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Wklv sdshu lv iruwkfrplqj lq wkh QEHU Pdfurhfrqrplfv Dqqxdo1 L dp lqghewhg wr Mhvv Ehqkdele/

Mrugl Jdol dqg Mxolr Urwhpehuj iru khosixo frqyhuvdwlrqv dw hduo| vwdjhv lq wklv surmhfw1 L dp dovr judwhixo
iru wkhlu ghwdlohg frpphqwv wr p| glvfxvvdqwv/ Urehuwr Shurwwl dqg Mrvì�Yðfwru Uðrv�Uýoo/ dv zhoo dv wr
Doehuwr Dohvlqd/ Deklmlw Edqhumhh/ Dqguhz Ehuqdug/ Jlxvhssh Ehuwrod/ Sdwulfn Erowrq/ Udtxho Ihuqdqgh}/
Khuvfkho Jurvvpdq/ Dqguhz Qhzpdq/ Wruvwhq Shuvvrq dqg Wkrpdv Slnhww|1 L dovr zlvk wr wkdqn Nodxv
Ghlqlqjhu dqg O|qq Vtxluh iru surylglqj ph zlwk wkhlu gdwd vhw/ dqg Wlp Vphhglqj iru surylglqj ph zlwk
vshfl�f vhulhv iurp wkh Ox{hperxuj Lqfrph Vwxg|1 Uhvhdufk Dvvlvwdqfh iurp wkh F1Y1 Vwduu Fhqwhu lv
judwhixoo| dfnqrzohgjhg1



Devwudfw

Xvlqj wzr xqli|lqj prghov dqg dq hpslulfdo h{huflvh/ wklv sdshu suhvhqwv dqg h{whqgv wkh

pdlq wkhrulhv olqnlqj lqfrph glvwulexwlrq dqg jurzwk/ dv zhoo wkh uhohydqw hpslulfdo hylghqfh1

Wkh �uvw prgho lqwhjudwhv wkh srolwlfdo hfrqrp| dqg lpshuihfw fdslwdo pdunhwv wkhrulhv1 Lw doorzv

iru ghsduwxuhv iurp shuihfw ghprfudf| dqg hperglhv wkh wudghr� ehwzhhq wkh jurzwk frvwv dqg

ehqh�wv ri uhglvwulexwlrq wkurxjk wd{hv/ odqg uhirup ru sxeolf vfkrrolqj= vxfk srolflhv vlpxowdqh0

rxvo| ghsuhvv vdylqjv lqfhqwlyhv dqg dpholrudwh wkh zhdowk frqvwudlqwv zklfk lpshgh lqyhvwphqw

e| wkh srru1 Wkh vhfrqg prgho lv d jurzwk yhuvlrq ri wkh sulvrqhu*v glohppd zklfk fdswxuhv wkh

hvvhqfh ri wkhrulhv zkhuh vrflrsrolwlfdo frq lfw uhgxfhv wkh vhfxulw| ri surshuw| uljkwv/ wkhuhe|

glvfrxudjlqj dffxpxodwlrq1 Wkh hfrqrp|*v jurzwk udwh lv vkrzq wr idoo zlwk lqwhuhvw jurxsv* uhqw�

vhhnlqj delolwlhv/ dv zhoo dv zlwk wkh jds ehwzhhq ulfk dqg srru1 Lw lv qrw lqfrph lqhtxdolw| shu vh

wkdw pdwwhuv/ krzhyhu/ exw lqhtxdolw| lq wkh uhodwlyh glvwulexwlrq ri hduqlqj dqg srolwlfdo srzhu1

Iru hdfk ri wkh wkuhh fkdqqhov ri srolwlfdo hfrqrp|/ lpshuihfw fdslwdo pdunhwv dqg vrfldo frq lfw/

wkh hpslulfdo hylghqfh lv vxuyh|hg dqg glvfxvvhg lq frqmxqfwlrq zlwk wkh wkhruhwlfdo dqdo|vlv1

Ilqdoo|/ wkh srvvlelolw| ri pxowlsoh vwhdg|�vwdwhv ohdgv ph wr wdnh xs d qhz hpslulfdo lvvxh= duh

furvv�frxqwu| gl�huhqfhv lq lqhtxdolw| shupdqhqw/ ru judgxdoo| qduurzlqjB Htxlydohqwo|/ lv wkhuh

frqyhujhqfh qrw mxvw lq wkh �uvw prphqw ri lqglylgxdo lqfrph +JGS shu fdslwd,/ exw frqyhujhqfh

lq glvwulexwlrqB

Nh|zrugv= Jurzwk/ Lqhtxdolw|/ Lqfrph Glvwulexwlrq/ Srolwlfdo Hfrqrp|/ Uhglvwulexwlrq/ Fuhglw

Frqvwudlqwv/ Srolwlfdo Lqvwdelolw|/ Surshuw| Uljkwv1

MHO fodvvl�fdwlrq= R44/ G64/ H95/ G:51



4 Lqwurgxfwlrq

414 Nruhd dqg wkh Sklolsslqhv/ flufd 4<93= Qrw Vr Vlplodu Diwhu Doo

Wr lqwurgxfh wkh wkhph ri wklv sdshu L vkdoo uhylvlw wkh sx}}oh udlvhg e| Oxfdv +4<<6, dw wkh

ehjlqqlqj ri klv duwlfoh1 Lq wkh hduo| 4<93*v/ Vrxwk Nruhd dqg wkh Sklolsslqhv zhuh vlplodu zlwk

uhvshfw wr doo pdmru hfrqrplf djjuhjdwhv= JGS shu fdslwd/ srsxodwlrq/ xuedql}dwlrq/ sulpdu|

dqg vhfrqgdu| vfkrro hquroophqw1 Wkh Sklolsslqhv kdg d vrphzkdw kljkhu vkduh ri JGS lq

pdqxidfwxulqj/ exw lq h{sruwv erwk frxqwulhv kdg wkh vdph sursruwlrqv ri sulpdu| frpprglwlhv

dqg pdqxidfwxuhv1 Jlyhq qhduo| lghqwlfdo vwduwlqj srlqwv/ krz fdq lw eh wkdw ryhu wkh qh{w

txduwhu fhqwxu| Nruhd h{shulhqfhg �pludfxorxv� jurzwk dyhudjlqj derxw 9( shu dqqxp/ zkloh

wkh Sklolsslqhv vwdjqdwhg dw derxw 5(B

Li rqh orrnv eh|rqg �uvw prphqwv/ krzhyhu/ lqlwldo frqglwlrqv zhuh lq idfw txlwh gl�huhqw1 Dv

vkrzq e| Wdeoh 4/ wkh glvwulexwlrq ri lqfrph zdv frqvlghudeo| pruh xqhtxdo lq wkh Sklolsslqhv=

Jlql +(, T4 T5 T6 T7 T8 T6.T7 T82T4 T82+T4.T5,

4<98

Nruhd 67167 81;3 46187 48186 56165 741;4 6;1;8 :154 5149

Sklolsslqhv 84165 6183 45183 ;133 53133 89133 53183 49133 6183

4<;;

Nruhd 66197 :16< 4515< 4915: 541;4 75157 6;13; 81:5 5148

Sklolsslqhv 781:6 8153 <143 46163 4<1<3 85183 66153 43143 619:

Wdeoh 4= Nruhd dqg wkh Sklolsslqhv

Vrxufh= Ghlqlqjhu dqg Vtxluh +4<<8d, gdwd vhw> '� ghqrwhv wkh vkduh ri wkh ��wk txlqwloh1

Wkh Sklolsslqhv* Oruhqw} fxuyh od| hyhu|zkhuh ehorz wkdw ri Nruhd14 Wkh Jlql frh!flhqw zdv

vhyhqwhhq shufhqwdjh srlqwv kljkhu/ derxw 4=; vwdqgdug ghyldwlrqv lq wkh zruog glvwulexwlrq ri

Jlqlv/ ru 5=8 dprqj Hdvw�Dvldq frxqwulhv1 Prvw vwulnlqjo|/ wkh udwlr ri wkh lqfrph vkduh ri wkh

wrs 53( wr wkh erwwrp 53(/ ru hyhq wr wkh erwwrp 73( zdv derxw wzlfh dv odujh lq wkh Sklolsslqhv1

Vlplodu glvsdulwlhv fkdudfwhul}hg odqg rzqhuvkls= wkh Jlql frh!flhqw iru idupodqg zdv 6;1: iru

Nruhd dqg 8617 iru wkh Sklolsslqhv lq 4<94 dqg 4<93 uhvshfwlyho|15 Wklv juhdwhu frqfhqwudwlrq ri

lqfrph dqg zhdowk/ zklfk shuvlvwv wr wklv gd|/ fdqqrw eh eodphg rq wkh �nohswrfudwlf� qdwxuh ri

wkh Pdufrv uhjlph1 Ihuglqdqg Pdufrv zdv �uvw hohfwhg suhvlghqw lq 4<98/ dqg ghfoduhg d vwdwh

4Wkh |hdu 4<98 lv wkh hduolhvw rqh iru zklfk gdwd iru erwk frxqwulhv duh dydlodeoh1 Pruhryhu/ wkhvh �jxuhv zhuh
edvhg rq wkh vdph vxuyh| phwkrg +jurvv krxvhkrog lqfrph,/ pdnlqj wkhp frpsdudeoh1 Wkh 4<;; Sklolsslqh qxpehu
lv iru jurvv shuvrqdo lqfrph/ exw yhu| forvh wr wkh 4<;8 �jxuh zklfk vwloo xvhg krxvhkrog lqfrph1

5Wkh vrxufh iru odqg Jlqlv lv Wd|oru dqg Kxgvrq +4<:5,1 Wkh wzhoyh�srlqw jds fruuhvsrqgv wr derxw rqh
vwdqgdug ghyldwlrq1 Zkloh lw lv frpprq nqrzohgjh wkdw Nruhd lpsohphqwhg d odqg uhirup iroorzlqj Zruog Zdu
LL/ lw pd| eh zruwk phqwlrqlqj wkdw wkh Sklolsslqhv dovr kdg lwv rzq durxqg wkh hqg ri Zruog Zdu L/ gxulqj
wkh Dphulfdq rffxsdwlrq shulrg1 Iroorzlqj wkh glvhvwdeolvkhphqw ri wkh Fdwkrolf Fkxufk/ d odujh sduw ri lwv odqg
kroglqjv zhuh sxufkdvhg dqg uhglvwulexwhg1 Wkh uhodwlyho| kljk odqg Jlql iru 4<93 vxjjhvwv wkdw hlwkhu odqg uhirup
zdv qrw dv hjdolwduldq dv lq Nruhd/ zkhuh lqglylgxdo kroglqjv zhuh olplwhg wr 6 khfwduhv/ ru wkdw odqg rzqhuvkls
ehfdph uh�frqfhqwudwhg gxulqj wkh iroorzlqj iruw| |hduv
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ri hphujhqf| rqo| lq 4<:51 Suhfhglqj klp lq srzhu dw wkh hqg ri wkh XV�dvvlvwhg uhfrqvwuxfwlrq

shulrg zhuh wzr suhvlghqwv zkrvh pdlq srolflhv duh ghvfulehg lq wkh XV Vwdwh Ghsduwphqw*v

edfnjurxqg qrwhv dv vhhnlqj wr �h{sdqg Sklolsslqh wlhv wr lwv Dvldq qhljkeruv/ lpsohphqw grphvwlf

uhirup surjudpv/ dqg ghyhors dqg glyhuvli| wkh hfrqrp|�1

Ri frxuvh Wdeoh 4 grhv qrw frqvwlwxwh surri wkdw juhdwhu lqlwldo htxdolw| zdv wkh uhdvrq �

fhuwdlqo| qrw wkh vroh uhdvrq� zk| wkh �pludfoh� rffxuuhg lq rqh frxqwu| dqg qrw wkh rwkhu1

Exw wkh idfwv zklfk lw grfxphqwv gr vxjjhvw wkdw wkh dqvzhu wr wkh sx}}oh pd| olh rxwvlgh wkh

uhsuhvhqwdwlyh djhqw iudphzrun1

415 Hpslulfdo Uhjxodulwlhv

Vrxwk Nruhd dqg wkh rwkhu Hdvw�Dvldq �gudjrqv� duh xvxdoo| frqwudvwhg qrw wr wkh qhdue| Sklols0

slqhv/ exw wr Odwlq Dphulfdq frxqwulhv1 Lw kdv orqj ehhq sduw ri ghyhorsphqw hfrqrplvwv* frq0

yhqwlrqdo zlvgrp wkdw wkh yhu| htxdo glvwulexwlrq ri lqfrph dqg odqg lq wkh �uvw jurxs sod|hg

d vljql�fdqw uroh lq wkhlu wdnh�r�/ zkhuhdv wkh kljk ohyhov ri zhdowk frqfhqwudwlrq lq wkh odwhu

zhuh d vhulrxv lpshglphqw wr jurzwk1 Lq uhfhqw |hduv wkh olwhudwxuh kdv pryhg iurp dqhfgrwdo

wr irupdo hpslulfdo hylghqfh/ lpsxovhg e| wkh �qglqjv ri Dohvlqd dqg Urguln +4<<7, dqg Shuvvrq

dqg Wdehoolql +4<<7, ri d qhjdwlyh h�hfw ri lqhtxdolw| lq furvv0frxqwu| jurzwk uhjuhvvlrqv dqg e|

Shurwwl*v +4<<5,/ +4<<7,/ +4<<9, phwkrglfdo whvwlqj ri wkh pdlq wkhrulhv1

Wdeoh 5 vxppdul}hv wkh pdlq uhvxowv iurp wzhqw|�wkuhh uhfhqw vwxglhv ri wkh olqnv iurp lq0

htxdolw| wr jurzwk ru lqyhvwphqw1 L vkdoo uhihu wr lw wkurxjkrxw wkh sdshu1 Froxpq +4, fruuhvsrqgv

wr wkh edvlf/ uhgxfhg irup uhjuhvvlrq/ zkhuh wkh dyhudjh jurzwk udwh ri shu fdslwd JGS ryhu vrph

orqj shulrg +wzhqw| |hduv ru vr, lv uhjuhvvhg rq lqlwldo lqhtxdolw| dqg vhyhudo frqwurov1 Wkhvh

w|slfdoo| lqfoxgh= +d, lqlwldo lqfrph/ zkrvh frh!flhqw lv dozd|v qhjdwlyh dqg vljql�fdqw> +e, wkh

lqlwldo vwrfn ri kxpdq fdslwdo/ ru sur{lhv lq wkh irup ri lqlwldo vfkrro hquroophqw udwlrv> dv vkrzq

e| froxpq +;, wklv h�hfw lv v|vwhpdwlfdoo| srvlwlyh>6 +f, uhjlrqdo gxpplhv1 Wkhvh uhjuhvvlrqv/

uxq ryhu d ydulhw| ri gdwd vhwv dqg shulrgv zlwk pdq| gl�huhqw phdvxuhv ri lqfrph glvwulexwlrq/

gholyhu d frqvlvwhqw phvvdjh= lqlwldo lqhtxdolw| lv ghwulphqwdo wr orqj�uxq jurzwk1 Wkh pdjqlwxgh

ri wklv h�hfw lv frqvlvwhqw dfurvv prvw vwxglhv= d rqh vwdqgdug ghyldwlrq ghfuhdvh lq lqhtxdolw|

udlvhv wkh dqqxdo jurzwk udwh ri JGS shu fdslwd e| 18 wr 1; shufhqwdjh srlqwv1 Zkhwkhu wklv lv

odujh ru vpdoo pd| eh lq wkh h|h ri wkh ehkroghu1 Rq rqh kdqg lw dprxqwv wr ehwzhhq 63( dqg

78( ri wkh vwdqgdug ghyldwlrq ri jurzwk udwhv irxqg lq prvw vdpsohv1 Lw dovr lpsolhv dq lqfrph

jds ri derxw 58( diwhu 63 |hduv/ zklfk lv idu iurp lqfrqvhtxhqwldo1 Rq wkh rwkhu kdqg/ wklv

grhv qrw frph forvh wr dffrxqwlqj iru wkh jurzwk gl�huhqwldo revhuyhg ehwzhhq wkh Sklolsslqhv

dqg Nruhd/ ru Hdvw Dvld dqg Odwlq Dphulfd1 Krzhyhu/ vhyhudo prghov lq wkh olwhudwxuh suhglfw d

qrq�olqhdu h�hfw/ srvvleo| ohdglqj wr d pxowlsolflw| ri htxloleuld1 Lq wkdw fdvh vpdoo gl�huhqfhv lq

6Zlwk wkh h{fhswlrq ri wkh sx}}olqj uhvxow wkdw zkhq pdoh dqg ihpdoh vwrfn duh glvwlqjxlvkhg/ wkh odwwhu dsshduv
wr frqwulexwh qhjdwlyho| +h1j1 Eduur +4<<9,/ zkr dovr glvfxvvhv srvvleoh h{sodqdwlrqv,1
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lqlwldo lqhtxdolw| fdq kdyh pdujlqdo h�hfwv zhoo lq h{fhvv ri wkh dyhudjh vorsh hvwlpdwhg e| olqhdu

uhjuhvvlrqv/ dqg vljql�fdqwo| lq xhqfh orqj�uxq rxwfrphv1

Wkh lqfoxvlrq ri frqwurov +e, dqg hvshfldoo| +f, w|slfdoo| uhgxfhv wkh frh!flhqw rq lqhtxdolw|1

Vrphwlphv lw ehfrphv lqvljql�fdqw/ dv lq Ehqkdele dqg Vslhjho +4<<6, zkhq wkh vwrfn ri kxpdq

fdslwdo lv lqfoxghg/ ru lq Ghlqlqjhu dqg Vtxluh +4<<8e, zkhq gxpplhv iru Odwlq Dphulfd dqg

vxe�Vdkdudq Diulfd duh dgghg1 Lq prvw rwkhu vwxglhv lqhtxdolw| uhpdlqv vljql�fdqw hyhq lq wkh

suhvhqfh ri wkhvh frqwurov1 Lq dq| fdvh/ hquroophqwv lq dqg vwrfnv ri vhfrqgdu| hgxfdwlrq kdyh d

vxevwdqwldo qhjdwlyh fruuhodwlrq zlwk lqhtxdolw|/ dqg lq vrph ri wkh wkhrulhv glvfxvvhg ehorz wkh

olqn ehwzhhq lqfrph glvwulexwlrq dqg jurzwk dulvhv suhflvho| wkurxjk kxpdq fdslwdo lqyhvwphqw1

Qrwh �qdoo| wkdw d odujh sduw ri wkh furvv0frxqwu| yduldwlrq lq lqhtxdolw| frphv iurp wkh kljk ohyhov

revhuyhg lq Diulfd dqg/ sduwlfxoduo|/ Odwlq Dphulfd1 Wkhvh shuvlvwhqw lqwhu�uhjlrqdo gl�huhqfhv

qhhg wr eh h{sodlqhg/ dqg lq idfw srlqw lq wkh gluhfwlrq ri wkh prghov zlwk pxowlsoh orqj�uxq

glvwulexwlrqv phqwlrqhg deryh1

416 Ryhuylhz

Wklv sdshu suhvhqwv dqg h{whqgv wkh pdlq wkhrulhv olqnlqj lqfrph glvwulexwlrq dqg jurzwk/ dv

zhoo wkh hylghqfh rq wkhlu uhohydqfh1 Wklv lv grqh wkurxjk wzr xqli|lqj prghov/ d vxuyh| ri

wkh hpslulfdo olwhudwxuh/ dqg dq hfrqrphwulf h{huflvh1 Wkh �uvw prgho lqwhjudwhv wkh srolwlfdo

hfrqrp| dqg lpshuihfw fdslwdo pdunhwv wkhrulhv1 Wkh vhfrqg rqh ghdov zlwk vrfldo frq lfw dqg

wkh vhfxulw| ri surshuw| uljkwv1 Wkh hpslulfdo vhfwlrq dvnv zkhwkhu frxqwulhv duh frqyhujlqj wr wkh

vdph ohyho ri lqhtxdolw|1 Wkh sdshu irfxvhv sulpdulo| rq krz wkh glvwulexwlrq ri lqfrph +zkhwkhu

h{rjhqrxv ru hqgrjhqrxv, fdq d�hfw rxwsxw jurzwk/ udwkhu wkdq rq uhyhuvh h�hfwv iurp wkh ohyho

ri ghyhorsphqw wr lqhtxdolw|1 Lw wkxv eduho| wrxfkhv rq wkh Nx}qhwv +4<88, k|srwkhvlv17

L vwduw lq Vhfwlrq 5 zlwk wkhrulhv zkhuh dvvhw pdunhwv duh frpsohwh dqg glvwulexwlrqdo h�hfwv

dulvh vroho| wkurxjk wkh edodqfh ri srzhu lq wkh srolwlfdo v|vwhp +Ehuwrod +4<<6,/ Dohvlqd dqg

Urguln +4<<7,/ Shuvvrq dqg Wdehoolql +4<<7,,1 Wkh lghd lv wkdw e| orzhulqj wkh lqfrph ri wkh

phgldq yrwhu ru slyrwdo plggoh fodvv uhodwlyh wr wkh qdwlrqdo dyhudjh/ juhdwhu lqhtxdolw| lqfuhdvhv

wkh suhvvxuh iru uhglvwulexwlrq1 Wklv/ lq wxuq/ glvfrxudjhv lqyhvwphqw1 Wkh prgho ghyhorshg

khuh/ zklfk frpelqhv ihdwxuhv ri Shuvvrq dqg Wdehoolql +4<<7, dqg Eìqderx +4<<8d,/ glvsod|v wklv

phfkdqlvp exw dovr irupdol}hv ghsduwxuhv iurp wkh rqh shuvrq/ rqh yrwh/ lghdo1 Zkhwkhu ru qrw

wkhuh lv d uroh iru surgxfwlyh sxeolf lqyhvwphqw/ jurzwk lq wklv fodvv ri prghov dozd|v lqfuhdvhv

zlwk wkh ghjuhh ri sur�zhdowk eldv lq wkh srolwlfdo v|vwhp1 L dovr surylgh qhz uhvxowv/ wrjhwkhu

zlwk d jhqhudo fdyhdw/ rq wkh lvvxh ri zkhwkhu lqhtxdolw| d�hfwv ghprfudflhv dqg qrq�ghprfudflhv

gl�huhqwldoo|1 Frpsduhg wr d shuihfw ghprfudf|/ lqfrph glvsdulwlhv duh vkrzq wr kdyh d ohvvhu

lpsdfw rq uhglvwulexwlrq dqg jurzwk rqo| lq uljkw�zlqj ru zhdowk�eldvhg uhjlphv/ dqg d juhdwhu

lpsdfw lq ohiw�zlqj ru srsxolvw rqhv1

7Vhh Ilhogv dqg Mdnxevrq +4<<7, iru d uhfhqw uhylhz ri wklv lvvxh dv zhoo dv vrph qhz hylghqfh/ zklfk grhv qrw
vxssruw wkh Nx}qhwv fxuyh k|srwkhvlv1
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Lq Vhfwlrq 6 L wxuq wr dqrwkhu vhw ri wkhrulhv/ zkhuh wkh glvwulexwlrq ri zhdowk kdv pdfurhfr0

qrplf lpsolfdwlrqv gxh wr lpshuihfwlrqv lq dvvhw pdunhwv1 L xvh wkh yhu| vdph prgho dv ehiruh

exw vlpso| �wxuq r�� wkh ordq pdunhw1 Lqghhg/ wkh pdlq lghd lq wklv olwhudwxuh zklfk vwduwv zlwk

Orxu| +4<;4, lv wkdw fuhglw frqvwudlqwv suhyhqw wkh srru iurp xqghuwdnlqj wkh h!flhqw dprxqw ri

lqyhvwphqw1 Zlwk ghfuhdvlqj uhwxuqv wkhlu pdujlqdo surgxfw lv kljkhu/ vr wkdw uhglvwulexwlrqv fdq

lqfuhdvh wrwdo rxwsxw ru jurzwk1 P| prgho hperglhv wkh wudghr� ehwzhhq wkhvh jurzwk ehqh�wv

ri odqg uhirup/ sxeolf vfkrrolqj ru rwkhu surjuhvvlyh wudqvihuv/ dqg wkhlu wudglwlrqdo frvwv gxh

wr ghsuhvvhg lqfhqwlyhv iru vdylqjv ru oderu vxsso|1 Wkh rwkhu fhqwudo lvvxh lq wkh olwhudwxuh lv

lqwhujhqhudwlrqdo prelolw|/ iru zklfk xqlqvxudeoh vkrfnv duh ri wkh hvvhqfh1 Vrph sdshuv irfxv rq

wkh ghfhqwudol}hg htxloleulxp +Jdoru dqg ]hlud +4<<6,/ Edqhumhh dqg Qhzpdq +4<<6,/ Eìqderx

+4<<9d,/ Djklrq dqg Erowrq +4<<9,/ Slnhww| +4<<9,,/ zkloh rwkhuv frpelqh pdunhw lqfrpsohwhqhvv

zlwk wkh srolwlfv ri uhglvwulexwlrq +Shurwwl +4<<6,/ Vdlqw0Sdxo dqg Yhuglhu +4<<6,/ Yhuglhu dqg

Dghv +4<<6,/ Vdlqw0Sdxo +4<<7,/ Eìqderx +4<<8d,,1 Lq d uhodwhg fodvv ri prghov wkh pdfurhfr0

qrplf h�hfwv ri glvwulexwlrq dulvh iurp/ ru duh pdjql�hg e|/ wkh hqgrjhqrxv vruwlqj ri djhqwv lqwr

krprjhqhrxv frppxqlwlhv ru rwkhu �foxev� +Eìqderx +4<<6,/ +4<<9e,/ Gxuodxi +4<<9d,/ +4<<9e,/

Ihuqdqgh} dqg Urjhuvrq +4<<9,/ +4<<7,/ Pdvnlq dqg Nuhphu +4<<7,,1 Wkh uhvxowv rewdlqhg lq wklv

sdshu duh uhsuhvhqwdwlyh ri wklv hqwluh vhw/ dqg lqfoxgh d qxpehu ri qhz sursrvlwlrqv dv zhoo1 L

h{sodlq iru lqvwdqfh zk| pd{lpl}lqj jurzwk uhtxluhv vrph +lqwhulru, ghjuhh ri ghprfudf|/ lq frq0

wudvw wr wkh frpsohwh pdunhwv fdvh1 L dovr ghprqvwudwh krz wkh frpelqdwlrq ri fuhglw frqvwudlqwv

dqg d ohvv wkdq shuihfwo| ghprfudwlf srolwlfdo v|vwhp fdq ohdg wr pxowlsoh orqj�uxq htxloleuld/

gl�hulqj erwk lq jurzwk udwhv dqg ohyhov ri lqhtxdolw|1 L wkhq xvh wklv h{dpsoh wr h{sodlq wkh

frpprq sulqflsoh e| zklfk pxowlsoh vwhdg|�vwdwh glvwulexwlrqv dulvh/ wkurxjk d ydulhw| ri jhqhudo

htxloleulxp ihhgedfnv/ lq vhyhudo ri wkh prghov phqwlrqhg deryh1

Vhfwlrq 7 wxuqv wr wkhrulhv edvhg rq wkh lghd wkdw vrflrsrolwlfdo frq lfw uhgxfhv wkh vhfxulw|

ri surshuw| uljkwv/ wkhuhe| glvfrxudjlqj dffxpxodwlrq1 Lq sduwlfxodu/ zkhq wkh jds ehwzhhq ulfk

dqg srru zlghqv wkh odwwhu suhvxpdeo| kdyh d juhdwhu whpswdwlrq wr hqjdjh lq uhqw0vhhnlqj ru

suhgdwru| dfwlylwlhv dw wkh h{shqvh ri wkh iruphu1 Wkh vhfxulw| ri surshuw| uljkwv lv wkh pdlq

irfxv ri wkh prghov ri Jurvvpdq +4<<4,/ +4<<7,/ Dfhprjox +4<<8,/ Wruqhoo dqg Yhodvfr +4<<5,/

Wruqhoo +4<<7,/ Jurvvpdq dqg Nlp +4<<9, dqg Ehqkdele dqg Uxvwlfklql +4<<9,1 Rqo| wkh odvw wzr

sdshuv/ krzhyhu/ h{solflwo| olqn lqhtxdolw| dqg jurzwk1 L sursrvh khuh d vlpsoh jurzwk yhuvlrq

ri wkh sulvrqhu*v glohppd zklfk fdswxuhv wkh hvvhqfh ri wklv fodvv ri prghov1 Wkh hfrqrp|*v

pd{lpxp vxvwdlqdeoh jurzwk udwh lv vkrzq wr eh qhjdwlyho| uhodwhg wr lqwhuhvw jurxsv* uhqw�

vhhnlqj delolwlhv/ dv zhoo dv wr lqfrph glvsdulwlhv ehwzhhq wkhp1 Lw pd| wkhq eh sur�wdeoh iru wkh

ulfk wr froohfwlyho| wudqvihu zhdowk wr wkh srru wkurxjk odqg uhirup/ hgxfdwlrq vxevlglhv/ ru wudgh

surwhfwlrq1 Pruh jhqhudoo|/ wkh dqdo|vlv uhyhdov wkdw zkdw uhdoo| pdwwhuv lv qrw lqfrph lqhtxdolw|

shu vh/ exw lqhtxdolw| lq wkh uhodwlyh glvwulexwlrq ri hduqlqj dqg srolwlfdo srzhu1 L dovr srlqw

rxw wkdw dfwxdo lqvwdelolw| ru xqfhuwdlqw| lv qrw sduw ri wkh vwru| wrog e| prvw prghov lq wklv

fodvv/ frqwudu| wr frpprq lqwhusuhwdwlrq1 Dv lq wkh fdvh ri wd{dwlrq/ jurzwk lv uhgxfhg wkurxjk
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d ghfolqh lq wkh h{shfwhg uhwxuq rq lqyhvwphqw/ gxh wr d kljkhu wkuhdw ri h{sursuldwlrq1

Ilqdoo|/ wkh srvvlelolw| ri pxowlsoh orqj�uxq glvwulexwlrqv dqg klvwru|�ghshqghqfh glvfxvvhg

hduolhu ohdgv ph wr udlvh lq Vhfwlrq 8 dq hpslulfdo txhvwlrq zklfk kdv qrw ehhq wdnhq xs suhylrxvo|=

duh frxqwulhv frqyhujlqj wr wkh vdph ohyho ri lqhtxdolw|/ ru duh wkhuh shupdqhqw gl�huhqfhvB

Htxlydohqwo|/ lv wkhuh frqyhujhqfh qrw rqo| lq wkh �uvw prphqwv ri wkhlu lqfrph glvwulexwlrqv �

JGS shu fdslwd� exw dovr lq wkh vhfrqg rqh +dqg kljkhu,/ dv zrxog eh suhglfwhg e| prvw yhuvlrqv

ri wkh qhrfodvvlfdo prgho rqfh lw lv hqulfkhg zlwk xqlqvxudeoh lglrv|qfudwlf vkrfnvB Xvlqj d

qhz gdwd vhw sxw wrjhwkhu e| Ghlqlqjhu dqg Vtxluh +4<<8d, L pdnh d �uvw sdvv dw wklv lvvxh ri

frqyhujhqfh lq glvwulexwlrq1 Dowkrxjk lw lv lqvx!flhqw wr uhvroyh wkh lvvxh wklv h{huflvh xqfryhuv

vrph lqwhuhvwlqj sx}}ohv/ lqfoxglqj vrph hylghqfh ri phdq�uhyhuvlrq lq Jlqlv18

Wkh jhqhudo vwudwhj| dgrswhg lq wklv sdshu lv rqh ri vlpsol�fdwlrq dqg xql�fdwlrq1 Wkh prghov

duh wkxv vwulsshg ri pdq| hohphqwv zklfk frqwulexwh wr wkh ulfkqhvv dqg uhdolvp ri wkh olwhudwxuh/

exw duh qrw hvvhqwldo wr frqyh|lqj wkh pdlq lghdv1 Wkhvh duh eulh | glvfxvvhg lq wkh frqfoxglqj

vhfwlrq/ ehiruh wxuqlqj wr gluhfwlrqv iru ixuwkhu uhvhdufk1 Doo surriv duh jdwkhuhg lq wkh dsshqgl{1

5 Srolwlfdo Hfrqrp| zlwk Frpsohwh Pdunhwv

Wkh prgho wr eh ghyhorshg khuh dqg lq wkh qh{w vhfwlrq zloo eulqj wrjhwkhu wkh srolwlfdo hfrq0

rp| dqg lpshuihfw fdslwdo pdunhwv wkhrulhv1 Wkhuh lv d frqwlqxxp ri qrq�dowuxlvwlf ryhuodsslqj

jhqhudwlrqv idplolhv/ lqgh{hg e| l 5 ^3> 4`= Wkh xwlolw| ri d phpehu l lq jhqhudwlrq w lv

X �
| @ oq f�| . � oq g�| +4,

zkhuh f�| dqg g�| ghqrwh frqvxpswlrq zkhq |rxqj dqg rog uhvshfwlyho|1 Wklv shuvrq lv eruq hqgrzhg

zlwk uhvrxufhv z�
|> glvwulexwhg lqghshqghqwo| dfurvv djhqwv zlwk phdq z| � H^z�

|`= Djhqwv fdq

lqyhvw lq kxpdq ru sk|vlfdo fdslwdo dffruglqj wr wkh whfkqrorj|

|�| @ u +n�|,
q+z|,

�3q > +5,

zkhuh u lv frqvwdqw dqg 3 ? � � 4> n�| lv wkh dprxqw lqyhvwhg dqg |�| lv vhfrqg�shulrg suh�wd{

lqfrph1 Qrwh wkdw lqglylgxdov idfh ghfuhdvlqj uhwxuqv exw wkh djjuhjdwh whfkqrorj| lv olqhdu1 Rqh

fdq lqwhusuhw z�
| dv djhqw l*v edvlf ohyho ri vnloo ru kxpdq fdslwdo/ zklfk fdq eh vxssohphqwhg

wkurxjk lqyhvwphqw1 Wkh kljkhu wkh jhqhudo ohyho ri edvlf vnloov/ wkh hdvlhu lw lv wr ghyhors ru

dftxluh qhz nqrzohgjh1 L vkdoo irfxv iru d zkloh rq zkdw kdsshqv zlwklq d jlyhq jhqhudwlrq/ lq

zklfk fdvh wlph vxevfulswv fdq eh rplwwhg1

8Wkh sdxflw| dqg vrphwlphv srru txdolw| ri lqwhuqdwlrqdo gdwd rq lqfrph glvwulexwlrq uhpdlq elqglqj frqvwudlqwv
khuh/ dv lq doo hpslulfdo zrun rq wkhvh lvvxhv> vhh Ghlqlqjhu dqg Vtxluh +4<<8d, dqg Shurwwl +4<<9, iru glvfxvvlrqv
ri gdwd txdolw|1 Dqrwkhu jhqhudo sureohp lv wkh odfn ri doprvw dq| gdwd rq wkh glvwulexwlrq ri zhdowk +odqg lv
vrphwlphv xvhg dv dq lpshuihfw sur{|,/ hyhq wkrxjk lq prvw wkhrulhv lw lv wklv glvwulexwlrq udwkhu wkdq wkdw ri
lqfrph zklfk lv ghwhuplqdqw1
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514 Vdylqjv dqg Lqwudjhqhudwlrqdo Jurzwk

