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Frqyhujhqfh dqg F|fohv lq wkh Hxur0]rqh

Ydvfr P1 Fduydokr dqg Dqguhz F1 Kduyh|

Xqlyhuvlw| ri Fdpeulgjh

Pdufk 7/ 5336

Devwudfw

Pxowlyduldwh xqrevhuyhg frpsrqhqwv +vwuxfwxudo, wlph vhulhv prghov duh �w0

whg wr dqqxdo srvw0zdu revhuydwlrqv rq uhdo lqfrph shu fdslwd lq frxqwulhv lq

wkh Hxur0}rqh1 Wkh dlp lv wr hvwdeolvk vw|olvhg idfwv derxw frqyhujhqfh dv lw

uhodwhv erwk wr orqj0uxq lqfrph ohyhov dqg wr f|fohv1 Wkh dqdo|vlv lv edvhg rq

d qhz prgho lq zklfk frqyhujhqfh frpsrqhqwv duh frpelqhg zlwk d frpprq

wuhqg dqg vlplodu f|fohv1 Wkhvh frqyhujhqfh frpsrqhqwv duh irupxodwhg dv d

vhfrqg0rughu huuru fruuhfwlrq phfkdqlvp zklfk hqvxuhv wkdw wkh h{wudfwhg frp0

srqhqwv fkdqjh vprrwko| wkhuhe| jlylqj d fohduhu ghfrpsrvlwlrq lqwr orqj0uxq

pryhphqwv dqg f|fohv1

NH\ZRUGV= Edodqfhg jurzwk/ huuru fruuhfwlrq phfkdqlvp/ Ndopdq �o0

whu/ vljqdo h{wudfwlrq/ vwrfkdvwlf wuhqg/ xqrevhuyhg frpsrqhqwv1

MHO fodvvl�fdwlrq= F65/ R731

4 Lqwurgxfwlrq

Plqlplvlqj lqfrph lqhtxdolw| dfurvv lwv phpehuv kdv orqj ehhq d ghfoduhg remhfwlyh

ri wkh Hxurshdq Xqlrq1 Lq sduwlfxodu/ surprwlqj frqyhujhqfh ri lqfrph lq ohyhov

+ru dw ohdvw wkh frqglwlrqv iru wkdw wr eh rewdlqhg, kdv ehhq wkh mxvwl�fdwlrq iru wkh

hvwdeolvkphqw �uvw/ ri Vwuxfwxudo Ixqgv +wkh odujhvw ri zklfk wkh Hxurshdq Uhjlrqdo

Ghyhorsphqw Ixqg hvwdeolvkhg lq 4<:8, dqg/ pruh uhfhqwo| +4<<6,/ ri wkh Frkhvlrq
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Ixqg1 Wkh odwwhu lv vshfl�fdoo| gluhfwhg dw srruhu frxqwulhv +Juhhfh/ Luhodqg/ Sruwxjdo

dqg Vsdlq, dqg zdv vhw xs zlwk wkh sxusrvh ri pdnlqj frpsdwleoh wkh HPXexgjhwdu|

glvflsolqh uhtxluhphqwv dqg wkh frqwlqxhg lqiudvwuxfwxuh lqyhvwphqw uhtxluhphqwv lq

wkhvh frxqwulhv/ zklfk wkh HX ghhpv dv qhfhvvdu| iru frqyhujhqfh wr wdnh sodfh1 Dv

Erogulq dqg Fdqryd +5334, srlqw rxw/ zkdw wklv lpsolhv derxw wkh ylhz xqghuo|lqj

HX srolflhv lv wkdw ghhshqlqj hfrqrplf dqg prqhwdu| lqwhjudwlrq/ e| lwvhoi/ ohdgv wr

glyhujhqfh ri lqfrph ohyhov dfurvv Hxursh> vhh dovr Pduwlq + 5333,1 Krzhyhu/ wklv

ylhz vwdqgv dw rggv zlwk qhr0fodvvlfdo jurzwk wkhrulhv1 Dv hfrqrplf dqg prqhwdu|

lqwhjudwlrq ghhshqv dqg iuhh pryhphqw ri jrrgv/ shrsoh dqg fdslwdo ehfrphv d uhdolw|

dfurvv Hxursh/ wkh suhfrqglwlrqv iru vxfk wkhrulhv duh pruh olnho| wr eh phw1 Dv vxfk/

wkh wkhruhwlfdo suhglfwlrq zrxog eh rqh ri frqyhujhqfh qrw glyhujhqfh1

Zklfk ylhz lv fruuhfw lv qrw rqo| ri wkhruhwlfdo lqwhuhvw exw dovr kdv lpsruwdqw

srolf| lpsolfdwlrqv1 Li wkh HX ylhz lv fruuhfw/ wkh fuhdwlrq ri HPX phdqv wkdw

lqfhqwlyhv iru vwuxfwxudo dgmxvwphqw duh qhhghg iru fdwfklqj xs wr wdnh sodfh14 Jlyhq

wkh orvv ri qdwlrqdo prqhwdu| srolflhv dqg wkh vwulfw exgjhwdu| uhtxluhphqwv olplwlqj

qdwlrqdo sxeolf vshqglqj/ Hxurshdq0zlgh uhglvwulexwlrq zrxog eh wkh rqo| rswlrq1

Lqghhg/ d vxevwdqwldo sduw ri HX*v uhvrxufhv lv douhdg| gluhfwhg dw vxvwdlqlqj frkhvlrq=

Erogulq dqg Fdqryd +5333, �qg wkdw/ ryhu wkh 4<;904<<< shulrg/ lw lv forvh wr ;( ri

wkh Frppxqlw|*v JGS1

Jlyhq vxfk ydvw srolf| lpsolfdwlrqv/ wkh qhhg wr yhuli| wkh ydolglw| ri wkh xq0

ghuo|lqj suhplvh lv reylrxv1 Vw|olvhg idfwv rq jurzwk dqg frqyhujhqfh duh qhhghg

wr dqvzhu txhvwlrqv vxfk dv= duh Hxur0}rqh hfrqrplhv frqyhujlqj wr d vlqjoh vwhdg|

vwdwh glvwulexwlrq ru duh wkh| foxvwhulqj durxqg gl�huhqw vwdwhvB Zhuh wkh| glyhujlqj

ehiruh wkh hvwdeolvkphqw ri Vwuxfwxudo dqg Frkhvlrq ixqgvB Lv wkhuh dq| ylvleoh h�hfw

ri wkh odwwhu rq wkh jurzwk g|qdplfv ri srruhu frxqwulhvB

Krzhyhu wkh idfw uhpdlqv wkdw wkh h{lvwlqj olwhudwxuh rq Hxurshdq frqyhujhqfh 0

pluurulqj wkh vlwxdwlrq wkurxjkrxw wkh hqwluh jurzwk hpslulfv olwhudwxuh0 kdv uhdfkhg

4Wkh Ghoruv Uhsruw ri 4<;< pdnhv wklv fohdu/ vwdwlqj wkdw zlwk ghhshu lqwhjudwlrq cwudqvsruw frvwv

dqg hfrqrplhv ri vfdoh zrxog whqg wr idyru d vkliw lq hfrqrplf dfwlylw| dzd| iurp ohvv ghyhorshg

uhjlrqv +111, wr wkh kljko| ghyhorshg duhdv +111,1 Wkh hfrqrplf dqg prqhwdu| xqlrq zrxog kdyh

wr hqfrxudjh dqg jxlgh vwuxfwxudo dgmxvwphqw zklfk zrxog khos srruhu uhjlrqv fdwfk xs zlwk wkh

zhdowklhu rqhv*1
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qr djuhhphqw rq zkdw wkh Hxurshdq uhfrug uhdoo| lv1 Wklv vwhpv pdlqo| iurp wkh xvh

ri gl�huhqw phwkrgv> vhh Gxuodxi dqg Txdk +4<<<, iru d uhylhz dqg fulwlflvp ri wkh

hpslulfdo olwhudwxuh1 Wkxv zkloh wkh hduo| furvv0vhfwlrqdo dssurdfk ri Eduur dqg Vdod0

l0Pduwlq +4<<5, frqfoxghg lq idyrxu ri devroxwh exw vorz frqyhujhqfh lq Hxursh/ sdqho

prghov zlwk �{hg h�hfwv kdyh vxjjhvwhg yhu| idvw frqyhujhqfh wrzdugv gl�huhqw vwhdg|

vwdwhv1 Ilqdoo|/ iroorzlqj wkh wlph0vhulhv2frlqwhjudwlrq dssurdfk sursrvhg lq Ehuqdug

dqg Gxuodxi +4<<8/ 4<<9,/ Wvlrqdv +5333, dssolhv d edwwhu| ri xqlw0urrw2vwdwlrqdulw|

whvwv wr frqfoxgh wkdw erwk glyhujhqfh dqg frqyhujhqfh duh srvvleoh= cwkh uhvxowv duh

pl{hg dqg ghshqg fulwlfdoo| rq wkh w|sh ri whvw hpsor|hg*1

Dv zh kdyh dujxhg hovhzkhuh +vhh Kduyh| dqg Fduydokr +5335, dqg Fduydokr dqg

Kduyh| +5335,, zh eholhyh wkdw udwkhu wkdq dgglqj |hw dqrwkhu vhw ri uhjuhvvruv ru

whvwlqj lq d ydfxxp/ suhvhqwlqj wkh vw|olvhg idfwv rq jurzwk dqg frqyhujhqfh lv ri pruh

ydoxh erwk iru wkh ghyhorsphqw ri phdqlqjixo wkhrulhv dqg iru srolf| ghflvlrqv1 Wklv

uhvsrqvh lv lq olqh zlwk wkh jurzlqj glvvdwlvidfwlrq rq wkh fxuuhqw vwdwh ri jurzwk

hpslulfv dqg Gxuodxi*v +5334/ s 9;, fdoo iru hfrqrphwulfv wr cfoduli| krz hpslulfdo

zrunhuv vkrxog hoxflgdwh gdwd sdwwhuqv dqg gudz lqihuhqfhv frqfhuqlqj jurzwk*1 Wkh

dlp ri wkh suhvhqw sdshu lv wr hvwdeolvk vw|olvhg idfwv derxw frqyhujhqfh lq Hxur0}rqh

frxqwulhv erwk zlwk uhvshfw wr orqj0uxq lqfrph ohyhov dqg wr f|fohv1 Glvwlqjxlvklqj

wuhqgv iurp f|folfdo pryhphqwv lv hvvhqwldo wr dq h�hfwlyh vwxg| ri frqyhujhqfh1 Wkh

dqdo|vlv lv edvhg rq d qhz pxowlyduldwh xqrevhuyhg frpsrqhqwv prgho lq zklfk frq0

yhujhqfh frpsrqhqwv duh frpelqhg zlwk d frpprq wuhqg dqg vlplodu f|fohv1 Wkhvh

frqyhujhqfh frpsrqhqwv duh irupxodwhg dv d vhfrqg0rughu huuru fruuhfwlrq phfkd0

qlvp zklfk hqvxuhv wkdw wkh h{wudfwhg frpsrqhqwv fkdqjh vprrwko| wkhuhe| jlylqj d

