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Frqyhujhqfh lq wkh HUP dqg Ghfolqlqj Qxpehuv

ri Frpprq Vwrfkdvwlf Wuhqgv

Mhvshu UdqjylgW dqg Fduvwhq Vûuhqvhq

Ghsduwphqw ri Ilqdqfh/ Frshqkdjhq Exvlqhvv Vfkrro

Qryhpehu 5333

Nh|zrugv= Wdujhw }rqhv/ vkdgrz h{fkdqjh udwhv/ frqyhujhqfh/ uhfxuvlyh

dqg uroolqj frlqwhjudwlrq whvwv

MHO0fodvvl�fdwlrq= I64/ I66/ J48

�Fruuhvsrqglqj dxwkru1 Dgguhvv= Vroemhuj Sodgv 6/ 8wk  rru/ GN05333 Iuhghulnvehuj/ Ghqpdun1

Skrqh= +78, 6;48 6948/ id{= +78, 6;48 6933/ dqg h0pdlo= mu1�Cfev1gn1

Wklv duwlfoh kdv ehqh�wwhg iurp wkh frpphqwv ri Wrp Hqjvwhg/ Mdq Mdnrevhq/ Khquln Mhqvhq/ dqg

Slhw Vhufx dqg iurp vhplqdu sduwlflsdqwv dw Frshqkdjhq Exvlqhvv Vfkrro/ wkh ]hxwkhq Zrunvkrs

rq Lqwhuqdwlrqdo Pdfurhfrqrplfv/ wkh Hxurshdq Ilqdqfh Dvvrfldwlrq*v phhwlqj lq Khovlqnl +Dxjxvw

4<<<,/ wkh Ur|do Hfrqrplf Dvvrfldwlrq*v phhwlqj lq Vw1 Dqguhzv +Mxo| 5333,/ dqg wkh Zruog Frqjuhvv

ri wkh Hfrqrphwulf Vrflhw| lq Vhdwwoh +Dxjxvw 5333,1 Jdeulhoh Ehfnhu iurp wkh Edqn ri Lqwhuqdwlrqdo

Vhwwohphqwv dv zhoo dv Khlqr Erkq dqg Qlhov O|qjjèug Kdqvhq iurp Gdqpdunv Qdwlrqdoedqn surylghg

xv zlwk wkh gdwd xvhg lq wkh sdshu1



Devwudfw

Lq wklv sdshu/ zh xvh uhfxuvlyh dqg uroolqj frlqwhjudwlrq phwkrgv wr whvw iru d v|vwhp

ri vhyhudo h{fkdqjh udwhv ehlqj zlwklq wkh surfhvv ri frqyhujhqfh1 Zh xvh wkh phwkrgv

wr dqdo|}h krz wkh frqyhujhqfh ri �yh HUP h{fkdqjh udwhv kdv ghyhorshg gxulqj wkh

HUP shulrg1 Zh �qg wkdw wkh qxpehu ri frlqwhjudwlrq yhfwruv lq wkh v|vwhp ri HUP

h{fkdqjh udwhv lqfuhdvhv dv wkh vdpsoh shulrg lv h{whqghg/ dqg lqwhusuhw wklv dv d vljq

ri lqfuhdvhg frqyhujhqfh ri HUP h{fkdqjh udwhv1 Lq sduwlfxodu/ zh �qg qr hylghqfh

ri frqyhujhqfh lq wkh �uvw |hduv ri wkh HUP dqg vwurqj hylghqfh ri frqyhujhqfh lq

wkh odvw |hduv ri wkh HUP1 Lq wkh dqdo|vhv zh dfnqrzohgjh wkdw pdqdjhg h{fkdqjh

udwhv/ vxfk dv h{fkdqjh udwhv lq HUP wdujhw }rqhv/ fdq eh plvdoljqhg dw wkhlu revhuyhg

ydoxhv dv frpsduhg wr wkhlu ixqgdphqwdo iuhh0 rdw ydoxhv1 Iru wklv uhdvrq/ zh dovr

vwxg| frqyhujhqfh ri �owhuhg vkdgrz h{fkdqjh udwhv1 Zh xvh wzr �owhuv wr h{wudfw wkh

vkdgrz h{fkdqjh udwhv= d olqhdu �owhu dqg d qrq0olqhdu �owhu1



4 Lqwurgxfwlrq

Rq Mdqxdu| 4/ 4<<< hohyhq iruphu HUP +Hxurshdq H{fkdqjh Udwh Phfkdqlvp, fxu0

uhqflhv zhuh uhsodfhg zlwk wkh hxur1 Lq rughu wr sdyh wkh zd| iru d vprrwk wudqvlwlrq

wr d frpprq fxuuhqf|/ wkh hfrqrplhv ri wkh sduwlflsdwlqj frxqwulhv kdg wr ixo�oo wkh

frqyhujhqfh fulwhuld ri wkh Pddvwulfkw Wuhdw|1 Wkh srvvleoh frqyhujhqfh ri wkh HUP

hfrqrplhv gxulqj wkh shulrg ohdglqj xs wr wkh wklug vwdjh ri Hfrqrplf dqg Prqhwdu|

Xqlrq lq Hxursh kdv surpswhg d frqvlghudeoh olwhudwxuh14 Wklv sdshu dlpv dw frq0

wulexwlqj wr wklv olwhudwxuh e| E�� suhvhqwlqj dqg glvfxvvlqj krz vshfl�f frlqwhjudwlrq

surfhgxuhv wkdw doorz iru wlph0yduldwlrq lq wkh gdwd0jhqhudwlqj surfhvv fdq eh xvhg wr

lqyhvwljdwh zkhwkhu d v|vwhp ri qrq0frqyhujhg h{fkdqjh udwhv hyroyhv lqwr d v|vwhp ri

frqyhujhg h{fkdqjh udwhv dqg E��� xvh wkh surfhgxuhv wr whvw iru frqyhujhqfh ri HUP

h{fkdqjh udwhv1

Lw kdv ehhq dujxhg wkdw d qhfhvvdu| frqglwlrq iru vhyhudo lqwhjudwhg dqg qrq0

vwdwlrqdu| wlph vhulhv kdylqj douhdg| frqyhujhg/ lv wkdw wkh phdqv dqg yduldqfhv ri

vxlwdeoh olqhdu frpelqdwlrqv ri wkh wlph vhulhv +iru lqvwdqfh wkh gl�huhqfh ehwzhhq wzr

wlph vhulhv, gr qrw guliw dsduw lq dq xqerxqghg idvklrq> lq rwkhu zrugv/ wkh wlph vhulhv

vkrxog eh frlqwhjudwhg/ vhh Ehuqdug ) Gxuodxi +4<<8/ 4<<9, dqg Kdoo hw do1 +4<<5/

4<<:,1 Wkhuhiruh/ li wkh dlp ri dq dqdo|vlv lv wr lqyhvwljdwh zkhwkhu wkh sduwlfxodu

wlph vhulhv lqfoxghg lq wkh dqdo|vlv kdyh douhdg| frqyhujhg/ rqh ri wkh pruh vwdqgdug

frlqwhjudwlrq whfkqltxhv fdq eh dssolhg1 Li/ rq wkh rwkhu kdqg/ wkh dlp ri dq dqdo|vlv

lv wr whvw iru vhyhudo wlph vhulhv ehlqj zlwklq wkh surfhvv ri frqyhujlqj/ whvwv zklfk gr

qrw doorz iru wlph yduldwlrq lq wkh xqghuo|lqj gdwd0jhqhudwlqj surfhvv frxog eh eldvhg

wrzdugv uhmhfwlqj frqyhujhqfh> vhh dovr wkh glvfxvvlrq lq Gxuodxi ) Txdk +4<<<, rq wklv

srlqw1 Zkhq whvwlqj iru wkh uhohydqw wlph vhulhv ehlqj zlwklq wkh surfhvv ri frqyhujlqj/

lw wkxv dsshduv suhihudeoh wr xvh phwkrgv zklfk h{solflwo| wdnh lqwr dffrxqw wkh srvvleoh

fkdqjhv lq wkh sdudphwhuv ri wkh xqghuo|lqj vwdwlvwlfdo prgho zklfk frxog uhvxow iurp

d surfhvv ri frqyhujhqfh1 Iru wklv uhdvrq/ zh sursrvh wr xvh wlph0ydu|lqj pxowlyduldwh

frlqwhjudwlrq whfkqltxhv zkhq dqdo|}lqj wkh g|qdplfv ri frqyhujhqfh1

Hvshfldoo|/ zh xvh uhfxuvlyh frlqwhjudwlrq whvwv/ dv suhvhqwhg lq Kdqvhq ) Mrkdqvhq

+4<<5/ 4<<;,/ dv zhoo dv uroolqj frlqwhjudwlrq whvwv1 Zh xvh wkh uhfxuvlyh whvwv wr vwxg|

wkh g|qdplfv ri frqyhujhqfh iru wkh ixoo vdpsoh ri revhuydwlrqv/ zkhuhdv wkh uroolqj whvwv

duh xvhg wr lqyhvwljdwh wkh ghjuhh ri frqyhujhqfh gxulqj gl�huhqw vxevdpsohv ri wkh ixoo

4Vxuyh|v fdq eh irxqg lq Nhqhq +4<<8,/ Hlfkhqjuhhq +4<<:,/ dqg Jurv ) Wk|jhvhq +4<<;,1
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vdpsoh15 Edvlfdoo|/ rxu k|srwkhvlv zloo eh wkdw zkhq wkh wlph vhulhv vwduw wr frqyhujh/

wkh suredelolw| ri uhmhfwlqj wkh deryh phqwlrqhg qhfhvvdu| frqglwlrq iru frqyhujhqfh

+frlqwhjudwlrq ri wkh wlph vhulhv, vkrxog ghfolqh1 Lq rwkhu zrugv= wkh pruh frqyhujhg

wkh h{fkdqjh udwhv duh/ wkh kljkhu wkh fkdqfh ri dffhswlqj wkdw wkh v|vwhp ri h{fkdqjh

udwhv lv fkdudfwhul}hg e| uhodwlyho| pruh frlqwhjudwlrq yhfwruv dqg wkxv uhodwlyho| ihzhu

�frpprq� vwrfkdvwlf wuhqgv16

Lq wkh hpslulfdo dssolfdwlrq ri wklv sdshu/ zh looxvwudwh wkh surfhgxuh zlwk wkh HUP

fdvh dqg vwduw wkh hvwlpdwlrqv lq 4<:< zkhuh wkh HUP zdv odxqfkhg1 Hvshfldoo|/ zh

lqyhvwljdwh zkhwkhu wkh qxpehu ri frpprq vwrfkdvwlf wuhqgv ghfuhdvhg dv vsulqj 4<<;

dssurdfkhg +zkhuh wkh qxpehu ri fxuuhqflhv wr eh uhsodfhg zlwk wkh hxur zdv �qdoo|

odlg grzq,1

E| hpsor|lqj pxowlyduldwh frlqwhjudwlrq whfkqltxhv wr vwxg| fhuwdlq wlph0vhulhv

surshuwlhv ri v|vwhpv lqfoxglqj vhyhudo h{fkdqjh udwhv/ wkh sdshu lv uhodwhg wr wkh dqdo0

|vlv lq Edloolh ) Eroohuvohy +4<;</ 4<<7, dqg Glherog hw do1 +4<<7, zkr lqyhvwljdwh

lvvxhv uhodwhg wr wkh h!flhqf| ri iruhljq h{fkdqjh pdunhwv e| hydoxdwlqj zkhwkhu vhy0

hudo  rdwlqj h{fkdqjh udwhv vkduh frpprq vwrfkdvwlf wuhqgv1 Ehiruh wkh wudqvlwlrq wr

d frpprq fxuuhqf|/ wkrxjk/ wkh h{fkdqjh udwhv zh dqdo|}h zhuh qrw  rdwlqj/ exw zhuh

gh idfwr uhvwulfwhg e| wkh HUP wdujhw }rqh uhjlphv1 Wklv lpsolhv wkdw li frqyhujhqfh lv

phdvxuhg e| phdqv ri elodwhudo HUP h{fkdqjh udwhv rqo|/ wkh uhvxowv frxog eh eldvhg

wrzdugv d pruh idyrudeoh ghjuhh ri frqyhujhqfh li wkh h{fkdqjh udwhv zhuh plvdoljqhg dw

wkhlu revhuyhg ydoxhv/ lq wkh qrq0fuhgleoh wdujhw }rqhv/ dv frpsduhg wr wkhlu ixqgdphq0

wdo iuhh0 rdw ydoxhv17 Zh wdnh wklv dvshfw lqwr dffrxqw e| uhfrjql}lqj wkdw d srvlwlyh

vsuhdg ehwzhhq d grphvwlf dqg d iruhljq lqwhuhvw udwh frxog uh hfw wkdw wkh vshfl�f

h{fkdqjh udwh lv whpsrudulo| plvdoljqhg dw lwv revhuyhg ydoxh1 Wkhuhiruh/ rxu dqdo|vlv

