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Devwudfw

Zh dsso| JPP whfkqltxhv wr wkh hvwlpdwlrq dqg whvwlqj ri d zdjh htxdwlrq xvlqj
gdwd iurp wkh Eulwlvk Krxvhkrog Sdqho Vxuyh|1 Zh fdqqrw uhmhfw wkh vwulfw h{rjhqh0
lw| ri vl}h/ xqlrq dqg lqgxvwu| zlwk uhvshfw wr wkh wlph ydu|lqj lglrv|qfudwlf vkrfn1
Zh �qg frpshoolqj hylghqfh ri fruuhodwlrq ehwzhhq wkh xqrevhuyhg wlph lqyduldqw
lqglylgxdo h�hfw/ #

�
/ dqg vl}h dqg lqgxvwu|1 Krzhyhu/ wkhuh lv qr hylghqfh ri fruuhod0

wlrq ehwzhhq #
�
dqg xqlrq1 Qrqh ri rxu gldjqrvwlf whvwv* vxjjhvw d vwurqj fruuhodwlrq

ehwzhhq vfkrrolqj dqg #
�
1 Lq idfw/ ROV ohyhov hvwlpdwhv ri wkh vfkrrolqj frh!flhqw

duh grzqzdug eldvhg ehfdxvh ri lqfrqvlvwhqf| lq rwkhu hvwlpdwhv1
MHO fodvvl�fdwlrq= F56> F85> M64

Nh|zrugv= Sdqho gdwd> Vshfl�fdwlrq whvwlqj> JPP> Zdjh htxdwlrqv> Zdjh gli0
ihuhqwldov1



4 Lqwurgxfwlrq

Wkh hvwlpdwlrq ri zdjh gl�huhqwldov kdv dozd|v ehhq d pdwwhu ri juhdw lqwhuhvw iru

hfrqrplvwv1 Iru h{dpsoh/ zh kdyh wulhg wr hvwlpdwh wkh h�hfwv rq zdjhv ri dq dggl0

wlrqdo |hdu ri vfkrrolqj4/ ri xqlrq vwdwxv5/ ri lqgxvwu| d!oldwlrq6/ dqg ri hpsor|hu

vl}h7 dprqj pdq| rwkhu wklqjv1 Wkhuh kdyh dozd|v ehhq zruulhv lq wklv olwhudwxuh

wkdw wkh rplvvlrq ri lqglylgxdo fkdudfwhulvwlfv fruuhodwhg zlwk wkh yduldeohv ri lq0

whuhvw dqg zdjhv pd| eldv wkh furvv0vhfwlrqdo hvwlpdwhv rewdlqhg e|/ iru h{dpsoh/

ruglqdu| ohdvw vtxduhv +ROV,1 Uhvhdufkhuv kdyh dwwhpswhg d gl�huhqw udqjh ri hfrqr0

phwulf whfkqltxhv wr ghdo zlwk wklv sureohp/ iurp uho|lqj rq sdqho gdwd lq rughu wr

h{sorlw yduldwlrq ryhu wlph zlwklq furvv0vhfwlrqdo xqlwv8 xvlqj vr fdoohg �{hg0h�hfw

wudqvirupdwlrqv/ wr wkh xvh ri txdvl0qdwxudo h{shulphqwv wkdw h{sorlw furvv0vhfwlrqdo

yduldwlrq lq wkh yduldeoh ri lqwhuhvw wkdw lv xqfruuhodwhg zlwk wkh rplwwhg yduldeohv91

Wklv sdshu lv uhodwhg wr wkh sdqho gdwd olwhudwxuh wkdw xvhv wudqvirupdwlrqv ri

wkh gdwd wr frqwuro iru rplwwhg lqglylgxdo fkdudfwhulvwlfv1 Dowkrxjk wkh �{hg0h�hfw

wudqvirupdwlrq vroyhv wkh sureohp srvhg e| wkh rplvvlrq ri wlph lqyduldqw fkdudf0

whulvwlfv wkh vroxwlrq pd| frph dw vrph frvwv1 Iluvw/ phdvxuhphqw huuru lvvxhv/ wkdw

whqg wr eh qhjoljleoh zkhq rqo| lqirupdwlrq lq ohyhov lv xvhg/ duh h{dfhuedwhg e|

�{hg0h�hfw wudqvirupdwlrqv vhyhuho| eldvlqj wkh hvwlpdwhg frh!flhqwv ri wkh wlph

ydu|lqj fkdudfwhulvwlfv ri lqwhuhvw wrzdugv }hur1 Vhfrqg/ e| wudqviruplqj wkh gdwd

wr frqwuro iru rplwwhg lqglylgxdo fkdudfwhulvwlfv/ zh fdqqrw lghqwli| wkh frh!flhqwv

iru wlph lqyduldqw fkdudfwhulvwlfv +h1j1/ vfkrrolqj,1 Wkh vroxwlrq iru erwk sureohpv

kdv ehhq wr xvh lqvwuxphqwdo yduldeohv whfkqltxhv/ uho|lqj rq vhw d ri lqwhuqdo lqvwux0

phqwv/ wr rewdlq frqvlvwhqw hvwlpdwhv ri wkh sdudphwhuv ri lqwhuhvw:1 Xqiruwxqdwho|/

wkh frqglwlrqv xqghu zklfk wkhvh lqvwuxphqwv duh ydolg duh riwhq qhlwkhu fohdu qru

wkrurxjko| whvwhg1

4Iru h{dpsoh/ Plqfhu +4<:7,/ Juloolfkhv +4<::,/ Fkrzgkxu| dqg Qlfnhoo +4<;8,/ dqg Dqjulvw
dqg Nuxhjhu +4<<4,1

5Iru h{dpsoh/ Gxqfdq dqg Ohljk +4<;3,/ Iuhhpdq +4<;7,/ Fkrzgkxu| dqg Qlfnhoo +4<;8,/
Urelqvrq +4<;<,/ dqg Mdnxevrq +4<<4,1

6Iru h{dpsoh/ Pxusk| dqg Wrsho +4<;:,/ Nuxhjhu dqg Vxpphuv +4<;;,/ Nhdqh +4<<6,/ dqg
Jrx{ dqg Pdxulq +4<<<,1

7Iru h{dpsoh/ Eurzq dqg Phdgr� +4<;<,1
8Iru h{dpsoh/ Fkrzgkxu| dqg Qlfnhoo +4<;8,/ Pxusk| dqg Wrsho +4<;:,/ Nuxhjhu dqg Vxpphuv

+4<;;,/ Eurzq dqg Phdgr� +4<;<,/ Mdnxevrq +4<<4,/ Kxjkhv +4<<;, dqg Jrx{ dqg Pdxulq +4<<<,1
9Iru h{dpsoh/ Dqjulvw dqg Nuxhjhu +4<<4,1
:Iru h{dpsoh/ Qlfnhoo dqg Fkrzgkxu| +4<;8,/ Fruqzhoo dqg Uxshuw +4<;;,/ Pxusk| dqg Wrsho

+4<;:,/ dqg Jrx{ dqg Pdulq +4<<<,1
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Lq rughu wr ghdo zlwk wkhvh lvvxhv zh xvh d idplo| ri jhqhudol}hg phwkrg ri

prphqwv +JPP, hvwlpdwruv iru sdqho gdwd/ zlwk d odujh furvv0vhfwlrqdo glphqvlrq

dqg �{hg +ru vkruw, wlph0vhulhv glphqvlrq/ wkdw kdyh ehhq sursrvhg e| Duhoodqr dqg