fohduhu ghfrpsrvlwlrq lqwr orqj0uxq pryhphqwv dqg f|fohv1 Ixuwkhupruh wkh vhfrqg0

rughu phfkdqlvp lv deoh wr fdswxuh whpsrudu| glyhujhqfh/ vrphwklqj wkdw lv d ihdwxuh

ri wkh Hxur0}rqh gdwd1 Ehfdxvh wkh furvv0vhfwlrq lv uhodwlyho| vpdoo/ zh duh deoh wr

surshuo| dffrxqw iru wkh furvv0fruuhodwlrqv dfurvv uhjlrqv1 Wkh vwdwlvwlfdo wuhdwphqw

ri wkh prgho lv edvhg rq wkh vwdwh vsdfh irup1 Sdudphwhuv duh hvwlpdwhg e| pd{l0

pxp olnholkrrg dqg frpsrqhqwv duh h{wudfwhg e| wkh Ndopdq �owhu dqg dvvrfldwhg

vprrwkhu1

Wkh sodq ri wkh sdshu lv dv iroorzv1 Lq vhfwlrq 5 zh uhylhz wkh pdlq lghdv ri
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vwuxfwxudo wlph vhulhv prghov dqg vkrz krz d pxowlyduldwh prgho kdqgohv edodqfhg

jurzwk1 Vhfwlrq 6 vhwv rxw wkh frqyhujhqfh prgho1 Iroorzlqj wkh suholplqdu| dqdo|vlv

ri wuhqgv lq shu fdslwd lqfrph lq wkh Hxur0}rqh frxqwulhv lq vhfwlrq 7/ wklv prgho

lv �wwhg wr wzr jurxsv lq vhfwlrq 81 Wkh jurzwk sdwkv ri wkh wzr jurxsv duh wkhq

frpsduhg1 Vhfwlrq 9 h{dplqhv wkh hylghqfh iru frqyhujhqfh lq f|fohv1 Vhfwlrq :

dvvhvvhv wkh h{whqw wr zklfk xqlw urrw dqg fr0lqwhjudwlrq whvwv fdq surylgh phdqljixo

hylghqfh rq frqyhujhqfh/ zkloh vhfwlrq ; frqfoxghv1

5 Vwuxfwxudo Wlph VhulhvPrghov dqg EdodqfhgJurzwk

514 Xqlyduldwh prghov

Wkh orfdo olqhdu wuhqg prgho iru d vhw ri revhuydwlrqv/ +|c | ' �c ��c Ac frqvlvwv ri d

vwrfkdvwlf wuhqg dqg dq luuhjxodu frpsrqhqw/ wkdw lv

+| ' >| n 0|c | ' �c ���c Ac +4,

zkhuh wkh wuhqg/>|c uhfhlyhv vkrfnv wr erwk lwv ohyho dqg vorsh vr

>| ' >|3� n q|3� n #|c #| � �U(Efc j2#�c

q| ' q|3� n l|c l| � �U(Efc j2l�c
+5,

zkhuh wkh luuhjxodu/ ohyho dqg vorsh glvwxuedqfhv/ 0|/#| dqg l|/ uhvshfwlyho|/ duh pxwx0

doo| lqghshqghqw dqg wkh qrwdwlrq �U( Efc j2� ghqrwhv qrupdoo| dqg lqghshqghqwo|

glvwulexwhg zlwk phdq }hur dqg yduldqfh j21 Li erwk yduldqfhv j2# dqg j2l duh }hur/

wkh wuhqg lv ghwhuplqlvwlf1 Zkhq rqo| j2l lv }hur/ wkh vorsh lv �{hg dqg wkh wuhqg uh0

gxfhv wr d udqgrp zdon zlwk guliw1 Doorzlqj j2l wr eh srvlwlyh/ exw vhwwlqj j
2

# wr }hur

jlyhv dq lqwhjudwhg udqgrp zdon wuhqg/ zklfk zkhq hvwlpdwhg whqgv wr eh uhodwlyho|

vprrwk1 Wkh prgho lv riwhq uhihuuhg wr dv wkh cvprrwk wuhqg * prgho1

Wkh vwdwlvwlfdo wuhdwphqw ri xqrevhuyhg frpsrqhqw prghov lv edvhg rq wkh vwdwh

vsdfh irup +VVI,1 Rqfh d prgho kdv ehhq sxw lq VVI/ wkh Ndopdq �owhu |lhogv hvwl0

pdwruv ri wkh frpsrqhqwv edvhg rq fxuuhqw dqg sdvw revhuydwlrqv1 Vljqdo h{wudfwlrq

uhihuv wr hvwlpdwlrq ri frpsrqhqwv edvhg rq doo wkh lqirupdwlrq lq wkh vdpsoh1 Lw lv

7



edvhg rq vprrwklqj uhfxuvlrqv zklfk uxq edfnzdugv iurp wkh odvw revhuydwlrq51 Suh0

glfwlrqv duh pdgh e| h{whqglqj wkh Ndopdq �owhu iruzdug1 Urrw phdq vtxduh huuruv

+UPVHv, fdq eh frpsxwhg iru doo hvwlpdwruv dqg suhglfwlrq ru frq�ghqfh lqwhuydov

frqvwuxfwhg1

Wkh xqnqrzq yduldqfh sdudphwhuv duh hvwlpdwhg e| frqvwuxfwlqj d olnholkrrg

ixqfwlrq iurp wkh rqh0vwhs dkhdg suhglfwlrq huuruv/ ru lqqrydwlrqv/ surgxfhg e| wkh

Ndopdq �owhu1 Wkh olnholkrrg ixqfwlrq lv pd{lpl}hg e| dq lwhudwlyh surfhgxuh1 Wkh

fdofxodwlrqv fdq eh grqh zlwk wkh VWDPS sdfndjh ri Nrrspdq hw do +5333,1 Rqfh

hvwlpdwhg/ wkh �w ri wkh prgho fdq eh fkhfnhg xvlqj vwdqgdug wlph vhulhv gldjqrvwlfv

vxfk dv whvwv iru uhvlgxdo vhuldo fruuhodwlrq1

Glvwlqjxlvklqj d orqj0whup wuhqg dqg iurp vkruw0whup pryhphqwv lv lpsruwdqw1

Vkruw0whup pryhphqwv pd| eh fdswxuhg e| dgglqj d vhuldoo| fruuhodwhg vwdwlrqdu|

frpsrqhqw/ �|c wr wkh prgho1 Wkxv

+| ' >| n �| n 0|c | ' �c ���c A +6,

Dq dxwruhjuhvvlyh surfhvv lv riwhq xvhg iru �|� Dqrwkhu srvvlelolw| lv wkh vwrfkdvwlf

f|foh 5
997
�|

�W|

6
::8 ' 4

5
997

ULtbS t�?bS

� t�?bS ULtbS

6
::8
5
997
�|3�

�W|3�

6
::8n

5
997
V|

VW|

6
::8 c | ' �c ���c Ac +7,

zkhuh bS lv iuhtxhqf| lq udgldqv dqg V| dqg VW| duh wzr pxwxdoo| lqghshqghqw zklwh

qrlvh glvwxuedqfhv zlwk }hur phdqv dqg frpprq yduldqfh j2V� Wkh shulrg fruuhvsrqg0

lqj wr bS lv 2Z*bS� Iru f � 4 	 �/ wkh surfhvv �| lv vwdwlrqdu| zlwk }hur phdq dqg ydul0

dqfh j2� ' j2V*E�� 42�> vhh Kduyh| +4<;</ s93,1 Wkh uhgxfhg irup lv dq �-��E2c ��

surfhvv lq zklfk wkh dxwruhjuhvvlyh sduw kdv frpsoh{ urrwv1 Wkh frpsoh{ urrw uh0

vwulfwlrq wrjhwkhu zlwk wkh vprrwk wuhqg uhvwulfwlrq riwhq doorzv d fohduhu vhsdudwlrq

lqwr wuhqg dqg f|foh1

5Lq d vprrwk wuhqg prgho zlwk d vljqdo0qrlvh udwlr/ �5�@�
5

%/ ri 424933/ wkh h{wudfwhg wuhqg fruuh0

vsrqgv wr wkh wuhqg rewdlqhg e| wkh Krgulfn0Suhvfrww +KS, �owhu iru txduwhuo| gdwd1

8



515 Pxowlyduldwh prghov

Vxssrvh zh kdyh � wlph vhulhv1 Gh�qh wkh yhfwru )| ' E+�|c ��c +�|�
� dqg vlploduo| iru

�|c#| dqg %|1 Wkhq d pxowlyduldwh XF prgho pd| eh vhw xs dv

)|' �|n#|n%|c %| � �U(EfcP0�c | ' �c ���c Ac +8,

zkhuh P0 lv dq � �� srvlwlyh vhpl0gh�qlwh pdwul{1 Wkh wuhqg lv

�| ' �|3�n �|3�n �|c �| � �U(EfcP#� +9,

�| ' �|3�n �|c �| � �U(EfcPl�c

Zlwk P# ' fc zh jhw wkh vprrwk wuhqg prgho1 Zlwk Pl ' fc zh jhw wkh udqgrp zdon

soxv guliw1

Wkh vlplodu f|foh prgho/ lqwurgxfhg e| Kduyh| dqg Nrrspdq +4<<:, lv
5
997
#|

#W

|

6
::8 '

5
9974
3
EEC

ULtbS t�?bS

� t�?bS ULtbS

4
FFD
 W�

6
::8
5
997
#|3�

#W

|3�

6
::8n

5
997
�|

�W|

6
::8 c | ' �c ���c Ac +:,

zkhuh #| dqg #
W

| duh ��� yhfwruv dqg �| dqg �
W

| duh��� yhfwruv ri wkh glvwxuedqfhv

vxfk wkdw

.E�|�
�

|� ' .E�W|�
W�

| � ' PVc .E�|�
W�

| � ' fc +;,

zkhuh PV lv dq � � � fryduldqfh pdwul{1 Wkh prgho doorzv wkh glvwxuedqfhv wr eh

fruuhodwhg dfurvv wkh vhulhv1 Ehfdxvh wkh gdpslqj idfwru dqg wkh iuhtxhqf|/ 4 dqg

bSc duh wkh vdph lq doo vhulhv/ wkh f|fohv lq wkh gl�huhqw vhulhv kdyh vlplodu surshuwlhv>

lq sduwlfxodu wkhlu pryhphqwv duh fhqwuhg durxqg wkh vdph shulrg1 Wklv vhhpv hpl0

qhqwo| uhdvrqdeoh li wkh f|folfdo pryhphqwv doo dulvh iurp d vlplodu vrxufh vxfk dv dq

xqghuo|lqj exvlqhvv f|foh1 Ixuwkhupruh/ wkh uhvwulfwlrq phdqv wkdw lw lv riwhq hdvlhu

wr vhsdudwh rxw wuhqg dqg f|foh pryhphqwv zkhq vhyhudo vhulhv duh mrlqwo| hvwlpdwhg1

