv dvvxph/ zlwkrxw orvv ri jhqhudolw|/ wkdw lq d jlyhq shulrg lw lv jurxs E wkdw kdv wkh

fkdqfh wr krog xs wkh uhvw ri wkh hfrqrp|1 Zkhwkhu ru qrw lw grhv ghshqgv rq krz pxfk lw fdq

h{wudfw iurp jurxs D1 Wr �jxuh wklv rxw/ zh qhhg wr orrn dw wkh ghflvlrq ri jurxs D zkhq idfhg

zlwk d ghpdqg iru wudqvihuv zruwk �j1 Li wkh| dftxlhvfh wr wkh wudqvihu wkhlu sd|r� zloo eh

+j��j,+4.��|, +wkh jurzwk udwh lv ��| ehfdxvh jurxs E kdv douhdg| ghpdqghg d wudqvihu,1

Li wkh| gr qrw dftxlhvfh/ wkhlu sd|r� zloo eh j/ dv wkhuh zloo eh qr jurzwk1 Frpsdulqj wkh wzr/

lw lv fohdu wkdw wkh pd{lpxp wudqvihu wkdw fdq eh h{wudfwhg iurp jurxs D lv jlyhq e|

�j�| @ �j+4 . ��|,=

Jurxs E pdnhv lwv ghflvlrq wdnlqj wklv dv jlyhq�lw qhyhu sd|v iru wkhp wr ghpdqg pruh vlqfh

jurxs D zloo qhyhu dftxlhvfh dqg wkhuh zloo eh ohvv jurzwk lq wkh edujdlq1 Wkh| zloo ghpdqg d

wudqvihu ri vl}h �j li dqg rqo| li

+4� j .�j,+4 . ��|, � +4� j,+4 .�|,

zklfk lpsolhv

+4� j,��| .�j+4 . ��|, � +4� j,�|=

Xvlqj wkh h{suhvvlrq iru �j iurp deryh wklv uhgxfhv wr

� � 4� j=

Wkhq/ � � 4 � j lv wkh frqglwlrq xqghu zklfk jurxs E dozd|v ghpdqg d wudqvihu zkhq lw

jhwv d fkdqfh1 E| d vlplodu dujxphqw/ wkh fruuhvsrqglqj frqglwlrq iru jurxs D lv

� � j=

Wkhvh wzr frqglwlrqv rxjkw wr eh lqwxlwlyh= Wkh| vd| wkdw hdfk jurxs zloo krog xs wkh uhvw ri

hfrqrp| zkhq lwv vkduh ri rxwsxw lv orz/ zklfk lv zkhq wkh| kdyh wkh ohdvw vwdnh lq wkh jurzwk

ri wkh ryhudoo hfrqrp|1 Wklv lv hvvhqwldoo| wkh vdph uhdvrq zk| wkh srru lq wkh vwdqgdug srolwlfdo

hfrqrp| prghov fkrrvh kljk ohyhov ri uhglvwulexwlrq hyhq wkrxjk lw kxuwv jurzwk1

Qrwh dovr wkdw erwk ri wkhvh frqglwlrqv pdnh qr phqwlrq ri �|1 Wkh srwhqwldo jurzwk udwh

iru wkh hfrqrp| grhv qrw lq�xhqfh wkh suredelolw| ri jurzwk0uhgxflqj edujdlqlqj2frq�lfw1 Wkh
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jurzwk udwh lq rxu hfrqrp| rqo| ghshqgv rq zkhwkhu wkhuh lv d krog0xs= Li wkhuh lv qr krog0xs

wkh udwh lv �|> zkloh li wkhuh lv d krog0xs lw lv ��|= Lq wkh zruog ri wklv prgho/ krog0xsv rqo|

kdsshq zkhq wkhuh duh uhglvwulexwlyh wudqvihuv wkdw uhvxow iurp wkh krog0xs1 Wkhuhiruh=

Uhvxow 4= Wkh jurzwk udwh lq wklv hfrqrp| lq dq| shulrg iroorzlqj d glvwulex0

wlrqdo frq�lfw +l1h1/ krog0xs, lv orzhu wkdq zkhq wkhuh lv qr frq�lfw1

Wkh gdwd zh zloo xvh grhv qrw jlyh xv gluhfw phdvxuhv ri krog0xs1 Revhuyh/ krzhyhu/ wkdw

lq rxu prgho wkhuh lv d shuihfw fruuhvsrqghqfh ehwzhhq krog0xsv dqg glvwulexwlrqdo fkdqjhv dw

wkh rqvhw ri wkh jurzwk hslvrgh/ dqg zh gr kdyh phdvxuhv ri wkrvh glvwulexwlrqdo fkdqjhv wkdw

vkrz xs dv fkdqjhv lq phdvxuhg lqhtxdolw|1 Zh wkhuhiruh zdqw wr lqwhusuhw wkh yduldeoh j dv d

phdvxuh ri lqhtxdolw|1 Wklv lv srvvleoh li zh duh suhsduhg wr dvvxph wkdw rqh ri wkh jurxsv +vd|

jurxs D, lv vxevwdqwldoo| ulfkhu wkdq wkh rwkhu lq whupv ri shu fdslwd lqfrph +lq rwkhu zrugv/

jurxs E kdv d pxfk odujhu vkduh ri wkh srsxodwlrq wkdq jurxs D,1 Lq wklv fdvh/ dq lqfuhdvh lq j

lq rxu prgho zrxog fruuhvsrqg wr dq lqfuhdvh lq lqhtxdolw|1D

Wkh uhodwlrqvkls ehwzhhq glvwulexwlrqdo fkdqjhv dqg jurzwk lpsolhg e| wkh deryh uhvxow lv/

krzhyhu/ kljko| glvfrqwlqxrxv1 Wklv lv ehfdxvh rxu prgho fohduo| pdnhv dq h{fhvvlyho| vwurqj

glvwlqfwlrq ehwzhhq wkh fdvh zkhuh wkhuh duh qr glvwulexwlrqdo fkdqjhv dqg wkh fdvh zkhuh wkhuh

duh vrph glvwulexwlrqdo fkdqjhv1 D vprrwkhu uhodwlrqvkls frxog eh ghulyhg li zh dvvxphg lqvwhdg

wkdw wkh krog0xs sureohp rqo| ghwhuplqhv wkh sodqqhg wudqvihu/ zkhuhdv wkh dfwxdo wudqvihu lv

ghwhuplqhg h{ srvw e| udqgrp irufhv1 Frpelqhg zlwk wkh dvvxpswlrq wkdw jurzwk lv kljkhu

zkhq wkhuh lv ohvv dfwxdo wudqvihu/ wklv zrxog jlyh xv dq lqyhuwhg X0vkdshg uhodwlrq ehwzhhq

jurzwk dqg glvwulexwlrqdo fkdqjhv1 Jurzwk lv pd{lpl}hg zkhq wkhuh duh qr fkdqjhv dqg lv orzhu

zkhq wkhuh duh fkdqjhv lq hlwkhu gluhfwlrq1

Li zh zhuh suhsduhg wr wdnh wklv prgho olwhudoo|/ lw zrxog doorz xv wr hvwlpdwh d +qrq0olqhdu,

fdxvdo uhodwlrqvkls ehwzhhq jurzwk dqg fkdqjhv lq lqhtxdolw|1 Wkhuh duh/ krzhyhu/ pdq| uhd0

vrqv zk| wklv prgho lv vshfldo= Prvw lpsruwdqwo| shukdsv/ jurzwk khuh grhv qrw kdyh dq| gluhfw

glvwulexwlrqdo h�hfw1 Li pruh jurzwk ohdgv wr pruh uhglvwulexwlrq/ wkhq wkh dqwlflsdwlrq ri d

odujh jurzwk vkrfn frxog udlvh wkh olnholkrrg wkdw wkhuh lv d krog0xs sureohp1 Pruh uhglvwul0

exwlrq frxog wkhq eh dvvrfldwhg zlwk kljkhu jurzwk dqg wkh uhodwlrqvkls zrxog qr orqjhu eh

X0vkdshg1 Pruh lpsruwdqwo|/ wkhuh zrxog eh uhyhuvh fdxvdolw|�uxqqlqj iurp jurzwk wr dqwlfl0

sdwru| fkdqjhv lq wkh glvwulexwlrq�pdnlqj lw lpsrvvleoh wr lqwhusuhw wkh uhodwlrqvkls ehwzhhq
DA��t �?|ihThi|@|�L? U*i@h*) L?*) 4@!it ti?ti �u } �t ?L| |LL t4@**�
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jurzwk dqg glvwulexwlrqdo fkdqjhv fdxvdoo|1S Zh wkhuhiruh rqo| r�hu wklv prgho dv d srvvleoh

zd| wr lqwhusuhw wkh gdwd1

Wkh glvfxvvlrq deryh vxjjhvwv wkdw/ dw ohdvw lq whupv ri gdwd ghvfulswlrq/ li qrw fdxvdo

lqwhusuhwdwlrq/ zh vkrxog hvwlpdwh d uhodwlrqvkls ri wkh irup=

+|�|n@ � |�|,

d
@ �|�| .[�|� . n+j�| � j�|3@, .  � . ��| > +4,

zkhuh |�| uhsuhvhqwv wkh orjdulwkp ri JGS lq frxqwu| l dw gdwh w/ d lv wkh ohqjwk ri wkh wlph

shulrg zh fkrrvh/ 8 ru 43 |hduv lq wkh h{dpsohv zh zloo frqvlghu ++|�|n@� |�|,@d lv wkhuhiruh wkh

jurzwk udwh,1 [�| lv d vhw ri frqwuro yduldeohv/ j�| lv wkh jlql frh�flhqw lq frxqwu| l dw gdwh w/

dqg n+�, lv d jhqhulf ixqfwlrq1 Dw wklv srlqw zh gr qrw lpsrvh dq| vwuxfwxuh rq wkh vkdsh ri wkh

n+�, ixqfwlrq1 Wkh huuru whup lv prghohg dv d frxqwu|0vshfl�f wlph lqyduldqw h�hfw + �, dqg d

wlph ydu|lqj huuru whup +��|,1 |�| lv lqfoxghg dprqj wkh frqwurov lq rughu wr fdswxuh frqyhujhqfh

h�hfwv/ dqg [�| wr frqwuro iru srvvleoh vrxufhv ri vsxulrxv fruuhodwlrq1

Krzhyhu/ wkh srolwlfdo hfrqrp| olwhudwxuh kdv qrw wdnhq wklv urxwh1 Lqvwhdg/ wkh dssurdfk

wdnhq kdv ehhq wr ghulyh d uhodwlrqvkls ehwzhhq wkh ohyho ri lqhtxdolw| dqg fkdqjhv lq lqhtxdolw|/

zklfk/ frpelqhg zlwk d uhodwlrqvkls ehwzhhq ohyho ri lqhtxdolw| dqg fkdqjhv lq lqhtxdolw| +vxfk

dv wkh rqh mxvw ghulyhg,/ jhqhudwhv d uhodwlrq ehwzhhq jurzwk dqg wkh ohyho ri lqhtxdolw|1. Zh

frxog dovr wdnh d vlplodu dssurdfk khuh1 Wr gr wklv/ revhuyh wkdw lq rxu prgho fkdqjhv lq

lqhtxdolw| duh fdxvdoo| uhodwhg wr wkh ohyho ri lqhtxdolw|1 Li j A �/ jurxs D zloo qrw krog xs wkh

hfrqrp| hyhq li lw kdv wkh fkdqfh1 Li j ? 4� �> jurxs E zloo vlploduo| ghvlvw1 Wkhuhiruh j zloo

lqfuhdvh zkhq lw lv orz dqg idoo zkhq lw lv kljk1 Zkdw kdsshqv lq wkh plggoh ghshqgv rq zkhwkhu

� ? �

2
= Zkhq wklv frqglwlrq lv vdwlv�hg/ iru ydoxhv ri j durxqg �

2
/ wkhuh zloo eh qr krog0xs dqg

lqhtxdolw| zloo qrw fkdqjh1 E| frqwudvw/ li � A �

2
> wkhuh zloo eh dq lqwhuydo ri j ydoxhv fhqwhuhg

durxqg �

2
/ zkhuh hdfk vlgh zloo wu| wr krog xs wkh rwkhu dqg lqhtxdolw| lv htxdoo| olnho| wr pryh

lq hlwkhu gluhfwlrq1 Wkh h{shfwhg fkdqjh lq lqhtxdolw| lv rqfh djdlq }hur1 Zh vxppdul}h wkh

lpsolfdwlrqv ri wklv glvfxvvlrq lq=

S�L|i |�@| �i @hi ?L| �Lhh�i_ @ML�| |�i _�hiU| igiU| Lu }hL�|� L? _�t|h�M�|�L? E|�i k�3?i|t U�h�i igiU|�

MiU@�ti |�@| �t Thit�4@M*) t�Mti^�i?| Lh UL?|i4TLh@?iL�t |L |�i }hL�|� iT�tL_i� `�@| �Lhh�it �t �t |�i u@U|

|�@| |�ihi 4@) @*tL Mi @? igiU| L? |�i _�t|h�M�|�L? Th�Lh |L |�i }hL�|� iT�tL_i�
.5ii �*it�?@ @?_ +L_h�! E�bbe�c �ihttL? @?_ A@Mi**�?� E�bb�� @?_ �*it�?@ @?_ �ihL||� E�bbS�� A�i @h}�4i?|

�? �*it�?@ @?_ �ihL||� E�bbS� �t 4Lt| U*Lti*) hi*@|i_ |L L�htG W?UL4i �?i^�@*�|) *i@_t |L TL*�|�U@* �?t|@M�*�|) @?_

�i?Ui |L *L�ih }hL�|�( �?_ii_c �?t|@M�*�|) 4@) Mi @ t)4T|L4 Lu ��@| �i U@** }h@MM�?}�
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Uhvxow 5= Wkh uhodwlrq ehwzhhq wkh ohyho ri lqhtxdolw| dqg wkh h{shfwhg fkdqjh

lq lqhtxdolw| lq rxu prgho lv eurdgo| qhjdwlyh= Lw lv vwulfwo| ghfuhdvlqj dw erwk

h{wuhphv dqg �dw dw lqwhuphgldwh ohyhov ri lqhtxdolw|1

Wklv vxjjhvwv hvwlpdwlqj wkh iroorzlqj uhodwlrqvkls=

j�|n@ � j�| @ �|�| .[�|� . k�+j�|3@, .  � . ��|= +5,

Zkdw pdwwhuv iru jurzwk lq rxu prgho/ krzhyhu/ lv qrw wkh dfwxdo fkdqjh lq lqhtxdolw| exw

wkh devroxwh ydoxh ri wkdw fkdqjh +dv erwk srvlwlyh dqg qhjdwlyh fkdqjhv uhgxfh jurzwk,1 Wkh

vkdsh ri wklv uhodwlrqvkls lv dovr lpsolhg lq rxu glvfxvvlrq deryh= Li � ? �

2
> wkhuh duh qr krog0xsv

dw lqwhuphgldwh ydoxhv ri lqhtxdolw| dqg wkhuhiruh lqhtxdolw| grhv qrw fkdqjh dw doo1 Jurzwk

lv wkhuhiruh pd{lpl}hg1 E| frqwudvw zkhq � A �

2
> wkhuh zloo eh fkdqjhv lq erwk gluhfwlrqv dw

lqwhuphgldwh ohyhov ri lqhtxdolw| dqg wkhuhiruh jurzwk zloo eh vorzhvw lq wklv udqjh1 Zh vwdwh

wkhvh frqfoxvlrqv dv=

Uhvxow 6= Wkh uhodwlrq ehwzhhq wkh ohyho ri lqhtxdolw| dqg devroxwh fkdqjhv lq

lqhtxdolw| iru wkh hfrqrp| lq rxu prgho lv X0vkdshg zkhq � ? �

2
/ l1h1 wkhuh duh pruh

fkdqjhv zkhq lqhtxdolw| lv hlwkhu yhu| kljk ru yhu| orz1 Li � � �

2
/ wkh vkdsh lpsolhg

e| rxu prgho lv lqyhuwhg X0vkdshg/ l1h1/ wkhuh duh pruh fkdqjhv dw lqwhuphgldwh

ohyhov ri lqhtxdolw|1

Frpelqlqj wklv zlwk Uhvxow 4 jlyhv xv=

Uhvxow 7= Wkh uhodwlrq ehwzhhq wkh ohyho ri lqhtxdolw| dqg ixwxuh jurzwk iru wkh

hfrqrp| lq rxu prgho lv lqyhuwhg X0vkdshg zkhq � ? �

2
/ l1h1/ wkhuh lv ohvv jurzwk

zkhq lqhtxdolw| lv hlwkhu yhu| kljk ru yhu| orz1 Li � � �

2
> wkh vkdsh lpsolhg e| rxu

prgho lv X0vkdshg/ l1h1/ wkhuh lv ohvv jurzwk dw lqwhuphgldwh ohyhov ri lqhtxdolw|1

