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Dqwrqhood G*Djrvwlqr

Gls1Phwrgl Txdqwlwdwlyl/ Xqlyhuvlwã gl Vlhqd

h0pdlo= dqwrCwxulqj1gpt1xqlvl1lw

Ideul}ld Phdool

Gls1 gl Vwdwlvwlfd �J1 Sduhqwl�/ Xqlyhuvlwã gl Iluhq}h

h0pdlo= phdoolCgv1xql�1lw

4 Lqwurgxfwlrq

Lq frqwhpsrudu| vrflhw| wkh jurzlqj lqwhuhvw lq orqjlwxglqdo gdwd frphv dv

qr vxusulvh/ sulqflsdoo| ehfdxvh �vwdelolw|� dqg �fkdqjh� uhsuhvhqw xeltxl0

wrxv h{shulhqfhv lq prghuq wlph1 Fkdqjhv rffxu zlwklq wkh lqglylgxdov* olih

frxuvh> lq sduwlfxodu/ fkdqjhv lq wkh lqglylgxdov* zrun klvwru| duh lqwhuhvwlqj

erwk iurp d vrflr0hfrqrplf dqg d srolwlfdo srlqw ri ylhz1 Lq hfrqrplf dqg

vrfldo vflhqfhv d orw ri dwwhqwlrq kdv ehhq sdlg wr wkh gxudwlrq ri xqhpsor|0

phqw> uhfhqwo|/ wkh qhfhvvlw| wr kdyh dq ryhuylhz ri Hxurshdq oderxu pdunhwv

kdv ehhq uhfrjql}hg 1

Wkh glvfxvvlrq rq wkh uhdvrqv iru xqhpsor|phqw lq Zhvwhuq frxqwulhv

kdv uhfhqwo| irfxvhg rq wkh lqvwlwxwlrqdo uhjxodwlrq ri oderxu pdunhwv dqg

krz wklv uhjxodwlrq revwuxfwv pdunhw fohdulqj +Juxee dqg Zhoov 4<<6> Vle0

huw 4<<:,1 Lq vslwh ri wkhvh h�ruwv/ qr frqfoxvlyh dqg frkhuhqw uhvxowv kdyh

hphujhg dqg lw vhhpv wkdw wkhuh lv qr vlpsoh uhodwlrqvkls ehwzhhq wkh lqvwl0

wxwlrqdo uhjxodwlrq ri wkh oderxu pdunhw dqg wkh ohyho ri xqhpsor|phqw/ l1h1

�Wklv sdshu lv edvhg rq zrun fduulhg rxw gxulqj d ylvlw dw wkh Hxurshdq Fhqwuh iru

Dqdo|vlv lq wkh Vrfldo Vflhqfhv +HFDVV, dw wkh Xqlyhuvlw| ri Hvvh{ vxssruwhg e| Wkh Hx0

urshdq Frpplvvlrq Wudlqlqj dqg Prelolw| ri Uhvhdufkhuv0 Dffhvv wr Odujh Vfdoh Idflolwlhv

surjudpph1 Wkh zrun zdv dovr fr0�qdqfhg e| Pxuvw ixqgv iru wkh surmhfwv �Odyrur h

glvrffxsd}lrqh= txhvwlrqh gl plvxud h gl dqdolvl� dqg �Txdolwã hg h!fdfld ghoo*lvwux}lrqh

xqlyhuvlwduld h ghood irupd}lrqh surihvvlrqdoh= phwrgl h prghool gl ydoxwd}lrqh�1
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krz pdq| xqhpsor|hg shrsoh wkhuh duh +vhh dprqj rwkhuv Vfdushwwd/ 4<<9>

Qlfnhoo/ 4<<:, dv zhoo dv wkh fkdudfwhulvwlfv ri wkh xqhpsor|phqw/ l1h1 zkr lv

xqhpsor|hg1

Ghvslwh wkh xql�fdwlrq ri prvw ri Zhvwhuq Hxursh lq whupv ri flufxodwlrq

ri jrrgv dqg shrsoh/ wkhuh duh vwloo frqvlghudeoh gl�huhqfhv dprqj oderxu

pdunhwv lq wkh ydulrxv frxqwulhv1 Iru wklv uhdvrq/ vwdwlvwlfdo frpsdulvrqv duh

riwhq yhu| gl!fxow wr fduu| rxw/ erwk ehfdxvh ri wkh gl�huhqfhv dprqj wkh

zd|v gdwd duh froohfwhg dqg ehfdxvh ri lqwulqvlf gl�huhqfhv lq hgxfdwlrqdo v|v0

whpv/ hfrqrplf hqylurqphqwv/ lqvwlwxwlrqdo uhjxodwlrqv dqg vr rq1 Dw ohdvw

wkh �uvw sureohp fdq eh ryhufrph wkdqnv wr d orqjlwxglqdo vxuyh|/ qdphg

HFKS +Hxurshdq Frppxqlw| Krxvhkrog Sdqho,/ frqgxfwhg e| Hxurvwdw lq

pdq| Hxurshdq frxqwulhv vlqfh 4<<71 Lqghhg/ wkh Hxurshdq Sdqho zdv ghyho0

rshg wr froohfw frpsdudeoh lqirupdwlrq/ dw d Hxurshdq ohyho/ rq krxvhkrogv

dqg lqglylgxdov lq rughu wr prqlwru wkh krxvhkrog2lqglylgxdo vrflr0hfrqrplf

vlwxdwlrq dqg wr khos lghqwli| hfrqrplf dqg vrfldo srolf| phdvxuhv dw d frp0

pxqlw| ohyho1

Wkh dlp ri wklv sdshu lv wr dqdo|vh dqg pdnh frpsdulvrqv ri xqhpsor|0

phqw h{shulhqfh lq ydulrxv Hxurshdq frxqwulhv1 Zh irfxv rq wkh surfhvv ri

h{lw iurp xqhpsor|phqw xvlqj vxuylydo dqdo|vlv= wkh wudqvlwlrq iurp xqhp0

sor|phqw wr hpsor|phqw lv vwxglhg e| phdqv ri  h{leoh gxudwlrq prghov1

Wkuhh sduwlfxodu ihdwxuhv fkdudfwhulvh rxu vwxg|1 Iluvw/ wkh dqdo|vlv frq0

fhqwudwhv rq wkh h{shulhqfh ri vkruw vshoov ri xqhpsor|phqw lq Hxursh ryhu

wzr |hduv> vhfrqg zh sd| dwwhqwlrq wr wkh vshfl�fdwlrq ri gl�huhqw prghov e|

dqdo|vlqj jhqhudol}hg uhvlgxdov dqg/ wklug/ zh zloo wu| wr vlpsoli| wkh lqwhusuh0

wdwlrq ri wkh uhvxowv xvlqj vrph v|qwkhwlf phdvxuhv frpsxwhg iru lqglylgxdov

zlwk gl�huhqw fkdudfwhulvwlfv lq rughu wr vkrz krzpxfk wkh gl�huhqfhv dfurvv

frxqwulhv duh gxh wr gl�huhqw oderxu pdunhwv dqg krz pxfk wkh| ghshqg rq

lqglylgxdo khwhurjhqhlw|1

Wkh sdshu lv rujdqlvhg lq wkh iroorzlqj zd|1 Vhfwlrq 5 suhvhqwv wkh HFKS

gdwd1 Lq vhfwlrq 6/ diwhu d vkruw lqwurgxfwlrq ri wkh Fr{ prgho/ vrph ydolgd0

wlrq phdvxuhv duh rxwolqhg dqg lq vhfwlrq 7 wkh hpslulfdo uhvxowv duh vkrzq1

Vrph �qdo uhpdunv hqg wkh sdshu1

5 Gdwd

Vlqfh 4<<7 Hxurvwdw frruglqdwhv d orqjlwxglqdo vxuyh|/ qdphg HFKS +Hx0

urshdq Frppxqlw| Sdqho Vxuyh|,1 Wklv vxuyh| lv frqgxfwhg hyhu| |hdu lq
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vrph Hxurshdq frxqwulhv lq rughu wr prqlwru wkh krxvhkrog2lqglylgxdo vrflr0