Wkhuh lv d iulfwlrqohvv fuhglw pdunhw zkhuh djhqwv lq hdfk jhqhudwlrq eruurz iurp dqg ohqg wr hdfk

rwkhu/ dw vrph hqgrjhqrxv lqwhuhvw udwh �u= Wkh dprxqw eruurzhg e| l lv ghqrwhg e� B 3= Ilqdoo|/

wkhuh lv d jryhuqphqw zkr uhglvwulexwhv vhfrqg0shulrg lqfrph1 L ghsduw khuh iurp wkh vwdqgdug

fdvh ri olqhdu wd{hv dqg irfxv lqvwhdg rq d vlpsoh orj0olqhdu vfkhph zklfk zloo |lhog h{solflw

vroxwlrqv zlwk erwk shuihfw dqg plvvlqj fdslwdo pdunhwv19 Ohw srvw�wd{ dqg wudqvihu lqfrph eh

a|� @ +|�,�3� +�|,� > +6,

zkhuh wkh euhdn�hyhq lqfrph ohyho �| lv gh�qhg e| wkh edodqfhg exgjhw frqvwudlqw

] �

f
+|�,�3� +�|,�gl @

] �

f
|� gl � |= +7,

Qrwh wkdw wkh vfkhph lv surjuhvvlyh +h1j1/ �| A |, zkhq 3 ? � � 4> dqg uhjuhvvlyh zkhq � ? 3>

wkh pd{lpxp udwh frpsdwleoh zlwk iuhh glvsrvdo lv � @ 4= L doorz � ? 3/ zklfk zloo eh uhohydqw

zkhq vwxg|lqj lpshuihfwo| ghprfudwlf uhjlphv/ exw iru whfkqlfdo uhdvrqv L uhvwulfw lw wr � �

�
s
4 . 4@�� � �= Jlyhq dq h{shfwhg uhglvwulexwlrq udwh �> djhqw l* pd{lpl}dwlrq sureohp lv

pd{
K�c&�

ioq+z� . e� � n�, . � oq^ +u +n�,qz�3q,�3� +�|,� � �ue�`j> +8,

dqg wkh �uvw�rughu frqglwlrqv duh= g�@f� @ ��u @ ��+4 � �,+a|�@n�,= Wkh vhfrqg rqh lpsolhv wkdw

hyhu|rqh lqyhvwv wkh vdph dprxqw/ n� @ n> khqfh a|� @ |� @ unqz�3q @ | @ �|> dqg �u @ u�+4 �

�,+z@n,�3q = Wkh �uvw Hxohu htxdwlrq wkhq ehfrphv

u nqz�3q � �ue� @ �u�+4� �,+z@n,�3q+z� . e� � n,=

Vxpplqj xs ryhu djhqwv dqg xvlqj wkh ordq pdunhw0fohdulqj frqglwlrq
U �
f e� gl @ 3 |lhogv=

n @
��+4� �,z

4 . ��+4� �,
� U+�,z +9,

Hdfk lqglylgxdo wkxv lqyhvwv wkh vdph iudfwlrq U @ U+�, ri djjuhjdwh uhvrxufhv1 Frqvhtxhqwo|

hyhu|rqh kdv wkh vdph vhfrqg�shulrg lqfrph/ vr qr dfwxdo wudqvihuv wdnh sodfh lq htxloleulxp1

Wkh fulwlfdo ihdwxuh ri uhglvwulexwlrq xqghu frpsohwh pdunhwv lv wkh wkuhdw ri h{sursuldwlrq ri sduw

ri wkh uhwxuq wr lqyhvwphqw/ dv rssrvhg wr dfwxdo wudqvihuv ri zhdowk1: Lq sduwlfxodu/ wkh jurzwk

9Wklv vfkhph zdv lqwurgxfhg lq Eìqderx +4<<8d, lq d frqwh{w ri g|qdvwlfdoo| dowuxlvwlf idplolhv idflqj plvvlqj
fuhglw dqg lqvxudqfh pdunhwv1 Dssolhg khuh wr frpsohwh pdunhwv/ lw |lhogv wkh vdph uhvxowv dv zrxog eh rewdlqhg
iurp wkh vwdqgdug vfkhph ri olqhdu wd{hv dqg oxps0vxp wudqvihuv1

:Rqh frxog hdvlo| lqwurgxfh vrph pxowlsolfdwlyh irup ri delolw| lqwr wkh lqyhvwphqw ixqfwlrq +5,/ shukdsv fruuh0
odwhg zlwk ��

|� Rswlpdo lqyhvwphqw ohyhov zrxog wkhq gl�hu dfurvv lqglylgxdov dqg htxloleulxp wudqvihuv zrxog eh
srvlwlyh/ exw qrqh ri wkh hvvhqwldo uhvxowv zrxog fkdqjh1
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udwh ri djjuhjdwh lqfrph zlwklq hdfk jhqhudwlrq/

j+�, � oq+|@z, @ oq u . � oq U+�,> +:,

ghfolqhv zlwk wkh wd{ udwh �=

515 Lqwhujhqhudwlrqdo Olqndjhv

Wr h{whqg wklv uhvxow wr orqj�uxq jurzwk udwhv lw uhpdlqv wr vshfli| wkh g|qdplf olqndjhv ehwzhhq

jhqhudwlrqv1 Wkh vlpsohvw nlqg lv dq djjuhjdwh vslooryhu +dv lq Shuvvrq dqg Wdehoolql +4<<7,,

wkurxjk zklfk wkh surgxfwlylw| dfklhyhg e| jhqhudwlrq w ehfrphv hperglhg lqwr wkh edvlf kxpdq

fdslwdo hqgrzphqw ri jhqhudwlrq w. 4 =

z�
|n� @ ��|n�||> +;,

zkhuh ��| lv dq l1l1g1 vkrfn zlwk phdq qrupdol}hg wr 4> uhsuhvhqwlqj iru lqvwdqfh lqqdwh delolw|1

Htxlydohqwo|/ ohw dowuxlvwlf sduhqwv ghyrwh vrph ri wkhlu vhfrqg�shulrg uhvrxufhv wr fkloguhq*v

hgxfdwlrq +vd|/ sulpdu| vfkrrolqj,/ zklfk lv surylghg dv d sxeolf jrrg1 Vshfl�fdoo|/ ohw sduhqwv

fduh derxw rog djh frqvxpswlrq/ qrz ghqrwhg f��| / dqg derxw wkh kxpdq fdslwdo hqgrzphqw ri

wkhlu fklog=

X �
| @ oq f�| . �� oq f��| . �+4� �,H|^oqz

�
|n�`= +4*,

Wkh odwwhu lv d frpelqdwlrq ri delolw| dqg sxeolf h{shqglwxuhv rq vfkrrolqj/

z�
|n� @ ���|n� h| > +;*,

zlwk wkh odwwhu �qdqfhg wkurxjk d sursruwlrqdo wd{ rq vhfrqg�shulrg lqfrph1 Zlwk orjdulwkplf

suhihuhqfhv wkh xqdqlprxvo| suhihuuhg wd{ udwh lv 4 � �> vr wkdw f��| @ �g�| dqg h| @ +4 � �, g| @

+4 � �, ||= Qrwklqj hovh lq sduhqwv* ehkdylru ru pd{lpl}hg xwlolw| lv d�hfwhg1; Wkxv z�
|n� @

� +4 � �, ��|n� || / dqg qrupdol}lqj wkh frqvwdqw wr rqh |lhogv wkh vdph uhvxow dv +;,/ qdpho| wkdw

wkh lqwud� dqg lqwhujhqhudwlrqdo jurzwk udwhv duh htxdo=

j| @ oq+||@||3�, @ oq+z|n�@z|, @ oq+||@z|, @ oq u . � oq U+� |, +<,

zkhuh � | lv wkh wd{ udwh fkrvhq lq jhqhudwlrq w= Pruhryhu/ wkh glvwulexwlrq ri uhodwlyh lqfrphv

z�
|@z| @ ��| lv vwdwlrqdu|/ zklfk zloo uhvxow lq d wlph�lqyduldqw htxloleulxp wd{ udwh1 Lq zkdw

iroorzv L vkdoo wkhuhiruh rplw wlph vxevfulswv rqfh djdlq1

;Vhh Jorpp dqg Udylnxpdu +4<<5, dqg Eìqderx +4<<9d, iru prghov ri sulydwh/ orfdo dqg sxeolf hgxfdwlrq zlwk
d vlplodu vshfl�fdwlrq1 Wkh iruphu xvhv ryhuodsslqj jhqhudwlrqv zlwk d �zdup�jorz�ehtxhvw/ dv L gr khuh> wkh
odwwhu kdv g|qdvwlf suhihuhqfhv1

:



516 Lqhtxdolw| dqg Uhglvwulexwlrq

L qrz h{dplqh wkh ghwhuplqdwlrq ri wd{hv zlwklq hdfk jhqhudwlrq1 Djhqw l *v rswlpdo lqyhvwphqw

hqwdlov d qhw eruurzlqj ri

e� @
�

4 . �
+z �z�, +43,

dw wkh lqwhuhvw udwh

�u @ u�+4� �,q+4 . ��+4� �,,�3q =

Uhglvwulexwlrq wkurxjk zkdw lv hvvhqwldoo| d wd{ rq fdslwdo lqfrph orzhuv wklv htxloleulxp uhwxuq/

wkhuhe| idyrulqj eruurzhuv dqg kxuwlqj ohqghuv1 Lw ohdyhv xqd�hfwhg wkh �uhsuhvhqwdwlyh� djhqw

zlwk uhvrxufhv htxdo wr wkh shu fdslwd dyhudjh z> dv kh grhv qrw pdnh xvh ri wkh ordq pdunhw1

Jlyhq rswlpdo eruurzlqj dqg lqyhvwphqw ghflvlrqv/ wkh lqwhuwhpsrudo xwlolw| ri lqglylgxdo l lv

htxdo wr=

X �+�, @ Y +�, . +4 . �, oq
�
4 . +z�@z � 4,+4 . ��+4� �,,@+4 . �,

�
+44,

zkhuh

Y +�, � +4 . �, oqz . oq+4� U+�,, . � oq+uU+�,q, @ oq f. � oq g> +45,

zlwk f dqg g uhsuhvhqwlqj djjuhjdwh frqvxpswlrq lq wkh �uvw dqg vhfrqg shulrgv1 Iru dq djhqw

zlwk wkh dyhudjh hqgrzphqw z wkh vhfrqg whup lq +44, ydqlvkhv1 Klv suhihuhqfhv wkxv frlqflgh

zlwk wkrvh ri d vrfldo sodqqhu frqfhuqhg rqo| zlwk lqwhuwhpsrudo h!flhqf|/ lq wkh vhqvh ri ehlqj

lqgl�huhqw wr wkh glvwulexwlrq ri frqvxpswlrq dfurvv lqglylgxdov1 Vlqfh

Y �+�, @ �
���

+4� �,+4 . ��+4� �,,
> +46,

wkh suhihuuhg wd{ udwh ri wklv uhsuhvhqwdwlyh lqglylgxdo ru vrfldo sodqqhu lv }hur1< Lqglylgxdov srruhu

wkdq dyhudjh zrxog olnh +surjuhvvlyh, wd{hv rq fdslwdo= lw lv hdvlo| vhhq wkdw iru doo z� ? z>X �+�,

lv vlqjoh�shdnhg dqg uhdfkhv lwv pd{lpxp dw wkh vroxwlrq � � wr X ��+�, @ 3> ru=

*+�, �
�+4 . �,

+4 . �+4� �,,+4 . ��+4� �,,
@ 4�

z�

z
= +47,

Wklv lpsolhv wkdw djhqw l�v suhihuuhg wd{ udwh � � lv srvlwlyh dqg ghfolqhv dv klv uhodwlyh lqfrph idoov/

dv lq Phow}hu dqg Ulfkdugv +4<;4,1 Wkh sureohp lv pruh frpsolfdwhg iru djhqwv zkr duh ulfkhu

wkdq dyhudjh/ dv * lv qrw prqrwrqlf ryhu doo qhjdwlyh ydoxhv ri � 1 Rqh fdq qrqhwkhohvv vkrz wkdw

X �+�, uhpdlqv vwulfwo| frqfdyh rq lwv grpdlq ^�> 4`> zkhuh � ? �4 zdv gh�qhg hduolhu1 Wkxv iru

z�@z ? 4 � *+ �, djhqw l*v suhihuuhg wd{ udwh lv vwloo jlyhq e| wkh �uvw�rughu frqglwlrq +47,> iru

<Qrwh wkdw T E�� lv gl�huhqw iurp h{�dqwh h!flhqf| .�l dL�E��o1 Ehfdxvh djhqwv duh ulvn�dyhuvh/ pd{lpl}lqj wklv
�ehklqg�wkh yhlo� fulwhulrq zrxog dozd|v fdoo iru � : f� E| dvvxplqj wkdw shrsoh yrwh rqo| rqfh wkh| nqrz wkhlu
w|sh L dp lqwhqwlrqdoo| devwudfwlqj iurp wkh lqvxudqfh ydoxh ri uhglvwulexwlrq/ lq rughu wr kljkoljkw lwv h�hfwv rq
wkh sdwk ri rxwsxw1 Vhh Orxu| +4<;4, ru Eìqderx +4<<9d,/ +4<<8, iru g|qdplf prghov lqfrusrudwlqj wklv lqvxudqfh
prwlyh1

;



vwloo ulfkhu lqglylgxdov lw lv wkh fruqhu vroxwlrq/ � � @ � 1

Wr devwudfw iurp wlph frqvlvwhqf| lvvxhv/ L iroorz Shuvrq dqg Wdehoolql +4<<7, lq dvvxplqj

wkdw � lv fkrvhq luuhyrfdeo| gxulqj wkh �uvw�vxe0shulrg1 Li wkh srolwlfdo surfhvv fdq eh uhsuhvhqwhg

e| pdmrulw| yrwlqj ryhu wkh vlqjoh lvvxh ri wd{dwlrq wkh phgldq yrwhu lv ghflvlyh/ dqg klv suhihuuhg

srolf| lv lpsohphqwhg1 Khqfh wkh fhqwudo lpsolfdwlrq ri wklv fodvv ri prghov=43

Sursrvlwlrq 4

Ohw lqhtxdolw| eh phdvxuhg e|/ ru fruuhodwhg zlwk/ d orzhu udwlr ri phgldq wr phdq suh�wd{

zhdowk1 Wkhq pruh lqhtxdolw| ohdgv wr pruh uhglvwulexwlrq/ vorzhu jurzwk dqg uhgxfhg h!flhqf|=

� ulvhv / fdxvlqj j dqg Y wr idoo1

Wkhvh uhvxowv rq wkh shuvrqdo glvwulexwlrq ri zhdowk lq d rqh�idfwru prgho fdq eh h{whqghg wr

wkh ixqfwlrqdo glvwulexwlrq ri lqfrph/ vd| ehwzhhq fdslwdo dqg oderu1 Ehuwrod +4<<6, dqg Dohvlqd

dqg Urguln +4<<7, vkrz pruh jhqhudoo| wkdw d orzhu phgldq�wr�phdq udwlr lq djhqwv* uhodwlyh

hqgrzphqwv ri dffxpxodeoh dqg qrq0dffxpxodeoh idfwruv uhgxfhv wkh jurzwk udwh1 Wkh phfkdqlvp

lv wkh vdph/ qdpho| lqfuhdvhg wd{dwlrq ri fdslwdo/ dqg vr duh wkh h!flhqf| lpsolfdwlrqv1 Wkh idfw

wkdw wkhvh duh prghov zlwk lq�qlwho|�olyhg djhqwv dovr pdnhv fohdu wkdw wkh uhvxowv duh lqghshqghqw

ri wkh dvvxpswlrq ri p|rslf suhihuhqfhv144 Qrwh �qdoo| wkdw zkdw lv nh| lq Sursrvlwlrq 4 lv krz

lqhtxdolw| d�hfwv wkh ghvluh iru uhglvwulexwlrq ri zkrhyhu lv wkh ghflvlyh djhqw lq wkh srolwlfdo

v|vwhp1 Ehfdxvh wkh odwwhu lv olnho| wr ghsduw iurp wkh rqh shuvrq/ rqh yrwh devwudfwlrq/ L zloo

odwhu rq frqvlghu yduldwlrqv lq srolwlfdo lqvwlwxwlrqv1

517 Hpslulfdo Hylghqfh

L qrz wxuq wr wkh hylghqfh rq wkh jhqhudo lghd wkdw lqhtxdolw| lqfuhdvhv uhglvwulexwlrq/ zklfk

lq wxuq uhgxfhv jurzwk1 Froxpq +7, ri Wdeoh 5 uhsruwv wkh uhvxowv ri hpslulfdo vwxglhv zklfk

kdyh h{dplqhg wkh olqnv ehwzhhq lqfrph lqhtxdolw| dqg d ydulhw| ri phdvxuhv ri uhglvwulexwlrq=

vkduh ri wudqvihuv lq JGS +hlwkhu dv d zkroh ru ghfrpsrvhg lqwr gl�huhqw fdwhjrulhv vxfk dv

zhoiduh/ xqhpsor|phqw/ khdowk dqg vrfldo vhfxulw|,/ dyhudjh dqg pdujlqdo wd{ udwhv/ ru hgxfdwlrq

h{shqglwxuhv1 Froxpq +8, wkhq uhsruwv wkh h�hfwv zklfk wkhvh srolflhv zhuh irxqg wr kdyh rq wkh

hfrqrp|*v jurzwk ru lqyhvwphqw udwh1 Vrph vwxglhv h{dplqh rqo| rqh ri wkhvh wzr uhodwlrqvklsv>

rwkhuv/ prvw qrwdeo| Shurwwl +4<<5,/ +4<<9, hvwlpdwh d vlpxowdqhrxv v|vwhp1

Lq froxpq +7, wkh phdvxuh ri lqhtxdolw| lv jhqhudoo| wdnhq wr eh wkh vkduh ri wkh wklug txlqwloh/

ru wkh vkduh ri wkh wklug soxv irxuwk txlqwlohv1 Wklv uh hfwv wkh hpskdvlv sodfhg e| wkh prghov

rq wkh phgldq yrwhu dqg plggoh fodvv1 Wkh uhvxowv duh udwkhu glvdssrlqwlqj= wkh h�hfw ri lqfrph

43Wkh pdlq gl�huhqfh ehwzhhq wkh suhvhqw prgho dqg wkdw ri Shuvvrq dqg Wdehoolql +4<<7,/ dsduw iurp wkh idfw
wkdw L doorz q 	 � dqg pdnh h{solflw wkh ixqfwlrqlqj ri wkh ordq pdunhw +K�*v dqg �o,/ lv wkh xvh ri d jhrphwulf udwkhu
wkdq olqhdu uhglvwulexwlrq vfkhph1 Zkloh wklv prgl�fdwlrq zloo suryh prvw frqyhqlhqw zkhq frqvlghulqj plvvlqj
fuhglw pdunhwv/ lw lv khuh lqhvvhqwldo1 Doo irupxodv ghulyhg deryh dovr rewdlq lq wkh wudglwlrqdo/ olqhdu/ fdvh1

44Wkh txdqwlwdwlyh pdjqlwxgh ri wkh h�hfw/ rq wkh rwkhu kdqg/ grhv ghshqg rq krz idu lqwr wkh ixwxuh djhqwv
orrn zkhq pdnlqj vdylqjv ghflvlrqv dqg fdvwlqj wkhlu edoorwv> vhh Nuxvhoo/ Txdgulql dqg Uðrv�Uýoo +4<<9,1
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glvwulexwlrq rq wudqvihuv dqg wd{hv lv uduho| vljql�fdqw/ dqg lwv vljq ydulhv iurp rqh vwxg| ru hyhq

rqh vshfl�fdwlrq wr wkh rwkhu1 Wkh vdph lv wuxh iru hgxfdwlrq h{shqglwxuhv1 Erwk Dohvlqd dqg

Urguln +4<<7, dqg Shuvvrq dqg Wdehoolql +4<<7, udlvh dq remhfwlrq wr lqwhusuhwlqj vxfk uhjuhvvlrqv

dv d whvw ri wkh wkhru|1 Wkh| srlqw rxw wkdw uhglvwulexwlrq fdq wdnh pdq| irupv rwkhu wkdq

vwudljkw wudqvihuv= surjuhvvlyh lqfrph wd{dwlrq/ plqlpxp zdjh odzv/ wudgh dqg fdslwdo uhvwulfwlrqv/

wkh frpsrvlwlrq ri jryhuqphqw h{shqglwxuh/ sdwhqw ohjlvodwlrq/ uhjxodwlrq/ dqg wkh surwhfwlrq ri

surshuw| uljkwv1 Wklv lv fhuwdlqo| wuxh exw qrw hqwluho| shuvxdvlyh1 Iluvw/ wkh vwxglhv uhsruwhg lq

Wdeoh 5 douhdg| lqfoxgh vrph ri wkhvh yduldeohv vxfk dv wd{ udwhv/ sxeolf hpsor|phqw ru hgxfdwlrq

h{shqglwxuhv1 Vhfrqg/ lw lv kdug wr vhh zk| wkh lqfuhdvhg suhvvxuh iru uhglvwulexwlrq zrxog pdqlihvw

lwvhoi rqo| wkurxjk lqgluhfw fkdqqhov dqg qrw wkurxjk gluhfw rqhv1 Suhvxpdeo| wkh slyrwdo yrwhu

ru fodvv lv htxdol}lqj wkh pdujlqdo frvwv dqg ehqh�wv ru suhvvxuh dorqj wkh gl�huhqw glphqvlrqv

ri uhglvwulexwlrq1 Ilqdoo|/ rqh zrxog zdqw wr vhh dw ohdvw vrph hylghqfh wkdw plqlpxp zdjh

odzv/ wudgh dqg fdslwdo uhvwulfwlrqv ru uhjxodwlrq duh kljkhu lq pruh xqhtxdo frxqwulhv1 Vxfk lv

qrw wkh fdvh zlwklq wkh RHFG= wkhvh lqgluhfw irupv ri uhglvwulexwlrq duh orzhvw lq wkh Xqlwhg

Vwdwhv/ zklfk kdv wkh juhdwhvw suh�wd{ lqhtxdolw|/ dqg pxfk pruh h{whqvlyh lq frqwlqhqwdo Hxursh

+zhoiduh vwdwh dqg oderu ohjlvodwlrq, ru Mdsdq +uhjxodwlrq dqg wudgh surwhfwlrq,1

Froxpq +8, surylghv hyhq pruh vxusulvlqj qhzv1 Wkh frh!flhqw lq jurzwk uhjuhvvlrqv ri prvw

ri wkh wudqvihuv ghvfulehg deryh lv srvlwlyh/ dqg iuhtxhqwo| vwdwlvwlfdoo| vljql�fdqw1 Wklv lv wuxh

qrw rqo| iru hgxfdwlrq h{shqglwxuhv/ exw dovr iru vrfldo lqvxudqfh dqg hyhq shqvlrqv1 Wkhvh uhvxowv

vwdqg lq vkdus frqwudvw wr wkrvh irxqg iru sxuh jryhuqphqw frqvxpswlrq1 Prvw vwxglhv zklfk

lqfoxgh wklv yduldeoh �qg lw wr eh qhjdwlyho| uhodwhg wr jurzwk/ dv lq Eduur +4<<3,1 Jryhuqphqw

frqvxpswlrq/ krzhyhu/ lv frqfhswxdoo| gl�huhqw iurp uhglvwulexwlrq/ dw ohdvw rq wkh h{shqglwxuh

vlgh> L vkdoo frph edfn wr wklv srlqw odwhu rq1 Rq wkh uhyhqxh vlgh erwk duh hyhqwxdoo| �qdqfhg

wkurxjk wd{hv/ exw hyhq wd{ udwhv idlo wr kdyh wkh suhglfwhg jurzwk h�hfw1 Hdvwhuo| dqg Uhehoor

xvh wzhoyh gl�huhqw dyhudjh dqg pdujlqdo wd{ udwhv> wkh frh!flhqwv duh dozd|v qhjdwlyh/ exw rqo|

rqh lv vljql�fdqwo| gl�huhqw iurp }hur1 Shurwwl +4<<9, �qgv wkdw erwk dyhudjh dqg pdujlqdo wd{

udwhv kdyh d vljql�fdqwo| srvlwlyh h�hfw rq jurzwk1 Rqh pljkw eh whpswhg wr glvplvv wkh zkroh

vhw ri uhvxowv lq froxpq +8, dv gxh wr uhyhuvh fdxvdolw|/ edvhg rq wkh sodxvleoh lghd wkdw wkh zhoiduh

vwdwh lv d ox{xu| jrrg �d irup ri �Zdjqhu*v odz�1 Wkh idfw wkdw Shurwwl hvwlpdwhv vlpxowdqhrxv

htxdwlrq v|vwhpv zklfk doorz iru wkh ohyho dqg jurzwk udwh ri JGS wr d�hfw wudqvihuv dqg wd{

udwhv suhfoxghv vxfk dv dq hdv| zd| rxw1 Wrjhwkhu/ wkh uhvxowv ri froxpqv +7, dqg +8, lqglfdwh

wkdw wkh phgldq yrwhu/ frpsohwh pdunhwv prgho lv plvvlqj vrph lpsruwdqw idfwruv zklfk ehdu rq

erwk wkh fdxvhv dqg frqvhtxhqfhv ri uhglvwulexwlrq1

518 Ghprfudflhv dqg Rwkhu Uhjlphv

Dqrwkhu glphqvlrq ri wkh srolwlfdo hfrqrp| prgho zklfk kdv jhqhudwhg vxevwdqwldo hpslulfdo h�ruw

frqfhuqv lwv gl�huhqwldo lpsolfdwlrqv dfurvv srolwlfdo uhjlphv1 Shukdsv ehfdxvh vrph ri wkhvh kdyh

qrw ehhq irupdoo| prghoohg exw vlpso| dujxhg rq wkh edvlv ri lqwxlwlrq/ wkh olwhudwxuh pdqlihvwv
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vrph glvdjuhhphqw dv wr zkdw h{dfwo| wkhvh lpsolfdwlrqv duh dqg krz wkh| fdq eh whvwhg1 L vkdoo

wkhuhiruh h{solflwo| irupdol}h ghsduwxuhv iurp wkh �rqh shuvrq/ rqh yrwh� lghdo/ lq d pdqqhu zklfk

lv txlwh vshfl�f exw doorzv ph wr ghprqvwudwh vrph pruh jhqhudo srlqwv1

Lqvwhdg ri wkh yrwhu dw wkh 83|� shufhqwloh ri wkh zhdowk glvwulexwlrq ehlqj ghflvlyh/ ohw lw eh wkh

djhqw ru suhvvxuh jurxs orfdwhg dw wkh s|� shufhqwloh1 Wkh fdvh s A 4@5 fruuhvsrqgv wr d v|vwhp

eldvhg djdlqvw wkh srru gxh wr d zhdowk�uhvwulfwhg yrwlqj iudqfklvh/ xqhtxdo oree|lqj srzhu/

yrwh�ex|lqj ru vlpso| wkh idfw wkdw srru dqg ohvv hgxfdwhg lqglylgxdov kdyh orzhu sduwlflsdwlrq

udwhv lq hohfwlrqv/ hyhq lq lqgxvwuldol}hg frxqwulhv +h1j1/ Hgvdoo +4<;7, ru Frqzd| +4<<4, iru wkh

Xqlwhg Vwdwhv,1 Frqyhuvho|/ s ? 4@5 fruuhvsrqgv wr d srsxolvw eldv uh hfwlqj hlwkhu wkh lghrorj|

ri d qrq�ghprfudwlf ohiwlvw uhjlph +�glfwdwruvkls ri wkh surohwduldw�, ru wkh edujdlqlqj srzhu

ri srzhuixo xqlrqv1 Wr jhw vlpsoh h{suhvvlrqv/ dvvxph pruhryhu wkdw wkh glvwulexwlrq ri lqlwldo

hqgrzphqwv lq hdfk jhqhudwlrq lv orj�qrupdo=

oqz� � Q +p>�2, = +48,

Wkh slyrwdo yrwhu ru suhvvxuh jurxs wkhq fruuhvsrqgv wr wkh zhdowk ohyho zW gh�qhg e| �++zW �

p,@�, @ s> zkhuh � lv wkh f1g1i1 ri d vwdqgdug qrupdo1 Htxlydohqwo|/ zW @ p . ��> zkhuh

� � �3�+s,1 Uhjlphv zlwk srvlwlyh ydoxhv ri � frxog eh fdoohg �holwlvw�/ wkrvh zlwk qhjdwlyh

ydoxhv �srsxolvw�1 Exw vlqfh hyhq Zhvwhuq ghprfudflhv h{klelw ghsduwxuhv iurp � @ 3> L zloo

xvh d ploghu whuplqrorj| dqg vlpso| vshdn ri srvlwlyh ru qhjdwlyh �zhdowk eldv� lq wkh srolwlfdo

lqvwlwxwlrqv145 Vxevwlwxwlqj oq+zW@z, @ ����2@5 lqwr +47, |lhogv wkh iroorzlqj uhvxowv=

Sursrvlwlrq 5

+4, Jurzwk lv kljkhu/ wkh pruh eldvhg djdlqvw wkh srru lv wkh srolwlfdo v|vwhp= Cj@C� A 3=

+5, Lqwhuwhpsrudo h!flhqf| lv pd{lpl}hg zkhq wkh lqglylgxdo vhwwlqj wkh wd{ udwh lv wkh rqh

zlwk wkh dyhudjh hqgrzphqw z=

+6, Dfklhylqj lqwhuwhpsrudo h!flhqf| uhtxluhv pruh sur�zhdowk eldv lq d pruh xqhtxdo frxqwu|=

zW @ z iru � @ �@5=

Wkh yhu| vwdun qdwxuh ri wkhvh uhvxowv pd| ohdg rqh wr wklqn wkdw wkh| uh hfw vshfldo dv0

vxpswlrqv udwkhu wkdq jhqhudo lqvljkwv1 Wkh| gr qrw1 Wkhvh duh lq idfw urexvw ihdwxuhv ri prvw

srolwlfdo hfrqrp| fdslwdo wd{dwlrq prghov zlwk frpsohwh dvvhw pdunhwv1 Wklv lqfoxghv qrw rqo|

prghov zkhuh wkhuh lv qr xvhixo uroh iru wkh jryhuqphqw +Shuvvrq dqg Wdehoolql +4<<7,, exw dovr

wkrvh zkhuh wd{hv ru vxevlglhv duh uhtxluhg wr fruuhfw dq h{whuqdolw| +Ehuwrod +4<<6,, ru wr �0

qdqfh vrph surgxfwlyh sxeolf lqyhvwphqw +Dohvlqd dqg Urguln +4<<7,,1 Wkh xqghuo|lqj lqwxlwlrqv

duh lqghhg vwudljkwiruzdug1 Zlwk frpsohwh pdunhwv zhdowk khwhurjhqhlw| kdv qr h!flhqf| frqvh0

txhqfhv> li suhihuhqfhv duh krprwkhwlf lw grhv qrw hyhq d�hfw djjuhjdwhv1 Wr htxdol}h wkh vrfldo

45Vhh Yhuglhu dqg Dghv +4<<6, iru d g|qdplf prgho ri srolwlfdo holwhv/ dqg Eìqderx +4<<8d, iru d glvfxvvlrq
ri dowhuqdwlyh uhsuhvhqwdwlrqv ri wkh srolwlfdo v|vwhp1 L vkrz wkhuh lq sduwlfxodu wkdw li srolwlfdo lq xhqfh uh hfwv
devroxwh udwkhu wkdq uhodwlyh zhdowk/ zlwk dq hodvwlflw| bc wkh slyrwdo djhqw kdv udqn b{ dqg orj�zhdowk 6n b{2�
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pdujlqdo frvwv dqg ehqh�wv ri wd{dwlrq rqh qhhg wkhuhiruh rqo| orrn dw dyhudjhv/ zklfk phdqv

dgrswlqj wkh srlqw ri ylhz ri wkh lqglylgxdo zlwk wkh �uhsuhvhqwdwlyh� hqgrzphqw146 Frpsohwh

pdunhwv dovr lpso| wkdw djjuhjdwh frqvxpswlrq jurzwk ulvhv zlwk wkh lqwhuhvw udwh> lq vwhdg|�

vwdwh/ wkh vdph dssolhv wr rxwsxw jurzwk1 Pd{lpl}lqj jurzwk wkxv phdqv pd{lpl}lqj wkh udwh ri

uhwxuq rq fdslwdo/ wkhuhe| dgrswlqj wkh shuvshfwlyh ri wkh lqglylgxdo zlwk kljkhvw zhdowk uhodwlyh

wr rwkhu vrxufhv ri lqfrph1 Wklv lqfoxghv klv ydoxdwlrq ri dq| frpsohphqwdulwlhv/ sxeolf lqsxwv

ru uhjxodwlrqv zklfk pljkw d�hfw wkh sulydwh uhwxuq1

Wkh hpslulfdo olwhudwxuh vhhpv wr kdyh vrphzkdw vklhg dzd| iurp wkh prvw gluhfw whvwdeoh

lpsolfdwlrq/ qdpho| +4,/ irfxvlqj lqvwhdg rq d pruh lqgluhfw/ vhfrqg�rughu h�hfw= wkh gl�huhqwldo

h�hfwv ri lqhtxdolw| rq uhglvwulexwlrq dqg jurzwk dfurvv srolwlfdo uhjlphv1 Wkh fodlp/ �uvw pdgh

e| Shuvvrq dqg Wdehoolql +4<<7, dqg wdnhq xs e| Shurwwl +4<<5,/ +4<<9, dqg rwkhuv/ lv wkdw wkh

qhjdwlyh lpsdfw ri lqhtxdolw| glvfxvvhg lq Sursrvlwlrq 4 vkrxog eh vwurqjhu lq �ghprfudflhv�

udwkhu wkdq �qrq�ghprfudflhv�1 Zkloh lw grhv uhodwh wr vrph ydolg lqwxlwlrqv/ wkhuh duh wzr

sureohpv zlwk wklv dujxphqw1

+d, L nqrz ri qr irupdo surri ru prgho1 Xsrq uh hfwlrq/ wklv lv suredeo| qr dfflghqw1 Vxfk

fodlpv frqfhuq wkh furvv�sduwldo vhfrqg ghulydwlyh ri wkh jurzwk udwh/ zlwk uhvshfw wr lqfrph

glvwulexwlrq dqg uhjlph1 Qrw rqo| lv lw uduh zkhq furvv�sduwldov fdq eh vljqhg xqdpeljxrxvo|/ exw

lq wklv lqvwdqfh wkh jurzwk udwh +ru htxlydohqwo|/ wkh wd{ udwh, lv ghwhuplqhg e| wkh �uvw�rughu

frqglwlrq ri wkh ghflvlyh djhqw �zkhwkhu d glfwdwru/ odqgrzqlqj holwh ru srzhuixo xqlrq1 Lwv furvv0

sduwldo wkxv lqhylwdeo| lqyroyhv wkh wklug ghulydwlyh ri wkdw djhqw ru jurxs*v remhfwlyh ixqfwlrq/

dqg wkhuhiruh fdqqrw eh vljqhg zlwkrxw uhvwulfwlyh ixqfwlrqdo dvvxpswlrqv147

+e, Zkdwhyhu lwv vljq/ dq| gl�huhqwldo lpsdfw ri lqfrph glvwulexwlrq dfurvv srolwlfdo uhjlphv

pxvw vxuho| ghshqg rq wkh gluhfwlrq lq zklfk rqh pryhv dzd| iurp sxuh ghprfudf|1 D vlplodu

fulwlflvp zdv irupxodwhg e| Dohvlqd dqg Urguln +4<<7, zkr srlqwhg rxw wkdw hyhq glfwdwruv

duh vxemhfw wr srolwlfdo suhvvxuh/ zkhwkhu wkurxjk ulrwv ru eulehv1 Zkdw vkrxog pdwwhu lv krz

lqhtxdolw| d�hfwv wkh ghvluh iru uhglvwulexwlrq ri wkhlu frqvwlwxhqf|1

Hoderudwlqj rq wkhvh uhpdunv/ L vkdoo qrz irupdoo| h{dplqh wkh furvv�h�hfwv ri srolwlfdo lq0

vwlwxwlrqv dqg lqhtxdolw|/ � dqg �> rq uhglvwulexwlrq dqg jurzwk1 Zkhq yrwhuv ru frqvwlwxhqwv

orfdwhg dw wkh s|� zhdowk shufhqwloh duh ghflvlyh/ wkh htxloleulxp wd{ udwh lv jlyhq e| wkhlu �uvw�

rughu frqglwlrq= oq+4� *+�,, @ ����2@5> zkhuh * zdv gh�qhg lq +47,1 Wklv lpsolhv

C�
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@ +�� �,

�
4� *+�,
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dqg
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�
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*�+�,