5Ixuwkhupruh/ wkhuh lv dq dgglwlrqdo vwdwlvwlfdo uhdvrq iru xvlqj erwk w|shv ri wlph0ydu|lqj whvwv=

zkhq grlqj wkh uhfxuvlyh whvwv/ wkh qxpehu ri revhuydwlrqv zloo eh lqfuhdvlqj/ zkhuhdv wkh qxpehu ri

revhuydwlrqv lv nhsw �{hg lq hdfk uroolqj hvwlpdwlrq1 Iru wklv uhdvrq/ wkh srzhu ri wkh whvwv uhpdlqv

frqvwdqw lq hdfk uroolqj hvwlpdwlrq1
6Jhqhudoo|/ zh wklqn ri d frqyhujhqfh surfhvv dv d judgxdo dqg vprrwk surfhvv1 Iru wklv uhdvrq/

hfrqrphwulf whfkqltxhv wkdw whvw iru vwuxfwxudo euhdnv lq wkh gdwd0jhqhudwlqj surfhvv dw zhoo0gh�qhg

srlqwv lq wlph +vxfk dv iru lqvwdqfh wkh Shuurq/ 4<;</ xqlyduldwh whvwv iru xqlw urrwv, duh loo0vxlwhg iru

dqdo|}lqj wkh nlqg ri txhvwlrqv udlvhg lq wklv sdshu1 Lq rughu wr dqdo|}h krz wkh surfhvv hyroyhv ryhu

wlph/ rqh qhhgv whfkqltxhv wkdw doorz iru dq lqyhvwljdwlrq ri wkh judgxdo fkdqjh lq wkh gdwd0jhqhudwlqj

surfhvv/ vxfk dv uroolqj dqg uhfxuvlyh whfkqltxhv1
7Dv wkh HUP wdujhw }rqhv frxog eh uhdoljqhg/ wkh| zhuh qrq0fuhgleoh wdujhw }rqhv lq wkh vhqvh ri

Nuxjpdq +4<<4,1 Wkhuhiruh/ d suhvvxuh iru d uhdoljqphqw frxog eh uhdol}hg zkhqhyhu dq h{fkdqjh udwh

lq wkh wdujhw }rqh v|vwhp zdv plvdoljqhg uhodwlyh wr lwv ixqgdphqwdo iuhh0 rdw ydoxh1
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ri frqyhujhqfh lv edvhg erwk rq wkh dfwxdo h{fkdqjh udwhv/ dv zhoo dv �owhuhg vkdgrz

h{fkdqjh udwhv/ zkhuh wkh vkdgrz h{fkdqjh udwhv fdq eh wkrxjkw ri dv wkh qdwxudo ohyhov

ri wkh h{fkdqjh udwhv li wkh HUP wdujhw }rqhv zhuh vxvshqghg1 Vshfl�fdoo|/ zh xvh wzr

surfhgxuhv wr �owhu rxw wkh vkdgrz h{fkdqjh udwhv= d olqhdu �owhu dqg d qrq0olqhdu �owhu/

zkhuh wkh odwwhu lv wdnhq iurp Udqjylg ) Vûuhqvhq +5333, zkr suhvhqw dqg hvwlpdwh

d prgho wkdw ghvfulehv wkh g|qdplfv ri dq h{fkdqjh udwh lq d qrq0fuhgleoh wdujhw }rqh

uhjlph1

Wkh edvlf uhvxow ri wkh dqdo|vlv lv wkdw frqyhujhqfh ri HUP h{fkdqjh udwhv kdv

lqfuhdvhg ryhu wlph1 Zh gudz wklv frqfoxvlrq ehfdxvh erwk wkh uhfxuvlyh whvwv dqg wkh

uroolqj whvwv lqglfdwh wkdw wkh v|vwhp ri HUP h{fkdqjh udwhv lv gulyhq e| uhodwlyho|

ihzhu frpprq vwrfkdvwlf wuhqgv lq wkh odwhu sduwv ri wkh vdpsoh shulrg dv frpsduhg

wr wkh hduo| sduwv ri wkh vdpsoh shulrg1 Ixuwkhupruh/ wkh uroolqj hvwlpdwhv doorz xv

wr lqihu wkdw frqyhujhqfh zdv �vwurqjhvw� gxulqj wkh shulrg iurp 4<<8 wr 4<<: dqg

�zhdnhvw� gxulqj wkh shulrg iurp 4<:< wr 4<;61 Ilqdoo|/ zh �qg wkdw qrw doo h{fkdqjh

udwhv duh vwdwlrqdu| zkhq hydoxdwhg ryhu wkh frpsohwh vdpsoh shulrg iurp 4<:< wr

4<<;/ exw/ lpsruwdqwo|/ doo h{fkdqjh udwhv duh irxqg wr eh vwdwlrqdu| zkhq hydoxdwhg

ryhu wkh odwhvw vxevdpsoh zklfk uxqv iurp 4<<8 wkurxjk 4<<;1 Lq dgglwlrq wr wkhvh

�qglqjv/ zklfk doo duh edvhg rq wkh hvwlpdwlrqv ri pxowlyduldwh prghov/ zh dovr hpsor|

wudglwlrqdo xqlyduldwh Glfnh|0Ixoohu whvwv wr �qg wkdw wkh lqglylgxdo h{fkdqjh udwhv lq

rxu vdpsoh ehkdyhg lq dq lqfuhdvlqjo| vwdwlrqdu| pdqqhu dv wkh HUP hyroyhg1 Lw lv

qrwhg wkdw wkh �qglqjv doo duh urexvw lq wkh vhqvh wkdw wkh| krog uhjdugohvv ri zkhwkhu

frqyhujhqfh lv whvwhg zlwk dfwxdoo| revhuyhg h{fkdqjh udwhv ru zlwk �owhuhg vkdgrz

h{fkdqjh udwhv1

Lq wkh iroorzlqj vhfwlrq/ zh suhvhqw wkh vwdwlvwlfdo whvwv iru wkh qxpehu ri frpprq

vwrfkdvwlf wuhqgv/ dqg zh glvfxvv wkh uhodwlrq ehwzhhq/ rq wkh rqh vlgh/ wkh g|qdp0

lfv lq wkh qxpehu ri frpprq vwrfkdvwlf wuhqgv wkdw lv irxqg dqg/ rq wkh rwkhu vlgh/

frqyhujhqfh lq wkh HUP1 Lq vhfwlrq 6/ zh glvfxvv wkh gdwd zklfk lv dqdo|}hg lq wkh hp0

slulfdo sduw ri wkh sdshu dqg zh ghvfuleh krz zh kdyh �owhuhg rxw wkh vkdgrz h{fkdqjh

udwhv1 Vhfwlrq 7 frqwdlqv wkh hpslulfdo sduw ri wkh sdshu1 Lq wklv vhfwlrq zh suhvhqw wkh

hpslulfdo dssolfdwlrqv zlwk wkh uhfxuvlyh dqg uroolqj whvwv iru wkh qxpehu ri frpprq

vwrfkdvwlf wuhqgv gulylqj wkh HUP +vkdgrz, h{fkdqjh udwhv1 D �qdo vhfwlrq frqfoxghv1
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5 Whvwlqj iru frqyhujhqfh1 Wkh vwdwlvwlfdo surfhgxuh

Doo whvwv hpsor|hg lq wklv sdshu edvlfdoo| hydoxdwh zkhwkhu wkh lqglylgxdo qrq0vwdwlrqdu|

wlph vhulhv lq d pxowlyduldwh v|vwhp duh gulyhq e| d uhgxfhg qxpehu ri frpprq vwrfkdv0

wlf wuhqgv1 Lq wkh frlqwhjudwlrq2frpprq wuhqgv iudphzrun/ wkh suhvhqfh ri o frlqwh0

judwlrq yhfwruv lq d pxowlyduldwh wlph vhulhv ri glphqvlrq R lpsolhv wkdw wkhuh duh o

uhodwlrqv wkdw frqqhfw wkh R yduldeohv olqhduo|/ l1h1 wkhuh zloo rqo| eh R � o ' ? lq0

ghshqghqw qrq0vwdwlrqdu| wlph vhulhv 0 wkh frpprq vwrfkdvwlf wuhqgv1 Zkhq whvwlqj

iru d ghfuhdvlqj qxpehu ri frpprq vwrfkdvwlf wuhqgv/ ru htxlydohqwo| dq lqfuhdvlqj

qxpehu ri frlqwhjudwlrq yhfwruv/ zh dsso| uhfxuvlyh frlqwhjudwlrq whvwv edvhg rq wkh

Mrkdqvhq surfhgxuh/ vhh h1j1 Mrkdqvhq +4<;;/ 4<<4/ 4<<8,/ dqg/ lq wkh iroorzlqj/ zh

eulh | looxvwudwh wklv whvwlqj surfhgxuh1

Frqvlghu wkh yhfwru0dxwruhjuhvvlyh prgho +YDU, zulwwhq lq wkh huuru fruuhfwlrq

irup/

{t| '
&3�[
�'�

K�{t|3� n�t|3� n 0| +4,

zkhuh t| lv ri glphqvlrq R1 Zlwk wkh prgho jlyhq e| E��/ wkh �uvw sduw ri Judqjhu*v

uhsuhvhqwdwlrq wkhruhp +vhh Mrkdqvhq/ 4<<4, vwdwhv wkdw li � kdv uhgxfhg udqn o 	 Rc

wkh vhulhv lq t| frqwdlq xqlw urrwv/ duh frlqwhjudwhg/ dqg � fdq eh ghfrpsrvhg dv kq �/

zkhuh erwk k dqg q kdyh glphqvlrqv R�o1 Zkhq t| lv lqwhjudwhg ri rughu rqh/ q
�t| jlyhv

wkh vwdwlrqdu| olqhdu frpelqdwlrqv ri wkh rwkhuzlvh qrq0vwdwlrqdu| yduldeohv frqwdlqhg

lq t|/ l1h1 q frqwdlqv wkh o frlqwhjudwlrq yhfwruv1 Wkh sdudphwhuv lq k duh riwhq uhihuuhg

wr dv wkh ordglqj frh!flhqwv1

514 Wkh uhodwlrq ehwzhhq frlqwhjudwlrq dqg frpprq wuhqgv

Wkh vhfrqg sduw ri Judqjhu*v uhsuhvhqwdwlrq wkhruhp surylghv wkh PD0uhsuhvhqwdwlrq

ri d frlqwhjudwhg pxowlyduldwh surfhvv1 Wr eh pruh vshfl�f/ wkh PD0uhsuhvhqwdwlrq ri

{t| lv jlyhq e| E� � u�t| ' � Eu� 0|/ zlwk u dv wkh odj rshudwru/ zkhuh � Eu� fdq

eh h{sdqghg dv � Eu� ' � E�� n �W Eu� E�� u�/ vhh h1j1 Hqjoh ) Judqjhu +4<;:,1

Dffruglqjo|/ wkh uhsuhvhqwdwlrq ri t| lv jlyhq e|/

t| '
� E��

�� u
0| n �W Eu� 0| ' � E��

|[
�'�

0|3� n �W Eu� 0| +5,

zkhuh � E�� fdq eh irxqg iurp wkh frlqwhjudwlrq sdudphwhuv dqg zloo kdyh uhgxfhg udqn

R � o ' ?/ l1h1 rqo| ? hohphqwv ri � E��
S

0|3� kdyh lqghshqghqw shupdqhqw h�hfw rq
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t|1 Wkh frlqwhjudwhg YDU prgho fdq wkxv eh uhsuhvhqwhg dv frpprq vwrfkdvwlf wuhqgv

soxv vwdwlrqdu| glvwxuedqfhv1

Lq rughu wr looxvwudwh wkh frqfhswv/ ohw t| frqwdlq �yh lqwhjudwhg dqg qrq0vwdwlrqdu|

wlph vhulhv/ R ' D1 Li zh fdqqrw uhmhfw irxu frlqwhjudwlrq yhfwruv +o ' e,/ wkh udqn ri

� E�� fdqqrw eh uhmhfwhg wr htxdo rqh +? ' R � o,/ l1h1 wkh qrq0vwdwlrqdu| ehkdylru

ri wkh �yh lqglylgxdo wlph vhulhv lq t| zrxog eh jhqhudwhg e| rqh xqghuo|lqj frpprq

vwrfkdvwlf wuhqg1

515 Hvwlpdwlrq ri wkh frlqwhjudwlrq prgho 0 uhfxuvlyh dqg uroolqj whvwv

Zkhq whvwlqj iru frlqwhjudwlrq dqg wkh qxpehu ri frpprq wuhqgv/ Mrkdqvhq +4<;;/

4<<4, vkrzv wkdw wkh vroxwlrq wr wkh hljhqydoxh sureohp
��b7�� � 7�f7

3�

ff
7f�
�� @ fc zkhuh

7�� ' A3�
SA

|'�
-�|-

�

�|c iru �c � ' fc � dqg -f|c -�| duh wkh uhvlgxdov iurp wkh uhjuhvvlrqv

ri {t|c uhvshfwlyho| t|c rq {t|3�/� � � c{t|3&3�/ zloo jlyh R hljhqydoxhv � � eb� � � � � �

ebR � f dqg eq ' Ee��c � � � ce�R� zkhuh e��c � � � ce�R duh wkh dvvrfldwhg qrupdol}hg hljhqyhfwruv1
Wkh pd{lpl}hg ydoxh ri wkh olnholkrrg ixqfwlrq lv jlyhq e| O3