hfrqrplf vlwxdwlrq1 Orqjlwxglqdo gdwd kdyh ehfrph d xvhixo wrro iru wkh

dqdo|vlv ri pdq| dvshfwv/ vxfk dv wkh wudqvlwlrq iurp rqh vwdwh ri dfwlylw| wr

dqrwkhu/ zklfk zrxog eh qrw ihdvleoh zlwk furvv0vhfwlrqdo gdwd1 Vxfk orqjlwx0

glqdo dvshfwv duh ri juhdw srolf| uhohydqfh/ hvshfldoo| lq wlphv fkdudfwhul}hg

e| kljk xqhpsor|phqw dqg e| wkh ulvh ri lqvhfxuh irupv ri hpsor|phqw1 Lq0

ghhg/ rqh ri wkh pdlq dlpv ri wklv frpsoh{ surmhfw zdv dovr wr exlog xs d

uhjxodu Hxurshdq sdqho iru whuulwruldo frpsdulvrqv/ wkdw kdv qrw ehhq srvvleoh

xqwlo qrz1

Dv idu dv zrun klvwrulhv duh frqfhuqhg/ rqh sduw ri wkh txhvwlrqqdluh

uhfrqvwuxfwv/ uhwurvshfwlyho|/

lqglylgxdo zrun klvwrulhv gxulqj wkh odvw |hdu1 Hdfk lqglylgxdo lqwhuylhzhg

kdg wr uhsruw doo fkdqjhv lq klv2khu frqglwlrq dqg dovr wkh wlph zkhq wkh|

rffxuuhg/ iroorzlqj d0prqwko| fdohqgdu ri dfwlylw| vwdwxv1 Wkh hpsor|phqw

fodvvl�fdwlrq iroorzv wkh pdlq dfwlylw| fulwhulrq= dq lqglylgxdo zrunlqj dw

ohdvw 48 krxuv shu zhhn lv fodvvl�hg dv hpsor|hg1

Dw suhvhqw/ rqo| wkh �uvw wzr zdyhv/ 4<<704<<8/ iru hdfk frxqwu| duh dydlo0

deoh iru wkh xvhu*v gdwd edvh1 Wkh uhihuhqfh shulrg iru wkh uhwurvshfwlyh gdwd

fryhuv wzr |hduv/ iurp Mdqxdu| 4<<6 xqwlo Ghfhpehu 4<<71 Qr lqirupdwlrq lv

dydlodeoh derxw mre klvwru| ehiruh Mdqxdu| 4<<6> vrph lqirupdwlrq frxog eh

gudzq iurp wkh sdqho gdwd exw lw lv rqo| sduwldo dqg uhodwhv wr shrsoh wkdw

kdg d mre dw wkh lqwhuylhz wlph1

Irfxvvlqj rq xqhpsor|phqw vshoov/ zh irxqg d orw ri ohiw fhqvruhg re0

vhuydwlrqv lq wkh gdwd> h{solflw wuhdwphqw ri ohiw fhqvrulqj lqvlgh d gxudwlrq

prgho xvxdoo| uholhv rq yhu| vwurqj dvvxpswlrqv frqfhuqlqj wkh g|qdplf gdwd

jhqhudwlqj surfhvv vxfk dv/ iru h{dpsoh/ wkh dvvxpswlrq ri dq h{srqhqwldo

kd}dug ixqfwlrq/ wkdw xvxdoo| ohdg wr plvohdglqj lqwhusuhwdwlrq ri skhqrphqd1

Lq rughu wr dyrlg wkh suhvhqfh ri ohiw fhqvruhg revhuydwlrqv d  rz vdpsoh ri

xqhpsor|phqw vshoov kdv ehhq gudzq1 Iorz vdpsolqj frqvlvwv rq udqgrpo|

vdpsolqj wkh srsxodwlrq ri shrsoh hqwhulqj ru ohdylqj d jlyhq vwdwh ryhu dq

lqwhuydo ri wlph1 Wklv nlqg ri vdpsolqj kdv wkh dgydqwdjh wkdw grhv qrw eldv

wkh srsxodwlrq glvwulexwlrq +Odqfdvwhu/ 4<<3, dv iru h{dpsoh vwrfn vdpsolqj

grhv1 Lq wklv vwxg| d  rz vdpsoh zdv gudzq/ wdnlqj wkh �uvw xqhpsor|phqw

vshoo ri hdfk lqglylgxdo wkdw vwduwhg lq wkh uhihuhqfh shulrg1

Dv wkh uhihuhqfh shulrg fryhuv wzr |hduv/ rxu dqdo|vlv lv qhfhvvdulo| frq0

fhqwudwhg rq vkruw xqhpsor|phqw vshoov> iru wklv uhdvrq wkh frqfoxvlrqv zh

fdq gudz gr qrw uhihu wr wkh sureohp ri orqj xqhpsor|phqw1 Qhyhuwkhohvv

wkh dlp ri wkh sdshu lv dq lqwhuhvwlqj rqh/ ehfdxvh wkh dqdo|vlv ri vkruw vshoov
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ri xqhpsor|phqw fdq khos xqghuvwdqglqj gl�huhqfhv dprqj frxqwulhv> lw lv

xvhixo wr vkrz krz pxfk wkhvh gl�huhqfhv duh gxh wr wkh gl�huhqw oderxu

pdunhwv ru2dqg krz pxfk wkh| ghshqg rq lqglylgxdo khwhurjhqhlw|1

6 Prghoolqj xqhpsor|phqw gxudwlrq= wkh Fr{

prgho

Dv douhdg| phqwlrqhg lq vhfwlrq 4/ wkh pdlq dlp ri wkh sdshu lv wr dqdo|vh/

dqg pdnh frpsdulvrqv ri/ xqhpsor|phqw h{shulhqfh lq ydulrxv Hxurshdq

frxqwulhv1 Iru wklv uhdvrq/ iurp d phwkrgrorjlfdo srlqw ri ylhz/ lw lv xvhixo

wr vshfli| d urexvw dqg  h{leoh prgho z1u1w1 wr plvshfl�fdwlrq huuruv frq0

fhuqlqj/ iru h{dpsoh/ wkh suhvhqfh ri xqrevhuyhg khwhurjhqhlw| dqg wkh irup

ri gxudwlrq ghshqghqfh1

Hyhq li wkh Fr{ prgho +Fr{/ 4<:5, suhvhuyhv wkh sursruwlrqdolw| dvvxps0

wlrq lv fhuwdlqo| wkh rqh wkdw pdwfkhv vxfk uhtxluhphqwv1 Lq wkh iroorzlqj

vhfwlrqv zh eulh | lqwurgxfh wkh prgho dqg wkh hvwlpdwlrq phwkrg/ wrjhwkhu

zlwk vrph ydolgdwlrq phdvxuhv edvhg rq jhqhudol}hg uhvlgxdov1

614 Edvlf iudphzrun

Lq wkh sursruwlrqdo kd}dug/ ru Fr{/ prgho/ wkh h�hfw ri wkh h{rjhqrxv ydul0

deoh lv vshfl�hg e| d ixqfwlrq wkdw ghshqgv rq h{rjhqrxv yduldeohv rqo| dqg

pxowlsolhv d edvholqh kd}dug ixqfwlrq ri plvshfl�hg irup1

Ohw A� eh d srvlwlyh udqgrp yduldeoh/ uhsuhvhqwlqj wkh ohqjwk ri wlph

+gxudwlrq, vshqw e| dq lqglylgxdo � E� ' ������ lq d jlyhq vwdwh1 Wkh Fr{

prgho gh�qhv wkh kd}dug ixqfwlrq ri A� dv=

b E|m �c w� ' bf E|mk� s E �cq� c w ' Ekcq� c +4,

zkhuh bf E|mk� lv wkh edvholqh kd}dug ixqfwlrq dqg s lv d nqrzq ixqfwlrq dqg

 � lv d yhfwru ri h{rjhqrxv yduldeohv1

Zkhq lqwhuhvw lv irfxvhg rq wkh uroh ri wkh h{rjhqrxv yduldeohv/ k lv riwhq

d qxlvdqfh sdudphwhu dqg rqo| q lv ri lqwhuhvw1 Lq vxfk d fdvh/ bf E|mk�
lv vshfl�hg lq wkh prvw jhqhudo zd| dv bf E|mk� ' k E|� ' bf E|�/ l1h1 dv d