Zlwklq wkh zruog ri rxu prgho wkh ohyho ri lqhtxdolw| lv lqghhg h{rjhqhrxv dqg wkhuhiruh zh

frxog/ lq sulqflsoh/ hvwlpdwh wkh iroorzlqj hpslulfdo vshfl�fdwlrqv zklfk fruuhvsrqg wr uhvxowv 6

dqg 71

Wkh �uvw uhodwlrqvkls uhodwhv wkh vtxduh +ru/ dowhuqdwlyho|/ wkh devroxwh ohyho, ri fkdqjhv lq

lqhtxdolw| wr wkh ohyho ri lqhtxdolw|1

+j�|n@ � j�|,
2 @ �|�| .[�|� . k2+j�|3@, .  � . ��|= +6,

;



Wkh vhfrqg uhodwlrqvkls lv d _uhgxfhg irup uhodwlrqvkls%/ zklfk uhodwhv wkh ohyho ri lqhtxdolw|

+odjjhg rqh shulrg, wr wkh jurzwk udwh=

+|�|n@ � |�|,@d @ �|�| .[�|� . k+j�|3@, .  � . ��|> +7,

zkhuh rqfh djdlq k+�, pd| eh qrq0prqrwrqlf1
Lw lv zruwk qrwlqj wkdw hvwlpdwlqj wkhvh uhodwlrqvklsv xvlqj furvv0frxqwu| gdwd lqwurgxfhv d

qxpehu ri dgglwlrqdo sureohpv1 Iluvw/ � pd| eh gl�huhqw iru gl�huhqw frxqwulhv dqg wkhuhiruh

wkh vkdsh ri wkh uhodwlrqvklsv pd| ydu| dfurvv frxqwulhv= Wkh| pd| eh X0vkdshg lq vrph dqg

wkh uhyhuvh lq rwkhuv1 Vhfrqg/ wkh ydoxh ri phdvxuhg lqhtxdolw| wkdw fruuhvsrqgv wr j @ �

2
pd|

ydu| iurp frxqwu| wr frxqwu|/ dqg wkhuhiruh wkh uhodwlrqvkls pd| shdn +dqg erwwrp rxw, dw

gl�huhqw srlqwv lq gl�huhqw frxqwulhv1 Iru erwk wkhvh uhdvrqv wkh uhodwlrqvkls hvwlpdwhg iurp

furvv0frxqwu| gdwd pd| eh yhu| gl�huhqw iurp wkh uhodwlrqvkls lq dq| vlqjoh frxqwu|1

Lw uhpdlqv/ krzhyhu/ wkdw wkh fruuhvsrqghqfh ehwzhhq uhvxowv 6 dqg 7 vkrxog krog hyhq zkhq

wkhvh frxqwulhv duh khwhurjhqrxv1 Lq rwkhu zrugv/ dv orqj dv rxu edvlf prgho lv fruuhfw/ lw lv

dozd|v d suhglfwlrq ri rxu prgho wkdw rxu hvwlpdwhv ri wkh ixqfwlrqv k+�, dqg k2+�, lq htxdwlrqv

7 dqg 6 vkrxog eh pluuru lpdjhv ri hdfk rwkhu1

51416 Glvfxvvlrq

Wkh jrdo ri wkh srolwlfdo hfrqrp| prghov wkdw duh vwdqgdug lq wkh olwhudwxuh lv wr ghulyh dqg

hvwlpdwh d uhodwlrqvkls wkdw fruuhvsrqgv wr rxu htxdwlrq 71 Krzhyhu/ zkloh zh kdyh hpskdvl}hg

wkh qrq0olqhdulw| dqg qrq0prqrwrqlflw| ri wkh suhglfwhg uhodwlrqvklsv/ wkh| kdyh w|slfdoo| ghulyhg

d prqrwrqlf uhodwlrqvkls wkdw wkh| hvwlpdwh xvlqj d olqhdu prgho1 Wkh gl�huhqfh dulvhv iurp

wkh idfw wkdw zh gr qrw pdnh wkh frpprq dvvxpswlrq wkdw lw lv rqo| uhglvwulexwlqj wr wkh srru

wkdw lv frvwo|1 Wklv dvvxpswlrq lv d qdwxudo frqvhtxhqfh ri dvvxplqj wkdw wkh pdlq frvw ri

uhglvwulexwlrq frphv iurp wkh zdvwh wkdw uhvxowv iurp kljk wd{dwlrq1 Rxu ylhz/ e| frqwudvw/

lv wkdw uhglvwulexwlqj d vljql�fdqw dprxqw lq hlwkhu gluhfwlrq lv doprvw dozd|v frvwo|/ vlqfh lw

xvxdoo| frphv zlwk vrph ghjuhh ri xskhdydo1

Rxu frqfoxvlrq wkdw fkdqjhv lq lqhtxdolw| duh dvvrfldwhg zlwk orzhu jurzwk lv edvhg rq wkh

lpphgldwh h�hfw ri wkhvh fkdqjhv1 Wkh orqj0uxq h�hfw pd| eh yhu| gl�huhqw= Zlwklq rxu prgho/

wkh orqj uxq h�hfw ri fkdqjhv lq lqhtxdolw| lv wr pryh wkh hfrqrp| wrzdugv lqwhuphgldwh ohyhov

<



ri lqhtxdolw|1 Zkhq � ? �

2
/ lqwhuphgldwh ohyhov ri lqhtxdolw| duh dvvrfldwhg zlwk wkh kljkhvw

jurzwk udwhv= Fkdqjhv lq lqhtxdolw| pd| wkhuhiruh eh jrrg iru jurzwk lq wkh orqj uxq1 Jrlqj

eh|rqg rxu prgho/ lw lv hdv| wr lpdjlqh d uhglvwulexwlrq wkdw/ iru h{dpsoh/ wdnhv wkh irup ri

pruh lqyhvwphqw lq sxeolf vfkrrolqj wrgd| frxog/ lq wkh orqj uxq/ udlvh wkh jurzwk udwh1

Ilqdoo|/ rxu prgho lv txlwh vshfldo lq lwv suhglfwlrq wkdw doo fkdqjhv lq lqhtxdolw| duh edg iru

jurzwk1 Rqh frxog hdvlo| lpdjlqh d yduldqw ri wkh prgho zkhuh/ iru h{dpsoh/ wkhuh duh shulrgv

zkhuh wkhuh duh qr jurzwk rssruwxqlwlhv dqg qr fkdqjhv lq lqhtxdolw|1 Lq vxfk d prgho/ shulrgv

zkhuh wkhuh duh vpdoo fkdqjhv lq lqhtxdolw| pd| eh dvvrfldwhg zlwk pruh jurzwk wkdq shulrgv

zkhuh wkhuh duh qr fkdqjhv zkdwvrhyhu1

2�2 ì@*|� ,giU| �h}�4i?|t

Wkh edvlf lghd ehklqg wkh zhdowk h�hfw dujxphqwv lv wkdw wkhuh lv d frqfdyh uhodwlrqvkls ehwzhhq

wkh fxuuhqw zhdowk ri dq lqglylgxdo dqg klv ixwxuh zhdowk1 Vxfk d frqfdyh uhodwlrqvkls fdq eh

jhqhudwhg e| dvvxplqj fuhglw0pdunhw lpshuihfwlrqv= Lqwxlwlyho|/ wkh srru xqghu0lqyhvw ehfdxvh

fuhglw pdunhwv duh lpshuihfw dqg dv d uhvxow hduq kljkhu dyhudjh uhwxuqv rq wkhlu zhdowk wkdq

wkh ulfk/ zkr lqyhvw pruh +vhh iru h{dpsoh Ehqderx +4<<9d,/ dqg Edugkdq/ Erzohv dqg Jlqwlv

+5333,,1 Zkhq wkh uhodwlrqvkls lv frqfdyh/ d phdq suhvhuylqj vsuhdg lq wkh glvwulexwlrq ri

fxuuhqw zhdowk uhgxfhv wkh phdq zhdowk lq wkh ixwxuh/ lpso|lqj d vorzhu jurzwk udwh1 Lq rwkhu

zrugv/ lqhtxdolw| lv qhjdwlyho| uhodwhg wr jurzwk1

Wkhuh duh/ krzhyhu/ d qxpehu ri uhdvrqv zk| wklv uhodwlrqvkls qhhg qrw dozd|v eh vr zhoo0

ehkdyhg1 Dv srlqwhg rxw e| Jdoru dqg ]hlud +4<<6,/ qrq0frqyh{lwlhv lq wkh lqyhvwphqw whfkqrorj|

kdyh wkh h�hfw ri uhyhuvlqj wklv uhodwlrqvkls ryhu vrph udqjhv1 Wkh uhdvrq lv hdv| wr vhh dw ohdvw

lq wkh fdvh zkhuh wkhuh lv d plqlpxp vfdoh iru lqyhvwphqw= Li wklv plqlpxp zhuh kljk hqrxjk/

wkh dyhudjh shuvrq lq dq hfrqrp| zrxog qrw eh deoh wr d�rug lw +ehfdxvh ri frqvwudlqwv rq

krz pxfk kh fdq eruurz, dqg dv d uhvxow wkhuh zrxog eh qr lqyhvwphqw dqg qr jurzwk lq

wklv hfrqrp| li hyhu|rqh rzqhg wkh phdq zhdowk1 Vrph gl�huhqwldwlrq lv xqdyrlgdeoh lq wklv

hfrqrp| li wkhuh lv wr eh jurzwk1

Hoderudwlqj wklv prgho wr doorz iru wkh hqgrjhqrxv ghwhuplqdwlrq ri idfwru sulfhv +dv lq

Edqhumhh dqg Qhzpdq +4<<6,/ Djklrq dqg Erowrq +4<<:, dqg Slnhww| +4<<:,, rshqv xs ixuwkhu

srvvlelolwlhv1 Lq wklv fdvh wkh uhodwlrqvkls ehwzhhq lqhtxdolw| dqg jurzwk grhv qrw hyhq kdyh wr

eh frqwlqxrxv= Vpdoo fkdqjhv lq lqhtxdolw| fdq ohdg wr odujh fkdqjhv lq wkh jurzwk udwh1

43



Iru doo wkhvh uhdvrqv/ zh ihho wkdw wklv prgho lv fdswxuhg ehvw e| wkh iroorzlqj uhodwlyho|

�h{leoh vshfl�fdwlrq=

+|�|n@ � |�|,@d @ �|�| .[�|� . k+j�|, .  � . ��|= +8,

2�� �it|�?} |�i A�L �L_i*t

Qrwlfh wkdw htxdwlrq 8 lv hvvhqwldoo| lghqwlfdo wr htxdwlrq 7 zlwk wkh rqh gl�huhqfh ehlqj wkdw

j�|3@ kdv ehhq uhsodfhg e| j�|= Lq rwkhu zrugv/ erwk prghov jhqhudwh doprvw wkh vdph uhgxfhg

irupv1 Wkh uhgxfhg irupv duh h{dfwo| wkh vdph zkhq/ dv lq Eduur +4<<<,/ htxdwlrq 8 lv vshfl�hg

xvlqj j�|3@ dv wkh lqghshqghqw yduldeoh1 Wklv h{sodlqv zk| wkh hpslulfdo olwhudwxuh grhv qrw

riwhq wu| wr glvwlqjxlvk ehwzhhq wkh dowhuqdwlyh prghov1 Krzhyhu/ lq rqh fdvh wklv htxdwlrq lv

wkh edvlf uhodwlrqvkls zkloh lq wkh rwkhu lw lv vrphwklqj wkdw iroorzv iurp wkh edvlf uhodwlrqvkls1

Rqh frxog dovr qhvw wkh wzr prghov e| frpelqlqj wkh wzr edvlf uhodwlrqvklsv wr jhw=

+|�|n@ � |�|,

d
@ �|�| .[�|� . k+j�|, . n+j�| � j�|3@, .  � . ��|= +9,

Vwduwlqj iurp wklv jhqhudo htxdwlrq/ rqh fdq lpsrvh ydulrxv uhvwulfwlrqv +olqhdulw| ri k+�, dqg
n+�,/ ohdylqj rxw rqh ri wkhvh wzr ixqfwlrqv, zklfk zrxog jlyh ulvh wr wkh prghov wkdw kdyh ehhq

hvwlpdwhg lq wkh olwhudwxuh1

Qrwh wkdw j�|3@ lv vwurqjo| fruuhodwhg zlwk j�|1 Wkhuhiruh/ htxdwlrq 7 lv d srwhqwldo uhgxfhg

irup ri wklv jhqhudo prgho1

� ,t|�4@|�L? @?_ +it�*|t

Lq wkh qh{w wzr vhfwlrqv/ zh glvfxvv wkh hvwlpdwlrq ri htxdwlrqv 7 dqg 91 Zh vwduw e| ghvfulelqj

wkh gdwd xvlqj �h{leoh hvwlpdwlrq phwkrgv1 Zh wkhq glvfxvv wkh frqvhtxhqfhv ri rxu �qglqjv

rq wkh lqwhusuhwdwlrq ri wkh uhvxowv lq wkh olwhudwxuh1

Rxu pdlq irfxv lq wklv sdshu lv wkh srwhqwldoo| qrq0olqhdu h�hfwv ri glvwulexwlrqdo fkdqjhv

dqg wkhuhiruh zh kdyh fkrvhq wr vlghvwhs d qxpehu ri lpsruwdqw dqg qdwxudo txhvwlrqv1 Iluvw/

zh gr qrw fkrrvh d qhz vhw ri frqwuro yduldeohv1 Wkh fkrlfh ri wkhvh yduldeohv lv fohduo| fulwlfdo/

vlqfh d fhqwudo frqfhuq iru wkh hpslulfdo olwhudwxuh lv wkdw wkh jlql frh�flhqw frxog sur{| iru

rplwwhg yduldeohv1 Iru h{dpsoh/ Eduur +4<<<, fulwlfl}hv hduolhu vwxglhv rq wkhlu fkrlfh ri frqwuro
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yduldeohv dqg vkrzv/ lq sduwlfxodu/ wkdw wkhlu uhvxowv duh vhqvlwlyh wr wkh lqfoxvlrq ri ihuwlolw| lq

wkh uhjuhvvlrq1 Exw wkh fkrlfh ri wkh yduldeohv hqwdlov pdnlqj mxgjhphqwv derxw fdxvdolw| wkdw

duh qrw hdv| wr ghihqg1 Zh wkhuhiruh dyrlg wdnlqj d srvlwlrq rq wklv vxemhfw1 Lqvwhdg/ zh suhvhqw

doo wkh uhvxowv iru wkh vhw ri frqwuro yduldeohv +[�|, xvhg lq Shurwwl +4<<9, dqg wkh vhw ri frqwuro

yduldeohv xvhg lq Eduur +4<<<,1 Wkhvh vshfl�fdwlrqv duh xvhixo ehqfkpdunv iru wzr uhdvrqv1 Iluvw/