2

A ' m7ffm�
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�'�

�
�� eb�

�
1

Lq rughu wr ghwhuplqh wkh qxpehu ri vwdwlvwlfdoo| vljql�fdqw frlqwhjudwlrq yhfwruv +wkh

qxpehu ri ebv ehlqj vwdwlvwlfdoo| gl�huhqw iurp }hur,/ Mrkdqvhq +4<;;/ 4<<4, vkrzv wkdw

d olnholkrrg udwlr whvw vwdwlvwlf iru o frlqwhjudwlrq yhfwruv lq d vsdfh zlwk d pd{lpxp

ri R frlqwhjudwlrq yhfwruv lv jlyhq e|=

�2 *?' Eo m R� ' �A

R[
�'on�

*?
�
�� eb�

�
+6,

Wkh dv|pswrwlf glvwulexwlrq ri wkh olnholkrrg udwlr whvw vwdwlvwlf lq E�� lv ghulyhg lq

Mrkdqvhq ) Mxvholxv +4<<3, zkr dovr suhvhqw fulwlfdo ydoxhv/ dv gr Rvwhuzdog0Ohqxp

+4<<5,1

Zkhq dfwxdoo| ghwhuplqlqj wkh qxpehu ri frlqwhjudwlrq yhfwruv2frpprq vwrfkdvwlf

wuhqgv/ d vhtxhqwldo whvwlqj vwudwhj| lv xvhg1 Iluvw/ wkh k|srwkhvlv ri o ' f lv whvwhg

djdlqvw wkh dowhuqdwlyh ri o ' R +l1h1 doo vhulhv ehlqj xqlw urrw vhulhv djdlqvw wkh dowhu0

qdwlyh k|srwkhvlv ri doo vhulhv ehlqj vwdwlrqdu| vhulhv,> K Eo ' f m o ' R�1 Li wklv whvw lv

uhmhfwhg +dqg wkxv b� : f,/ wkh k|srwkhvlv ri dw prvw rqh frlqwhjudwlrq yhfwru/ o � �/

lv whvwhg djdlqvw wkh dowhuqdwlyh k|srwkhvlv ri o ' R> K Eo � � m o ' R�/ dqg vr iruwk

xqwlo wkh k|srwkhvlv ri o � R� � lv whvwhg djdlqvw o ' R> K Eo � R� � m o ' R�1 Zkhq

d sduwlfxodu k|srwkhvlv fdqqrw eh uhmhfwhg/ wkh vhtxhqwldo whvwlqj surfhgxuh vwrsv1

8



Uhfxuvlyh whvwv1 Jhqhudoo|/ zkhq hvwlpdwlqj d prgho uhfxuvlyho| wkh lqlwldo revhuyd0

wlrq lv nhsw �{hg dqg wkh vdpsoh ohqjwk lv lqfuhdvhg e| dgglqj dq dgglwlrqdo revhuydwlrq

dw hdfk uhfxuvlyh hvwlpdwlrq1 Kdqvhq ) Mrkdqvhq +4<<5/ 4<<;, vkrz wkdw lq wkh uhfxuvlyh

frlqwhjudwlrq dqdo|vlv wkh R�o vpdoohvw hljhqydoxhv zloo frqyhujh wrzdugv }hur/ zkloh wkh

o odujhvw hljhqydoxhv frqyhujh wrzdugv wkh vroxwlrq wr
��bq�P��q � q�P�fP

3�

ff Pf�q
�� ' f/

zkhuh q �P��q dqg Pff duh wkh dv|pswrwlf yduldqfhv ri q �-�| dqg -f|/ uhvshfwlyho|/ dqg

q�P�f lv wkh dv|pswrwlf fryduldqfh pdwul{ iru q �-�| dqg-f| +vhh h1j1 Wkhruhp 4/ Kdqvhq

) Mrkdqvhq/ 4<<;,� Wkhuhiruh/ edvhg rq uhfxuvlyh hvwlpdwlrqv ri wkh YDU0prgho/ d vh0

txhqfh ri olnholkrrg udwlr whvw vwdwlvwlfv dv jlyhq e| E��/ vkrxog eh lqfuhdvlqj iru whvwv

ri wkh k|srwkhvhv wkdw wkh wuxo| srvlwlyh frlqwhjudwlrq yhfwruv htxdo }hur dqg vkrxog eh

frqvwdqw iru whvwv ri wkh k|srwkhvhv wkdw wkh wuxo| qrq0vljql�fdqw frlqwhjudwlrq yhfwruv

htxdo }hur1

Uroolqj whvwv1 Jhqhudoo|/ zkhq frpsxwlqj uroolqj whvw vwdwlvwlfv/ wkh vl}h ri wkh vxe0

vdpsoh lv nhsw frqvwdqw dqg erwk wkh �uvw dqg wkh odvw revhuydwlrq lq wkh vxevdpsoh

uroo wkurxjk wkh ixoo vdpsoh1 Wkh vl}h ri wkh vxevdpsoh lv wkxv d frqvwdqw iudfwlrq ri

wkh vl}h ri wkh ixoo vdpsoh1

51514 Glvfxvvlrq ri wkh uhfxuvlyh dqg wkh uroolqj whvwv1 Dv phqwlrqhg/ lq wkh

uhfxuvlyh hvwlpdwlrqv/ wkh sdwk ri wkh olnholkrrg udwlr whvw vwdwlvwlfv vkrxog eh lqfuhdvlqj

iru whvwv ri wkh k|srwkhvhv ri �wuxo|� srvlwlyh hljhqydoxhv ehlqj htxdo wr }hur gxh wr

wkh lqfoxvlrq ri dgglwlrqdo revhuydwlrqv wr wkh vdpsoh1 Edvhg rq vrph frqvwdqw fulwlfdo

ydoxh iru wkh sduwlfxodu k|srwkhvlv ehlqj whvwhg/ dq lqfuhdvlqj whvw vwdwlvwlf lpsolhv wkdw

wkh suredelolw| ri uhmhfwlqj d �idovh� k|srwkhvlv lqfuhdvhv1 Lq rxu uhfxuvlyh hvwlpdwlrqv/

dq lqfuhdvlqj sdwk ri wkh whvw vwdwlvwlfv frxog wkxv eh gxh wr erwk E�� dq dfwxdo lqfuhdvh

lq wkh qxpehu ri frlqwhjudwlrq yhfwruv ru E��� dgmxvwphqw wrzdugv wkh dv|pswrwlf surs0

huwlhv ri wkh sduwlfxodu whvwv1 Rq wkh rwkhu kdqg/ wkh uroolqj whvwv pdnhv lw srvvleoh wr

hydoxdwh zkhwkhu d �qglqj ri lqfuhdvlqj whvw vwdwlvwlfv lq wkh uhfxuvlyh whvwv lv gxh wr

dfwxdo frqyhujhqfh dqg qrw wkh lqfoxvlrq ri dgglwlrqdo revhuydwlrqv lq lwvhoi1 Lq sduwlf0

xodu/ lqfuhdvlqj whvw vwdwlvwlfv iru wkh uroolqj uhjuhvvlrqv zloo lqglfdwh dq lqfuhdvh lq wkh

vwdqfh ri dfwxdo hfrqrplf frqyhujhqfh +dq lqfuhdvlqj qxpehu ri frlqwhjudwlrq yhfwruv

fdqqrw eh uhmhfwhg,/ dv wkh qxpehu ri revhuydwlrqv lq hdfk vxevdpsoh lv nhsw frqvwdqw18

8Rq wkh rwkhu kdqg/ wkh dgydqwdjh ri wkh uhfxuvlyh uhjuhvvlrqv lv lqwhu dold wkdw doo klvwrulf lqirupd0

wlrq lv wdnhq lqwr dffrxqw1 Ixuwkhupruh/ iru d qrq0lqfuhdvlqj vhtxhqfh ri whvw vwdwlvwlfv lq d uhfxuvlyh

hvwlpdwlrq/ wkh k|srwkhvlv ri lqfuhdvhg frqyhujhqfh lv reylrxvo| uhmhfwhg1
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516 Lqwhusuhwdwlrq ri wkh qxpehu ri frpprq vwrfkdvwlf wuhqgv

Lq wkh vwdwlvwlfdo iudphzrun zh xvh/ rqh fdq wklqn ri wzr lqwhusuhwdwlrqv ri d ghfolqlqj

qxpehu ri frpprq vwrfkdvwlf wuhqgv= lqfuhdvlqj vwdwlrqdulw| ri wkh uhohydqw wlph vhulhv

ru wkh uhohydqw wlph vhulhv ehlqj lqfuhdvlqjo| gulyhq e| wkh vdph vkrfnv zlwk shupdqhqw

h�hfwv1 Lq wklv vhfwlrq/ zh glvfxvv wkhvh wzr lqwhusuhwdwlrqv lq whupv ri srvvleoh HUP

h{fkdqjh udwh frqyhujhqfh1

Vwdwlrqdulw| ri wkh wlph vhulhv1 Lq d vwdwlvwlfdo vhqvh/ wkh gh idfwr suhvhqfh ri

wkh HUP wdujhw }rqh edqgv lpsolhg wkdw wkh �uvw wzr prphqwv ri wkh h{fkdqjh udwh

surfhvvhv zhuh erxqghg/ li wkh wdujhw }rqh edqgv frxog qrw eh fkdqjhg/ l1h1 qrq0

vwdwlrqdu| h{fkdqjh udwh surfhvvhv frxog lpsolflwo| eh uxohg rxw zkhq wkh wdujhw }rqhv

uhpdlqhg frqvwdqw +lq dgglwlrq/ wkh Pddvwulfkw Wuhdw| vwlsxodwhg wkdw wkh wdujhw }rqh

edqgv zhuh qrw doorzhg wr eh fkdqjhg gxulqj wkh odvw wzr |hduv ehiruh lqwurgxflqj

wkh hxur,1 Ixuwkhupruh/ dq| vwdwlrqdu| wlph vhulhv lq d frlqwhjudwlrq iudphzrun lv

uhsuhvhqwhg e| d vshfl�f frlqwhjudwlrq yhfwru/ vxfk dv h1j1 q� ' Efc fc �c fcf�1 Rq

wkh rwkhu kdqg/ ehfdxvh wkh wdujhw }rqh edqgv dfwxdoo| glg fkdqjh gxulqj wkh HUP

shulrg/ dovr HUPh{fkdqjh udwhv fdq eh prghoohg dv qrq0vwdwlrqdu| surfhvvhv1 Lw iroorzv

wkdw li frqyhujhqfh ri HUP h{fkdqjh udwhv lv iroorzhg e| ihzhu fkdqjhv lq wkh wdujhw

}rqh edqgv dqg wkxv pruh vwdwlrqdu| h{fkdqjh udwh surfhvvhv/ dq lqfuhdvlqj qxpehu ri

vwdwlrqdu| h{fkdqjh udwh vhulhv +lpso|lqj dq lqfuhdvlqj qxpehu ri frlqwhjudwlrq yhfwruv,

vkrxog eh irxqg 0 ohdglqj wr d ghfuhdvh lq wkh qxpehu ri frpprq vwrfkdvwlf wuhqgv

fkdudfwhul}lqj wkh v|vwhp ri h{fkdqjh udwhv1 Zkhq wkh surfhvv ri frqyhujlqj kdv frph

wr dq hqg dqg qr pruh fkdqjhv lq wkh wdujhw }rqhv rffxu/ rqh zrxog wkhq h{shfw doo

h{fkdqjh udwh vhulhv wr eh vwdwlrqdu|/ l1h1 �qglqj R frlqwhjudwlrq yhfwruv dqg }hur

frpprq wuhqgv1

Jhqhudoo|/ zh zrxog lqwhusuhw d �qglqj ri }hur frpprq vwrfkdvwlf wuhqgv dw vdpsoh

hqg dv d �shuihfwo|� frqyhujhg v|vwhp1

Vkrfn vwuxfwxuh1 Vlqfh wkh zrun ri Qhovrq ) Sorvvhu +4<;5, lw kdv ehhq uhfrjql}hg

wkdw dq xqlyduldwh gl�huhqfh0vwdwlrqdu| wlph vhulhv fdq eh ghfrpsrvhg lqwr d shupdqhqw

frpsrqhqw soxv d wudqvlwru| glvwxuedqfh1 Iru d pxowlyduldwh v|vwhp ri qrq0vwdwlrqdu|

wlph vhulhv wkh vdph krogv/ l1h1 wkh qrq0vwdwlrqdu| v|vwhp lv gulyhq e| shupdqhqw

frpsrqhqwv soxv wudqvlwru| glvwxuedqfhv1 Li frlqwhjudwlrq lv hvwdeolvkhg/ wkh qxpehu ri

frpsrqhqwv zlwk shupdqhqw h�hfw lv uhgxfhg dqg +vrph ri, wkh wlph vhulhv lq wkh v|vwhp

duh gulyhq e| olqhdu frpelqdwlrqv ri wkh uhgxfhg qxpehu ri vkrfnv zlwk shupdqhqw

:



h�hfwv/ vhh h1j1 Vwrfn ) Zdwvrq +4<;;,/ Nlqj hw do1 +4<<4,/ dqg wkh uhsuhvhqwdwlrq lq