ixqfwlrqdo sdudphwhu1 Wkh prgho lv nqrzq dv wkh vhplsdudphwulf Fr{ prgho

+Fr{/ 4<:5/ 4<:8> Wvldwlv/ 4<;4,/ zlwk w ' Ekcq�/ zkhuh k wdnhv lwv ydoxh

lq d ixqfwlrqdo vsdfh/ zkhuhdv q wdnhv lwv ydoxh lq d +�qlwh glphqvlrqdo,
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Hxfolghdq vsdfh1Reylrxvo| wkh ixqfwlrq s E cq� vkrxog eh qrq0qhjdwlyh/ vr

dq hdv| zd| wr rewdlq wkdw surshuw| zlwkrxw uhvwulfwlrq rq q lv wkh orj0olqhdu

vshfl�fdwlrq

s E cq� ' i T
�
 

�

q
�
c q 5 ?&� +5,

Lw lv zhoo nqrzq wkdw d gluhfw dssurdfk wr frpsxwlqj wkh pdujlqdo olnh0

olkrrg +Ndoe hlvfk dqg Suhqwlfh/ 4<:6, iru wkh sursruwlrqdo kd}dug prgho

zkhq wlhv duh suhvhqw fuhdwhv d gl!fxow sureohp +Fr{ dqg Rdnhv/ 4<;7,1

Euhvorz +4<:7, dqg Hiurq +4<::, kdyh vxjjhvwhg dssur{lpdwlrqv wr vxfk d

frpsxwdwlrq/ zklfk duh vdwlvidfwru| h{fhsw zkhq wkh gdwd h{klelw khdy| wlhv1

Lq wklv fdvh d frpsxwdwlrqdoo| ihdvleoh h{suhvvlrq iru wkh olnholkrrg kdv ehhq

lqwurgxfhg e| GhOrqj/ Jxlujxlv dqg Vr +4<<7,1 Wkh pdujlqdo olnholkrrg4 iru

q lv
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+6,

zkhuh  � lv wkh yhfwru ri h{sodqdwru| yduldeohv iru wkh �wk lqglylgxdo/ -W�
lv wkh vhw ri lqglylgxdov zkrvh hyhqwv ru fhqvruhg wlphv h{fhhg |� ru zkrvh

fhqvruhg wlphv duh htxdo wr |� dqg _� lv wkh pxowlsolflw| ri idloxuhv dw |�/

wkdw lv/ _� lv wkh vl}h ri wkh vhw (� ri lqglylgxdov wkdw idlo dw |�1 Lq rwkhu

zrugv/ wkh h{dfw frqglwlrqdo suredelolw| lv frpsxwhg xqghu wkh sursruwlrqdo

kd}dug dvvxpswlrq wkdw doo wlhg hyhqw wlphv rffxu ehiruh fhqvruhg wlphv ri

wkh vdph ydoxh ru ehiruh odujhu ydoxhv1 Wklv lv htxlydohqw wr vxpplqj doo

whupv ri wkh pdujlqdo olnholkrrg iru q wkdw duh frqvlvwhqw zlwk wkh revhuyhg

gdwd +Ndoe hlvfk dqg Suhqwlfh 4<;3> GhOrqj/ Jxlujxlv/ Vr/ 4<<7,1

615 Ydolgdwlrq phdvxuhv

Uhihuulqj wr Iohplqj dqg Kduulqjwrq +4<<4, dqg Dqghuvhq hw do1 +4<<5,/

wkh vhplsdudphwulf Fr{ prgho lv d vshfldo fdvh ri d pxowlsolfdwlyh kd}dugv

prgho1 Frqvlghu d vhw ri ? vxemhfwv vxfk wkdw wkh frxqwlqj surfhvv �� �
i�� E|� c | � fj iru wkh �wk vxemhfw uhsuhvhqwv wkh qxpehu ri revhuyhg hyhqwv

h{shulhqfhg ryhu wlph |1 Vwhs ixqfwlrqv zlwk mxpsv ri vl}h .4 duh wkh vdpsoh

4Ndoe hlvfk dqg Suhqwlfh +4<;3, kdyh ghulyhg dq dowhuqdwlyh h{suhvvlrq iru OE +q, >
zklfk lv frpsxwdwlrqdoo| pruh gl!fxow wr hydoxdwh wkdq wklv lqwhjudo uhsuhvhqwdwlrq1

8



sdwkv ri wkh surfhvv ��/ zkhuh �� Ef� ' f� Djdlq/ ohw q ghqrwh wkh yhfwru ri

xqnqrzq sdudphwhu/ wkh pxowlsolfdwlyh kd}dugv ixqfwlrq b E|m cq� iru �� lv

jlyhq e|

t� E|� _b E|m �cq� ' t� E|� i T
�
 

�

�q
�
_bf E|� c +7,

zkhuh t� E|� lqglfdwhv zkhwkhu wkh �wk vxemhfw lv dw ulvn dw wlph | +vshfl�fdoo|/
t� E|� ' � li dw ulvn dqg t� E|� ' f rwkhuzlvh,>  � lv d yhfwru ri h{rjhqrxv

yduldeohv> bf E|� lv dq xqvshfl�hg edvholqh kd}dug ixqfwlrq1Zlwk wklv qrwdwlrq

lw lv hdv| wr gh�qh wkh pduwlqjdoh uhvlgxdo dw | dv

_�@o|� E|� ' �� E|��

] |

f

t� EB� i T
�
 

�

�
eq� _ebf EB� � +8,

Wkh pduwlqjdoh uhvlgxdo lq +8, hvwlpdwhv wkh gl�huhqfh ryhu Efc |o ehwzhhq
wkh revhuyhg qxpehu ri hyhqwv iru wkh �|� vxemhfw dqg wkh frqglwlrqdo h{0

shfwhg qxpehu ri hyhqwv1_�@o|� �_�@o|� E4� lv uhihuuhg wr dv wkh pduwlqjdoh
uhvlgxdo iru wkh �wk vxemhfw1 Iru wkh Fr{ prgho/ zlwk qr wlph0ghshqghqw h{0

rjhqrxv yduldeohv/ wkh pduwlqjdoh uhvlgxdo iru wkh �wk vxemhfw zlwk revhuydwlrq

wlph |� dqg hyhqw vwdwxv _� E_� ' f li w� lv d fhqvruhg wlph dqg _� ' � rwkhuzlvh�
lv jlyhq e|