wkh Shurwwl vshfl�fdwlrq kdv ehhq xvhg e| prvw vxevhtxhqw vwxglhv1 Vhfrqg/ wkh| uhsuhvhqw wzr

h{wuhphv= Wkh Shurwwl vshfl�fdwlrq xvhv wkh vpdoohvw qxpehu ri frqwuro yduldeohv dqg wkh Eduur

vshfl�fdwlrq wkh odujhvw1 Wkh olvw ri yduldeohv lqfoxghg lq erwk vshfl�fdwlrqv lv lqfoxghg dv d

qrwh wr Wdeoh 51 Wkh Shurwwl vshfl�fdwlrq h{foxghv prvw yduldeohv +lq sduwlfxodu/ lqyhvwphqw

dqg jryhuqphqw vshqglqj, wkurxjk zklfk wkh lq�xhqfh ri lqhtxdolw| frxog eh fkdqqhohg1 Wkh

rqo| yduldeohv lqfoxghg duh pdoh dqg ihpdoh hgxfdwlrq dqg wkh sxufkdvlqj srzhu sdulw| ri

lqyhvwphqw jrrgv/ d phdvxuh ri glvwruwlrqv1 Eduur/ rq wkh rwkhu kdqg/ lqfoxghv lqyhvwphqw vkduh

ri JGS/ ihuwlolw|/ hgxfdwlrq/ dqg jryhuqphqw vshqglqj/ zklfk duh sodxvleoh fkdqqhov wkurxjk

zklfk lqhtxdolw| frxog d�hfw jurzwk1H Wkh lqwhusuhwdwlrq ri wkh frh�flhqw ri lqhtxdolw| lq wkh

wzr uhjuhvvlrqv lv wkhuhiruh gl�huhqw1

Vhfrqg/ zh gr qrw h{shulphqw zlwk dowhuqdwlyh gh�qlwlrqv ri lqhtxdolw| +lqwhutxduwloh udqjh/

phdvxuh ri sryhuw|/ hwf1,1 Wkhuh duh uhdvrqv wr grxew wkdw wkh jlql frh�flhqw lv wkh dssursuldwh

phdvxuh ri lqhtxdolw|1 Krzhyhu/ prvw hpslulfdo zrun rq jurzwk dqg lqhtxdolw| irfxvhv rq wkh

jlql frh�flhqw1 Wkhuhiruh/ rxu irfxv lq wklv sdshu lv dovr rq wkh uhodwlrqvkls ehwzhhq wkh jlql

frh�flhqw dqg hfrqrplf jurzwk1 D glvwlqfw exw uhodwhg txhvwlrq frqfhuqv wkh uholdelolw| ri wkh

phdvxuh ri wkh jlql frh�flhqw1 D qhz gdwd vhw/ frpslohg e| Ghlqlqjhu dqg Vtxluh +Ghlqlqjhu

dqg Vtxluh +4<<9,,/ kdv vxevwdqwldoo| lpsuryhg wkh uholdelolw| dqg wkh frpsdudelolw| ri dydlodeoh

phdvxuhv ri lqhtxdolw|1 Wkh| kdyh frpslohg dq h{whqvlyh gdwd vhw iru d odujh sdqho ri frxqwulhv1

Wkh| dovr lghqwli| d vxe0vhw ri wkhlu gdwd dv d _kljk txdolw|% gdwd vhw1b Prvw uhfhqw vwxglhv kdyh
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xvhg wklv qhz kljk txdolw| gdwd vhw1 Wkhuhiruh/ zh zloo suhvhqw prvw uhvxowv lq wkh Ghlqlqjhu dqg

Vtxluh kljk txdolw| gdwd vhw uhvwulfwhg wr frxqwulhv zlwk dw ohdvw wzr frqvhfxwlyh revhuydwlrqv1�f

Xvlqj wklv gdwd vhw vkrxog hqvxuh uhodwlyho| uholdeoh dqg frpsdudeoh phdvxuhv ri lqhtxdolw|/

dowkrxjk wkh gdwd kdv qrw ehhq h{hpsw iurp fulwlflvp1�� Lw vkrxog eh qrwhg wkdw/ ghshqglqj

rq wkh gdwd vrxufh/ wkh gdwd uhihuv hlwkhu wr h{ srvw lqhtxdolw| +l1h1/ wr lqfrph phdvxuhg qhw

ri uhglvwulexwlrq/ ru wr h{shqglwxuh lqhtxdolw|, ru wr jurvv lqhtxdolw|1 Wkh glvwlqfwlrq lv ohvv

vwurqj wkdq lw dsshduv/ krzhyhu/ vlqfh d vxevwdqwldo iudfwlrq ri wkh uhglvwulexwlrq grhv qrw rffxu

wkurxjk wkh wd{ v|vwhp exw wkurxjk rwkhu phfkdqlvpv +plqlpxp zdjhv/ oderu odzv/ lq�dwlrq/

hwf1,1

Dq dgglwlrqdo gudzedfn lv wkdw wkh kljk txdolw| gdwd vhw lv vpdoo/ dqg lqfoxghv yhu| ihz

srru frxqwulhv/ hvshfldoo| zkhq lw lv olplwhg wr frxqwulhv zkhuh dw ohdvw wzr revhuydwlrqv duh

dydlodeoh1 Lq dq dwwhpsw wr h{sdqg wkh vdpsoh vl}h/ Eduur sursrvhg dgglqj vrph revhuydwlrqv

wkdw zhuh uhmhfwhg e| Ghlqlqjhu dqg Vtxluh rq wkh jurxqgv wkdw wkh| zhuh qrw lghqwl�hg e|

d fohdu sulpdu| vrxufh1 Wkh fryhudjh lqfuhdvhv vxevwdqwldoo|/ dw wkh h{shqvh ri dq dgglwlrqdo

uhgxfwlrq lq wkh dffxudf| ri phdvxuhphqw1 Zh zloo dovr suhvhqw vrph uhvxowv xvlqj wkh Eduur

vdpsoh iru frpsdulvrq zlwk klv uhvxowv1�2 Lq Wdeoh 4/ zh suhvhqw vhohfwhg ghvfulswlyh vwdwlvwlfv

iru erwk vdpsohv1 Frxqwulhv lq wkh Eduur vdpsoh whqg wr eh srruhu dqg wr kdyh kljkhu ohyhov ri

lqhtxdolw|1 D qxpehu ri wkhp duh orfdwhg lq vxe0Vdkdudq Diulfd1 Dsshqgl{ D frqwdlqv d olvw ri

wkh frxqwulhv lq hdfk vdpsoh1

Wklug/ wkh txhvwlrq ri wkh uhohydqw wlph shulrg +wkh fkrlfh ri d, lv dovr lpsruwdqw1 Dv
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zh hpskdvl}hg lq wkh suhylrxv vhfwlrq/ wkh wkhru| suhglfwv gl�huhqw h�hfwv ryhu gl�huhqw odjv1

Wkh �uvw vhw ri hpslulfdo sdshuv vwxglhg wkh jurzwk ryhu d orqj wlph shulrg +58 wr 63 |hduv,1

Vxevhtxhqw sdshuv kdyh h{sorlwhg wkh ulfkqhvv ri wkh Ghlqlqjhu dqg Vtxluh gdwd vhw dqg kdyh

fkrvhq vkruwhu odjv +8 ru 43 |hduv, lq dq dwwhpsw wr lqfuhdvh wkh qxpehu ri dydlodeoh revhuydwlrqv1

Vlqfh xvlqj orqjhu odjv vxevwdqwldoo| uhgxfhv wkh qxpehu ri fkdqjhv lq lqhtxdolw| lq rxu gdwd

vhw/ zh zloo irfxv rq 8 |hdu odj shulrgv1 Xvlqj wkh h{sdqghg Eduur gdwd vhw/ zh zloo dovr h{soruh

wkh vhqvlwlylw| ri rxu uhvxowv zkhq fkrrvlqj 43 |hdu odjv1

��� �@t�U +it�*|t

Wdeoh 5 suhvhqwv wkh uhvxowv iurp hvwlpdwlqj ydulrxv yhuvlrqv ri htxdwlrq 91�� Lq froxpqv +4,/ +5,/

+:,/ dqg +;, zh vxssuhvv wkh n+�, ixqfwlrq/ dqg uhjuhvv wkh jurzwk udwh rq wkh jlql frh�flhqw1

Dv lq suhylrxv zrun +h1j1/ Iruehv +4<<;,,/ zh gr qrw �qg dq| h�hfw ri wkh jlql frh�flhqw lq

wklv vshfl�fdwlrq1 Wkh uhodwlrqvkls grhv qrw vhhp wr eh sduwlfxoduo| qrq0olqhdu= D vtxduhg whup

lqwurgxfhg lq wkh uhjuhvvlrq lv qrw vljql�fdqw hlwkhu/ dqg wkh wzr whupv duh qrw mrlqwo| vljql�fdqw1

Lq froxpqv +6, dqg +<,/ zh lqvwhdg vxssuhvv wkh k+�, ixqfwlrq/ dqg zh uhjuhvv jurzwk rq wkh

fkdqjh lq lqhtxdolw| dqg wkh fkdqjh lq lqhtxdolw| vtxduhg1 E| frqwudvw wr wkh suhylrxv uhvxowv/

sdvw yduldwlrq lq lqhtxdolw| lv uhodwhg wr vxevhtxhqw jurzwk/ lq d yhu| qrq0olqhdu zd|= Zkloh

wkh olqhdu whup lv lqvljql�fdqw/ wkh txdgudwlf whup lv qhjdwlyh dqg vljql�fdqw zlwk erwk vhwv ri

frqwuro yduldeohv1

Zh wkhq lqwurgxfh wkh ohyho ri wkh jlql frh�flhqw lqwr wkh uhjuhvvlrq +froxpqv +7, dqg

+43,,1 Wkh frh�flhqwv ri +j�| � j�|3@, dqg +j�| � j�|3@,
2 duh qrw d�hfwhg e| wkh lqwurgxfwlrq ri

wkh jlql frh�flhqw1�e Wr h{soruh wkh qrq0olqhdulw| ixuwkhu/ zh xvh d nhuqho uhjuhvvlrq/ dqg zh

_sduwldo rxw% wkh olqhdu sduw ri wkh prgho +l1h1/ |�|> j�| dqg [�|, xvlqj d phwkrg dqdorjrxv wr

wkdw ghyhorshg e| Urelqvrq +4<;;, dqg dssolhg lq Kdxvpdq dqg Qhzh| +4<<8,1�D Wkh uhvxowv
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duh vkrzq lq Iljxuhv 4D +zlwk Shurwwl yduldeohv, dqg 4E +zlwk Eduur yduldeohv,1 Wkh nhuqho

uhjuhvvlrq olqh lv vkrzq dv d vrolg olqh1 Wklv uhodwlrqvkls kdv wkh vkdsh ri dq lqyhuwhg X/ zlwk

d pd{lpxp durxqg 3 dqg d uhodwlyho| �dw vhfwlrq dw wkh wrs1 Fkdqjhv lq lqhtxdolw|/ lq dq|

gluhfwlrq/ duh dvvrfldwhg zlwk uhgxfhg jurzwk lq lqhtxdolw|/ dqg odujhu fkdqjhv duh dvvrfldwhg

zlwk odujhu ghfolqh lq jurzwk1

Wklv uhvxow lv vwulnlqj/ dqg zh lqyhvwljdwhg lwv vljql�fdqfh xvlqj d ydulhw| ri phwkrgv1 Iluvw/

zh hvwlpdwhg wkh uhodwlrqvkls xvlqj vhulhv hvwlpdwlrq1 Lq Iljxuh 4/ zh vkrz wkh suhglfwhg ydoxh

xvlqj d txduwlf vshfl�fdwlrq iru wkh ixqfwlrq k+�,1 Wklv sro|qrpldo lv pd{lpl}hg zkhq wkh ydoxh
ri odjjhg fkdqjh lq lqhtxdolw| lv 31345 +xvlqj Shurwwl yduldeohv,/ zklfk lv yhu| forvh wr 31 Wr

whvw zkhwkhu wkh qrq0olqhdulw| lv vwdwlvwlfdoo| vljql�fdqw/ zh suhvhqw lq froxpqv +9, dqg +45, wkh

I whvw iru wkh mrlqw vljql�fdqfh ri wkh qrq0olqhdu whupv lq wkh sduwldoo| olqhdu prgho1 Olqhdulw|

lv uhmhfwhg lq erwk fdvhv/ dw 6( lq wkh Shurwwl vshfl�fdwlrq dqg 45( lq wkh Eduur vshfl�fdwlrq1

Jlyhq wkh olplwhg dprxqw ri gdwd +45; dqg <; revhuydwlrqv/ uhvshfwlyho|, dqg wkh idfw wkdw

lw lv yhu| qrlv|/ wklv uhvxow lv d vxusulvlqjo| vwurqj uhmhfwlrq ri olqhdulw|1 Ilqdoo|/ zh hvwlpdwh

d slhfh0zlvh olqhdu vshfl�fdwlrq iru k+�, +froxpqv +8, dqg +44,,/ zkhuh zh wuhdw wkh h�hfwv ri

lqfuhdvhv dqg ghfuhdvhv lq lqhtxdolw| vhsdudwho|1 Wkh frh�flhqwv ri ghfuhdvhv dqg lqfuhdvhv lq

lqhtxdolw| duh srvlwlyh dqg qhjdwlyh/ uhvshfwlyho|1 Wkh srvlwlyh frh�flhqw lq wkh ghfuhdvlqj udqjh

lv vljql�fdqw lq erwk vshfl�fdwlrqv1 Wkh qhjdwlyh frh�flhqw lq wkh lqfuhdvlqj udqjh lv vljql�fdqw

rqo| lq Shurwwl*v vshfl�fdwlrq1 Zh dovr udq wkhvh vshfl�fdwlrqv xvlqj wkh Eduur h{sdqghg gdwd

vhw/ dqg 43 |hdu odjv lqvwhdg ri 8 |hdu odjv/ dqg zh �qg wkh vdph lqyhuwhg X0vkdshg uhodwlrqvkls

ehwzhhq fkdqjhv lq lqhtxdolw| dqg jurzwk/ doehlw hvwlpdwhg zlwk ohvv suhflvlrq/ zklfkv lv qrw

vxusulvlqj jlyhq wkdw zh duh ohiw zlwk rqo| :; revhuydwlrqv1

Rq edodqfh/ wkhuh lv qr vwurqj hylghqfh ri d gluhfw fruuhodwlrq ri lqhtxdolw| rq jurzwk lq

wkh vkruw uxq +ryhu d 8 |hdu odj shulrg,/ exw wkhuh vhhpv wr eh dq dvvrfldwlrq ehwzhhq fkdqjhv

lq lqhtxdolw| dqg jurzwk1 Fkdqjhv lq lqhtxdolw|/ zkdwhyhu wkhlu gluhfwlrq/ duh dvvrfldwhg zlwk

orzhu jurzwk lq wkh qh{w shulrg1 Zh glvfxvv dw wkh hqg ri wklv vhfwlrq zkhwkhu dq| fdxvdo

lqwhusuhwdwlrq fdq eh jlyhq wr wklv uhvxow/ exw ehiruh wkdw zh uhsruw wkh uhvxowv iurp rxu uhgxfhg

irup hvwlpdwhv1
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Lq Wdeoh 6/ zh suhvhqw wkh uhvxowv ri wkh hvwlpdwlrq ri htxdwlrq 71 Wkh gl�huhqfh ehwzhhq wkh

vshfl�fdwlrqv hvwlpdwhg lq wklv wdeoh dqg wkh �uvw froxpqv lq wkh suhylrxv wdeoh lv wkdw wkh

lqghshqghqw yduldeoh lv qrw wkh ehjlqqlqj0ri0shulrg ohyho ri lqhtxdolw| +j+w,, exw wkh odjjhg ohyho

ri lqhtxdolw| +j+w� 8,,1

Wkh frh�flhqw ri j+w�d, hqwhuhg olqhduo| lv qrz qhjdwlyh +durxqg 07(,/ exw vwloo lqvljql�fdqw

lq erwk Shurwwl*v dqg Eduur*v vshfl�fdwlrq +Wdeoh 6/ froxpqv +4, dqg +7,,1 Wkh sduwldoo| olqhdu

prgho +vkrzq lq Iljxuh 5 iru Shurwwl*v frqwuro yduldeohv, vhhpv wr lqglfdwh d qrq0olqhdulw|= Wkh

ghulydwlyh vhhpv wr vzlwfk vljqv iurp qhjdwlyh wr srvlwlyh durxqg d ydoxh ri wkh jlql frh�flhqw

udqjlqj ehwzhhq 3173 dqg 31781 Krzhyhu/ zh fdqqrw vwdwlvwlfdoo| uhmhfw wkdw d olqhdu vshfl�fdwlrq

zlwk d frh�flhqw ri 3 fkdudfwhul}hv wkh gdwd +froxpqv +5, dqg +8,,1 Froxpqv +6, dqg +9, vkrz

wkh uhvxowv rewdlqhg zkhq zh odj wkh rwkhu uhjuhvvruv e| rqh shulrg dv zhoo/ zklfk/ dv zh vkrz

ehorz/ lv vlplodu wr wkh wkh uhgxfhg irup ri wkh prghov ri Eduur +4<<<, dqg Iruehv +4<<;,1 Wkh

frh�flhqw ri odjjhg lqhtxdolw| lv vlplodu lq wkhvh vshfl�fdwlrqv1 Lw lv vljql�fdqw zlwk wkh Eduur

frqwuro yduldeohv1

Lw lv lqwhuhvwlqj wr frpsduh wkhvh uhvxowv zlwk wkrvh ri Eduur +4<<<,/ zkr hvwlpdwhv d yhu|

vlplodu htxdwlrq1 Kh zdqwv wr h{sodlq wkh jurzwk ryhu wkh wkuhh ghfdghv +4<9804<:8/ 4<:804<;8/