Erqg +4<<4, dqg Duhoodqr dqg Eryhu +4<<8,1 Wkhvh hvwlpdwruv kdyh ehhq zlgho|

dssolhg wr frpsdq| gdwd1 Wkh| duh qrw rqo| vxlwdeoh wr ghdo zlwk rplwwhg wlph

lqyduldqw fkdudfwhulvwlfv dqg phdvxuhphqw huuru/ exw dovr zlwk wkh idfw wkdw vrph ri

wkh wlph ydu|lqj yduldeohv ri lqwhuhvw pd| rqo| eh suhghwhuplqhg zlwk uhvshfw wr wkh

wlph ydu|lqj huuru frpsrqhqw1 Wklv sureohp kdv uhfhlyhg uhodwlyho| olwwoh dwwhqwlrq

lq wkh hvwlpdwlrq ri zdjh htxdwlrqv;/<1 Wklv ghvslwh wkh idfw wkdw/ lq wkh devhqfh ri

vwulfw h{rjhqhlw| dqg zlwk wkh w|slfdoo| vkruw ohqjwk ri dydlodeoh sdqhov/ hvwlpdwruv

vxfk dv udqgrp0h�hfwv/ zlwklq0jurxsv ru ROV lq �uvw0gl�huhqfhv duh lqfrqvlvwhqw1

Lw lv zruwk srlqwlqj rxw dw wklv vwdjh wkdw wklv sdshu lv qrw frqfhuqhg zlwk

wkh shuirupdqfh ri wkh pdq| gl�huhqw hvwlpdwruv wkdw kdyh ehhq sursrvhg lq wkh

olwhudwxuh wr ghdo zlwk vrph ru doo ri wkh sureohpv zh kdyh srlqwhg rxw khuh +h1j1/

Fruqzhoo dqg Uxshuw +4<;;, ru ]loldn +4<<:,,1 Wkh sxusrvh ri wkh sdshu lv wr suhvhqw

d iudphzrun zkhuh wkh frqglwlrqv xqghu zklfk gl�huhqw hvwlpdwruv duh frqvlvwhqw

dqg2ru fdq lqfuhdvh h!flhqf| duh fohdu1 Pruhryhu/ zh olnh wr vwuhvv wkdw pdq| ri

wkhvh frqglwlrqv duh whvwdeoh vr/ lq sulqflsoh/ lw pd| eh uhdvrqdeoh wr whvw udwkhu

wkdq dvvxph wkhvh frqglwlrqv dv zh riwhq gr zkhq zh hvwlpdwh zdjh gl�huhqwldov

xvlqj sdqho gdwd1

Wkh rxwod| iru wkh uhvw ri wkh sdshu lv wkh iroorzlqj1 Vhfwlrq 5 lv glylghg lq wzr1

Iluvw/ lq 514/ zh suhvhqw gl�huhqw vfhqdulrv iru wkh vshfl�fdwlrq ri wkh zdjh htxd0

wlrq dqg kljkoljkw wkh frqglwlrqv xqghu zklfk gl�huhqw hvwlpdwruv duh frqvlvwhqw1

Vhfrqg/ lq 515/ zh gh�qh wkh JPP hvwlpdwruv ri Duhoodqr dqg Erqg +4<<4, dqg

Duhoodqr dqg Eryhu +4<<8, dqg vwuhvv d edwwhu| ri vshfl�fdwlrq whvwv wkdw duh dydlo0

deoh lq wklv frqwh{w1 Vhfwlrq 6 dssolhv JPP hvwlpdwlrq whfkqltxhv dqg vshfl�fdwlrq

whvwv wr wkh hvwlpdwlrq ri d zdjh htxdwlrq xvlqj wkh hljkw dydlodeoh zdyhv iurp wkh

Eulwlvk Krxvhkrog Sdqho Vxuyh| +EKSV,1 Vhfwlrq 7 glvfxvvhv wkh uhvxowv ixuwkhu dqg

;Wkh h{fhswlrq kdv ehhq wkh vhplqdo zrun iurp Fkdpehuodlq +4<;5/ 4<;7,/ dqg wkh sdshuv
iurp Dqjulvw dqg Qhzh| +4<<4, dqg Mdnxevrq +4<<4, wkdw iroorzhg/ zkhuh wkh dssursldwhqhvv ri
wkh �{hg0h�hfwv prgho lv lqyhvwljdwhg e| whvwlqj wkh ryhulghqwli|lqj uhvwulfwlrqv lw sodfhv rq wkh
uhgxfhg irup1

<Lq wkh duhd zkhuh shrsoh kdyh ehhq prvw frqfhuqhg derxw wklv sureohp lv lq wkh hvwlpdwlrq
ri udwlrqdo h{shfwdwlrqv prghov xvlqj hlwkhu wlph0vhulhv ru sdqho gdwd1 Vhh/ iru h{dpsoh/ lq wkh
wlph0vhulhv olwhudwxuh Kd|dvkl dqg Vlpv +4<;6, dqg lq wkh sdqho gdwd olwhudwxuh wkh sdshu e| Nhdqh
dqg Uxqnoh +4<<5, dqg frpphqwv iroorzlqj wklv sdshu1
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frqfoxghv1

5 Prgho vshfl�fdwlrq dqg phwkrg ri hvwlpdwlrq

514 Prgho vshfl�fdwlrq

Frqvlghu wkh iroorzlqj zdjh htxdwlrq

��| ' q�%�| n ��s� n ��|c | ' �c ���c Ac � ' �c ���c �c +4,

��| ' #
�
n b| n ��|

zkhuh ��| lv orj krxuo| zdjh/ %�| lv d & � � yhfwru ri wlph ydu|lqj h{sodqdwru|

yduldeohv wkdw zloo w|slfdoo| lqfoxgh h{shulhqfh/ h{shulhqfh vtxduhg/ xqlrq vwdwxv/

lqgxvwu| d!oldwlrq/ hvwdeolvkphqw vl}h/ pdulwdo vwdwxv/ rffxsdwlrq dqg orfdwlrq/ dqg

s� lv d }�� yhfwru ri wlph lqyduldqw h{sodqdwru| yduldeohv wkdw zloo w|slfdoo| lqfoxgh

|hduv ri vfkrrolqj/ jhqghu dqg hwkqlf edfnjurxqg1 Wkh qxpehu ri shulrgv A lv �{hg

dqg wkh qxpehu ri lqglylgxdov � lv odujh1

Wkh glvwxuedqfhv kdyh d wzr0zd| huuru frpsrqhqw vwuxfwxuh/ zkhuh #
�
lv dq

xqrevhuydeoh +iru wkh hfrqrphwulfldq, lqglylgxdo h�hfw dqg b| lv d wlph vshfl�f

h�hfw1 Wkh #
�
fdq eh lqwhusuhwhg dv d wlph lqyduldqw zrunhu fkdudfwhulvwlf +h1j1/

vfkrro txdolw| ru corrn*, wkdw lv revhuydeoh iru wkh hpsor|hu/ htxdoo| uhzdughg lq

doo mrev exw xqrevhuydeoh iru wkh hfrqrphwulfldq +l1h1/ d yduldeoh rplwwhg iurp wkh

zdjh htxdwlrq,1 Ixuwkhupruh/ zh dvvxph wkdw wkh revhuydwlrqv duh lqghshqghqwo|

glvwulexwhg ryhu wkh furvv0vhfwlrq dqg wkdw/ .E#
�
� ' f/ .Ev�|� ' f/ .Ev�|#�

� ' f iru

� ' �c ���c � dqg | ' �c ���c A / dqg .Ev�|v�r� ' f iru � ' �c ���c � dqg iru dq| | gl�huhqw

wkdq r1 Qrwlfh wkdw vlqfh A lv �{hg dqg wkhuh lv lqghshqghqfh lq wkh furvv0vhfwlrqdo

glphqvlrq iru wkh v�|v zh fdq frqwuro iru wkh wlph0vshfl�f h�hfwv e| lqfoxglqj |hdu

gxpplhv lq wkh uhjuhvvlrq ixqfwlrq1

Wkh sxusrvh ri wklv vhfwlrq lv wr dqdo|}h zklfk duh wkh dssursuldwh hvwlpdwruv

iru q dqg � xqghu gl�huhqw vhwv ri dvvxpswlrqv uhjduglqj wkh vwrfkdvwlf ehkdylru ri

��|/ %�| dqg s�1 Iluvw/ frqvlghu wkh fdvh zkhuh wkh %�| dqg s� duh vwulfwo| h{rjhqrxv

zlwk uhvshfw wr v�r/

.Ev�|*%��c ���c %�A c s�c #�
c b|� ' fc +5,
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wkhuh lv phdq lqghshqghqfh ri #
�
jlyhq %��c ���c %�A / s�/ dqg b|/