_�@o|� ' _� � ebf E|�� i T� �

�
eq� � +9,

Wkh pduwlqjdoh uhvlgxdov kdyh wkh gudzedfn ri dvvxplqj ydoxhv ehwzhhq �
dqg �4> d fkdudfwhulvwlf wkdw riwhq pdnh wkhlu sorw qrw hdv| wr lqwhusuhw1 Dq

xvhixo wudqvirupdwlrq ri wkh pduwlqjdoh uhvlgxdov duh wkh ghyldqfh uhvlgxdov=

wkh| kdyh wkh vdph surshuwlhv exw wkh dgydqwdjh wr dvvxph ydoxhv ehwzhhq

�4 dqg n41 Iru wkh Fr{ prgho wkh ghyldqfh uhvlgxdo uhgxfhv wr

g_e�� ' r�}?
�
_�@o|�

�u
2
k
�_�@o|� � _� *L}

�
_� �_�@o|�

�l
� +:,

Wkhvh uhvlgxdov duh yhu| xvhixo dv d ydolgdwlrq phdvxuh ri wkh prgho1 Olnh

wkh sorw ri uhvlgxdov lq olqhdu uhjuhvvlrq dqdo|vlv/ li wkh prgho lv zhoo vshfl�hg

wkh sorw ri vxfk uhvlgxdov yhuvxv wkh olqhdu suhglfwru kdv wr vkrz qr sduwlfxodu

ehkdylru/ exw wkh| pxvw eh glvwulexwhg dw udqgrp durxqg }hur1 Lq sudfwlfh/ d

vprrwkhg sorw rewdlqhg e| d qrq sdudphwulf hvwlpdwru/ olnh Nhuqho0hvwlpdwru

ru vsolqh +vhh Kdugoh/ 4<<3> Zdqg dqg Mrqhv/ 4<<8,/ fdq eh d xvhixo wrro wr

vkrz wkhlu ehkdylru1
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Wdeoh 4= Vrph fkdudfwhulvwlf ri wkh vdpsoh +x1@xqhpsor|phqw/ f1@fhqvruhg,

Frqwulhv vdpsoh vl}h ( x1 vshoov ( f1 vshoov phdq gxudwlrq +v1h1,

XN 9:5 :1:6 77197 8174 +71:9,

EH 7;3 8185 88133 91<; +8156,

LH 9<: ;136 79153 81:9 +7173,

JU <:6 44153 7617: 9163 +715;,

SW 9:7 :1:9 8417; :155 +7189,

GN :5: ;16: 73177 9134 +8134,

IU 4485 4615: 851;9 9138 +8134,

HV 5465 57188 841:7 :146 +8133,

LW 44:< 4618; 9316< :1;: +7195,

WRW1 ;9;9 433 8316: 9199 +71;5,

7 Wkh h{shulhqfh ri vkruw xqhpsor|phqw lq

Hxursh

714 Vdpsoh fkdudfwhulvwlfv

Ehiruh suhvhqwlqj wkh gxudwlrq prghov/ lw lv lqwhuhvwlqj wr gzhoo rq wkh uhvxowv

ri wkh  rz vdpsolqj shuiruphg1

Dv zh fdq vhh iurp Wdeoh 4/ wkh lqflghqfh ri xqhpsor|phqw vshoov lv frq0

fhqwudwhg lq vrxwkhuq Hxurshdq frxqwulhv> lw lv yhu| kljk lq Vsdlq/ iroorzhg

e| Lwdo|/ Iudqfh dqg Juhhfh1 Hyhq li wkh hpslulfdo phdq gxudwlrqv duh eldvhg

e| wkh kljk shufhqwdjh ri fhqvruhg revhuydwlrqv/ zh qrwh wkdw Lwdo| vkrzv

wkh kljkhvw phdq gxudwlrq ri xqhpsor|phqw1 Rq wkh frqwudu|/ wkh vkruwhvw

phdq gxudwlrq lv lq XN= wklv frxog vxjjhvw wkdw wkh Eulwlvk oderxu pdunhw lv

d g|qdplf rqh wkdw suhyhqwv shrsoh wr h{shulhqfh orqj xqhpsor|phqw vshoov

dqg jlyhv wkhp pruh rssruwxqlwlhv wr �qg d mre1 Wdeoh 9 lq Dsshqgl{ vkrzv

wkh hpslulfdo kd}dugv/ hvwlpdwhg zlwk d Olih0Wdeoh phwkrg1

Zh qrwh wkdw wkh| kdyh gl�huhqw vkdshv dqg duh qrw prqrwrqh1 Iru

Ehojlxp/ Sruwxjdo/ Ghqpdun dqg XN zh revhuyh d qhjdwlyh gxudwlrq gh0

shqghqfh= wkh fkdqfh ri ohdylqj xqhpsor|phqw lv kljk iru vkruw gxudwlrq

dqg ghfuhdvhv zlwk wkh wlph vshqw lq wkh vwdwh1 Iru wkh rwkhu frxqwulhv wkh

kd}dugv vkrz d gl�huhqw vkdsh/ zlwk shdnv durxqg yhu| vkruw gxudwlrqv dqg

durxqg wkh orqjhvw rqhv1 Lw lv zruwk qrwlqj wkdw vrph ri wkh shdnv pd|eh

suhvxpdeo| gxh wr d khdslqj h�hfw/ ehfdxvh shrsoh duh lqfolqhg wr vprrwk
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wkh uhdo gxudwlrq durxqg vrph sduwlfxodu ohqjwk1 Lq Lwdo| dqg Iudqfh wklv