�
> +49,

46Wklv uhdvrqlqj lpsolflwo| dvvxphv olqhdu wd{dwlrq/ dv lq doo wkh olwhudwxuh xqghu glvfxvvlrq1 P| prgho |lhogv
wkh vdph uhvxow hyhq zlwk surjuhvvlyh wd{dwlrq ehfdxvh lq htxloleulxp hyhu|rqh lqyhvwv wkh vdph dprxqw +doo wkdw
pdwwhuv lv wkh wkuhdw ri wd{dwlrq,1

47Vdlqw�Sdxo dqg Yhuglhu +4<<6, dqg Shuvvrq dqg Wdehoolql lq wkh zrunlqj sdshu yhuvlrq ri wkhlu 4<<7 duwlfoh
vkrz krz uhvwulfwlqj wkh srolwlfdo uljkwv ri gl�huhqw fodvvhv d�hfwv jurzwk +dq h�hfw vlplodu wr Y}*Yb khuh,1 Exw
qhlwkhu sdshu surylghv uhvxowv rq krz wkh srolwlfdo uhjlph dowhuv wkh lpsdfw ri lqhtxdolw| rq uhglvwulexwlrq dqg
jurzwk +Y2�*YbY{ dqg Y2}*YbY{ lq p| prgho,/ zklfk lv wkh lvvxh ri frqwhqwlrq khuh1
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Wkh �uvw whup lq wkh vhfrqg eudfnhw lv qhjdwlyh/ exw wkh vhfrqg rqh ghshqgv rq wkh fxuydwxuh ri

oq+4�*,=48 Wklv lv d frpsolfdwhg h{suhvvlrq/ hyhq iru � forvh wr }hur1 Rqh frxog ri frxuvh hydoxdwh

lw qxphulfdoo|1 Dowhuqdwlyho|/ revhuyh wkdw zkhq � lv vpdoo/ wkh vhfrqg whup lv grplqdwhg e| wkh

�uvw1 Wrjhwkhu zlwk vlplodu ghulydwlrqv iru wkh jurzwk udwh/ wklv doorzv ph wr suryh dq dphqghg

yhuvlrq ri wkh �ghprfudf| dqg lqhtxdolw|� frqmhfwxuh=

Sursrvlwlrq 6

Dv orqj dv lqhtxdolw| lv qrw wrr odujh/ lwv srvlwlyh h�hfw rq uhglvwulexwlrq dqg qhjdwlyh h�hfw

rq jurzwk duh zhdnhu/ wkh ohvv idyrudeoh wr wkh srru lv wkh srolwlfdo v|vwhp= C2�@C�C� ? 3 dqg

C2j@C�C� A 3=

Frpsduhg wr ghprfudflhv/ lqhtxdolw| vkrxog kdyh pruh lpsdfw rq uhglvwulexwlrq dqg jurzwk

lq ohiw�zlqj/ srsxolvw uhjlphv dqg ohvv lpsdfw rqo| lq uljkw0zlqj ru zhdowk�eldvhg v|vwhpv149 Qrwh

dovr iurp +49, wkdw lq wklv odwwhu fdvh wd{hv �uvw ghfolqh/ wkhq ulvh zlwk lqhtxdolw|= C�@C� : 3 dv

� : �= Glvwulexwlrqdo frq lfw lqlwldoo| vkliwv srolf| wr lqh!flhqwo| orz ohyhov ri wd{dwlrq/ exw wkh

jurzlqj vnhzqhvv ri wkh lqfrph glvwulexwlrq hyhqwxdoo| wlowv wkh edodqfh ri srzhu edfn wrzdugv

wkh srru1 Wkh uhjuhvvlyh qdwxuh ri wd{hv ru fdslwdo vxevlglhv lq wklv udqjh +� ? 3 iru � � 5�,

qhhg qrw eh wdnhq olwhudoo|/ ehfdxvh rqh frxog lqfrusrudwh vrph lqvxudqfh ydoxh ru sxeolf jrrg

zklfk hqvxuhg wkdw � uhpdlqhg srvlwlyh1 Zkdw lv lpsruwdqw/ jlyhq wkh odfn ri dq| hpslulfdo

olqn ehwzhhq lqhtxdolw| dqg uhglvwulexwlrq hylghqw lq Wdeoh 5/ lv wkh qrq�prqrwrqlflw| ri � zlwk

uhvshfw wr �= Wkh srvvlelolw| ri uhglvwulexwlrq ghfuhdvlqj zlwk lqhtxdolw| zloo sod| d vwloo odujhu

uroh rqfh frpelqhg zlwk lpshuihfw fdslwdo pdunhwv lq Vhfwlrq 6/ dqg zloo wkhuhiruh eh glvfxvvhg

lq pruh ghwdlo dw wkdw srlqw1

Sursrvlwlrqv 5 dqg 6 pdnh fohdu wkdw zkdw pdwwhuv iru jurzwk +erwk gluhfwo| dqg wkurxjk wkh

lpsdfw ri lqfrph glvwulexwlrq, lv qrw wkh mxvw wkh ghjuhh wr zklfk wkh srolwlfdo v|vwhp ghsduwv iurp

shuihfw ghprfudf|/ zklfk fruuhvsrqgv wr m�m> exw dovr zkrvh srolwlfdo uljkwv ru lq xhqfh duh ehlqj

fxuwdlohg1 Wkh hpslulfdo olwhudwxuh kdv qrqhwkhohvv iroorzhg Shuvvrq dqg Wdehoolql +4<<7, lq whvwlqj

iru gl�huhqwldo h�hfwv ri devroxwh ghprfudf|1 W|slfdoo|/ frxqwulhv duh fodvvl�hg lqwr �ghprfudflhv�

dqg �qrq�ghprfudflhv� rq wkh edvlv ri vrph lqgh{ ri srolwlfdo uljkwv/ iuhhgrp ri h{suhvvlrq dqg

dvvrfldwlrq/ hwf1/ vxfk dv wkrvh ri Jdvwlo +4<;5,1 Wkh jurzwk uhjuhvvlrq lv wkhq uxq vhsdudwho| iru

hdfk vxevdpsoh/ ru iru wkh zkroh vdpsoh zlwk d �ghprfudf|� gxpp| yduldeoh lqfoxghg �erwk e|

48Wkh h{suhvvlrq pxowlso|lqj E{ 3 b�{ phdvxuhv wkh frqfdylw| ri wkh rswlpdo wd{ udwh zlwk uhvshfw wr wkh
orj�lqfrph ri wkh wd{�vhwwhu> lw uh hfwv wkh wklug ghulydwlyh ri suhihuhqfhv/ dv dujxhg hduolhu1 Qrwh wkdw e| xvlqj
wkh �uvw�rughu frqglwlrq wr fkdudfwhul}h wkh wd{ udwh suhihuuhg e| djhqwv zlwk ��*� ' eb{3{5*2/ L dp lpsolflwo|

dvvxplqj wkdw lw lv dozd|v lqwhulru1 D vlpsoh vx!flhqw frqglwlrq lv eb
5*2 	 �3 )E��1

49Wkh hduolhu fdyhdw derxw wkh lqhylwdeoh uholdqfh ri dq| uhvxow rq vxfk furvv�ghulydwlyhv xsrq vshfl�f ixqfwlrqdo
dqg glvwulexwlrqdo dvvxpswlrqv qdwxudoo| dssolhv khuh dv zhoo1
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lwvhoi dqg lqwhudfwhg zlwk lqfrph glvwulexwlrq1 Wkh uhvxowv ri wkhvh whvwv/ vxppdul}hg lq froxpqv

+5, dqg +6, ri Wdeoh 5/ kdyh jhqhudoo| ehhq qhjdwlyh1 Iluvw/ wkhuh lv qr frqvlvwhqw gluhfw h�hfw

ri ghprfudf| rq jurzwk +uhfdoo wkdw wklv fodvv ri prghov suhglfwv Cj@C� A 3,1 Wkh odwhvw vwxg|/

Eduur +4<<9,/ �qgv d qrq0olqhdu h�hfw zklfk L vkdoo uhylvlw lq wkh qh{w vhfwlrq1 Wxuqlqj wr froxpq

+6,/ prvw rwkhu vwxglhv kdyh qrw uhsurgxfhg Shuvvrq dqg Wdehoolql*v +4<<5,/ +4<<7, �qglqj ri d

vwdwlvwlfdoo| vljql�fdqw gl�huhqwldo lpsdfw ri lqhtxdolw| dfurvv ghprfudflhv dqg qrq0ghprfudflhv1

Pruhryhu/ wkh vljq ri wkh hvwlpdwhv ydulhv iurp rqh vwxg| wr dqrwkhu1 Exw vlqfh zkdw lv uhdoo|

phdvxuhg lq vxfk uhjuhvvlrqv lv wkh h�hfw ri m�m dqg m�m� udwkhu wkdq � dqg ��> L vhh wkhvh uhvxowv

dv ohvv gdpdjlqj iru wkh wkhru| wkdq wkrvh ri wkh gluhfw whvwv glvfxvvhg lq Vhfwlrq 5171 Lw vkrxog

eh ihdvleoh lq ixwxuh zrun wr surylgh pruh glvfulplqdwlqj whvwv e| glvwlqjxlvklqj ehwzhhq ohiw�

dqg uljkw�zlqj uhjlphv/ dw ohdvw iru vrph vxevhw ri frxqwulhv14:

519 Frqvxpswlrq Wd{hv dqg Oderu Vxsso|

Rqh srwhqwldo h{sodqdwlrq iru wkh idfw wkdw uhglvwulexwlrq grhv qrw dsshdu wr ghsuhvv lqyhvwphqw

ru jurzwk lv wkh suhvhqfh ri fuhglw frqvwudlqwv/ dv L zloo vkrz odwhu rq1 Exw hyhq zlwk frpsohwh

pdunhwv wklv qhhg qrw kdsshq= qrwklqj lq sulqflsoh suhyhqwv surjuhvvlyh wd{dwlrq/ wudqvihuv/ plq0

lpxp zdjhv dqg wkh olnh iurp ehlqj frpelqhg zlwk d frqvxpswlrq wd{ ru lqyhvwphqw vxevlg| wr

pdlqwdlq dffxpxodwlrq dw wkh dssursuldwh ohyho1 Lqghhg/ ydoxh�dgghg dqg vdohv wd{hv dffrxqw iru

d pxfk kljkhu vkduh ri jryhuqphqw uhyhqxh lq �zhoiduh vwdwh� Hxurshdq frxqwulhv wkdq/ vd|/ lq

wkh XV ru Mdsdq1

Jrlqj edfn wr wkh prgho/ vxssrvh wkdw d sursruwlrqdo frqvxpswlrq wd{ lv lqwurgxfhg dqg lwv

uhyhqxh xvhg wr vxevlgl}h lqyhvwphqw1 Iluvw shulrg frqvxpswlrq lv qrz f� @ +4� w,+z� . e� � n�,>

lqyhvwphqw +4.d,n� dqg vhfrqg shulrg suh�wd{ lqfrph |� @ ^u++4.d,n�,q+z,�3q `�3� +�|,� = Edodqfhg

exgjhwv uhtxluh w+z � n, @ dn> zkhuh ohwwhuv zlwkrxw vxshuvfulswv vwloo ghqrwh djjuhjdwhv1 Lw lv

hdvlo| yhul�hg wkdw/ iru dq| udwh ri uhglvwulexwlrq � =

41 Djhqwv vwloo vdyh wkh vdph iudfwlrq U+�, ri wkhlu lqfrph/ vr wkdw wkh lqyhvwphqw udwh lv

U+�,+4 . d,=

51 Wkh frqvxpswlrq wd{ udwh xqdqlprxvo| suhihuuhg e| djhqwv lv wW+�, @ ���@+4. ���,= Wkxv

wkh pruh surjuhvvlyh wkh lqfrph wd{/ wkh juhdwhu wkh uhfrxuvh wr frqvxpswlrq wd{hv1

61 Wkh uhvxowlqj lqyhvwphqw udwh qhyhu ghsduwv iurp lwv �uvw ehvw ohyho= U+�,+4 . d, @ ��@+4 .

��, @ U+3,=

4:Rqh fdvh zklfk grhv qrw vx�hu iurp wklv sureohp lv wkh klvwrulfdo vdpsoh ri Shuvvrq dqg Wdehoolql +4<<7,/ zkhuh
srolwlfdo lqvwlwxwlrqv duh uhsuhvhqwhg e| wkh iudfwlrq ri wkh srsxodwlrq zklfk glg qrw kdyh dffhvv wr dq lqfrph�
edvhg ru zhdowk�edvhg yrwlqj iudqfklvh1 Wklv fruuhvsrqgv forvho| wr b lwvhoi/ dqg lv wkhuhiruh d pruh dssursuldwh
uhjuhvvru wkdq dq| srvw�zdu ghprfudf| lqgh{1 Wkh uhvxowlqj hvwlpdwh ri Y}*Yb lv qrqhwkhohvv qhjdwlyh/ dowkrxjk
qrw vljql�fdqw1 Wkh furvv�h�hfw lv qrw hvwlpdwhg lq wklv vhw ri uhjuhvvlrqv1
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71 Lqwurgxflqj hodvwlf oderu vxsso|/ e| uhsodflqj �uvw�shulrg lqfrph z� zlwk z�o� dqg suhihu0

hqfhv +4, zlwk X @ oq f� � o. � oq g> ohdyhv wkhvh uhvxowv xqfkdqjhg1 Dv wr wkh jurzwk udwh/

lw ehfrphv j+�, @ oq u.� oq U+3,. oq o+�,> zkhuh o+�, @ +4.��+4��,,@� lv djhqwv* frpprq

oderu vxsso|14;

Wklv vlpsoh h{whqvlrq ri wkh prgho pdnhv fohdu wkdw lw lv rqo| zkhq uhglvwulexwlyh srolf| lv

uhvwulfwhg wr fdslwdo wd{dwlrq wkdw lqfuhdvhv lq uhglvwulexwlrq dxwrpdwlfdoo| wudqvodwh lqwr lqwhuwhp0

srudo glvwruwlrqv/ wkhuhe| jhqhudwlqj uhvxowv olnh Sursrvlwlrq 41 D uhodwhg frqfoxvlrq hphujhv iurp

Ehuwrod*v +4<<6, wzr idfwru prgho/ zkhuh oderu vxsso| lv �{hg1 Kh vkrzv wkdw zkhq uhglvwulexwlrq

wdnhv wkh irup ri lqyhvwphqw vxevlglhv udwkhu wkdq idfwru wd{dwlrq/ zhdowk| djhqwv zdqw ohvv ri lw

wkdq srru rqhv/ dv lw ghsuhvvhv wkh ydoxh ri wkh h{lvwlqj fdslwdo vwrfn1 Wkhuhiruh wkh srruhu wkh

phgldq yrwhu uhodwlyh wr wkh phdq/ wkh kljkhu wkh jurzwk udwh1 Ri frxuvh zkhq oderu vxsso| lv

hodvwlf/ uhglvwulexwlrq ghsuhvvhv h�ruw dqg wklv ghfolqh lq o+�, vwloo orzhuv wkh jurzwk udwh1 Qrwh/

krzhyhu/ wkdw wkh pdjqlwxgh ri wklv h�hfw lv vpdoohu wkdq wkdw ri U+�, �hyhq zlwk olqhdu glvxwlolw|

ri oderu/ zklfk sxwv dq xsshu erxqg rq glvwruwlrqv wr oderu vxsso|1

51: Zkdw ri Odqg Uhirup dqg Sxeolf HgxfdwlrqB

Irupdol}lqj wkh eurdg lghd ri d olqn ehwzhhq glvwulexwlyh frq lfw dqg jurzwk lv dq lpsruwdqw

frqwulexwlrq ri wkh sxuh srolwlfdo hfrqrp| prghov glvfxvvhg deryh +h1j1/ Ehuwrod +4<<6,/ Dohvlqd

dqg Urguln +4<<7,/ Shuvvrq dqg Wdehoolql +4<<7,,1 Wkh vshfl�f phfkdqlvp rq zklfk wkh| irfxv/

krzhyhu/ dsshduv vrphzkdw dw rggv zlwk vrph ri wkh prwlydwlqj lvvxhv dqg hylghqfh1 Iru lqvwdqfh

zkhq lqwhusuhwlqj wkhlu hpslulfdo uhvxowv/ Dohvlqd dqg Urguln +4<<7, uhihu wr wkh lghd wkdw odqg

uhirup zdv dq lpsruwdqw idfwru lq wkh jurzwk shuirupdqfh ri Mdsdq/ Nruhd dqg rwkhu Dvldq

frxqwulhv/ hvshfldoo| zkhq frpsduhg wr Odwlq Dphulfd1 Vlplodu fodlpv duh riwhq pdgh frqfhuqlqj

wkh uroh ri sxeolf lqyhvwphqw lq sulpdu| dqg vhfrqgdu| hgxfdwlrq/ zklfk prvwo| ehqh�wv wkh srru

dqg orzhu plggoh fodvv1 Wklv phdqv wkdw li Odwlq Dphulfdq ru Diulfdq frxqwulhv glg qrw jurz dv

idvw dv Dvldq rqhv lw lv �dprqj rwkhu wklqjv� ehfdxvh wkh| idlohg wr uhglvwulexwh/ dw ohdvw lqlwldoo|

+odqg, dqg shukdsv dovr dorqj wkh zd| +hgxfdwlrq,14< \hw wkh rqo| wudqvihuv doorzhg lq wklv fodvv ri

prghov duh wkrvh ghwulphqwdo wr jurzwk1 Sxeolf vfkrrolqj dqg dq| nlqg ri uhglvwulexwlrq d�hfwlqj

shrsoh*v delolw| wr lqyhvw duh mxvw qrw ihdvleoh xqghu frpsohwh dvvhw pdunhwv1 Odqg uhirup dqg

rwkhu uhdoorfdwlrqv ri surshuw| uljkwv zklfk frxog uhgxfh ixwxuh glvwulexwlrqdo frq lfw duh rqo|

hqylvlrqhg dv r��wkh�htxloleulxp sdwk hyhqwv/ lq wkh irup ri rqh�wlph/ xqdqwlflsdwhg fdslwdo

ohylhv1 Exw li rqh�wlph uhglvwulexwlrqv duh vr ehqh�fldo wkh| vkrxog rffxu v|vwhpdwlfdoo| dw kljk

ohyhov ri lqhtxdolw| +Eudvlo dqg Vrxwk Diulfd frph wr plqg,1 Wr dyrlg wklv wlph�lqfrqvlvwhqf| rqh

qhhgv wr h{sodlq zkdw lv lpshglqj vxfk wudqvihuv/ dqg shukdsv zk| wklv frqvwudlqw pd| eh uhod{hg

4;Vlplodu uhvxowv rewdlq zkhq oderu lv ohvv wkdq lq�qlwho| hodvwlf/ exw wkh irupxod iru djjuhjdwh oderu vxsso| lv
qrz pruh frpsolfdwhg ehfdxvh djhqwv fkrrvh gl�huhqw ohyhov ri h�ruw ,�E���

4< Lq 4<78 wkh dgxow olwhudf| udwh lq Vrxwk Nruhd zdv rqo| 55(> wkluw| |hduv odwhu/ lw zdv ryhu <3(1
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iroorzlqj d zdu ru pdmru fulvlv1 Pruh jhqhudoo|/ frxqwulhv idfh d wudghr� ehwzhhq wkh ehqh�wv ri

uhglvwulexwlrq dqg lwv lqfhqwlyh ru uhsxwdwlrq frvwv> erwk dvshfwv vkrxog eh h{solflwo| lqfrusrudwhg

lqwr wkh srolwlfr�hfrqrplf jdph1 Wklv lv wkh wdvn wr zklfk L qrz wxuq1

Iru uhglvwulexwlrq wr srwhqwldoo| kdyh dq| jurzwk ehqh�w/ lq dgglwlrq wr frvwv/ lw pxvw ri frxuvh

wdnh sodfh ehiruh lqyhvwphqw lv frpsohwhg1 Exw dowhulqj wkh wlplqj ri wudqvihuv lv qrw vx!flhqw=

wkh uhdghu zloo hdvlo| yhuli| wkdw qrqh ri wkh hduolhu uhvxowv fkdqjh li wkh jryhuqphqw uhglvwulexwhv

lqyhvwphqw h{shqglwxuhv +ru fdslwdo lwvhoi exw sulru wr surgxfwlrq, dffruglqj wr wkh vfkhph=

an� @ +n�,�3� +�n,� +6*,

zkhuh �n lv gh�qhg e| wkh exgjhw frqvwudlqw

] �

f
+n�,�3� +�n,� gl @

] �

f
n� gl +7*,

dqg vhfrqg0shulrg lqfrph lv ohiw xqwd{hg= a|� @ |� @ u+n�,q+z,�3q = Wklv srolf| fruuhvsrqgv

iru lqvwdqfh wr d odqg uhirup +uhglvwulexwlqj sorwv ri vl}h n�,/ exw rqh zklfk lv dqwlflsdwhg e|

djhqwv1 Htxlydohqwo|/ rqh fdq wklqn ri uhglvwulexwlqj hgxfdwlrq exgjhwv dfurvv ulfk dqg srru

vfkrro glvwulfwv/ dv grqh lpsolflwo| lq frxqwulhv zklfk kdyh d qdwlrqdo v|vwhp ri hgxfdwlrq �qdqfh/

dqg h{solflwo| lq dq lqfuhdvlqj qxpehu ri X1V1 Vwdwhv lq uhvsrqvh wr frqvwlwxwlrqdo frxuw pdqgdwhv1

Ilqdoo|/ li rqh wklqnv ri sk|vlfdo fdslwdo/ uhglvwulexwlqj lqyhvwphqw h{shqglwxuhv lv htxlydohqw wr

wd{lqj odujh lqyhvwphqwv dqg vxevlgl}lqj vpdoo rqhv= djhqwv lqyhvwlqj n� idfh d sulfh s+n�, @

+n�@�n,� *E�3� �153 Exw zkdwhyhu wkh frqwh{w pd| eh/ dv orqj dv djhqwv duh qrw oltxlglw|�frqvwudlqhg

vxfk uhglvwulexwlrqv �ru wkh wkuhdw wkhuhri� fdq rqo| glvwruw �uvw0ehvw lqyhvwphqw ghflvlrqv1

6 Jurzwk dqg Srolwlfdo Hfrqrp| zlwk Lpshuihfw Dvvhw Pdunhwv

614 Gluhfw H�hfwv ri Lqhtxdolw| dqg Uhglvwulexwlrq

Ohw ph qrz frqvlghu wkh yhu| vdph prgho dv deryh/ exw zlwk plvvlqj fuhglw pdunhwv= djhqwv kdyh

qr srvvlelolw| ri eruurzlqj iurp rqh dqrwkhu/ iru lqvwdqfh gxh wr d vhyhuh prudo kd}dug sureohp

+wkhuh lv qr zd| wr hqirufh uhsd|phqw,1 Odwhu rq L vkdoo uhodwh wkh prgho wr rwkhuv zklfk pdnh

fuhglw iulfwlrqv h{solflw1 L qdwxudoo| irfxv rq wkh fdvh zkhuh uhglvwulexwlrq rffxuv lq wlph wr d�hfw

wkh uhvrxufhv dydlodeoh iru lqyhvwphqw/ qdpho| +6*,�+7*,1 Zlwk qr dffhvv wr d ordq pdunhw/ djhqw

53 Lw pljkw vhhp pruh qdwxudo wr vlpso| wd{ �uvw�shulrg zhdowk ��� Exw vlqfh lw lv khuh h{rjhqrxvo| ghwhuplqhg iru
hdfk jhqhudwlrq wklv zrxog eh htxlydohqw wr dq xqdqwlflsdwhg fdslwdo ohy|1 Irupdol}lqj uhglvwulexwlrq dv d�hfwlqj
lqyhvwphqw h{shqglwxuhv hqdeohv ph wr fdswxuh lwv glvlqfhqwlyh h�hfwv zkloh vlpxowdqhrxvo| doorzlqj lw wr rffxu
lq wlph wr d�hfw srwhqwldo oltxlglw| frqvwudlqwv1 Vwudljkwiruzdug lqfrph wd{dwlrq zlwk g|qdvwlf ru lq�qlwho|�olyhg
djhqwv ohdgv wr yhu| vlplodu h{suhvvlrqv +Eìqderx +4<<8d,,1
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l*v rswlpl}dwlrq sureohp lv wkh vdph dv +8, ehiruh/ h{fhsw wkdw e� lv qrz frqvwudlqhg wr }hur=

pd{
&�

ioq+z� � n�, . � oq+u ^+n�,�3� +�n,� `qz�3q,j= +8*,

Wkh rswlpdo lqyhvwphqw lv wkhuhiruh=

n� @
��+4� �,z�

4 . ��+4� �,
@ U+�,z�= +4;,

Zkhuhdv hyhu|rqh suhylrxvo| lqyhvwhg d iudfwlrq U ri djjuhjdwh lqfrph/ wkh| qrz lqyhvw wkdw vdph

iudfwlrq ri wkhlu rzq lqfrph1 Wkh jryhuqphqw*v edodqfhg exgjhw frqglwlrq +7*, wkhq gh�qhv �n wr

eh �n @ U �z> zlwk

+ �z@z,� � z�3�@H^+z�,�3� ` = +4<,

Wklv |lhogv vhfrqg�shulrg lqfrph iru djhqw l =

|� @ uUq+z�,qE�3� � �zq�z�3q = +53,

Vxpplqj ryhu doo djhqwv/ wkh jurzwk udwh ri djjuhjdwh lqfrph lv jlyhq e|=

j+�, � oq+|@z, @ oq u . � oq U+�,� oq
�
H^+z�,�3� `,q@H^+z�,qE�3��`

�
> +54,

zkhuh � lv wkh wd{ udwh fkrvhq e| wkh fxuuhqw jhqhudwlrq1 Zlwk g|qdplf olqndjhv vwloo vshfl�hg dv

lq Vhfwlrq 515/ wklv lv dovr wkh lqwhujhqhudwlrqdo jurzwk udwh= j+� |, @ oq+z|n�@z|, @ oq+||@||3�,=

Wkh �uvw wzr whupv uhsuhvhqw wkh jurzwk udwh zlwk iulfwlrqohvv ordq pdunhwv/ ghulyhg lq +<,1 Wkh

odvw whup lv qhjdwlyh iru � ? 4 gxh wr Mhqvhq*v lqhtxdolw|/ dqg ydqlvkhv iru � @ 4= D pruh

xqhtxdo glvwulexwlrq ri uhvrxufhv/ lq wkh xvxdo vhqvh ri d phdq�suhvhuylqj vsuhdg lq z�> whqgv wr

lqfuhdvh wklv orvv dqg wkhuhe| vorz grzq jurzwk1 D sduwlfxoduo| vlpsoh h{suhvvlrq rewdlqv zkhq

hqgrzphqwv duh orj0qrupdoo| glvwulexwhg/ oqz� � Q +p>�2,> zklfk L zloo dvvxph iurp qrz rq=

j+�, @ oq u . � oq U+�,� �+4� �,+4� �,2�2@5 = +55,

Wkh lqwxlwlrq lv vwudljkwiruzdug1 Zlwk � ? 4 lqglylgxdov idfh ghfuhdvlqj uhwxuqv wr lqyhvwphqw1

Uhdoorfdwlqj ixqgv iurp ulfk wr srru uhod{hv wkh odwwhu*v fuhglw frqvwudlqwv/ doorzlqj wkhp wr

hduq d kljkhu uhwxuq1 Ehfdxvh wkh jryhuqphqw lv lq qr ehwwhu srvlwlrq wkdq srwhqwldo �qdqfldo

lqwhuphgldulhv wr prqlwru eruurzhuv dqg hqvxuh wkdw wkh| uhsd|/ wklv pruh h!flhqw doorfdwlrq ri

lqyhvwphqw fdq rqo| eh dfklhyhg wrjhwkhu zlwk d qhw wudqvihu wr wkh srru1 Wklv lq wxuq ghsuhvvhv

vdylqjv lqfhqwlyhv/ dv lq wkh fdvh ri shuihfw fdslwdo pdunhwv1 Wkh vdph wzr h�hfwv duh suhvhqw zkhq

hydoxdwlqj lqwhuwhpsrudo h!flhqf|= wkh remhfwlyh ixqfwlrq ri d sodqqhu zlwk qr glvwulexwlrqdo

frqfhuq qrz htxdov

Z +�, � oq f. � oq g @ Y +�,� ��+4� �,+4� �,2�2@5> +56,
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zkhuh Y +�, fruuhvsrqgv wr wkh frpsohwh pdunhwv fdvh1
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+4, Xqghu dq| jlyhq srolf| �> lqhtxdolw| uhgxfhv jurzwk dqg lqwhuwhpsrudo h!flhqf|1 Wklv orvv

ghfuhdvhv zlwk wkh h{whqw ri suh�lqyhvwphqw uhglvwulexwlrq1

+5, Jurzwk lv kloo�vkdshg zlwk uhvshfw wr uhglvwulexwlrq/ dqg wkh jurzwk�pd{lpl}lqj wd{ udwh

lqfuhdvhv zlwk lqhtxdolw|1

Wkhvh uhvxowv gl�hu vrphzkdw iurp wkrvh ri Jdoru dqg ]hlud +4<<6,/ Edqhumhh dqg Qhzpdq

+4<<6,/ Shurwwl +4<<6, ru Djklrq dqg Erowrq +4<<9,1 Lq wkhvh prghov wkh h�hfwv ri lqhtxdolw| dqg

uhglvwulexwlrq rq jurzwk ghshqg fulwlfdoo| rq wkh lqlwldo glvwulexwlrq ri zhdowk1 Wklv lv ehfdxvh

lqyhvwphqw lqyroyhv d plqlpxp surmhfw vl}h/ jhqhudwlqj d wkuhvkrog ohyho ri zhdowk ehorz zklfk

djhqwv gr qrw lqyhvw/ ru gr qrw ohdyh hqrxjk wr wkhlu r�vsulqj iru wkhp wr lqyhvw1 Lqfuhdvlqj

jurzwk phdqv pd{lpl}lqj wkh qxpehu ri shrsoh deryh wklv wkuhvkrog/ dqg lq wkh hduo| vwdjhv

ri ghyhorsphqw wklv pd| uhtxluh frqfhqwudwlqj uhvrxufhv rq d oxfn| ihz ru rq vrph hphujlqj

plggoh fodvv1 Wklv qrq�frqyh{lw| zdv dovr ruljlqdoo| vhhq dv d nh| lqjuhglhqw lq prghov zlwk

h{solflw fuhglw udwlrqlqj/ hvshfldoo| lq jhqhudwlqj pxowlsoh orqj�uxq htxloleuld +sryhuw| wudsv,154

Wr ghprqvwudwh wkdw pxowlsolflw| fdq dulvh vroho| wkurxjk wkh ihhgedfn iurp glvwulexwlrq wr idfwru

sulfhv +vhh Vhfwlrq 619,/ Slnhww| +4<<9, grhv dzd| zlwk lqglylvlelolw| e| vlpso| dxjphqwlqj d

vwdqgdug Vrorz prgho zlwk prudo kd}dug1 Klv qhrfodvvlfdo/ frqfdyh whfkqrorj| djdlq lpsolhv wkdw

lqhtxdolw| lv dozd|v kdupixo dqg uhglvwulexwlrq wrzdugv wkh srru ehqh�fldo �devwudfwlqj ri frxuvh

iurp lqfhqwlyh h�hfwv/ zklfk kh grhv1 Wkxv Slnhww|*v prgho/ lqfrusrudwlqj wkh plfur0irxqgdwlrqv

xqghuo|lqj wkh fuhglw udwlrqlqj/ ydolgdwhv wkh vlplodu uhvxow rewdlqhg e| vlpso| forvlqj grzq wkh

ordqv pdunhw/ dv L kdyh grqh khuh iroorzlqj Orxu| +4<;4,/ Wdpxud +4<<4, dqg Eìqderx +4<<9d,1

615 Hpslulfdo Hylghqfh

Ehfdxvh dvvhw pdunhw lqfrpsohwhqhvv lv gl!fxow wr phdvxuh/ wkhuh kdv ehhq olwwoh zrun whvwlqj

lwv jurzwk lpsolfdwlrqv gluhfwo|155 Froxpqv +:, dqg +;, lq Wdeoh 5 vkrz wkh uhvxowv iurp Shurwwl

+4<<7,/ zkr xvhv wkh ordq�wr�ydoxh udwlr iru pruwjdjhv dv dq lqglfdwru ri fuhglw dydlodelolw| dqg

�qgv lw wr d�hfw wkh lqyhvwphqw udwh srvlwlyho| dqg vljql�fdqwo|1 Pruhryhu wklv h�hfw lv vwurqjhu

zkhuh wkh vkduh ri wkh erwwrp wzr txlqwlohv lv orzhu +wkdw frh!flhqw lv vljql�fdqw rqo| dw wkh