E2�1 Iru wklv uhdvrq/ li doo wlph vhulhv dfwxdoo| uhpdlq qrq0vwdwlrqdu| gxulqj wkh shulrg

zkhuh wkh qxpehu ri frpprq vwrfkdvwlf wuhqgv ghfolqhv/ wkh qrq0vwdwlrqdulw| zloo eh

fdxvhg e| ihzhu vkrfnv zlwk d shupdqhqw h�hfw1

Wkhuhiruh/ hyhq li doo lqglylgxdo h{fkdqjh udwhv wrzdugv wkh Jhupdq pdun uhpdlq

qrq0vwdwlrqdu|/ �qglqj d ghfuhdvlqj qxpehu ri frpprq vwrfkdvwlf wuhqgv vkrxog vwloo

eh lqwhusuhwhg dv d vljq ri frqyhujhqfh/ dv wkh h{fkdqjh udwhv zrxog iroorz lqfuhdvlqjo|

vlplodu wlph0vhulhv surfhvvhv1 Lq sduwlfxodu/ li wkhuh lv rqo| rqh vkrfn zlwk d shupdqhqw

h�hfw rq wkh R qrq0vwdwlrqdu| wlph vhulhv/ rqh vkrxog h{shfw wr �qg R� � frlqwhjudwlrq

yhfwruv1

Jhqhudoo|/ zh zrxog qrw lqwhusuhw d �qglqj ri rqh +ru pruh, frpprq vwrfkdvwlf

wuhqgv dw vdpsoh hqg dv d �shuihfwo|� frqyhujhg v|vwhp ehfdxvh vkrfnv wr wkh lqglylgxdo

wlph vhulhv zrxog vwloo kdyh shupdqhqw h�hfw dqg wkh �uvw wzr prphqwv ri wkh wlph vhulhv

zrxog wkxv qrw eh erxqghg1

517 Frqyhujhqfh fulwhuld dqg h{fkdqjh udwh txrwdwlrq

Dw wklv vwdjh ri wkh dqdo|vlv/ lw vhhpv uhohydqw wr frpphqw rq wkh dssduhqw gl�huhqfh eh0

wzhhq rxu frqglwlrq iru �shuihfw frqyhujhqfh� +ri h{fkdqjh udwhv, dqg wkh frqglwlrq iru

�shuihfw frqyhujhqfh� xvhg e| Ehuqdug ) Gxuodxi +4<<8, zkr lqyhvwljdwh frqyhujhqfh

ri uhdo surgxfwlrq vhulhv1 Zkhuh zh gh�qh shuihfw frqyhujhqfh dv d vlwxdwlrq zkhuh rxu

YDU0v|vwhp ri h{fkdqjh udwhv lv gulyhq e| }hur frpprq vwrfkdvwlf wuhqgv/ Ehuqdug )

Gxuodxi +4<<8, gh�qh shuihfw frqyhujhqfh dv d vlwxdwlrq zkhuh wkh YDU0v|vwhp wkh|

dqdo|}h lv gulyhq e| d vlqjoh frpprq vwrfkdvwlf wuhqg1 Edvlfdoo|/ wkh uhdvrq iru wklv

dssduhqw gl�huhqfh lv wkdw zkhq frqvlghulqj h{fkdqjh udwhv txrwhg ylv ä ylv dqrwkhu

fxuuhqf| zlwklq wkh YDU0v|vwhp +dv iru lqvwdqfh lq wklv sdshu zkhuh zh txrwh h{fkdqjh

udwhv dv wkh sulfhv ri rqh Jhupdq pdun lq whupv ri wkh rwkhu HUP fxuuhqflhv,/ wkh

reylrxv uhtxluhphqw iru frqyhujhqfh lv wkdw doo h{fkdqjh udwhv duh vwdwlrqdu|1 Rq wkh

rwkhu kdqg/ zkhq frqvlghulqj wlph vhulhv vxfk dv uhdo dfwlylw|/ rqh zrxog qdwxudoo| do0

orz wkrvh lqglylgxdo vhulhv wr eh qrq0vwdwlrqdu| wlph vhulhv/ dovr zkhq frqyhujhg/ zlwk

wkh uhtxluhphqw iru frqyhujhqfh wkhq ehlqj wkdw doo wkh vhulhv duh gulyhq e| wkh vdph

vkrfn zlwk d shupdqhqw h�hfw1

Dqdorjrxvo|/ li zh kdg xvhg h{fkdqjh udwhv txrwhg djdlqvw d fxuuhqf| wkdw grhv qrw

ehorqj wr wkh HUP wdujhw }rqh v|vwhp/ h1j1 wkh XV groodu/ dqg doo wkh h{fkdqjh udwhv

lq wklv dowhuqdwlyh YDU0v|vwhp zhuh qrq0vwdwlrqdu|/ lw zrxog kdyh ehhq uhohydqw wr xvh

;



wkh Ehuqdug ) Gxuodxi +4<<8, uhtxluhphqw iru �shuihfw frqyhujhqfh�/ dv wkh qhfhvvdu|

frqglwlrq iru HUP h{fkdqjh udwh frqyhujhqfh zrxog wkhq eh wkdw wkh lqwud0HUP furvv0

udwhv zhuh vwdwlrqdu|19

D vlpsoh h{dpsoh looxvwudwhv wkhvh srlqwv1 Frqvlghu wkh wzr h{fkdqjh udwhv e� '

*? E8-8*L7(� dqg e2 ' *? E(.�*L7(� c wkhvh ehlqj wkh orjdulwkpv wr wkh sulfhv lq

Iuhqfk iudqf uhvshfwlyho| Jhupdq pdun iru rqh XV groodu1 Lq wklv fdvh/ wkh qhfhvvdu|

frqglwlrq iru lqwud0HUP frqyhujhqfh lpsrvhv d sduwlfxodu uhvwulfwlrq rq wkh frlqwhjud0

wlrq yhfwru/ wklv ehlqj wkdw *? E8-8*L7(� � *? E(.�*L7(� ' *? E8-8*(.� � lv

vwdwlrqdu|/ l1h1 wkh orjdulwkp wr wkh sulfh ri rqh Jhupdq pdun lq Iuhqfk iudqf vkrxog eh

vwdwlrqdu|1 Iru d YDU0v|vwhp lqfoxglqj wkh wzr h{fkdqjh udwhv e� dqg e2 +l1h1 R ' 2�/

rqh frlqwhjudwlrq yhfwru +l1h1 o ' �,/ dv q� ' d�c��o/ dqg wkxv rqh frpprq vwrfkdvwlf

wuhqg vkrxog eh h{shfwhg +l1h1 ? ' R� o ' �,1

Frqvhtxhqwo|/ zkhq wkh h{fkdqjh udwhv duh txrwhg dv wkh sulfhv ri rqh Jhupdq pdun

lq whupv ri rwkhu HUP fxuuhqflhv/ dv lq rxu fdvh/ wkhvh vhulhv vkrxog eh vwdwlrqdu| e|

wkhpvhoyhv> iru wkh prgho zlwk rqh h{fkdqjh udwh txrwhg lq Jhupdq pdun +l1h1 R ' ��/

rqh wkxv h{shfwv rqh frlqwhjudwlrq yhfwru +l1h1 o ' �,/ dv q � ' �/ dqg wkxv }hur frpprq

vwrfkdvwlf wuhqgv +l1h1 ? ' R� o ' f,1

Lq frqfoxvlrq/ zkhq phdvxulqj frqyhujhqfh ri h{fkdqjh udwhv zlwklq wkh HUP zlwk

h{fkdqjh udwhv txrwhg dv sulfhv iru rqh Jhupdq pdun lq whupv ri wkh rwkhu HUP

fxuuhqflhv +dv zh gr,/ wkh qhfhvvdu| frqglwlrq iru d frqyhujhqfh surfhvv kdylqj douhdg|

frph wr dq hqg/ lv wkdw doo h{fkdqjh udwhv vkrxog eh vwdwlrqdu| dqg wkhuh vkrxog eh

}hur frpprq vwrfkdvwlf wuhqgv1

6 Gdwd ghvfulswlrq dqg �owhulqj surfhgxuhv

Wkh gdwd zklfk zh dqdo|}h lq wkh iroorzlqj vhfwlrqv frqvlvwv ri zhhno| revhuydwlrqv

+Zhgqhvgd|v/ ru Wkxuvgd| li Zhgqhvgd| lv qrw dydlodeoh, rq h{fkdqjh udwhv dqg rqh0

prqwk Hxur pdunhw lqwhuhvw udwh vsuhdgv1 Gdwd zdv froohfwhg iru wkh frxqwulhv wkdw

kdyh ehorqjhg wr wkh HUP vlqfh Pdufk 46/ 4<:<> wkh Lulvk srxqg lv/ krzhyhu/ rplwwhg

lq rxu hpslulfdo dqdo|vlv gxh wr gdwd olplwdwlrqv1 Wkh h{fkdqjh udwh gdwd frqvlvwv ri

h{fkdqjh udwhv iru wkh Ehojldq iudqf/ wkh Gdqlvk nurqhu/ wkh Iuhqfk iudqf/ wkh Lwdoldq

olud/ dqg wkh Gxwfk jxloghu doo yhuvxv wkh Jhupdq pdun1 Wkh uhohydqw rqh0prqwk Hxur

pdunhw lqwhuhvw udwh vsuhdgv duh edvhg rq elg udwhv vxssolhg e| wkh Edqn ri Lqwhuqdwlrqdo

9Wkh vlqjoh frpprq vwrfkdvwlf wuhqg zrxog wkhq uhsuhvhqw wkh wuhqg ri doo wkh HUP fxuuhqflhv

yhuvxv wkh XV groodu1

<



Vhwwohphqwv1 Wkh �qdo ghflvlrq uhjduglqj wkh qxpehu ri fxuuhqflhv wr eh uhsodfhg e|

wkh hxur/ zdv pdgh dw wkh HX vxpplw rq Pd| 406/ 4<<; dqg edvhg rq wkh frqyhujhqfh

uhsruw dv uhohdvhg rq Pdufk 58/ 4<<;1 Wkhuhiruh/ zh ohw rxu vdpsoh shulrg uxq iurp

Pdufk 46/ 4<:< +zkhuh wkh HUP zdv lqlwldwhg, xqwlo Dsulo 4/ 4<<; dqg hdfk gdwd

vhulhv lqfoxghv d wrwdo ri <<8 revhuydwlrqv1 Lq dgglwlrq wr wkh dqdo|vlv ri wkh dfwxdoo|

revhuyhg h{fkdqjh udwhv/ zh dovr dqdo|}h vkdgrz h{fkdqjh udwhv1 Edvhg rq wkh lqwhuhvw

udwh vsuhdgv dqg wkh h{fkdqjh udwhv/ wkh vkdgrz h{fkdqjh udwhv duh h{wudfwhg wkurxjk

wzr �owhuv= d qrq0olqhdu �owhu dqg d olqhdu �owhu1:

614 D qrq0olqhdu �owhu iru h{wudfwlqj wkh vkdgrz h{fkdqjh udwhv

Wkh sduwlfxodu qrq0olqhdu �owhu wkdw zh xvh lv wdnhq iurp Udqjylg ) Vûuhqvhq +5333,/

dqg lq wklv vhfwlrq zh zloo eulh | uhylhz wkhlu prgho1; Edvlfdoo|/ Udqjylg ) Vûuhqvhq

+5333, suhvhqw d jhqhudo wkhruhwlfdo iudphzrun iru wkh g|qdplfv ri dq h{fkdqjh udwh

zkhuh wkh  xfwxdwlrqv ri wkh h{fkdqjh udwh duh uhvwulfwhg e| d qrq0fuhgleoh wdujhw }rqh

uhjlph +l1h1 d wdujhw }rqh wkdw fdq eh uhdoljqhg,1<

Wkh edvlf ihdwxuh ri wkh wdujhw }rqh prghoolqj lv wkxv wkdw wkh h{fkdqjh udwh lv uh0

vwulfwhg wr pryh zlwklq d edqg xqohvv d uhdoljqphqw rffxuv1 Wkh wlplqj ri uhdoljqphqwv

lv ghvfulehg e| d vr0fdoohg Fr{ surfhvv zklfk lv edvlfdoo| d Srlvvrq surfhvv zlwk vwrfkdv0

wlf lqwhqvlw|1 Lq sduwlfxodu/ wkh lqwhqvlw| ghshqgv rq wkh srvlwlrq ri wkh h{fkdqjh udwh

zlwklq wkh wdujhw }rqh edqg dv zhoo dv krz plvdoljqhg wkh h{fkdqjh udwh lv uhodwlyho|

wr wkh vkdgrz h{fkdqjh udwh1

Irupdoo|/ wkh g|qdplfv ri wkh +orj0, vkdgrz h{fkdqjh udwh s| dqg wkh +orj0, h{fkdqjh

:Zh gr qrw fodlp wkdw wkhvh wzr �owhulqj surfhgxuhv qhfhvvdulo| vsdq wkh zkroh vhw ri srvvleoh