h�hfw dsshduv vwurqjhu wkdq lq wkh rwkhu frxqwulhv1

715 Hvwlpdwlrq uhvxowv

Lq wkh suhylrxv vhfwlrq zh pdgh vrph uhpdunv derxw wkh gdwd dqg wkh vkdshv

ri wkh hpslulfdo kd}dugv> zh duh qrz lqwhuhvwhg lq xqghuvwdqglqj li wkh gl�hu0

hqfhv dfurvv frxqwulhv duh gxh wr gl�huhqw lqglylgxdo revhuyhg fkdudfwhulvwlfv

ru li wkhuh lv d vljql�fdqw �frxqwu| h�hfw�/ l1h1 uhohydqw gl�huhqfhv dprqj

gl�huhqw oderxu pdunhwv1

Lq rughu wr jlyh dq dqvzhu wr wklv txhvwlrq/ wkh dqdo|vlv kdv wr frqvlghu

vrph lqglylgxdo idfwruv wkdw fdq lq xhqfh wkh gxudwlrq ri xqhpsor|phqw1

Wkh luuhjxodu vkdsh ri wkh hpslulfdo kd}dugv vxjjhvwv wr vshfli| d vhpl0

sdudphwulf Fr{ prgho1 Rqh ri wkh pdlq sureohp uhodwhg wr wkh vshfl�fdwlrq

ri d gxudwlrq prgho lv wkh suhvhqfh ri xqrevhuyhg khwhurjhqhlw| wkdw fdq

eldv wkh gxudwlrq ghshqghqfh wrzdugv qhjdwlyh gxudwlrq ghshqghqfh> wkh

Fr{ prgho lv nqrzq wr eh pruh urexvw zlwk uhvshfw wr vxfk plvshfl�fdwlrq11

Lghqwl�fdwlrq ri wkh glvwulexwlrq ri xqrevhuydeohv zlwk vlqjoh vshoo gdwd uh0

olhv rq qrw whvwdeoh dvvxpswlrqv +vxfk dv sursruwlrqdolw|,> iru wklv uhdvrq zh

suhihu qrw wr ghdo zlwk wklv sureohp +Odqfdvwhu/ 4<<3> Hoehuv dqg Ulgghu/

4<;5,1

Vrph suholplqdu| dqdo|vlv vxjjhvwhg wr frqvlghu wkh iroorzlqj yduldeohv

dv uhohydqw ghwhuplqdqwv ri wkh ohqjwk ri xqhpsor|phqw= jhqghu +VH[@4

li wkh lqglylgxdo lv pdoh,> pduuldjh +PDUU\ @4 li wkh lqglylgxdo lv pdu0

ulhg,> suhylrxv h{shulhqfhv ri wudlqlqj +WUDLQLQJ@4 li wkh lqglylgxdo kdg

dq h{shulhqfh ri wudlqlqj ehiruh 4<<6,> duhd +QXWV4@4 li wkh duhd zkhuh wkh

lqglylgxdo olyhv lv dq duhd zlwk orz xqhpsor|phqw udwh,> hgxfdwlrqdo ohyho

+G4GHJU@4 li wkh lqglylgxdo kdv d xqlyhuvlw| ghjuhh/ G5GHJU @4 li wkh

lqglylgxdo kdv d vhfrqg ohyho ghjuhh/ G6GHJU @4 li wkh lqglylgxdo kdv d �uvw

ohyho ghjuhh,> vwduw gdwh ri wkh fxuuhqw vshoo +prqwkv iurp Mdqxdu| 4/ 4<<6,/

gdwh ri eluwk +prqwkv iurp �uvw Mdqxdu| 4<33, dqg wkh gdwh ri eluwk vtxduh1

Lq Wdeohv 5/ 6/ 7 hvwlpdwlrq uhvxowv duh uhsruwhg1 Vprrwkhg sorwv ri wkh

ghyldqfh uhvlgxdov duh vkrzq lq Dsshqgl{ +Wdeoh :,= wkhuh lv qr vxjjhvwlrq

iru edg vshfl�fdwlrq ri wkh prghov5/ vprrwkhg olqhv gr qrw kdyh d sduwlfxodu

5Wkh nhuqho vprrwklqj zdv shuiruphg xqghu d qrupdo glvwulexwlrq dvvxpswlrq dqg

xvlqj wkh iroorzlqj �uxoh ri wkxpe� wr ghwhuplqh wkh edqgzlgwk ri wkh nhuqho ghqvlw|=ek3 @ 4=39plq
�e�> eU

4=67

�
q�4@8 zkhuh eU @ [^3=:8q` � [^3=58q` +Kdugoh/ 4<<3> Zdqg dqg
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Wdeoh 5= Fr{ prgho hvwlpdwhv iru XN/ EH/ LH
Yduldeohv Hvwlpdwh +v1h1, XN Hvwlpdwh +v1h1, EH Hvwlpdwh +v1h1, LH

VH[ 03138< +3144, 31689 +3147, 03134< +3143,

PLQL] 0313557 +3133<, 031363 +3134, 031334 +3134,

WUDQLQJ 313;9 +3143, 31947 +3149, 315:8 +3144,

DQQR 313;5 +3136<, 31457 +313<, 31399 +3138,

DQQR5 031333: +313336, 031333: +31333:, 0313337 +313337,

PDUU\ 031369 +3145, 31597 +314:, 3133: +31499,

G4GHJU 31:;< +3166, 31:5< +3155, 31<;9 +314;,

G5GHJU 31887 +3166, 31643 +3155, 316:7 +3148,

G6GHJU 317;: +3164, 03153; +3158, 31474 +3149,

G4QXWV 3143< +3143, 0 0

ehkdylru/ exw duh duudqjhg udqgrpo| durxqg }hur1 Qrwh wkdw wkh suhvhqfh ri

wlhv surgxfhv d sduwlfxodu vfdwwhu sorw ri wkh uhvlgxdov zlwk sdudooho olqhv> wkh

uhdvrq ri zklfk vkrxog eh fohdu iurp htxdwlrqv +9, dqg +:,1 Lqwhusuhwdwlrq

dqg lpsolfdwlrqv ri wkh hvwlpdwhv duh qrw hdv| wr kdqgoh ehfdxvh ri wkh qxp0

ehu ri hvwlpdwhg prghov> iru wklv uhdvrq lq wkh qh{w vhfwlrq vrph v|qwkhwlf

phdvxuhv fdq khos wr frpphqw wkh uhvxowv1

Qhyhuwkhohvv/ jhqghu dsshduv wr kdyh d vljql�fdqw h�hfw lq Ehojlxp/

Juhhfh/ Iudqfh/ Vsdlq/ Ghqpdun dqg Sruwxjdo1 Wkh srvlwlyh vljq ri wkh

frh!flhqw phdqv wkdw phq kdyh ehwwhu fkdqfhv wr ohdyh xqhpsor|phqw wkdq

zrphq1 Lq Lwdo| jhqghu grhv qrw vhhp wr kdyh dq lq xhqfh rq wkh fkdqfh

wr ohdyh xqhpsor|phqw1 Rq wkh frqwudu| wkh yduldeoh QXWV4 vkrzv d yhu|

vwurqj h�hfw= shrsoh olylqj lq Vrxwkhuq Lwdo| kdyh ohvv fkdqfhv wr ohdyh xqhp0

sor|phqw1 Wkh hvwlpdwhg ulvn udwlr lv yhu| elj= olylqj lq Qruwkhuq2Fhqwudo

Lwdo| lqfuhdvhv wkh suredelolw| wr ohdyh xqhpsor|phqw derxw 5 wlphv +ulvn

udwlr 41::8,1

Rq wkh frqwudu|/ wkh vwduw gdwh ri wkh vshoo vkrzv d vljql�fdqw h�hfw lq

doprvw hyhu| frxqwu| dqg wkh qhjdwlyh vljq vxjjhvwv wkdw wkh odwhu lv wkh vwduw

ri wkh vshoo pruh gl!fxow lw lv wr ohdyh xqhpsor|phqw1 Wklv uhvxow lv txlwh

lqwhuhvwlqj> wkh hqwudqfh lq wkh oderxu pdunhw zdv lqghhg zruvh lq 4<<7 wkdq

gxulqj 4<<61 Shrsoh kdylqj dq h{shulhqfh ri xqhpsor|phqw dw wkh ehjlqqlqj

ri wkh uhihuhqfh shulrg vhhp wr kdyh pruh fkdqfhv wr ohdyh xqhpsor|phqw1

Wklv �qglqj uh hfwv wkh elj uhfhvvlrq lq HF frxqwulhv gxulqj 4<<6 +vhh dprqj

Mrqhv/ 4<<8,1
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Wdeoh 6= Fr{ Prgho Hvwlpdwhv iru JU/ IU/ HV
Yduldeohv Hvwlpdwh +v1h1, JU Hvwlpdwh +v1h1, IU Hvwlpdwh +v1h1, HV

VH[ 3176< +313<, 315<7 +313;, 317:6 +3139,

PLQL] 031398 +3134, 031359 +3133;, 031367 +31339,

WUDQLQJ 0314<4 +3144, 314;: +313<, 031476 +313;,

DQQR 3137; +3136, 3143< +3137, 31467 +3135,

DQQR5 0313338 +313336, 031333: +313337, 0313344 +313335,

PDUU\ 31579 +3144, 031553 +3144, 031383 +313;,

G4GHJU 0313<< +3147, 313:5 +3146, 03136: +3143,

G5GHJU 031566 +3144, 31397 +3147, 031458 +3144,

G6GHJU 03157: +3146, 31437 +3143, 031464 +313:,

G4QXWV 0 31333: +313;, 0314:8 +313:,

Wdeoh 7= Fr{ Prgho Hvwlpdwhv iru LW/ SW/ GN
Yduldeohv Hvwlpdwh +v1h1, LW Hvwlpdwh +v1h1, SW Hvwlpdwh +v1h1, GN