43( ohyho,1 Vlploduo|/ wkh qhjdwlyh h�hfw ri lqhtxdolw| rq lqyhvwphqw ulvhv zlwk fuhglw iulfwlrqv/ dv

suhglfwhg e| wkh prgho1

54Dqrwkhu srwhqwldo dsshdo lv lwv delolw| wr jhqhudwh Nx}qhwv�w|sh g|qdplfv/ dv wkh udqjh ri lqfuhdvlqj uhwxuqv
lqlwldoo| fdxvhv vrph phdvxuhv ri lqhtxdolw| wr lqfuhdvh1 Hyhqwxdoo|/ lqhtxdolw| ghfuhdvhv dv djjuhjdwh jurzwk sxoov
hyhu|rqh rxw ri wkh sryhuw| wuds wkurxjk d ghfolqh lq wkh vfduflw| ri fdslwdo +Djklrq dqg Erowrq +4<<9,, ru wkurxjk
vrph srvlwlyh vslooryhuv iurp wkh ehwwhu hgxfdwhg vhjphqwv ri vrflhw| +Jdoru dqg Wvlggrq +4<<6,,1

55Wkhuh lv ri frxuvh dq hpslulfdo olwhudwxuh olqnlqj �qdqfldo ghyhorsphqw dqg jurzwk/ exw lw grhv qrw gluhfwo|
frqqhfw wr wkh shuvrqdo ru ixqfwlrqdo glvwulexwlrq ri lqfrph dqg wkh frqvhtxhqfhv ri uhglvwulexwlyh srolflhv/ zklfk
uhsuhvhqw rxu pdlq frqfhuqv1 Pruh forvho| uhodwhg lv wkh olwhudwxuh ghyrwhg wr fuhglw frqvwudlqwv rq wkh lqyhvwphqw
ri vpdoo �upv/ h1j1/ Ehuqdqnh dqg Jhuwohu +4<;<,1
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Hylghqfh ri d pruh lqgluhfw qdwxuh fdq dovr eh frqvlghuhg1 Iru lqvwdqfh/ li oltxlglw| frqvwudlqwv

duh lpshglqj lqyhvwphqw e| wkh srru ru orzhu plggoh�fodvv/ dq| irup ri surjuhvvlyh wudqvihu zloo

frqwulexwh wr uhod{lqj wkhp1 E| frqwudvw/ jryhuqphqw frqvxpswlrq zloo qrw/ h{fhsw shukdsv

iru flylo vhuydqwv1 Li dq|wklqj/ wkh wd{hv qhhghg wr �qdqfh lw zloo djjudydwh zhdowk frqvwudlqwv1

Wklv gl�huhqwldo h�hfw lv uhpdundeo| frqvlvwhqw zlwk wkh hpslulfdo hylghqfh glvfxvvhg hduolhu= wkh

frqwulexwlrq ri wudqvihuv wr jurzwk lv jhqhudoo| srvlwlyh/ wkdw ri jryhuqphqw frqvxpswlrq jhqhudoo|

qhjdwlyh1 Wkh h�hfwv ri sxeolf hgxfdwlrq h{shqglwxuhv dovr ghvhuyh dwwhqwlrq1 Froxpq +8, ri Wdeoh

5 vkrzv wkdw wkhvh jhqhudoo| surprwh jurzwk1 Lq wkh devhqfh ri fuhglw frqvwudlqwv/ lqfuhdvhv lq

sxeolf vshqglqj rq hgxfdwlrq zrxog eh r�vhw e| ghfuhdvhv lq sulydwh vshqglqj +xqohvv wkh wzr

duh frpsohphqwv,/ dqg wkhuhiruh zrxog qrw frqwulexwh wr jurzwk1 Wr wkh h{whqw wkdw wkh| uhtxluh

kljkhu ohyhov ri glvwruwlrqdu| wd{dwlrq wkh| zrxog hyhq kdyh d qhjdwlyh h�hfw/ dv lq Ehfnhu dqg

Wrphv +4<:<,156

Wkh ghyhorsphqw olwhudwxuh dovr surylghv vrph ydoxdeoh hylghqfh/ hyhq li lw grhv qrw gluhfwo|

uhodwh wr djjuhjdwh jurzwk1 Iluvw/ lw dsshduv wr eh d urexvw �qglqj wkdw fuhglw udwlrqlqj dqg

wkh odfn ri dghtxdwh lqvxudqfh vljql�fdqwo| frqvwudlq wkh lqyhvwphqwv ri srru iduphuv dzd| iurp

sur�w�pd{lpl}lqj ohyhov dqg frpsrvlwlrqv1 Vhh iru lqvwdqfh Urvhq}zhlj dqg Zroslq +4<<6,/ ru

wkh frpsuhkhqvlyh vxuyh|v e| Elqvzdqjhu dqg Ghlqlqjhu +4<<8, dqg Elqvzdqjhu dqg Urvhq}zhlj

+4<<8,1 Lqirupdo ulvn�vkdulqj dqg frqvxpswlrq�vprrwklqj duudqjhphqwv sod| dq lpsruwdqw uroh

exw duh rqo| olplwhg vxevwlwxwhv iru zhoo0ixqfwlrqlqj pdunhwv +Wrzqvhqg +4<<8,,1 Wklv olwhudwxuh

dovr surylghv hylghqfh ri wkh ghfuhdvlqj uhwxuqv zklfk duh fhqwudo wr wkh uhvxowlqj lqh!flhqf|=

zkhwkhu lq ghyhorslqj ru ghyhorshg frxqwulhv/ wkh idplo| idup lv xvxdoo| wkh prvw h!flhqw xqlw

ri surgxfwlrq1 Lqdghtxdwh dffhvv e| shdvdqwv wr fuhglw iru ex|lqj odqg/ djulfxowxudo lqsxwv ru

htxlsphqw lv rqh ri wkh pdlq fdxvhv ri frqfhqwudwlrq lq odqg rzqhuvkls> rwkhuv duh wkh idyrudeoh

wd{ wuhdwphqw ri djulfxowxudo lqfrph dqg ydulrxv vxevlglhv zklfk ehqh�w zhdowk| iduphuv prvw1

Glplqlvklqj uhwxuqv dovr rffxu lq hgxfdwlrq/ dffruglqj wr prvw hpslulfdo hvwlpdwhv ri wkh sulydwh

dqg vrfldo uhwxuqv wr sulpdu|/ vhfrqgdu| dqg whuwldu| vfkrrolqj +h1j1/ Svdfkdursrxorv +4<<6,,1

616 Srolwlfdo Hfrqrp| zlwk Plvvlqj Dvvhw Pdunhwv

Ohw xv qrz h{dplqh krz lqhtxdolw| d�hfwv wkh h!flhqw dqg htxloleulxp dprxqwv ri uhglvwulexwlrq

dqg wkh fruuhvsrqglqj jurzwk udwhv/ e| vwxg|lqj wkh lqwhudfwlrqv ri srolwlfdo hfrqrp| dqg lpshu0

ihfw dvvhw pdunhwv1 L frqwlqxh wr irfxv rq wkh fdvh zkhuh �uvw shulrg hqgrzphqwv duh orj0qrupdo

56Dq lqwhuhvwlqj lvvxh lv wkh ghjuhh wr zklfk jryhuqphqw wudqvihuv duh dfwxdoo| surjuhvvlyh1 Dohvlqd +4<<8, vkrzv
wkdw d vljql�fdqw iudfwlrq ri khdowk dqg hvshfldoo| hgxfdwlrq h{shqglwxuhv lv riwhq fdswxuhg e| wkh plggoh 73(/
zlwk hyhq wkh wrs 53( dssursuldwlqj d odujh vkduh lq vrph Odwlq Dphulfdq frxqwulhv1 Wkh vl}h ri wudqvihuv lv wkxv
qrw dv jrrg dq lqglfdwru ri vrfldo htxlw| dv pljkw dsshdu1 Zlwk uhvshfw wr jurzwk/ krzhyhu/ wkhvh revhuydwlrqv
duh qrw lqfrqvlvwhqw zlwk wkh lghd wkdw uhglvwulexwlrq whqgv wr uhod{ zhdowk frqvwudlqwv rq lqyhvwphqw1 Iluvw/ hyhq
Dohvlqd*v gdwd vxjjhvwv wkdw d vljql�fdqw dprxqw ri uhvrxufhv jhqhudoo| uhdfkhv wkh erwwrp 73(1 Pruhryhu/ wkh nh|
lvvxh lv zkdw vhjphqw ri wkh srsxodwlrq kdv wkh kljkhvw pdujlqdo uhwxuq rq lqyhvwphqw> lq d srru frxqwu| wklv frxog
hdvlo| lqfoxgh sduwv ri wkh plggoh fodvv/ dv revhuyhg hduolhu zkhq glvfxvvlqj wkh h�hfwv ri �{hg frvwv1 Qdwxudoo|/
lqvwlwxwlrqdo uhirupv zklfk frxog plqlpl}h wudqvihuv wr wkh wuxo| zhoo�r� zrxog dozd|v eh ehqh�fldo1
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dqg wr rplw wlph vxevfulswv1 Xvlqj +53,/ lqglylgxdo l*v zhoiduh lv htxdo wr=

X �+�, @ Y +�,� +4 . ��+4� �,2,�2@5 . +4 . ��+4� �,,+oqz� �p, = +57,

Lw fdq eh vkrzq wkdw X � lv vwulfwo| frqfdyh ryhu doo � � �> zkhuh � @ �+4 . 4@��,�*2 ? �4 zdv

wdnhq wr eh wkh prvw uhjuhvvlyh wd{ ihdvleoh1 H{fhsw iru wkh ulfkhvw lqglylgxdov zkr suhihu wklv

fruqhu vroxwlrq +� � @ � iru oqz� � p A +��,3�Y �+�, . +4 � �,�2 A 5�2,> hdfk djhqw*v lghdo

wd{ udwh � � lv wkhq jlyhq e| wkh �uvw�rughu frqglwlrq X ��+�, @ 3> lw ghfuhdvhv zlwk rzq lqfrph

oqz� dqg lqfuhdvhv zlwk lqhtxdolw| �= Djhqwv ulfkhu wkdq oqz� @ p . �2 @ oqz . �2@5 idyru

uhjuhvvlyh wd{hv zkloh doo rwkhuv/ lqfoxglqj wkh lqglylgxdo zlwk wkh dyhudjh hqgrzphqw z> duh iru

surjuhvvlylw|1 Wr frpsduh wkhvh sulydwh rswlpd wr wkh vrfldo rqh/ ohw xv qh{w uhzulwh=

X �+�, @ Z +�,� ��2+4� �,2�2@5 . +4 . ��+4� �,,+oqz� �p,= +58,

Wklv ohdgv wr wkh iroorzlqj uhvxowv1
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+4, D vrfldo sodqqhu frqfhuqhg rqo| zlwk lqwhuwhpsrudo h!flhqf| Z zrxog vhw d srvlwlyh wd{

udwh �R+�,> lqfuhdvlqj lq �=

+5, Wkh suhihuuhg wd{ udwh ri wkh djhqw zlwk phgldq zhdowk lv deryh wklv h!flhqw ohyho=

+6, Wkh suhihuuhg wd{ udwh ri wkh djhqw zlwk dyhudjh zhdowk lv ehorz wkh h!flhqw ohyho li

+4� �,�2@7� A +5� � 4,@+5 . �,> dqg deryh lq wkh uhyhuvh fdvh1

Wkh �uvw uhvxow lv lqwxlwlyh/ jlyhq wkdw uhglvwulexwlrq qrz kdv qrw rqo| h!flhqf| frvwv wkurxjk

U+�, exw dovr h!flhqf| ehqh�wv/ sursruwlrqdo wr �2= Wkh vhfrqg rqh kdv d idploldu ulqj/ dowkrxjk

lw vkrxog eh qrwhg wkdw wkh phgldq yrwhu*v suhihuuhg srolf| qrz pd{lpl}hv h{�dqwh ru djjuhjdwh

zhoiduh/ H�� ^X �+�,`= Prvw vwulnlqj lv wkh wklug uhvxow1 Lq wkh suhylrxv fodvv ri prghov/ wkh djhqw

zlwk dyhudjh zhdowk dozd|v fkrvh wkh h!flhqw srolf|1 Qrz wkhuh duh wzr rssrvlwh irufhv zklfk

pdnh klp �xq�uhsuhvhqwdwlyh�1 Wkh �uvw lv wkh surjuhvvlylw| ri wkh wd{ vfkhph/ zkhuhe| iru � A 3

doo wkrvh ehorz �z A z jdlq dw wkh h{shqvh ri wkrvh deryh1 Suhylrxvo|/ uhglvwulexwlrq zdv d

wkuhdw zklfk glvfrxudjhg vdylqjv exw glg qrw pdwhuldol}h lq htxloleulxp/ dv hyhu|rqh lqyhvwhg wkh

vdph dprxqw1 Zlwk oltxlglw| frqvwudlqwv lqyhvwphqwv uh hfw zhdowk ohyhov/ doorzlqj wkh dyhudjh

lqglylgxdo wr mrlq lq �vrdnlqj� wkh yhu| ulfk +gl�huhqwldo surgxfwlylwlhv zrxog |lhog d vlplodu

uhvxow,1 Wkh rssrvlwh h�hfw/ zklfk whqgv wr pdnh klp fkrrvh wrr olwwoh uhglvwulexwlrq/ lv klv idloxuh

wr lqwhuqdol}h wkh vrfldo orvvhv iurp oltxlglw| frqvwudlqwv/ zklfk duh sursruwlrqdo wr +4 � �,�2=

Dv vhhq lq +43,/ wkh plvvlqj fuhglw pdunhw grhv qrw d�hfw klp dw doo ehfdxvh kh grhv qrw zdqw

wr eruurz ru ohqg1 Lq wklv vhqvh kh lv wkh ohdvw uhsuhvhqwdwlyh ri doo djhqwv/ dv erwk ulfkhu dqg

hvshfldoo| srruhu rqhv duh d�hfwhg1 Zkhq +4��,�2 lv odujh hqrxjk ru vlpso| zkhq � ? 4@5 wklv

h�hfw grplqdwhv wkh surjuhvvlylw| eldv dqg wkh dyhudjh djhqw fkrrvhv dq lqh!flhqwo| orz wd{ udwh/
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srvvleo| hyhq ohvv h!flhqw wkdq wkdw ri wkh phgldq yrwhu157 Ghprfudf| kdv lwv yluwxhv/ diwhu doo1

Wr h{soruh lq pruh ghwdlo wkh h�hfwv ri srolwlfdo lqvwlwxwlrqv dqg lqhtxdolw| rq uhglvwulexwlrq/ ohw

wkh slyrwdo djhqw ru jurxs fruuhvsrqg rqfh djdlq wr wkh s|� shufhqwloh/ zlwk s @ �+�,= Vxevwlwxwlqj

oqz� @ p. �� lqwr +44, dqg vhwwlqj X ��+�, @ 3 ohdgv wr wkh iroorzlqj uhvxowv=
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+4, Jurzwk dqg lqwhuwhpsrudo h!flhqf| duh kloo0vkdshg zlwk uhvshfw wr wkh ghjuhh ri zhdowk eldv

lq wkh srolwlfdo v|vwhp/ �= Wkh| duh pd{lpl}hg dw �C A �` A 3=

+5, Li wkh slyrwdo djhqw lv dw ru ehorz wkh phgldq +� � 3,> wd{hv lqfuhdvh zlwk lqhtxdolw|> vxfk

lqfuhdvhv duh dozd|v lqh!flhqw dqg uhgxfh jurzwk1

+6, Li wkh slyrwdo djhqw lv ri kljkhu udqn wkdq wkh phgldq +� A 3,> wd{hv duh X�vkdshg zlwk

uhvshfw wr lqhtxdolw|1 Wd{ fxwv lqgxfhg e| ulvlqj lqhtxdolw| duh dozd|v lqh!flhqw dqg fdq dovr

uhgxfh jurzwk li � lv qrw wrr forvh wr 4= Wd{ lqfuhdvhv lqgxfhg e| ulvlqj lqhtxdolw| kdyh wkh rssrvlwh

h�hfwv xs wr vrph srlqw/ eh|rqg zklfk wkhlu frqwulexwlrq wr lqwhuwhpsrudo h!flhqf| dqg jurzwk

ehfrphv qhjdwlyh1

Wkh �uvw uhvxow surylghv d srwhqwldo h{sodqdwlrq iru Eduur*v +4<<9, �qglqj wkdw jurzwk lv

pd{lpl}hg dw vrph lqwhuphgldwh ohyho ri ghprfudf|/ dqg pruh jhqhudoo| iru wkh devhqfh ri dq|

prqrwrqlf uhodwlrqvkls ehwzhhq wkh wzr1 Vhh Wdeoh 5/ froxpq +5,/ zlwk wkh xvxdo fdyhdw derxw

phdvxulqj m�m udwkhu wkdq �1 Qrwh wkdw dvvhw pdunhw lqfrpsohwhqhvv dqg wd{ glvwruwlrqv duh erwk

fulwlfdo iru wklv qrq�olqhdu h�hfw ri wkh srolwlfdo v|vwhp rq wkh jurzwk udwh1 Lq prghov vxfk dv

Dohvlqd dqg Urguln +4<<7, ru Ehuwrod +4<<7, wkh suhvhqfh ri sxeolf lqyhvwphqw ru vslooryhuv grhv

qrw fkdqjh wkh idfw wkdw uhvwulfwlqj wkh srolwlfdo uljkwv ri wkh srru dozd|v lqfuhdvhv jurzwk/ dv h{0

sodlqhg iroorzlqj Sursrvlwlrq 51 D srodu rssrvlwh lv Vdlqw�Sdxo dqg Yhuglhu*v +4<<6, prgho zkhuh

qrq�glvwruwlrqdu| wd{hv duh xvhg wr �qdqfh sxeolf hgxfdwlrq/ vxssohphqwlqj zhdowk�frqvwudlqhg

sulydwh h{shqglwxuhv1 Dv d uhvxow/ jurzwk lqfuhdvhv prqrwrqlfdoo| zlwk uhglvwulexwlrq/ dqg wkhuh0

iruh zlwk ��1 Wkh prgho suhvhqwhg khuh fdq eh vhhq dv frpelqlqj erwk irufhv/ uhvxowlqj lq dq

lqwhulru vroxwlrq iru wkh jurzwk�pd{lpl}lqj srolwlfdo v|vwhp1

Dv idu dv htxloleulxp wd{hv dqg zhoiduh duh frqfhuqhg/ uhvxowv +5, dqg +6, dovr dsso| lq wkh

frpsohwh pdunhwv fdvh158 Wkh gl�huhqfh lv rqo| rqh ri ghjuhh= ehfdxvh wkh rswlpdo ohyho ri �

qrz lqfuhdvhv zlwk �> lqhtxdolw|�lqgxfhg wd{ lqfuhdvhv duh qrz ohvv lqh!flhqw dqg wd{ ghfuhdvhv

pruh lqh!flhqw1 Zlwk uhvshfw wr jurzwk/ krzhyhu/ wkh orvvhv iurp fuhglw frqvwudlqwv ohdg wr d qhz

dqg srwhqwldoo| lpsruwdqw h{sodqdwlrq iru lwv qhjdwlyh fruuhodwlrq zlwk lqhtxdolw|= Sursrvlwlrq 9

vkrzv wkdw pruh lqhtxdolw| fdq ohdg wr ohvv uhglvwulexwlrq/ zklfk lq wxuq ohdgv wr ohvv jurzwk +vhh

dovr Eìqderx +4<<8d,,1

57 Li q 	 �*e wklv lv dozd|v wkh fdvh iru { vpdoo hqrxjk> vhh wkh surri ri Sursrvlwlrq 81
58Wklv fdq eh vkrzq gluhfwo| xvlqj +47, dqg +46, ru rqh fdq vlpso| vhw q ' � lq +58,/ lq zklfk fdvh fuhglw

frqvwudlqwv hqwdlo qr h!flhqf| orvv1 Erwk wkh frpsohwh dqg plvvlqj pdunhwv fdvhv dffrug zlwk wkh fodlp lq Eìqderx
+4<<8d, wkdw lw lv zkhq uhglvwulexwlrq lv h{0dqwh h!flhqw wkdw wkh vwdqgdug h�hfw Y�*Y{ : f fdq eh uhyhuvhg1 Lq
wkdw prgho vxfk d uhyhuvdo fdq rffxu zlwk surjuhvvlyh wd{hv � : f�
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617 Gluhfw dqg Lqgluhfw H�hfwv ri Lqhtxdolw|

Zh vdz hduolhu wkdw iru d jlyhq srolf| � / lqhtxdolw| uhgxfhv jurzwk dqg lqwhuwhpsrudo h!flhqf|1

Grhv wklv uhpdlq wuxh zkhq srolf| uhvsrqgv hqgrjhqrxvo|B D vwudljkwiruzdug dssolfdwlrq ri

wkh hqyhorsh wkhruhp wr +56, vkrzv wkdw vxfk lv wkh fdvh zkhq uhglvwulexwlrq lv ghwhuplqhg

e| dq h!flhqw sodqqhu/ l1h1 � @ �� +�, � dujpd{iZj= Wkh pruh lqwhuhvwlqj fdvh lv zkhq lw

dulvhv wkurxjk wkh srolwlfdo surfhvv1 Ohw �W+�> �, ghqrwh wklv vroxwlrq wr wkh �uvw�rughu frqglwlrq

X ��+�, @ 3 ri wkh slyrwdo jurxs=

+��,3�Y �+�, . +4� �,�2 � �� @ 3= +59,

Zh fdq zulwh gj

g�
@

Cj

C�
.

�
Cj

C�

�
�'�W

�

�
C�W

C�

�
>

dqg vlploduo| iruZ= Wkh �uvw whup/ zklfk krogv srolf| �{hg/ lv dozd|v qhjdwlyh/ zkloh wkh odvw wzr

zhuh dqdo|}hg lq Sursrvlwlrq 91 Lq d sxuh ghprfudf| ru d srsxolvw v|vwhp +� � 3, wd{hv lqfuhdvhv

zlwk lqhtxdolw|> pruhryhu/ wkh htxloleulxp udwh lv dozd|v deryh �R> khqfh lq wkh udqjh zkhuh Z

dqg d iruwlrul j ghfolqh zlwk uhglvwulexwlrq1 Zlwk srvlwlyh zhdowk eldv/ rq wkh rwkhu kdqg/ wd{hv duh

X�vkdshg zlwk uhvshfw wr lqhtxdolw|1 Orzhu wd{hv kdyh d srvlwlyh h�hfw rq vdylqjv lqfhqwlyhv exw

d ghwulphqwdo rqh rq fuhglw frqvwudlqwv1 Zkhwkhu jurzwk ulvhv ru idoov wkxv ghshqgv rq wkh h{whqw

wr zklfk djhqwv idfh ghfuhdvlqj uhwxuqv dqg kdyh xqhtxdo uhvrxufhv1 Wkh h�hfwv rq Z duh vlplodu/

h{fhsw wkdw vlqfh lw sxwv srvlwlyh zhljkw rq �uvw�shulrg frqvxpswlrq lw grhv qrw �ryhuydoxh� orz

wd{hv dv j grhv1 Lq sduwlfxodu/ Sursrvlwlrq 9 hvwdeolvkhg wkdw zkhuh ulvlqj lqhtxdolw| ohdgv wr wd{

fxwv/ wkhvh duh qhyhu h!flhqw1

Sursrvlwlrq :

+4, Li wkh slyrwdo djhqw lv dw ru ehorz wkh phgldq +� � 3,> lqhtxdolw| uhgxfhv erwk jurzwk dqg

lqwhuwhpsrudo h!flhqf|1

+5, Li wkh slyrwdo djhqw lv ri kljkhu udqn wkdq wkh phgldq +� A 3,> lqhtxdolw| vwloo orzhuv Z dv

orqj dv � lv qrw wrr odujh1 Iru � forvh wr 4 lqhtxdolw| pd| lqfuhdvh lqwhuwhpsrudo h!flhqf|/ exw

wklv fdq rqo| rffxu wkurxjk dq lqfuhdvh lq uhglvwulexwlrq1

+6, Iru � A 3 lqhtxdolw| uhgxfhv jurzwk li � lv qrw wrr vpdoo dqg � qrw wr forvh wr 4= Lq wkh

rssrvlwh fdvh/ lqhtxdolw| lqfuhdvhv jurzwk wkurxjk d ghfuhdvh lq wd{ udwhv1

Zkloh wkh gluhfw h�hfw ri lqhtxdolw| rq jurzwk +wkurxjk zhdowk frqvwudlqwv, riwhq grplqdwhv/

lwv lqwhudfwlrq zlwk wkh lqgluhfw rqh +srolf| uhvsrqvh, fdq jhqhudwh d idluo| frpsoh{ uhodwlrqvkls

ehwzhhq wkhvh yduldeohv1 Vruwlqj rxw wkh wzr fkdqqhov wkurxjk d vwuxfwxudo prgho vkrxog qrqhwkh0

ohvv eh srvvleoh/ dqg hyhq dsshduv ghvludeoh1 Sduwlfxoduo| lqwhuhvwlqj lv wkh wklug uhvxow/ zklfk

fdoov dwwhqwlrq wr wkh idfw wkdw li srolwlfdo srzhu lv vx!flhqwo| fruuhodwhg zlwk �qdqfldo ru kxpdq

zhdowk dqg li fdslwdo pdunhw lpshuihfwlrqv duh qrw wrr vhyhuh/ juhdwhu lqhtxdolw| pd| dfwxdoo|
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lqfuhdvh jurzwk wkurxjk d ghfolqh lq uhglvwulexwlrq1 D vlplodu lqvljkw zloo dulvh iurp wkh prgho ri

vrfldo frq lfw glvfxvvhg lq Vhfwlrq 7 = zkdw pdwwhuv iru vrflrsrolwlfdo vwdelolw| +zklfk surprwhv

jurzwk, lv qrw lqfrph lqhtxdolw| shu vh/ exw wkh lqhtxdolw| ri lqfrph uhodwlyh wr wkh lqhtxdolw|

ri srolwlfdo srzhu1 Zkhuh lqvwlwxwlrqv ru wkh srolwlfdo whfkqrorj| duh vxfk wkdw lqfuhdvhv lq wkh

iruphu wudqvodwh lqwr lqfuhdvhv lq wkh odwwhu/ lqvwdelolw| +ru khuh/ wd{dwlrq, qhhg qrw ulvh/ dqg pd|

dfwxdoo| idoo1

618 Hqgrjhqrxv Lqfrph Glvwulexwlrqv dqg Vrfldo Prelolw|

Xs wr wklv srlqw L kdyh pdlqwdlqhg d ihdwxuh lqkhulwhg iurp wkh frpsohwh pdunhwv prghov glvfxvvhg

lq Vhfwlrq 5= hyhq wkrxjk lw sod|v d fulwlfdo uroh/ wkh suh�wd{ glvwulexwlrq ri hqgrzphqwv lv frp0

sohwho| h{rjhqrxv1 Lq Shuvvrq dqg Wdehoolql +4<<7, dv khuh lw vlpso| uh hfwv/ shulrg diwhu shulrg/

wkh �{hg glvwulexwlrq ri djhqwv* delolwlhv1 Lq Ehuwrod +4<<6, dqg Dohvlqd dqg Urguln +4<<7, wkh

glvwulexwlrq ri zhdowk lv lqghwhuplqdwh= wkh frqvwdqf| ri idfwru sulfhv frpelqhv zlwk wkh devhqfh

ri lglrv|qfudwlf xqfhuwdlqw| wr hqvxuh wkdw dq| lqlwldo glvwulexwlrq zloo uhsurgxfh lwvhoi iurp rqh

shulrg wr wkh qh{w1 E| frqwudvw/ wkh hqgrjhqrxv hyroxwlrq ri wkh zhdowk glvwulexwlrq lv dw wkh

fruh ri lqfrpsohwh pdunhwv prghov1 Wklv lqfoxghv wkrvh zklfk irfxv rq wkh ghfhqwudol}hg pdu0

nhw rxwfrph +Edqhumhh dqg Qhzpdq +4<<6,/ Jdoru dqg ]hlud +4<<6,/ Djklrq dqg Erowrq +4<<9,/

Slnhww| +4<<9,,/ wkrvh zklfk dqdo|}h srwhqwldo uhglvwulexwlyh srolflhv +Orxu| +4<;4,/ Jorpp dqg

Udylnxpdu +4<<5,/ Eìqderx +4<<9d,/ Ihuqdqgh} dqg Urjhuvrq +4<<7,, dqg wkrvh zklfk hqgrjh0

ql}h uhglvwulexwlrq dv d srolwlfdo rxwfrph +Shurwwl +4<<6,/ Vdlqw�Sdxo dqg Yhuglhu +4<<6,/ Yhuglhu

dqg Dghv +4<<6,/ Vdlqw�Sdxo +4<<7,/ Eìqderx +4<<8d,,1 Pdnlqj wkhvh glvwulexwlrqdo g|qdplfv

h{solflw lv dovr qhfhvvdu| wr dgguhvv wkh lvvxh ri vrfldo prelolw| = Wkh lqwhujhqhudwlrqdo shuvlvwhqfh

ri lqfrph dqg zhdowk glvsdulwlhv lv dw ohdvw dv uhohydqw d vrfldo frqfhuq dv wkh ohyho ri lqhtxdolw|

shu vh1 Wkh txhvwlrq ri krz srolf| d�hfwv shuvlvwhqfh/ erwk lq wkhru| dqg lq sudfwlfh/ lv wkhuhiruh

ri frqvlghudeoh lqwhuhvw1

Wkh prgho ghyhorshg lq wklv sdshu lv hdvlo| dphqghg wr ghdo zlwk wkhvh lvvxhv1 Xqwlo qrz

lw zdv dvvxphg wkdw lqwhujhqhudwlrqdo olqndjhv rshudwhg rqo| dw wkh djjuhjdwh ohyho1 Zkhwkhu

wkurxjk dq hfrqrp|�zlgh vslooryhu ru wkurxjk xqlyhuvdo sxeolf hgxfdwlrq/ wkh| uhvxowhg lq d

wudqvplvvlrq phfkdqlvp ri wkh irup= z�
|n� @ ��|n� ||1 Ohw ph qrz uhfrjql}h wkdw wkh wudqvplvvlrq

ri kxpdq fdslwdo rshudwhv odujho| zlwklq wkh idplo| ru dw wkh ohyho ri vpdoo frppxqlwlhv zklfk

duh idluo| krprjhqrxv lq vrflrhfrqrplf vwdwxv= vfkrro glvwulfwv/ qhljkerukrrgv/ vrfldo qhwzrunv/

hwf1 Frqvlghu �uvw wkh sxuh kxpdq fdslwdo vslooryhu lqwhusuhwdwlrq/ xqghu zklfk z�
|n� @ ��|n� || lv

vlpso| uhsodfhg e|=

z�
|n� @ ��|n� |

�
|= +;�,

Xqghu shuihfw fdslwdo pdunhwv wklv fkdqjhv qrwklqj/ ehfdxvh |�| @ u +U|,
q z| iru doo djhqwv1 Idplo|

lqfrph uhpdlqv l1l1g1/ zlwk yduldqfh �2 @ Y du^oq �` � v2= Zlwk lpshuihfw fdslwdo pdunhwv/ rq wkh

rwkhu kdqg/ htxdwlrq +53, qrz lpsolhv wkdw idplo| lqfrph iroorzv wkh odz ri prwlrq=
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oq+z�
|n�, @ oq ��|n� . oq u . � oq U+� |, . �+4� � |, oqz

�
| . �� | oq �z| . +4� �, oqz| +5:,

zkhuh � | lv wkh wd{ udwh fkrvhq lq shulrg w dqg �z| lv jlyhq e| +4<,1 Lqfrph uhpdlqv orj0qrupdoo|

glvwulexwhg/ dqg lwv lqwhujhqhudwlrqdo shuvlvwhqfh lv jlyhq e| �+4 � � |,= Dv d uhvxow/ lqhtxdolw|

iroorzv wkh dxwruhjuhvvlyh surfhvv=

�2
|n� @ v2 . �2+4� � |,

2�2
| 1 +5;,

Wkh dowhuqdwlyh phfkdqlvp ri lqwhujhqhudwlrqdo wudqvplvvlrq lv hgxfdwlrqdo lqyhvwphqw/ qrz sul0

ydwho| ru orfdoo| ixqghg1 Zlwk wkh suhihuhqfhv +4*,/ djhqwv doo zdqw wr lqyhvw wkh vdph iudfwlrq

4 � � ri vhfrqg shulrg uhvrxufhv lq wkhlu fklog*v kxpdq fdslwdo1 Wkhuhiruh z�
|n� @ ��|n�g

�
|/ zkhuh

wkh frqvwdqw kdv djdlq ehhq qrupdol}hg wr rqh1 Lq wkh devhqfh ri fuhglw pdunhwv/ g�| @ |�| vr +5:,

dqg +5;, uhpdlq xqfkdqjhg1 Frpsohwh pdunhwv ohdg wr vrphzkdw gl�huhqw lqglylgxdo g|qdplfv/

exw wkhvh uhwdlq wkh surshuw| wkdw uhglvwulexwlrq uhgxfhv wkh shuvlvwhqfh ri z�
|= Iurp khuh rq L

vkdoo irfxv rq wkh �uvw fdvh/ vlqfh lw kdv lpsolfdwlrqv iru djjuhjdwh jurzwk zkhuhdv wkh vhfrqg rqh

grhv qrw1 Uhfdoo lq sduwlfxodu wkdw

j+� |, @ oq u . � oq U+� |,� �+4� �,+4� � |,
2�2

|@5=

Wrjhwkhu zlwk +5;, wklv pdnhv fohdu wkdw rqfh wkh g|qdplfv ri lqfrph glvwulexwlrq duh hqgrjhql}hg/

dq dgglwlrqdo/ orqj�uxq ehqh�w ri uhglvwulexwlrq dsshduv1 D pdujlqdo ulvh lq � | fdxvhv wkh vdph

glvwruwlrq U�+� |, dv ehiruh/ exw qrz wkh jurzwk orvvhv gxh wr wkh frpelqdwlrq ri zhdowk lqhtxdolw|

dqg eruurzlqj frqvwudlqwv duh uhgxfhg qrw rqo| lq wkh fxuuhqw shulrg ++4�� |,2�2
|@5 lv orzhu,/ exw

dovr lq doo ixwxuh shulrgv= �2
|n& lv orzhu/ iru doo n1 Wklv krprjhql}lqj h�hfw phdqv wkdw orqj0uxq

jurzwk lv pd{lpl}hg dw d kljkhu ohyho ri uhglvwulexwlrq wkdq suhylrxvo|159 Wklv/ lq wxuq/ uhtxluhv

d orzhu ghjuhh ri zhdowk eldv � lq wkh srolwlfdo v|vwhp/ zklfk pxvw wkhuhiruh eh forvhu wr sxuh

ghprfudf|1

Wklv eulqjv ph wr wkh txhvwlrq ri wkh orqj0uxq ehkdylru ri wkh hfrqrp| dqg lwv lqfrph glvwul0

exwlrq/ zklfk L zloo glvfxvv erwk wkhruhwlfdoo| dqg hpslulfdoo|1 Dv ehiruh/ ohw wd{hv eh ghwhuplqhg

lq hdfk jhqhudwlrq e| wkh suhihuuhg srolf| ri wkh slyrwdo jurxs= � | @ �W+�|> �,/ gh�qhg e| +59,1