�owhulqj surfhgxuhv1 Zkdw zh gr fodlp/ wkrxjk/ lv vlpso| wkdw wkh wzr surfhgxuhv uhsuhvhqw wzr

glvwlqfwo| gl�huhqw zd|v wr h{wudfw vkdgrz h{fkdqjh udwhv= d qrq0olqhdu dqg d olqhdu surfhgxuh1 Iru

d pruh ghwdlohg uhylhz ri wkh wdujhw }rqh olwhudwxuh dqg wkh fxuuhqf| fulvhv olwhudwxuh/ erwk ri zklfk

sd| fduhixo dwwhqwlrq wr wkh uroh sod|hg e| wkh vkdgrz h{fkdqjh udwh/ vhh Jduehu ) Vyhqvvrq +4<<8,1

Ixuwkhupruh/ Iorrg hw do1 +4<<4, dqg Eduwrolql ) Sudwl +4<<:, suhvhqw dqg glvfxvv rwkhu vlpsoh olqhdu

�owhuv wkurxjk zklfk phdvxuhv ri vkdgrz h{fkdqjh udwhv fdq eh rewdlqhg1
;D pruh ghwdlohg glvfxvvlrq ri wkh sduwlfxodu vshfl�fdwlrq ri wkh prgho/ wkh hvwlpdwlrq surfhgxuh/

dv zhoo dv wkh sdudphwhu hvwlpdwhv fdq wkxv eh irxqg lq Udqjylg ) Vûuhqvhq +5333,1
<Wkh prgho lv d yduldwlrq ri wkh prgho lq Fkulvwhqvhq hw do1 +4<<;,1 Rxu prwlydwlrq iru h{whqglqj

wkh sduwlfxodu prgho ri Fkulvwhqvhq hw do1 +4<<;, lv gxh wr vrph ri wkh ghvludeoh ihdwxuhv ri wkdw prgho1

Iru lqvwdqfh/ wkh prgho doorzv iru d srvlwlyh fruuhodwlrq ehwzhhq wkh h{fkdqjh udwh dqg wkh lqwhuhvw

udwh gxulqj shulrgv zlwk suhvvxuh rq wkh h{fkdqjh udwh> d ihdwxuh zklfk lv lq dffrugdqfh zlwk wkh

uhvxowv iurp hpslulfdo whvwv/ dv qrwhg e| Ehuwrod ) Fdedoohur +4<<5,/ exw qrw suhvhqw lq iru lqvwdqfh

wkh edvlf Nuxjpdq +4<<4, prgho1
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udwh e| duh ghvfulehg e| wkh iroorzlqj vwrfkdvwlf gl�huhqwldo htxdwlrq v|vwhp/

_s| ' > _| n j _`�|

_e| ' 6|_|n �|_`2| n "|_�|

+7,

zkhuh `�| dqg `2| duh zlhqhu0surfhvvhv zlwk UL�E_`�|c _`2|� @ 4 _|/ �| lv d Fr{

surfhvv zlwk mxps lqwhqvlw| b|/ dqg "| lv wkh mxps vl}h li d uhdoljqphqw rffxuv dw wlph |1

Wkh guliw dqg yrodwlolw| ri wkh vkdgrz h{fkdqjh udwh/ > dqg j/ duh frqvwdqw sdudphwhuv

zkhuhdv wkh guliw dqg yrodwlolw| ri wkh h{fkdqjh udwh duh jlyhq e|/

6| '

;AA?
AA=

@Ew| � e|� n V
�

�|3e|
�|3w|

�
Es| � e|� �u w| 	 e| 	 s|

@Ew| � e|� n V
�

e|3,|
w|3,|

�
Es| � e|� �u s| 	 e| 	 w|

@Ew| � e|� n V Es| � e|� L|�ih��ti

+8,

dqg/

�| ' B

v
eE�| � e|�Ee| � ,|�

E�| � ,|�2
+9,

zkhuh @/ V/ dqg B duh frqvwdqw sdudphwhuv dqg w|/ ,|/ dqg �| ghqrwh wkh +orj0, fhqwudo

sdulw|/ wkh +orj0, orzhu erxqg ri wkh edqg/ dqg wkh +orj0, xsshu erxqg ri wkh edqg/

uhvshfwlyho|1

Wkh sdudphwhu @ ghvfulehv wkh ghjuhh ri whqghqf| wrzdugv wkh fhqwudo sdulw| dqg

V ghvfulehv wkh ghjuhh ri whqghqf| wrzdugv wkh vkdgrz h{fkdqjh udwh1 Wkh whqghqf|

wrzdugv s| hydsrudwhv dw wkh erxqgdulhv zkhqhyhu wklv whqghqf| zrxog rwkhuzlvh sxoo lw

rxwvlgh wkh h{fkdqjh udwh edqg1 Olnhzlvh/ wkh yrodwlolw| �| hydsrudwhv dw wkh erxqgdulhv

lq rughu wr hqvxuh wkdw wkh wdujhw }rqh lv vxvwdlqhg xqohvv d uhdoljqphqw mxps rffxuv1

Wkh sdudphwhu B fdq eh lqwhusuhwhg dv wkh yrodwlolw| ri wkh h{fkdqjh udwh lq wkh fhqwhu

ri wkh wdujhw }rqh1

Wkh uhdoljqphqw lqwhqvlw| dqg wkh h{fkdqjh udwh mxps vl}hv dw d uhdoljqphqw gdwh

duh ghvfulehg e|/

b| ' bf n b�4@ dfc Es| � e|�

�
e| � w|

�| � ,|

�
o @?_ "| ' Es| � e|� n #| +:,

uhvshfwlyho|/ zkhuh bf dqg b� duh qrq0qhjdwlyh frqvwdqw sdudphwhuv dqg #| lv d vhulhv ri

lqghshqghqw dqg qrupdoo| glvwulexwhg vwrfkdvwlf yduldeohv zlwk phdq }hur dqg vwdqgdug

ghyldwlrq /1 Khqfh/ wkh uhdoljqphqw lqwhqvlw| ghshqgv rq wkh glvwdqfh wr wkh fhqwudo

sdulw| ri wkh wdujhw }rqh dv zhoo dv wkh glvwdqfh wr wkh vkdgrz h{fkdqjh udwh dqg/ li

wkhuh lv d uhdoljqphqw/ wkh h{fkdqjh udwh zloo mxps wr d srvlwlrq durxqg wkh vkdgrz

h{fkdqjh udwh1
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Lpsrvlqj xqfryhuhg lqwhuhvw udwh sdulw|/ wkh lqwhuhvw udwh vsuhdg pxvw htxdo wkh guliw

udwh lq wkh +orj0, h{fkdqjh udwh soxv d frpsrqhqw uhsuhvhqwlqj wkh udwh ri h{shfwhg +orj0,

h{fkdqjh udwh pryhphqw gxh wr d srwhqwldo uhdoljqphqw=

�| � �s| ' 6| n b|Es| � e|� +;,

Wkh lqwhuhvw udwh vsuhdg lq +;, lv d prqrwrqlfdoo| lqfuhdvlqj ixqfwlrq ri s| dqg wkhuh lv

wkxv dq lqyhuwleoh uhodwlrqvkls ehwzhhq wkh lqwhuhvw udwh vsuhdg dqg wkh vkdgrz h{fkdqjh

udwh1

Zkhq uhihuulqj wr �vkdgrz h{fkdqjh udwhv h{wudfwhg wkurxjk d qrq0olqhdu �owhu� lq

zkdw iroorzv/ zh wkxv uhihu wr s| dv �owhuhg rxw wkurxjk wkh lqyhuwhg uhodwlrqvkls lq +;,

iru jlyhq revhuyhg lqwhuhvw udwh vsuhdgv1 Zkhq �owhulqj rxw wkh vkdgrz h{fkdqjh udwhv/

zh xvh wkh dssur{lpdwh pd{lpxp olnholkrrg sdudphwhu hvwlpdwhv uhsruwhg lq Udqjylg

) Vûuhqvhq +5333,143 Hvshfldoo|/ wkh sdudphwhuv ri wkh wdujhw }rqh prgho duh hvwlpdwhg

vhsdudwho| iru hdfk fxuuhqf| +lq uhodwlrq wr wkh Jhupdq pdun,/ l1h1 wkh qrq0olqhdu �owhu

doorzv iru gl�huhqw hvwlpdwhg sdudphwhuv dfurvv wkh gl�huhqw h{fkdqjh udwhv1

Lq rughu wr hydoxdwh rxu �qglqjv zlwk uhvshfw wr wkh uhvwulfwlrqv hperglhg lq wkh xvh

ri d sduwlfxodu qrq0olqhdu prgho iru wkh HUP h{fkdqjh udwhv/ zh dovr lqyhvwljdwhg wkh

dfwxdoo| revhuyhg h{fkdqjh udwhv dv zhoo dv vkdgrz h{fkdqjh udwhv h{wudfwhg wkurxjk

d pruh vlpsoh olqhdu �owhu1 Lq wkh olqhdu �owhu/ zh lpsrvhg htxdo sdudphwhuv dfurvv wkh

gl�huhqw h{fkdqjh udwhv/ vr dv qrw wr uho| rq dq| sduwlfxodu hvwlpdwlrq surfhgxuh1

615 D olqhdu �owhu iru h{wudfwlqj wkh vkdgrz h{fkdqjh udwhv

Wr rewdlq wkh vkdgrz h{fkdqjh udwhv wkurxjk d olqhdu �owhu zh uho| rq wkh uhfhqw uhvxowv

iurp �ixqgdphqwdo0edvhg� dssurdfkhv wr h{fkdqjh udwhv/ dv uhsruwhg lq iru lqvwdqfh

Fklqq ) Phhvh +4<<8,/ Pdun +4<<8,/ Pdun ) Fkrl +4<<:,/ dqg PdfGrqdog +4<<<,1

Wkhvh dxwkruv vkrz wkdw li h{fkdqjh udwhv duh dvvxphg wr iroorz surfhvvhv vxfk dv/

e|n� � e| ' �� Ee| � s|�

zkhuh e| lv wkh orjdulwkp wr wkh h{fkdqjh udwh txrwhg dv wkh sulfh ri iruhljq fxuuhqf|

phdvxuhg lq grphvwlf fxuuhqf| dqg s| lv wkh orjdulwkp wr wkh vkdgrz h{fkdqjh udwh/

wkh vkdgrz h{fkdqjh udwh kdv suhglfwlqj srzhu iru wkh ixwxuh orqj0krul}rq ghyhorsphqw

ri wkh h{fkdqjh udwh1 Lpsrvlqj xqfryhuhg lqwhuhvw sdulw|/ lq wkh vhqvh wkdw wkh vsuhdg

43Wkh hvwlpdwlrq dssurdfk lq Udqjylg ) Vûuhqvhq +5333, lv vrphzkdw uhodwhg wr wkh hvwlpdwlrq

dssurdfk lq Ehndhuw ) Jud| +4<<;,1
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ehwzhhq wkh uhwxuq rq d grphvwlf erqg/ �/ dqg wkh uhwxuq rq d iruhljq erqg/ �s| / htxdov

wkh h{shfwhg ixwxuh fkdqjh lq wkh h{fkdqjh udwh/ l1h1 �| � �
s

| ' Ee|n� � e|�/ zh fdq edfn

rxw wkh vkdgrz h{fkdqjh udwh dv=

s| ' e| n �3�
�
�| � �s|

�
+<,

Lq rughu wr �owhu rxw wkh vkdgrz h{fkdqjh udwh/ zh qhhg dq hvwlpdwh ri �1 Pdun +4<<8,

hvwlpdwhv wkh udqjh iru � wr eh ehwzhhq }hur dqg 4161 Zkhq uhihuulqj wr �vkdgrz

h{fkdqjh udwhv h{wudfwhg wkurxjk d olqhdu �owhu� lq zkdw iroorzv/ zh wkxv uhihu wr s| dv

�owhuhg rxw wkurxjk wkh vroxwlrq lq Eb� zlwk � ' � lpsrvhg rq doo fxuuhqflhv1

Ilqdoo|/ dv phqwlrqhg/ zh dovr lqyhvwljdwhg wkh g|qdplfv ri frqyhujhqfh iru wkh

ydoxhv ri wkh h{fkdqjh udwhv wkdw zh dfwxdoo| revhuyh1 Lq wkh iroorzlqj/ zh uhihu wr

wkhvh dv wkh �dfwxdoo| revhuyhg h{fkdqjh udwhv�144

7 Frqyhujhqfh lq wkh HUP

Zh qrz wxuq wr wkh hpslulfdo dqdo|vlv ri frqyhujhqfh zlwklq wkh HUP/ l1h1 zh lqyhvwl0

jdwh zkhwkhu wkh qxpehu ri frpprq vwrfkdvwlf wuhqgv lq wkh v|vwhpv ri HUP +vkdgrz,

h{fkdqjh udwhv kdv ghfuhdvhg gxulqj wkh HUP shulrg1 Zh lqlwldoo| qrwh wkdw �qglqj d

uhgxfhg exw srvlwlyh +l1h1 vpdoohu wkdq R exw odujhu wkdq }hur, qxpehu ri frlqwhjudwlrq

yhfwruv lpsolhv wkdw vrph +dqg srvvleo| doo, ri wkh wlph vhulhv frqwdlqhg lq t| duh lqwh0

judwhg dqg qrq0vwdwlrqdu|/ dqg wkdw wkh qhfhvvdu| frqglwlrq iru �shuihfw� frqyhujhqfh