VH[ 3146< +313<, 314<7 +3144, 31597 +313<;,

PLQL] 0313:3 +3134, 03138< +3134, 031335 +3133<,

WUDQLQJ 313;4 +3144, 313<: +3154, 31445 +3144,

DQQR 31445 +3137, 31447 +3137, 313:<3 +3137,

DQQR5 031334 +313337, 031333; +313337, 0313337 +3133336,

PDUU\ 31695 +3146, 031497 +3148, 31454 +3144,

G4GHJU.G5GHJU 314;4 +3148, 31335 +314<, 3149: +3145,

G6GHJU 31433 +3147, 03156; +314;, 31386 +3146,

G4QXWV 318<5 +313<, 0 0
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wkh rwkhuv Plfklh dqg Vplwk/ 4<<7> Dplq dqg Wrpdqh|/ 4<<8,1 Lq Lwdo|/ iru

h{dpsoh/ wkh srolwlfdo hyhqwv ri wkh hduo| qlqhwlhv fdxvhg d elj hfrqrplf fulvlv

wkdw kdg uhshufxvvlrqv rq wkh oderxu pdunhw/ hvshfldoo| dw wkh hqg ri 4<<61

Kdylqj dq h{shulhqfh ri wudlqlqj ehiruh 4<<6 lqfuhdvhv wkh suredelolw|

wr ohdyh xqhpsor|phqw lq Ehojlxp/ Luhodqg/ dqg Iudqfh dqg uhgxfhv lw lq

Vsdlq dqg Juhhfh1 Wudlqlqj v|vwhpv duh yhu| gl�huhqw dfurvv frxqwulhv/ wkxv

uhvxowv duh yhu| kdug wr frpphqw1 V|vwhpv ri wudlqlqj lq prghuq vrflhwlhv

fdq qrw eh xqghuvwrrg lq lvrodwlrq/ exw pxvw eh frqvlghuhg lq uhodwlrq wr

wkh jhqhudo rujdql}dwlrq ri hgxfdwlrqdo v|vwhpv dqg lq frqqhfwlrq zlwk wkh

qdwlrq0vshfl�f hpsor|phqw v|vwhp1 Lq idfw/ wkh qhjdwlyh h�hfw ri wudlqlqj rq

wkh ohqjwk ri xqhpsor|phqw/ irxqg lq vrph frxqwulhv/ frxog eh gxh wr wkh

idfw wkdw lq vxfk frxqwulhv wudlqlqj lv r�huhg wr glvdgydqwdjhg shrsoh1 Dv zh

gr qrw kdyh lqirupdwlrq rq wkhvh fkdudfwhulvwlfv/ wudlqlqj frxog fdswxuh dovr

wkhvh h�hfwv1 Lq dgglwlrq/ lw lv zhoo nqrzq wkdw wudlqlqj h�hfwv duh d�hfwhg

dovr e| d surfhvv ri vhoi0vhohfwlrq wkdw lv lpsrvvleoh wr dgguhvv zlwk rxu gdwd1

Pxowlsoh vshoov gdwd vkrxog eh uhtxluhg> vrph h{dpsohv/ wkdw frxog h{sodlq

rxu uhvxowv/ duh jlyhq lq Julw} +4<<6, dqg Phdool dqg Sxgqh| +4<<<,1

Wkh h�hfw ri djh lv dovr lqwhuhvwlqj/ dv zloo eh vkrzq lq wkh qh{w vhfwlrq1

716 Vrph v|qwkhwlf phdvxuhv

Wr vlpsoli| dqg vxppdul}h wkh uhvxowv vrph v|qwkhwlf phdvxuhv zhuh frp0

sxwhg1 Zh gh�qh d uhihuhqfh lqglylgxdo wkdw lv prgdo zlwk uhvshfw wr wkh

fkdudfwhulvwlfv xvhg lq wkh dqdo|vlv dqg iru klp2khu zh frpsduh wkh hvwlpdwhg

vxuylydo ixqfwlrqv iru wkh gl�huhqw frxqwulhv1

Wkh uhihuhqfh lqglylgxdo lv d pdq/ kh vwduwhg dq xqhpsor|phqw vshoo rq

wkh �uvw ri Mdqxdu| 4<<6/ kh kdg qr suhylrxv h{shulhqfh ri wudlqlqj/ kh zdv

eruq lq 4<9</ kh lv qrw pduulhg/ kh kdv d �uvw ohyho ghjuhh/ kh olyhv lq dq duhd

zlwk orz xqhpsor|phqw udwh +iru XN/ Lwdo|/ Iudqfh dqg Vsdlq,1

Lq Wdeoh ; +lq Dsshqgl{, wkh hpslulfdo vxuylydo ixqfwlrqv dqg wkh hvwl0

pdwhg vxuylydo ixqfwlrqv lq wkh gl�huhqw frxqwulhv duh uhsruwhg1 Wkh �jxuhv

iru lqglylgxdov zlwk wkh vdph fkdudfwhulvwlfv suhvhqw vxevwdqwldo gl�huhqfhv

dfurvv frxqwulhv= wkxv wkh gl�huhqw vkdshv vkrzq lq wkh hpslulfdo vxuylydo

ixqfwlrqv duh gxh qrw rqo| wr gl�huhqfhv dprqj lqglylgxdov +l1h1 gl�huhqw

vdpsoh frpsrvlwlrq, exw dovr wr gl�huhqfhv dfurvv oderxu pdunhwv1

Wkh �uvw �jxuhv lq wkh Wdeoh ; +lq Dsshqgl{, uhihu wr XN/ Iudqfh/ Vsdlq

dqg Lwdo| ehfdxvh ri wkh suhvhqfh ri wkh yduldeoh G4QXWV lq wkh prghov

iru wkhvh 7 frxqwulhv1 Zh qrwh wkdw wkh hpslulfdo vxuylydo ixqfwlrqv duh
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doprvw lghqwlfdo iru yhu| vkruw gxudwlrqv> gl�huhqfhv ehfrph pruh hylghqw=