.E#�*%��c ���c %�A c s�c b|� ' fc +6,

dqg krprvnhgdvwlflw| dfurvv erwk lqglylgxdov dqg wlph +l1h1/ .Ev2�|� ' j2v dqg

.E#2� � ' j2#,1 Xqghu wkhvh frqglwlrqv/ wkh vwdqgdug jhqhudol}hg ohdvw vtxduhv +JOV,

hvwlpdwru sursrvhg e| Edohvwud dqg Qhuoryh +4<99, zloo surylgh frqvlvwhqw dqg h!0

flhqw hvwlpdwhv iru q dqg �431

Zkdw kdsshqv zlwk JOV hvwlpdwhv ri +4, zkhq hlwkhu +5, ru +6, ru erwk gr

qrw krogB Ohw ph vwduw e| frqvlghulqj wkh lpsolfdwlrqv ri wkh dvvxpswlrq ri vwulfw

h{rjhqhlw| ri wlph ydu|lqj yduldeohv zlwk uhvshfw wr wkh wlph ydu|lqj lglrv|qfudwlf

vkrfn1 Li wkdw frqglwlrq zhuh wr krog lw zloo uxoh rxw erwk ihhgedfn h�hfwv iurp

wkh vkrfnv/ v�r/ wr wkh %�|v dqg phdvxuhphqw huuru lq wkh %�|v1 Wkhuh duh uhdvrq0

deoh vfhqdulrv zkhuh wkh devhqfh ri ihhgedfn vhhpv xqolnho|1 Frqvlghu wzr srvvleoh

h{dpsohv1 Iluvw/ vxssrvh wkdw wkh �up zkhuh lqglylgxdo � lv zrunlqj kdv orvw dq

lpsruwdqw folhqw lq shulrg | wklv zloo d�hfw ��v hduqlqjv dw | dqg pd| wuljjhu d mre

fkdqjh +dqg khqfh lqgxvwu|/ xqlrq vwdwxv/ hwf1, dw | n r zkhuh r � �1 Vhfrqg/

vxssrvh wkdw dq lqglylgxdo � lv d�hfwhg e| vrph looqhvv lq shulrg |/ wklv looqhvv zloo

d�hfw ��v hduqlqjv dw | dqg hyhq li � pdnhv d ixoo uhfryhu| e| | n �44 kh2vkh pd|

fkdqjh mrev dw vrph srlqw lq wkh ixwxuh/ vd|/ ehfdxvh kh2vkh pd| kdyh orvw rxw rq

d surprwlrq rssruwxqlw| wr dqrwkhu zrunhu1

Lq wkh devhqfh ri phdvxuhphqw huuru dqg dvvxplqj wkdw wkh %�| duh rqo| suhgh0

whuplqhg zlwk uhvshfw wr v�r/

.Ev�|*%��c ���c %�|c s�c #�c b|� ' fc +7,

wkh JOV hvwlpdwlrq ri wkh prgho +4,/ +7, dqg +6, lv lqfrqvlvwhqw zkhq wkh wlph

glphqvlrq lv �{hg1 Wkh uhdvrq iru wklv lv wkh iroorzlqj/ JOV lv htxlydohqw wr uxqqlqj

ROV wr d wudqviruphg prgho zkhuh wkh wudqvirupdwlrq iru %�|/ vd|/ lv h%�| ' %�| � w%�

zlwk w ' �� jv*
s
j2v n Aj2#/ f 	 w 	 �/ dqg %� ' A3�

SA

|'� %�|1 Wkh lqfrqvlvwhqf|

lv gxh wr wkh dv|pswrwlf fruuhodwlrq ehwzhhq E%�| � w%�� dqg Ev�| � wv��1 Wkrxjk %�|

43ROV lv xqghu wkhvh dvvxpswlrqv frqvlvwhqw exw lqh!flhqw ehfdxvh ri wkh h{lvwhqfh ri dxwrfru0
uhodwlrq1

44Reylrxvo| wklv shuvrq pljkw qrw pdnh d ixoo uhfryhu| e| w.4 zklfk zloo lpso| wkdw wkh vwdwlf
prgho lv lpsodxvleoh dqg vrph vruw ri shuvlvwhqfh vkrxog eh lqwurgxfhg +h1j1/ wkh  lw fdq eh dq
DU+4, surfhvv li wkh h�hfw ghfolqh h{srqhqwldoo| exw lw qhyhu txlwh glvdsshduv ru d PD+4, surfhvv
li wkh h�hfw kdv d vkruw �qlwh phpru|,1 Iruwxqdwho|/ wklv lv d whvwdeoh lpsolfdwlrq1
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dqg v�| duh xqfruuhodwhg/ wkhlu uhvshfwlyh lqglylgxdo phdqv duh fruuhodwhg zlwk hdfk

rwkhu/ zlwk v�| dqg zlwk %�|/ dqg wkh vxp ri wkrvh wkuhh fryduldqfhv grhv qrw ydqlvk

dv � whqgv wr lq�qlw|1 D srvvleoh vroxwlrq iru hvwlpdwlqj frqvlvwhqw sdudphwhuv iru

wkh prgho gh�qhg e| +4,/ +6,/ dqg +7, lv wr ljqruh #
�
dqg wr hvwlpdwh wkh prgho lq

ohyhov e| vlpso| dsso|lqj ROV45/461 Fohduo|/ li wkhuh duh lq idfw lqglylgxdo h�hfwv/

wkhuh lv jrlqj wr eh dxwrfruuhodwlrq vr d frqvlvwhqw hvwlpdwh ri wkh fryduldqfh pdwul{

lv uhtxluhg lq rughu wr pdnh vwdwlfdo lqihuhqfh derxw wkh sdudphwhuv ri lqwhuhvw1

Lq d w|slfdo phdvxuhphqw huuru iudphzrun zlwk xqfruuhodwhg phdvxuhphqw huuruv

dqg zlwk wkh cwuxh* %�| vwulfwo| h{rjhqrxv zlwk uhvshfw wr v�r

.Ev�|*%��c ���c %�|3�c %�|n�c ���c %�A c s�c #�
c b|� ' f� +8,

Qrz/ erwk JOV dqg ROV surgxfh lqfrqvlvwhqw hvwlpdwhv ri wkh sdudphwhuv ri lqwhu0

hvw iru wkh prgho gh�qhg e| +4,/ +6, dqg +8,1 Krzhyhu/ surylghg wkdw wkh cwuxh* %�|v

duh vhuldoo| fruuhodwhg/ dq lqvwuxphqwdo yduldeoh hvwlpdwru fdq surylgh frqvlvwhqw hvwl0

pdwhv iru wkh sdudphwhuv ri lqwhuhvw e| h{sorlwlqj wkh idfw wkdw %��c ���c %�|3�c %�|n�c ���c %�A

duh xqfruuhodwhg wr v�|1 Li wkh cwuxh* %�| duh rqo| suhghwhuplqhg zlwk uhvshfw wr v�r/

wkh srwhqwldo vhw ri lqvwuxphqwv dydlodeoh lv uhgxfhg wr %��c ���c %�|3�1

Zkdw kdsshqv li wkh dvvxpswlrq ri phdq lqghshqghqfh ri wkh lqglylgxdo h�hfwv

zlwk uhvshfw wr/ dw ohdvw/ vrph ri wkh %�| dqg wkh s� grhv qrw krogB Wklv lv wr vd|/

.E#
�
*%��c ���c %�A c s�c b|� 9' f� +9,

Lq wklv fdvh/ erwk JOV dqg ROV ohyhov hvwlpdwruv ri wkh prgho +4,/ +5, dqg +9,

duh lqfrqvlvwhqw1 Xqghu vwulfw h{rjhqhlw| ri wkh %�| zlwk uhvshfw wr wkh v�r/ ROV

uhjuhvvlrq ri d wudqviruphg prgho wkdw vzhhsv rxw wkh lqglylgxdo h�hfw #
�
+h1j1/

�uvw0gl�huhqfhv/ ghyldwlrqv durxqg lqglylgxdo phdqv ru ruwkrjrqdo ghyldwlrqv, zloo

doorz xv wr rewdlq d frqvlvwhqw hvwlpdwh ri q1 Pruhryhu/ surylghg wkdw hlwkhu wkh

s� duh xqfruuhodwhg zlwk #
�
ru wkdw wkhuh duh hqrxjk lqvwuxphqwv iru wkrvh s� wkdw

duh fruuhodwhg zlwk wkh lqglylgxdo h�hfw/ � fdq dovr eh lghqwl�hg +vhh/ Kdxvpdq dqg