4<;804<<8, iru d vdpsoh ri frxqwulhv1 Dv klv lqghshqghqw yduldeoh/ kh xvhv lqhtxdolw| odjjhg e|

8 |hduv1 Iru h{dpsoh/ iru wkh ghfdgh 4<9804<:8/ lqhtxdolw| lq ru durxqg 4<93 +dv rssrvhg wr

4<98, lv xvhg dv dq h{sodqdwru| yduldeoh1 Kh hvwlpdwhv d vwuxfwxudo htxdwlrq ri wkh irup=

+|�|n2@ � |�|,@5d @ �|�| . +]�|n2@,� . �j�|3@ . �� . ��| > +:,

zkhuh ]�|n2@ lv d vhw ri frqwuro yduldeohv +prvwo| shulrg dyhudjhv,1 Wkh lqvwuxphqwv xvhg iru

]�|n2@ lq htxdwlrq : duh d vhw ri yduldeohv �{hg ryhu wlph dqg wkh odjjhg ydoxhv ri prvw uhjuhvvruv1

Eduur*v uhgxfhg irup fdq wkhuhiruh eh zulwwhq dv=

+|�|n2@ � |�|,@5d @ �|�|3@ .[�|�. �j�|3@ . �� . ��| > +;,

zklfk lv yhu| vlplodu wr htxdwlrq 71�S Wkh rqo| gl�huhqfhv duh wkdw wkh jurzwk lv dyhudjhg ryhu

d ghfdgh dqg wkdw Eduur xvhg d odujhu vdpsoh1
�S�L|i |�@| �i �@�i �ti_ +�|3@ �?t|i@_ Lu +�| �? L�h it|�4@|it Lu �@hhL<t tTiU��U@|�L?�
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Froxpqv +4, dqg +5, ri Wdeoh 7 uhsruw wkh hvwlpdwhv ri htxdwlrq ;/ lq Eduur*v vdpsoh xvlqj 43

|hdu odj shulrgv iru Eduur*v dqg Shurwwl*v frqwuro yduldeohv/ uhvshfwlyho|1 Wkhvh frh�flhqwv duh

vlplodu lq pdjqlwxgh wr zkdw zh kdg suhylrxvo| hvwlpdwhg edvhg rq htxdwlrq 6= Qhjdwlyh dqg

qrw vljql�fdqw srlqw hvwlpdwhv ri 031359 xvlqj Shurwwl*v yduldeohv dqg dqg 031356 xvlqj Eduur*v

yduldeohv1

Eduur*v uhgxfhg irup dqg wkh vwuxfwxudo irup frh�flhqwv kdyh d uhodwlyho| gluhfw uhodwlrqvkls/

dv j�|3@ vhuyhv dv dq lqvwuxphqw iru lwvhoi1�. Krzhyhu/ klv srlqw hvwlpdwh ri wkh vwuxfwxudo

frh�flhqw lv forvh wr 31 Lq Wdeoh 7 +froxpqv +6, dqg +8,,/ zh uhsruw rxu uhsolfdwlrq ri Eduur*v

vwuxfwxudo hvwlpdwh/ zlwk dqg zlwkrxw frqwuroolqj iru ihuwlolw|1 Dv lq Eduur/ zh �qg d frh�flhqw

ri 3 zkhq ihuwlolw| lv lqfoxghg/ dqg wkh uhvxowv duh vlplodu wr rwkhu uhvxowv lq wklv sdshu zkhq lw lv

h{foxghg1 Wkh qrq0sdudphwulf uhjuhvvlrq zlwkrxw ihuwlolw| lv vkrzq lq Iljxuh 61 Wkh uhodwlrqvkls

lv hyhq pruh qrq0olqhdu wkdq zlwk wkh Shurwwl yduldeohv1

Wkh odujhu vdpsoh xvhg e| Eduur pdnhv lw srvvleoh wr lqyhvwljdwh wkh lvvxh ri qrq0olqhdulw|

ixuwkhu e| euhdnlqj wkh vdpsoh1 Lw wxuqv rxw wkdw prvw frxqwulhv rq wkh uljkw ri wkh wxuqlqj srlqw

+jlql deryh 3178, lq wkh ulfk frxqwu| vdpsoh duh lq Odwlq Dphulfd1 Wkhuhiruh/ zh h{dplqh wkh

gl�huhqfh ehwzhhq wkh frh�flhqw ri wkh jlql frh�flhqw erwk lq dqg rxwvlgh Odwlq Dphulfd1 Wkh

uhvxowv duh suhvhqwhg lq froxpqv +7, +zlwk ihuwlolw|, dqg +9, +zlwkrxw ihuwlolw|,1 Lq froxpqv +:,

dqg +;, zh suhvhqw wkh fruuhvsrqglqj uhgxfhg irupv1 Kljk ohyhov ri lqhtxdolw| duh dvvrfldwhg zlwk

kljkhu vxevhtxhqw jurzwk lq Odwlq Dphulfd/ zkloh wkh| duh dvvrfldwhg zlwk orzhu vxevhtxhqw

jurzwk lq wkh uhvw ri wkh vdpsoh1 Lq wkh uhgxfhg irupv/ erwk wkh qhjdwlyh frh�flhqwv rxwvlgh

Odwlq Dphulfd dqg wkh srvlwlyh frh�flhqwv zlwklq Odwlq Dphulfd duh vljql�fdqw1 Wkh pdjqlwxgh

ri wkh frh�flhqw rxwvlgh Odwlq Dphulfd lv voljkwo| odujhu wkdq wkh frh�flhqwv zh rewdlqhg lq

Wdeoh 61 Wkh frh�flhqwv duh qrw d�hfwhg e| wkh lqfoxvlrq ri ihuwlolw|/ ru ihuwlolw| lqwhudfwhg zlwk

d gxpp| iru Odwlq Dphulfd lq wkh vhw ri frqwuro yduldeohv1 Wkh qrq0olqhdulw| vhhpv wr eh pdlqo|

gxh wr wkh gl�huhqfh ehwzhhq Odwlq Dphulfd dqg wkh uhvw ri wkh vdpsoh1 Wkh uhodwlrqvkls lv

idluo| olqhdu +exw ri rssrvlwh vljq, lq erwk vxe0vdpsohv +Iljxuhv 7D dqg 7E,1 Orrnlqj vhsdudwho|

dw ulfk dqg srru frxqwulhv/ rxwvlgh Odwlq Dphulfd/ |lhogv vlplodu uhvxowv1

Zh frqfoxgh wkdw lqhtxdolw|/ odjjhg rqh shulrg/ lv qhjdwlyho| fruuhodwhg zlwk jurzwk lq frxq0

wulhv lq wkh udqjh zkhuh lw lv qrw wrr odujh +ehorz 3173,/ dqg/ lq sduwlfxodu/ rxwvlgh Odwlq Dphulfd1
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Qrwh wkdw uhvxowv duh vhqvlwlyh wr wkh odj vwuxfwxuh= Zh irxqg qr uhodwlrqvkls zkdwvrhyhu eh0

wzhhq edvh0shulrg lqhtxdolw| dqg jurzwk1 Zh frph edfn wr wkh lqwhusuhwdwlrq ri wklv gl�huhqfh

lq vhfwlrq 6171

��� +it�*|t @ML�| ��@?}it �? W?i^�@*�|)

Lq froxpqv +:, wr +43, ri Wdeoh 6/ zh hvwlpdwh wkh uhodwlrqvkls ehwzhhq fkdqjhv lq lqhtxdolw|

dqg sdvw lqhtxdolw| ghvfulehg e| htxdwlrqv 5 dqg 61 Lq erwk wkh Shurwwl dqg Eduur vshfl�fdwlrqv/

fkdqjhv lq lqhtxdolw| lv vwurqjo| qhjdwlyho| fruuhodwhg zlwk sdvw lqhtxdolw|/ zkloh wkh vtxduh ri

wkh fkdqjh lq lqhtxdolw| lv srvlwlyho| uhodwhg wr lqhtxdolw|1

Wkh fruuhvsrqglqj nhuqho uhjuhvvlrqv duh vkrzq lq Iljxuhv 8D dqg 8E1 Wkh uhodwlrqvkls

ehwzhhq lqhtxdolw| dqg fkdqjhv lq lqhtxdolw| lv idluo| olqhdu1 Lq frqwudvw/ dv Iljxuh 8E fohduo|

ghprqvwudwhv/ wkh uhodwlrqvkls ehwzhhq lqhtxdolw| dqg vtxduhg fkdqjhv lq lqhtxdolw| lv qrq0

olqhdu zlwk d shdn durxqg 31781 Wkh vkdsh lv yhu| vlplodu li zh uhsodfh wkh vtxduh ri wkh fkdqjh

zlwk lwv devroxwh ydoxh1

��e W?|ihThi|@|�L?

Wkh zhdowk h�hfw prgho kdg vxjjhvwhg orrnlqj dw wkh fruuhodwlrq ehwzhhq jurzwk dqg wkh ohyho

ri lqhtxdolw|1 Rxu uhvxowv lq Wdeoh 5 vkrz wkh h�hfw ri frqwhpsrudqhrxv lqhtxdolw| rq jurzwk

lv qhyhu vljql�fdqw1 Rqh pljkw dujxh/ krzhyhu/ wkdw zh vkrxog orrn dw wkh h�hfw ri odjjhg

lqhtxdolw| lqvwhdg vlqfh/ iru h{dpsoh/ wkh zhdowk h�hfw pljkw zrun e| udlvlqj lqyhvwphqw lq

kxpdq fdslwdo zklfk d�hfwv jurzwk zlwk d odj1 Wkh vshfl�fdwlrq lq Wdeoh 6 uhsodfhv wkh edvh0

shulrg zlwk wkh lqhtxdolw| odjjhg 8 |hduv/ dqg wkh uhvxowv duh rqo| d olwwoh elw pruh surplvlqj=

Wkh frh�flhqw lv dozd|v qhjdwlyh exw doprvw qhyhu vljql�fdqw1

Wkh srolwlfdo hfrqrp| prgho kdg vxjjhvwhg orrnlqj dw wkh fruuhodwlrq ehwzhhq jurzwk dqg

fkdqjhv lq lqhtxdolw|= Wklv uhodwlrqvkls lv lqghhg X0vkdshg/ dv suhglfwhg e| wkh prgho +vhh uhvxow

4 deryh,1 Wkh uhodwlrqvkls ehwzhhq fkdqjhv lq lqhtxdolw| dqg wkh ohyho ri lqhtxdolw|/ vkrzq lq

Iljxuh 8D lv fohduo| qhjdwlyh/ zklfk lv frqvlvwhqw zlwk rxu uhvxow 51

Iljxuhv 5 dqg 8E/ wdnhq wrjhwkhu/ duh dovr frqvlvwhqw zlwk wkh suhglfwlrq +ri rxu prgho, wkdw

wkh| vkrxog eh pluuru lpdjhv ri hdfk rwkhu= Iljxuh 5 vkrzv wkh uhodwlrqvkls ehwzhhq jurzwk

dqg wkh odjjhg ohyho ri lqhtxdolw|1 Wkh uhodwlrqvkls vhhpv wr eh X0vkdshg= Kljk lqhtxdolw| lv
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dvvrfldwhg zlwk orzhu jurzwk/ exw/ rqfh wkh jlql frh�flhqw lv kljkhu wkdq 3173/ ixuwkhu lqfuhdvhv

duh dvvrfldwhg zlwk lqfuhdvhv lq wkh jurzwk udwh1 Iljxuh 8E vkrzv wkh uhodwlrqvkls ehwzhhq wkh

vtxduh ri fkdqjhv lq lqhtxdolw|�H dqg odjjhg lqhtxdolw|1 Wklv uhodwlrqvkls lv qrq0olqhdu dv zhoo=

Kljkhu ohyhov ri lqhtxdolw| duh dvvrfldwhg zlwk kljkhu fkdqjhv/ exw wkh uhodwlrqvkls wxuqv durxqg

zkhq wkh jlql frh�flhqw uhdfkhv 31781 Wkhuh lv d vxusulvlqjo| forvh pdwfk ehwzhhq wkh vkdsh ri

wkh fxuyh lq Iljxuh 8E dqg wkh fxuyh vkrzq lq Iljxuh 51 Lq sduwlfxodu/ erwk fxuyhv kdyh pruh

ru ohvv wkh vdph wxuqlqj srlqw +ehwzhhq 317 dqg 3178,1 Wklv vxjjhvwv wkh srvvlelolw| wkdw wkh

uhgxfhg irup uhodwlrqvkls pljkw eh gulyhq/ dw ohdvw lq sduw/ e| wkh uhodwlrqvkls ehwzhhq fxuuhqw

lqhtxdolw| dqg ixwxuh fkdqjhv lq lqhtxdolw|1

Rxu prgho grhv qrw kdyh yhu| vwurqj suhglfwlrq rq wkh vkdsh ri hdfk ri wkhvh wzr uhodwlrq0

vklsv/ wdnhq rqh dw d wlph1 Hyhq li doo frxqwulhv zhuh lghqwlfdo lq doo uhvshfwv/ ghshqglqj rq wkh

ydoxh ri �/ Iljxuh 5 frxog eh hlwkhu X0vkdshg ru wkh lqyhuvh1 Wkh idfw wkdw zh �qg d X0vkdsh

pd| lqglfdwh wkdw � lv eljjhu wkdq �

2
+uhglvwulexwlrq lv qrw wrr frvwo|, exw lw frxog dovr phdq

wkdw wkh frxqwulhv duh yhu| gl�huhqw1

��D W_i?|��U@|�L? �hLM*i4t

Zh gr qrw/ krzhyhu/ zdqw wr fodlp rxu hylghqfh folqfkhv wkh fdvh iru wkh srolwlfdo hfrqrp|

prgho= Lw lv dq lqwhusuhwdwlrq ri wkh uhgxfhg irup zklfk fdqqrw eh uhmhfwhg e| wklv gdwd1 Zh

qrz wxuq wr rwkhu srvvleoh lqwhusuhwdwlrqv ri wklv hylghqfh1

Iluvw/ wkh gdwd lv phdvxuhg zlwk d frqvlghudeoh dprxqw ri huuru1 Wkh lghd wkdw phdvxuhphqw

huuruv fdq h{sodlq vrph _�qglqjv% lq furvv0frxqwu| jurzwk uhjuhvvlrqv kdv ehhq sxw iruzdug e|