iru gxudwlrqv orqjhu wkdq 7 prqwkv1 Iru h{dpsoh/ dq lqglylgxdo lq Vsdlq kdv

d suredelolw| ri vxuylylqj orqjhu wkdq 45 prqwkv zklfk lv kljkhu wkdq lq wkh

rwkhu frxqwulhv +XN/ Lwdo|/ Iudqfh,/ zkloh wkh vdph suredelolw| iru Iudqfh lv

wkh orzhvw1 Lw lv dovr lqwhuhvwlqj wr qrwh wkh h�hfw ri revhuyhg khwhurjhqhlw|>

iru h{dpsoh lq Lwdo|/ zlwkrxw frqwuroolqj iru khwhurjhqhlw|/ wkh suredelolw|

ri uhpdlqlqj xqhpsor|hg diwhu 45 prqwkv lv 319> diwhu frqwuroolqj iru lw/ wkh

uhihuhqfh lqglylgxdo kdv d vxuylydo suredelolw| ohvv wkdq 3161 Rq wkh frqwudu|

wkh XN hpslulfdo vxuylydo ixqfwlrq lv ehorz wkdw ri wkh rwkhu wkuhh frxqwulhv/

exw zkhq zh frpsduh wkh vxuylydo ixqfwlrqv iru wkh uhihuhqfh lqglylgxdo wkh

Eulwlvk oderxu pdunhw vkrzv wkh zruvw shuirupdqfh1

Wkh vhfrqg wzr slfwxuhv lq Wdeoh ; +lq Dsshqgl{, vkrz wkh ehkdylru ri

wkh vdph lqglylgxdo lq wkh rwkhuv 8 frxqwulhv> khuh gl�huhqfhv duh revhuyhg

dovr iru vkruw gxudwlrqv1 Wkh h�hfw ri revhuyhg khwhurjhqhlw| vhhpv wr pdun

wkh gl�huhqfhv dfurvv gl�huhqw oderxu pdunhwv1 Lq sduwlfxodu/ lq Ehojlxp wkh

vxuylydo suredelolw| lv dozd|v kljkhu wkdq lq wkh rwkhu frxqwulhv/ zkloh wkh

uhihuhqfh lqglylgxdo kdv kljkhvw fkdqfh wr ohdyh xqhpsor|phqw lq Sruwxjdo1

Lq rughu wr h{dplqh wkh h�hfw ri djh rq wkh suredelolw| wr ohdyh xqhp0

sor|phqw/ wkh h{shfwhg gxudwlrqv iru gl�huhqw gdwh ri eluwk zhuh frpsxwhg

dv

e>� ' "[
|'f

e7 E|m c w� c +;,

zkhuh e7 E|m c w� lv wkh hvwlpdwhg vxuylydo ixqfwlrq ri wkh prgho vshfl�hg lq

+4,1

Lq Wdeoh < +lq Dsshqgl{, h{shfwhg gxudwlrqv duh sorwwhg djdlqvw gdwh ri

eluwk 61

Lq XN/ Lwdo| dqg Vsdlq/ d sduderod vhhpv wr ghvfuleh txlwh zhoo wkh eh0

kdylru ri wkh h{shfwhg gxudwlrqv +zlwk d yhu| v|pphwulfdo vkdsh iru Lwdo|,/

zkloh lq Sruwxjdo/ Iudqfh/ Ghqpdun wkh vkdsh lv doprvw d vwudljkw olqh1 Wkdw

phdqv wkdw lq wkh �uvw wkuhh frxqwulhv wkhuh duh reylrxv gl!fxowlhv wr �qg d

mre iru |rxqjhu dqg roghu shrsoh/ zkloh lq wkh rwkhu frxqwulhv vxfk gl!fxowlhv

lqwhuhvw pdlqo| roghu shrsoh1

Lq sduwlfxodu lq Lwdo| dq lqglylgxdo eruq lq 4<83 +h1j1 76 |hduv rog lq 4<<6,

kdv dq h{shfwhg gxudwlrq ri xqhpsor|phqw ri 9 prqwkv/ wkdw lv vkruwhu wkdq

6Hyhq li lq wdeoh < zh uhsruwh wkh judsklfv iru hdfk frxqwu|/ frpsdulvrqv duh mxvwl�hg

rqo| dprqj frxqwulhv zkhuh wkh yduldeohv DQQR dqg DQQR5 duh vljql�fdqw1
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Wdeoh 8= H{shfwhg gxudwlrq ri xqhpsor|phqw iru lqglylgxdov zlwk gl�huhqw

hgxfdwlrqdo ohyhov
XN EH LH JU IU HV LW GN SW

L?��eor�|+

_e}oee
81;: 8179 8165 8167 :14; ;1:3 919; 9155 818<

7eSJ?_

,e�e, _e}oee
:149 :1:8 ;15< 81<8 :155 <165

8�or|

,e�e, _e}oee
:188 4316; <178 9135 91<< <169 :144 91;7 91:6

uerr |�@? s�or|

,e�e, _e}oee
4315< <169 43146 71<4 :193 ;177 :198 :147 8193

wkdw ri d |rxqj lqglylgxdo eruq lq 4<:31 Dv h{shfwhg/ xqhpsor|phqw lq

Lwdo| lv d sureohp wkdw lqwhuhvwv erwk |rxqj dqg rog shrsoh1 Wkh plqlpxp

h{shfwhg gxudwlrq lq Hqjodqg lv wkdw ri shrsoh eruq lq 4<881 Lq Vsdlq/ yhu|

|rxqj shrsoh kdyh pruh fkdqfhv wr h{shulhqfh vkruwhu xqhpsor|phqw vshoov

zlwk uhvshfw wr rog shrsoh/ exw wkh ryhudoo gxudwlrq ohyho lv kljkhu wkdq lq Lwdo|

dqg Hqjodqg1 Iru wkh rwkhu wkuhh frxqwulhv +Iudqfh/ Ghqpdun/ Sruwxjdo, zh

fdq revhuyh d ghfuhdvlqj vkdsh/ zlwk vkruwhu h{shfwhg gxudwlrqv iru |rxqj

shrsoh1

Wkh h�hfwv ri hgxfdwlrqdo ohyhov rq wkh h{shfwhg gxudwlrq ri xqhpsor|0

phqw gl�hu dfurvv frxqwulhv dv vkrzq lq Wdeoh 8= khuh/ wkh h{shfwhg gxudwlrqv

iru wkh uhihuhqfh lqglylgxdo duh uhsruwhg/ fkdqjlqj rqh dw d wlph wkh ydoxh ri

wkh wkuhh gxpplhv/ G4GHJU/ G5GHJU dqg G6GHJU1

Wkhvh h�hfwv duh qrw vljql�fdqw lq doo ri hvwlpdwhg prghov/ vr zh olplw

rxu glvfxvvlrq wr wkh vljql�fdqw rqhv1 Lq Hqjodqg/ Ehojlxp dqg Luodqg shrsoh

zlwk d xqlyhuvlw| ghjuhh kdyh vkruwhu h{shfwhg gxudwlrq lq xqhpsor|phqw/

zkloh lq Juhhfh dqg Vsdlq hgxfdwlrqdo ohyhov vhhp wr kdyh yhu| olwwoh h�hfw1

Wklv uhvxow vxjjhvwv wkdw/ dv h{shfwhg/ lq wkh frxqwulhv sodfhg lq Qruwkhuq

Hxursh hgxfdwlrqdo txdol�fdwlrq kdyh d srvlwlyh h�hfw rq wkh fkdqfh wr ohdyh

vkruw xqhpsor|phqw vshoov> wklv h�hfw lv qrw vr hylghqw lq frxqwulhv sodfhg

lq vrxwkhuq Hxursh1
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8 Ilqdo uhpdunv