Wd|oru +4<;4,/ Dphpl|d dqg PdFxug| +4<;9,/ Euhxvfk/ Pl}rq/ dqg Vfkplgw +4<;<,

dqg/ Duhoodqr dqg Eryhu +4<<8,,1 Wklv pd| doorz xv wr lghqwli| wkh frh!flhqw ri qrq

45Ri frxuvh/ zkhq � @ 3 wkh JOV hvwlpdwh uhgxfhv wr ROV ohyhov1
46Li odjjhg ghshqghqw yduldeohv duh lqfoxghg lq prgho +4,/ ROV zloo surgxfh lqfrqvlvwhqw sd0

udphwhu hvwlpdwhv +vhh/ Kvldr +4<;9,,1 Lqvwuxphqwdo yduldeohv zloo surgxfh frqvlvwhqw sdudphwhu
hvwlpdwhv surylghg wkdw zh fdq �qg lqvwuxphqwv wkdw duh xqfruuhodwhg zlwk �

l
wkdw fdq eh xvhg wr

lqvwuxphqw wkh odjjhg ghshqghqw yduldeohv1

8



wlph ydu|lqj dvshfwv +h1j1/ vfkrrolqj, dqg wkh olqhdu h�hfwv ri wlph ydu|lqj dvshfwv

zklfk lqfuhphqw lghqwlfdoo| zlwk wlph +h1j1/ h{shulhqfh,1

Lw lv zruwk qrwlflqj lq wklv frqwh{w wkdw/ hyhq zkhq doo %�| dqg s� duh vxvshfwhg

ri ehlqj fruuhodwhg zlwk wkh lqglylgxdo h�hfw/ wkhuh pd| eh lqvwuxphqwv wr lghqwli|

wkh frh!flhqw ri wlph lqyduldqw yduldeohv1 Ekdujdyd dqg Vdujdq +4<;6, dqg Euhxvfk/

Pl}rq dqg Vfkplgw +4<;<, h{sorlw wkh lqvwuxphqwv wkdw dulvh li wkh fruuhodwlrq eh0

wzhhq %�| dqg #
�
lv dvvxphg frqvwdqw471 D +vwurqjhu, frqglwlrqdo h{shfwdwlrq yhuvlrq

ri wklv dvvxpswlrq |lhogv/ iru h{dpsoh48/

.E#
�
*7%�2c ���c7%�A c b|� ' f( +:,

surylghg wkdw wkh 7%�2c ���c7%�A duh fruuhodwhg zlwk wkh s�/ frqvlvwhqw hvwlpdwhv ri

� fdq dovr eh rewdlqhg1

Lq sudfwlfh/ krzhyhu/ �qglqj lqwhuqdo lqvwuxphqwv wkdw duh erwk xqfruuhodwhg

zlwk wkh xqrevhuyhg lqglylgxdo h�hfw dqg fruuhodwhg zlwk wkh revhuyhg s� pd| eh

gl!fxow1 Dv Fkrzgkxu| dqg Qlfnhoo +4<;8, srlqw rxw/ lq uhodwlrq wr wkhlu dwwhpswv

wr lqvwuxphqw wkh vfkrrolqj yduldeoh= �Lq doo rxu prghov zkhuh wkh lqvwuxphqwv sdvv

wkh �h{rjhqhlw|� whvw/ wkh frh!flhqw rq vfkrrolqj lv zhdn dqg srruo| ghwhuplqhg

111 Edvlfdoo|/ zh uhtxluh ehwwhu ydolg lqvwuxphqwv wkdq dsshdu wr eh dydlodeoh zlwklq

rxu gdwd vhw lq rughu wr slq grzq wkh vfkrrolqj h�hfw zlwk dq| suhflvlrq� +s1 95,1

Krzhyhu/ wkh lghqwl�fdwlrq ri wkh frh!flhqwv ri wlph lqyduldqw yduldeohv dqg

wkh olqhdu h�hfwv ri wlph ydu|lqj dvshfwv zklfk lqfuhphqw lghqwlfdoo| zlwk wlph lv

qrw wkh rqo| udwlrqdo iru wkh xvh ri wkh dgglwlrqdo prphqw frqglwlrqv lpsolhg e|

+:,1 Hyhq li zh zhuh rqo| lqwhuhvwhg lq lghqwli|lqj wkh h�hfw rq zdjhv ri wlph

ydu|lqj yduldeohv/ wkh xvh ri wkh dgglwlrqdo ohyho prphqw frqglwlrqv pd| lqfuhdvh

wkh h!flhqf| zlwk zklfk wlph ydu|lqj frh!flhqwv duh hvwlpdwhg/ hvshfldoo| lq vkruw

sdqhov +vhh/ Duhoodqr +4<<6, dqg Eoxqghoo dqg Erqg +4<<;,,1

Dowkrxjk wkh �{hg0h�hfw wudqvirupdwlrq vroyhv wkh sureohp srvhg e| wkh xqre0

vhuydelolw| ri #
�
iru wkh hvwlpdwlrq ri wkh frh!flhqwv ri wlph ydu|lqj fkdudfwhulvwlfv/

wkh vroxwlrq frphv dw vrph frvw1 Phdvxuhphqw huuru lvvxhv wkdw pd| kdyh ehhq

47Dv qrwhg lq Duhoodqr dqg Eryhu +4<<8,1
48Euhxvk/ Pl}rq dqg Sdjdq +4<;<, xvh

H+�
l
@{l4 � {l> ===> {lW � {l, @ 3=
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rwkhuzlvh qhjoljleoh iru hvwlpdwlrq lq ohyhov duh h{dfhuedwhg e| �{hg0h�hfw wudqviru0

pdwlrqv/ vhyhuho| eldvlqj wkh hvwlpdwhv ri q wrzdugv }hur491 Pruhryhu/ hyhq lq wkh

devhqfh ri phdvxuhphqw huuru/ li wkh %�| duh rqo| suhghwhuplqhg zlwk uhvshfw wr wkh

v�r +vhh frqglwlrq +7,, diwhu dsso|lqj dq| �{hg0h�hfw wudqvirupdwlrq wr wkh gdwd/

ROV hvwlpdwlrq ri q lv lqfrqvlvwhqw1 Iru h{dpsoh/ dq ROV hvwlpdwlrq ri d prgho lq

�uvw0gl�huhqfhv lv lqfrqvlvwhqw4: ehfdxvh

.Ev�| � v�|3�*%�|� 9' f�

Julolfkhv dqg Kdxvpdq +4<;9, qrwh wkdw dq lqvwuxphqwdo yduldeohv hvwlpdwru

fdq eh xvhg wr rewdlq frqvlvwhqw hvwlpdwhv ri q1 Iru h{dpsoh/ lq d phdvxuhphqw

huuru iudphzrun zlwk xqfruuhodwhg phdvxuhphqw huuruv/ zkhuh wkh cwuxh* yduldeohv

duh suhghwhuplqhg/ dqg dvvxplqj wkdw wkh cwuxh* ydoxhv ri %��c ���c %�A duh vhuldoo|

fruuhodwhg wkh iroorzlqj uhodwlrq fdq eh h{sorlwhg

.Ev�| � v�|3�*%��c ���c %�|32c s�c b|� ' f� +;,

Lq idfw/ wklv lghd fdq eh h{whqghg wr dq| �{hg0h�hfw wudqvirupdwlrq wkdw holplqdwhv

wkh lqglylgxdo h�hfw iurp wkh wudqviruphg huuru whup/ zlwkrxw dw wkh vdph wlph

lqwurgxflqj doo odjjhg ydoxhv ri v�| lqwr wkh wudqviruphg huuru whup1 Ruwkrjrqdo

ghyldwlrqv +vhh/ Duhoodqr dqg Eryhu +4<<8,, lv dqrwkhu srvvleoh h{dpsoh ri wklv vruw

ri wudqvirupdwlrq1 Wkh idfw wkdw wkhvh wudqvirupdwlrqv gr qrw lqwurgxfh doo odjjhg

ydoxhv ri wkh glvwxuedqfhv lqwr wkh wudqviruphg huuru whup doorz xv wr xvh vxlwdeo|

odjjhg wlph ydu|lqj yduldeohv dv lqvwuxphqwv iru wkh wudqviruphg prgho1

Lw zruwk qrwlflqj wkdw zlwk uhvshfw wr wkh vlwxdwlrq ghvfulehg e| +;,/ lq wkh

devhqfh ri phdvxuhphqw huuru ru zkhq wkh cwuxh* yduldeohv duh vwulfwo| h{rjhqrxv/

dgglwlrqdo lqvwuxphqwv duh dydlodeoh1 Iru h{dpsoh/ lq wkh devhqfh ri phdvxuhphqw

huuru/ +;, ehfrphv

.Ev�| � v�|3�*%��c ���c %�|3�c s�c b|� ' fc +<,

49Wkh h{whqw ri wkh eldv iurp phdvxuhphqw huuru surgxfhg e| wkh gl�huhqw wudqvirupdwlrqv lv
olnho| wr gl�hu dqg pd| surylgh dq lpsruwdqw lghqwl�fdwlrq wrro1 Vhh/ Julolfkhv dqg Kdxvpdq
+4<;9,1