Wrjhwkhu/ � | dqg �| wkhq ghwhuplqh qh{w shulrg*v glvwulexwlrq/ dffruglqj wr +5;,1 Uhfdoo qrz iurp

Sursrvlwlrq : wkdw zkhq � � 3> �W+�|> �, lv lqfuhdvlqj lq �|> vr wkdw hqgrjhqrxv uhglvwulexwlrq

dfwv dv d vwdelol}lqj ihhgedfn rq lqhtxdolw|1

59Djhqwv* p|rslf suhihuhqfhv +4, ru +4*, lpso| wkdw wkh| gr qrw lqwhuqdol}h wklv yduldqfh h�hfw zkhq vhwwlqj wkh
fxuuhqw wd{ udwh/ mxvw dv wkh| gr qrw lqwhuqdol}h wkh phdq h�hfw ri +| rq �|n�� Zlwk iruzdug�orrnlqj dowuxlvp ru
lq�qlwh olyhv erwk duh lqwhuqdol}hg wr dq h{whqw zklfk uh hfwv wkh glvfrxqw idfwru> vhh Eìqderx +4<<9d,1
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Sursrvlwlrq ;

Li wkh phgldq yrwhu ru vrph djhqw orfdwhg dw d orzhu shufhqwloh fkrrvhv wkh wd{ udwh lq hyhu|

shulrg +� � 3,> wkh hfrqrp| frqyhujhv wr d xqltxh vwhdg|�vwdwh jurzwk sdwk +�"> �"> j", zkhuh

�" @ �W+�>�",> �2
"

@ v2@+4� �2+4� �",2, dqg wkh jurzwk udwh lv

j" @ oq u . � oq U+�",�
�+4� �, +4� �",2 v2@5

4� �2+4� �",2
= +5<,

Dv rqh zrxog h{shfw/ d vwurqjhu srsxolvw eldv vkliwv wklv vwhdg|�vwdwh wrzdugv juhdwhu uhglv0

wulexwlrq dqg ohvv lqhtxdolw|1

619 Pxowlsoh Orqj Uxq Glvwulexwlrqv

Zlwk dq| srvlwlyh lq xhqfh ri zhdowk rq wkh srolwlfdo surfhvv/ rq wkh rwkhu kdqg/ wd{hv lqlwldoo|

ghfuhdvh zlwk �|> ehiruh lqfuhdvlqj djdlq1 E| +5;, wklv whqgv wr lqfuhdvh�|n�> khqfh dovr � |n�> dqg

vr rq1 Wkh ihhg�edfn iurp srolf| wr lqwhujhqhudwlrqdo g|qdplfv lv qrz srwhqwldoo| ghvwdelol}lqj1

Sursrvlwlrq <

Li wkh slyrwdo djhqw lv ri kljkhu udqn wkdq wkh phgldq +� A 3, wkhuh fdq eh pxowlsoh vwhdg|�

vwdwhv1 Lq wkdw fdvh/ lqwhuwhpsrudo h!flhqf| Z lqfuhdvhv dv rqh pryhv iurp d ohvv uhglvwulexwlyh/

pruh lqhjdolwduldq vwhdg|�vwdwh wr rqh zkhuh �" lv kljkhu dqg �" orzhu1 Wklv lv d iruwlrul wuxh

iru h{�dqwh zhoiduh H�� ^X �`> dqg pd| dovr eh wuxh iru wkh jurzwk udwh j"=

Sursrvlwlrq < dqg htxdwlrq +5:, rq zklfk lw lv edvhg looxvwudwh pruh jhqhudoo| wkh frpprq

sulqflsoh wkurxjk zklfk pxowlsoh orqj�uxq glvwulexwlrqv dulvh lq prghov zlwk lpshuihfw fdslwdo

pdunhwv= d qhjdwlyh jhqhudo htxloleulxp ihhgedfn ri lqhtxdolw| rq prelolw|/ yld d zruvhqlqj ri

fuhglw frqvwudlqwv15: Lq Edqhumhh dqg Qhzpdq +4<<6, wklv ihhgedfn rshudwhv wkurxjk wkh uhdo

zdjh1 D pruh xqhtxdo glvwulexwlrq ri zhdowk phdqv pruh shrsoh zkr gr qrw kdyh wkh froodwhudo

uhtxluhg wr ehfrph hlwkhu vhoi�hpsor|hg hqwuhsuhqhxuv ru hpsor|huv ri oderu1 Lqvwhdg wkh| ehfrph

zrunhuv/ froohfwlyho| ghsuhvvlqj wkh zdjh dqg wkhuhiruh wkh ehtxhvw zklfk wkh| ohdyh wr wkhlu

fkloguhq1 Frqyhuvho|/ zhdowk| g|qdvwlhv ehqh�w iurp sd|lqj orzhu zdjhv1 Wklv pdnhv iru orz

vrfldo prelolw| dqg shuvlvwhqwo| kljk lqhtxdolw|1 Exloglqj rq Djklrq dqg Erowrq +4<<9,/ Slnhww|

+4<<9, jhqhudwhv d uhodwhg irup ri �prelolw| wuds� wkurxjk wkh lqwhuhvw udwh1 Zkhq zhdowk lv

glvwulexwhg yhu| xqhtxdoo| wkhuh duh ihz ohqghuv dqg d orw ri zrxog�eh eruurzhuv1 Wklv lpsolhv

kljk lqwhuhvw udwhv/ hvshfldoo| li wkh hfrqrp|*v wrwdo zhdowk lv uhodwlyho| orz1 Kljk lqwhuhvw udwhv/

lq wxuq/ djjudydwh srru djhqwv* eruurzlqj frqvwudlqwv dqg pdnh prelolw| pruh gl!fxow> wkxv erwk

orz wrwdo zhdowk dqg kljk glvshuvlrq shuvlvw lqwr wkh qh{w shulrg1 Dfurvv vwhdg|�vwdwhv/ djjuhjdwh

lqfrph dqg zhdowk ydu| qhjdwlyho| zlwk wkh lqwhuhvw udwh1 Lq wkh suhvhqw prgho/ dv lq Vdlqw�Sdxo

5:Pxowlsoh htxloleuld fdq dovr dulvh iurp d qrq�frqyh{lw| dw wkh ohyho ri lqglylgxdo idplolhv/ dv lq Jdoru dqg
]hlud +4<<6,1 Zlwk hqrxjk lglrv|qfudwlf xqfhuwdlqw|/ krzhyhu/ d srru idplolhv hvfdshv wkh sryhuw| +qr lqyhvwphqw,
wkuhvkrog zlwk srvlwlyh suredelolw|> wkh zhdowk surfhvv lv wkhq hujrglf dqg wkh orqj�uxq glvwulexwlrq xqltxh1
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+4<<7, dqg Eìqderx +4<<8d,/ wkh ihhgedfn lv wkurxjk srolf|> wd{hv dqg wudqvihuv ru sxeolf ixqglqj

ri hgxfdwlrq vhuyh dv lpshuihfw vxevwlwxwhv iru wkh plvvlqj fuhglw pdunhw1 Zkhq juhdwhu lqhtxdolw|

ohdgv wr orzhu uhglvwulexwlrq wklv djdlq uhgxfhv prelolw| dqg pdnhv glvsdulwlhv pruh shuvlvwhqw/

e| zruvhqlqj wkh fuhglw frqvwudlqwv ri srru djhqwv1 Wklv lv zk| wudqvihuv dqg jurzwk fdq eh

srvlwlyho| fruuhodwhg dfurvv vwhdg|�vwdwhv lq vslwh ri vdylqjv glvwruwlrqv/ dv vwdwhg deryh1 D uhodwhg

irup ri pxowlsolflw| rffxuv wkurxjk vhjuhjdwlrq lq prghov ri hqgrjhqrxv frppxqlw| frpsrvlwlrq1

Lq Gxuodxi +4<<9e, iru lqvwdqfh/ vx!flhqw glvsdulwlhv lq zhdowk dqg2ru hgxfdwlrq fdxvh zhoo�r�

idplolhv wr irup vpdoo krprjhqhrxv frppxqlwlhv udwkhu wkdq vkduh wkh �{hg frvwv zlwk d odujhu/

pruh khwhurjhqhrxv srsxodwlrq1 Fxw r� iurp wkh wd{ edvh dqg srvlwlyh orfdo vslooryhuv zklfk

ulfkhu/ pruh hgxfdwhg qhljkeruv zrxog kdyh surylghg/ srru idplolhv djdlq h{shulhqfh qr ru olwwoh

xszdug prelolw|15;

Duh frxqwulhv doo khdghg wrzdugv wkh vdph orqj�uxq glvwulexwlrq ri lqfrph/ dv lq Sursrvlwlrq

;/ ru duh wkhuh shupdqhqwo| gl�huhqw wudmhfwrulhv lq whupv ri erwk ohyho dqg lqhtxdolw|/ dv lq

Sursrvlwlrq <B L vkdoo dujxh lq Vhfwlrq 8 wkdw wklv lvvxh ri frqyhujhqfh lq glvwulexwlrq lv ri hyhq

eurdghu lqwhuhvw dqg phulwv wr eh lqyhvwljdwhg hpslulfdoo|/ wkhq wdnh wkh �uvw ihz vwhsv lq wkdw

gluhfwlrq1 Exw �uvw L wxuq wr wkh odvw ri wkh wkuhh pdlq wkhrulhv olqnlqj glvwulexwlrq dqg jurzwk1

7 Vrfldo Frq lfw dqg Surshuw| Uljkwv

Lq wkh phgldq yrwhu prgho +dw ohdvw zkhq wdnhq olwhudoo|,/ h{sursuldwlrq rffxuv wkurxjk dq rughuo|

surfhvv= yrwhv duh frxqwhg/ wkhq hyhu|rqh vxeplwv wr wkh pdmrulw| uxoh1 Dw wkh rwkhu h{wuhph

duh prghov zkhuh djhqwv ru lqwhuhvw jurxsv fdq vlpso| jude sduw ri vrphrqh hovh*v zhdowk1 Lw lv

jhqhudoo| suhvxphg wkdw wklv ehfrphv pruh olnho| zkhq wkh jds ehwzhhq ulfk dqg srru zlghqv/

dqg wkdw wkh uhvxowlqj ghfolqh lq wkh vhfxulw| ri surshuw| uljkwv glvfrxudjhv lqyhvwphqw/ wkhuhe|

lpshglqj jurzwk1

D qxpehu ri uhodwhg lghdv kdyh ehhq irupdol}hg lq wkh olwhudwxuh1 Jurvvpdq +4<<4,/ +4<<7,/

Dfhprjox +4<<8,/ dqg Jurvvpdq dqg Nlp +4<<9, irfxv rq wkh doorfdwlrq ri uhvrxufhv ehwzhhq

surgxfwlyh/ suhgdwru| dqg ghihqvlyh dfwlylwlhv lq wkh frqwh{w ri rqh�vkrw lqwhudfwlrqv ehwzhhq lq0

glylgxdov ru hfrqrplf fodvvhv1 Xvlqj �g|qdplf frpprqv sureohp� jdphv zlwk hlwkhu Pdunryldq

ru wuljjhu�w|sh vwudwhjlhv/ Wruqhoo dqg Yhodvfr +4<<5,/ Wruqhoo +4<<7, dqg Ehqkdele dqg Uxvwlfklql

+4<<9, vwxg| krz jurzwk lv d�hfwhg e| glvwulexwlrqdo frq lfw ehwzhhq orqj�odvwlqj lqwhuhvw jurxsv

ru frdolwlrqv1 Wkh �uvw wzr sdshuv hpskdvl}h wkh uroh dqg vrxufhv ri lqwhuhvw jurxsv* delolw| wr

rssruwxqlvwlfdoo| h{wudfw uhqwv iurp rwkhuv> wkh| gr qrw gluhfwo| ghdo zlwk lqhtxdolw|1 Ehqkdele

dqg Uxvwlfklql +4<<9, vkrz krz wkh h{whqw wr zklfk vrfldo frq lfw frqvwudlqv jurzwk pd| ghshqg

rq wkh hfrqrp|*v ohyho ri ghyhorsphqw/ dv zhoo dv rq d irup ri lqhtxdolw| zklfk uhodwhv wr htxlole0

5;Vhh dovr Eìqderx +4<<6,/ +4<<9e,/ Gxuodxi +4<<9d, dqg Ihuqdqgh} dqg Urjhuvrq +4<<9,/ +4<<7, iru uhodwhg
vruwlqj h�hfwv/ dv zhoo dv Pdvnlq dqg Nuhphu +4<<7, rq vhjuhjdwlrq e| vnloov lq wkh oderu pdunhw1 Lq wkh odwwhu fdvh/
zkhq vhjuhjdwlrq rffxuv lw lv dozd|v h!flhqw1 Exw li rqh frpelqhg wklv surgxfwlrq prgho zlwk fuhglw�frqvwudlqhg
dffxpxodwlrq ri kxpdq fdslwdo/ pxowlsolflw| frxog rffxu rqfh djdlq1
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ulxp vhohfwlrq udwkhu wkdq lqlwldo frqglwlrqv= dprqj wkh frqwlqxxp ri vxejdph�shuihfw htxloleuld

ri wkhlu prgho/ wkh rqh zlwk idvwhvw jurzwk lqyroyhv htxdo xwlolw| iru doo sod|huv1

L vkdoo vhhn khuh wr frqyh| wkh hvvhqfh ri wklv olwhudwxuh dqg pdnh vrph qhz srlqwv e| phdqv

ri d yhu| vlpsoh prgho/ zklfk uhodwhv wkh xqghuo|lqj vwuxfwxuh ri wkh sureohp wr d idploldu remhfw=

wkh sulvrqhu*v glohppd1 Wkh prgho kdv forvh olqnv wr wkdw ri Ehqkdele dqg Uxvwlfklql +4<<9, exw

dovr lqfrusrudwhv lqjuhglhqwv iurp vhyhudo ri wkh rwkhuv1

714 D Sulvrqhu*v Glohppd zlwk Fdslwdo Dffxpxodwlrq

Frqvlghu dq hfrqrp| frqvwlwxwhg e| wzr krprjhqhrxv jurxsv ri djhqwv/ odehoohg 4 dqg 5> doorzlqj

iru q jurxsv zrxog eh vwudljkwiruzdug1 Lq shulrg w hdfk fdq fkrrvh wr hlwkhu prghudwh lwv fodlpv

wr wkh hfrqrplf slh +�frrshudwh�, ru wu| dqg h{wudfw d glvsursruwlrqdwh dprxqw/ dw wkh h{shqvh

ri wkh rwkhu jurxs +�ghyldwh�,1 Irupdoo|/ ohw n| eh wkh hfrqrp|*v fdslwdo vwrfn dw wkh vwduw ri wkh

shulrg1 Wkh frqvxpswlrqv ri jurxsv 4 dqg 5 duh jlyhq e| wkh iroorzlqj vkduhv ri n| =

4"5 F G

F ��+4� U,> �2+4� U, ��+4� U,� +�2 � �2,U> �2+4� U, . �2U

G ��+4� U, . ��U> �2+4� U,� +�� � ��,U ��> �2

Zkhq erwk vlghv frrshudwh/ d wrwdo ri f| @ +4�U ,n| lv frqvxphg/ zkloh Un| lv uhlqyhvwhg dffruglqj

wr wkh olqhdu whfkqrorj|=

n|n� @ u +n| � f|, = +63,

Wkh sdudphwhuv �� � �2 @ 4 � �� fdswxuh wkh glvwulexwlrq ri lqfrph lq wkh qrq�frq lfwxdo

rxwfrph/ zklfk fdq eh wkrxjkw dv wkh pdunhw vroxwlrq1 Wkh| frxog iru lqvwdqfh uh hfw wkh

frpshwlwlyh vkduhv ri fdslwdo dqg oderu1 Lq wkh vlqjoh�shulrg jdph/ krzhyhu/ +F>F, lv qhyhu

d Qdvk htxloleulxp= e| ghyldwlqj/ jurxs l fdq dssursuldwh dq h{wud vkduh ri wkh slh/ htxdo wr

d iudfwlrq 3 ? �� � 4 ri wkh uhvrxufhv Un| zklfk zrxog rwkhuzlvh kdyh ehhq uhlqyhvwhg1 Ri

wklv rssruwxqlvwlf jdlq/ d iudfwlrq 3 ? �� � 4 frphv iurp udlglqj wkh fdslwdo vwrfn dqg �� � ��

� 3 lv dw wkh gluhfw h{shqvh ri wkh rwkhu jurxs*v frqvxpswlrq1 Iroorzlqj prvw ri wkh olwhudwxuh/

lw lv dvvxphg wkdw wudqvihuv ru uhqwv xqlodwhudoo| h{wudfwhg iurp wkh uhvw ri vrflhw| fdq rqo|

eh frqvxphg15< Wkh xqghuo|lqj prwlydwlrq lv wkdw rwkhuzlvh wkh| frxog eh vhl}hg edfn e| wkh

rssrvlwh vlgh1 Wkdw frqvxpswlrq lv ohvv yxoqhudeoh wr h{sursuldwlrq wkdq lqyhvwphqw grhv qrw

5<Ru dowhuqdwlyho|/ uhlqyhvwhg lq vrph dvvhw zlwk d orzhu uhwxuq/ vxfk dv ghsrvlwv deurdg> vhh Wruqhoo dqg Yhodvfr
+4<<5,1 Rqh frxog dovr lqwurgxfh lqwr wkh prgho gluhfw ru rssruwxqlw| frvwv ri hqjdjlqj lq h{sursuldwlrq/ e| pdnlqj
qrq�frrshudwlyh sd|r�v vxp wr ohvv wkdq E� 3 U�&| n B�U&|1 Wkxv ghyldwru ��r sulydwh jdlq +qhw ri uhvrxufhv vshqw
rq h{sursuldwlrq, q�U&| frxog eh vwulfwo| ohvv wkdq wkh vxp ri wkh rwkhu vlgh*v +qhw, frqvxpswlrq orvv/ vd| )�U&|c
dqg wkh uhgxfwlrq lq lqyhvwphqw/ B�U&|� L vkdoo qrw gr vr iru vlpsolflw|/ wkxv lpsrvlqj q� ' )� n B�� Doo frvwv dqg
sd|r�v lq wkh vwdjh jdph duh ri frxuvh vshfl�hg h{rjhqrxvo|> wr hqgrjhql}h wkhp zrxog uhtxluh prghoolqj djhqwv*
uhvrxufh doorfdwlrq sureohpv ehwzhhq surgxfwlyh/ r�hqvlyh dqg ghihqvlyh dfwlylwlhv/ dv lq Jurvvpdq +4<<4,/ +4<<7,
dqg Jurvvpdq dqg Nlp +4<<9,1 Xvlqj wkhvh sdshuv* whuplqrorj|/ wkh q�*v uh hfw wkh sulydwh h!fdf| ri wkh suhgdwlrq
whfkqrorj| dqg wkh B�*v +pruh jhqhudoo|/ wkh B� n)� 3 q�*v, lwv vrfldo ru djjuhjdwh �ghvwuxfwlyhqhvv�1
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phdq wkdw lw lv hqwluho| vdih/ krzhyhu1 Wkh srvvlelolw| ri lqgluhfw wd{hv dqg vxevlglhv/ lpsruw

ohylhv ru rxwuljkw wkhiw lpsolhv wkdw qrw doo ri wkh ghyldwru*v jdlq qhhg frph iurp lqyhvwphqw/ dv

lv riwhq dvvxphg lq wkh olwhudwxuh> �� dqg �� duh frqfhswxdoo| glvwlqfw/ dqg zloo eh vhhq ehorz wr

kdyh gl�huhqw lpsolfdwlrqv1

Rq qhw/ d xqlodwhudo ghyldwlrq e| vrph jurxs l uhgxfhv wkh fdslwdo vwrfn e| d idfwru 4 � ��=

Lq d vlwxdwlrq ri rshq frq lfw zkhuh erwk jurxsv wu| wr dssursuldwh uhvrxufhv iurp hdfk rwkhu

wkh| zloo eh ohdg wr ryhufrqvxph hyhq pruh= iru vlpsolflw| L dvvxph wkdw xqghu +G>G, doo fdslwdo

lv frqvxphg/ �� . �2 @ 4> exw wklv lv qrw hvvhqwldo iru wkh qdwxuh ri wkh uhvxowv1 Wkh vkduhv ��

uhsuhvhqw hdfk vlgh*v vwuhqjwk lq wkh srolwlfdo vwuxjjoh/ wkdw lv/ lwv srzhu1 Wkh| frxog eh uhodwhg

wr wkh ��*v dqg ��*v/ dv glvfxvvhg odwhu rq/ exw lq jhqhudo qhhg qrw eh163 Ohw ph dvvxph iurp khuh

rq wkdw ��+4 � U, � +�
3� � �3�,U ? �� iru doo l> zklfk lpsolhv wkdw wkh xqltxh htxloleulxp ri wkh

rqh�vkrw jdph lv +G>G,= Frqvlghu/ krzhyhu/ djhqwv zkr duh lq�qlwho|�olyhg/ zlwk suhihuhqfhv

X �
| @

"[
r'f

�r +f�|nr,
�3@>

zkhuh 4@d A 4 lv wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq dqg � u�3@ ? 4= Lq hdfk shulrg wkh|

sod| wkh jdph ghvfulehg e| wkh deryh sd|r�v1 Wkh fdslwdo vwrfn n| frqvwlwxwhv d vwdwh yduldeoh

zklfk pdnhv wklv d g|qdplf jdph/ udwkhu wkdq vlpso| d uhshdwhg rqh1 L ehjlq e| irfxvlqj rq

wkh ��uvw�ehvw� fdvh zkhuh wkhuh lv rqo| rqh jurxs/ ru htxlydohqwo| d fhqwudo sodqqhu zkr fdq

fduu| rxw oxps�vxp wudqvihuv1 Vwduwlqj zlwk nf @ n> sod|lqj +F>F, lq hyhu| shulrg |lhogv wkh

lqwhuwhpsrudo xwlolw| X @ x+U, n�3@@+4� d,> zkhuh

x+U, �
+4� U,�3@

4� �+uU,�3@
= +64,

Wkh jurzwk udwh lv frqvwdqw dqg htxdo wr uU1 Wklv vwudwhj| lv suhihudeoh wr +G>G,> zkhuh wkh

hqwluh fdslwdo vwrfn lv frqvxphg lpphgldwho|/ li x+U, A x+3, @ 4= Dv ghslfwhg rq Iljxuh 4 iru wkh

fdvh u @ 6> � @ =7> d @ =58> wkh ixqfwlrq x+=, lv vwulfwo| frqfdyh dqg pd{lpl}hg dw UW � ��*@ u�*@3�=

Wklv lv wkh ydoxh zklfk wkh sodqqhu zrxog fkrrvh li kh frxog vhohfw wkh vdylqjv udwh frqwlqxrxvo|1

Rqh frxog ohw U @ U
W> exw pruh jhqhudoo| L zloo vlpso| uhtxluh wkdw U ehorqj wr wkh lqwhuydo +U> 4,

ryhu zklfk x+U, A 4> vr wkdw uU lv lqghhg wkh ehvw ri wkh wzr jurzwk udwhv dfklhydeoh lq rxu vlpsoh

hfrqrp|1 Wkh pdlq txhvwlrq lv zkhwkhu lw fdq eh vxvwdlqhg dv d vxejdph shuihfw htxloleulxp

zkhq jurxsv kdyh wkh delolw| wr ehkdyh rssruwxqlvwlfdoo| dqg h{wudfw pruh wkdq wkhlu frrshudwlyh

vkduh iurp wkh frpprq srro ri uhvrxufhv164

63Iru lqvwdqfh/ Ehqkdele dqg Uxvwlfklql +4<<9, lpsrvh d v|pphwu| uhvwulfwlrq vlplodu wr �� ' �*21
64Zhuh djhqwv dovr doorzhg wr frqvxph ohvv wkdq k�E�3 U�c vxfk ghyldwlrqv frxog eh vkrzq wr eh xqsur�wdeoh dv

orqj dv U lv qrw wrr idu ehorz wkh rswlpdo vdylqjv udwh UW Evshfl�fdoo|/ k�sEU� $ � zkhuh sEU� 
 E�3 U�EU*UW�@ * E�3
UEU*UW�@� lv d ghfuhdvlqj ixqfwlrq zlwk sEUW� ' ���
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Iljxuh 4= lqfhqwlyh frqvwudlqwv rq jurzwk

715 Lqfrph Lqhtxdolw|/ Srzhu Lqhtxdolw| dqg Jurzwk

Sod|lqj +G>G, lq hyhu| shulrg lv dozd|v dq htxloleulxp1 Wklv kljk�frq lfw/ orz�jurzwk rxwfrph

zloo qdwxudoo| vhuyh dv wkh sxqlvkphqw wr zklfk sod|huv uhyhuw zkhqhyhu vrphrqh kdv ghyldwhg

iurp frrshudwlyh ehkdylru1 Wkhvh wuljjhu vwudwhjlhv zloo vxvwdlq wkh �uvw ehvw li/ iru doo l>

+��,
�3@x+U, � +��+4� U, . ��U,

�3@ . �+ uU +4� ��,��,
�3@=

Wkh �uvw whup rq wkh uljkw kdqg vlgh lv jurxs l�v fxuuhqw frqvxpswlrq zkhq lw ghyldwhv dqg judev

h{wud uhvrxufhv htxdo wr d iudfwlrq ��U ri wkh fdslwdo vwrfn1 Wkh vhfrqg whup phdvxuhv lwv sd|r�

lq wkh iroorzlqj shulrg zkhuh erwk jurxsv sod| G/ oltxlgdwlqj wkh fdslwdo vwrfn1 Uhzulwlqj wklv

frqglwlrq ohdgv wr=

Sursrvlwlrq 43

Li wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw

x+U, � +4� U. +��@��,U,
�3@ . � +uU +4� ��,+��@��,,

�3@ � y�+U, +65,

lv vdwlv�hg iru erwk jurxsv/ frqwlqxhg frrshudwlrq dqg jurzwk dw wkh udwh uU lv vxvwdlqdeoh dv dq

htxloleulxp1 Li lw lv ylrodwhg/ wkh rqo| htxloleulxp lv wkh qrq0frrshudwlyh rqh zlwk qr jurzwk1

Vhyhudo lqwhuhvwlqj uhvxowv fdq qrz eh rewdlqhg e| h{dplqlqj frqglwlrq +65,/ zklfk lv looxv0

wudwhg rq Iljxuh 41
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+4, Lqfhqwlyh frpsdwlelolw| w|slfdoo| krogv zkhq U lv orz hqrxjk/ dqg lv ylrodwhg dw kljk

hqrxjk ydoxhv1 Wklv lpsolhv wkdw wkhuh lv d pd{lpxp vxvwdlqdeoh jurzwk udwh zklfk lv frqvwudlqhg

e| frq lfw ryhu wkh glvwulexwlrq ri lqfrph/ dv lq Ehqkdele dqg Uxvwlfklql +4<<9,1 Wklv pd{lpxp

jurzwk udwh uU4@ idoov dv pd{�i��@��j ru pd{�i��@��j ulvh165

+5, Jurzwk ehfrphv kdughu wr vxvwdlq zkhq vrph +ru erwk, jurxs*v delolw| wr h{sursuldwh wkh

rwkhu wkurxjk xqlodwhudo/ rssruwxqlvwlf ghyldwlrqv lv glvsursruwlrqdwh wr lwv �qrupdo� vkduh ri wkh

hfrqrplf slh= iru dq| jlyhq U> +65, fhdvhv wr krog dv ��@�� ehfrphv odujh hqrxjk1 Frqvhtxhqwo|/

U4@ ghfolqhv1

+6, Lqfrph lqhtxdolw| dovr olplwv wkh hfrqrp|*v jurzwk udwh/ iru d jlyhq doorfdwlrq ri srzhu

dqg h{sursuldwlqj delolw|1 Iru lqvwdqfh li �� @ �2 dqg � @ 4@5> wkh lqfhqwlyh frpsdwlelolw|

frqvwudlqw lv elqglqj iru wkh jurxs zlwk wkh vpdoohu lqfrph vkduh/ �� ? �2= Ghyldwlrqv frph iurp

wkh srru/ dqg duh pruh olnho| wkh srruhu wkh| duh1 Lq wklv fdvh lw pd| eh lq wkh lqwhuhvw ri wkh ulfk

wr yroxqwdulo| wudqvihu zhdowk wr wkh srru wkurxjk odqg uhirup/ hgxfdwlrq vxevlglhv/ d plqlpxp

zdjh/ ru wudgh surwhfwlrq= jurxs 5 lv ehwwhu r� li lwv rzq vkduh �2 fdq eh shupdqhqwo| uhgxfhg

wr lqfuhdvh ��1 Wklv vfhqdulr/ irupdol}hg e| Jurvvpdq +4<<7,/ +4<<8, lq d vwdwlf frqwh{w/ dulvhv

khuh iurp wkh ghvludelolw| ri jurzwk1

+7, Krzhyhu/ lw frxog eh wkh srru zkr duh uhodwlyho| pruh yxoqhudeoh wr h{sursuldwlrq ru

h{sorlwdwlrq> rqh fdq wklqn ri vpdoo shdvdqwv yhuvxv odujh odqgrzqhuv1 Li ��@�� @ �2@�2 exw

��@�� ? �2@�2/ iru lqvwdqfh/ lw lv wkh ulfk*v wkuhdw wr ghyldwh zklfk uhgxfhv dffxpxodwlrq1 Wkh

prgho wkxv pdnhv fohdu wkdw zkdw pdwwhuv lv qrw lqhtxdolw| lq wkh +htxloleulxp, glvwulexwlrq

ri lqfrph shu vh/ dv riwhq fodlphg lq wkh olwhudwxuh/ exw lqhtxdolw| lq wkh uhodwlyh glvwulexwlrq ri

hduqlqj dqg srolwlfdo srzhu= vlqfh ��.�2 @ ��.�2 @ 4> wkh plqlpdo ydoxh ri pd{�i��@��j> zklfk

pd{lpl}hv jurzwk/ lv 4=66 Qrwh dovr wkdw wkh lpsruwdqw uroh sod|hg e| r�0wkh htxloleulxp�sdwk

sd|r�v lv d srwhqwldo sureohp iru wkh hpslulfdo lpsohphqwdwlrq ri vxfk jdph�wkhruhwlf prghov1 L

vkdoo uhwxuq wr lw ehorz1

+8, Wkh pruh ri wkh h{sursuldwlrq frphv iurp fdslwdo/ dv rssrvhg wr rwkhu shrsoh*v frqvxps0

wlrq/ wkh hdvlhu lw lv wr vxvwdlq frrshudwlrq= y� lv ghfuhdvlqj lq ��=

65Iru lqvwdqfh dv U whqgv wr }hur/ �EU� E � n 4EoU��3@ : � n 4EoUE� 3 B��E��*k���
�3@ E ��EU� dv orqj dv E� 3

B��E��*k�� 	 �� Frqyhuvho|/ �E�� ' f 	 ��E�� dozd|v dqg �EU� ' � 	 ��EU� zkhqhyhu q�*k� : �� Lq wkh jdph
ghvfulehg khuh wkhuh duh rqo| wzr vxvwdlqdeoh jurzwk udwhv/ oU dqg }hur1 Exw vxssrvh qrz wkdw wkhuh lv lq idfw d
frqwlqxxp ri vxfk jdphv/ lqgh{hg e| Uc zklfk fdq eh sod|hg> doo rwkhu sdudphwhuv duh lqyduldqw1 Dprqj ydoxhv
ri U iru zklfk frrshudwlrq fdq eh vxvwdlqhg/ erwk jurxsv zloo suhihu wkh rqh zlwk wkh frqvwudlqhg�rswlpdo jurzwk
udwh/ U

WW 
 4�?tUWc U4@ �� Wkh| zloo dovr eh xqdqlprxv lq suhihuulqj wkh U
WW jdph wr dq| rwkhu zlwk d vlqjoh/

xqfrrshudwlyh htxloleulxp li �EUWW� :4@ �tE��*k��
�3@�� Li wklv frqglwlrq lv qrw vdwlv�hg wkh Sduhwr iurqwlhu lqfoxghv

erwk wkh rWW dqg wkh }hur0jurzwk rxwfrphv1
66Ghyldwlrqv e| wkh ulfk dovr rffxu lq Eduervd/ Mrydqrylf dqg Vslhjho +4<<9,/ exw wkh frqwh{w lv gl�huhqw1 Djhqwv

zlwk vwrfkdvwlf hqgrzphqwv hqwhu lqwr dq h{�dqwh h!flhqw lqfrph vkdulqj djuhhphqw1 H{�srvw/ wkh| pd| uhqhjh
dqg �jkw ryhu wkh dssursuldwlrq ri wrwdo uhvrxufhv1 Wkhlu ghflvlrqv duh edvhg rq fxuuhqw sd|r�v rqo|1
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716 Hpslulfdo Hylghqfh

Wkh �qglqjv iurp prvw vwxglhv zklfk kdyh h{dplqhg wkh olqnv ehwzhhq lqhtxdolw|/ frq lfw ryhu

surshuw| uljkwv/ dqg jurzwk duh vxppdul}hg lq froxpqv +<, dqg +43, ri Wdeoh 51 Wzr eurdg

phdvxuhv ri �lqvwdelolw|� ru �lqvhfxulw|� kdyh ehhq frqvlghuhg1 Wkh �uvw frqvlvwv ri lqglfhv ri

vrflrsrolwlfdo lqvwdelolw| frqvwuxfwhg iurp ydulrxv frpelqdwlrqv ri surwhvwv/ vwulnhv/ jryhuqphqw

wxuqryhu/ srolwlfdo ylrohqfh/ frxsv/ uhyroxwlrqv/ dqg wkh olnh +h1j1/ Yhqlhulv dqg Jxswd +4<;9,/

Orqguhjdq dqg Srroh +4<<3,/ Dohvlqd dqg Shurwwl +4<<9,/ Dohvlqd/ Ùo}hu dqg Urxelql +4<<9,/

Shurwwl +4<<9,,1 Ehfdxvh ri wkh srwhqwldoo| vhulrxv vlpxowdqhlw| sureohp prvw vwxglhv hvwlpdwh d

mrlqw prgho ri jurzwk dqg lqvwdelolw|1 Wkh rwkhu irup ri �lqvwdelolw|� lv pruh gluhfwo| olqnhg wr wkh

lvvxh ri surshuw| uljkwv1 Lw lv phdvxuhg e| ydulrxv lqglfdwruv ri �frxqwu| ulvn� vrog e| vshfldol}hg

�upv wr lqwhuqdwlrqdo lqyhvwruv/ vxfk dv vryhuhljq ghidxow ulvn/ h{sursuldwlrq ru qdwlrqdol}dwlrq

ulvn/ uxoh ri odz/ hqirufhdelolw| ri frqwudfwv/ txdolw| ri wkh exuhdxfudf|/ fruuxswlrq/ dqg vr rq> vhh