Wkh frpprq f|foh prgho ri Ydklg dqg Hqjoh +4<<6, dvvxphv shuihfw fruuhodwlrq

ehwzhhq f|fohv1 Wklv lv d yhu| vwurqj uhvwulfwlrq1 Wkh uhfhqw sdshu e| Fduolqr dqg

Vloo +5334, xvhv wkh phwkrgrorj| ri Ydklg dqg Hqjoh +4<<6, wr ghfrpsrvh vhulhv rq

XV uhjlrqv lqwr frpprq wuhqgv dqg frpprq f|fohv1 Lq Fduydokr dqg Kduyh| +5335,

zh h{sodlq zk| zh gr qrw �qg wkh uhvxowlqj f|fohv sduwlfxoduo| sodxvleoh1

9



516 Vwdelolw| dqg edodqfhg jurzwk

Wkh edodqfhg jurzwk XF prgho lv d vshfldo fdvh ri +8,=

)| ' �>|n�n#|n%|c c | ' �c ���c Ac +<,

zkhuh >| lv d xqlyduldwh orfdo olqhdu wuhqg/ � lv d yhfwru ri rqhv/ dqg � lv dq � � �

yhfwru ri frqvwdqwv1 Li >| lv lqlwldolvhg zlwk d gl�xvh sulru/ wkhq � pxvw eh vxemhfw wr

d frqvwudlqw vr lw frqwdlqv rqo| � � � iuhh sdudphwhuv/ iru h{dpsoh wkhuh pd| eh rqh

}hur hqwu|1 Qrwh wkdw dowkrxjk wkh ohyhov pd| eh gl�huhqw/ wkh vorshv duh wkh vdph/

luuhvshfwlyh ri zkhwkhu wkh| duh �{hg ru vwrfkdvwlf1

D edodqfhg jurzwk prgho lpsolhv wkdw wkh vhulhv kdyh d vwdeoh uhodwlrqvkls ryhu

wlph1 Wklv phdqv wkdw wkhuh lv d ixoo udqn +� � �� � � pdwul{/ #c zlwk qr qxoo

froxpqv dqg wkh surshuw| wkdw #� ' fc wkhuhe| uhqghulqj #)| mrlqwo| vwdwlrqdu|1 Lq

rwkhu zrugv lw uhpryhv wkh frpprq wuhqg/ >|� Wkh urzv ri # pd| eh whuphg edodqfhg

jurzwk fr0lqwhjudwlqj yhfwruv1 W|slfdoo| hdfk urz zloo frqwdlq d rqh/ d plqxv rqh dqg

}hurhv hovhzkhuh1 Iru h{dpsoh/ rqh frxqwu| pd| eh xvhg dv d ehqfkpdun1

6 Frqyhujhqfh prghov

Wkh pxowlyduldwh frqyhujhqfh prgho sursrvhg e| Fduydokr dqg Kduyh| +5335, lv

)| ' �nq�|n �| n#|n%|c | ' �c ���c A +43,

zlwk ��� ' f dqg

�| ' x�|3� n �|c T @oE�|� ' P# +44,

ru

{�| ' Ex� W��|3� n �|�

Hdfk urz ri x vxpv wr xqlw|/ x� ' �� Wkxv vhwwlqj b wr rqh lq Ex� bW�� ' fc vkrzv

wkdw x kdv dq hljhqydoxh ri rqh zlwk d fruuhvsrqglqj hljhqyhfwru frqvlvwlqj ri rqhv1

:



Wkh rwkhu urrwv ri x duh rewdlqhg e| vroylqj mx� bWm ' f > wkh| vkrxog kdyh prgxoxv

ohvv wkdq rqh iru frqyhujhqfh1

Li zh zulwh

!
�

{�| ' !
�

Ex� W��|3� n !
�

�|

lw lv fohdu wkdw wkh � � � yhfwru ri zhljkwv/ !c zklfk jlyhv d udqgrp zdon pxvw

eh vxfk wkdw !
�

Ex� W� ' f
�1 Vlqfh wkh urrwv ri x� duh wkh vdph dv wkrvh ri xc lw

iroorzv iurp zulwlqj Ex��W�! ' f wkdw ! lv wkh hljhqyhfwru ri x� fruuhvsrqglqj wr

lwv xqlw urrw1 Wklv udqgrp zdon/ >�| ' !
�

�|c lv d frpprq wuhqg lq wkh vhqvh wkdw lw

|lhogv wkh frpprq jurzwk sdwk wr zklfk doo wkh hfrqrplhv frqyhujh1 Wklv lv ehfdxvh

*�4�<"x� ' �!
�

( wkh surri iroorzv dorqj wkh vdph olqhv dv wkdw iru d zhoo0nqrzq

uhvxow rq hujrglf Pdunry fkdlqv dv jlyhq/ iru h{dpsoh/ lq Kdplowrq +4<<7/ s9;4,1 Wkh

frpprq wuhqg iru wkh revhuydwlrqv lv d udqgrp zdon zlwk guliw/ qc dqg zlwk ��! ' f

hdfk hohphqw ri � lv d ghyldwlrq iurp wkh frpprq wuhqg1

Wkh krprjhqhrxv prgho kdvx '�Wn E�����!
�

c zkhuh � lv dq��� yhfwru ri rqhv/

� lv d vfdodu frqyhujhqfh sdudphwhu dqg ! lv dq � � � yhfwru ri sdudphwhuv zlwk wkh

surshuw| wkdw !
�

� '�1 Lw lv vwudljkwiruzdug wr frq�up wkdw ! lv wkh hljhqyhfwru ri

x� fruuhvsrqglqj wr wkh xqlw urrw1 Wkh frqyhujhqfh sdudphwhu dqg wkh hohphqwv ri

!c ghqrwhg ��c � ' �c ���c � duh hvwlpdwhg e| pd{lpxp olnholkrrg lq wkh xvxdo zd| e|

xvlqj wkh Ndopdq �owhu> wkh wuhqg frpsrqhqwv duh lqlwldolvhg zlwk d gl�xvh sulru1 Lw

lv dvvxphg wkdw m�m � �c zlwk � ' � lqglfdwlqj qr frqyhujhqfh1 Wkh �� sdudphwhuv

duh frqvwudlqhg wr olh ehwzhhq }hur dqg rqh dqg wr vxp wr rqh e| pd{lplvlqj wkh

orj0olnholkrrg zlwk uhvshfw wr � xqfrqvwudlqhg sdudphwhuv/ @�c wkdw duh olqnhg wr wkh

�
�

�r e| wkh htxdwlrqv �� ' @2� *
S
@2� c � ' �c ��c ��

Hdfk wuhqg fdq eh ghfrpsrvhg lqwr wkh frpprq wuhqg dqg d frqyhujhqfh frp0

srqhqw1 Wkh yhfwru ri frqyhujhqfh frpsrqhqwv lv

�
_

| ' �| � �>�|

' x�|3� � �>�|3� n �| � �#�| ' �EW� �!
�

��|3� n �| � �#�|

vr

�
_

| ' ��_

|3� n �
_

| c | ' �c ���c A�

;



zkhuh �_| ' �| � �#�|� Zulwlqj

{�_| ' E�� ���_

|3� n �
_

| c +45,

vkrzv wkdw hdfk uhodwlyh jurzwk udwh ghshqgv rq wkh jds ehwzhhq wkh vhulhv lq txhvwlrq

dqg wkh frpprq wuhqg1 Vxevwlwxwlqj lqwr +43, jlyhv

)| ' �nq�|n �>�| n �
_

| n#|n%|c | ' �c ���c A

Rqfh frqyhujhqfh kdv wdnhq sodfh/ wkh prgho lv ri wkh irup +<,/ exw zlwk dq dgglwlrqdo

vwdwlrqdu| frpsrqhqw �_

| 1

Wkh vprrwk frqyhujhqfh prgho lv

)| ' �n �| n#|n%|c | ' �c ���c A +46,

zlwk ��� ' f dqg

�| ' x�|3� n �|3�

�| ' x�|3� n �|

Wkh iruhfdvwv frqyhujh wr wkrvh ri d vprrwk frpprq wuhqg/ exw lq grlqj vr wkh| pd|

h{klelw whpsrudu| glyhujhqfh> vhh Kduyh| dqg Fduydokr +5335,1

Lq vfdodu qrwdwlrq wkh krprjhqhrxv prgho fdq eh h{suhvvhg lq whupv ri wkh frp0

prq wuhqg/ >�c|c dqg frqyhujhqfh surfhvvhv/ >_�| ' >�| � >�c|c � ' �c ���c �c e| zulwlqj

+�| ' k� n >�c| n >_�| n ��| n 0�|c � ' �c ���c �c +47,

zkhuh Pk� ' f dqg

>_�| ' �>_�c|3� n q_�|c � ' �c ���c�c m�m 	 � +48,

q_�| ' �q_�c|3� n #_�|c +49,

zkhuh wkh lqlwldo frqglwlrqv/ >_�fc � ' �c ��c � � �c duh �{hg dqg

>�| ' �>�|3� n q�|3�

q�| ' �q�c|3� n #�|�

<



Qrwh wkdw wkh �� |� vhulhv + ru lqghhg dq| vhulhv, fdq eh frqvwuxfwhg iurp wkh rwkhuv

dv

>_�| ' ��
3�

�

�3�[
�'�

��>
_

�| ��|� �� ' ��
�3�[
�'�

���

dqg vlploduo| iru q_�|1

7 Vw|olvhg idfwv rq wuhqgv dqg frqyhujhqfh lq Hxur0

}rqh Frxqwulhv

Lq wklv vhfwlrq zh xvh wkh pxowlyduldwh prgho ri vxe0vhfwlrq 515 wr glvsod| wkh vw|olvhg

idfwv frqfhuqlqj wuhqgv dqg frqyhujhqfh lq uhdo shu fdslwd lqfrphv lq hohyhq Hxur0

}rqh frxqwulhv= Dxvwuld +DX,/ Ehojlxp +EH,/ Ilqodqg +IL,/ Iudqfh +IU,/ Jhupdq|

+JH,/ Juhhfh +JU,/ Luhodqg +LU,/ Lwdo| +LW,/ Qhwkhuodqgv +QH, Sruwxjdo +SR, dqg

Vsdlq +VS,1 Rxw ri wkh suhvhqw phpehuvkls ri wkh Hxur0duhd/ rqo| Ox{hperxuj lv qrw

lqfoxghg dv qr gdwd duh dydlodeoh1

714 Gdwd dqg hvwlpdwlrq

Gdwd zhuh rewdlqhg iurp wkh JJGF Wrwdo Hfrqrp| Gdwdedvh/ 5335/ dw wkh Xqlyhu0

vlw| ri Jurqlqjhq dqg wkh Frqihuhqfh Erdug 61 Doo vhulhv duh h{suhvvhg lq 4<<3 XV

grooduv frqyhuwhg dw cJhdu|0Nkdplv* sxufkdvlqj srzhu sdulwlhv dqg orj0wudqviruphg1