Lq wkh sdshu zh hvwlpdwh vhplsdudphwulf sursruwlrqdo kd}dug prghov iru wkh

gxudwlrq ri vkruw xqhpsor|phqw vshoov lq gl�huhqw Hxurshdq frxqwulhv/ xvlqj

gdwd gudzq iurp wkh Hxurshdq Frppxqlw| Krxvhkrog Sdqho +HFKS,1 Wkh

dqdo|vlv kdv vkrzq d vxevwdqwldo khwhurjhqhlw| dprqj oderxu pdunhwv= wkh

ehkdylru ri d uhihuhqfh lqglylgxdo lv/ lq idfw/ vwurqjo| lq xhqfhg e| wkh oderxu

pdunhw kh ehorqjv wr1

Lq sduwlfxodu/ hvwlpdwlrq uhvxowv vkrz wkdw lq frxqwulhv/ vxfk dv Ehojlxp/

Juhhfh/ Iudqfh/ Vsdlq/ Ghqpdun dqg Sruwxjdo zrphq kdyh/ dv h{shfwhg/

ohvv fkdqfhv wr ohdyh xqhpsor|phqw1 Olylqj duhd h�hfwv duh sduwlfxoduo|

vwurqj iru Lwdo|= shrsoh olylqj lq Vrxwkhuq Lwdo| �qg lw yhu| kdug wr ohdyh

xqhpsor|phqw1 Sduwlfxoduo| lqwhuhvwlqj lv wkh h�hfw ri djh= lq Lwdo|/ XN

dqg Vsdlq xqhpsor|phqw vhhpv wr lqwhuhvw erwk wkh |rxqjhu dqg wkh roghu

jhqhudwlrqv/ zkloh lq Sruwxjdo/ Iudqfh dqg Ghqpdun gl!fxowlhv lq ohdylqj

xqhpsor|phqw duh hqfrxqwhuhg pdlqo| e| roghu shrsoh1 Kljkhu hgxfdwlrqdo

ohyhov vkruwhq xqhpsor|phqw gxudwlrq lq XN/ Ehojlxp dqg Luhodqg/ zkloh lq

Juhhfh dqg Vsdlq hgxfdwlrqdo ohyho grhv qrw vhhp wr kdyh vwurqj h�hfwv rq

h{shfwhg gxudwlrq1

Lw lv lpsruwdqw wr vwuhvv wkdw wkh dqdo|vlv lv edvhg rq wkh vshfl�fdwlrq

ri d vlpsoh prgho/ wkh dlp ri wkh sdshu ehlqj wkdw ri h{sorulqj wkh srwhq0

wldo lqirupdwlrq ri wkh HFKS dqg pdnh wkh lqwhusuhwdwlrq ri wkh uhvxowv dv

hdv| dv srvvleoh1 Qhyhuwkhohvv/ wkh dqdo|vlv frxog eh ghhshqhg e| hpsor|lqj

pruh frpsoh{ prgho vshfl�fdwlrqv wkdw pljkw lqfoxgh srvvleo| hqgrjhqrxv

yduldeohv uhsuhvhqwlqj sdvw zrun klvwru|/ vxfk dv suhylrxv h{shulhqfh ri hp0

sor|phqw dqg2ru xqhpsor|phqw1
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Uhihuhqfhv

Dplq d1/ Wrpdqh| M1/ +4<<8,/ Ehklqg wkh P|wk ri Hxurshdq Xqlrq=

survshfwv iru frkhvlrq/ Urxwohgjh/ Orqgrq dqg Qhz \run1

Dqghuvhq S1N1/ Erujdq B 1/ Jloo U1G1/ dqg Nhlglqj Q1/ +4<<5,/

Vwdwlvwlfdo Prghov Edvhg rq Frxqwlqj Surfhvvhv/ Qhz \run= Vsulqjhu0

Yhuodj1

Euhvorz Q1 +4<:7,/ Fryduldqfh Dqdo|vlv ri Fhqvruhg Vxuylydo Gdwd/ Elr0

phwulfv/ 63/ ;<0<<1

Fr{ G1U1 +4<:5,/ Uhjuhvvlrq prghov dqg olih wdeohv +zlwk glvfxvvlrq,/

Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo Vrflhw|/ E 67/ 4;:053;1

Fr{ G1U1 +4<:8,/ Sduwldo Olnholkrrg/ Elrphwulnd/ 95/ 59<05:91

Fr{ G1U1 / Rdnhv G1+4<;7,/ Dqdo|vlv ri Vxuylydo Gdwd/ Orqgrq= Fkds0

pdq dqg Kdoo1

GhOrqj G1P1/ Jxlujxlv J1K1/ Vr \1F1 +4<<7,/ H!flhqw Frpsxwdwlrq

ri Vxqvhw Vhohfwlrq suredelolwlhv zlwk Dssolfdwlrq wr Fr{ Uhjuhvvlrq/

Elrphwulnd/ ;4/ 93:09441

Hiurq E1 +4<::,/ Wkh H!flhqf| ri Fr{*v Olnholkrrg Ixqfwlrq iru Fhqvruhg

gdwd/ Mrxuqdo ri Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ :5/ 88808981

Hoehuv F1/ Ulgghu J +4<;5,/ Wuxh dqg Vsxulrxv gxudwlrq ghshqghqfh wkh

lghqwl�delolw| ri wkh sursruwlrqdo kd}dug prgho/ Uhylhz ri Hfrqrplf

Vwxglhv/ 7<= 73607431

Iohplqj W1U1/ Kduulqjwrq G1S1 +4<<4,/ Frxqwlqj Surfhvvhv dqg Vxu0

ylydo Dqdo|vlv/ Qhz \run= Mrkq Zloh| ) Vrqv/ Lqf1

Julw} P1U1 +4<<6,/ Wkh Lpsdfw ri Wudlqlqj rq wkh Iuhtxhqf| dqg

Gxudwlrq ri Hpsor|hphqw/ Mrxuqdo ri Hfrqrphwulfv/ 8:/ 540841

Juxee G1/ Zhoov Z1 +4<<6,/ Hpsor|phqw uhjxodwlrq dqg sdwwhuqv ri

zrun lq HF frxqwulhv/ RHFG Hfrqrplf Vwxglhv/ 541

Kdugoh Z1 +4<<3,/ Vprrwklqj Whfqltxhv zlwk Lpsohphqwdwlrq lq V/ Vsulqjhu

vhulhv lq Vwdwlwvlfv/ Vulqjhu Yhuodj1

48



Odqfdvwhu W1 +4<<3,/ Wkh Hfrqrphwulf Dqdo|vlv ri Wudqvlwlrq Gdwd/ Fdp0

eulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh1

Ndoeiohlvfk W1/ U1 Suhqwlfh +4<:6,/ Pdujlqdo olnholkrrgv edvhg rq

Fr{*v uhjuhvvlrq dqg olih prgho/ Elrphwulnd/ 93/ 59:05:;1

Ndoeiohlvfk W1/ U1 Suhqwlfh +4<;3,/ Wkh Vwdwlvwlfdo Dqdo|vlv ri Idloxuh

Wlph Gdwd/ Zloh|/ Qhz \run1

Phdool I1/ V1 Sxgqh| +4<<<,/ Vshfl�fdwlrq Whvwv iru Udqgrp0h�hfwv

Wudqvlwlrq Prghov= Dq Dssolfdwlrq wr d Prgho ri wkh Eulwlvk \rxwk

Wudlqlqj Vfkhph/ Olihwlph Gdwd Dqdo|vlv/ 8/ 546056:1

Plfklh M1/ Vplwk M1J1/ +4<<7,/Xqhpsor|phqw lq Hxursh/ Dfdghplf Suhvv1

Qlfnhoo V1 +4<<:,/ Xqhpsor|phqw dqg Oderxu Pdunhw Uljlglwlhv= Hxursh

yhuvxv Qruwk Dphulfd/ Mrxuqdo ri Hfrqrplf Shuvshfwlyh/ 61

Vfdushwwd V1 +4<<9,/ Dvvhvvlqj wkh uroh ri oderxu pdunhw srolflhv dqg lq0

vwlwxwlrqdo vhwwlqjv rq xqhpsor|phqw= d furvv0frxqwu| vwxg|/ lq RHFG

Hfrqrplf Vwxglhv/ 59/ 4/ 770<:1

Vlhehuw K1 +4<<:,/ Oderxu pdunhw uljlglhwhv= dw urrw ri xqhpsor|phqw lq

Hxursh/ Mrxuqdo ri Hfrqrplf Shuvshfwlyh/ 61

Wvldwlv D1 +4<;4,/ D Odujh Vdpsoh Vwxg| ri Fr{*v Uhjuhvvlrq Prgho/

Dqqdov ri Vwdwlvwlfv/ </ <6043;1

Zdqg P1S1 / P1O1 Mrqhv +4<<8,/ Nhuqho Vprrwklqj/ Prqrjudskv rq

Vwdwlvwlfv dqg Dssolhg suredelolw| 93/ Fkdspdq ) Kdoo1
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Dsshqgl{

4:



Wdeoh 9= Hpslulfdo Kd}dug +Olih Wdeoh Phwkrg,

4;
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Wdeoh := Ghyldqfh Uhvlgxdov Vprrwkhg Sorw

4<



Wdeoh ;= Hvwlpdwhg Vxuylydo Ixqfwlrqv

53



Wdeoh <= Xqhpsor|phqw H{shfwhg Gxudwlrqv iru gl�huhqw jhqhuhwlrqv dqg

gl�huhqw frxqwulhv= XN/ EH/ LH/ JU/ SW/ GN/ HV/ IU/ LW
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