Nuxhjhu dqg Olqgdko +4<<<, lq wkh fdvh ri hgxfdwlrq/ dqg Eduur +4<<<, lq wkh fdvh ri lqhtxdolw|

dqg jurzwk1 Wkhuhiruh/ lw lv zruwk h{dplqlqj zkhwkhu lw frxog h{sodlq wkh sdwwhuqv zh kdyh

vhhq lq wkh gdwd1 Wkh uhodwlrqvkls ehwzhhq lqhtxdolw| dqg fkdqjhv lq lqhtxdolw| +Iljxuh 8D,

frxog eh gxh wr phdq0uhyhuvlrq lqgxfhg e| fodvvlfdo phdvxuhphqw huuru1 Krzhyhu/ fodvvlfdo

phdvxuhphqw huuru vkrxog qrw ohdg wr wkh lqyhuwhg X0vkdshg uhodwlrqvkls ehwzhhq fkdqjhv lq

lqhtxdolw| dqg vxevhtxhqw jurzwk1 Exw/ h{fhsw iru frqyhqlhqfh/ wkhuh lv qr uhdvrq wr dvvxph

wkdw phdvxuhphqw huuruv duh dozd|v ri wkh fodvvlfdo vruw1 Lpdjlqh wkdw wuxh lqhtxdolw| grhv qrw

fkdqjh txlfno|1 Vwdwlvwlfdo djhqflhv dgg qrlvh wr wkh wuxh phdvxuh ri lqhtxdolw|1�b Wkh pruh
�HA�i @MtL*�|i �@*�i �L�*_ }��it |�i t@4i hit�*|�
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frpshwhqw wkh djhqf|/ wkh ohvv qrlvh wkhuh lv lq wkh gdwd1 Wkh dvvxpswlrq vhhpv sodxvleoh/ dqg

lpphgldwho| gholyhuv wkh frqfoxvlrq wkdw lq frxqwulhv zlwk pruh frpshwhqw vwdwlvwlfdo djhqflhv/

odujh fkdqjhv lq lqhtxdolw| zloo eh ohvv iuhtxhqw wkdq lq frxqwulhv zlwk ohvv frpshwhqw vwdwlvwlfdo

djhqflhv1 Dvvxplqj wkdw/ doo hovh ehlqj htxdo/ frxqwulhv zlwk lqfrpshwhqw vwdwlvwlfdo djhqflhv

whqg wr jurz pruh vorzo|/ zh fdq h{sodlq wkh qrq0olqhdu h�hfw ri fkdqjhv lq lqhtxdolw| rq jurzwk

lq d vshfl�fdwlrq zklfk grhv qrw frqwuro iru sdvw jurzwk1

Ehorz/ zh zloo glvfxvv d gl�huhqw vshfl�fdwlrq +wkh uhvxowv duh suhvhqwhg lq Wdeoh 8, zkhuh zh

frqwuro iru odjjhg ydoxh ri jurzwk/ dqg wkhuhiruh/ iru dq| fkdudfwhulvwlfv ri wkh frxqwu| wkdw duh

�{hg ryhu wlph1 Zh �qg wkh lqyhuwhg X0fxuyh hyhq zlwk wklv vshfl�fdwlrq1 Wr dwwulexwh wkh uhvxow

hqwluho| wr phdvxuhphqw huuru/ zh zrxog wkhq qhhg wr dvvxph wkdw fkdqjhv lq wkh frpshwhqfh ri

wkh vwdwlvwlfdo djhqf| duh fruuhodwhg zlwk lqqrydwlrq lq jurzwk/ zklfk lv ohvv sdodwdeoh1 Ixuwkhu/

d gluhfw h{dplqdwlrq ri wkh olvw ri frxqwulhv zlwk kljk devroxwh fkdqjhv lq lqhtxdolw|/ zklfk zh

suhvhqw lq Wdeoh D5 lq wkh dsshqgl{/ lqglfdwhv wkdw vrph frxqwulhv zlwk idluo| zhoo ghyhorshg

vwdwlvwlfdo v|vwhpv h{shulhqfhg lpsruwdqw fkdqjhv lq lqhtxdolw|1 Zh duh/ wkhuhiruh/ uhoxfwdqw

wr frpplw rxuvhoyhv wr hyhq vxfk dq _hqulfkhg% phdvxuhphqw huuru h{sodqdwlrq ri wkh lqyhuwhg

X0vkdshg uhodwlrqvkls ehwzhhq fkdqjhv lq lqhtxdolw| dqg jurzwk/ exw zh dfnqrzohgjh lw dv d

srvvleoh lqwhusuhwdwlrq1

Vhfrqg/ hyhq li wkh lqhtxdolw| lv surshuo| phdvxuhg/ wkhuh duh vhyhudo uhdvrqv zk| wkh qrq0

sdudphwulf uhodwlrqvklsv ehwzhhq lqhtxdolw| ru fkdqjhv lq lqhtxdolw| dqg jurzwk pd| qrw eh

fdxvdo1 Lq glvfxvvlqj yduldqwv ri rxu edvlf prgho/ zh kdg douhdg| vxjjhvwhg d srvvleoh vrxufh

ri uhyhuvh fdxvdolw|1 Dq dowhuqdwlyh vrxufh ri uhyhuvh fdxvdolw| frphv iurp wkh lghd wkdw wkh

odfn ri jurzwk rssruwxqlwlhv pdnhv wkh hqylurqphqw pruh frq�lfwxdo +vd|/ ehfdxvh shrsoh ihho

iuxvwudwhg,/ dqg frq�lfwv ohdg wr fkdqjhv lq lqhtxdolw|1

Pruh jhqhudoo|/ qhlwkhu fkdqjhv lq lqhtxdolw| qru ohyhov ri lqhtxdolw| duh udqgrpo| dvvljqhg

dqg rqh fdq hdvlo| lpdjlqh uhdvrqv zk| wkh| pd| eh vsxulrxvo| fruuhodwhg zlwk jurzwk1 Iru

h{dpsoh/ juhdwhu vrfldo dqg srolwlfdo lqvwdelolw| pd| ohdg wr erwk orzhu jurzwk dqg yrodwloh ohyhov

ri lqhtxdolw|1 Gxulqj hslvrghv ri jurzwk gxh wr idvw whfkqrorjlfdo fkdqjh/ wkh glvwulexwlrq pd|

dovr juhdwo| fkdqjh12f

t�L�t @ t�@hT _hLT �? �?i^�@*�|) uhL4 �b.D��bHf� �t �|!�?tL? @?_ �h@?_L*�?� E�bbb� t�L�c |��t �t _�i |L @

h�T|�hi �? |�i tih�it h@|�ih |�@? |L @ }i?��?i U�@?}i �? |�i �?_ih*)�?} �?i^�@*�|)�
2fA��tc Lu UL�htic }��it �t @ T@||ih? LTTLt�|i |L |�i L?i �i �?_c ��|� ��}� }hL�|� ULhhi*@|�?} ��|� *@h}i U�@?}it
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Jrlqj eh|rqg wkh srolwlfdo hfrqrp| prghov/ rqh frxog dujxh wkdw fxowxudo vwuxfwxuhv +vxfk

dv d fdvwh v|vwhp, pd| uhvwulfw rffxsdwlrqdo fkrlfhv dqg wkhuhiruh pd| qrw doorz lqglylgxdov wr

pdnh surshu xvh ri wkhlu wdohqwv/ fdxvlqj erwk kljkhu lqhtxdolw| dqg orzhu jurzwk1 Dowhuqdwlyho|/

lw pd| eh ehfdxvh frxqwulhv wkdw +iru h{rjhqrxv uhdvrqv, xvh whfkqrorjlhv lqwhqvlyh lq vnloohg

oderu/ kdyh erwk pruh lqhtxdolw| dqg idvwhu jurzwk1 Frxqwulhv dovr gl�hu lq wkhlu �qdqfldo

lqvwlwxwlrqv1 Wkh vwdqgdug zhdowk h�hfw dujxphqwv zrxog wkhq suhglfw wkdw wkh frxqwu| zlwk

wkh ehwwhu fdslwdo pdunhw lv pruh olnho| wr eh pruh htxdo dqg wr jurz idvwhu +dw ohdvw rqfh

zh frqwuro iru wkh phdq ohyho ri lqfrph,1 Wkh fruuhodwlrq ehwzhhq lqhtxdolw| dqg jurzwk zloo/

wkhuhiruh/ eh d grzqzdugv eldvhg hvwlpdwh ri wkh fdxvdo sdudphwhu1 Lq dgglwlrq/ li wkh fdxvdo

h�hfwv ri lqhtxdolw| ydu| dfurvv frxqwulhv +ehfdxvh/ iru h{dpsoh/ lw lv uhodwhg wr wkh ohyho ri

�qdqfldo ghyhorsphqw/ dv vxjjhvwhg e| Eduur +4<<<,,/ wkh ROV frh�flhqw lv d zhljkwhg dyhudjh

ri gl�huhqw sdudphwhuv/ zkhuh wkh zhljkwv duh wkh frxqwu|0vshfl�f frqwulexwlrqv wr wkh ryhudoo

yduldqfh lq lqhtxdolw|1 Lw lv qrw dw doo fohdu wkdw zh duh sduwlfxoduo| lqwhuhvwhg lq wklv vshfl�f

zhljkwhg dyhudjh12�

Ilqdoo|/ wkh idfw wkdw zh dujxh wkh uhvxowv duh eurdgo| frqvlvwhqw zlwk wkh srolwlfdo hfrqrp|

prgho grhv qrw uxoh rxw wkh srvvlelolw| wkdw wkh| duh hqwluho| gulyhq e| zhdowk h�hfwv1 Wkh phdq

uhyhuwlqj sdwwhuq ehwzhhq lqhtxdolw| dqg fkdqjhv lq lqhtxdolw| +Iljxuh 8D,/ iru h{dpsoh/ zrxog

eh jhqhudwhg e| dq| prgho zkhuh wkh orqj uxq glvwulexwlrq lv lqghshqghqw ri lqlwldo frqglwlrqv

+dv lq Orxu| +4<;4,/ iru h{dpsoh,1 Dv zh kdyh douhdg| qrwhg/ wkh zhdowk h�hfw prghov fdq

dovr jhqhudwh d kljko| qrq0olqhdu uhodwlrqvkls ehwzhhq lqhtxdolw| dqg jurzwk1 Wkh lpsolhg

uhodwlrqvkls ehwzhhq fkdqjhv lq lqhtxdolw| dqg jurzwk pd| wkhq dovr eh qrq0olqhdu/ dqg frxog

wxuq rxw wr kdyh h{dfwo| wkh X0vkdsh wkdw zh kdyh irxqg1

e +i*@|�L?t��T ��|� |�i w�|ih@|�hi

Uhjdugohvv ri wkh lqwhusuhwdwlrq ri wkhvh ihdwxuhv ri wkh gdwd/ lw lv fohdu wkdw wkh| kdyh lpsruwdqw

lpsolfdwlrqv iru krz zh lqwhusuhw wkh ydulhw| ri uhvxowv lq wkh olwhudwxuh1 Lq sduwlfxodu/ zh zloo

vkrz wkdw wkh vwulnlqj uhvxowv rewdlqhg e| wkrvh zkr kdyh hvwlpdwhg wkh jurzwk0lqhtxdolw|

�? �?i^�@*�|)� OL�i�ihc �| hi4@�?t |�@| |�i it|�4@|i_ hi*@|�L?t��T �t M�@ti_�
2�A�i _�gihi?Ui U@? Mi �4TLh|@?|G #i@|L? @?_ �@ tL? E�bbH� t�L� |�@| |�i it|�4@|i_ hi*@|�L?t��T Mi|�ii?
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uhodwlrqvkls zlwk �{hg h�hfwv dulvh iurp jlylqj d gl�huhqw dqg plvohdglqj lqwhusuhwdwlrq wr wkh

vdph uhgxfhg irup hylghqfh wkdw lv suhvhqwhg khuh1

e�� �@h@4i|h�U �TThL@U�it �? |�i w�|ih@|�hi

Wkh vwdqgdug surfhgxuh iru hvwlpdwlqj wkh uhodwlrqvkls ehwzhhq lqhtxdolw| dqg jurzwk lq wkh

olwhudwxuh lv wr ljqruh n+j| � j|3@,/ dqg wr dvvxph wkdw k+j, @ �j> zklfk jlyhv xv

+|�|n@ � |�|,@d @ �|�| .[�|� . �j�| .  � . ��|= +<,

Li wklv lv lqghhg wkh uhdo vwuxfwxuh ri wkh gdwd/ lw lv srvvleoh wr vroyh vrph ri wkh lghqwl�fdwlrq

sureohpv udlvhg lq wkh suhylrxv vhfwlrq1 Hvvhqwldoo|/ wdnlqj rxw shulrg dyhudjhv ri yduldeohv

holplqdwhv wkh +dgglwlyh, frxqwu| �{hg h�hfw/ wkxv doorzlqj wkh lqwhusuhwdwlrq ri wkh �{hg h�hfw

frh�flhqwv dv wkh fdxvdo h�hfw ri lqhtxdolw| rq jurzwk xqghu wkh dvvxpswlrq wkdw wkh lqqrydwlrq

lq wkh huuru whup lv qrw fruuhodwhg zlwk fkdqjhv lq lqhtxdolw|1

Dowhuqdwlyho|/ rqh frxog �uvw gl�huhqfh htxdwlrq <=

+|�|n@ � |�|,

d
� +|�| � |�|3@,

d
@ �+|�|� |�|3@,. +[�|�[�|3@,�.�+j�|� j�|3@,. ��|� ��|3@= +43,

Wklv lv d uhodwlrqvkls ehwzhhq fkdqjhv lq wkh jlql frh�flhqw dqg fkdqjhv lq wkh jurzwk udwh1

Dv orqj dv � @ 3/ wkh ROV hvwlpdwh ri wklv uhodwlrqvkls jlyhv dq xqeldvhg phdvxuh ri � dqg lv

vwdwlvwlfdoo| htxlydohqw wr wkh �{hg h�hfw hvwlpdwh ri htxdwlrq <1

Rqh sureohp lv wkdw zkhq � lv qrw htxdo wr }hur/ wkh suhvhqfh ri odjjhg ghshqghqw yduldeohv

rq wkh uljkw0kdqg vlgh eldvhv wkh ROV hvwlpdwh ri wkh gl�huhqfhg htxdwlrq +dv zhoo dv wkh �{hg

h�hfw hvwlpdwh ri htxdwlrq <,1 Wkh olwhudwxuh +qrwdeo| Iruehv +4<<;, dqg Ehqkdele dqg Vslhjho

+4<<;,, kdv wkhq iroorzhg wkh ohdg ri Fdvhool/ Hvtxlyho dqg Ohiruw +4<<9, lq xvlqj d JPP

hvwlpdwru ghyhorshg e| Duhoodqr dqg Erqg +Duhoodqr dqg Erqg +4<<4,,1 Wkh lghd lv wr pxowlso|

htxdwlrq < e| d/ wr sxw || rq wkh uljkw vlgh/ dqg wr wdnh �uvw gl�huhqfhv ri wkh uhvxowlqj htxdwlrq1