Iljxuh 4 vkrzv dqqxdo revhuydwlrqv iurp 4<83 wr 4<<:1 Wkh Jhupdq gdwd uhihuv wr

Zhvw Jhupdq|1 Diwhu 4<<: gdwd lv rqo| dydlodeoh iru Jhupdq| dv d zkroh dqg wklv lv

zk| zh frqfhqwudwhg rxu dqdo|vlv rq wkh shulrg xs wr wkdw srlqw1

Hvwlpdwlrq ri doo wkh qhz prgho zdv grqh xvlqj surjudp urxwlqhv zulwwhq lq wkh

R[ 613 odqjxdjh +Grruqln/ 4<<<, zlwk xvh ehlqj pdgh ri wkh VViSdfn sdfndjh iru

vwdwh vsdfh dojrulwkpv ri Nrrspdq/ Vkhskdug dqg Grruqln +4<<<,1 Vrph ri wkh

pruh vwdqgdug prghov zhuh hvwlpdwhg xvlqj wkh VWDPS sdfndjh ri Nrrspdq hw do

+5333,1 Doo sdudphwhuv zhuh hvwlpdwhg e| pd{lpxp olnholkrrg dv ghvfulehg lq Vhfwlrq

5 dqg yduldqfhv duh uhsruwhg pxowlsolhg e| �fD1 Wkh hvwlpdwhg fryduldqfh pdwulfhv

6Iru ixoo ghvfulswlrq ri wkh gdwdvhw uhihu wr kwws=22zzz1hfr1uxj1qo2jjgf
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Iljxuh 4= Dqqxdo vhulhv +4<8304<<:, iru Hxur0duhd frxqwulhv1
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Iljxuh 5= Vprrwk wuhqgv iru Hxur0}rqh frxqwulhv1

duh uhsruwhg e| vkrzlqj wkh yduldqfhv rq wkh pdlq gldjrqdo zkloh wkh hqwulhv deryh

frqwdlq wkh furvv0fruuhodwlrqv1 Wkh frpsrqhqwv vkrzq lq wkh �jxuhv duh h{wudfwhg

e| wkh vwdwh0vsdfh vprrwklqj dojrulwkp1 Frpsdulvrqv zlwk XV uhjlrqv uhihu wr wkh

uhvxowv lq Fduydokr dqg Kduyh| +5335,1

715 Wuhqg jurzwk dqg lqfrph lqhtxdolw|

Iljxuh 5 vkrzv wkh wuhqgv/ h>�|�A / rewdlqhg e| �wwlqj d vlpsoh pxowlyduldwh vprrwk

wuhqg soxv f|foh prgho1 Wkhvh vorzo| fkdqjlqj wuhqgv lqglfdwh wkh orqj0uxq pryh0

phqwv iurp zklfk zh fdq vwduw wr dvvhvv dq| whqghqflhv wrzdugv frqyhujhqfh ru gl0

yhujhqfh1

Wkh �uvw srlqw wr qrwh lv wkh h{lvwhqfh ri vxejurxsv/ ru foxvwhuv/ zlwklq wkh Hxur0

}rqh= d kljk0lqfrph jurxs/ frqvlvwlqj ri wudglwlrqdo fruh frxqwulhv +JU/ IU/ EH/ QH,/

wrjhwkhu zlwk vrph shulskhudo frxqwulhv +LW/ DX/ IL,/ dqg d orz lqfrph jurxs pdgh
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xs ri srruhu shulskhudo frxqwulhv +SW/ VS/ JU,1 Wkh rxwolhu lv Luhodqg/ zklfk fdqqrw

eh odehohg zlwk fhuwdlqw| dv d phpehu ri hlwkhu jurxs jlyhq lwv jurzwk g|qdplfv1

Rwkhuzlvh/ wklv vxejurxslqj lv zhoo gh�qhg dqg uhpdundeo| vwdeoh wkurxjkrxw wkh

vhfrqg kdoi ri wkh wzhqwlhwk fhqwxu|1 Wkh wkuhh srruhvw dqg wkh vhyhq ulfkhvw frxqwulhv

lq 4<83 vwloo kdg wkdw vwdwxv dw wkh hqg ri wkh qlqhwlhv1

Wkh vhfrqg srlqw wr qrwh lv wkdw wkh h{wudfwhg wuhqgv fohduo| vkrz wkh wkuhh glvwlqfw

hsrfkv ri hfrqrplf jurzwk= 4<8304<:5> 4<:604<:< dqg 4<;304<<:1 Wkhvh vwdqgdug

vxeglylvlrqv lq srvw0zdu Hxurshdq hfrqrplf klvwru| fruuhvsrqg wr wkh cJroghq Djh*/

wkh vkrfnv ri wkh 4<:3v dqg wkh hqvxlqj shulrg ri vwdelolvdwlrq dqg uhvwuxfwxulqj> vhh

Fudiwv dqg Wrqlror +4<<9,1 Wdeoh 4 ehorz grfxphqwv wkh dyhudjh wuhqg jurzwk udwhv

iru hdfk ri wkh Hxur0}rqh frxqwulhv dqg iru hdfk vxejrxsv11

4<8304<<: 4<8304<:5 4<:604<:< 4<;304<<:

Dxvwuld 618:( 8143( 6168( 41;3(

Ehojlxp 51:3( 6184( 51:4( 41:3(

Ilqodqg 614<( 716;( 5198( 41<7(

Iudqfh 51;4( 713<( 5187( 4169(

Jhupdq| 6133( 71:4( 5184( 413<(

Juhhfh 61:<( 9148( 6145( 4148(

Luhodqg 616;( 51<<( 6154( 61<6(

Lwdo| 617:( 71<7( 51<8( 41;9(

Qhwkhuodqgv 518:( 618:( 41<3( 4195(

Sruwxjdo 7136( 8184( 517<( 51;4(

Vsdlq 61:5( 81:5( 41<<( 41<8(

: ulfkhvw/ dyhudjh 6137( 7166( 5199( 4196(

6 srruhvw/ dyhudjh 61;8( 81:<( 5186( 41<:(
Wdeoh 4= Dyhudjh wuhqg jurzwk udwhv iru Hxur0}rqh frxqwulhv1

Wdnlqj wkh lqirupdwlrq lq Iljxuh 5 dqg Wdeoh 4 wrjhwkhu/ lw lv fohdu wkdw= 4,

wkh srruhvw vxejurxs kdv/ ryhu wkh hqwluh shulrg/ d kljkhu wuhqg jurzwk udwh> 5,

wklv kljkhu dyhudjh wuhqg jurzwk udwh lv d surgxfw ri wkh vwurqj fdwfklqj0xs surfhvv

gxulqj wkh Jroghq Djh71 Wkhvh wzr idfwv odujho| h{sodlq wkh �qglqjv lq furvv0vhfwlrqdo

7Fdofxodwlrqv e| wkh dxwkruv vkrz wkdw wklv fdwfklqj0xs surfhvv lv odujho| olplwhg wr wkh 93v1
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vwxglhv/ vxfk dv Vdod0l0Pduwlq +4<<9,/ vxssruwlqj q0frqyhujhqfh lq Hxursh wkurxjkrxw

wkh srvw0zdu shulrg dqg lwv devhqfh iurp wkh 4<:3v rqzdugv1 Wdeoh 4 dovr vkhgv

vrph oljkw rq +olplwhg, prelolw| lq lqfrph shu0fdslwd udqnlqj zlwklq hdfk jurxs1

Wkxv/ iru h{dpsoh Dxvwuld*v dqg Sruwxjdo*v vxshulru jurzwk shuirupdqfh ohdgv wr

wkhlu ryhuwdnlqj ri Ilqodqg dqg Juhhfh uhvshfwlyho|1 Rq wkh rwkhu kdqg/ Luhodqg*v

lglrv|qfudwlf ehkdylrxu lv vlqjohg rxw= lw lv erwk wkh rqo| frxqwu| wr plvv rxw rq wkh

Jroghq Djh dqg wkh ehvw dfklhyhu ryhu wkh 4<;304<<: shulrg1

Ixuwkhu lqvljkwv rq wkh hyroxwlrq ri lqfrph lqhtxdolw| dfurvv wkh Hxur0}rqh fdq eh

jdlqhg e| wkh sorwwlqj wkh furvv0vhfwlrqdo vwdqgdug ghyldwlrq ri wkh vprrwkhg wuhqg

frpsrqhqwv/ 7(Eh>�|�A �1 Wklv lv grqh lq Iljxuh 6/ zkhuh zh dovr sorw wkh dqdorjrxv

vhulhv iru wkh ; XV Fhqvxv uhjlrqv/ dv zhoo dv wkrvh ri vxejurxsv erwk zlwklq Hxursh

dqg XV1

Vrph lqwhuhvwlqj idfwv dulvh iurp Iljxuh 61 Wkh �uvw lv wkdw ryhudoo Hxur0}rqh wuhqg

glvshuvlrq +vrolg olqh, kdv lq wkh odvw kdoi0fhqwxu|1 Dv zdv fohdu iurp wkh dqdo|vlv ri

Wdeoh 4/ wklv lv pdlqo| wkh uhvxow ri wkh Jroghq Djh shulrg1 Rqh lpsruwdqw idfwru

lv wudgh olehudolvdwlrq surfhvv/ vhw lq prwlrq lq wkh 4<93v erwk zlwklq wkh HHF dqg

HIWD dqg ehwzhhq wkh wzr rujdqlvdwlrqv> vhh Ehq0Gdylg +4<<6,1 Krzhyhu wkh idfw

uhpdlqv wkdw/ e| wkh hqg ri wkh qlqhwlhv/ lqhtxdolw| dfurvv wkh Hxur0}rqh zdv vwloo

deryh wkdw ri wkh XV uhjlrqv +grwwhg olqh, lq wkh 4<83v1

Wkh dqdo|vlv ri lqhtxdolw| zlwklq wkh wzr vxejurxsv lq Hxursh doorzv xv wr txdoli|

wkh odvw vwdwhphqw1 Iurp Iljxuh 6/ lw lv fohdu wkdw lqhtxdolw| zlwklq wkh jurxsv lv pxfk

orzhu wkdq lw lv ryhudoo1 Lq sduwlfxodu/ lqhtxdolw| zlwklq wkh kljk0lqfrph jurxs +er{

olqh, kdv ehhq idoolqj vwhdglo| dqg vlqfh wkh plg0hljkwlhv lw kdv ehhq ehorz wkdw ri wkh

XV uhjlrqv1 Zlwklq wkh orz0lqfrph jurxs/ lqhtxdolw| lq wkh 4<83v zdv uhodwlyho| orz

dqg qr grzqzdug wuhqg fdq eh revhuyhg lq wkh gdwd1 Qhyhuwkhohvv/ lw lv vwloo wkh fdvh

wkdw uhodwlyh wr wkh XV ehqfkpdun/ lqhtxdolw| zlwklq erwk jurxsv ri frxqwulhv lv qrw

yhu| gl�huhqw1

Gxulqj wkh 83v wkh kljk lqfrph jurxs dfwxdoo| jurzv idvwhu gxh wr wkh kljk jurzwk udwhv ri Dxvwuld/

Jhupdq| dqg Lwdo|/ l1h1 uhfrqvwuxfwlrq h�ruwv vwloo dsshdu wr pdwwhu lq h{sodlqlqj wkh 4<83v uhodwlyh

shuirupdqfh1
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Iljxuh 6= Hyroxwlrq ri joredo dqg vxejurxs furvv0vhfwlrqdo vwdqgdug ghyldwlrqv lq