Nhhihu dqg Nqdfn +4<<8,/ Vyhqvvrq +4<<6, ru Eduur +4<<9,1 Froxpq +<, vkrzv wkdw erwk w|shv

ri vhfxulw| ghwhulrudwh dv d uhvxow ri lqfuhdvhg lqfrph lqhtxdolw|1 Lq wxuq/ froxpq +43, vkrzv

wkdw erwk juhdwhu srolwlfdo wxuprlo dqg orzhu surwhfwlrq ri surshuw| uljkwv ghfuhdvh lqyhvwphqw

dqg jurzwk1 Wkh jhqhudo lghd wkdw lqhtxdolw| h{dfhuedwhv vrfldo frq lfw/ zklfk lq wxuq pdnhv

surshuw| uljkwv ohvv vhfxuh dqg uhgxfhv jurzwk wkxv dsshduv zhoo vxssruwhg e| wkh hylghqfh>

lqghhg lw lv hplqhqwo| sodxvleoh1 Wkh vshfl�f fkdqqhov wkurxjk zklfk wklv rffxuv/ krzhyhu/ uhpdlq

wr eh fohduo| lghqwl�hg1 Vyhqvvrq +4<<6, �qgv wkdw zkhq erwk srolwlfdo lqvwdelolw| dqg surshuw|

uljkwv yduldeohv duh lqfoxghg lq lqyhvwphqw uhjuhvvlrqv/ rqo| wkh odwwhu duh vljql�fdqw> rq wkh rwkhu

kdqg/ juhdwhu srolwlfdo vwdelolw| lpsolhv pruh vhfxuh surshuw| uljkwv/ dv grhv d pruh htxdo lqfrph

glvwulexwlrq1 Nhhihu dqg Nqdfn +4<<8, uhsruw wkdw zkhq rqh frqwurov iru lqlwldo JGS lq wkh

lqyhvwphqw htxdwlrq/ srolwlfdo lqvwdelolw| ehfrphv lqvljql�fdqw1

L dovr zurwh vxssruw iru �wkh jhqhudo lghd� udwkhu wkdq �wkh prghov� ehfdxvh wkh olqn ehwzhhq

wkh odwwhu dqg lqwxlwlyh ru hpslulfdo qrwlrqv ri vrfldo ru srolwlfdo lqvwdelolw| lv vwloo vrphzkdw whq0

xrxv1 Wklv fdq eh vhhq iurp wkh uhsuhvhqwdwlyh prgho suhvhqwhg deryh1 Iluvw/ qrwh wkdw frqwudu|

wr frpprq lqwhusuhwdwlrq/ xqfhuwdlqw| ru xqsuhglfwdelolw| lv uhdoo| qrw sduw ri wkh vwru|1 Wkh

phfkdqlvp irupdol}hg khuh dqg lq prvw ri wkh olwhudwxuh lv qrw rqh zkhuh juhdwhu lqhtxdolw| ohdgv/

wkurxjk pruh dfxwh srolwlfdo frq lfw/ wr d phdq�suhvhuylqj vsuhdg lq wkh uhwxuq wr lqyhvwphqw

+dqg hyhq wklv lv nqrzq wr kdyh dq dpeljxrxv h�hfw,1 Lw kdv qr xs�vlgh dqg wkxv ohdgv/ yhu| pxfk

dv lq wkh yrwlqj prghov/ wr d orzhu phdq uhwxuq gxh lqfuhdvhg h{sursuldwlrq/ ru wkh wkuhdw wkhuhri1

Vhfrqg/ zlwk shuihfw lqirupdwlrq derxw dfwlrqv dqg sd|r�v/ htxloleulxp lv dfklhyhg zlwkrxw dq|

�iulfwlrq� ru uhvrxufh glvvlsdwlrq1 Mxvw dv wkhuh lv qr uhdvrq iru ghod| wr rffxu lq d edujdlqlqj

prgho zlwk v|pphwulf lqirupdwlrq/ wkhuh lv qr uroh lq wkhvh prghov iru vwulnhv/ ulrwv/ frxsv/ dv0

vdvvlqdwlrqv/ hwf1 Lqfrusrudwlqj lqfrpsohwh lqirupdwlrq/ dv iru lqvwdqfh lq Dohvlqd dqg Gud}hq

+4<<4,/ zloo jhqhudwh ghod|v dqg uhvrxufh0glvvlsdwlqj vwuxjjohv dorqj wkh htxloleulxp sdwk> exw wkh

h{whqw wr zklfk wkhvh rffxu zloo uh hfw qrw vr pxfk wkh glvwulexwlrq ri lqfrph +dqg srzhu, dv

wkh h{whqw ri djhqwv* xqfhuwdlqw| ryhu zkdw wklv glvwulexwlrq lv1 Zk| wkh wzr vkrxog eh uhodwhg
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lv qrw reylrxv1 Jlyhq lpshuihfw lqirupdwlrq/ uhvrxufhv zrxog eh glvvlsdwhg dv zhoo lq vwdqgdug

srolwlfdo hfrqrp| prghov= wkh yrwhu zkr wxuqv rxw wr eh slyrwdo +vd|/ phgldq, zloo hyhqwxdoo|

kdyh klv zd|/ exw rqo| diwhu frvwo| srolwlfdo fdpsdljqv/ oree|lqj dqg ohjlvodwlyh pdqhxyhuv1 Wklv

zloo pdnh wkh wzr w|shv ri prgho d olwwoh pruh vlplodu |hw/ dv zrxog wkh lqfrusrudwlrq ri vwudwhjlf/

g|qdplf frqfhuqv lqwr wkh yrwlqj prgho= uhsxwdwlrq ri wkh slyrwdo fodvv iru �vfdo uhvwudlqw/ wuljjhu

vwudwhjlhv rq wkh sduw ri wkh sulydwh vhfwru/ dqg vr rq1

8 Frqyhujhqfh= Rq wr Vhfrqg Prphqwv +dqg Kljkhu,

Duh frxqwulhv frqyhujlqj wr wkh vdph ohyho ri lqhtxdolw|B Wklv txhvwlrq pd| vhhp xqxvxdo/ dqg

lqghhg lw kdv qrw ehhq wdnhq xs e| wkh hpslulfdo olwhudwxuh1 \hw lw lv lpsruwdqw/ rq vhyhudo frxqwv1

Iluvw/ dvfhuwdlqlqj wkh idfwv lv lq lwvhoi ri lqwhuhvw1 Lw lv frpprq nqrzohgjh wkdw Odwlq Dphulfdq

frxqwulhv whqg wr eh pruh xqhtxdo wkdq Hxurshdq rqhv/ wkhpvhoyhv ohvv htxdo wkdq Hdvw�Dvldq

rqhv1 Vlploduo|/ wkh vshfwhu ri X1V1�vw|oh lqhtxdolw| lv riwhq xvhg lq Hxursh wr mxvwli| kljk ohyhov

ri uhglvwulexwlrq dqg plqlpxp zdjhv1 Exw duh doo wkhvh jdsv uhdoo| shupdqhqw/ ru lqh{rudeo|

qduurzlqjB67

Vhfrqg/ lw fdq vkhg oljkw rq wkh uhohydqfh ri prghov zlwk pxowlsoh vwhdg|�vwdwhv dqg klvwru|�

ghshqghqfh ri wkh lqfrph glvwulexwlrq1 Lq sduwlfxodu/ lw surylghv dq lqgluhfw whvw ri wkh mrlqw

phfkdqlvpv ri fuhglw pdunhw lqfrpsohwhqhvv dqg qhjdwlyh ihhgedfn iurp lqhtxdolw| wr vrfldo pr0

elolw| zklfk xqghuolh wkhvh wkhrulhv/ dv h{sodlqhg lq Vhfwlrq 6191

Wklug/ wkhuh lv qrz d ydvw hpslulfdo olwhudwxuh h{dplqlqj lqwhuqdwlrqdo frqyhujhqfh lq shu

fdslwd lqfrphv1 Wklv yduldeoh lv diwhu doo rqo| wkh �uvw prphqw ri hdfk frxqwu|*v lqfrph glvwulex0

wlrq1 Rqfh dxjphqwhg zlwk lglrv|qfudwlf vkrfnv/ prvw yhuvlrqv ri wkh qhrfodvvlfdo jurzwk prgho

lpso| frqyhujhqfh lq glvwulexwlrq= frxqwulhv zlwk wkh vdph ixqgdphqwdov vkrxog whqg wrzdugv

wkh vdph lqyduldqw glvwulexwlrq ri zhdowk dqg suh�wd{ lqfrph168 Eduulqj xqh{sodlqhg gl�huhqfhv

lq �wdvwhv� iru htxlw| ru lq wkh glvwulexwlrq ri lqqdwh delolwlhv/ shuvlvwhqw gl�huhqfhv lq wkh gh0

juhh ri lqhtxdolw| zrxog frqyhuvho| lqglfdwh wkh suhvhqfh ri vrph irup ri lqfuhdvlqj uhwxuq ru

frpsohphqwdulw| lq wkh hfrqrplf ru srolwlfr�hfrqrplf vwuxfwxuh1

67Orrnlqj dw RHFG frxqwulhv lq wkh 4<;3*v/ Jrwwvfkdon dqg Vphhglqj +4<<8, �qg qr uhodwlrq ehwzhhq lqlwldo
ohyhov ri lqhtxdolw| dqg fkdqjhv lq lqhtxdolw| gxulqj wkh ;3*v1 Li dq|wklqj/ wkhuh lv vrph hylghqfh ri srodul}dwlrq dw
wkh h{wuhphv/ ri wkh w|sh vxjjhvwhg e| Sursrvlwlrq <1 Wkh odujhvw lqfuhdvhv rffxuuhg lq wkh XN dqg wkh XV/ zklfk
kdg wkh kljkhvw lqlwldo ohyhov/ vxjjhvwlqj wkdw wkhvh frxqwulhv pd| eh frqyhujlqj wr d kljk lqhtxdolw| vwhdg|�vwdwh1
Wkh vpdoohvw lqfuhdvhv rffxuuhg lq Lwdo|/ Iudqfh/ Sruwxjdo dqg Ghqpdun> wkxv Ghqpdun frxog eh frqyhujlqj wr d
orz lqhtxdolw| vwhdg|�vwdwh1 Zkloh wklv h{huflvh surylghv ydoxdeoh lqirupdwlrq/ lw vx�huv iurp ehlqj edvhg rq d
vpdoo qxpehu ri frxqwulhv/ vhyhudo ri zklfk duh revhuyhg ryhu d yhu| vkruw lqwhuydo ri wlph1

68Vhh iru lqvwdqfh Edqhumhh dqg Qhzpdq +4<<4,/ D|djdul +4<<7,/ Ehuwrod +4<<8, ru wkh fdvh zlwkrxw fuhglw�
frqvwudlqwv lq Slnhww| +4<<9, iru h{dpsohv ri wklv hujrglflw| surshuw|1 Vrph ri wkhvh prghov hyhq lqfoxgh fuhglw
udwlrqlqj +djhqwv fdq eruurz ohvv wkdq zkdw wkh| frxog uhsd| zlwk suredelolw| rqh, exw wkh ihhgedfn iurp wkh
zhdowk glvwulexwlrq wr fuhglw frqvwudlqwv glvfxvvhg lq Vhfwlrq 619 lv hlwkhu devhqw ehfdxvh wkh odwwhu duh vshfl�hg
h{rjhqrxvo|/ ru dv wkh hfrqrp| jurzv lw ehfrphv wrr zhdn wr jhqhudwh pxowlsolflw| +Djklrq dqg Erowrq +4<<9,,1
Ghsduwlqj iurp krprwkhwlf suhihuhqfhv e| lqwurgxflqj d plqlpxp frqvxpswlrq ohyho dv lq Fkdwwhumhh +4<<7, frxog
suredeo| ohdg wr klvwru|�ghshqghqfh/ exw wkh vwrfkdvwlf yhuvlrq ri wkdw prgho vwloo uhpdlqv wr eh vwxglhg1
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Kdylqj udlvhg wkh txhvwlrq ri frqyhujhqfh lq kljkhu prphqwv/ L vkdoo pdnh khuh d �uvw sdvv

dw wu|lqj wr dqvzhu lw1 Lghdoo|/ rqh zrxog dsso| wr dq lqwhuqdwlrqdo sdqho ri lqhtxdolw| phdvxuhv

wkh vdph whvwv zklfk duh qrz vwdqgdug lq wkh olwhudwxuh rq wkh frqyhujhqfh ri �uvw prphqwv=

uhjuhvvlqj udwhv ri fkdqjh rq lqlwldo ydoxhv/ h{dplqlqj zkhwkhu furvv�vhfwlrqdo glvshuvlrq idoov

ryhu wlph +Eduur +4<<4,/ Eduur dqg Vdod�l0Pduwlq +4<<5,,/ ru wkh pruh frpsoh{ whvwv ri Txdk

+4<<6, dqg Gxuodxi dqg Mrkqvrq +4<<8,1 Wkh elqglqj frqvwudlqw/ krzhyhu/ lv gdwd= qr vxfk sdqho

h{lvwv ryhu d orqj hqrxjk shulrg1 Wkh forvhvw vxevwlwxwh lv d qhz gdwd edvh uhfhqwo| sxw wrjhwkhu

e| Ghlqlqjhu dqg Vtxluh +4<<8d,1 Lw vljql�fdqwo| h{sdqgv wkh fryhudjh ri suhylrxv gdwd vhwv/ erwk

ryhu wlph dqg ryhu frxqwulhv/ wr wkh h{whqw wkdw rqh fdq wklqn ri lw dv d sdqho zlwk +vwloo pdq|,

plvvlqj fhoov1 L vkdoo dovr xvh gdwd iru d vdpsoh ri RHFG frxqwulhv iurp wkh Ox{hperxuj Lqfrph

Vwxg| +OLV,1 Lw frqwdlqv idu ihzhu revhuydwlrqv exw frqvlghudeoh h�ruw kdv ehhq ghyrwhg wr pdnlqj

wkh qxpehuv frpsdudeoh dfurvv frxqwulhv1

L vwduw zlwk d elug*v h|h ylhz ri wkh lvvxh/ e| frpsdulqj wkh vhyhq pdlq uhjlrqv ri wkh zruog

iru zklfk Ghlqlqjhu dqg Vtxluh +4<<8d, surylgh vxppdu| vwdwlvwlfv rq lqhtxdolw|= Odwlq Dphulfd/

Vxe�Vdkdudq Diulfd/ Plggoh Hdvw dqg Qruwk Diulfd/ Hdvw Dvld2Sdfl�f/ Vrxwk Dvld/ RHFG dqg

Kljk Lqfrph/ dqg Hdvwhuq Hxursh1 Iru hdfk uhjlrq wkh| frqvwuxfwhg ghfdgdo dyhudjhv ri ydulrxv

lqhtxdolw| phdvxuhv/ e| dyhudjlqj doo dydlodeoh revhuydwlrqv iurp wkh 4<93*v wr wkh 4<<3*v1 Iurp

wkhvh qxpehuv L frpsxwhg erwk wkh zruog dyhudjh dqg wkh furvv0uhjlrqdo vwdqgdug ghyldwlrq ri

hdfk lqhtxdolw| phdvxuh1 Wkhvh duh uhsruwhg lq Wdeoh 61

Jlql +(, Dgm1 Jlql +(, Erwwrp 53( 6_.7|� Txlqwlohv Wrs 53( Wrs 53 2 Erwwrp53

Phdq

4<93*v 6<1<< 74185 914; 68198 7:1;7 <136

4<:3*v 6<167 731<5 9136 6917< 7:157 ;1;<

4<;3*v 6:17: 6<1<5 9185 6:189 771:6 ;164

4<<3*v 6;15; 74196 9176 6:157 7817: ;179

Vwdqgdug Ghyldwlrq

4<93*v 43136 431:: 514: 715< ;1<4 7185

4<:3*v 43187 44156 51:: 61:7 ;1:9 715<

4<;3*v ;166 <176 4183 51<: 81<: 61:6

4<<3*v :1:< <179 418; 6185 9199 61;5

Wdeoh 6= lqhtxdolw| dfurvv vhyhq pdlq uhjlrqv

Uhjlrqv= Odwlq Dphulfd/ Vxe�Vdkdudq Diulfd/ Plggoh Hdvw dqg Qruwk Diulfd / Hdvw Dvld 2 Sdfl�f/

Vrxwk Dvld/ RHFG dqg Kljk Lqfrph/ Hdvwhuq Hxursh1

Vrxufh= frpsxwhg iurp Ghlqlqjhu dqg Vtxluh +4<<8d,/ Wdeohv 8 wr :1

Zkloh wkhvh duh vrphzkdw fuxgh vwdwlvwlfv/ wkh| srlqw wr vrph lqwhuhvwlqj idfwv169 Iru wkh

phdq ohyho ri lqhtxdolw| lq wkh zruog wkh slfwxuh lv rqh ri uhodwlyh vwdelolw|> vrph vpdoo dqg

69Rqh zrxog zdqw wr zhljk uhjlrqv e| srsxodwlrq ru lqfrph/ iru lqvwdqfh1 Wkh �dgmxvwhg Jlql� lq wkh vhfrqg
froxpq ri Wdeoh 6 uhihuv wr dq dgmxvwphqw pdgh e| Ghlqlqjhu dqg Vtxluh +4<<8d, wr revhuydwlrqv edvhg rq h{shqgl0
wxuh udwkhu wkdq lqfrph vxuyh|v1 Wkh iruphu w|slfdoo| eldv wkh Jlql frh!flhqw grzqzdug1 Wkh dgmxvwphqw frqvlvwv
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judgxdo lpsuryhphqw lv ylvleoh xqwlo wkh 4<;3*v/ diwhu zklfk wkh vlwxdwlrq vwduwv wr ghwhulrudwh1

Furvv�uhjlrqdo yduldwlrqv lq lqhtxdolw|/ rq wkh rwkhu kdqg/ vkrz d fohdu ghfolqh1 Wkh frh!flhqw

ri yduldwlrq idoov e| 4<( iru wkh Jlql frh!flhqwv/ 63( iru wkh vkduhv ri wkh erwwrp txlqwloh/ 55(

iru wkh vkduhv ri wkh wklug dqg irxuwk txlqwlohv dqg 6:( iru wkh vkduh wkh wrs txlqwloh1 Qrwh dovr

wkdw doprvw doo ri wklv �frqyhujhqfh� rffxuuhg ehwzhhq wkh 4<:3*v dqg 4<;3*v16:

L qh{w zhqw wr wkh ixoo vdpsoh dqg udq vlpsoh frqyhujhqfh whvwv iru wkh Jlql frh!flhqwv dfurvv

lqglylgxdo frxqwulhv/ wr wkh h{whqw shuplwwhg e| wkh gdwd1 L fkrvh wkh Jlql udwkhu wkdq sduwlfxodu

vkduhv ru vkduh udwlrv ehfdxvh lw zdv dydlodeoh iru pruh revhuydwlrqv/ dqg ehfdxvh lw uhodwhv pruh

gluhfwo| wr wkh wudqvlwlrq htxdwlrq +5;, lq wkh irupdo prgho16; Lq wkh �uvw whvw L frpsxwhg iru

hdfk frxqwu| wkh dyhudjh |hduo| udwh ri fkdqjh lq wkh Jlql frh!flhqw ehwzhhq wkh �uvw dqg odvw

dydlodeoh revhuydwlrqv1 L wkhq udq d uhjuhvvlrq ri wklv yduldeoh rq d frqvwdqw dqg wkh lqlwldo ydoxh

ri wkh Jlql1 Wkh uhvxowv duh uhsruwhg lq Wdeoh 7/ iru irxu vdpsohv1

Vdpsoh 4 +Q@9<, Vdpsoh 5 +Q@58, Vdpsoh 6 +Q@4<, Vdpsoh 7 +Q@49,

f 1974 1:88 4155 5189

+613:, +5198, +717<, +417;,

lqlwldo Jlql 01348 0134: 01369 01393

+06137, +05187, +071:8, +04167,
7-2 1394 1595 17;3 1383

Wdeoh 7= frqyhujhqfh whvwv xvlqj xvlqj Jlqlv* dyhudjh udwh ri fkdqjh

+khwhurvnhgdvwlflw|�frqvlvwhqw w�vwdwlvwlfv lq sduhqwkhvlv,

Vdpsoh 4= Ghlqlqjhu dqg Vtxluh gdwd vhw +4<<8d,> Vdpsoh 5= vxevhw ri frxqwulhv xvlqj jurvv

krxvhkrog lqfrph vxuyh|v> Vdpsoh 6= vxevhw ri RHFG frxqwulhv> Vdpsoh 7= OLV gdwd vhw1

Wkh �uvw vdpsoh frqvlvwv ri wkh 9< frxqwulhv iru zklfk L zdv deoh wr frpsxwh wkh udwh ri

fkdqjh16< Wkh vhfrqg rqh lv shukdsv wkh prvw uholdeoh= lw uhvwulfwv dwwhqwlrq wr wkh 58 frxqwulhv

iru zklfk wkh gdwd duh prvw frpsdudeoh/ kdylqj ehhq rewdlqhg iurp vlplodu w|shv ri vxuyh|v

+jurvv krxvhkrog lqfrph,1 Wkh wklug rqh frqvlvwv ri wkh 4< RHFG frxqwulhv lq wkh ixoo vdpsoh1

Lw lv frpsohphqwhg e| wkh OLV gdwd vhw/ zkhuh L zdv deoh wr shuirup wkh vdph uhjuhvvlrq rq 49

frxqwulhv> wkh w|slfdo wlph lqwhuydo lv pxfk vkruwhu/ krzhyhu1 Wkh uhvxowv duh frqvlvwhqw dfurvv wkh

irxu froxpqv= wkh qhjdwlyh dqg jhqhudoo| vljql�fdqw vljqv lqglfdwh phdq�uhyhuvlrq lq lqhtxdolw|1

Wr uhgxfh wkh fkdqfh wkdw wkhvh uhvxowv zhuh gxh wr phdvxuhphqw huuru rq wkh �uvw revhuydwlrq

ri dgglqj wr wkh Jlql wkh dyhudjh vl}h ri wkh eldv/ zklfk Ghlqlqjhu dqg Vtxluh frpsxwh wr eh derxw 919 ( lq wkhlu
gdwd vhw1

6:Jlyhq wkdw wkhuh duh rqo| vhyhq revhuydwlrqv lq hdfk fdvh/ wkh gl�huhqfhv lq vwdqgdug ghyldwlrqv ru frh!flhqwv
ri yduldwlrq grfxphqwhg lq Wdeoh 6 duh/ xqvxusulvlqjo|/ qrw vwdwlvwlfdoo| vljql�fdqw1 Lq p| ylhz wklv grhv qrw pdnh
wkhp dq| ohvv lqwuljxlqj/ hvshfldoo| lq wkh oljkw ri wkh rwkhu hylghqfh glvfxvvhg ehorz1

6;Iru d orj�qrupdo/ wkh Jlql lv d prqrwrqlf ixqfwlrq ri wkh yduldqfh ri wkh orjv {2
| � L dovr udq pdq| ri wkh

uhjuhvvlrqv zlwk wkh orjdulwkpv ri wkh Jlqlv lqvwhdg ri wkh ohyhov1 Wklv ohg wr vlplodu uhvxowv1
6<Uhvwulfwlqj wkh vdpsoh wr wkrvh frxqwulhv zkhuh dw ohdvw whq |hduv vhsdudwh wkh �uvw dqg odvw revhuydwlrqv ohdgv

wr wkurzlqj rxw qlqh gdwd srlqwv/ zlwk hvvhqwldoo| xqfkdqjhg uhvxowv1
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+zklfk eldvhv wkh frh!flhqw wrzdugv qhjdwlyh ydoxhv,/ L udq wkh uhjuhvvlrq zlwk wkh h{dfw vdph

uljkw�kdqg�vlgh yduldeohv exw uhsodflqj wkh ohiw�kdqg vlgh e| wkh dyhudjh udwh ri fkdqjh ehwzhhq

wkh vhfrqg dqg odvw dydlodeoh revhuydwlrqv1 Iru wkh �uvw wkuhh vxevdpsohv wkh frh!flhqw uhpdlqhg

yluwxdoo| xqfkdqjhg dqg vwdwlvwlfdoo| vljql�fdqw +w�vwdwlvwlfv udqjhg iurp 41< wr 613,1 Iru wkh OLV

gdwd vhw/ lw ehfdph srvlwlyh dqg lqvljql�fdqw> krzhyhu/ wkdw uhjuhvvlrq frqwdlqhg rqo| 45 gdwd

srlqwv +zlwk wkh wuhqg riwhq frpsxwhg ryhu gdwhv vhsdudwhg e| mxvw d ihz |hduv, dv rssrvhg wr

ehwzhhq 4; dqg 95 iru wkh Ghlqlqjhu dqg Vtxluh gdwd vhw1

Rqh sureohp zlwk wklv whvw lv wkdw lqhtxdolw| dqg lwv udwh ri fkdqjh duh frpsxwhg ryhu gl�huhqw

shulrgv iru gl�huhqw frxqwulhv1 Wkh lqfrpsohwhqhvv ri wkh gdwd vhw grhv qrw shuplw rqh wr uxq wkh

vwdqgdug furvv�vhfwlrqdo uhjuhvvlrq ryhu d �{hg/ whq ru wzhqw| |hdu shulrg1 Wr jhqhudwh d xvdeoh

sdqho lw lv qhfhvvdu| wr lqwhusrodwh vrph plvvlqj gdwd1 Wklv lv zkdw L glg/ xvlqj qhljkerulqj

revhuydwlrqv zkhq uhtxluhg wr rewdlq Jlql frh!flhqwv iru 4<:3/ 4<;3 dqg 4<<31 L zdv wkhq deoh wr

uxq lqhtxdolw| frqyhujhqfh uhjuhvvlrqv iru wkh shulrgv 4<:3�4<;3 +Wdeoh 8d/ 66 frxqwulhv,/ 4<;3�

4<<3 +Wdeoh 8e/ 6; frxqwulhv, dqg 4<:3�4<<3 +Wdeoh 8f/ 58 frxqwulhv,1 Wkh �uvw froxpq suhvhqwv

wkh edvlf uhjuhvvlrq ri wkh fkdqjh lq wkh Jlql rq wkh lqlwldo ydoxh dqg d frqvwdqw1 Wkh frh!flhqw

lv qhjdwlyh dqg vljql�fdqw dw wkh 8( ohyho iru 4<:3�4<;3/ vlplodu lq vl}h exw vljql�fdqw rqo| dw

wkh 43( ohyho iru 4<;3�4<<3/ dqg vpdoo dqg lqvljql�fdqw iru 4<:3�4<<31 Rqh vrxufh ri frqfhuq

lv wkdw wkh gdwd iurp gl�huhqw frxqwulhv pd| qrw eh gluhfwo| frpsdudeoh1 Vrph qxpehuv frph

iurp h{shqglwxuh vxuyh|v/ rwkhuv iurp lqfrph vxuyh|v> vrph shuwdlq wr krxvhkrog lqfrph/ rwkhuv

wr shuvrqdo lqfrph> �qdoo|/ prvw frqfhuq jurvv lqfrph/ exw vrph duh iru qhw +diwhu wd{, �jxuhv173

L ghdo zlwk wklv lvvxh lq wkuhh gl�huhqw zd|v/ doo ri zklfk ohdg wr vlplodu uhvxowv1 Iluvw/ L lqfoxgh

lq wkh uhjuhvvlrq gxpp| yduldeohv iru revhuydwlrqv jhqhudwhg iurp h{shqglwxuh gdwd/ shuvrqdo

lqfrph gdwd dqg qhw lqfrph gdwd +h{sgxp/ shugxp dqg qhwgxp,> wkh uhvxowv duh uhsruwhg lq wkh

vhfrqg froxpq ri Wdeoh 81 Dowhuqdwlyho|/ L �uvw uhjuhvv erwk wkh lqlwldo dqg �qdo Jlql frh!flhqwv

rq wkhvh gxpplhv +hydoxdwhg dw wkh uhohydqw |hduv,/ wkhq uxq wkh uhjuhvvlrq rq wkh uhvlgxdov

+�gjlqluhv�/ wklug froxpq ri hdfk wdeoh,1 Ilqdoo|/ L uxq wkh uhjuhvvlrq rq wkh vxevhw ri frxqwulhv

zklfk xvhg jurvv idplo| lqfrph iru erwk gdwhv1 Wkhvh uhvxowv/ jlyhq lq wkh �Vdpsoh 6� froxpq

ri hdfk wdeoh/ duh yhu| vlplodu wr wkh suhylrxv rqhv1 Rqfh djdlq wkhuh lv vljql�fdqw hylghqfh ri

lqhtxdolw| frqyhujhqfh iurp 4<:3 wr 4<;3/ pxfk ohvv vr iurp 4<;3 wr 4<<3 dqg qrqh dw doo iru wkh

zkroh shulrg 4<:3 wr 4<<31

Rqh sureohp zklfk pljkw h{sodlq wkh sx}}olqj glvfuhsdqf| ehwzhhq wkh �uvw wzr uhvxowv dqg

wkh odvw rqh lv wkdw wkh gdwd iru hdfk vxeshulrg duh iru gl�huhqw vxevhwv ri frxqwulhv1 L wkhuhiruh

uh�udq wkh uhjuhvvlrqv/ zlwk dqg zlwkrxw gxpplhv/ rq |hw dqrwkhu vxevdpsoh frqvlvwlqj ri wkh 57

frxqwulhv iru zklfk 4<:3/ 4<;3 dqg 4<<3 revhuydwlrqv zhuh dydlodeoh +hlwkhu iurp wkh ruljlqdo gdwd

ru e| lqwhusrodwlrq,1 Wkh uhvxowv duh suhvhqwhg xqghu wkh khdglqj �Vdpsoh 5�1 Rqfh djdlq wkh

hvwlpdwhv duh doo qhjdwlyh/ zlwk d gurs lq vljql�fdqfh exw qrw lq pdjqlwxgh iurp wkh �uvw ghfdgh

wr wkh vhfrqg/ dqg d gurs lq erwk zkhq prylqj wr wkh ixoo wzhqw|�|hduv shulrg1 D srvvleoh

73Ghlqlqjhu dqg Vtxluh +4<<8d, glvfxvv wkhvh sureohpv/ ri zklfk wkh �uvw rqh lv wkh prvw vhulrxv1
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h{sodqdwlrq zrxog iru vrph frxqwulhv wr jr iurp deryh wr ehorz wkh phdq +vd|, gxulqj wkh �uvw

ghfdgh/ wkhq pryh edfn deryh gxulqj wkh vhfrqg rqh1 Lq wkh irxuwk/ pxfk vpdoohu vxevdpsoh ri

RHFG frxqwulhv/ e| frqwudvw/ wkh hylghqfh ri phdq�uhyhuvlrq vhhpv vwurqjhu lq whupv ri erwk

pdjqlwxgh dqg vwdelolw| dfurvv shulrgv1 Ryhudoo/ wkh uhjuhvvlrqv uhsruwhg lq Wdeohv 8d wr 8f

frqvlvwhqwo| srlqw wr vrph phdq�uhyhuvlrq ehwzhhq 4<:3 dqg 4<;3/ exw wkh slfwxuh iru wkh rwkhu

shulrgv lv pxfk ohvv fohdu1 Lw lv lqwhuhvwlqj wr uhfdoo wkdw lq Wdeoh 6/ wkh glvshuvlrq ri lqhtxdolw|

dfurvv pdmru uhjlrqv ri wkh zruog h{shulhqfhg prvw ri lwv ghfolqh ehwzhhq wkh 4<:3*v dqg wkh

4<;3*v1 Orrnlqj dfurvv lqglylgxdo frxqwulhv/ krzhyhu/ rqh vhhv qr hylghqfh ri dq| qduurzlqj lq

wkh udqjh ri Jlqlv1 Wkh vwdqgdug ghyldwlrq +vghy,/ uhsruwhg lq wkh odvw wzr olqhv ri Wdeoh 8/ vkrzv

qr yluwxdoo| qr fkdqjh gxulqj dq| ri wkh wzr ghfdghv xqghu frqvlghudwlrq1

Wkh jhqhudo slfwxuh zklfk hphujhv dw wkh hqg ri wklv hpslulfdo h{huflvh lv wkxv d pl{hg rqh=

jhqhudo vwdelolw| lq wkh zruog glvwulexwlrq ri Jlqlv/ zlwklq zklfk frxqwulhv dqg uhjlrqv vhhp wr eh

h{shulhqflqj vrph qrq�qhjoljleoh dprxqw ri uhodwlyh prelolw|1 Wkh txhvwlrq ri zkhwkhu wkhuh lv

dfwxdo frqyhujhqfh ru zkhwkhu frxqwulhv rvfloodwh durxqg glvwlqfw orqj�uxq ohyhov ri lqhtxdolw| vwloo

dzdlwv d gh�qlwh dqvzhu1 Wklv lv shukdsv qrw vxusulvlqj jlyhq wkh udwkhu suholplqdu| qdwxuh ri

wkh dqdo|vlv dqg/ deryh doo/ wkh olplwdwlrqv ri wkh gdwd174 P| pdlq sxusrvh/ krzhyhu/ zdv wr sxw

iruzdug wkh lvvxh ri frqyhujhqfh lq glvwulexwlrq dv dq lpsruwdqw dqg hvvhqwldoo| xqh{soruhg wrslf

iru hpslulfdo uhvhdufk1 Krshixoo|/ ixwxuh vwxglhv zlwk pruh vrsklvwlfdwhg hfrqrphwulfv dqg ehwwhu

gdwd +orrnlqj dfurvv vwdwhv ru uhjlrqv dv lq Eduur dqg Vdod�l�Pduwlq +4<<5,, zloo khos uhvroyh wkh

lvvxh1

Wzr uhodwhg hpslulfdo txhvwlrqv dovr ghvhuyh vhulrxv lqyhvwljdwlrq1 Rqh/ prwlydwhg lq sdu0

wlfxodu e| Sursrvlwlrq </ lv zkhwkhu wkhuh lv vr wr vshdn �frqyhujhqfh lq uh�glvwulexwlrq�1 Duh

frxqwulhv/ ru hyhq lqgxvwuldol}hg frxqwulhv/ frqyhujlqj wr wkh vdph uhodwlyh vl}h ri wkh zhoiduh vwdwh/

ru duh wkhuh shupdqhqw gl�huhqfhv lq wkh vrfldo frqwudfwB Hylghqfh rq RHFG frxqwulhv surylghg

e| Olqghuw +4<<9, vxjjhvwv wkh odwwhu/ exw pruh irupdo whvwv rq odujhu vdpsohv duh qhhghg175