4:Lq idfw/ hyhq li lw lv frqvlvwhqw/ lw zloo lq jhqhudo eh lqh!flhqw ehfdxvh lw grhv qrw wdnh lqwr
dffrxqw wkh �uvw rughu vhuldo fruuhodwlrq surgxfhg e| �uvw gl�huhqflqj1

:



ru xqghu xqfruuhodwhg udqgrp phdvxuhphqw huuru lq wkh wlph ydu|lqj h{sodqdwru|

yduldeohv exw zlwk wkh cwuxh* %�|v vwulfwo| h{rjhqrxv/ +;, ehfrphv

.Ev�| � v�|3�*%��c ���c %�|32c %�|n�c ���c %�A c s�c b|� ' f� +43,

Hyhq li wkhuh lv qr vwulfw h{rjhqhlw| ri wkh %�|/ hlwkhu ehfdxvh ri ihhgedfn h�hfwv

dqg2ru fodvvlfdo phdvxuhphqw huuru/ wkhuh duh vwloo prphqw frqglwlrqv lq ohyhov wkdw

pljkw khos wr lghqwli| � ru wr lqfuhdvh wkh h!flhqf| zlwk zklfk zh hvwlpdwh q ru

erwk1 Krzhyhu/ wkh vhw ri lqwhuqdo lqvwuxphqwv dydlodeoh lq wkh devhqfh ri vwulfw

h{rjhqhlw| lv uhvwulfwhg1 Iru h{dpsoh/ li frqglwlrq +:, krogv/ zh kdyh wkh iroorzlqj

prphqw frqglwlrq

.E��|*7%�2c ���c7%�|3�c b|� ' f

zkhq wkh cwuxh* %�|v duh suhghwhuplqhg dqg wkhuh lv xqfruuhodwhg phdvxuhphqw huuru1

Ilqdoo|/ d vwdqgdug surfhgxuh lq wkh hvwlpdwlrq ri zdjh htxdwlrqv kdv ehhq wr xvh

d Kdxvpdq4; whvw lq rughu wr frpsduh wkh zlwklq0jurxs hvwlpdwhv ri wkh sdudphwhuv

ri lqwhuhvw zlwk wkh pruh h!flhqw/ xqghu wkh qxoo k|srwkhvlv ri phdq lqghshqghqfh

+6,/ JOV hvwlpdwhv1 Lw lv zruwk qrwlflqj wkdw/ iru wkh whvw lq wkh vwdqgdug hfrqrphwulf

sdfndjh wr vkhg vrph oljkw rq wkh h{lvwhqfh ri dq| hqgrjhqhlw| d�hfwlqj wkh hvwlpdwhv

ri wkh sdudphwhuv ri lqwhuhvw/ lw vkrxog eh wkh fdvh wkdw wkhuh lv qr khwhurvnhgdvwlflw|/

qr dxwrfruuhodwlrq dqg vwulfw h{rjhqhlw| ri wkh %�| zlwk uhvshfw wr wkh v�r1 Zkhq

wkhuh lv khwhurvnhgdvwlflw| dqg2ru vhuldo fruuhodwlrq qrqh ri wkh suhylrxv hvwlpdwruv

duh rswlpdo xqghu wkh qxoo ru wkh dowhuqdwlyh k|srwkhvlv1 Pruhryhu/ lq wkh devhqfh

ri vwulfw h{rjhqhlw| dqg zlwk wkh wlph glphqvlrq ri wkh sdqho vkruw qrqh ri wkhp

duh frqvlvwhqw1

Lq wkh qh{w sduw ri wklv Vhfwlrq/ zh uhylhz vrph JPP hvwlpdwruv iru sdqho gdwd

vxlwdeoh iru ghdolqj zlwk suhghwhuplqhg yduldeohv/ phdvxuhphqw huuru dqg devhqfh

ri phdq lqghshqghqfh dv zhoo dv vrph vshfl�fdwlrq whvwv wkdw duh dydlodeoh lq wklv

iudphzrun1

515 D jhqhudol}hg phwkrg ri prphqwv hvwlpdwru dqg vrph
vshfl�fdwlrq whvwv

Jlyhq rxu frqfhuq zlwk wkh srvvleoh devhqfh ri vwulfw h{rjhqhlw| lq wkh %�|v zlwk

uhvshfw wr v�r dqg wkh srvvleoh fruuhodwlrq ehwzhhq wkh %�|v/ s�v/ dqg #
�
zh zloo

4;Vhh/ iru h{dpsoh/ Kdxvpdq dqg Wd|oru +4<;4,1

;



hvwlpdwh wkh zdjh htxdwlrq xvlqj dq lqvwuxphqwdo yduldeoh dssurdfk lq zklfk/ wkh

lqvwuxphqwv duh zhljkwhg rswlpdoo| vr dv wr irup d Jhqhudol}hg Phwkrg ri Prphqwv

+JPP, hvwlpdwru4<1

Jlyhq wkh srvvleoh fruuhodwlrq ehwzhhq wkh %�|v/ s�v/ dqg wkh lqglylgxdo h�hfw/

#
�
/ zh xvh d �uvw0gl�huhqfhv wudqvirupdwlrq wr hvwlpdwh q1 Lq vxfk fdvh/ wkh JPP

hvwlpdwru lv +rplwwlqj wlph h�hfwv53,
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+44,

zkhuh 7%� lv d vwdfnhg yhfwru ri7%�| dqg7�� lv d vwdfnhg yhfwru ri revhuydwlrqv rq

7��|1 Frqglwlrqv +43,/ +<,/ dqg +;, hvwdeolvkhg gl�huhqw vhwv ri lqvwuxphqwv dydlodeoh

xqghu gl�huhqw vfhqdulrv1 Li wkhuh lv xqfruuhodwhg phdvxuhphqw huuru/ wkh cwuxh* %�|

duh suhghwhuplqhg zlwk uhvshfw wr v�r/ dqg zh doorz wkh lpsolflw uhgxfhg irup wr eh

gl�huhqw lq hdfk furvv0vhfwlrq wkh lqvwuxphqw pdwul{/ ~_

�
kdv wkh irup54/55/56

~_

�
'
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Iru dq| frqvlvwhqw hvwlpdwh ri q wkh rswlpdo fkrlfh ri �� fdq eh fdofxodwhg dvk
�3�
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�
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�
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1 Rxu suholplqdu| frqvlvwhqw hvwlpdwhv ri q duh re0

wdlqhg xvlqj dv d zhljkwlqj pdwul{ E�3�
S

�

�
~_�

�
M_

�
~_

�
�3�/ zkhuh M_

�
lv d pdwul{

zlwk wzrv rq wkh ohdglqj gldjrqdo/ plqxv rqh rq wkh �uvw r�0gldjrqdo/ dqg }hur hovh0

zkhuh571 Lw lv zruwk srlqwlqj0rxw wkdw wklv hvwlpdwru grhv qrw uhtxluh wkdw zh dvvxph

krprvnhgdvwlflw| dfurvv wlph ru lqglylgxdov1 Lq idfw/ doo wkh JPP vwdqgdug huuruv

4<Kdqvhq +4<;5, dqg Zklwh +4<;5, vkrzhg wkdw lpsuryhphqwv lq h!flhqf| ryhu wzr0vwdjhv ohdvw
vtxduhv duh srvvleoh e| rswlpdoo| zhljkwlqj wkh glvwdqfh ehwzhhq wkh vdpsoh dqg srsxodwlrq pr0
phqwv/ zlwk wkh zhljkwv ehlqj wkh lqyhuvh ri wkh fryduldqfh pdwul{ ri wkh vdpsoh prphqwv1