Hxur0}rqh dqg XV1
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716 Frqyhujhqfh dqg pxowlsoh vwhdg| vwdwhv

Wkh suholplqdu| lqyhvwljdwlrq ri vw|olvhg idfwv rq wuhqg jurzwk lq zlwklq fxuuhqw Hxur0

}rqh frxqwulhv lqglfdwhv wkh h{lvwhqfh ri wzr frqyhujhqfh foxev8/ soxv Luhodqg1 Li wklv

lv wkh fdvh/ frqyhujhqfh whvwv dqg prghov edvhg rq wkh dvvxpswlrq ri d frpprq

jurzwk sdwk zloo eh lqdghtxdwh dqg frxog ohdg wr plvohdglqj lqihuhqfhv ehlqj gudzq1

Zkdw zh qhhg wr gr lv wr lqyhvwljdwh wkh fdvh iru devroxwh frqyhujhqfh zlwklq wkh wzr

jurxsv dqg uhodwlyh frqyhujhqfh ehwzhhq wkh jurxsv1

8 Ilwwlqj frqyhujhqfh prghov

Edvhg rq wkh dqdo|vlv ri wkh suhylrxv vhfwlrq/ zh surfhhg e| �wwlqj frqyhujhqfh

prghov/ dv ghvfulehg lq vhfwlrq 6/ wr wkh ulfk dqg srru vxejurxsv udwkhu wkdq wr wkh

Hxur0}rqh dv d zkroh1 Uhfdoo wkdw wklv vshfl�fdwlrq qrw rqo| doorzv xv wr vhsdudwh

wuhqgv dqg f|fohv exw dovr vhsdudwhv rxw wkh orqj0uxq edodqfhg jurzwk sdwk iurp

wkh wudqvlwlrqdo +frqyhujlqj, qdwlrqdo g|qdplfv/ wkxv shuplwwlqj d fkdudfwhulvdwlrq

ri frqyhujhqfh vw|olvhg idfwv1 Wkh uhvxowv uhsruwhg duh iru wkh krprjhqhrxv prgho

zlwk vprrwk frqyhujhqfh/ +46,/ dqg devroxwh frqyhujhqfh/ wkdw lv k� ' fc � ' �c ���c ��

Zh dqdo|vh hdfk vxe0jurxs lq wxuq1

814 Kljk0Lqfrph Jurxs

Iljxuh 7 ehorz glvsod|v wkh hvwlpdwhg frpprq wuhqg/ >�c|c wrjhwkhu zlwk wkh hvwlpdwhg

wuhqgv iru hdfk frxqwu| zkloh �jxuh 8 vkrzv wkh vprrwkhg hvwlpdwhv ri wkh frqyhujhqfh

frpsrqhqwv/ >_�c|c iru wkh vhyhq Hxur0}rqh kljk0lqfrph frxqwulhv ^DX/ EH/ IL/ IU/ JH/

LW/ QH`1

8Gxuodxi dqg Mrkqvrq +4<<8, lghqwli| irxu gl�huhqw uhjlphv +ghwhuplqhg e| lqlwldo frqglwlrqv, lq

wkh Vxpphuv0Khvwrq gdwdvhw1 Wkh| �qg wkdw wkhvh uhjlphv duh dvvrfldwhg zlwk gl�huhqw djjuhjdwh

surgxfwlrq ixqfwlrqv dqg khqfh/ wkh dvvxpswlrq ri d frpprq orqj0uxq jurzwk sdwk lv xqwhqdeoh1

Wkhlu sduwlwlrq ri wkh hohyhq Hxur0}rqh frxqwulhv lv wkh vdph dv wkh rqh qrwhg lq wkh suhylrxv vxe0

vhfwlrq1 Wkxv/ Juhhfh/ Sruwxjdo/ Vsdlq +dqg Luhodqg, duh fodvvl�hg dv lqwhuphgldwh0rxwsxw frxqwulhv

zlwk kljk olwhudf| udwhv zkloh wkh uhpdlqlqj vhyhq duh lqfoxghg lq wkh kljk0rxwsxw jurxs1
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Wkh frqyhujhqfh sdudphwhu/ �/ zdv hvwlpdwhg9 dv f�b�H zkloh wkh frpprq wuhqg

zhljkwv/ ��c duh jlyhq e|=

��L ��. �8U �8- �C. �UA ��.
3134 3139 3178 3135 3136 3173 3136

Wkh zlwklq0jurxs frqyhujhqfh lv vkrzq lq �jxuhv 7 dqg 8/ zlwk doo vhyhq frxq0

wulhv vljql�fdqwo| qduurzlqj wkhlu jds wrzdugv wkh frpprq edodqfhg jurzwk sdwk1

Wkh odujh zhljkwv dvvljqhg wr Ilqodqg dqg Lwdo| lq frqvwuxfwlqj wkh frpprq wuhqg

phdqv wkdw wkh ixwxuh jurzwk sdwk ghshqgv sulpdulo| rq h{wudsrodwlqj wkh wuhqgv lq

wkhvh wzr frxqwulhv1 Lq rwkhu zrugv wkhvh wzr uhodwlyho| srruhu frxqwulhv zlwklq wkh

kljk0lqfrph jurxs dfw dv ehqfkpdunv wr zklfk doo wkh rwkhu kljk0lqfrph frxqwulhv

frqyhujh1 Wklv pd| vhhp vxusulvlqj dw �uvw1 Zk| grhvq*w Jhupdq| grplqdwh/ iru

h{dpsohB D jodqfh dw �jxuh 7 jlyhv wkh dqvzhu1 Wkh Jhupdq jurzwk udwh kdv ehhq

judgxdoo| vorzlqj grzq/ sduwlfxoduo| diwhu uh0xql�fdwlrq/ dqg dw wkh hqg ri wkh vdpsoh

wkh wuhqg lv doprvw  dw1 Li zh zhuh wr h{wudsrodwh wkhuh zrxog eh doprvw qr jurzwk1

Wkh frqyhujhqfh frpsrqhqwv duh qrw prqrwrqlf ryhu wlph dqg vr wkh idfw wkdw

wkh prgho doorzv d ghjuhh ri glyhujhqfh lv lpsruwdqw1 Gxulqj wkh 4<83v dqg hduo| 93v

dw ohdvw wzr glvwlqfw w|sh ri g|qdplfv vkrxog eh vlqjohg rxw1 Rqh lv grplqdwhg e|

wkh vwurqj h�hfwv ri uhfrqvwuxfwlrq lq Dxvwuld/ Lwdo| dqg Jhupdq| dqg wkh rwkhu e|

uhodwlyho| vorzhu dgmxvwphqw lq Iudqfh/ Ehojlxp dqg wkh Qhwkhuodqgv> ixuwkhu ghwdlov

fdq eh irxqg lq Fudiwv dqg Wrqlror +4<<9, dqg wkh uhihuhqfhv wkhuhlq1 Lq frqwudvw

wkh odwh 4<93v dqg 4<:3v dsshdu wr eulqj d kdow lq wkh frqyhujhqfh surfhvv dfurvv

wkh hqwluh kljk0lqfrph jurxs1 Wklv surfhvv lv uhvxphg lq wkh 4<;3v ehiruh dqg djdlq

vorzlqj grzq lq wkh 4<<3v1

Ixuwkhu lqvljkwv rq furvv qdwlrqdo fruuhodwlrqv fdq eh jdlqhg e| dqdo|vlqj wkh

yduldqfh0fryduldqfh pdwul{ ri wkh frqyhujlqj wuhqgv/ hPl� Wzr vxejurxsv/ zlwk uho0

dwlyho| kljk/ srvlwlyh zlwklq0fruuhodwlrqv dqg uhodwlyho| orz +ru qhjdwlyh, dfurvv0

fruuhodwlrqv dsshdu wr hphujh1 Rq wkh rqh kdqg d jurxs iruphg e| Ehojlxp/ Iudqfh/

Qhwkhuodqgv dqg/ wr d vpdoohu h{whqw/ Lwdo| dqg rq wkh rwkhu kdqg/ d jurxs iruphg

e| Dxvwuld/ Jhupdq| dqg srvvleo| Ilqodqg1

9Wkh frqyhujhqfh sdudphwhu lq d �uvw0rughu huuru fruuhfwlrq prgho/ +45,/ zloo w|slfdoo| eh kljkhu1

4<



5
999999999999997

��Hf f��� f��D �f�f� f�eb �f�eH f�eH

��22 �f��b f�H� �f�S� f�fb f�be

H��D f��H f�D. f�f� �f�2S

�HS �f�Sf f�eH f�.f

�eH �f��S �f�e.

��fS f��D

2�2�

6
::::::::::::::8

�L

�.

8U

8-

C.

UA

�.

Wkh iruhfdvwv ri wkh frqyhujhqfh frpsrqhqwv zloo whqg wr }hur dv wkh ohdg wlph

jrhv wr lq�qlw|1 Wkh vhfrqg0rughu HFP doorzv vrph glyhujhqfh ehiruh frqyhujhqfh

hyhqwxdoo| wdnhv sodfh> vhh wkh prgho �wwhg wr wkh XV dqg Mdsdq lq Kduyh| dqg

Fduydokr +5335,1 Lq �jxuh 8 doo wkh frqyhujhqfh frpsrqhqwv duh srlqwlqj lq wkh

gluhfwlrq ri }hur dqg d vwudljkwiruzdug h{wudsrodwlrq vxjjhvwv wkdw wkh hfrqrplhv zloo

eh forvh wr frqyhujhqfh diwhu derxw whq |hduv1

815 Orz0Lqfrph Jurxs

Zh qrz wxuq wr wkh frqyhujlqj g|qdplfv zlwklq wkh orz lqfrph jurxs ^JU/ SR/ VS`1

Luhodqg lv h{foxghg gxh wr lwv lglrv|qfudwlf ehkdylrxu= lw lv gl!fxow wr fodvvli| lw dv

d orz lqfrph frxqwu| jlyhq lwv srvlwlrq erwk dw wkh ehjlqqlqj dqg hqg ri wkh vdp0

soh:1 Iljxuhv 9 dqg : ehorz suhvhqw wkh frpprq wuhqg dqg frqyhujhqfh frpsrqhqwv

uhvshfwlyho|1

Wkh frqyhujhqfh sdudphwhu zdv hvwlpdwhg dv � ' f�b�.c dqg wkh frpprq wuhqg

zhljkwv/ �� jlyhq e|=

�C- ��� �7�
317; 3169 314:

Wkh vljq ri wkh frqyhujhqfh sdudphwhu lv frqvlvwhqw zlwk zlwklq0jurxs frqyhujhqfh

dqg vlplodu lq pdjqlwxgh wr wkh kljk0lqfrph jurxs1 Wkh furvv0fruuhodwlrqv lq wkh

fryduldqfh pdwul{ ri wkh frqyhujlqj wuhqgv/ hPl duh vkrzq ehorz1

:Wdnlqj wkh Lulvk shuirupdqfh diwhu wkh hqg ri rxu vdpsoh +4<<:, rqo| vhuyhv wr frq�up wklv

dvvxpswlrq dv wkh jds ehwzhhq Luhodqg dqg wkh wkuhh orz lqfrph frxqwulhv jurzv hyhq odujhu1
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Doo wkh sdluzlvh fruuhodwlrqv duh juhdwhu wkdq wkh EH0IU fruuhodwlrq/ wkh odujhvw

lq wkh kljk0lqfrph jurxs1 Wkh pdjqlwxgh ri wkh frqyhujhqfh frpsrqhqwv lv vpdoohu

dqg pruh vwdeoh iru wkhvh wkuhh orz lqfrph frxqwulhv1 Krzhyhu/ �jxuh : looxvwudwhv wkh

srlqw wkdw d uhodwlyho| vwdeoh furvv0vhfwlrqdo vwdqgdug ghyldwlrq grhv qrw qhfhvvdulo|

lpso| wkdw wkhuh duh qr lqwud0glvwulexwlrq g|qdplfv> vhh Txdk +4<<9, dqg Gxuodxi

dqg Txdk +4<<<,1 Wkxv/ Juhhfh dqg Sruwxjdo dowhuqdwh wkhlu udqnlqj ryhu wkh vdpsoh

shulrg= Juhhfh vwduwv r� dv wkh srruhvw hfrqrp|/ udslgo| ryhuwdnhv Sruwxjdo/ exw lv

vxevhtxhqwo| ryhuwdnhq e| Sruwxjdo lq wkh 4<;3v1 Lqghhg wkh pdlq frqfoxvlrq wr eh

gudzq iurp wkh sorwv ri wkh frqyhujhqfh frpsrqhqwv lv wkdw vlqfh wkdw plg0hljkwlhv

wkh jds ehwzhhq Vsdlq dqg Sruwxjdo kdv qduurzhg frqvlghudeo|/ zkloh Juhhfh kdv

glyhujhg1 Wklv wkurzv vrph grxew rq wkh frkhuhqfh ri wkh jurxs1

816 Glyhujhqfh ru uhodwlyh frqyhujhqfh lq wkh Hxur0}rqhB

Kdylqj fkdudfwhulvhg wkh zlwklq0jurxs frqyhujhqfh g|qdplfv zh qrz surfhhg zlwk d

ehwzhhq jurxsv dqdo|vlv1 Wkh nh| txhvwlrq lv zkhwkhu wkh frpprq wuhqgv hvwlpdwhg

iru hdfk jurxs lqglfdwh uhodwlyh frqyhujhqfh1 Lq rughu wr lqyhvwljdwh wklv lvvxh/ d

elyduldwh frqyhujhqfh prgho lv �wwhg wr wkh wzr frpprq wuhqgv1 Vlqfh zh duh ghdolqj

zlwk h{wudfwhg wuhqgv/ h>�|c wkh dlp lv wr shuirup wkh ghfrpsrvlwlrq=

h>�| ' hk� n h>�c| n h>_�|c � ' uUcMU +4:,

zlwk >�c| dqg >_�| gh�qhg dv lq +47, dqg uU dqg MU ghqrwlqj orz lqfrph dqg kljk

lqfrph/ uhvshfwlyho|

Zkhq wkh prgho lv �wwhg zlwk qr uhvwulfwlrqv rq �uU dqg �MU / wkh hvwlpdwh ri �MU
lv }hur/ lqglfdwlqj wkdw wkh kljk0lqfrph wuhqg fdq eh wuhdwhg dv ehqfkpdun1 Wdeoh

5 ehorz vkrzv wkh sdudphwhu hvwlpdwhv iru wkh devroxwh dqg uhodwlyh frqyhujhqfh

yhuvlrqv ri wklv ehqfkpdun prgho1 Lw lv frqyhqlhqw wr vwdqgduglvh wkh lqwhufhswv lq

wkh uhodwlyh frqyhujhqfh prgho e| vhwwlqj hkMU ' f> wkhuh lv wkhq devroxwh frqyhujhqfh

zkhq hkuU ' f�
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Ilw *L}u �SS�DS �S.�b2
Wdeoh 5= Hvwlpdwhv iru elyduldwh frqyhujhqfh prgho �wwhg wr vprrwkhg

wuhqgv1

Wzr pdlq srlqwv vkrxog eh qrwhg iurp wdeoh 51 Iluvw/ wkh hvwlpdwh ri � lv ohvv

wkdq rqh dqg vr lv frqvlvwhqw zlwk frqyhujhqfh ri wkh orz0lqfrph wuhqg wrzdugv wkh

kljk lqfrph wuhqg1 Vhfrqg/ wkh hvwlpdwh ri kuU lv qhjdwlyh dqg lwv c|0vwdwlvwlf* lv

vwdwlvwlfdoo| vljql�fdqw; dw wkh 8( ohyho1 Wklv lpsolhv wkdw wkh wuhqg iruhfdvwv ri wkh

orz lqfrph frxqwulhv duh frqyhujlqj wr d jurzwk sdwk/ h>MUc| n hkuU c wkdw lv sdudooho
wr wkdw ri wkh kljk lqfrph frxqwulhv exw olhv ehorz lw1 Iljxuh ; vkrzv d sorw ri

h>MUc|n hk/ odehoohg cfrpprq wuhqg*/ wrjhwkhu zlwk wkh wzr jurxs frpprq wuhqgv1 Wkh
frqyhujhqfh frpsrqhqw/ h>_uUc| ' h>uUc|�Eh>MUc|nk�c lv vkrzq lq �jxuh <1 Lw fdq eh vhhq
wkdw uhodwlyh frqyhujhqfh kdg wdnhq sodfh e| wkh hduo| vhyhqwlhv1 Wkh jds dsshduv wr

eh shupdqhqw dqg wkh orqj0uxq lpsolfdwlrq lv wkdw hdfk ri wkh orz lqfrph frxqwulhv

zloo kdyh d shu fdslwd lqfrph wkdw lv doprvw 63( ehorz wkdw lq wkh kljk lqfrph jurxs1

9 F|fohv

Wkh rwkhu dvshfw ri frqyhujhqfh frqfhuqv f|fohv1 Lq rughu wr lqyhvwljdwh wklv lvvxh

zh orrnhg dw wkh �yh fruh hfrqrplhv ri Iudqfh/ Jhupdq|/ Ehojlxp/ Qhwkhuodqgv dqg

Lwdo| wr vhh wr zkdw h{whqw wkh exvlqhvv f|foh pryhphqwv kdg frqyhujhg1 Doo ri wkhvh

frxqwulhv duh lq wkh ulfk jurxs1 Zh kdyh h{foxghg Dxvwuld dqg Ilqodqg dv wkh| duh

uhodwlyho| uhfhqw hqwudqwv lqwr wkh HF1 Ilwwlqj d pxowlyduldwh VWP wr wkh �yh vhulhv

;Wkh OU vwdwlvwlf lv qrw vljql�fdqw krzhyhu1 Vlqfh d jrrg ghdo ri wkh yduldwlrq kdv ehhq uhpryhg

e| vprrwklqj/ whvwv ri vljql�fdqfh vkrxog rqo| eh uhjdughg dv jlylqj d urxjk lqglfdwlrq ri wkh

xqghuo|lqj vlwxdwlrq1
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Iljxuh <= Frqyhujhqfh frpsrqhqw iru Orz Lqfrph jurxs1

xvlqj wkh VWDPS sdfndjh ri Nrrspdq hw do +5333, jdyh yhu| vlplodu uhvxowv wr �wwlqj

wkh frqyhujhqfh prgho uhsruwhg lq vxe0vhfwlrq 814 dqg lw lv txlwh dghtxdwh iru wkh

sxusrvhv ri h{wudfwlqj f|fohv1 Wkh prgho frqvlvwhg ri vprrwk wuhqgv/ vlplodu f|fohv

dqg luuhjxodu frpsrqhqwv1

Irfxvvlqj dwwhqwlrq rq wkh f|foh/ wkh hvwlpdwhv ri wkh gdpslqj idfwru/ 4c dqg

wkh shulrg zhuh irxqg wr eh 31;: dqg :1;9 |hduv uhvshfwlyho|1 Wkh yduldqfhv dqg

furvv0fruuhodwlrqv duh vkrzq ehorz1
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Lq rxu vwxg| ri XV uhjlrqv zh shuiruphg d sulqflsdo frpsrqhqwv dqdo|vlv rq wkh

fruuhodwlrq pdwul{ dqg vkrzhg wkdw wkh eljjhvw frpsrqhqw dffrxqwhg iru ryhu <3( ri
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Iljxuh 43= F|fohv h{wudfwhg iurp �yh fruh frxqwulhv

wkh yduldwlrq1 Wklv zdv qrw vxusulvlqj lq ylhz ri wkh idfw wkdw wkh pdmrulw| ri sdluzlvh

fruuhodwlrqv zhuh juhdwhu wkdw 31<1 Wkh lvvxh khuh lv vrphzkdw gl�huhqw lq wkdw rxu

lqwhuhvw lv rq wkh h{whqw wr zklfk wkh f|fohv kdyh frph forvhu wrjhwkhu1 Iljxuh 43

vkrzv wkh vprrwkhg hvwlpdwhv ri wkh f|fohv1 Zkloh wkh glvshuvlrq dw wkh ehjlqqlqj

lv txlwh odujh/ wkh f|fohv duh doprvw shuihfwo| fr0ruglqdwhg e| wkh hqg ri wkh 4<<3v1

Iljxuh 44/ zklfk sorwv wkh vwdqgdug ghyldwlrq ri wkh �yh f|fohv ryhu wlph/ whoov wkh

vdph vwru|1

Dv sduw ri wkh frqyhujhqfh surfhvv/ wkh f|foh furvv0fruuhodwlrqv pd| zhoo kdyh

fkdqjhg ryhu wlph vr wkh �jxuhv deryh kdyh wr eh uhjdughg dv dyhudjhv lq vrph vhqvh1

Hvwlpdwlqj wkh prgho ryhu wkh shulrg vwduwlqj lq 4<:3 jdyh hvwlpdwhv ri 4 dqg wkh

shulrg htxdo wr 31<3 dqg 81<3 |hduv uhvshfwlyho|1 Dv fdq eh vhhq ehorz/ wkh furvv0

fruuhodwlrqv duh pxfk eljjhu1
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Iljxuh 44= Vwdqgdug ghyldwlrq ri f|fohv h{wudfwhg iurp �yh fruh frxqwulhv
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Dv lw vwdqgv/ wkh f|foh prgho grhv d jrrg mre ri slfnlqj xs wkh frqyhujhqfh/ exw

li lw zhuh wr eh xvhg wr jhqhudwh frqyhujlqj f|fohv/ lw zrxog kdyh wr lqfrusrudwh d

phfkdqlvp wkdw doorzhg wkh furvv0fruuhodwlrqv wr whqg judgxdoo| wrzdugv xqlw|1

Wkh vdph prgho zdv dovr �wwhg wr wkuhh srruhu frxqwulhv/ Juhhfh/ Sruwxjdo dqg

Vsdlq1 Wkh gdpslqj idfwru dqg wkh shulrg zhuh irxqg wr eh 31;4 dqg :15< |hduv/

zkloh wkh f|foh yduldqfhv dqg furvv0fruuhodwlrqv duh
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Iljxuh 45= F|fohv iru Juhhfh/ Sruwxjdo dqg Vsdlq