+}hur frpprq wuhqgv, lv wkxv uhmhfwhg1

714 Uhfxuvlyh whvwv iru wkh qxpehu ri frlqwhjudwlrq yhfwruv2frpprq wuhqgv

Wkh uhfxuvlyh whvw vwdwlvwlfv iru wkh qxpehu ri frlqwhjudwlrq yhfwruv dqg frpprq

vwrfkdvwlf wuhqgv/ edvhg rq E�� dqg vfdohg e| wkhlu <3 shufhqwdjh dv|pswrwlf fulwl0

fdo frq�ghqfh ydoxhv +iurp Rvwhuzdog0Ohqxp/ 4<<5,/ duh sorwwhg lq Iljxuh 4/ zlwk wkh

shulrg 4<:< wr 4<;3 uhvhuyhg iru lqlwldo hvwlpdwhv1

^LQVHUW ILJXUH 4 DERXW KHUH`

44Rqh fdq wklqn ri wkh �dfwxdoo| revhuyhg h{fkdqjh udwhv� dv h{fkdqjh udwhv h{wudfwhg wkurxjk wkh

olqhdu �owhu +<, zlwk �
�4

@ 3 lpsrvhg rq doo h{fkdqjh udwhv1 Ixuwkhupruh/ e| xvlqj wzr olqhdu �owhuv/

zh wu| wr pdnh d shuvshfwlyh rq wkh vhqvlwlylw| ri wkh uhvxowv zlwk uhvshfw wr wkh fkrlfh ri d sduwlfxodu

ydoxh iru �1
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Iljxuh 4 sorwv wkh vfdohg uhfxuvlyh whvwv iurp wkuhh �yh0glphqvlrqdo YDUv ri ru0

ghu irxu +l1h1 zlwk irxu odjv, zkhuh wkh frqvwdqw lq hdfk YDU lv ohiw xquhvwulfwhg145

Wkh YDUv lqfoxgh/ uhvshfwlyho|/ wkh dfwxdoo| revhuyhg HUP h{fkdqjh udwhv/ wkh HUP

vkdgrz h{fkdqjh udwhv h{wudfwhg wkurxjk wkh qrq0olqhdu �owhu dv ghvfulehg lq vhfwlrq

614/ dqg wkh HUP vkdgrz h{fkdqjh udwhv h{wudfwhg wkurxjk d olqhdu �owhu dv ghvfulehg

lq vhfwlrq 6151

Frpprq wr doo �owhulqj surfhgxuhv lv wkh edvlf ryhudoo whqghqf| iru wkh whvwv qrw wr

uhmhfw dq lqfuhdvlqj qxpehu ri frlqwhjudwlrq yhfwruv dqg wkxv d ghfuhdvlqj qxpehu ri

frpprq vwrfkdvwlf wuhqgv vlqfh 4<;6/ dv wkh whvw vwdwlvwlfv iru wkh k|srwkhvhvK�

f
G o � �c

iru � ' fc � � � c � +7 vlqfh 4<<9, duh jhqhudoo| xszdug vorslqj1

Wkhuhiruh/ wkh �qglqjv lqglfdwh wkdw lq wkh hduo| |hduv ri wkh HUP 0 xqwlo 4<;6 0

wkh k|srwkhvhv ri o ' f fdqqrw eh uhmhfwhg/ lpso|lqj wkdw doo h{fkdqjh udwhv zhuh qrq0

vwdwlrqdu| dqg ghvfulehg e| wkhlu rzq vwrfkdvwlf wuhqg gxulqj wklv hduo| vxevdpsoh1

Diwhu 4<;6/ wkh whvw vwdwlvwlfv vwduw wr lqfuhdvh/ dqg d surfhvv ri frqyhujhqfh ehjlqv1

Iurp wkh odwh 4<;3v dqg rqzdugv wzr frlqwhjudwlrq yhfwruv fdqqrw eh uhmhfwhg dqg

wkh uhvxowv iru wkh uhfhqw |hduv srlqw wrzdugv d wklug frlqwhjudwlrq yhfwru qrw ehlqj

uhmhfwhg1 Ilqdoo|/ dq lpsruwdqw h{fhswlrq wr wkh jhqhudo whqghqf| ri ghfuhdvlqj qxpehuv

ri frpprq vwrfkdvwlf wuhqgv lv vhhq gxulqj wkh 4<<504<<6 shulrg1

Lw lv ixuwkhupruh qrwhg wkdw dw wkh hqg ri wkh vdpsoh shulrg/ wkh k|srwkhvlv ri

�shuihfw� frqyhujhqfh lv fohduo| uhmhfwhg uhjdugohvv ri wkh vshfl�f �owhu xvhg1 Wklv

lpsolhv wkdw hyhq zkhq zh �qg wkdw wkh +vkdgrz, h{fkdqjh udwhv kdyh ehhq zlwklq

d surfhvv ri frqyhujlqj vlqfh 4<;6/ wkh +vkdgrz, h{fkdqjh udwhv kdg qrw frqyhujhg

�shuihfwo|� dv wkh ghflvlrq zlwk uhvshfw wr wkh qxpehu ri fxuuhqflhv wr eh uhsodfhg zlwk

wkh hxur zdv �qdoo| wdnhq 0 zkhq hydoxdwhg ryhu wkh ixoo vdpsoh1

Ilqdoo|/ hyhq wkrxjk wkh jhqhudo whqghqf| ri d ghfuhdvh lq wkh qxpehu ri frpprq

vwrfkdvwlf wuhqgv grhv qrw vhhp wr ghshqg rq wkh vshfl�f �owhulqj surfhgxuh/ wkh judsk0

lfdo sur�ohv ri wkh whvw vwdwlvwlfv gr/ wr d plqru h{whqw/ ghshqg ri wkh vshfl�f phdvxuh ri

s| lqfoxghg lq wkh YDUv1 Lq sduwlfxodu/ wkh olqhdu �owhu lqglfdwhv wkh uhodwlyho| kljkhvw

ghjuhh ri frqyhujhqfh dw wkh hqg ri wkh vdpsoh shulrg1 Dv lw lv dovr wkh olqhdu �owhu

zklfk sxwv wkh kljkhvw zhljkw rq wkh lqwhuhvw udwh vsuhdg/ wklv �qglqj suredeo| uh0

 hfwv d frqyhujhqfh lq lqwhuhvw udwh vsuhdgv lq dgglwlrq wr wkh frqyhujhqfh lq qrplqdo

h{fkdqjh udwhv1

45Zh h{shulphqwhg zlwk gl�huhqw fkrlfhv ri n1 Edvlfdoo|/ wkh uhvxowv zhuh udwkhu urexvw zlwk uhvshfw

wr wkh fkrlfh ri odjv wr lqfoxgh lq wkh YDU1
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715 Uroolqj whvwv iru wkh qxpehu ri frlqwhjudwlrq yhfwruv

Lq dgglwlrq wr wkh ixoo0vdpsoh uhfxuvlyh whvwv suhvhqwhg deryh/ zh dovr orrnhg xsrq

vkruwhu0vdpsoh whvwv ri wkh frqyhujhqfh k|srwkhvlv e| frpsxwlqj uroolqj uhjuhvvlrqv

zkhuh wkh qxpehu ri revhuydwlrqv lv nhsw frqvwdqw1 Zh frpsxwhg wkh uroolqj uhjuhv0

vlrqv zlwk d frqvwdqw vdpsoh vl}h ri 489 revhuydwlrqv +6 |hduv,146 Wkh sdwkv ri vfdohg

olnholkrrg udwlr whvw vwdwlvwlfv duh vkrzq lq Iljxuh 51 Iru hdvh ri lqwhusuhwdwlrq/ wkh

�jxuh vkrzv wkh sdwkv ri wkh whvwv vwdwlvwlfv iru doo wkuhh �owhuv iru K Eo ' f m o ' R� lq

wkh xsshu0ohiw judsk/ wkh vhfrqg judsk lq wkh �uvw froxpq vkrzv wkh vdpsoh sdwkv ri

wkh whvwv vwdwlvwlfv iru K Eo � � m o ' R� iru doo wkuhh �owhuv/ dqg vr iruwk1

^LQVHUW ILJXUH 5 DERXW KHUH`

Dw wkh ryhudoo ohyho/ wkh uroolqj whvwv frq�up wkh lqvljkwv iurp wkh uhfxuvlyh whvwv

ri qr frqyhujhqfh gxulqj wkh 4<:<04<;6 shulrg dqg/ rq wkh rwkhu kdqg/ lqfuhdvlqjo|

frqyhujlqj HUP h{fkdqjh udwhv gxulqj wkh 4<;604<<; shulrg/ zlwk d srvvleoh plqru

lqwhuuxswlrq gxulqj wkh HUP wxuprlov ri 4<<504<<61

Hvshfldoo|/ Iljxuh 5 frq�upv wkdw doo h{fkdqjh udwhv zhuh ghvfulehg e| wkhlu rzq

vwrfkdvwlf wuhqg gxulqj wkh 4<:<04<;6 shulrg +lq Iljxuh 5/ wkh vhulhv duh rughuhg vxfk

wkdw wkh whvw vwdwlvwlf iru d sduwlfxodu vxevdpsoh lv sodfhg dw wkh hqg ri wkh uroolqj

vdpsoh,1 Rq wkh rwkhu kdqg/ zkhuh wkh uhfxuvlyh whvwv lqglfdwhg d udwkhu vwdeoh surfhvv

ri frqyhujhqfh gxulqj 4<;604<<;/ wkh uroolqj whvwv lqglfdwh vrph odujhu lqwhuuxswlrqv ri

wklv surfhvv lq 4<;9 dqg 4<<504<<61 Zkdw wkxv dsshdu wr eh rqo| plqru lqwhuuxswlrqv ri

wkh edvlf frqyhujhqfh surfhvv zkhq hydoxdwhg ryhu wkh zkroh shulrg diwhu 4<;6/ dv lq wkh

uhfxuvlyh whvwv/ dsshdu pruh vljql�fdqw zkhq hydoxdwhg ryhu wkhlu rzq vkruwhu vdpsoh

lq lvrodwlrq1 Ilqdoo|/ dqg lpsruwdqw wr srlqw rxw/ zkhq edvhg rq d wkuhh0|hdu zlqgrz/

wkh uroolqj whvwv lqglfdwh wkdw wkh HUP h{fkdqjh udwhv zhuh �shuihfwo| frqyhujhg� lq

4<<;/ lq wkh vhqvh wkdw doo h{fkdqjh udwhv duh irxqg wr eh vwdwlrqdu| zkhq hydoxdwhg

ryhu wkh 4<<804<<; shulrg1 Wklv frqwudvwv wr wkh �qglqj ri wzr +ru wkuhh, frpprq

vwrfkdvwlf wuhqgv dw vdpsoh hqg lq Iljxuh 41

Zkhq dvvhvvlqj wkh hylghqfh edvhg rq erwk phwkrgv ri wlph0ydu|lqj whvwv/ d whq0

wdwlyh frqfoxvlrq zlwk uhvshfw wr wkh ghjuhh ri frqyhujhqfh lq wkh gl�huhqw vxeshulrgv

frxog eh olqhg xs dv lq Iljxuh 61

46Lq wkh zrunlqj sdshu yhuvlrq ri wkh sdshu/ dovr whq0|hdu uroolqj zlqgrzv +l1h1 d vxe0vdpsoh vl}h ri

853 revhuydwlrqv, zhuh dqdo|}hg1 Edvlfdoo|/ wkhvh whvwv vxssruwhg wkh txdolwdwlyh uhvxowv suhvhqwhg lq

wklv vhfwlrq1 Wkh whvwv duh dydlodeoh xsrq uhtxhvw1
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^LQVHUW ILJXUH 6 DERXW KHUH`