Wklv ohdgv wr wkh iroorzlqj htxdwlrq=

|�|n@ � |�| @ +d�. 4,+|�| � |�|3@, . d+[�| �[�|3@,� . d�+j�| � j�|3@, . d��| � d��|3@= +44,

Dq xqeldvhg hvwlpdwh ri � fdq eh jhqhudwhg li wklv htxdwlrq lv hvwlpdwhg xvlqj |�|3@/ [�|3@/

j�|3@ dqg doo hduolhu odjv dydlodeoh dv lqvwuxphqwv iru +|�|�|�|3@,> +[�|�[�|3@, dqg +j�|�j�|3@,=

55



Uhvxowv ri hvwlpdwlqj htxdwlrq < e| udqgrp h�hfwv/ �{hg h�hfwv/ �uvw gl�huhqfh/ dqg Duhoodqr

dqg Erqg hvwlpdwruv duh suhvhqwhg lq Wdeoh 8/ iru 8 |hdu shulrgv lq wkh Ghlqlqjhu dqg Vtxluh

kljk txdolw| vdpsoh1 Wkh uhvxowv duh yhu| frqvlvwhqw1 Iluvw gl�huhqfhv/ �{hg h�hfwv/ dqg Duhoodqr

dqg Erqg frh�flhqwv duh srvlwlyh dqg vljql�fdqw lq erwk vshfl�fdwlrqv1 Iruehv +4<<;, dqg Ol

dqg ]rx +4<<;,/ zkr �uvw pdgh wklv revhuydwlrq/ kdyh vkrzq wkdw wklv uhvxow lv urexvw wr d

zlgh ydulhw| ri fkdqjhv lq vshfl�fdwlrqv122 Ol dqg ]rx +4<<;, sursrvh d wkhruhwlfdo h{sodqdwlrq

edvhg rq d srolwlfdo hfrqrp| prgho1 Iruehv +4<<;, uljkwo| qrwhv wkdw wkh hvwlpdwhg frh�flhqw

lqglfdwhv d vkruw0uxq srvlwlyh uhodwlrqvkls ehwzhhq jurzwk dqg lqhtxdolw|/ zklfk pljkw qrw

gluhfwo| frqwudglfw wkh orqj0uxq qhjdwlyh uhodwlrqvkls1 Vkh srlqwv rxw wkdw khu uhvxowv vxjjhvw

wkdw _lq wkh vkruw dqg phglxp whup/ dq lqfuhdvh lq d frxqwu|*v ohyho ri lqfrph lqhtxdolw| kdv d

vljql�fdqw dqg srvlwlyh uhodwlrqvkls zlwk vxevhtxhqw hfrqrplf jurzwk%1

Wdnlqj rxw �{hg h�hfwv h{dfhuedwhv wkh phdvxuhphqw huuru sureohp/ hvshfldoo| iru d yduldeoh

olnh wkh jlql frh�flhqw/ iru zklfk wkh yduldwlrq dfurvv frxqwulhv lv pruh lpsruwdqw wkdq wkh

yduldwlrq ryhu wlph1 Fodvvlfdo phdvxuhphqw huuruv dorqh vkrxog qrw/ krzhyhu/ h{sodlq zk| wkh

frh�flhqw ri lqhtxdolw| vkrxog fkdqjh vljqv/ ehfrplqj srvlwlyh dqg vljql�fdqw1 Ixuwkhupruh/

wkh JPP hvwlpdwru lqvwuxphqwv �uvw gl�huhqfhv zlwk odjjhg ohyhov/ zklfk vkrxog/ lq sulqflsoh/

dwwhqxdwh wkh fodvvlfdo phdvxuhphqw huuru sureohp1 Wkhuhiruh/ wkhuh lv suredeo| pruh wr wklv

uhyhuvdo lq vljq wkdq vlpsoh phdvxuhphqw huuru1

e�2 �L?�w�?i@h�|)

Qrwh wkdw doo wkhvh dssurdfkhv uho| khdylo| rq wkh olqhdulw| ri htxdwlrq < dqg wkh h{foxvlrq ri wkh

gl�huhqfhg whup1 Li hlwkhu ri wkhvh frqglwlrqv duh ylrodwhg/ wkh �{hg h�hfw dqg �uvw gl�huhqfh

hvwlpdwhv ri � zloo qrw eh lghqwlfdo/ dqg erwk zloo eh gl�huhqw iurp wkh ROV hvwlpdwh ri htxdwlrq

< hyhq li doo wkh rwkhu frqglwlrqv iru wkh ydolglw| ri wkh ROV hvwlpdwh duh vdwlv�hg1 Lw zloo wkhq

eh lpsruwdqw wr eh yhu| fduhixo lq lqwhusuhwlqj hdfk ri wkhvh frh�flhqwv1

Wkh uhvxowv lq wkh suhylrxv vhfwlrq vxjjhvw wkdw fkdqjhv lq lqhtxdolw| zhuh qhjdwlyho| fru0

uhodwhg zlwk vxevhtxhqw jurzwk1 Dvvxplqj wkh uhodwlrqvkls ehwzhhq wkh ohyho ri lqhtxdolw| dqg

22 ì �ihi ?L| @M*i |L i @U|*) hiT*�U@|i 6LhMit E�bbH� hit�*| uLh |�i �hi**@?L @?_ �L?_ it|�4@|Lh Et�i LM|@�?t

��|� |�i �ihL||� tTiU��U@|�L? @ ULi�U�i?| Lu f����� A�i ULi�U�i?|t Lu |�i L|�ih hi}hittLht @hi t�4�*@h�
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jurzwk lv lqghhg olqhdu +k+j, @ �j,/ dqg gl�huhqflqj htxdwlrq 9 rqh rewdlqv=

|�|n@ � |�| @ +d�. 4,+|�| � |�|3@, . d+[�| �[�|3@,� .

d�+j�| � j�|3@, . dn+j�| � j�|3@,, . dn+j�|3@ � j�|32@,, . d��| � d��|3@

ru=

|�|n@�|�| @ +d�.4,+|�|�|�|3@,.d+[�|�[�|3@,�.d!+j�|�j�|3@,,.n+j�|3@�j�|32@,,.d��|�d��|3@

+45,

zkhuh !+{, @ n+{, . �{1

Lq sulqflsoh/ wklv htxdwlrq frxog eh hvwlpdwhg1 Xvlqj phwkrgv vlplodu wr wkrvh ghulyhg

lq Sruwhu +4<<9,/ rqh frxog dovr uhfryhu n+�, dqg �/ exw wkh gdwd uhtxluhphqw zrxog pdnh

wkh h{huflvh vhqvhohvv lq wkh suhvhqw frqwh{w +wkhuh duh wrr ihz frxqwulhv zlwk wkuhh vxffhvvlyh

phdvxuhv ri lqhtxdolw|,1

Krzhyhu/ li htxdwlrq 45 lv lqghhg wkh fruuhfw zd| wr uhsuhvhqw wkh uhodwlrqvkls ehwzhhq

fkdqjhv lq lqhtxdolw| dqg jurzwk lq wkh �uvw gl�huhqfhg htxdwlrq/ lw vxjjhvwv wkdw wkh lqwhu0

suhwdwlrq ri wkh �{hg h�hfwv/ �uvw gl�huhqfh dqg JPP hvwlpdwhv ri htxdwlrq < frxog eh yhu|

plvohdglqj1 Lq rughu wr lqyhvwljdwh wklv srlqw zlwkrxw uho|lqj rq rxu +srwhqwldoo| eldvhg, hvwl0

pdwhv ri htxdwlrq 9/ zh hvwlpdwh d prgl�hg yhuvlrq ri htxdwlrq 44/ zklfk grhv qrw uhvwulfw wkh

frh�flhqw ri wkh gl�huhqfh j�| � j�|3@ wr eh olqhdu1 Lq rwkhu zrugv/ zh hvwlpdwh wkh uhodwlrqvkls

|�|n@ � |�| @ +d�. 4,+|�| � |�|3@, . d+[�| �[�|3@,� . d!+j�| � j�|3@, . d��| � d��|3@> +46,

zkhuh !+�, lv d ixqfwlrq zklfk zh zdqw wr hvwlpdwh �h{leo|1 Xqghu wkh k|srwkhvlv wkdw wkh prgho
lq htxdwlrq < lv wkh fruuhfw prgho/ zh vkrxog qrw eh deoh wr uhmhfw wkh olqhdulw|1

Zh xvh nhuqho uhjuhvvlrq/ dqg zh _sduwldo rxw% wkh olqhdu sduw ri wkh prgho xvlqj wkh vdph

phwkrgrorj| zh xvhg ehiruh1 Wkh uhvxowv duh suhvhqwhg lq �jxuhv 9D dqg 9E1 Wkh olqhdulw|

vhhpv/ rqfh djdlq/ wr eh uhmhfwhg1 Wr ixuwkhu h{soruh wklv/ zh xvhg wkh vdph vshfl�fdwlrqv dv lq

Vhfwlrq 61 Wr whvw zkhwkhu wkh qrq0olqhdulw| lv vwdwlvwlfdoo| vljql�fdqw/ zh suhvhqw lq sdqho F ri

Wdeoh 9 wkh I whvw iru wkh mrlqw vljql�fdqfh ri wkh qrq0olqhdu whupv lq wkh sduwldoo| olqhdu prgho

+froxpqv +4, dqg +5,,1 Olqhdulw| lv uhmhfwhg lq erwk fdvhv/ dw 43( dqg 6( ohyhov ri frq�ghqfh/
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uhvshfwlyho|1 Sdqho G suhvhqwv wkh uhvxowv ri hvwlpdwlqj d txdgudwlf vshfl�fdwlrq iru !+�,1 Ilqdoo|/
zh hvwlpdwh d slhfh0zlvh olqhdu vshfl�fdwlrq iru !+�,1 Wkh frh�flhqwv ri ghfuhdvhv dqg lqfuhdvhv

lq lqhtxdolw| duh srvlwlyh dqg qhjdwlyh uhvshfwlyho|1 Wkh srvlwlyh frh�flhqw lq wkh ghfuhdvlqj

udqjh lv vljql�fdqw1 Wkh qhjdwlyh frh�flhqw lq wkh lqfuhdvlqj udqjh lv vpdoohu lq devroxwh ydoxh

dqg lqvljql�fdqw1

Wr hqvxuh wkdw wkh qrq0olqhdulw| ri wkh uhodwlrqvkls ehwzhhq lqhtxdolw| dqg jurzwk lv qrw

gulyhq e| vrph plvvshfl�fdwlrq lq rxu hvwlpdwlrq ri wkh sduwldoo| olqhdu prgho/2� zh wkhq whvw

iru olqhdulw| xqghu wkh dvvxpswlrq wkdw wkh prgho lq wkh olwhudwxuh zh duh fulwltxlqj zdv dfwxdoo|

fruuhfwo| hvwlpdwhg1

Wr gr vr/ zh hvwlpdwh wkh pdlq htxdwlrq < xvlqj hdfk phwkrg/ dqg zh wkhq frpsxwh=

+|�|n@ � |�|,
W @ |�|n@ � |�| � +da�. 4,+|�| � |�|3@,� d+[�| �[�|3@, a� +47,

zkhuh a� dqg a� duh wkh ydoxhv ri � dqg � rewdlqhg e| hvwlpdwlqj htxdwlrq < e| hdfk phwkrg1

Li wkh dvvxpswlrqv qhfhvvdu| iru wkh ydolglw| ri hdfk phwkrg duh vdwlv�hg/ � dqg � zloo eh

hvwlpdwhg frqvlvwhqwo|1 Wkhq/ dffruglqj wr htxdwlrq 44/ wkh uhodwlrqvkls ehwzhhq +|�|n@ � |�|,W

dqg j�| � j�|3@ vkrxog eh olqhdu1

Wkh qh{w vwhs lv wr pdnh vxuh wkdw wkh hvwlpdwhv ri � rewdlqhg li zh uhjuhvv +|�|n@�|�|,
W@d rq

wkh gl�huhqfh +j�|�j�|3@, duh vlplodu wr wkrvh rewdlqhg xvlqj d �{hg0h�hfwv w|sh hvwlpdwru1 ROV

hvwlpdwhv duh suhvhqwhg lq sdqho D ri Wdeoh 91 Wkh| duh dowhuqdwlyh hvwlpdwhv ri �/ frqvlvwhqw li

htxdwlrq 44 lv fruuhfwo| vshfl�hg dqg li wkh lqqrydwlrq lq lqhtxdolw| lv qrw fruuhodwhg zlwk wkh

lqqrydwlrq lq wkh huuru whup1 H{fhsw iru wkh �uvw gl�huhqfh hvwlpdwh/ wkh| duh qrw lghqwlfdo wr

wkh hvwlpdwh ri � uhsruwhg lq Wdeoh 8/ vlqfh wkh| xvh gl�huhqw hvwlpdwlrq phwkrgv1 Krzhyhu/

wkh| duh dovr srvlwlyh dqg vljql�fdqw/ dqg wkhlu pdjqlwxgh lv vlplodu wr wkdw ri wkh �{hg h�hfw

dqg Duhoodqr dqg Erqg hvwlpdwhv1

Vhfrqg/ zh whvw wkh olqhdulw| dvvxpswlrq1 Zh vwduw e| doorzlqj wkh frh�flhqw wr ydu| zlwk

wkh vljq ri wkh gl�huhqfh +j�| � j�|3@,1 Wkh uhvxowv lqglfdwh wkdw wkhuh lv d vkdus qrq0olqhdulw|1

Dv ehiruh/ zh �qg wkdw erwk lqfuhdvhv dqg ghfuhdvhv lq lqhtxdolw| duh dvvrfldwhg zlwk orzhu

vxevhtxhqw jurzwk +sdqho E,1 Wklv vxjjhvwv wkdw wkh frqfoxvlrqv ri Iruehv +4<<;,/ dqg Ol dqg

]rx +4<<;, duh qrw zduudqwhg= Wkhuh lv qr hylghqfh lq wkh gdwd wkdw lqfuhdvhv lq lqhtxdolw| duh

jrrg iru jurzwk1 Lq idfw/ wkh exon ri wkh hylghqfh jrhv lq wkh rssrvlwh gluhfwlrq1
2�6Lh i @4T*ic �i _�_ ?L| _i@* ��|� |�i �?UL?t�t|i?U) �?|hL_�Ui_ M) |�i *@}}i_ i?_L}i?L�t hi}hittLh�
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Lq Iljxuh :/ zh suhvhqw d nhuqho uhjuhvvlrq ri 4@d�+|�|n@�|�|,W rq wkh gl�huhqfh +j�|�j�|3@, iru

prvw vshfl�fdwlrqv uhsruwhg lq Wdeoh 81 Wkh vkdsh ri wkh fxuyh lv vlplodu dfurvv vshfl�fdwlrqv/

dqg vlplodu wr zkdw zh kdg irxqg zkhq zh hvwlpdwhg wkh sduwldoo| olqhdu prgho1 Zh kdyh

h{shulphqwhg zlwk d ydulhw| ri rwkhu vshfl�fdwlrqv zklfk zh gr qrw uhsruw khuh1 Wkh uhvxowv

duh dozd|v vlplodu1 Lq sdqho F ri Wdeoh 9/ zh uhsruw wkh I vwdwlvwlf ri wkh vljql�fdqfh ri wkh

qrq0olqhdu whupv lq d txduwlf uhjuhvvlrq ri 4@d � +|�|n@ � |�|,
W rq +j�| � j�|3@,1 Khuh dovr/ wkh

gdwd fohduo| uhmhfwv olqhdulw| lq doprvw doo vshfl�fdwlrqv1

e�� �L?ti^�i?Uit uLh ,t|�4@|i_ �Li�U�i?|t

71614 Udqgrp H�hfwv dqg Il{hg H�hfwv

Wkh uhvxowv vxjjhvw wkdw htxdwlrq < lv plvvshfl�hg1 Qrq0olqhdu whupv lq sdvw fkdqjhv duh rplwwhg

lq wkh uhjuhvvlrq1 Vlqfh fxuuhqw ohyhov dqg sdvw fkdqjhv duh fruuhodwhg/ wklv lqwurgxfhv d eldv lq

wkh frh�flhqw ri lqhtxdolw| zkhq htxdwlrq < lv hvwlpdwhg xvlqj udqgrp h�hfwv1

Krzhyhu/ wkh plvvshfl�fdwlrq lv dffhqwxdwhg zkhq wkh htxdwlrq lv hvwlpdwhg lq �uvw gli0

ihuhqfhv ru xvlqj �{hg h�hfwv1 Wkh �{hg h�hfw hvwlpdwlrq lpsrvhv d olqhdu vwuxfwxuh rq wkh

uhodwlrqvkls ehwzhhq wkh ghyldwlrq ri lqfrph iurp lwv phdq dfurvv shulrgv dqg wkh ghyldwlrq

ri jlql frh�flhqwv iurp lwv phdq dfurvv shulrgv1 Vlqfh wkh uhodwlrqvkls ehwzhhq jurzwk dqg

lqhtxdolw| lv qrw prqrwrqlf lq wkh �uvw gl�huhqfh/ lw lv dovr qrw prqrwrqlf zkhq shulrg dyhudjhv

duh wdnhq rxw1 Wkh �{hg0h�hfw hvwlpdwru lv wkhuhiruh d zhljkwhg dyhudjh ri qhjdwlyh dqg srvl0

wlyh frh�flhqwv/ zklfk fdq eh srvlwlyh li wkh zhljkw jlyhq wr srvlwlyh frh�flhqwv lv eljjhu1 Wkh

klvwrjudp ri fkdqjhv lq wkh jlql frh�flhqw/ lq Iljxuh ;/ frpelqhg zlwk Iljxuh 9/ vkrzv zk| wkh