Wkh uhodwlyho| orz ydoxh ri 4 lqglfdwhv wkdw wkh f|fohv duh qrw sduwlfxoduo| zhoo0

gh�qhg1 Wklv lv hvshfldoo| wuxh ri Vsdlq1 Wkh orz fruuhodwlrqv ehwzhhq Vsdlq dqg wkh

rwkhu wzr frxqwulhv lqglfdwhv olwwoh frkhuhqfh1 Sruwxjdo*v f|fohv duh txlwh surqrxqfhg/

zlwk wkh yduldqfh ehlqj wkuhh wlphv zkdw lw lv lq prvw frxqwulhv1 Wkh f|fohv duh vkrzq

lq �jxuh 441 Ghvslwh wkh orz frkhuhqfh lq wkh shulrg dv d zkroh/ lw fdq eh vhhq wkdw

wkh| duh frqyhujlqj wrzdugv wkh hqg ri wkh shulrg/ zlwk d sdwwhuq qrw glvvlplodu wr

wkdw lq wkh fruh jurxs1

Ilqdoo| d f|foh zdv h{wudfwhg iru Luhodqg e| prghoolqj lw mrlqwo| zlwk Jhupdq|1

Wklv jdyh d prghudwho| kljk fruuhodwlrq ri 31:< exw zlwk Luhodqg kdylqj d pxfk

odujhu yduldqfh ri 7<19 +��f3D�� Wkh h{wudfwhg f|fohv duh vkrzq lq �jxuh 451 Wkh

prvw vwulnlqj ihdwxuh lv wkh kljkhu dpsolwxgh ri wkh Lulvk f|foh/ hyhq lq uhfhqw |hduv1

: Whvwlqj uh0ylvlwhg
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Iljxuh 46= F|fohv iru Luhodqg dqg Jhupdq|

Dv zdv qrwhg hduolhu/ vwdqgdug xqlw urrw whvwv jlyh d frqixvhg phvvdjh zlwk uhjdug

wr frqyhujhqfh1 Wklv vhfwlrq h{dplqhv vrph ri wkh lvvxhv lq whvwlqj iru frqyhujhqfh

lq wkh oljkw ri wkh ghvfulswlyh uhvxowv ri wkh odvw wzr vhfwlrqv1 Lq grlqj vr zh gudz rq

wkh uhfhqw lqyhvwljdwlrq e| Kduyh| dqg Edwhv +5336,1

Wkh �uvw srlqw wr qrwh lv wkdw wkh vwdqgdug dxjphqwhg Glfnh|0Ixoohu +DGI, whvw/

zlwk d frqvwdqw lqfoxghg/ kdv yhu| orz srzhu1 Wklv fdq eh looxvwudwhg e| dsso|lqj wkh

whvw wr wkh vhulhv rq Wkh Qhwkhuodqgv plqxv Lwdo|1 D judsk vkrzv yhu| fohdu frqyhu0

jhqfh1 Lq 4<83 wkh gl�huhqfh +lq orjv, ehwzhhq wkh wzr vhulhv zdv 31867/ fruuhvsrqglqj

wr Wkh Qhwkhuodqgv kdylqj d shu fdslwd lqfrph 41: wlphv wkdw ri Lwdo|/ zkloh lq 4<<:/

wkh jds zdv 31438/ fruuhvsrqglqj wr d udwlr ri 41441 \hw wkh DGI whvw idlov wr uhmhfw1

Iru h{dpsoh/ zlwk rqh odjjhg �uvw gl�huhqfh</ wkh |�vwdwlvwlf lv 05147/ dv djdlqvw d

43( fulwlfdo ydoxh ri 051931 Wklv lv ghvslwh wkh idfw/ wkdw/ dq lqlwldo ydoxh dzd| iurp

wkh phdq dfwxdoo| khosv wr lqfuhdvh srzhu1 Li wkh frqvwdqw lv gursshg iurp wkh DGI

<Wkh uhvxow lv uhodwlyho| lqvhqvlwlyh wr wkh qxpehu ri odjv1 Iru h{dpsoh zlwk wkuhh odjv w @ �5=741

+Wkhvh dgglwlrqdo odjv duh qrw vwdwlvwlfdoo| vljql�fdqw dw wkh 43( ohyho1,
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uhjuhvvlrq/ dv lv dssursuldwh iru d whvw ri devroxwh frqyhujhqfh/ wkhq/ zlwk rqh odj/ wkh

|�vwdwlvwlf lv 05185/ dv djdlqvw d 8( fulwlfdo ydoxh ri 041<91 Wkxv gursslqj wkh frqvwdqw

ohdgv wr d uhmhfwlrq ri wkh qxoo ri qr frqyhujhqfh dw wkh 8( ohyho ri vljql�fdqfh1 Wkh

|0vwdwlvwlf lv qrw txlwh vljql�fdqw dw wkh 4( ohyho/ exw li wkh lqirupdwlrq lq doo �yh

fruh frxqwulhv lv srrohg e| iruplqj d vhw ri irxu frqwudvwv zlwk Lwdo|/ wkh pxowlyduldwh

krprjhqhrxv Glfnh|0Ixoohu |0whvw/ vwxglhg lq Kduyh| dqg Edwhv +5336,/ vkrzv d yhu|

vwurqj uhmhfwlrq431 Wdnlqj wkh revhuydwlrqv iurp 4<93 +vlqfh wkhuh lv vrph glyhujhqfh

ehiruh 4<93/ dowkrxjk qrw ehwzhhq Wkh Qhwkhuodqgv dqg Lwdo|,> wkh |�vwdwlvwlf/ zlwk

rqh odj/ lv ���fe zkloh wkh 4( fulwlfdo ydoxh +iru A ' �ff, lv �2�DH� Li doo vhyhq ulfk

frxqwulhv duh frqvlghuhg/ wkh uhmhfwlrq lv hyhq vwurqjhu dv wkh |�vwdwlvwlf lv 0715:1 Rq

wkh rwkhu kdqg li wkh frqvwdqw lv lqfoxghg/ hyhq wkh pxowlyduldwh whvwv duh xqdeoh wr

uhmhfw dw wkh 43( ohyho144 Qrwh wkdw ehfdxvh wkh whvw wdnhv dffrxqw ri furvv0fruuhodwlrqv

ehwzhhq wkh vhulhv/ lw lv lqyduldqw wr wkh fkrlfh ri ehqfkpdun1

Whvwlqj lq wkh orz lqfrph jurxs jlyhv d ohvv fohdu slfwxuh/ dv rqh pljkw h{shfw iurp

wkh hduolhu dqdo|vlv1 Sdluzlvh whvwv duh xqdeoh wr uhmhfw wkh qxoo ri qr frqyhujhqfh/

hyhq zlwk wkh frqvwdqw h{foxghg/ dqg srrolqj wkh gdwd grhv qrw khos451

Wkh wudfh olnholkrrg udwlr whvw ri Mrkdqvhq +4<;;, pd| eh xvhg/ dv lq Ehuqdug

dqg Gxuodxi +4<<8,/ wr wu| wr ghwhfw wkh qxpehu ri fr0lqwhjudwlqj uhodwlrqvklsv dqg

khqfh wkh qxpehu ri foxev1 Krzhyhu/ wkh whvw lv olnho| wr kdyh orz srzhu dqg khqfh wr

lqglfdwh wrr pdq| foxev1 Iru h{dpsoh zlwk wkh �yh fruh frxqwulhv/ djdlq iurp 4<93/

wkh whvw/ edvhg rq d prgho zlwk dq xquhvwulfwhg frqvwdqw46 dqg wzr ER� odjv/ fdqqrw

43D OU whvw ri wkh qxoo k|srwkhvlv wkdw wkh irxu frqwudvwv duh qrqvwdwlrqdu| lv xqdeoh wr uhmhfw

dw wkh 8( ohyho ri vljql�fdqfh> zkhwkhu ru qrw lqwhufhswv duh lqfoxghg pdnhv qr gl�huhqfh wr wkh

frqfoxvlrq1 Vxfk d uhvxow lv frqvlvwhqw zlwk wkh vlpxodwlrqv lq Kduyh| dqg Edwhv +5336,/ zklfk

lqglfdwh wkdw wkh OU whvw fdq kdyh yhu| orz srzhu uhodwlyh wr wkh pxowlyduldwh krprjhqhrxv Glfnh|0

Ixoohu w0whvw1
44Iru 8 dqg : frxqwulhv wkh w0vwdwlvwlfv zhuh 05159 dqg 05158 uhvshfwlyho|1 Wkh 43( fulwlfdo ydoxhv

0 iurp wdeoh 6 ri Kduyh| dqg Edwhv+5336, duh 061:6 dqg 07159 uhvshfwlyho|1
45Wkh w�vwdwlvwlf/ zlwk qr frqvwdqw/ iru Juhhfh0Vsdlq zlwk rqh odj lv rqo| 03139</ zkloh Sruwxjdo0

Vsdlq lv 031<57 dqg 0413:3 li d frqvwdqw lv dgghg1
46Wklv lv dssursuldwh + h{fhsw srvvleo| iru U @ Q � 4, vlqfh wkh vhulhv duh dvvxphg wr kdyh guliwv

exw qr wlph wuhqgv lq wkh fr0lqwhjudwlqj uhodwlrqvklsv1 Lw frxog eh dujxhg wkdw li foxev h{klelw

devroxwh frqyhujhqfh wkhq frqvwdqwv vkrxog eh h{foxghg iurp wkh fr0lqwhjudwlqj uhodwlrqvklsv exw
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uhmhfw wkh qxoo k|srwkhvlv ri �yh frpprq wuhqgv/ djdlqvw wkh dowhuqdwlyh wkdw wkhuh duh

ihzhu/ dw wkh 8( ohyho ri vljql�fdqfh zkhq wkh ghjuhhv ri iuhhgrp fruuhfwlrq lv xvhg1

Lq rwkhu zrugv lw lqglfdwhv wkdw wkhuh lv qr fr0lqwhjudwlrq dqg qr frqyhujhqfh foxev

+zlwk pruh wkdq rqh phpehu,1 Zlwk qr ghjuhhv ri iuhhgrp fruuhfwlrq/ irxu wuhqgv

fdqqrw eh uhmhfwhg1 Wkh uhvxowv/ rewdlqhg iurp wkh SfILPO surjudp ri Grruqln

dqg Khqgu| +5333,/ duh vkrzq lq wkh wdeoh ehorz> - lv wkh qxpehu ri fr0lqwhjudwlqj

yhfwruv vr D�- lv wkh qxpehu ri +frpprq, wuhqgv1 Wkh pd{ whvw/ qrw vkrzq lq wkh

wdeoh/ frxog qrw uhmhfw �yh wuhqgv hyhq zlwkrxw wkh ghjuhhv ri iuhhgrp fruuhfwlrq1