Frpsdulqj zlwk wkh klvwru| ri HUP h{fkdqjh udwhv +vhh h1j1 Exlwhu hw do1/ 4<<;

dqg Jurv ) Wk|jhvhq/ 4<<;,/ wkhvh �qglqjv duh lqwxlwlyho| lqwhusuhwdeoh1 Xqwlo 4<;6/

uhdoljqphqwv zlwklq wkh HUP zhuh qrw xqxvxdo hyhqwv/ dv wkh h{fkdqjh udwhv zhuh xvhg

wr lq xhqfh wkh exvlqhvv f|fohv ri wkh lqglylgxdo HUP frxqwulhv/ l1h1 wkh h{fkdqjh udwh

srolflhv zhuh qrw hvshfldoo| irfxvhg rq dyrlglqj uhdoljqphqwv1 Iurp 4<;: wr 4<<5 rqo|

rqh uhdoljqphqw zdv uhdol}hg +dvvrfldwhg zlwk wkh qduurzlqj ri wkh  xfwxdwlrq edqg

durxqg wkh Lwdoldq olud fhqwudo sdulw| lq 4<<3,1 Lq 4<<504<<6/ wkh HUP zdv h{srvhg wr

wkh zruvw suhvvxuh lq lwv klvwru| uhvxowlqj lq wkh Lwdoldq olud ohdylqj wkh HUP dqg wkh

 xfwxdwlrq edqg ehlqj zlghqhg wr 	�D shufhqwdjh iru wkh Ehojldq iudqf/ wkh Gdqlvk

nurqhu/ dqg wkh Iuhqfk iudqf/ zkloh pdlqwdlqhg dw 	2�2D shufhqwdjh iru wkh Gxwfk

jxloghu yhuvxv wkh Jhupdq pdun1 Ilqdoo|/ lq wkh prvw uhfhqw |hduv vrph hpskdvlv kdv

ehhq gluhfwhg wrzdugv suhsdulqj iru wkh lqwurgxfwlrq ri wkh frpprq fxuuhqf| dqg wkxv

rq frruglqdwlqj wkh h{fkdqjh udwh srolflhv/ hyhq zlwk zlgh edqgv1

716 Ghfolqlqj qxpehuv ri frpprq vwrfkdvwlf wuhqgv= vwdwlrqdulw| ru fkdqjh

lq wkh vwuxfwxuh ri vkrfnvB

Lq vhfwlrq 516/ zh glvfxvvhg wzr lqwhusuhwdwlrqv ri wkh uhodwlrqvkls ehwzhhq frqyhujhqfh

dqg ghfolqlqj qxpehuv ri frpprq vwrfkdvwlf wuhqgv= E�� vwdwlrqdulw| ri wkh uhohydqw

wlph vhulhv ru E��� wkh uhohydqw qrq0vwdwlrqdu| wlph vhulhv ehlqj lqfuhdvlqjo| gulyhq e|

wkh vdph vkrfnv1 Lq wklv vhfwlrq/ zh zloo whvw zkhwkhu h{sodqdwlrq E�� fdq h{sodlq rxu

�qglqjv1

Dv wkh frlqwhjudwlrq surfhgxuh uhylhzhg lq vhfwlrq 5 lv d pxowlyduldwh h{whqvlrq ri

wkh edvlf xqlyduldwh Glfnh|0Ixoohu surfhgxuh/ rqh zd| wr surfhhg lv wr frqgxfw vlpsoh

uhfxuvlyh Glfnh|0Ixoohu whvwv lq rughu wr whvw zkhwkhu hdfk lqglylgxdo wlph vhulhv eh0

frphv lqfuhdvlqjo| vwdwlrqdu|/ dv wkh vdpsoh shulrg lv h{whqghg147 Iljxuh 7 suhvhqwv

wkh uhvxowv iurp uhfxuvlyh Glfnh|0Ixoohu whvwv ri hdfk vlqjoh +vkdgrz, h{fkdqjh udwh1 Wkh

whvw vwdwlvwlfv +edvhg rq Glfnh|0Ixoohu uhjuhvvlrqv zlwk irxu dxjphqwdwlrq odjv dqg d

frqvwdqw/ exw qr wuhqg, duh vfdohg e| wkhlu fulwlfdo <3 shufhqwdjh frq�ghqfh ydoxhv dqg/

47Zh dovr frqgxfwhg uroolqj Glfnh|0Ixoohu whvwv1 Edvlfdoo|/ wkhvh whvwv vxssruwhg wkh glylvlrq lqwr

skdvhv ri frqyhujhqfh dv looxvwudwhg lq Iljxuh 6/ dqg fdq eh rewdlqhg xsrq uhtxhvw1 Ixuwkhupruh/

dq hduo| dqdo|vlv ri wkh xqlw0urrw surshuwlhv ri qrplqdo  rdwlqj h{fkdqjh udwhv lv jlyhq lq Phhvh )

Vlqjohwrq +4<;5, zkloh Dqwkrq| ) PdfGrqdog +4<<;, lqyhvwljdwh wkh xqlw urrw surshuwlhv ri vlqjoh

HUP h{fkdqjh udwh vhulhv1
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khqfh/ d vfdohg whvw vwdwlvwlf ehorz rqh/ dw wlph |/ vxjjhvwv wkdw wkh vshfl�f +vkdgrz,

h{fkdqjh udwh fdqqrw eh uhmhfwhg wr frqwdlq dq xqlw urrw ryhu wkh shulrg iurp Pdufk

46/ 4<:< wr wlph |1 Wkh wlph vhulhv lq wkh judskv wkxv suhvhqw vxfk whvwv iru | lqfuhdvlqj

dqg wkh �uvw revhuydwlrq uhpdlqlqj dw Pdufk 46/ 4<:<1

Rq wkh edvlv ri wkh sdwk ri vfdohg uhfxuvlyh Glfnh|0Ixoohu whvw vwdwlvwlfv/ zh duh ohg

wr eholhyh wkdw doo vhulhv/ srvvleo| zlwk wkh h{fhswlrq ri wkh Lwdoldq olud vhulhv/ vhhp wr

ehkdyh pruh dqg pruh dv vwdwlrqdu| wlph vhulhv dv wkh vdpsoh shulrg lv h{whqghg1

^LQVHUW ILJXUH 7 DERXW KHUH`

Wkh judskv lq Iljxuh 7 dgg vrph dgglwlrqdo lqvljkwv wr wkh lqwhusuhwdwlrq ri Iljxuh

41 Hvshfldoo|/ dw vdpsoh hqg/ Iljxuh 4 vxjjhvwv wzr ru wkuhh frpprq vwrfkdvwlf wuhqgv>

wkh vshfl�f qxpehu ri frpprq vwrfkdvwlf wuhqgv ehlqj ghshqghqw xsrq wkh vshfl�f

phdvxuh ri s| xvhg lq wkh YDU1 Iurp wkh uhfxuvlyh Glfnh|0Ixoohu whvwv/ lw dsshduv wkdw

rqo| wkh Gdqlvk nurqhu dqg wkh Gxwfk jxloghu h{fkdqjh udwhv duh gh�qlwho| vwdwlrqdu|

dqg rqo| wkh Lwdoldq olud vhulhv vhhpv wr eh gh�qlwho| qrq0vwdwlrqdu|/ zkhuhdv wkh Ehojldq

iudqf dqg wkh Iuhqfk iudqf duh lq0ehwzhhq fdvhv/ l1h1 wkh qxpehu ri frpprq vwrfkdvwlf

wuhqgv vxjjhvwhg lq Iljxuh 4 vhhpv wr eh lq dffrugdqfh zlwk wkh �qglqjv iurp wkh

uhfxuvlyh Glfnh|0Ixoohu whvwv1 Ilqdoo|/ wkh whqghqf| iru dq lqfuhdvh lq wkh ghjuhh ri

frqyhujhqfh dsshduv rqo| diwhu 4<;6 dovr iru wkh xqlyduldwh Glfnh|0Ixoohu whvwv1

8 Frqfoxvlrq

Wr vxp xs> lq wklv sdshu zh sursrvhg wr xvh wlph0ydu|lqj pxowlyduldwh frlqwhjudwlrq

whfkqltxhv zkhq vwxg|lqj wkh g|qdplfv ri frqyhujhqfh ri vhyhudo h{fkdqjh udwhv1 Lq

wkh looxvwudwlrq ri wkh surfhgxuhv/ zh irxqg wkdw HUP h{fkdqjh udwhv whqghg wr ehkdyh

lq dq lqfuhdvlqjo| vlplodu pdqqhu dv Mdqxdu| 4/ 4<<< dssurdfkhg1

Lq dgglwlrq wr wkh dqdo|vlv suhvhqwhg khuh/ wkh k|srwkhvlv ri d uhgxfhg qxpehu ri

frpprq vwrfkdvwlf wuhqgv iru fxuuhqflhv mrlqlqj d prqhwdu| xqlrq lv jhqhudo dqg fdq eh

dssolhg wr srvvleoh ixwxuh dssolfdqwv +wkh �suh0lqv�, zdqwlqj wr lqwurgxfh wkh hxur dv

qdwlrqdo fxuuhqf| +h1j1 Hdvw Hxurshdq frxqwulhv,1 Ixuwkhupruh/ iru frxqwulhv shjjlqj

wkhlu h{fkdqjh udwh wrzdugv dqrwkhu frxqwu| +hyhq li wkhvh frxqwulhv gr qrw lqwhqg

wr mrlq d fxuuhqf| xqlrq,/ rqh frxog h{shfw d ghfolqlqj qxpehu ri frpprq vwrfkdvwlf

wuhqgv/ li wkh fuhglelolw| ri wkh shj lv eholhyhg wr eh lqfuhdvhg ryhu wlph1 Pruh jhqhudoo|/

wkh surfhgxuhv fdq eh xvhg wr whvw iru wkh g|qdplfv ri frqyhujhqfh iru rwkhu w|shv ri

hfrqrplf yduldeohv/ vxfk dv uhdo JGS/ vwrfn sulfhv +vhh Udqjylg/ 5333,/ dqg vr iruwk1
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Uhihuhqfhv

Dqwkrq|/ P|uylq/ dqg Urqdog PdfGrqdog +4<<;,= �Rq wkh Phdq0uhyhuwlqj Surshuwlhv ri

Wdujhw ]rqh H{fkdqjh Udwhv= Vrph Hylghqfh iurp wkh HUP/� Hxurshdq Hfrqrplf

Uhylhz/ 75+;,/ 47<6�48561

Edloolh/ Ulfkdug W1/ dqg Wlp Eroohuvohy +4<;<,= �Frpprq Vwrfkdvwlf Wuhqgv lq d V|vwhp ri

H{fkdqjh Udwhv/� Mrxuqdo ri Ilqdqfh/ 77+4,/ 49:�4;41

+4<<7,= �Frlqwhjudwlrq/ Iudfwlrqdo Frlqwhjudwlrq/ dqg H{fkdqjh Udwh G|qdplfv/�

Mrxuqdo ri Ilqdqfh/ 7<+5,/ :6:�:781

Eduwrolql/ Ohrqdugr/ dqg Dohvvdqgur Sudwl +4<<:,= �Vriw yhuvxv Kdug Wdujhwv iru H{fkdqjh

Udwh Lqwhuyhqwlrq/� Hfrqrplf Srolf|/ 57/ 46�851

Ehndhuw/ Jhhuw/ dqg Vwhskhq I1 Jud| +4<<;,= �Wdujhw ]rqhv dqg H{fkdqjh Udwhv= Dq hpslu0

lfdo lqyhvwljdwlrq/� Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 78+4,/ 4�681

Ehuqdug/ Dqguhz E1/ dqg Vwhyhq Q1 Gxuodxi +4<<8,= �Frqyhujhqfh lq Lqwhuqdwlrqdo Rxwsxw/�

Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 43+5,/ <:�43;1

+4<<9,= �Lqwhusuhwlqj Whvwv ri wkh Frqyhujhqfh K|srwkhvlv/� Mrxuqdo ri Hfrqrphwulfv/

:4+405,/ 494�4:61

Ehuwrod/ Jlxvhssh/ dqg Ulfdugr M1 Fdedoohur +4<<5,= �Wdujhw ]rqhv dqg Uhdoljqphqwv/� Dphu0

lfdq Hfrqrplf Uhylhz/ ;5+6,/ 853�8691

Exlwhu/ Zlooldp K1/ Jldqfduor Fruvhwwl/ dqg Sdror D1 Shvhqwl +4<<;,= Ilqdqfldo Pdunhwv

dqg Hxurshdq Prqhwdu| Frrushudwlrq 0 wkh ohvvrqv ri wkh 4<<504<<6 H{fkdqjh Udwh

Phfkdqlvp fulvlv1 Fdpeulgjh Xqlyhuvlw| Suhvv1

Fklqq/ Phq}lh G1/ dqg Ulfkdug D1 Phhvh +4<<8,= �Edqnlqj rq Fxuuhqf| Iruhfdvwv= Krz

Suhglfwdeoh lv wkh Fkdqjh lq Prqh|B/� Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 6;+425,/

494�4:;1

Fkulvwhqvhq/ Shwhu R1/ Gdylg Odqgr/ dqg Nulvwldq Plowhuvhq +4<<;,= �Vwdwh0ghshqghqw Uh0

doljqphqwv lq Wdujhw ]rqh Fxuuhqf| Uhjlphv/� Uhylhz ri Ghulydwlyhv Uhvhdufk/ 4+7,/

5<8�6561

Glherog/ Iudqflv [1/ Mdylhu Jdughd}doedo/ dqg Ndplo \lopd} +4<<7,= �Rq Frlqwhjudwlrq dqg

H{fkdqjh Udwh G|qdplfv/� Mrxuqdo ri Ilqdqfh/ 7<+5,/ :5:�:681

Gxuodxi/ Vwhyhq Q1/ dqg Gdqq| W1 Txdk +4<<<,= �Wkh Qhz Hpslulfv ri Hfrqrplf Jurzwk/�

lq Kdqgerrn ri Pdfurhfrqrplfv/ hg1 e| Mrkq E1 Wd|oru/ dqg Plfkdho Zrrgirug/ yro1

4D/ Sduw 4/ fkds1 7/ ss1 564�6371 Hovhylhu Vflhqfh Sxeolvkhuv E1Y1
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Hlfkhqjuhhq/ Eduu| +4<<:,= Hxurshdq Prqhwdu| Lqwhjudwlrq1 Wkh PLW Suhvv1