53Li zh lqfoxgh wlph gxpplhv dqg d frqvwdqw/ dv zh gr lq wkh hpslulfdo vhfwlrq/ zh qhhg wr gurs
h{shulhqfh iurp 7{l1

54Li wkh pdwul{ ri lqvwuxphqwv kdv wklv irup/ wkhq wkh �uvw revhuydwlrq rq wkh vwdfnhg yhfwruv
7{l dqg 7zl duh 7{l6 dqg 7zl6/ uhvshfwlyho|1 Wkhuhiruh wklv hvwlpdwru uhtxluhv wkdw W � 61

55Lq dq xqedodqfhg sdqho/ iru lqglylgxdov zlwk lqfrpsohwh gdwd wkh urzv ri ]g
l
fruuhvsrqglqj wr

wkh plvvlqj htxdwlrqv duh ghohwhg/ dqg plvvlqj ydoxhv lq wkh uhpdlqlqj urzv duh uhsodfhg e| }hurv1
56Lq wkhru|/ zh frxog kdyh dovr xvhg wkh wlph0lqyduldqw yduldeohv/ il/ lq wkh lqvwuxphqwv* vhw iru

hdfk ri wkh furvv vhfwlrqv1 Krzhyhu/ zh vxvshfw wkdw wkh| pljkw eh rqo| zhdno| fruuhodwhg zlwk wkh
lqvwuxphqwhg wlph ydu|lqj uljkw0kdqg vlgh yduldeohv dqg wkhuhiruh zh suhihu qrw wr lqfoxgh wkhp1

57Qrwlfh/ krzhyhu/ wkdw li wkh  lwv duh qrw rqo| vhuldoo| xqfruuhodwhg exw dovr krprvnhgdvwlf/ wkh
�uvw0vwhs hvwlpdwh lv dv|pswrwlfdoo| htxlydohqw wr wkh wzr0vwhs hvwlpdwh1

<



uhsruwhg lq wklv sdshu duh dv|pswrwlfdoo| urexvw wr wlph0vhulhv ru furvv0vhfwlrqdo

khwhurvnhgdvwlflw| ri xqnqrzq w|sh1

Lq wkh hpslulfdo vhfwlrq wkdw iroorzv zh zloo frqfhqwudwh lq wkh hvwlpdwlrq ri zdjh

gl�huhqwldov iru wlph ydu|lqj fkdudfwhulvwlfv vxfk dv hpsor|hu vl}h/ xqlrq vwdwxv dqg

lqgxvwu| d!oldwlrq1 Dv zh kdyh phqwlrqhg lq wkh �uvw sduw ri wklv Vhfwlrq/ 514/

lq dgglwlrq wr wkh pruh wudglwlrqdoo| xvhg prphqwv frqglwlrqv lq �uvw0gl�huhqfhv/

prphqw frqglwlrqv lq ohyhov pd| dovr eh dydlodeoh hyhq zkhq doo %�| duh vxvshfwhg ri

ehlqj fruuhodwhg zlwk wkh lqglylgxdo h�hfw1 Wkh xvh ri wkh dgglwlrqdo prphqw uhvwulf0

wlrqv pd| lqfuhdvh wkh h!flhqf| zlwk zklfk wlph ydu|lqj frh!flhqwv duh hvwlpdwhg

+vhh/ Duhoodqr +4<<6, dqg Eoxqghoo dqg Erqg +4<<;,,1

Dvvxplqj dq xqfruuhodwhg phdvxuhphqw huuru vwuxfwxuh/ zlwk wkh cwuxh* %�|v suh0

ghwhuplqhg zlwk uhvshfw wr v�r dqg li frqglwlrq +:, krogv/ d JPP hvwlpdwru iru q dqg

� vlplodu wr +44,/ exw wkdw dovr xvhv ohyho prphqw frqglwlrqv/ fdq eh frqvwuxfwhg dv

iroorzv= lqvwhdg ri7�� zh xvh qrz wkh vwdfnhg yhfwru7�n

�
'+7���c ���c7��A c ���c ���c ��A ,/

lqvwhdg ri7%� zh xvh qrz wkh vwdfnhg yhfwru7%n
�
'+7%�� fc ���c7%�A fc %�� s�c ���c %�A

s�,58 zlwk f d }� � yhfwru ri }hurhv/ lqvwhdg ri ~_

�
wkh pdwul{ ri lqvwuxphqwv lv qrz

~n

�
'

�
~_

�
f

f ~ ,

�

�
+46,

zkhuh li zh rqo| vxvshfw wkdw wkh %�| duh fruuhodwhg zlwk #
�
dqg uhvwulfwlqj wkh

frh!flhqwv lq wkh �uvw vwdjh uhjuhvvlrq iru wkh s� wr kdyh d frpprq frh!flhqw lq doo

furvv0vhfwlrqv ~ ,

�
kdv wkh irup59/

~,

�
'
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Li zh vxvshfw wkdw vrph ri wkh wlph ydu|lqj yduldeohv duh xqfruuhodwhg zlwk wkh lqgl0

ylgxdo h�hfw/ zh fdq lqwurgxfh lq ~ ,

�
wkh ohyho ri wkrvh yduldeohv odjjhg rqfh lqvwhdg

ri lqwurgxflqj wkh �uvw gl�huhqfhv ri wkhp1 Lqwurgxflqj erwk zloo eh uhgxqgdqw

jlyhq wkh prphqw frqglwlrqv iru wkh �uvw0gl�huhqfhg htxdwlrqv1 Pruhryhu/ li dq| ri

wkh wlph lqyduldqw yduldeohv lv vxvshfwhg wr eh fruuhodwhg zlwk wkh lqglylgxdo h�hfw

58Qrwlfh wkdw zh fdq lqfoxgh qrz wkh h{shulhqfh yduldeoh lq wkh vhw ri wlph ydu|lqj uljkw0kdqg vlgh
yduldeohv iru erwk wkh htxdwlrqv lq �uvw0gl�huhqfhv dqg lq ohyhov hyhq li zh lqfoxgh wlph gxpplhv1

59Dowkrxjk wkhuh duh pruh prphqw frqglwlrqv iru htxdwlrqv lq ohyhov li zh dgg wr wkh lqvwuxphqwv*
vhw 7{lw�v iru v A 4/ lw fdq eh suryhg wkdw wkhuh duh uhgxqgdqw rqfh zh wdnh lqwr dffrxqw wkh
prphqw frqglwlrqv iru wkh htxdwlrqv lq �uvw0gl�huhqfhv1 Vhh Duhoodqr dqg Eryhu +4<<8,1

43



+h1j1/ vfkrrolqj, lw frxog eh h{foxghg iurp wkh lqvwuxphqwv* vhw5:1 Wkh zhljkwlqj

pdwul{ iru wkh �uvw0vwhs uhjuhvvlrq lv

Mn

�
'

�
M_

�
f

f U�

�
zkhuh U� lv d dq lghqwlw| pdwul{ zlwk glphqvlrq A � 25;1

Duhoodqr dqg Erqg +4<<4, dqg Duhoodqr +4<<6, sursrvh d edwwhu| ri vshfl�fdwlrq

whvwv wkdw fdq eh dssolhg lq wklv iudphzrun1 Iluvw/ dv wkhuh duh sohqw| ri ryhul0

ghqwli|lqj uhvwulfwlrqv dydlodeoh li A : � dqg gl�huhqw dvvxpswlrqv uhodwhg wr wkh

vshfl�fdwlrq ri wkh zdjh htxdwlrq lpso| wkdw gl�huhqw vhwv ri lqvwuxphqwv duh dydlo0

deoh/ whvwv ri ryhulghqwli|lqj uhvwulfwlrqv ehfrph d yhu| ydoxdeoh wrro lq dvvhvvlqj

prgho vshfl�fdwlrq1 Wkh ydolglw| ri wkh ryhulghqwli|lqj uhvwulfwlrqv fdq eh whvwhg5<

xvlqj d wzr0vwhs urexvw Vdujdq0Kdqvhq whvw1 Wkh h{suhvvlrq iru wklv whvw iru wkh

prgho lq �uvw0gl�huhqfhv/ iru h{dpsoh/ lv
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7M lv dv|pswrwlfdoo| glvwulexwhg Fkl0vtxduh xqghu wkh qxoo wkdw wkh ryhulghqwli|lqj