Dqrwkhu eurdg lvvxh lv zkhwkhu hgxfdwlrqdo/ �vfdo/ ru rwkhu irupv ri surjuhvvlyh uhglvwulexwlrq

dfwxdoo| lqfuhdvh prelolw|/ dv irupdol}hg lq htxdwlrq +5:, dqg vxjjhvwhg e| prvw prghov zlwk

lpshuihfw fdslwdo pdunhwv1 Uhfhqw zrun e| Frrshu +4<<9, vwxg|lqj wkh h�hfw ri vwdwh �qdqflqj

ri hgxfdwlrq rq wkh lqwhujhqhudwlrqdo prelolw| ri idplolhv lq srru frppxqlwlhv vxjjhvwv d srvlwlyh

dqvzhu1 Pxooljdq +4<<8,/ rq wkh rwkhu kdqg/ �qgv rqo| pl{hg hylghqfh wkdw eruurzlqj frqvwudlqwv

d�hfw wkh wudqvplvvlrq ri lqhtxdolw|1

74 Lq sduwlfxodu/ L kdyh rqo| orrnhg dw xqfrqglwlrqdo frqyhujhqfh1 Wkh srwhqwldo h�hfwv ri ghyhorsphqw rq lqhtxdo0
lw| +h1j1/ wkh Nx}qhwv k|srwkhvlv, dqg wkh uhyhuvh olqnv iurp lqhtxdolw| wr jurzwk vwxglhg lq wklv sdshu vxjjhvw wkdw
wkh g|qdplfv ri phdq lqfrph dqg lqfrph lqhtxdolw| vkrxog eh h{dplqhg mrlqwo|1

75Vhh Slnhww| +4<<8, dqg Eìqderx +4<<8d, iru prghov zklfk vhhn wr h{sodlq vxfk shuvlvwhqw gl�huhqfhv1
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9 Frqfoxvlrq

Qrq uhsuhvhqwdwlyh�djhqw jurzwk wkhru| kdv ghyhorshg vr udslgo| lq uhfhqw |hduv wkdw wklv wrxu

lv qhfhvvdulo| lqfrpsohwh1 Iluvw/ L irfxvhg rqo| rq wkh h�hfwv ri lqfrph ru zhdowk lqhtxdolw| rq

jurzwk/ udwkhu wkdq wkh uhyhuvh1 Wkh �uvw prgho*v lqfrph glvwulexwlrq hyroyhg hqgrjhqrxvo| lq

uhvsrqvh wr fuhglw frqvwudlqwv dqg srolf| rxwfrphv/ exw gxh wr wkh krprwkhwlflw| ri suhihuhqfhv/

whfkqrorj| dqg srolf| lw zdv qrw d�hfwhg e| wkh hfrqrp|*v ohyho ri ghyhorsphqw1 L wkxv hqwluho|

devwudfwhg iurp wkh Nx}qhwv +4<88, k|srwkhvlv/ h{fhsw zkhq glvfxvvlqj wkh uroh ri �{hg frvwv1

Wklv fkrlfh uh hfwv erwk vsdfh frqvwudlqwv dqg d zdqlqj lqwhuhvw lq wkh Nx}qhwv fxuyh/ dulvlqj

iurp lwv odfn ri hpslulfdo vxssruw lq prvw uhfhqw vwxglhv1 Vlplodu krprjhqhlw| surshuwlhv lq wkh

vhfrqg prgho suhfoxghg ph iurp h{dplqlqj zkhwkhu vrflrsrolwlfdo frq lfw dqg h{whqvlyh uhqw0

vhhnlqj duh glvhdvhv pruh olnho| wr d"lfw srru frxqwulhv ru ulfk rqhv +vhh Ehqkdele dqg Uxvwlfklql

+4<<9,,1 Dqrwkhu ohyho�ghshqghqw h�hfw ri lqfrph glvwulexwlrq dulvhv lq wkh �elj sxvk� wkhru|

irupdol}hg e| Pxusk|/ Vkohlihu dqg Ylvkq| +4<;<,1 Li lqgxvwuldol}dwlrq uhtxluhv d vx!flhqwo| odujh

grphvwlf pdunhw wr pdnh lqfuhdvlqj uhwxuqv whfkqrorjlhv sur�wdeoh/ h{fhvvlyh frqfhqwudwlrq ri

zhdowk pd| uhsuhvhqw dq revwdfoh wr jurzwk1 Wkh uhohydqw frqvwudlqw/ krzhyhu/ lv wkh devroxwh

hfrqrplf zhljkw ri wkh plggoh fodvv/ zklfk lq d odujh frxqwu| olnh Lqgld lv frqvlghudeoh hyhq zlwk

yhu| kljk lqhtxdolw|1 Nhhihu dqg Nqdfn +4<<8, whvw wkh �elj sxvk� phfkdqlvp e| lqfoxglqj lq

jurzwk uhjuhvvlrqv phdvxuhv ri pdunhw vl}h vxfk dv srsxodwlrq/ wrwdo JGS/ dqg rshqqhvv wr wudgh/

erwk e| wkhpvhoyhv dqg lqwhudfwhg zlwk lqfrph glvwulexwlrq1 Wkh| �qg qr vxssruw iru wkh wkhru|

lq wkhlu gdwd1 Dq hpslulfdoo| pruh vxffhvvixo gluhfwlrq ri uhvhdufk frqfhuqv wkh olqnv ehwzhhq

lqfrph glvwulexwlrq/ ihuwlolw|/ dqg ghyhorsphqw1 Shurwwl +4<<9, �qgv wkdw d juhdwhu lqfrph vkduh

ri wkh plggoh fodvv kdv d vwurqj qhjdwlyh h�hfw rq ihuwlolw|/ dqg wklv lq wxuq kdv d vljql�fdqw

srvlwlyh lpsdfw rq jurzwk1 L glg qrw glvfxvv wklv phfkdqlvp gxh wr vsdfh frqvwudlqwv dqg ehfdxvh

wkhuh lv |hw qr zhoo zrunhg rxw wkhru| ri glvwulexwlrq/ ihuwlolw| dqg jurzwk zklfk fdq urexvwo|

jhqhudwh wkhvh fruuhodwlrqv1 Dprqj wkh prghov zklfk kdyh ehjxq wr irupdol}h vrph ri wkhvh

olqnv/ pruhryhu/ wkh nlqg ri zhdowk frqvwudlqwv rq hgxfdwlrqdo lqyhvwphqw zklfk zhuh h{whqvlyho|

frqvlghuhg lq Vhfwlrq 6 riwhq sod| d fulwlfdo uroh +h1j1/ Jdoru dqg ]dqj +4<<6,,1

Hyhq iru wkh wkuhh pdlq wkhrulhv zklfk zhuh h{dplqhg lq vrph ghswk/ wkh dqdo|vlv qhfhvvdulo|

lqyroyhg d qxpehu ri vlpsol�fdwlrqv1 Iru frqflvlrq L devwudfwhg iurp lqkhulwhg delolw|/ g|qdvwlf

dowuxlvp/ rffxsdwlrqdo fkrlfh dqg h�ruw ghflvlrqv ri zrunhuv/ hqwuhsuhqhxuv ru uhqw�vhhnhuv/ dv zhoo

dv iurp vslooryhuv dqg qrq�frqyh{lwlhv ri dq| nlqg1 Doo wkhvh hohphqwv kdyh ehhq lqfrusrudwhg lq

wkh olwhudwxuh/ dqg wkhlu uroh phqwlrqhg dw ydulrxv srlqwv lq wkh sdshu1

Zkhuh gr zh jr iurp khuhB Wkh srolwlfdo hfrqrp| dqg lpshuihfw fdslwdo pdunhw prghov duh

qrz zhoo xqghuvwrrg dqg kdyh uhdfkhg wkh txdqwlwdwlyh vwdjh176 Zkloh ixuwkhu ghyhorsphqwv

76Vhh iru lqvwdqfh Nuxvhoo/ Txdgulql dqg Uðrv�Uýoo +4<<9,/ +4<<8, lq wkh �uvw fdvh/ Ihuqdqgh} dqg Urjhuvrq
+4<<7, dqg Eìqderx +4<<8e, lq wkh vhfrqg1 Wkhuh dovr pdq| txdqwlwdwlyh prghov zkhuh oltxlglw| frqvwudlqwv
lpshgh frqvxpswlrq�vprrwklqj exw qrw lqyhvwphqw +h1j1/ D|djdul +4<<7,/ Ehuwrod +4<<8,,/ exw wkhlu surshuwlhv duh
udwkhu gl�huhqw1
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+shukdsv lq uhodwlrq wr ihuwlolw| ru whfkqrorj|, zloo vxuho| suryh ydoxdeoh/ wkh jds ehwzhhq wkh

vfrsh ri wkh wkhruhwlfdo olwhudwxuh dqg wkh vfduflw| ri gluhfw hylghqfh pdnhv ixuwkhu hpslulfdo

zrun d kljk sulrulw|= vljqv ri wkh dgyhuvh h�hfwv ri uhglvwulexwlrq rq jurzwk uhpdlq hoxvlyh +wr

sxw lw plogo|,/ dqg lqihuhqfhv derxw wkh uroh ri fuhglw frqvwudlqwv idu wrr lqgluhfw1 Zlwk uhvshfw

wr vrflrsrolwlfdo frq lfw/ wkhuh uhpdlqv urrp iru wkhruhwlfdo dqg hpslulfdo zrun wr pryh forvhu

wr rqh dqrwkhu1 H{lvwlqj prghov surylgh pdq| ydoxdeoh lqvljkwv exw ihz urexvw uhvxowv derxw wkh

h�hfwv ri lqfrph lqhtxdolw| rq frq lfw/ zkhwkhu frq lfw zloo eh rshq ru odwhqw +r� wkh htxloleulxp

sdwk,/ ixoo| suhglfwdeoh ru xqfhuwdlq1 Rq wkh hpslulfdo vlgh/ wkh yduldqfhv ri srolf| dqg surshuw|

uljkwv yduldeohv vkrxog eh lqfoxghg lq wkh uhjuhvvlrqv/ vr dv wr ghwhuplqh zkhwkhu lw lv lqvwdelolw|

ru mxvw wkh dyhudjh ohyho ri h{wud�ohjdo uhglvwulexwlrq wkdw pdwwhuv1 H{dplqlqj wkh lqwhudfwlrq

ehwzhhq hfrqrplf lqhtxdolw| dqg lqhtxdolw| ri srolwlfdo srzhu lq ghwhuplqlqj wkh rffxuuhqfh ri

rshq frq lfw dovr vhhpv ghvludeoh1

Frplqj ixoo flufoh/ lw lv whpswlqj wr frqfoxgh e| dvnlqj= zklfk ri wkh wkhrulhv olqnlqj glvwul0

exwlrq dqg jurzwk frqvlghuhg lq wklv sdshu ehvw vkhg oljkw rq wkh h{shulhqfhv ri Vrxwk Nruhd

dqg wkh SklolsslqhvB Zkloh wklv lv qrw d vxevwlwxwh iru ghwdlohg fdvh vwxglhv +vhh iru h{dpsoh

Urguln +4<<8, rq Nruhd dqg Wdlzdq,/ rqh zrxog h{shfw wkh prvw uhohydqw phfkdqlvpv wr fohduo|

vkrz xs lq edvlf lqglfdwruv vxfk dv wkrvh frpslohg e| Eduur dqg Zroi +4<;<,1 Rqfh djdlq/ wkh

sxuh srolwlfdo hfrqrp| k|srwkhvlv ri h{fhvvlyh uhglvwulexwlyh suhvvxuh hpdqdwlqj iurp wkh srru/

zkhwkhu wkurxjk wkh edoorw er{ ru wkh vwuhhw/ grhv qrw iduh zhoo1 Sxeolf wudqvihuv lq Nruhd zhuh

orz exw vwloo wzr�dqg�d kdoi wlphv kljkhu wkdq lq wkh Sklolsslqhv= 6=:4( yhuvxv 4=79( ri JGS

rq dyhudjh ehwzhhq 4<:3 dqg 4<;31 Hgxfdwlrq h{shqglwxuhv vkrz wkh vdph sdwwhuq/ zlwk vkduhv

ri 8=46( dqg 4=<:( uhvshfwlyho|177 Zkloh wkh Sklolsslqhv* jryhuqphqw uhglvwulexwhg pxfk ohvv/

lw frqvxphg d olwwoh pruh= 4=99( ri JGS/ yhuvxv 4=8;( lq Vrxwk Nruhd1 Wkhvh qxpehuv duh

eurdgo| frqvlvwhqw zlwk wkh fuhglw�frqvwudlqhg kxpdq fdslwdo dffxpxodwlrq k|srwkhvlv/ dqg lq0

ghhg Nruhd*v hgxfdwlrqdo lqyhvwphqw vn|urfnhwhg sdvw wkdw ri wkh Sklolsslqhv= wkh hquroophqw udwh

lq vhfrqgdu| hgxfdwlrq zhqw iurp 75( lq 4<93 wr <8( lq 4<;8/ dv rssrvhg wr 83( wr 98( iru wkh

Sklolsslqhv1 Vlploduo|/ iru whuwldu| hgxfdwlrq Nruhd*v 4<98 hquroophqw udwh ri 9( zdv idu ehklqg

wkh Sklolsslqhv* 4<(> e| 4<<5 urohv zhuh uhyhuvhg/ zlwk udwhv ri 75( dqg 5;( uhvshfwlyho|1 Dq0

rwkhu olnho| slhfh ri wkh sx}}oh lv wkh Sklolsslqhv* pxfk kljkhu ihuwlolw| udwh +8=88( yhuvxv 6=93(

ehwzhhq 4<98 dqg 4<;8,/ dowkrxjk wkh h{whqw wr zklfk lw uh hfwv hfrqrplf dv rssrvhg wr fxowxudo

idfwruv lv xqfohdu1 Wxuqlqj qrz wr wkhrulhv ri vrfldo frq lfw dqg surshuw| uljkwv/ srolwlfdo lqvwdelo0

lw| grhv qrw dsshdu yhu| uhohydqw lq wklv lqvwdqfh/ dv wkh wzr frxqwulhv h{shulhqfhg vlploduo| kljk

ohyhov ri wxuprlo1 Wkh Sklolsslqhv kdg pruh uhyroxwlrqv dqg srolwlfdo dvvdvvlqdwlrqv/ Nruhd pruh

ulrwv/ frxsv/ jryhuqphqw fulvhv dqg frqvwlwxwlrqdo fkdqjhv1 Wkhlu lqglfhv ri srolwlfdo uljkwv dqg

77Erwk wkh dqhfgrwdo hylghqfh rq wkh Sklolsslqhv dqg wkh idfw wkdw 73( ri khdowk vxevlglhv zhqw wr wkh ulfkhvw
53( ri wkh srsxodwlrq +wklv qxpehu lv flwhg e| Dohvlqd +4<<8,, vxjjhvw wkh w|sh ri sdwk dqdo|}hg lq Sursrvlwlrq </
fkdudfwhul}hg e| uhglvwulexwlrq wr wkh zhdowk| dqg orz jurzwk/ ru hyhq Yhuglhu dqg Dghv* +4<<6, prgho ri sxuho|
uhqw�vhhnlqj holwhv1 Prvw ri wkh Eduur dqg Zroi +4<;<, gdwd phqwlrqhg khuh duh dyhudjhv ryhu 4<93�4<;8> wkh �jxuhv
jlyhq ehorz iru whuwldu| hgxfdwlrq duh iurp wkh Zruog Edqn*v 4<;9 dqg 4<<8 Zruog Ghyhorsphqw Uhsruwv1
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flylo olehuwlhv zhuh dovr yluwxdoo| vlplodu178 Wkh pruh glvfulplqdwlqj lqglfdwruv ri surshuw| uljkwv

surwhfwlrq glvfxvvhg hduolhu +uxoh ri odz/ hqirufhdelolw| ri frqwudfwv/ h{sursuldwlrq ulvn/ fruuxswlrq/

hwf1,/ rq wkh rwkhu kdqg/ sxw Nruhd glvwlqfwo| dkhdg179 Wklv jhqhudo vhfxulw| ri surshuw| uljkwv zdv

suredeo| lqvwuxphqwdo qrw rqo| lq fuhdwlqj d idyrudeoh folpdwh iru exvlqhvv lqyhvwphqw/ exw dovr

lq lqgxflqj Nruhdq krxvhkrogv wr hqwuxvw pxfk ri wkhlu frqvlghudeoh vdylqjv wr d vwdwh�frqwuroohg

edqnlqj v|vwhp/ zklfk lq wxuq fkdqqhoohg fuhglw wrzdugv wkh lqgxvwulhv ghhphg vwudwhjlf e| wkh

jryhuqphqw/ zlwkrxw h{fhvvlyh glvvlsdwlrq dorqj wkh zd|1

78Eduur dqg Zroi*v +4<;<, gdwd rq wkh dyhudjh qxpehu ri wkhvh hyhqwv shu |hdu iru Nruhd dqg wkh Sklolsslqhv
duh Vwulnh ' Ef�ffc f�ff�c Uhyro' Ef���c f�eS�c -lrw ' E2��2c ��ff�/ Dvvdvv' Ef��2c f�.��/ Frxs ' Ef�fbc f�ff�c Fulvlv
' Ef��Hc f�fH�/ Frqvwfk ' Ef�22c f�fb�c Srouljkw ' Ee�Hfc e�.�c Flyole' ED�fc e�D��

79Wkh hduolhvw dydlodeoh gdwd duh EHUL*v +Exvlqhvv Hqylurqphqwdo Ulvn Lqwhooljhqfh, 4<:5 vfruhv iru exuhdxfudwlf
ghod|v/ hqirufhdelolw| ri frqwudfwv dqg qdwlrqdol}dwlrq srwhqwldo1 Rq d vfdoh ri f +zruvw, wr e +ehvw,/ Nruhd vfruhg
E2��c 2��c 2�S� dqg wkh Sklolsslqhv E��Dc ��bc 2�2�� Wklv sdwwhuq lv frq�uphg e| wkh dgglwlrqdo gdwd dydlodeoh iru wkh
odvw whq |hduv1 Wkh dyhudjhv ri wkhvh wkuhh EHUL vfruhv frpsxwhg e| Nhhihu dqg Nqdfn +4<<8, ryhu 4<;9�4<<8 zhuh
2�2 dqg ��. uhvshfwlyho|1 Wkh dyhudjh LFUJ +Lqwhuqdwlrqdo Frxqwu| Ulvn Jxlgh, vfruhv ryhu 4<;9�4<<8 zhuh �S�.
dqg 2f��/ rq d vfdoh ri }hur wr Df1 Vhh Nhhihu dqg Nqdfn +4<<8, iru vrxufhv dqg gh�qlwlrqv1
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Dsshqgl{

Surri ri Sursrvlwlrq 4

Ohw xv �uvw vwxg| wkh surshuwlhv ri wkh ixqfwlrq Y +�, gh�qhg e| +45,1 Fohduo|/ +46, lpsolhv

wkdw lw kdv d xqltxh/ joredo pd{lpxp dw � @ 3= Pruhryhu/

�
Y ��+�,

��
@

4 . ��+4� �2,

+4� �,2+4 . ��+4� �,,2
+D14,

lv srvlwlyh li dqg rqo| li �2 ? 4 . 4@��= Wkxv Y lv vwulfwo| frqfdyh rq wkh srolf| grpdlq +�> 4,>

zkhuh � � �
s
4 . 4@��= E| +44,/ lqglylgxdo l*v xwlolw| ixqfwlrq X �+�, lv ri wkh irup Y +�, . +4 .

�, oq+D.E��, dqg wkhuhiruh dovr vwulfwo| frqfdyh rq +�> 4,= Wkh hqyhorsh wkhruhp wkhq |lhogv wkh

fodlpv zklfk iroorz htxdwlrq +44,/ dv zhoo dv Sursrvlwlrq 41

Surri ri Sursrvlwlrq 6

Wkh uhvxow iru wd{dwlrq zdv suryhg lq wkh wh{w1 Qh{w/ qrwh iurp +<, wkdw

4

�

C2+j � oq u,

C�C�
@

U
�+�,

U+�,

C2�

C��
.

C

C�

�
U
�+�,

U+�,

�
C�

C�

C�

C�
=

Iru � vpdoo hqrxjk/ C2�@C�C� zdv vhhq wr eh qhjdwlyh/ dqg wkh idfw wkdw C�@C� lv sursruwlrqdo

wr � pdnhv wkh vhfrqg whup djdlq grplqdwhg e| wkh �uvw> khqfh wkh uhvxow1 Vlplodu ghulydwlrqv

dsso| wr lqwhuwhpsrudo h!flhqf| Y=

Surri ri Sursrvlwlrq 7

Wkh �uvw fodlp iroorzv gluhfwo| iurp +55,1 Gl�huhqwldwlqj wklv htxdwlrq dqg xvlqj +9, dovr

lpsolhv wkdw

j�+�, � 3 / +4� �,�2 �
4

+4� �,2+4 . ��+4� �,,
= +D15,

Vlqfh wkh ohiw vlgh lv lqfuhdvlqj lq �> j lqfuhdvhv zlwk � xs wr vrph � }+�, 5 ^�> 4,> wkhq ghfuhdvhv1

Wklv pd{lpxp lv lqwhulru +dqg lqfuhdvlqj lq �, li dqg rqo| li

+4� �,�2 A
4

+4� �,2+4 . ��,
= +D16,

Dv � ? �4> lw vx!fhv iru lqvwdqfh wkdw +4 � �,�2 A 4@+7 . ;��,= Wkh jurzwk�pd{lpl}lqj wd{

udwh lv srvlwlyh li=

� }+�, A 3 / +4� �,�2 A
4

4 . ��
= +D17,

Surri ri Sursrvlwlrq 8

Ehfdxvh Z +�, lv wkh vxp ri Y +�, dqg d frqfdyh/ txdgudwlf ixqfwlrq ri �> lw lv vwulfwo| frqfdyh

rq +�> 4,= Wkh vdph vwdwhphqwv krog iru lqglylgxdo suhihuhqfhv X �+�,> qrz jlyhq e| +57,1 Wkh

vrfldo dqg +lqwhulru, sulydwh rswlpd duh wkxv uhvshfwlyho| gh�qhg e| Z �+�, @ 3 dqg X ��+�, @ 3= Lq

wkh sodqqhu*v fdvh/ +56, lpsolhv wkdw Y �+�R, @ ���+4� �,+4� �R,�21 Wkh idfw wkdw Y lv vwulfwo|
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frqfdyh dqg pd{lpl}hg dw }hur wkhq |lhogv Fodlp 4/ zkloh Fodlp 5 iroorzv iurp vhwwlqj oqz� @ p

lq wkh �uvw0rughu frqglwlrq X ��+�, @ 3 ghulyhg iurp +58,1 Qh{w/ ohw �@ eh wkh suhihuuhg wd{ ri

wkh djhqw zlwk dyhudjh zhdowk/ oqz @ p . �2@5= Fohduo|/ �@ ? �R li dqg rqo| li X �@+�R, ? 3>

zklfk e| +58, lv htxlydohqw wr Z �+�R, . ^��2+4� �R,� ��@5`�2 ? 3> wkdw lv/ wr �+4� �R, ? 4@5=

Htxlydohqwo|/ Z �+4� +5�,3�, A 3> vr e| +56, dqg +46,/

�R A 4� +5�,3� /
+4� �,�2

5�
A

4� +5�,3�

+5�,3�+4 . ��+5�,3�,
/ +4� �,�2 A

7�+5� � 4,

5 . �
>

khqfh Fodlp 61 Ilqdoo|/ ohw xv vkrz wkdw zkhq � ? 4@7 wkhuh h{lvwv dq lqwhuydo zkhuh wkh wd{ udwh

�6 vhw e| wkh phgldq yrwhu lv ohvv lqh!flhqw wkdq wkdw vhw e| wkh dyhudjh djhqw/ �@= Dv � jrhv wr

}hur wkh phgldq frqyhujhv wr wkh phdq/ dqg erwk �6 dqg �@ frqyhujh wr wkh sodqhuv* rswlpxp/

zklfk lv �R+3, @ 3= Wkhuhiruh/ iurp +58,= Z �+�@,@�� @ +4@5��+4��@,,�2 @ +4@5��,�2.r+�2,

dqg Z �+�6,@�� @ ��+4 � �6,�2 @ ���2 . r+�2,= Wkxv li � ? 4@7 dqg � lv vpdoo hqrxjk/

Z �+�@, A �Z �+�6,> zklfk lpsolhv +xvlqj Wd|oru h{sdqvlrqv, wkdw �R��@ A �6��R dqg wkhuhiruh

Z +�@, ? Z +�6,=

Surri ri Sursrvlwlrq 9

Vwulfw frqfdylw| ri lqglylgxdo suhihuhqfhv X �+�, lpsolhv wkdw wkh htxloleulxp wd{ udwh lv xqltxho|

gh�qhg e| wkh �uvw�rughu frqglwlrq +59,/ ru

�+�>�> �, � +��,3�Y �+�, . +4� �,�2 � �� @ 3> +D18,

dv orqj dv wkhuh lv dq lqwhulru vroxwlrq �W+�> �, A �= Vlqfh �b ? 3 ? ��� lw lv fohdu wkdw �W lv

vwulfwo| lqfuhdvlqj lq �= Sursrvlwlrq 8 vkrzhg wkdw pd{lpl}lqj Z uhtxluhv �` A 3> frqyhuvho|

�` ? � ehfdxvh iru � A �>�+3>�> �, ? 3 vr �W lv qhjdwlyh/ lpso|lqjZ �+�W, A 3 vlqfh �R+�, A 3=

Wkh idfw wkdw jurzwk lv pd{lpl}hg dw �C A �` lv reylrxv> frqyhuvho|/ dv � lqfuhdvhv wrzdugv wkh

ydoxh zklfk pdnhv �W+�> �, htxdo wr �> �W+�> �, idoov ehorz � }+�,/ lpso|lqj j�+�W, A 3= Wkhuhiruh

�C lv lqwhulru/ dv orqj dv +D16, lv vdwlv�hg1 Wklv frqfoxghv wkh surri ri Fodlp 4/ zklfk frqfhuqv

wkh h�hfwv ri � rq htxloleulxp wd{hv �W+�> �,=

L qrz wxuq wr wkh h�hfwv ri � rq �W> dqg wkh uhvxowlqj frqwulexwlrqv wr Z dqg j= Wkh vroxwlrq

wr +D18, lv lqwhulru iru doo � li dqg rqo| li pd{{i+��,3�Y �+�, . +4� �,�2 � ��j A 3> ru

�2

7
�

��

4 . ��+4� �,
> +D19,

zklfk zloo eh dvvxphg iurp khuh rq +vlqfh � ? �4/ d vx!flhqw frqglwlrq lv �2 � 7@+4 . 5��,,=

Htxdwlrqv +D18, dqg +58, wkhq lpso|=

Z �+�W, @ ���+�� �+4� �W,�,> +D1:,
C�W

C�
@

5�+4� �W,� �

�Y ��+�W,@�� .�2
= +D1;,
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Wkhuhiruh/ zkhqhyhu ulvlqj lqhtxdolw| lqgxfhv wd{ fxwv/ wkhvh duh dozd|v lqh!flhqw=

C�W

C�
� 3 , Z �+�W, A 3= +D1<,

Iru � � 3 htxdwlrqv +D1:, dqg +D1;, lpso| C�W@C� A 3 dqg Z �+�W, ? 3> khqfh j�+�W, ? 3

d iruwlrul1 Wklv suryhv Fodlp 51 Iru � A 3> C�W@C� A 3 li dqg rqo| li �W � 4 � �@+5�,> ru

htxlydohqwo| �+4� �@+5�,>�> �, ? 3= Vxevwlwxwlqj +46, lqwr +D18,/ wklv phdqv

�@+5�,� 4

+�@5�,+4 . ���@5�,
.

��

5
� �� ? 3 / � A

�

5

�
4� ���2@7

4 . �2@7

�
� ��= +D143,

Qrwh qrz wkdw +D19, lpsolhv wkdw ���2@7 ? 4> khqfh �� A 3= Wkhuhiruh �W lv X0vkdshg zlwk

uhvshfw wr � = lwv ghfolqhv iurp �W+3> �, @ 3 wr d plqlpxp ��W ? 3 dw ��> wkhq ulvhv djdlq wrzdugv

�W+4> �, @ 4> fxwwlqj wkh � @ 3 d{lv dw � @ �= Ilqdoo|/ +D18, vkrzv wkdw dv � $ .4> �W whqgv

wr rqh zlwk 4� �W � �@�> zkhuh

�
4

4� �
. +4� �,�2 � �� � 3 ,��@� . �� � �� @ 3 / �� 4@� @ �> +D144,

zklfk kdv d xqltxh vroxwlrq � A 3 iru hdfk �= Iru ixuwkhu uhihuhqfh/ qrwh dovr wkdw wklv olplw lv

uhdfkhg iurp ehorz=

;+�> �, 5 7
2
n> +4� �W+�> �,,� ? �= +D145,

Ohw xv qrz wxuq wr wkh h!flhqf| frqvhtxhqfhv ri wkhvh yduldwlrqv lq �W= E| +D1;,/ Z �+�W, � 3 li

dqg rqo| li �W � 4� �@��= Htxlydohqwo|/ �+4� �@+��,>�> �, � 3> ru=

��2

��
� �� �

4� �@+��,

+�@��,+4 . ���@��,
/ �2+4@� � 4, �

� � �@�

4 . ��@�
/

�

�
�

� � �2+4@� � 4,

4 . ��2+4@� � 4,
=

Wzr fdvhv duh wkxv srvvleoh=

Fdvh +l,= li �2 A �2@+4 � �, wkhq Z �+�W, A 3 iru doo �= Wkhuhiruh rq wkh lqwhuydo ^3> ��`

zkhuh wd{hv ghfuhdvh zlwk lqhtxdolw|/ wkhvh uhgxfwlrqv lq �W duh dozd|v lqh!flhqw1 Rq ^ ��>.4,

wd{hv lqfuhdvhv zlwk lqhtxdolw|/ dowkrxjk qhyhu vx!flhqwo| idvw1 Lqghhg/ rqh fdq vkrz wkdw

olp{<"^�+4 � �R+�,,` @ +4 � �,3�*2> zklfk lv ohvv wkdq � gh�qhg lq +D144, li dqg rqo| li

�2 A �2@+4� �,1

Fdvh +ll,= li �2 ? �2@+4� �, wkhq Z �+�W, A 3 rq ^3> ��, dqg Z �+�W, ? 3 rq + ��>.4,/ zkhuh

�� �
�+4 . ��2+4@� � 4,,

� � �2+4@� � 4,
= +D146,

Revhuyh qrz wkdw �� A � A ��= Wklv lpsolhv wkdw Z �+�W, A 3 ryhu wkh zkroh lqwhuydo ^3> ��` zkhuh

�W ghfuhdvhv zlwk lqhtxdolw|/ dqg hyhq ryhu d vwulfw vxshuvhw ri wkh lqwhuydo ^3> �` zkhuh fdslwdo lv

vxevlgl}hg +� ? 3,= Wklv lv lqwxlwlyh/ dv wkh sodqqhu dozd|v zdqwv wr vhw �R+�, A 3= Rqo| rqfh
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lqhtxdolw| kdv uhdfkhg �� grhv lw gulyh htxloleulxp wd{hv �W+�> �, A 3 wr h{fhvvlyho| kljk ohyhov1

Wklv frqfoxghv wkh surri ri Fodlp 6/ dv idu dv lqwhuwhpsrudo h!flhqf| lv frqfhuqhg1

Lw rqo| uhpdlqv wr frqvlghu wkh jurzwk h�hfwv ri C�W@C�> wkdw lv/ wkh vljq ri j�+�W,= Xvlqj

+D15, dqg +D18, rqh fdq zulwh/ dv orqj dv �W 9@ 3>

j�+�W, A 3 /
+4� �W,�2 � ��

�W+4� �W,
? +4� �,�2 / �W^�@�� +4� �W,+4� +4� �,�W,` A 3= +D147,

Qrwh �uvw wkdw lq wkh qhljkerukrrg ri � @ 3n> zkhuh � � 33> wklv frqglwlrq lv qhyhu vdwlv�hg1

Wklv lv lqwxlwlyh vlqfh wkh orvvhv iurp khwhurjhqhlw| duh ri vhfrqg rughu lq �2> zkhuhdv wkh lqgxfhg

wd{ h�hfwv rq vdylqjv duh ri �uvw rughu1 Qh{w/ frqvlghu wkh frqglwlrq lq wkh qhljkerukrrg ri ��

gh�qhg e| +D143,/ zkhuh �W @ 4� �@+5 ��, ? 3 =

j�+�W+ ��> �,, A 3 / 5 ? 4� +4� �,+4� �@+5 ��,, /
5� �

4� �
?

4 . �2@7

4� ���2@7
/

�2

7
A

4

�� . +4� �,+4 . ��,
= +D148,

Lw lv hdvlo| vkrzq wkdw wkh uljkw�kdqg vlgh lv vpdoohu wkdq wkdw ri +D19, li dqg rqo| li +4��,m� m A 4>

ru htxlydohqwo| +4 � �,2+4 . 4@��, A 4= Wklv lqhtxdolw| krogv li dqg rqo| li � lv qrw wrr forvh wr

rqh/ lq zklfk fdvh wkhuh h{lvwv d udqjh ri �*v vdwlvi|lqj +D19, vxfk wkdw j�+�W+ ��> �,, A 3= Lq wklv

sdudphwhu frq�jxudwlrq/ wd{ fxwv lqgxfhg e| ulvlqj lqhtxdolw| mxvw ehorz �� uhgxfh jurzwk/ zkloh

wd{ lqfuhdvhv zklfk rffxu dv � ulvhv mxvw deryh �� whqg wr lpsuryh lw1 Wr vkrz wkdw wklv odvw uhvxow

lv qrw vshfl�f wr wkh uhjlrq uhjuhvvlyh ri fdslwdo vxevlglhv +�W ? 3,/ ohw xv qh{w h{dplqh j�+�W, dw

� @ �= Vlqfh �W+�> �, @ 3> +D15, vkrzv wkdw=

j�+�W+�> �,, A 3 / �2 A
4

+4� �,+4 . ��,
=

Djdlq lw fdq eh vkrzq wkdw wkh uljkw�kdqg vlgh lv juhdwhu wkdq ri +D19, dv orqj dv � lv ehorz

vrph �{hg xsshu erxqg1 Lq wkdw fdvh wkhuh h{lvwv d udqjh ri �*v vxfk wkdw lqfuhdvhv lq lqhtxdolw|

lq wkh qhljkerukrrg ri � @ �n jhqhudwh wd{ lqfuhdvhv wr srvlwlyh ohyhov zklfk vwloo lpsuryh wkh

jurzwk udwh1 Ilqdoo|/ ohw xv frqvlghu +D147, dv � $4 dqg 4� � W � �@�= Wkh frqglwlrq ehfrphv

� � ��> zklfk e| +D144, lv htxlydohqw wr �2 � �2@+4��,= Zkhq wklv frqglwlrq +zklfk rqfh pruh

lv frpsdwleoh zlwk +D19, li dqg rqo| li � lv v qrw wrr forvh wr rqh, krogv/ j�+�W+�> �,, A 3 hyhq

dv|pswrwlfdoo|= htxloleulxp wd{hv lqfuhdvh zlwk lqhtxdolw|/ exw wrr vorzo| iurp wkh srlqw ri ylhz

ri pd{lpl}lqj qrw rqo|Z exw hyhq j1 Zkhq �2 ? �2@+4��,> rq wkh rwkhu kdqg/ wd{hv hyhqwxdoo|

lqfuhdvh wrr idvw zlwk ulvlqj lqhtxdolw|/ zkhwkhu iurp wkh srlqw ri ylhz ri zhoiduh ru iurp wkdw ri

jurzwk1
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Surri ri Sursrvlwlrq :

Fodlp 4 lpphgldwho| uhvxowv iurp Sursrvlwlrqv 7 dqg 9/ ru gluhfwo| iurp +D1:,0+D1;,1 Iru

� A 3> ohw xv zulwh rxw=

+���,3�
gZ

g�

����
�'� W

@ �+4� �,+4� �W,2 .
+�� ��+4� �W,,+5�+4� �W,� �,

�Y ��+�W,@�� . �2
= +D149,

Wkh qxphudwru ri wkh vhfrqg whup lv d txdgudwlf sro|qrpldo lq � zkrvh pd{lpdo ydoxh lv ^+5 �

�,+4� �W,�`2@7= Wkhuhiruh/ +gZ@g�,�'�W ? 3 dv orqj dv=

+4� �,

�
4�

Y ��+�W,

���2

�
A

+5� �,2

7
/

�2

7+4� �,
?