�uvw gl�huhqfh frh�flhqw vkrzq lq sdqho E lv srvlwlyh1 Wkh pdmrulw| ri wkh gdwd srlqwv duh lq

wkh uhjlrq zkhuh fkdqjhv duh srvlwlyho| fruuhodwhg zlwk jurzwk1

71615 Hvwlpdwlrq Xvlqj wkh Duhoodqr dqg Erqg Whfkqltxh

Wkh Duhoodqr dqg Erqg hvwlpdwru xvhv odjjhg ohyhov ri lqhtxdolw| wr lqvwuxphqw iru fkdqjhv lq

lqhtxdolw| zlwk odjv1 Ljqrulqj orqjhu odjv/ wkh uhgxfhg irup htxdwlrq lpsolflwo| hvwlpdwhg zkhq

xvlqj wkh Duhoodqr dqg Erqg whfkqltxh kdv wkh irup=

+|�|n@ � |�|,@d @ �|�|3@ .[�|3@�. �j�|3@ . �� . ��| +48,
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Wklv uhgxfhg irup lv yhu| vlplodu wr wkh htxdwlrq zh kdg hvwlpdwhg lq Vhfwlrq 61 Wkh rqo|

gl�huhqfh lv wkdw lqfrph ohyhov dqg wkh frqwuro yduldeohv duh odjjhg rqh shulrg1 Lq froxpqv +6,

dqg +9, ri Wdeoh 6/ zh suhvhqw wkh frh�flhqw ri j�|3@ lq wklv vshfl�fdwlrq1 Dv ehiruh/ zh �qg d

qhjdwlyh/ exw lqvljql�fdqw/ frh�flhqw1

Wkh Duhoodqr dqg Erqg JPP hvwlpdwru lq h�hfw wdnhv wkh udwlr ri wkh qhjdwlyh uhgxfhg

irup frh�flhqw dqg wkh qhjdwlyh frh�flhqw iurp hvwlpdwlqj wkh h�hfw ri wkh ohyho ri lqhtxdolw|

rq fkdqjhv lq lqhtxdolw|1 Wklv qdwxudoo| ohdgv wr wkh srvlwlyh frh�flhqw lq wkh _vwuxfwxudo%

htxdwlrq1 Iru h{dpsoh/ glylglqj 031366 +froxpq +4,/ Wdeoh 6, e| 0313;: +froxpq +:,/ Wdeoh 6,

ohdgv wr 316;/ forvh wr wkh Duhoodqr dqg Erqg frh�flhqw ri 318; uhsruwhg lq wkh fruuhvsrqglqj

froxpq lq Wdeoh 81 Wkhuhiruh/ wkh vhhplqjo| gudpdwlf gl�huhqfh lq uhvxowv rewdlqhg zkhq zh

xvh wkh Duhoodqr dqg Erqg phwkrg duh lq idfw d gl�huhqw lqwhusuhwdwlrq ri wkh vdph uhgxfhg

irup hylghqfh suhvhqwhg lq wklv sdshu ru lq / h1j1 Eduur +4<<<,1

Wklv lqwhusuhwdwlrq ri wkh uhgxfhg irup lv fohduo| plvohdglqj/ ehfdxvh htxdwlrq 44 lv plv0

vshfl�hg1 Wkh rplvvlrq ri kljkhu rughu whupv lq wkh gl�huhqfh j�| � j�|3@ fdxvhv d idloxuh ri wkh

h{foxvlrq uhvwulfwlrq1 Wkhuh lv d srvlwlyh uhodwlrqvkls ehwzhhq j�|3@ dqg +j�| � j�|3@,
2 dqg/ lq

wxuq/ d qhjdwlyh uhodwlrqvkls ehwzhhq +|�|n@� |�|,W@d dqg +j�| � j�|3@,2/ zklfk lv dvvxphg dzd|1

D �L?U*�t�L?

Wkh pdlq jrdo ri wklv sdshu lv wr ghvfuleh wkh furvv0frxqwu| hylghqfh rq lqhtxdolw| dqg jurzwk1

Zh �qg wkdw wkhuh duh d qxpehu ri vwdeoh uhodwlrqvklsv lq wkh gdwd exw wkh| gr qrw �w yhu|

zhoo zlwk wkh olqhdu prghov wkdw kdyh ehhq xvhg wr lqwhusuhw wkh gdwd1 Zkloh wkhuh duh vhyhudo

srvvleoh zd|v wr lqwhusuhw wkh gdwd/ wkh pruh iuxlwixo dssurdfkhv duh wkh rqhv zklfk wdnh wkh

lqkhuhqw qrq0olqhdulwlhv suhvhqw lq wkh gdwd vhulrxvo|1

Gudzlqj srolf| frqfoxvlrqv iurp rxu hylghqfh lv/ krzhyhu/ qrw hdv|/ dv zh vkduh zlwk wkh

uhvw ri wkh olwhudwxuh wkh sureohp wkdw wkh h{rjhqhlw| ri lqhtxdolw| +ru fkdqjhv lq lqhtxdolw|,

fdqqrw eh wdnhq dv jlyhq1 Dw ehvw rxu hylghqfh pd| eh vhhq dv d zduqlqj djdlqvw lqvwlwxwlrqdo

iudphzrunv dqg srolwlfdo wudglwlrqv +vxfk dv srsxolvp, wkdw jhqhudwh odujh vzlqjv lq wkh lqfrph

glvwulexwlrq1

Rq wkh pruh ixqgdphqwdo txhvwlrq ri zkhwkhu lqhtxdolw| lv edg iru jurzwk/ rxu gdwd kdv

olwwoh wr vd|1 Lw lv fohdu wkdw wkh prvw frpshoolqj hylghqfh rq wklv srlqw kdv wr frph iurp plfur

5:



gdwd1 Zkloh vrph lqwhuhvwlqj hylghqfh lv ehjlqqlqj wr wulfnoh lq/2e zh duh rqo| dw wkh ehjlqqlqj

ri dq hqruprxv hqwhusulvh1

+iuihi?Uit

Dfhprjox/ Gdurq/ dqg Mdphv Urelqvrq +5333, cZk| glg wkh zhvw h{whqg wkh iudqfklvhB Ghprf0

udf|/ lqhtxdolw| dqg jurzwk lq klvwrulfdo shuvshfwlyh1* Iruwkfrplqj/ Txduwhuo| Mrxuqdo ri

Hfrqrplfv

Djklrq/ Sklolssh/ dqg Sdwulfn Erowrq +4<<:, cD wulfnoh0grzq wkhru| ri jurzwk dqg ghyhorsphqw

zlwk ghew ryhukdqj1* Uhylhz ri Hfrqrplf Vwxglhv 97+5,/ 484~:5

Dohvlqd/ Doehuwr/ dqg Gdql Urguln +4<<7, cGlvwulexwlyh srolwlfv dqg hfrqrplf jurzwk1* Txduwhuo|

Mrxuqdo ri Hfrqrplfv 43<+5,/ 798~7<3

Dohvlqd/ Doehuwr/ dqg Urehuwr Shurwwl +4<<9, cLqfrph glvwulexwlrq/ srolwlfdo lqvwdelolw| dqg lq0

yhvwphqw1* Hxurshdq Hfrqrplf Uhylhz ;4+8,/ 44:3~44;<

Duhoodqr/ Pdqxho/ dqg Vwhskhq Erqg +4<<4, cVrph whvwv ri vshfl�fdwlrq iru sdqho gdwd= Prqwh

fduor hylghqfh dqg dq dssolfdwlrq wr hpsor|phqw htxdwlrqv1* Uhylhz ri Hfrqrplf Vwxglhv

8;/ 5::~5<:

Dwnlqvrq/ D1E1/ dqg D1 Eudqgrolql +4<<<, cSurplvh dqg slwidoov lq wkh xvh ri _vhfrqgdu|% gdwd0

vhwv= Lqfrph lqhtxdolw| lq rhfg frxqwulhv1* Plphr/ Qx�hog Froohjh/ R{irug

Edqhumhh/ Deklmlw/ dqg Dqguhz Qhzpdq +4<<6, cRffxsdwlrqdo fkrlfh dqg wkh surfhvv ri ghyho0

rsphqw1* Mrxuqdo ri Srolwlfdo Hfrqrp| 434+5,/ 5:7~5<;

Edqhumhh/ Deklmlw/ Glols Prrnkhumhh/ Ndlydq Pxqvkl/ dqg Gheudm Ud| +4<<;, cLqhtxdolw|/ frq0

wuro uljkwv dqg uhqw vhhnlqj= D wkhruhwlfdo dqg hpslulfdo dqdo|vlv ri vxjdu frrshudwlyhv lq

Pdkdudvkwud1* Plphr
2e6Lh i @4T*ic �@?ih�iic �LL!�ih�iic ��?t�� @?_ +@) E�bbH� t�L�c �t�?} @ T@?i* Lu _@|@ uhL4 t�}@h ULLT�

ih@|��it �? W?_�@c |�@| |�i 4Lt| �?i^�@* ULLTih@|��it E�? |ih4t Lu *@?_ L�?iht��T @4L?} ULLTih@|��i 4i4Miht�

@hi |�i *i@t| ThL_�U|��ic ��|� @ _�gihi?Ui Lu 4Lhi |�@? DfI E4i@t�hi_ M) U@T@U�|)c ���U� �t @ ThL ) uLh L�|T�|�

Mi|�ii? |�i 4Lt| @?_ *i@t| i}@*�|@h�@? ULLTih@|��it�

5;



Edugkdq/ Sudqde/ Vdpxho Erzohv/ dqg Khuehuw Jlqwlv +5333, cZhdowk lqhtxdolw|/ zhdowk frq0

vwudlqwv dqg hfrqrplf shuirupdqfh1* Lq Kdqgerrn ri Lqfrph Glvwulexwlrq/ hg1 D1E1 Dwnlqvrq

dqg I1 Erxujxljqrq

Eduur/ Urehuw M1 +4<<<, cLqhtxdolw|/ jurzwk/ dqg lqyhvwphqw1* Zrunlqj Sdshu :36;/ Qdwlrqdo

Exuhdx ri Hfrqrplf Uhvhdufk/ Pdufk

Ehqderx/ Urodqg +4<<9d, cLqhtxdolw| dqg jurzwk1* Lq QEHU Pdfurhfrqrplfv Dqqxdo 4<<9/ hg1

Ehq Ehuqdqnh dqg Mxolr M1 Urwhpehuj +PLW Suhvv, ss1 44~:6

+4<<9e, cXqhtxdo vrflhwlhv1* Qhz \run Xqlyhuvlw| F1Y1 Vwduu Fhqwhu Hfrqrplf Uhvhdufk

Uhsruw= <94:

+4<<<, cXqhtxdo vrflwlhv= Lqfrph glvwulexwlrq dqg wkh vrfldo frqwudfw1* Plphr/ iruwkfrplqj

Dphulfdq Hfrqrplf Uhylhz

Ehqkdele/ Mhvv/ dqg D1 Uxvwlfklql +4<<;, cVrfldo frq�lfw dqg jurzwk1* Mrxuqdo ri Hfrqrplf

Jurzwk 4+4,/ 476~48;

Ehqkdele/ Mhvv/ dqg Pdun P1 Vslhjho +4<<;, cFurvv0frxqwu| jurzwk uhjuhvvlrqv1* Plphr

Fdvhool/ Iudqfhvfr/ Jhudugr Hvtxlyho/ dqg Ihuqdqgr Ohiruw +4<<9, cUhrshqlqj wkh frqyhujhqfh

ghedwh= D qhz orrn dw furvv0frxqwu| jurzwk hpslulfv1* Mrxuqdo ri Hfrqrplf Jurzwk 4/ 696~

6;<

Ghdwrq/ Dqjxv/ dqg Fkulvwlqd Sd{vrq +4<<;, cDjlqj/ vdylqj dqg wkh zhoiduh ri wkh hoghuo| lq

ghyhorslqj Dvld1* Plphr/ Sulqfhwrq Xqlyhuvlw|

Ghlqlqjhu/ Nodxv/ dqg O|q Vtxluh +4<<9, cD qhz gdwd vhw phdvxulqj lqfrph lqhtxdolw|1* Zruog

Edqn Hfrqrplf Uhylhz 43/ 898~8<4

Iruehv/ Nulvwlq M1 +4<<;, cD uhdvvhvvphqw ri wkh uhodwlrqvkls ehwzhhq lqhtxdolw| dqg jurzwk1*

Plphr

Jdoru/ Rghg/ dqg Mrvhsk ]hlud +4<<6, cLqfrph glvwulexwlrq dqg pdfurhfrqrplfv1* Uhylhz ri

Pdfurhfrqrplf Vwxglhv 93/ 68~85

5<



Kdxvpdq/ Mhuu| D1/ dqg Zklwqh| Qhzh| +4<<8, cQrqsdudphwulf hvwlpdwlrq ri h{dfw frqvxphuv

vxusoxv dqg ghdgzhljkw orvv1* Hfrqrphwulfd 96+9,/ 4778~47:9

Nuxhjhu/ Dodq/ dqg Plndho Olqgdko +4<<<, cHgxfdwlrq iru jurzwk= Zk| dqg iru zkrpB* Plphr

Ol/ Krqj|l/ dqg Khqj0ix ]rx +4<<;, cLqfrph lqhtxdolw| lv qrw kdupixo iru jurzwk= Wkhru| dqg

hylghqfh1* Uhylhz ri Ghyhorsphqw Hfrqrplfv 5+6,/ 64;~667

Orxu|/ Johqq F1 +4<;4, cLqwhujhqhudwlrqdo wudqvihuv dqg wkh glvwulexwlrq ri hduqlqjv1* Hfrqrphw0

ulfd 7<+7,/ ;76~;9:

Shurwwl/ Urehuwr +4<<9, cJurzwk/ lqfrph glvwulexwlrq dqg ghprfudf|1* Mrxuqdo ri Hfrqrplf

Jurzwk 4/ 47<~4;:

Shuvvrq/ Wruvwhq/ dqg Jxlgr Wdehoolql +4<<4, cLv lqhtxdolw| kdupixo iru jurzwkB Wkhru| dqg

hylghqfh1* Dphulfdq Hfrqrplf Uhylhz 7;/ 933~954

Slnhww|/ Wkrpdv +4<<:, cWkh g|qdplfv ri wkh zhdowk glvwulexwlrq dqg wkh lqwhuhvw udwh zlwk

fuhglw udwlrqlqj1* Wkh Uhylhz ri Hfrqrplf Vwxglhv 97+5,/ 4:6~4;<

Sruwhu/ Mdfn +4<<9, cHvvd|v lq hfrqrphwulfv1* SkG glvvhuwdwlrq/ PLW

Urelqvrq/ Mdphv +4<;;, cUrrw0q frqvlvwhqw vhplsdudphwulf uhjuhvvlrqv1* Hfrqrphwulfd 89/ <64~

<87
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Figure 1-A: Relationship between income growth and lagged gini growth: partially linear model (Perotti variables)

kernel regression
quadratic fitting
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Figure 1-B: Relationship between income growth and lagged gini growth: partially linear model (Barro variables)

kernel regression
quadratic fitting
quartic fitting  
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Figure 2: Relationship between income growth and lagged gini: partially linear model (Perotti variables)
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Figure 3: Barro structural form
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Figure 4A: Barro structural form-Non latin America countries
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Figure 4B: Barro structural form-Latin American countries
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Figure 5A: Relationship between gini growth and lagged gini
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Figure 5B: Relationship between gini growth and lagged gini
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Figure 6-A: Relationship between income growth and lagged gini growth: partially linear model (Perotti variables)

kernel regression
quadratic fitting
quartic fitting  

-0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08
-0.02

-0.015

-0.01

-0.005

0

0.005

0.01

0.015

0.02

Lagged gini growth (gini(t)-gini(t-a))

R
es

id
ua

l i
nc

om
e 

gr
ow

th
 (

y(
t+

a)
-y

(t
))

Figure 6-B: Relationship between income growth and lagged gini growth: partially linear model (Barro variables)

kernel regression
quadratic fitting
quartic fitting  
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7-A:Perotti variables, FD estimation
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7-B:Perotti variables, FE estimation
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7-C:Perrotti variables, AB estimation
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7-D:Barro variables, FD estimation
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7-E:Barro variables, AB estimation
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7-F:Barro variables, FE estimation



D&S, high quality Barro
(1) (2)

A. Mean (standard deviation)
Log(gdp per capita) in 1980 dollars
(Summers and Heston)

1965 8.03 7.66
(0.86) (0.96)

1975 8.37 7.95
(0.85) (1.01)

1985 8.58 8.21
(0.82) (0.96)

1995 8.82 8.45
(0.79) (1.06)

Gini coefficient (Barro’s construction from D&S)
1960 0.41 0.43

(0.077) (0.06)
1970 0.39 0.43

(0.086) (0.062)
1980 0.37 0.39

(0.084) (0.064)
Gini coefficient (Forbes’s construction from D&S)

1965 0.38
1970 0.4
1975 0.4
1980 0.38
1985 0.37
1990 0.38

B. Number of countries
D&S high quality Barro, 1960

East Asia 7 6
Latin America 9 11
OECD 20 12
Sub-Saharan Africa 0 12
Other 9 9
total 45 50

Table 1
Selected descriptive statistic



(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
gini (t) 0.021 -0.27 0.05 0.064 0.094 -0.03 -0.29 -0.042 -0.039

(0.09) (0.63) (0.10) (0.099) (0.11) (0.043) (0.22) (0.045) (0.043)
gini (t)2 0.0036 0.33

(0.0077) (0.27)
gini(t)-gini(t-a) 0.065 0.36 0.053 0.073

(0.16) (0.17) (0.063) (0.066)
(gini(t)-gini(t-a))2 -5.09 -5.37 -2.47 -2.33

(2.95) (3.06) (1.16) (1.17)
gini(t)-gini(t-a)* 1(gini(t)-gini(t-a))<0 0.63 0.27

(0.30) (0.10)
gini(t)-gini(t-a)* 1(gini(t)-gini(t-a>)=0 -0.59 -0.11

(0.33) (0.13)
F test for  (gini(t)-gini(t-a))2, 9.02 5.72
(gini(t)-gini(t-a))3, (gini(t)-gini(t-a))4 (0.029) (0.12)
(p value in parentheses)

Number of observations 128 128 128 128 128 128 98 98 98 98 98 98
Note: Coefficient obtained using random effect specifications.
Standard errors in parentheses; a is equal to 5 (Five-year periods)
Control variables: 

In Perotti specification : Log(GDP(t),PPP I (t), male education (t), female education (t)
In Barro’s specification Log(GDP(t-1)), log(GDP(t-1)) squared, government consumption(t-1), secondary education(t),

higher education(t), fertility(t), (term of trade(t+1)-terms of trade(t)), rule of law, democ(t), 
democt(t) squared, spanish or portuguese colony,other colony, investisment share (t-1)

Table 2

Perotti specification Barro specification
Dependent variable: 1/a(y(t)-y(t-a))

Relationship between inequality and changes in inequality and growth



g(t)-g(t-a) (g(t)-g(t-a))2 g(t)-g(t-a) (g(t)-g(t-a))2

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

g(t-a) -0.047 0.77 -0.033 -0.043 -0.21 -0.10 -0.087 0.0067 -0.25 0.0076
(0.076) (0.66) (0.082) (0.039) (0.21) (0.043) (0.038) (0.0025) (0.066) (0.0038)

g(t-a)^2 -0.94 0.26
(0.81) (0.27)

Control variables X(t) X(t) X(t-a) X(t) X(t) X(t-a) X(t-a) X(t-a) X(t-a) X(t-a)
Note: Coefficient obtained using random effect specifications.
Standard errors in parentheses; a is equal to 5 (Five-year periods)
Control variables: X(t) stands for control variable not lagged.

X(t-a) stands for control variables lagged one period (5 years).
For a list of control variables see note to table 2.

Perotti Barro Perotti Barro

Table 3
Estimation of the reduced form model

Dependent variable: (y(t+a)-y(t))/a Dependent variable: change in gini coefficient



Perotti Barro Barro Perotti
SUR SUR 3SLS 3SLS 3SLS 3SLS SUR SUR
(1) (2) (3) (4) (5) (6) (7) (8)

Gini(t-a) -0.026 -0.023 -0.00012 -0.037
(0.021) (0.022) (0.018) (0.017)

Gini(t-a) -0.034 -0.035 -0.057 -0.055
*(1-Latin America Dummy) (0.020) (0.025) (0.023) -0.026
Gini(t-a) 0.099 0.083 0.11 0.13
*Latin America Dummy (0.034) (0.044) (0.041) -0.5

Observations 155 146 146 146 146 146 146 158
Notes:
Standard errors in parentheses; a is equal to 5 (Growth is averaged over 10 year periods)
A list of countries in the sample is given in table A1
A list of the control variables is given in the footnote to table 2.

Table 4
Estimation in Barro’s sample

Barro Barro,excluding fertility

Dependent variable: 1/2a*[ln(gdp(t+2a))-ln(gdp(t)]
Barro reduced form Structural model Structural model Reduced form



First Fixed Arellano First Fixed Arellano
Difference effect & Bond Difference effect & Bond

(1) (2) (3) (4) (5) (6)

Gini(t) 0.298 0.297 0.56 0.158 0.155 0.27
(0.18) (0.16) (0.039) (0.068) (0.063) (0.016)

Note: 
Standard errors in parentheses; a is equal to 5 (Five-year periods)
For a list of control variables see note to table 2.

Table 5 
Relationship between growth and changes in Gini estimated by differencing methods

Dependent variable: (y(t+a)-y(t))/a

SpecificationSpecification
Perotti Barro 



Control variables Perotti Barro
Speficication First First Random First Fixed Arellano Random First Fixed Arellano

difference difference effect difference effect & Bond effect difference effect & Bond
(1) (2) (3) (4) (6) (7) (8) (9) (10) (11)

 A. Linear assumption: OLS Coefficient of (Gini(t)-Gini(t-a) ) 
Gini(t)-Gini(t-a) 0.298 0.158 0.43 0.298 0.37 0.36 0.11 0.158 0.12 0.17

(0.18) (0.068) (0.19) (0.18) (0.19) (0.18) (0.34) (0.068) (0.35) (0.07)
B.Piecewise linear assumption:OLS coefficients of (Gini(t)-Gini(t-a) )

if Gini(t)-Gini(t-a) <=0 0.79 0.39 0.94 0.61 0.84 0.6985 0.38 0.42 0.42 0.4
(0.30) (0.13) (0.48) (0.38) (0.40) (0.3848) (0.61) (0.13) (0.48) (0.13)

if (Gini(t)-Gini(t-a) )>=0 -0.3 -0.13 -0.57 -0.48 -0.58 -0.49 -1.18 -0.64 -0.44 -0.11
(0.35) (0.11) (0.54) (0.35) (0.40) (0.38) (0.88) (0.14) (0.55) (0.14)

C.quartic specification
F-test for non linear 2.21 3.37 2.41 1.84 3.04 2.55 1.98 2.61 1.55 3.3

terms joinly significant (0.09) (0.02) (0.07) (0.14) (0.031) (0.059) (0.10) (0.055) (0.20) (0.02)

D.quadratic specification
Gini(t)-Gini(t-a) 0.23 0.13 0.366 0.24 0.298 0.311 0.16 0.13 0.2 0.15

(0.18) (0.067) (0.24) (0.17) (0.19) (0.19) (0.35) (0.063) (0.24) (0.66)

(Gini(t)-Gini(t-a) )2 5.88 -3.24 -6.94 -5.59 -7.08 -5.94 -8.34 -2.94 -4.49 -3.28
(3.39) (1.26) (4.52) (0.17) (3.58) (3.43) (6.44) (1.15) (4.47) (1.23)

Numer of observations 125 98 125 125 125 125 98 98 98 98
Note: 
Standard errors in parentheses; a is equal to 5 (Five-year periods)
For a list of control variables see note to table 2.
For a definition of residual growth, see the text

Table 6
Non-linearity of the relationship between change in gini and growth in models based on first differences

Perotti Barro

Dependent variable Dependent  variable: residual growth (1/a*[y(t+a)-y(gdp(t)]*)
(y(t+a)-y(t))/a



Deininiger and Squire, high quality
1960 1970 1980

Australia Denmark  Australia  Australia  
Bangladesh  Finland  Fiji  Belgium  
Belgium France  Finland  Denmark  
Brazil Greece  France  Fiji  
Bulgaria Hungary  Greece  Finland  
Canada Netherlands  Hungary  France  
Chile Norway  Ireland  Greece  
China Sri Lanka (Ceylon)  Italy  Hungary  
Colombia Sweden  New Zealand  Ireland  
Costa Rica Taiwan  Norway  Italy  
Denmark Thailand  Portugal  Luxembourg  
Dominican Republic U.K. Singapore  Netherlands  
Finland W. Germany  Spain  New Zealand  
France Yugoslavia  Sri Lanka (Ceylon)  Norway  
Germany Argentina  Sweden  Poland  
Greece Bangladesh (E. Pakistan) Taiwan  Portugal  
Hong Kong Benin  Thailand  Singapore  
Hungary Brazil  Turkey  Spain  
India Burma (Myanmar)  U.K. Sri Lanka (Ceylon)  
Indonesia Canada  W. Germany  Sweden  
Ireland Chad  Yugoslavia  Switzerland  
Italy Colombia  Argentina  Taiwan  
Japan Costa Rica  Bahamas  Thailand  
Korea, Republic of Egypt  Bangladesh (E.  Pakistan)  U.K.  
Malaysia Gabon  Barbados  W. Germany  
Mexico Guyana  Bolivia  Yugoslavia  
Netherlands India  Brazil  Bahamas  
New Zealand Indonesia  Canada  Bangladesh (E. Pakistan) 
Norway Iraq  Chile  Barbados  
Pakistan Israel  Colombia  Brazil  
Peru Ivory Coast (Cote ) Costa Rica  Cameroon  
Philippines Jamaica  Ecuador  Canada  
Poland Japan  Egypt  Chile  
Portugal Kenya  El Salvador  China  
Singapore Madagascar  Gabon  Colombia  
Spain Mexico  Honduras  Costa Rica  
Sri Lanka Morocco  Hong Kong  Dominican Rep.  
Sweden Niger  India  El Salvador  
Thailand Nigeria  Indonesia  Gabon  
Trinidad and Tobago Peru  Iran  Guatemala  
Tunisia Philippines  Jamaica  Hong Kong  
Turkey S. Korea  Japan  India  
United Kingdom Senegal  Liberia  Indonesia  
United States Suriname  Malawi  Iran  
Venezuela Tanzania  Malaysia  Ivory Coast

Togo  Mexico  Japan  
Trinidad &Tobago  Pakistan  Jordan  
U.S.A. Panama  Kenya  
Venezuela  Peru  Malawi  
Zambia (N. Rhodesia)  Philippines  Malaysia  

S. Korea  Mauritius  
Senegal  Mexico  
Sierra Leone  Morocco  
Sudan  Nepal  
Tanzania  Nigeria  
Trinidad & Tobago  Pakistan  
Tunisia  Panama  
Uganda  Peru  
Uruguay  Rwanda  
U.S.A. S. Korea  
Venezuela  Seychelles  
Zambia (N. Rhodesia)  Sierra Leone  

Tanzania  
Trinidad & Tobago  
Tunisia  
U.S.A.
Venezuela  
Zambia (N. Rhodesia)  

Barro

Table A1
List of countries in the sample



Country Period Begining of period Change in gini Country Period Begining of period Change in gini
gini (in %) (percentage points) gini (in %) (percentage points)

(1) (2) (3) (4) (5) (6) (7) (8)

Bangladesh 65-70 37.3 -3.1 Australia 85-90 37.6 4.1
Bulgaria 70-75 21.5 -3.7 Bulgaria 75-80 17.8 7.2
Brazil 75-80 61.9 -4.2 Brazil 80-85 57.8 4.0
Canada 85-90 32.8 -5.3 Brazil 70-75 57.6 4.3
Colombia 70-75 52.0 -6.0 Chile 75-80 46.0 7.2
Spain 75-80 37.1 -3.7 China 85-90 31.4 3.2
Finland 70-75 31.8 -4.8 Colombia 75-80 46.0 8.5
Finland 85-90 30.8 -4.7 Germany 65-70 28.1 5.4
France 75-80 43.0 -8.1 Dominican Republic 85-90 43.3 7.2
Hong Kong 85-90 45.2 -3.2 Finland 75-80 27.0 3.9
Hungary 65-70 25.9 -3.0 United Kingdom 85-90 27.1 5.2
Indonesia 80-85 42.2 -3.2 Hong Kong 80-85 37.3 7.9
Ireland 75-80 38.7 -3.0 Sri Lanka 75-80 35.3 6.7
Italy 75-80 39.0 -4.7 Sri Lanka 80-85 42.0 3.3
Korea, Republic80-85 38.6 -4.1 Mexico 85-90 50.6 4.4
Sri Lanka 85-90 45.3 -8.6 New Zealand 85-90 35.8 4.4
Sri Lanka 65-70 47.0 -9.3 New Zealand 75-80 30.0 4.8
Mexico 75-80 57.9 -7.9 Sweden 75-80 27.3 5.1
Norway 75-80 37.5 -6.3 Thailand 85-90 43.1 5.7
Portugal 75-80 40.6 -3.8 Venezuela 80-85 39.4 3.4
Sweden 70-75 0.4 -6.1 Venezuela 85-90 42.8 11.0
Trinidad and To 75-80 51.0 -4.9
Trinidad and To 80-85 46.1 -4.4
Turkey 70-75 56.0 -5.0
Venezuela 75-80 47.7 -8.2
Deininger and Squire high quality sample

Decrease in gini coefficient larger than 3 percentage points Increase in gini coefficient larger than 3 percentage points

Table A2
Countries with large changes in gini coefficients