uhvwulfwlrqv duh ydolg zlwk ghjuhhv ri iuhhgrp htxdo wr wkh qxpehu ri ryhulghqwli|lqj

uhvwulfwlrqv1 Dovr/ xqghu gl�huhqw vhwv ri dvvxpswlrqv derxw wkh prgho rqo| d qhvwhg

vhw ri lqvwuxphqwv duh ydolg1 Wklv pdnhv srvvleoh wr xvh d wzr0vwhs Vdujdq0Kdqvhq

gl�huhqfh whvw wr dvvhvv wzr srvvleoh prghov1 Iru h{dpsoh/ wkh vhw ri lqvwuxphqwv

dydlodeoh zlwk xqfruuhodwhg phdvxuhphqw huuru dqg wkh cwuxh* %�| suhghwhuplqhg zlwk

uhvshfw wr v�|/ vd| u�/ lv qhvwhg zlwklq wkh vhw ri lqvwuxphqwv dydlodeoh zlwk suhgh0

whuplqhg %�| exw lq wkh devhqfh ri phdvxuhphqw huuru/ vd| u2/ +vhh/ frqglwlrqv +;,

dqg +<,/ uhvshfwlyho|,1 Wkhq/ zlwk reylrxv qrwdwlrq/ wkh Vdujdq0Kdqvhq gl�huhqfh

whvw lv 7M2�7M�1 Wklv whvw lv dv|pswrwlfdoo| glvwulexwhg Fkl0vtxduh xqghu wkh qxoo

wkdw wkh dgglwlrqdo prphqw frqglwlrqv duh ydolg zlwk u2 � u� ghjuhhv ri iuhhgrp1

Qrwlfh wkdw khuh zh mxvw uhihuuhg wr wzr0vwhs Vdujdq0Kdqvhq whvwv ehfdxvh wkhvh

duh wkh rqo| whvwv urexvw wr khwhurvnhgdvwlflw|/ zklfk lv d shuydvlyh ihdwxuh ri zdjh

htxdwlrqv1

5:Wkh txhvwlrq lv/ krzhyhu/ krz jrrg dq lqvwuxphqwv* vhw lv ].
l
wr lghqwli| dq| ri wkh frh!flhqwv

ri wkh wlph lqyduldqw fkdudfwhulvwlfv h{foxghg iurp wkh lqvwuxphqwv* vhw1
5;Lq dq xqedodqfhg sdqho/ wkh glphqvlrq zloo eh htxdo wr wkh qxpehu ri ohyhov htxdwlrqv revhuyhg

iru lqglylgxdo l1 Lq d edodqfhg sdqho zlwkrxw phdvxuhphqw huuru wkh glphqvlrq zloo eh W � 51
5<Wr eh pruh suhflvh wklv whvw surylghv/ xqghu wkh qxoo/ d mrlqw whvw iru wkh ryhulghqwli|lqj

uhvwulfwlrqv dqg iru rwkhu dvshfwv ri prgho plvvshfl�fdwlrq1
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Vhfrqg/ lw lv lpsruwdqw iru wkh ydolglw| ri wkh zkroh lqvwuxphqwlqj surfhgxuh

lq wkh �uvw0gl�huhqfhg htxdwlrqv wr whvw zkhwkhu wkhuh lv vhuldo fruuhodwlrq lq wkh

v�|v1 Iru wklv sxusrvh/ zh hpsor| wkh rqh ghjuhh ri iuhhgrp whvw 62 wkdw whvwv

iru wkh devhqfh ri vhfrqg rughu vhuldo fruuhodwlrq lq wkh glvwxuedqfhv ri d prgho

lq �uvw0gl�huhqfhv1 Wkh whvw lv glvwulexwhg �Efc �� xqghu wkh qxoo ri odfn ri vhfrqg

rughu vhuldo fruuhodwlrq lq wkh �uvw0gl�huhqfhg glvwxuedqfhv +e| frqvwuxfwlrq zh zloo

h{shfw �uvw rughu vhuldo fruuhodwlrq lq wkh glvwxuedqfhv ri d prgho lq �uvw0gl�huhqfhv,1

Djdlq/ zh xvh d yduldqfh0fryduldqfh pdwul{ wkdw lv urexvw wr lqglylgxdo dqg wlph0

vhulhv khwhurvnhgdvwlflw| iru wklv whvw1

Ilqdoo|/ zh fdq xvh wkh Kdxvpdq w|sh whvwv sursrvhg lq Duhoodqr +4<<6, wr whvw

iru wkh devhqfh ri phdq lqghshqghqfh dqg/ pruh jhqhudoo|/ iru wkh ydolglw| ri wkh

lqvwuxphqwv* vhw iru wkh htxdwlrqv lq ohyhov1 Wkh lghd lq Duhoodqr +4<<6, lv wr �uhjdug

fruuhodwhg h�hfw eldvhv dv plvvshfl�fdwlrq gxh wr wkh h{foxvlrq ri uhohydqw yduldeohv

lq d vwdqgdug uhjuhvvlrq prgho� +s1 ;:,1 Frqvlghu d zdjh htxdwlrq/ +4,/ zkhuh

wkh %�| duh suhghwhuplqhg zlwk uhvshfw wr v�r/ +7,1 Wkh qxoo k|srwkhvlv lv phdq

lqghshqghqfh/ +6,/ dqg wkh dowhuqdwlyh k|srwkhvlv lv
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*%��c ���c %�A c s�c b|� ' k�

�%�| n k�

2s�

zlwk k� dqg2ru k2 gl�huhqw iurp }hur1 Rplwwlqj wlph h�hfwv dqg dvvxplqj iru

vlpsolflw| wkdw k2 ' f
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Zh fdq hvwlpdwh wkh sdudphwhuv lq +47, frqvlvwhqwo| xqghu wkh qxoo zlwk d JPP

w|sh hvwlpdwru dv wkh rqh zh kdyh ghvfulehg deryh1 Xvlqj d eorfn gldjrqdo pdwul{

ri lqvwuxphqwv ~n

�
/ vhh +46,/ dqg xqghu wkh pdlqwdlqhg k|srwkhvlv wkdw/ xvlqj ~_

�
'

_�@}E%��c %�� %�2c ���c %�� %�2 ��� %�A3��/ q lv frqvlvwhqwo| hvwlpdwhg xqghu wkh qxoo dqg

wkh dowhuqdwlyh iurp wkh �uvw0gl�huhqfhv1 Wkhq/ d Zdog whvw ri wkh qxoo k|srwkhvlv
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wkdw k� ' f whvwv iru wkh odfn ri fruuhodwlrq ehwzhhq wkh #
�
dqg wkh lqvwuxphqwv xvhg

lq ~ ,

�
1 Vr/ li

~ ,

�
'

5997
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f %�� � � f s�

� � � � � s�

� � � � %�A s�

6::8
d uhmhfwlrq ri wkh qxoo k|srwkhvlv lq wkh Zdog whvw fdq eh lqwhusuhwhg dv uhmhfwlqj

wkh qxoo ri phdq lqghshqghqfh631

Dv zlwk wkh wudglwlrqdo Kdxvpdq whvw zh fdq surgxfh d irfxvhg whvw e| rqo|

lqfoxglqj d vhw ri uhjuhvvruv wkdw wdnh wkh ydoxh ri }hur lq wkh �uvw0gl�huhqfhg htxd0

wlrqv dqg uhsurgxflqj wkh ohyho ri wkh yduldeohv zh duh irfxv rq iru wkh htxdwlrqv lq

ohyhov1 Li zh hvwlpdwh wkh v|vwhp ri �uvw0gl�huhqfhg dqg ohyho htxdwlrqv frqvlvwhqwo|

xqghu wkh qxoo ri phdq lqghshqghqfh1 Wkhq/ d Zdog whvw iru wkh qxoo wkdw wkh frh!0

flhqwv rq wkh dgglwlrqdo uhjuhvvruv duh mrlqwo| }hur whvwv zkhwkhu wkh �uvw0gl�huhqfhg

hvwlpdwhv ri wkh yduldeohv zh duh irfxv rq +zklfk zh pdlqwdlq duh frqvlvwhqwo| hvwl0