- A A ��R DI S�

3 :318:- 85133 9;18

4 751:< 64186 7:15

5 4<1:7 47187 5<1:

6 ;189 9164 4817

7 3144 313; 61;

Wdeoh 6 Wudfh OU vwdwlvwlf iru fr0lqwhjudwlrq zlwk +A � �R , dqg zlwkrxw +A �

ghjuhhv ri iuhhgrp fruuhfwlrq1

- lqglfdwhv d uhmhfwlrq dw wkh 8( ohyho ri vljql�fdqfh1

; Frqfoxvlrq

Suholplqdu| dqdo|vlv iurp �wwlqj d pxowlyduldwh vwuxfwxudo wlph vhulhv prgho wr wkh

hohyhq Hxur0}rqh frxqwulhv lqglfdwhv wzr srvvleoh frqyhujhqfh foxev/ rqh d kljk lq0

frph jurxs/ frqvlvwlqj ri wkh �yh fruh hfrqrplhv soxv Dxvwuld dqg Ilqodqg/ dqg d

orz lqfrph jurxs/ pdgh xs ri Vsdlq/ Juhhfh dqg Sruwxjdo1 Luhodqg vhhpv wr iroorz

lwv rzq jurzwk sdwk1 Wkh pxowlyduldwh frqyhujhqfh prgho lv vxffhvvixo lq vhsdudwlqj

wuhqgv iurp f|fohv dqg fdswxulqj wkh devroxwh frqyhujhqfh lq wkh wzr jurxsv1 Wkh

hylghqfh iru frqyhujhqfh lq wkh vhfrqg jurxs lv ohvv frpshoolqj/ exw wkh dvvxpswlrq

ri d vlqjoh frpprq wuhqg lv qrw xquhdvrqdeoh1 Wkh jurxsv wkhpvhoyhv dsshdu wr kdyh

frqyhujhg lq wkh uhodwlyh vhqvh1 Li wklv lv fruuhfw/ wkh lpsolfdwlrq lv wkdw wkh dyhudjh

wklv lv qrw d vwdqgdug frqvwudlqw1
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shu fdslwd lqfrph lq wkh srru jurxs zloo uhpdlq doprvw 63( ehorz wkdw ri wkh kljk

jurxs1

Wkh f|fohv lq wkh fruh kljk lqfrph jurxs vkrz d uhpdundeoh frkhuhqfh lq uhfhqw

|hduv/ zlwk wkh jurxs vwdqgdug ghyldwlrq kdylqj idoohq gudpdwlfdoo|1 Wkhuh lv ohvv

frkhuhqfh lq wkh srru jurxs/ wkrxjk djdlq wkhuh lv hylghqfh ri d pryhphqw wrzdugv

wkh vdph f|foh dv wkh ulfk jurxs lq uhfhqw |hduv1

Iurp wkh phwkrgrorjlfdo srlqw ri ylhz/ wkh vhulhv looxvwudwh wkh ixwlolw| ri wu|lqj

wr lqihu dq|wklqj derxw frqyhujhqfh xvlqj Glfnh|0Ixoohu whvwv zlwk frqvwdqw lqfoxghg1

Krzhyhu/ lw lv srvvleoh wr vhqvleo| whvw djdlqvw devroxwh frqyhujhqfh e| gursslqj

wkh frqvwdqw dqg dgglwlrqdo srzhu lv jdlqhg e| srrolqj wkh lqirupdwlrq lq vhyhudo

frqyhujlqj vhulhv1 Wkh olnholkrrg udwlr whvwv iru fr0lqwhjudwlrq dsshdu wr eh ri olwwoh

xvh dv d phdqv ri ghwhfwlqj wkh qxpehu ri frqyhujhqfh foxev1

DFNQRZOHGJHPHQWV

Wkh zrun zdv vxssruwhg e| wkh Hfrqrplf dqg Vrfldo Uhvhdufk Frxqflo +HVUF,

dv sduw ri d surmhfw rq G|qdplf Frpprq Idfwru Prghov iru Uhjlrqdo Wlph Vhulhv/

judqw qxpehu O46; 58 433;1

Uhihuhqfhv

^4` Eduur/ U1M1 dqg [1 Vdod0l0Pduwlq +4<<5,1 Frqyhujhqfh1 Mrxuqdo ri Srolwlfdo Hfrq0

rp|/ 433/ 55605841

^5` Eduur/ U1M1 dqg [1 Vdod0l0Pduwlq +4<<8,1 Hfrqrplf Jurzwk1 PfJudz0Kloo/

Ervwrq/ PD1

^6` Ehq0Gdylg/ G1 +4<<6,1 Htxdol}lqj h{fkdqjh= wudgh olehudol}dwlrq dqg frqyhujhqfh1

Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 43;/ 9860:<1

^7` Ehuqdug/ D1 dqg V1 Gxuodxi +4<<8,1 Frqyhujhqfh lq lqwhuqdwlrqdo rxwsxw1 Mrxuqdo

ri Dssolhg Hfrqrphwulfv/ 43/ <:043;1

^8` Ehuqdug/ D1 dqg V1 Gxuodxi +4<<8,1 Frqyhujhqfh lq lqwhuqdwlrqdo rxwsxw1 Mrxuqdo

ri Dssolhg Hfrqrphwulfv 43/ <:043;1
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^9` Ehuqdug/ D1 dqg V1 Gxuodxi +4<<9,1 Lqwhusuhwlqj whvwv ri wkh frqyhujhqfh k|srwk0

hvlv1 Mrxuqdo ri Hfrqrphwulfv/ :4/ 49404:61

^:` Erogulq/ P1 dqg I1 Fdqryd +5334,1 Lqhtxdolw| dqg frqyhujhqfh= uhfrqvlghulqj

Hxurshdq uhjlrqdo hfrqrplf srolflhv1 Hfrqrplf Srolf|/ 65/ 53:0861

^;` Fduolqr/ J1 dqg N1 Vloo +5334,1 Uhjlrqdo lqfrph  xfwxdwlrqv= frpprq wuhqgv

dqg frpprq f|fohv1 Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ ;61

^<` Fduydokr/ Y1P dqg D1F1 Kduyh| +5335,1 Jurzwk/ f|fohv dqg frqyhujhqfh lq XV

uhjlrqdo wlph vhulhv1 GDH Zrunlqj sdshu 3554/ Xqlyhuvlw| ri Fdpeulgjh1

^43` Fudiwv/ Q1 dqg J1 Wrqlror +4<<9,1 Hfrqrplf Jurzwk lq Hxursh vlqfh 4<781 Fdp0

eulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1

^44` Grruqln/ M1 D1 +4<<<,1 R{= Dq Remhfw0Rulhqwhg Pdwul{ Odqjxdjh1 6ug hglwlrq1

Wlpehuodnh Frqvxowdqwv Suhvv= Orqgrq1

^45` Grruqln/ M1D1 dqg G1I1 Khqgu| +5333,1 SfILPO/ Orqgrq= Wlpehuodnh Frqvxo0

wdqwv Owg1

^46` Gxuodxi/ V1 Q1 dqg S1D1 Mrkqvrq1 +4<<8,1 Pxowlsoh uhjlphv dqg furvv0frxqwu|

jurzwk ehkdylrxu1 Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 43/ 6980;71

^47` Gxuodxi/ V1 dqg G1 Txdk +4<<<,1 Wkh qhz hpslulfv ri hfrqrplf jurzwk1 Lq M1E1

Wd|oru dqg P1 Zrrgirug +hgv1,1 Kdqgerrn ri Pdfurhfrqrplfv1 Yroxph 4/ Fkds0

whu 71 Hovhylhu Vflhqfh1

^48` Kdplowrq/ M1G1 +4<<7,/ Wlph vhulhv dqdo|vlv/ Sulqfhwrq/ Sulqfhwrq Xqlyhuvlw|

Suhvv1

^49` Kduyh|/ D1F1 +4<;<,/ Iruhfdvwlqj/ Vwuxfwxudo Wlph Vhulhv Prghov dqg wkh Ndopdq

Ilowhu1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1

^4:` Kduyh|/ D1F1 dqg G1 Edwhv +5335,/ Pxowlyduldwh xqlw urrw whvwv dqg whvwlqj iru

frqyhujhqfh1 GDH Zrunlqj sdshu 3634/ Xqlyhuvlw| ri Fdpeulgjh1
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^4;` Kduyh|/ D1F1 dqg Y1P1 Fduydokr +5335,/ Prghov iru frqyhujlqj hfrqrplhv1

plphr1 GDH Zrunlqj sdshu 3549/ Xqlyhuvlw| ri Fdpeulgjh1

^4<` Kduyh|/ D1F1 dqg V1M1 Nrrspdq +4<<:,1 Pxowlyduldwh vwuxfwxudo wlph vhulhv prg0

hov1 Lq= F1 Khlm hw do +hgv1,1 V|vwhp g|qdplfv lq hfrqrplf dqg �qdqfldo prghov1

59<05<;1 Zloh| dqg Vrqv= Fklfkhvwhu1

^53` Mrkdqvhq/ V1 +4<;;,1 Vwdwlvwlfdo dqdo|vlv ri frlqwhjudwlrq yhfwruv1 Mrxuqdo ri Hfr0

qrplf G|qdplfv dqg Frqwuro 45/ 460871

^54` Nrrspdq/ V1M1/ D1F1 Kduyh|/ M1D1 Grruqln dqg Q1 Vkhskdug +5333,1 VWDPS 913=

Vwuxfwxudo Wlph Vhulhv Dqdo|vhu Prghoohu dqg Suhglfwru/ Orqgrq= Wlpehuodnh

Frqvxowdqwv Owg1

^55` Nrrspdq/ V1M1/ Q1 Vkhskdug dqg M1D1 Grruqln +4<<<,1 Vwdwlvwlfdo dojrulwkpv iru

prghov lq vwdwh vsdfh irup xvlqj VviSdfn 515 +zlwk glvfxvvlrq,/ Hfrqrphwulfv

Mrxuqdo/ 5/ 43:04931

^56` Pduwlq/ U1O1/ +5334,/ HPX yhuvxv wkh UhjlrqvB Uhjlrqdo Frqyhujhqfh dqg Gl0

yhujhqfh lq Hxurodqg/ Mrxuqdo ri Hfrqrplf Jhrjudsk|/ 4/ 840;31

^57` Vdod0l0Pduwlq/ [1 +4<<9,1 Uhjlrqdo frkhvlrq= hylghqfh dqg wkhrulhv ri uhjlrqdo

jurzwk dqg frqyhujhqfh1 Hxurshdq Hfrqrplf Uhylhz/ 73/ 46580851

^58` Wvlrqdv/ P1 J1+5333,1 Uhdo frqyhujhqfh lq Hxursh= Krz urexvw duh hfrqrphwulf

lqihuhqfhvB Dssolhg Hfrqrplfv/ 65/ 47:80;51

^59` Ydklg/ I1 dqg U1 I1 Hqjoh +4<<6,1 Frpprq wuhqgv dqg frpprq f|fohv1 Mrxuqdo

ri Dssolhg Hfrqrphwulfv/ ;/ 67406931
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