�Y ��+�W,

���2
@

4 . ��+4� �W2,

�2+4� �W,2+4 . ��+4� �W,,2
>

+D14:,

e| +D14,1 Qrz/ uhfdoo iurp +D145, wkdw �+4 � �W, ? � iru doo +�> �> �,> vr wkh uljkw�kdqg vlgh lv

juhdwhu wkdq �32+4.��+4��,,32= Surylghg � lv ehorz wklv ydoxh/ gZ@g� lv wkhuhiruh qhjdwlyh iru

doo +�> �,= Iru � forvh wr 4> rq wkh rwkhu kdqg/ lw lv fohdu wkdw wkh vhfrqg whup lq +D149, grplqdwhv1

E| +D1:, dqg +D1;, wklv vhfrqg whup lv srvlwlyh li dqg rqo| li C�W@C� A 3 dqg Z �+�W, A 3> zklfk

rffxuv zkhq � 5 + ��> ��,> zkhuh wkhvh wzr erxqgv duh gh�qhg e| +D143, dqg +D146, +lq zklfk �

fdq eh vhw htxdo wr 4,1 Wklv frqfoxghv wkh surri ri Fodlp 51

Frqvlghu qrz jurzwk1 Iluvw/ zh vkrzhg hduolhu wkdw li �2 ? �2@+4��,> j�+�W, ehfrphv qhjdwlyh

dv � ehfrphv odujh hqrxjk1 Vlqfh C�W@C� A 3 iru � A �� dqg Cj@C� ? 3 dozd|v/ wklv suryhv

wkdw gj@g� ? 3 iru � odujh hqrxjk lq wklv fdvh1 Wr rewdlq d uhvxow zklfk lv lqghshqghqw ri � dqg

wr pdnh fohdu wkh uroh sod|hg e| � ? 4> ohw xv xvh +D15, dqg +D18, wr frpsxwh=

+��,3� gj

g�

����
�'�W

@ �+4� �,+4� �W,2 .
++4� �,�W+4� �W,�� +4� �W,� . �,+5�+4� �W,� �,

�W+�Y ��+�W,@�� . �2,
+D14;,

Irfxv qrz rq ydoxhv � A �> iru zklfk �W A 3= Wkh qxphudwru ri wkh vhfrqg whup lv d txdgudwlf

sro|qrpldo lq � zkrvh pd{lpdo ydoxh lv +4��W,2+4.+4��,�W,2�2@7= Wkhuhiruh/ +gj@g�,�'� W ? 3

iru � A � dv orqj dv=

+4� �,

�
4�

Y ��+�W,

���2

�
A

+4 . +4� �,�W,2

7�W
=

Dv � whqgv wr lq�qlw|/ 4 � �W � �@� dqg �Y ��+�W,@+���2, � �32> vr wkh frqglwlrq ehfrphv

4 . �32 A +4 � �@5,2@+4 � �,= Wklv krogv li dqg rqo| li � lv ehorz vrph fulwlfdo ydoxh lq +3> 4,>

khqfh wkh �uvw sduw ri Fodlp 6 = Frqyhuvho|/ rqh fdq vkrz iurp +D14;, wkdw olp{<f^+gj@g�,�'�W ` @

�2� olp{<f^��@�W` A 3= Lqghhg dv � $ 3 +ru dovr dv � $ 4, wkh jurzwk udwh +55, uhgxfhv wr wkh

frpsohwh pdunhwv fdvh/ zkhuh Cj@C� ? 3=

77



Surri ri Sursrvlwlrq ;

Wkh dv|pswrwlf yduldqfh �2
"

@ v2@+4 � �2+4 � �,2, dvvrfldwhg wr d frqvwdqw wd{ udwh �

ghfuhdvhv rq wkh grpdlq +�> 4,> qrwh lq sduwlfxodu wkdw �+4 � �, ? 4= Ohw W +�, ghqrwh wkh

lqyhuvh/ ghfuhdvlqj ixqfwlrq/ zklfk pdsv +v2> v2@+4��2+4� �,2,, lqwr +� > 4,= D vwhdg|�vwdwh lv dq

lqwhuvhfwlrq ri wklv ghfuhdvlqj fxuyh zlwk wkh htxloleulxp wd{ ixqfwlrq �W+�> �, gh�qhg e| +59, ru

+D18,1 Zkhq � � 3 wklv ixqfwlrq lv xszdug0vorslqj/ e| Sursrvlwlrq 9> khqfh wkhuh fdq eh dw prvw

rqh htxloleulxp1 Pruhryhu/ �W+v2> �, ? �W+4> �, @ 4 @ W +v2, dqg �W+v2@+4� �2,> �, A � W+3> �, @

3 @ W +v2@+4 � �2,,/ vr wkhuh lv d xqltxh vwhdg|�vwdwh/ zlwk �" 5 +3> 4,= Ilqdoo|/ d ghfuhdvh lq �

vkliwv xs wkh �W+�> �, ixqfwlrq/ zklfk wkhq fxwv W +�, dw d kljkhu � dqg d orzhu �=

Surri ri Sursrvlwlrq <

E| Sursrvlwlrq 9/ wkh htxloleulxp wd{ ixqfwlrq �W+�> �, lv qrz X�vkdshg lq � = lw ghfuhdvhv

iurp �W+3> �, @ 3 wr d plqlpxp dw� @ ��> wkhq ulvhv wrzdugv �W+4> �, @ 4> fxwwlqj wkh � @ 3 d{lv

dw� @ �= Wkh idfw wkdw �W+�> �, qrz kdv d ghfuhdvlqj vhjphqw lpsolhv wkdw lw fdq lqwhuvhfw W +�,

dw vhyhudo srlqwv1 Khuh L vkdoo rqo| fkdudfwhul}h wkh vhw ri htxloleuld/ udwkhu wkdq ghulyh vx!flhqw

frqglwlrqv iru pxowlsolflw| +wklv lv grqh lq Eìqderx +4<<8d,/ iru d forvho| uhodwhg prgho,1 Lw lv hdv|

wr vhh wkdw vxfk pxowlsoh lqwhuvhfwlrq fdq rqo| kdsshq lq wkh udqjh � ? � zkhuh �W+�> �, ? 3>

dqg wkdw wklv vfhqdulr uhtxluhv v2@+4��2, ? ��= Wkh qxpehu ri lqwhuvhfwlrqv pxvw wkhq eh rgg/ dv

�W+v2@+4��2,> �, ? 3 @ W +v2@+4��2,, dqg �W+v2@+4��2+4��,2,> �, A � @ W W+v2@+4��2+4��,2,,=

Ghqrwh i+�� > � �,j
?
�'� wkhvh lqwhuvhfwlrqv/ zlwk �� ? ��n� dqg 3 A � � A � �n�> dqg ohw Z +� � >��c,

eh wkh fruuhvsrqglqj ohyhov ri lqwhuwhpsrudo h!flhqf|1 E| Sursrvlwlrq 8/ hdfk Z +�>��, lv vwulfwo|

frqfdyh dqg pd{lpl}hg dw vrph �R+��, A 3= Vlqfh Z +� >��, lv ghfuhdvlqj lq lwv vhfrqg dujxphqw/

wklv doorzv xv wr zulwh=

Z +� �n�>��n�c, ? Z +� �n�>��c, ? Z +� � >��c,> +D14<,

khqfh wkh uhvxow wkdw lqwhuwhpsrudo h!flhqf| ghfolqhv dv rqh pryhv wr d pruh uhjuhvvlyh vwhdg|�

vwdwh1 Wkh vdph krogv d iruwlrul iru h{�dqwh zhoiduh/ vlqfh wkh lqvxudqfh prwlyh pdnhv lw lqfuhdv0

lqjo| frvwo| wr uhgxfh lqfrph�vkdulqj iurp � � wr � �n� dv wkh yduldelolw| ri lqfrph ulvhv iurp ��

wr ��n�= D udqnlqj vlplodu wr +D14<, rewdlqv iru jurzwk udwhv dv orqj dv � � @ �W+�� > �, ? � }+��,>

vxfk lv wkh fdvh lq sduwlfxodu li wkh �� *v vdwlvi| +D17,/ hqvxulqj wkdw � }+��, A 3= Vlqfh � � ? 3 iru

doo m> lpso|lqj �2
� A v2@+4� �2,> lw vx!fhv wkdw v2 A +4 . �,@+4 . ��,=
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Uhihuhqfhv

Dfhprjox/ G1 +4<<8, �Uhzdug Vwuxfwxuhv dqg wkh Doorfdwlrq ri Wdohqw/� Hxurshdq Hfrqrplf

Uhylhz/ 6</ 4:�671

Djklrq/ S1 dqg Erowrq/ S1 +4<<9, �D Wulfnoh0Grzq Wkhru| ri Jurzwk dqg Ghyhorsphqw zlwk

Ghew Ryhukdqj/� Uhylhz ri Hfrqrplfv Vwxglhv/ iruwkfrplqj1

Dohvlqd/ D1 +4<<8, �Wkh Srolwlfdo Hfrqrp| ri Pdfurhfrqrplf Vwdelol}dwlrqv dqg Lqfrph Lq0

htxdolw|= P|wkv dqg Uhdolw|/� Kduydug Xqlyhuvlw| plphr/ Pdufk1

Dohvlqd/ D1 dqg Gud}hq/ D1 +4<<4, �Zk| Duh Vwdelol}dwlrqv Ghod|hgB� Dphulfdq Hfrqrplf

Uhylhz/ ;4+8,/ 44:3�44;<1

Dohvlqd/ D1 Ù}ohu/ V1/ Urxelql/ Q1 dqg Vzdjho/ S1 +4<<9, �Srolwlfdo Lqvwdelolw| dqg Hfrqrplf

Jurzwk/� Mrxuqdo ri Hfrqrplf Jurzwk/ iruwkfrplqj1

Dohvlqd/ D1 dqg Shurwwl/ U1 +4<<9, �Lqfrph Glvwulexwlrq/ Srolwlfdo Lqvwdelolw|/ dqg Lqyhvwphqw/�

Hxurshdq Hfrqrplf Uhylhz/ iruwkfrplqj1

Dohvlqd/ D1 dqg Urguln/ G1 +4<<7, �Glvwulexwlyh Srolwlfv dqg Hfrqrplf Jurzwk/� Txduwhuo|

Mrxuqdo ri Hfrqrplfv/ 43</ 79807<31

D|djdul/ U1 +4<<7, �Xqlqvxuhg Lglrv|qfudwlf Ulvn dqg Djjuhjdwh Vdylqjv/� Txduwhuo| Mrxuqdo

ri Hfrqrplfv/ 43</ 98<�9;71

Edqhumhh/ D1 dqg Qhzpdq/ D1 +4<<4, �Ulvn0Ehdulqj dqg wkh Wkhru| ri Lqfrph Glvwulexwlrq/�

Uhylhz ri Hfrqrplf Vwxglhv/ 8;/ 54405691

Edqhumhh/ D1 dqg Qhzpdq/ D1 +4<<6, �Rffxsdwlrqdo Fkrlfh dqg wkh Surfhvv ri Ghyhorsphqw/�

Mrxuqdo ri Srolwlfdo Hfrqrp|/ 434/ 5:705<;1

Eduervd/ V1/ Mrydqrylf/ E1 dqg Vslhjho/ P1 +4<<9, �Lqhtxdolw| dqg Vwdelolw|/� Qhz \run Xql0

yhuvlw| plphr/ Mxqh1

Eduur/ U1 +4<<3, �Jryhuqphqw Vshqglqj lq d Vlpsoh Prgho ri Hqgrjhqrxv Jurzwk/� Mrxuqdo

ri Srolwlfdo Hfrqrp|/ <;+5,/ 436�4581

Eduur/ U1 +4<<4, �Hfrqrplf Jurzwk lq d Furvv0Vhfwlrq ri Frxqwulhv/� Txduwhuo| Mrxuqdo ri

Hfrqrplfv/ 439/ 73:�7761

Eduur/ U1 +4<<9, �Ghprfudf| dqg Jurzwk/� Mrxuqdo ri Hfrqrplf Jurzwk/ 4+4,/ 4�5;1

Eduur/ U1 dqg Vdod�l�Pduwlq/ [1 +4<<5, �Frqyhujhqfh/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ 433+5,/

556�5841

Eduur/ U1 dqg Zroi/ K1 +4<;<, �Gdwd Dsshqgl{ iru Hfrqrplf Jurzwk lq d Furvv0Vhfwlrq ri

Frxqwulhv/� QEHU plphr/ Qryhpehu1

Ehfnhu/ J1 dqg Wrphv/ Q1 +4<:<, �Dq Htxloleulxp Wkhru| ri wkh Glvwulexwlrq ri Lqfrph dqg

Lqwhujhqhudwlrqdo Prelolw|/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;:+9,/ 4486�44;<1

Eìqderx/ U1 +4<<6, �Zrunlqjv ri d Flw|= Orfdwlrq/ Hgxfdwlrq dqg Surgxfwlrq/� Txduwhuo|

Mrxuqdo ri Hfrqrplfv/ 43;/ 94<09851

Eìqderx/ U1 +4<<9d, �Khwhurjhqhlw|/ Vwudwl�fdwlrq/ dqg Jurzwk= Pdfurhfrqrplf Lpsolfdwlrqv

ri Frppxqlw| Vwuxfwxuh dqg Vfkrro Ilqdqfh/� Dphulfdq Hfrqrplf Uhylhz/ ;9+6,/ 8;7�93<1
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Eìqderx/ U1 +4<<9e, �Htxlw| dqg H!flhqf| lq Kxpdq Fdslwdo Lqyhvwphqw= Wkh Orfdo Frq0

qhfwlrq/� Uhylhz ri Hfrqrplf Vwxglhv/ 95+5,/ 56:�5971

Eìqderx/ U1 +4<<8d, �Xqhtxdo Vrflhwlhv/� Qhz \run Xqlyhuvlw| plphr/ Dsulo1 Uhylvhg dv

QEHU Zrunlqj Sdshu 88;6/ Pd| 4<<91

Eìqderx/ U1 +4<<8e, �Phulwrfudf|/ Uhglvwulexwlrq dqg H!flhqf|/� Qhz \run Xqlyhuvlw|

plphr/ Qryhpehu1

Ehqkdele M1 dqg Vslhjho/ P1 +4<<7,/ �Wkh Uroh ri Kxpdq Fdslwdo lq Hfrqrplf Ghyhorsphqw=

Hylghqfh iurp Djjuhjdwh Furvv�Frxqwu| Gdwd/� Mrxuqdo ri Prqhwdu| Hfrqrplfv 57/ 476�4:61

Ehqkdele/ M1 dqg Uxvwlfklql/ D1 +4<<9, �Vrfldo Frq lfw dqg Jurzwk/� Mrxuqdo ri Hfrqrplf

Jurzwk/ 4/ 45<�4791

Ehuqdqnh/ E1 dqg Jhuwohu/ P1 +4<;<, �Djhqf| Frvwv/ Qhw Zruwk/ dqg Exvlqhvv Ioxfwxdwlrqv/�

Dphulfdq Hfrqrplf Uhylhz/ :</ 47�641

Ehuwrod/ J1 +4<<6, �Idfwru Vkduhv dqg Vdylqjv lq Hqgrjhqrxv Jurzwk/� Dphulfdq Hfrqrplf

Uhylhz/ ;6/ 44;7044<;1

Ehuwrod/ J1 +4<<8, �Dffxpxodwlrq dqg wkh H{whqw ri Lqhtxdolw|/� FHSU Glvfxvvlrq Sdshu

44;:/ Pd|1

Elqvzdqjhu/ K1 dqg Ghlqlqjhu/ N1 +4<<8, �Wrzdugv d Srolwlfdo Hfrqrp| ri Djulfxowxuh dqg

Djuduldq Uhodwlrqv/� Zruog Edqn plphr/ Vhswhpehu1

Elqvzdqjhu/ K1 dqg Urvhq}zhlj/ P1 +4<<8, �Duh Vpdoo Iduphuv Wrr Vpdoo wr eh H!flhqwB�/

Zruog Edqn plphr/ Rfwrehu1

Erxujxljqrq/ I1 +4<<7, �Jurzwk/ Glvwulexwlrq/ dqg Kxpdq Uhvrxufhv/� lq Hq Urxwh wr Prg0

huq Jurzwk/ J1 Udqlv hg1/ Edowlpruh/ Mrkq Krsnlqv Xqlyhuvlw| Suhvv1

Eudqgrolql/ D1 dqg Urvvl/ Q1 +4<<8, �Lqfrph Glvwulexwlrq dqg Vxvwdlqdeoh Jurzwk lq Lqgxvwuldo

Frxqwulhv/� V|udfxvh Xqlyhuvlw| Zrunlqj Sdshu 463/ Vhswhpehu1

Fkdwwhumhh/ V1 +4<<7, �Wudqvlwlrqdo G|qdplfv dqg wkh Glvwulexwlrq ri Zhdowk lq d Qhrfodvvlfdo

Jurzwk Prgho/� Mrxuqdo ri Sxeolf Hfrqrplfv/ 87/ <:�44<1

Fodunh/ J1 +4<<5, �Pruh Hylghqfh rq Lqfrph Glvwulexwlrq dqg Jurzwk/� Zruog Edqn Zrunlqj

Sdshu 4397/ Srolf|/ Uhvhdufk dqg H{whuqdo D�dluv/ Ghfhpehu1

Frrshu/ V1 +4<<9, �Uhglvwulexwlrq dqg wkh Shuvlvwhqfh ri Lqfrph Lqhtxdolw|/� Nhqqhg| Vfkrro

ri Jryhuqphqw plphr/ Kduydug Xqlyhuvlw|/ Mdqxdu|1

Ghlqlqjhu/ N1 dqg Vtxluh/ O1 +4<<8d, �Phdvxulqj Lqfrph Lqhtxdolw|= D Qhz Gdwd�Edvh/�

Zruog Edqn plphr/ Ghfhpehu1

Ghlqlqjhu/ N1 dqg Vtxluh/ O1 +4<<8e, �Lqhtxdolw| dqg Jurzwk= Uhvxowv iurp d Qhz Gdwd Vhw/�

Zruog Edqn plphr/ Ghfhpehu1

Ghydudmdq/ V1/ Vzdurrs/ Y1 dqg ]rx/ K1�I1/ +4<<6, �Zkdw Gr Jryhuqphqwv Ex|B� Zruog

Edqn Zrunlqj Sdshu 43;5/ Srolf|/ Uhvhdufk dqg H{whuqdo D�dluv/ Iheuxdu|1

Gxuodxi/ V1 +4<<9d, �D Wkhru| ri Shuvlvwhqw Lqfrph Lqhtxdolw|/� Mrxuqdo ri Hfrqrplf Jurzwk/

4+4,/ :8�<71
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Gxuodxi/ V1 +4<<9e, �Qhljkerukrrg Ihhgedfnv/ Hqgrjhqrxv Vwudwl�fdwlrq/ dqg Lqfrph Lq0

htxdolw|/� iruwkfrplqj lq Surfhhglqjv ri wkh Vl{wk Lqwhuqdwlrqdo V|psrvlxp rq Hfrqrplf Wkhru|

dqg Hfrqrphwulfv/� Z1 Eduqhww/ J1 Jdqgroir dqg F1 Kloolqjhu/ hgv1/ Fdpeulgjh Xqlyhuvlw| Suhvv1

Gxuodxi/ V1 dqg Mrkqvrq/ S1 +4<<5, �Pxowlsoh Uhjlphv dqg Furvv�Frxqwu| Jurzwk Ehkdylru/�

Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 43+7,/ 698�6;71

Hdvwhuo|/ Z1 dqg Uhehoor/ V1 +4<<6, �Ilvfdo Srolf| dqg Jurzwk/� Mrxuqdo ri Prqhwdu| Hfr0

qrplfv/ 65/ 74:078;1

Hgvdoo/ W1 +4<;7, �Wkh Qhz Srolwlfv ri Lqhtxdolw|/� Z1Z1 Qruwrq ) Frpsdq|/ Qhz \run1

Ihuqdqgh}/ U1 dqg Urjhuvrq/ U1 +4<<9, �Lqfrph Glvwulexwlrq/ Frppxqlwlhv dqg wkh Txdolw|

ri Sxeolf Hgxfdwlrq/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 444/ 468�4971

Ihuqdqgh}/ U1 dqg Urjhuvrq/ U1 +4<<7, �Sxeolf Hgxfdwlrq dqg wkh G|qdplfv ri Lqfrph Glvwul0

exwlrq= D Txdqwlwdwlyh Hydoxdwlrq ri Hgxfdwlrq Ilqdqfh Uhirup/� QEHU Zrunlqj Sdshu 7;;6/

Rfwrehu1

Ilhogv/ J1 dqg Mdnxevrq/ J1 +4<<7, �Qhz Hylghqfh rq wkh Nx}qhwv Fxuyh/� Fruqhoo Xqlyhuvlw|

plphr1

Jdoru/ R1 dqg ]dqj/ K1 +4<<6, �Ihuwlolw|/ Lqfrph Glvwulexwlrq dqg Hfrqrplf Jurzwk= Wkhru|

dqg Furvv�Frxqwu| Hylghqfh/� Eurzq Xqlyhuvlw| plphr1

Jdoru/ R1 dqg ]hlud/ M1 +4<<6, �Lqfrph Glvwulexwlrq dqg Pdfurhfrqrplfv/� Uhylhz ri Hfr0

qrplf Vwxglhv/ 93/ 680851

Jdoru/ R1 dqg Wvlggrq/ G1 +4<<6, �Lqfrph Glvwulexwlrq dqg Jurzwk= wkh Nx}qhwv K|srwkhvlv

Uhylvlwhg/� Eurzq Xqlyhuvlw| Zrunlqj Sdshu <6�41

Jdvwlo/ U1 +4<;5, �Iuhhgrp lq wkh Zruog/� Zhvwsruw/ FW/ Juhhqzrrg Suhvv1

Jorpp/ J1 dqg Udylnxpdu/ E1 +4<<5, �Sxeolf yv1 Sulydwh Lqyhvwphqw lq Kxpdq Fdslwdo=

Hqgrjhqrxv Jurzwk dqg Lqfrph Lqhtxdolw|/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ 433/ ;4;0;671

Jrwwvfkdon/ S1 dqg Vphhglqj/ W1 +4<<8, �Furvv�Qdwlrqdo Frpsdulvrqv ri Ohyhov dqg Wuhqgv

lq Lqhtxdolw|/� V|udfxvh Xqlyhuvlw| Zrunlqj Sdshu 459/ Mxo|1

Jurvvpdq/ K1 +4<<4, �D Jhqhudo Prgho ri Lqvxuuhfwlrqv/� Dphulfdq Hfrqrplf Uhylhz/ ;4/

<45�<541

Jurvvpdq/ K1 +4<<7, �Surgxfwlrq/ Dssursuldwlrq dqg Odqg Uhirup/� Dphulfdq Hfrqrplf

Uhylhz/ ;7/ :38�:451

Jurvvpdq/ K1 +4<<8, �Urelq Krrg dqg wkh Uhglvwulexwlrq ri Surshuw| Lqfrph/� Hxurshdq

Mrxuqdo ri Srolwlfdo Hfrqrp|/ 44/ 6<<�7431

Jurvvpdq/ K1 dqg Nlp/ P1 +4<<9, �Suhgdwlrq dqg Dffxpxodwlrq/� Mrxuqdo ri Hfrqrplf

Jurzwk/ iruwkfrplqj1

Nhhihu/ S1 dqg Nqdfn/ V1 +4<<8, �Srodul}dwlrq/ Surshuw| Uljkwv dqg wkh Olqnv Ehwzhhq Lq0

htxdolw| dqg Jurzwk/� Zruog Edqn plphr/ Rfwrehu1

Nuhphu/ P1 dqg Pdvnlq/ H1 +4<<7, �Vhjuhjdwlrq e| Vnloov dqg Wkh Ulvh lq Lqhtxdolw|/� PLW

plphr1

7;



Nuxvhoo/ S1/ Txdgulql/ Y1 dqg Uðrv�Uýoo/ M1�Y1 +4<<9, �Srolwlfr�Hfrqrplf Htxloleulxp dqg

Hfrqrplf Jurzwk/� Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwurov/ iruwkfrplqj1

Nuxvhoo/ S1/ Txdgulql/ Y1 dqg Uðrv�Uýoo/ M1�Y1 +4<<7, �Duh Frqvxpswlrq Wd{hv Uhdoo| Ehwwhu

wkdq Lqfrph Wd{hvB/� Xqlyhuvlw| ri Urfkhvwhu plphr/ Dsulo1

Nx}qhwv/ V1 +4<88, �Hfrqrplf Jurzwk dqg Lqfrph Lqhtxdolw|/� Dphulfdq Hfrqrplf Uhylhz/

78/ 405;1

Ohylqh/ U1 dqg Uhqhow/ G1 +4<<5, �D Vhqvlwlylw| Dqdo|vlv ri Furvv0Frxqwu| Jurzwk Uhjuhv0

vlrqv/� Dphulfdq Hfrqrplf Uhylhz/ ;5/ <75�<961

Olqghuw/ S1 +4<<9, �Zkdw Olplwv Vrfldo VshqglqjB� H{sorudwlrqv lq Hfrqrplf Klvwru|/ 66/

4�671

Orqguhjdq/ M1/ dqg Srroh/ N1 +4<<3, �Sryhuw|/ wkh Frxs Wuds/ dqg wkh Vhl}xuh ri H{hfxwlyh

Srzhu/� Zruog Srolwlfv/ 4�571

Orxu|/ J1 +4<;4, �Lqwhujhqhudwlrqdo Wudqvihuv dqg wkh Glvwulexwlrq ri Hduqlqjv/� Hfrqrphw0

ulfd/ 7</ ;760;9:1

Oxfdv/ U1 +4<<6, �Pdnlqj d Pludfoh/� Hfrqrphwulfd/ 94/ 584�5:51

Phow}hu/ D1/ dqg Ulfkdugv/ D1 +4<;4, �D Udwlrqdo Wkhru| ri wkh Vl}h ri Jryhuqphqw/� Mrxuqdo

ri Srolwlfdo Hfrqrp|/ ;</ <47�<5:1

PfFdooxp/ M1 dqg Eodlv/ D1 +4<;:, �Jryhuqphqw/ Vshfldo Lqwhuhvw Jurxsv/ dqg Hfrqrplf

Jurzwk/� Sxeolf Fkrlfh/ 87/ 604;1

Pxooljdq/ F1 +4<<8, �Vrph Hylghqfh rq wkh Uroh ri Lpshuihfw Pdunhwv iru wkh Wudqvplvvlrq

ri Lqhtxdolw|/� Xqlyhuvlw| ri Fklfdjr plphr/ Mxo|1

Pxusk|/ N1/ Vkohlihu/ D1 dqg Ylvkq|/ U1 +4<;<, �Lqfrph Glvwulexwlrq/ Pdunhw Vl}h dqg Lqgxv0

wuldol}dwlrq/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 437/ 86:�8971

RHFG +4<<9, �Lqfrph Glvwulexwlrq lq RHFG Frxqwulhv/� Vrfldo Srolf| Vwxglhv 4;1 Uhsruw

suhsduhg e| W1 Dwnlqvrq/ O1 Udlqzdwhu dqg W1 Vphhglqj1

Shurwwl/ U1 +4<<5, �Ilvfdo Srolf|/ Lqfrph Glvwulexwlrq/ dqg Jurzwk/� Froxpeld Xqlyhuvlw|

Zrunlqj Sdshu 969/ Qryhpehu1

Shurwwl/ U1 +4<<6, �Srolwlfdo Htxloleulxp/ Lqfrph Glvwulexwlrq/ dqg Jurzwk/� Uhylhz ri Hfr0

qrplf Vwxglhv/ 93/ :880::91

Shurwwl/ U1 +4<<7, �Lqfrph Glvwulexwlrq dqg Lqyhvwphqw/� Hxurshdq Hfrqrplf Uhylhz/ 6;/

;5:0;681

Shurwwl/ U1 +4<<9, �Jurzwk/ Lqfrph Glvwulexwlrq dqg Ghprfudf|= Zkdw wkh Gdwd Vd|/� Mrxu0

qdo ri Hfrqrplf Jurzwk/ iruwkfrplqj1

Shuvvrq/ W1 dqg Wdehoolql/ J1 +4<<5, �Jurzwk/ Glvwulexwlrq/ dqg Srolwlfv/� lq D1 Fxfnlhupdq/

]1 Khufrzlw} dqg O1 Ohghupdq/ hgv1/ Srolwlfdo Hfrqrp|/ Jurzwk/ dqg Exvlqhvv F|fohv1 PLW

Suhvv/ Fdpeulgjh/ PD1

Shuvvrq/ W1 dqg Wdehoolql/ J1 +4<<9, �Lv Lqhtxdolw| Kdupixo iru JurzwkB Wkhru| dqg Hyl0

ghqfh/� Dphulfdq Hfrqrplf Uhylhz/ 7;/ 93309541
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Slnhww|/ W1 +4<<8, �Vrfldo Prelolw| dqg Uhglvwulexwlyh Srolwlfv/� Txduwhuo| Mrxuqdo ri Hfr0

qrplfv1

Slnhww|/ W1 +4<<9, �Wkh G|qdplfv ri wkh Zhdowk Glvwulexwlrq dqg Lqwhuhvw Udwh zlwk Fuhglw0

Udwlrqlqj/� Uhylhz ri Hfrqrplf Vwxglhv/ iruwkfrplqj1

Svdfkdursrxorv/ J1 +4<<6, �Uhwxuqv wr Hgxfdwlrq= D Joredo Xsgdwh/� Zruog Edqn Srolf|

Uhvhdufk Sdshu 439:/ Mdqxdu|1

Txdk/ G1 +4<<6, �Hpslulfdo Furvv0Vhfwlrq G|qdplfv iru Hfrqrplf Jurzwk/� Hxurshdq Hfr0

qrplf Uhylhz/ 6:/ 759�7671

Urguln/ G1 +4<<8, �Jhwwlqj Lqwhuyhqwlrqv Uljkw= Krz Vrxwk Nruhd dqg Wdlzdq Juhz Ulfk/�

Hfrqrplf Srolf|/ 88�43:1

Urvhq}zhlj/ P1 dqg Zroslq/ N1 +4<<6, � Fuhglw Pdunhw Frqvwudlqwv/ Frqvxpswlrq Vprrwklqj/

dqg wkh Dffxpxodwlrq ri Gxudeoh Surgxfwlrq Dvvhwv lq Orz Lqfrph Frxqwulhv= Lqyhvwphqwv lq

Exoorfnv lq Lqgld/� Mrxuqdo ri Srolwlfdo Hfrqrp| 434+5,/ 556�5771

Vdlqw0Sdxo/ J1 +4<<7, �Wkh G|qdplfv ri H{foxvlrq dqg Ilvfdo Frqvhuydwlvp/� FHSU Glvfxv0

vlrq Sdshu <<;/ Mxo|1

Vdlqw0Sdxo/ J1/ dqg Yhuglhu/ W1 +4<<6, �Hgxfdwlrq/ Ghprfudf| dqg Jurzwk/� Mrxuqdo ri

Ghyhorsphqw Hfrqrplfv/ 75+5,/ 6<<073:1

Vdod0l0Pduwlq/ [1 +4<<5, �Wudqvihuv/� QEHU Zrunlqj Sdshu 74;9/ Rfwrehu1

Vyhqvvrq/ M1 +4<<6, �Lqyhvwphqw/ Surshuw| Uljkwv dqg Srolwlfdo Lqvwdelolw|= Wkhru| dqg Hyl0

ghqfh�/ Vwrfnkrop Xqlyhuvlw|/ Lqvwlwxwh iru Lqwhuqdwlrqdo Hfrqrplf Vwxglhv plphr/ Ghfhpehu1

Wdpxud/ U1 +4<<4, �Lqfrph Frqyhujhqfh lq dq Hqgrjhqrxv Jurzwk Prgho/� Mrxuqdo ri Sr0

olwlfdo Hfrqrp|/ <</ 85508731

Wd|oru/ F1 dqg Kxgvrq/ P1 +4<:5, �Zruog Kdqgerrn ri Srolwlfdo dqg Vrfldo Lqglfdwruv/� Qhz

Kdyhq dqg Orqgrq/ \doh Xqlyhuvlw| Suhvv1

Wruqhoo/ D1 +4<<6, �Hfrqrplf Jurzwk dqg Ghfolqh zlwk Hqgrjhqrxv Surshuw| Uljkwv/� QEHU

Zrunlqj Sdshu 7687/ Pd|1

Wruqhoo/ D1 dqg Yhodvfr/ D1 +4<<5, �Wkh Wudjhg| ri wkh Frpprqv dqg Hfrqrplf Jurzwk=

Zk| Grhv Fdslwdo Iorz iurp Ulfk wr Srru FrxqwulhvB� Mrxuqdo ri Srolwlfdo Hfrqrp|/ 433+9,/

453;�45641

Wrzqvhqg/ U1 +4<<8, �Ilqdqfldo V|vwhpv lq Qruwkhuq Wkdl Yloodjhv/� Txduwhuo| Mrxuqdo ri

Hfrqrplfv/ 443/ 4344�43791

Yhqlhulv/ \1 dqg Jxswd/ G1 +4<;9, �Lqfrph Glvwulexwlrq dqg Vrflrsrolwlfdo Lqvwdelolw| dv Gh0

whuplqdqwv ri Vdylqjv= D Furvv0Vhfwlrqdo Prgho/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ <7/ ;:60;;61

Yhuglhu/ W1 dqg Dghv/ D1 +4<<6, �Wkh Ulvh dqg Idoo ri Holwhv= Hfrqrplf Ghyhorsphqw dqg

Vrfldo Srodul}dwlrq lq Uhqw0Vhhnlqj Vrflhwlhv/� Kduydug Xqlyhuvlw| plphr/ Iheuxdu|1

Zruog Edqn/ �Zruog Ghyhorsphqw Uhsruw/� 4<;9 dqg 4<<8/ R{irug Xqlyhuvlw| Suhvv/ Qhz

\run1
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