Hqjoh/ Urehuw I1/ dqg Folyh Z1 M1 Judqjhu +4<;:,= �Fr0Lqwhjudwlrq dqg Huuru Fruuhfwlrq=

Uhsuhvhqwdwlrq/ Hvwlpdwlrq dqg Whvwlqj/� Hfrqrphwulfd/ 88+5,/ 584�5:91

Iorrg/ Urehuw S1/ Dqguhz N1 Urvh/ dqg Grqdog M1 Pdwklhvrq +4<<4,= �Dq Hpslulfdo H{0

sorudwlrq ri H{fkdqjh0Udwh Wdujhw0]rqhv/� Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq

Sxeolf Srolf|/ 68/ :�::1

Jduehu/ Shwhu P1/ dqg Oduv H1 R1 Vyhqvvrq +4<<8,= �Wkh Rshudwlrq dqg Froodsvh ri Il{hg

H{fkdqjh Udwh Uhjlphv/� lqKdqgerrn ri Lqwhuqdwlrqdo Hfrqrplfv/ hg1 e| J1 Jurvvpdq/

dqg N1 Urjr�/ yro1 LLL/ fkds1 69/ ss1 4;98�4<441 Hovhylhu Vflhqfh Sxeolvkhuv E1Y1

Jurv/ Gdqlho/ dqg Qlhov Wk|jhvhq +4<<;,= Hxurshdq Prqhwdu| Lqwhjudwlrq= Iurp wkh Hxurshdq

Prqhwdu| V|vwhp wr Hfrqrplf dqg Prqhwdu| Xqlrq1 Orqjpdq1

Kdoo/ Vwhskhq J1/ Grqdog Urehuwvrq/ dqg Plfkdho U1 Zlfnhqv +4<<5,= �Phdvxulqj Frqyhu0

jhqfh ri wkh HF Hfrqrplhv/� Wkh Pdqfkhvwhu Vfkrro/ O[+Vxssohphqw,/ <<�4441

+4<<:,= �Phdvxulqj Hfrqrplf Frqyhujhqfh/� Lqwhuqdwlrqdo Mrxuqdo ri Ilqdqfh dqg

Hfrqrplfv/ 5+4,/ 464�4761

Kdqvhq/ Khquln/ dqg Vûuhq Mrkdqvhq +4<<5,= �Uhfxuvlyh Hvwlpdwlrq lq Frlqwhjudwhg YDU0

Prghov/� Glvfxvvlrq Sdshu/ Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw| ri Frshqkdjhq/ <50461

+4<<;,= �Vrph Whvwv iru Sdudphwhu Frqvwdqf| lq Frlqwhjudwhg YDU0Prghov/� plphr1

Mrkdqvhq/ Vûuhq +4<;;,= �Wkh Vwdwlvwlfdo Dqdo|vlv ri Frlqwhjudwlrq Yhfwruv/� Mrxuqdo ri Hfr0

qrplf G|qdplfv dqg Frqwuro/ 45+5,/ 564�5871

+4<<4,= �Hvwlpdwlrq dqg K|srwkhvlv Whvwlqj ri Frlqwhjudwlrq Yhfwruv lq Jdxvvldq

Yhfwru Dxwruhjuhvvlyh Prghov/� Hfrqrphwulfd/ 8<+9,/ 4884�48;31

+4<<8,= Olnholkrrg Edvhg Lqihuhqfh lq Frlqwhjudwhg Yhfwru Dxwruhjuhvvlyh Prghov1

Dgydqfhg Wh{wv lq Hfrqrphwulfv1 R{irug Xqlyhuvlw| Suhvv1

Mrkdqvhq/ Vûuhq/ dqg Ndwdulqd Mxvholxv +4<<3,= �Pd{lpxp Olnholkrrg Hvwlpdwlrq dqg Lqihu0

hqfh rq Frlqwhjudwlrq 0 Zlwk Dssolfdwlrqv wr wkh Ghpdqg iru Prqh|/� R{irug Exoohwlq

ri Hfrqrplfv dqg Vwdwlvwlfv/ 85+5,/ 49<�5431

Nhqhq/ Shwhu E1 +4<<8,= Hfrqrplf dqg Prqhwdu| Xqlrq lq Hxursh1 Fdpeulgjh Xqlyhuvlw|

Suhvv1

Nlqj/ Urehuw J1/ Fkduohv L1 Sorvvhu/ Mdphv K1 Vwrfn/ dqgPdun Z1Zdwvrq +4<<4,= �Vwrfkdvwlf

Wuhqgv dqg Hfrqrplf Ioxfwxdwlrqv/� Dphulfdq Hfrqrplf Uhylhz/ ;4+7,/ ;4<�;731
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Nuxjpdq/ Sdxo U1 +4<<4,= �Wdujhw ]rqhv dqg H{fkdqjh Udwh G|qdplfv/� Txduwhuo| Mrxuqdo

ri Hfrqrplfv/ 439+6,/ 99<�9;51

PdfGrqdog/ Urqdog +4<<<,= �H{fkdqjh Udwh Ehkdylrxu= duh Ixqgdphqwdov LpsruwdqwB/�

Hfrqrplf Mrxuqdo/ 43</ 9:6�9<41

Pdun/ Qhovrq F1 +4<<8,= �H{fkdqjh Udwhv dqg Ixqgdphqwdov= Hylghqfh rq Orqj0Krul}rq

Suhglfwdelolw|/� Dphulfdq Hfrqrplf Uhylhz/ ;8+4,/ 534�54;1

Pdun/ Qhovrq F1/ dqg Grr0\xoo Fkrl +4<<:,= �Uhdo H{fkdqjh0Udwh Suhglfwlrq ryhu Orqjhu

Krul}rqv/� Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 76+425,/ 5<�931

Phhvh/ Ulfkdug D1/ dqg Nhqqhwk M1 Vlqjohwrq +4<;5,= �Rq Xqlw Urrwv dqg wkh Hpslulfdo

Prghoolqj ri H{fkdqjh Udwhv/� Mrxuqdo ri Ilqdqfh/ 6:+7,/ 435<�43681

Qhovrq/ Fkduohv U1/ dqg Fkduohv L1 Sorvvhu +4<;5,= �Wuhqgv dqg Udqgrp Zdonv lq Pdfurhfr0

qrplf Wlph Vhulhv/� Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 43+5,/ 46<�4951

Rvwhuzdog0Ohqxp/ Plfkdho +4<<5,= �D Qrwh zlwk Txdqwlohv ri wkh Dv|pswrwlf Glvwulexwlrq ri

wkh Pd{lpxp Olnholkrrg Frlqwhjudwlrq Udqn Vwdwlvwlf= Irxu Fdvhv/� R{irug Exoohwlq

ri Hfrqrplfv dqg Vwdwlvwlfv/ 87+6,/ 794�7:41

Shuurq/ Slhuuh +4<;<,= �Wkh Juhdw Fudvk/ wkh Rlo Sulfh Vkrfn/ dqg wkh Xqlw Urrw K|srwkhvlv/�

Hfrqrphwulfd/ 8:+9,/ 4694�47341

Udqjylg/ Mhvshu +5333,= �Lqfuhdvlqj Frqyhujhqfh dprqj Hxurshdq Vwrfn PdunhwvB 0 d uh0

fxuvlyh frpprq vwrfkdvwlf wuhqgv dqdo|vlv1� Iruwkfrplqj lq Hfrqrplfv Ohwwhuv1

Udqjylg/ Mhvshu/ dqg Fduvwhq Vûuhqvhq +5333,= �Ghwhuplqdqwv ri wkh Lpsolhg Vkdgrz H{0

fkdqjh Udwhv iurp d Wdujhw ]rqh1� Iruwkfrplqj lq Hxurshdq Hfrqrplf Uhylhz1

Vwrfn/ Mdphv K1/ dqg Pdun Z1 Zdwvrq +4<;;,= �Whvwlqj iru Frpprq Wuhqgv/� Mrxuqdo ri

Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ ;6/ 43<:�443:1
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Iljxuh 4= Uhfxuvlyh pxowlyduldwh whvwv iru wkh qxpehu ri frpprq wuhqgv

Wkh �jxuhv vkrz uhfxuvlyh whvwv iru wkh qxpehu ri frlqwhjudwlrq yhfwruv/ vfdohg e| wkhlu fulwlfdo

<3 shufhqwdjh frq�ghqfh ydoxhv/ lq YDU prghov frqwdlqlqj uhvshfwlyho| �yh HUP h{fkdqjh

udwhv/ �yh vkdgrz h{fkdqjh udwhv iurp olqhdu �owhuv/ dqg �yh vkdgrz h{fkdqjh udwhv iurp qrq0

olqhdu �owhuv1 Wkh shulrg Pdufk 46/ 4<:< wr Mdqxdu| 4/ 4<;3 lv uhvhuyhg iru lqlwldo hvwlpdwhv1

D vhulhv deryh �rqh� vxjjhvwv uhmhfwlrq ri wkh k|srwkhvlv ri uhvshfwlyho| u � l> l @ 3> 4> 5> 6> 7

dqg/ khqfh/ wkh qxpehu ri vhulhv ehorz �rqh� lqglfdwhv wkh qxpehu ri frpprq vwrfkdvwlf

wuhqgv1

Exchange rates

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
0.0

0.5

1.0

1.5

2.0

2.5

3.0

Linear filter

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

Non-linear filter

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
0.0

0.5

1.0

1.5

2.0

2.5

3.0
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Iljxuh 5= Uroolqj frlqwhjudwlrq whvwv1 Zlqgrz0vl}h @ 6 |hduv

Wkh �jxuhv vkrz uroolqj frlqwhjudwlrq whvwv vfdohg e| wkhlu fulwlfdo ydoxhv +dw <3 shufhqwdjh

frq�ghqfh ohyho, iurp YDU prghov frqwdlqlqj uhvshfwlyho| �yh HUP h{fkdqjh udwhv/ �yh

vkdgrz h{fkdqjh udwhv iurp olqhdu �owhuv/ dqg �yh vkdgrz h{fkdqjh udwhv iurp qrq0olqhdu

�owhuv1 D vhulhv deryh �rqh� vxjjhvwv uhmhfwlrq ri wkh k|srwkhvlv ri uhvshfwlyho| u � l> l @

3> 4> 5> 6> 71 Iru hdvh ri suhvhqwdwlrq/ wkh vshfl�f �owhuv xvhg wr h{wudfw wkh xqghuo|lqj wlph

vhulhv duh qrw srlqwhg rxw lq wkh judskv1

Zero cointegration vectors

1982 1984 1986 1988 1990 1992 1994 1996 1998
0.0

1.2

2.4

3.6

At most one cointegration vector

1982 1984 1986 1988 1990 1992 1994 1996 1998
0.0

1.2

2.4

3.6

At most two cointegration vectors

1982 1984 1986 1988 1990 1992 1994 1996 1998
0.0

1.2

2.4

3.6

At most three cointegration vectors

1982 1984 1986 1988 1990 1992 1994 1996 1998
0.0

1.2

2.4

3.6

At most four cointegration vectors

1982 1984 1986 1988 1990 1992 1994 1996 1998
0.0

1.2

2.4

3.6
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Iljxuh 6= Skdvhv ri ghjuhh ri frqyhujhqfh lq wkh HUP

!

4<:<

Qr

vljqv ri

frqyhujhqfh

4<;6

Vljqv

ri

frqyhujhqfh

4<;9

Vljqv

ri

frqyhujhqfh

4<<5

Qr

vljqv ri

frqyhujhqfh

4<<6

Fohdu

vljqv ri

frqyhujhqfh

56



Iljxuh 7= Uhfxuvlyh Glfnh|0Ixoohu whvwv

Wkh �jxuhv vkrz uhfxuvlyh Glfnh|0Ixoohu whvwv vfdohg e| wkhlu fulwlfdo ydoxhv +dw <3 shufhqwdjh

frq�ghqfh ohyho,1 Wkh shulrg Pdufk 46/ 4<:< wr Mdqxdu| 4/ 4<;3 lv uhvhuyhg iru lqlwldo hvwl0

pdwhv1 D vhulhv ehorz �rqh� vxjjhvwv wkdw wkh fruuhvsrqglqj wlph vhulhv fdqqrw eh uhmhfwhg dv

d qrq0vwdwlrqdu| vhulhv1 Lq wkh judskv/ lw lv lqglfdwhg zkhwkhu wkh whvwv duh edvhg rq vkdgrz

h{fkdqjh udwhv h{wudfwhg wkurxjk wkh olqhdu �owhu +o0�o,/ wkh qrq0olqhdu �owhu +qo0�o,/ ru wkh

olqhdu �owhu zlwk � @ 3 +h{k,1

Belgium

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998
-1.0

-0.5

0.0

0.5

1.0

1.5

l-fil

exh

Denmark

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998
-1.0

-0.5

0.0

0.5

1.0

1.5

l-fil

exh

France

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998
-1.0

-0.5

0.0

0.5

1.0

1.5

l-fil

exh

Italy

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998
-1.0

-0.5

0.0

0.5

1.0

1.5

l-fil

exh

The Netherlands

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998
-1.0

-0.5

0.0

0.5

1.0

1.5

nl-fil

exh
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