pdwhg xqghu wkh qxoo dqg wkh dowhuqdwlyh, duh vwdwlvwlfdoo| vlplodu wr wkrvh rewdlqhg

xvlqj wkh ohyho htxdwlrqv +frqvlvwhqwo| hvwlpdwhg rqo| li wkh lqvwuxphqwv lq ~ ,

�
duh

xqfruuhodwhg zlwk wkh lqglylgxdo h�hfwv,1

Dq lpsruwdqw ihdwxuh wr qrwlfh derxw Duhoodqr*v irupxodwlrq ri wkh Kdxvpdq

whvw lv wkdw lw qrw rqo| doorzv iru wkh idfw wkdw wkh %�| fdq eh suhghwhuplqhg ru

phdvxuhg zlwk huuru/ exw dovr wkdw wkh whvw fdq eh frpsxwhg xvlqj dq dv|pswrwlf

yduldqfh0fryduldqfh pdwul{ wkdw lv urexvw wr khwhurvnhgdvwlflw| dqg dxwrfruuhodwlrq

ri xqnqrzq w|sh1

6 Gdwd dqg uhvxowv

614 Gdwd

Wkh gdwd vrxufh xvhg lq wklv zrun lv wkh Eulwlvk Krxvhkrog Sdqho Vxuyh| +EKSV,1

Wkh EKSV lv d qdwlrqdoo| uhsuhvhqwdwlyh vxuyh| ri vrph 8/833 krxvhkrogv +fry0

hulqj dssur{lpdwho| 43/333 lqglylgxdov, udqgrpo| vhohfwhg1 Wkh vxuyh| kdv ehhq

frqgxfwhg iurp Vhswhpehu wr Ghfhpehu 4<<4 dqg dqqxdoo| wkhuhdiwhu ^vhh Wd|oru

+5333,`1 Khuh/ zh xvh wkh hljkw dydlodeoh zdyhv ri wkh sdqho1 Wkh vdpsoh lv uhvwulfwhg

63Fohduo|/ li �5 9@ 3 dqg zh lqfoxgh il lq ]o

l
wkhq d Zdog whvw wkdw uhmhfwv �4 @ 3 zloo lpso|

wkdw vrph hqgrjhqhlw| lvvxhv duh olnho| wr eh d�hfwlqj wkh hvwlpdwhv ri � exw qrw qhfhvvdulo| wkdw
�4 9@ 31
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lq wklv vwxg| wr wkrvh lqglylgxdov zkr duh 49 wr 98 |hduv ri djh/ hpsor|hg lq wkh

sulydwh vhfwru64 iru sdlg zrun/ uhfhlyh d jurvv krxuo| zdjh ri pruh wkdq rqh srxqg/

zrun ohvv wkdq d kxqguhg krxuv d zhhn65/ kdyh frpsohwh lqirupdwlrq rq wkh yduldeohv

ri lqwhuhvw dqg wkdw gr qrw lqfuhdvh wkhlu |hduv ri ixoo wlph hgxfdwlrq ryhu wkh vdpsoh

shulrg1 H{foxglqj lqglylgxdov zlwk ohvv wkdq irxu frqvhfxwlyh revhuydwlrqv/ zh zhuh

ohiw zlwk dq xqedodqfhg vdpsoh ri 4537 lqglylgxdov zlwk wkh qxpehu ri revhuydwlrqv

ydu|lqj ehwzhhq irxu dqg hljkw dqg dq dyhudjh ri 81:8 revhuydwlrqv shu lqglylgxdo1

Iru uhdvrqv ri vsdfh zh zloo irfxv rq wkh hvwlpdwlrq ri zdjh gl�huhqwldov iru wlph

yduldqw fkdudfwhulvwlfv vxfk dv hpsor|hu vl}h/ xqlrq d!oldwlrq dqg lqgxvwu| vwdwxv1

Ilqglqj d vxlwdeoh vhw ri lqwhuqdo lqvwuxphqwv iru wlph lqyduldqw fkdudfwhulvwlfv vxfk

dv |hduv ri vfkrrolqj zrxog phulw dqrwkhu sdshu1 Hyhq vr/ vrph lqwhuhvwlqj frq0

foxvlrqv dqg txhvwlrqv iru ixuwkhu uhvhdufk rq wkh vfkrrolqj h�hfw duh gudzq lq wklv

sdshu1 Wr vlpsoli| wkh h{srvlwlrq wkdw iroorzv/ ohw ph fdoo %��| wkh yhfwru ri wlph

ydu|lqj fkdudfwhulvwlfv wkdw zh duh lqwhuhvwhg lq +l1h1/ lqgxvwu| d!oldwlrq/ xqlrq vwd0

wxv/ dqg hpsor|hu vl}h, dqg %2�| wkrvh wkdw zh duh qrw +l1h1/ h{shulhqfh66/ h{shulhqfh

vtxduhg/ pdulwdo vwdwxv/ w|sh ri rffxsdwlrq/ sduw0wlph vwdwxv/ dqg orfdwlrq, vr wkdw

%�| ' E%��|c %2�|�1 H{shulhqfh lv gursshg iurp wkh vhw ri %2�| zkhq zh rqo| xvh htxd0

wlrqv lq �uvw0gl�huhqfhv wr dyrlg shuihfw pxowlfrolqhdulw| zlwk wkh wlph gxpplhv1

Wkh iroorzlqj wlph lqyduldqw fkdudfwhulvwlfv duh lqfoxghg zkhq zh xvh frqglwlrqv lq

ohyhov= |hduv ri ixoo0wlph vfkrrolqj/ pdoh gxpp| dqg zklwh gxpp|1

Wdeoh 4 suhvhqwv wkh gh�qlwlrq ri wkh yduldeohv xvhg/ dyhudjh fkdudfwhulvwlfv/ dqg

wkh qxpehu ri wudqvlwlrqv lq dqg rxw ri d jlyhq fdwhjru| wkdw duh revhuyhg ryhu wkh

hqwluh vdpsoh shulrg iru vrph ri wkh yduldeohv xvhg wr hvwlpdwh wkh zdjh htxdwlrq1

Lq wkh qh{w sduw ri wklv Vhfwlrq zh uhsruw hvwlpdwhv ri vl}h/ xqlrq/ dqg lqgxvwu|

zdjh gl�huhqwldov1 Wkh uhihuhqfh jurxs iru hdfk vhw ri gxpp| yduldeohv lv/ uhvshf0

64Sulydwh vhfwru lv gh�qhg lq rssrvlwlrq wr sxeolf vhfwru dqg lw lqfoxghv= sulydwh rzqhg �upv/
sulydwl}hg �upv/ dqg sulydwh qrq0sur�w rujdql}dwlrqv1

65Ehfdxvh ri wkh xvxdo rplvvlrq ri oderu vxsso| frqvlghudwlrqv lq wkh hvwlpdwlrq ri zdjh htxdwlrqv
lw lv xvxdoo| dgylvdeoh wr uhvwulfw wkh glvfxvvlrq wr ixoo0wlph hpsor|hg pdohv1 +Ri frxuvh/ xqohvv
rqh lv sduwlfxoduo| lqwhuhvwhg lq wkh hduqlqj sdwwhuqv ri sduw0wlph zrunhuv ru ihpdohv1, Lq rxu gdwd
vhw zh fdqqrw uhvwulfw rxuvhoyhv wr ixoo0wlph hpsor|hg pdohv dv wkhuh lv qrw hqrxjk wlph0vhulhv
yduldelolw| lq wkdw gdwd vhw wr pdnh dq| vhqvh ri wkh LY whfkqltxhv zh zrxog olnh wr dsso|1 Dv dq
dwwhpsw wr dpholrudwh dq| srvvleoh plvvshfl�fdwlrq/ zh lqwurgxfh lq wkh zdjh htxdwlrq d sduw0wlph
gxpp| dqg zh lqwhudfw jhqghu zlwk h{shulhqfh/ h{shulhqfh vtxduhg dqg pdulwdo vwdwxv1

66Dv zh frqwuro iru wlph vshfl�f h�hfwv e| lqfoxglqj |hdu gxpplhv zh gurs h{shulhqfh iurp wkh
vhw ri wlph ydu|lqj fryduldwhv zkhq zh rqo| xvh prphqw frqglwlrqv lq �uvw0gl�huhqfhv1 Li zh dovr
xvh prphqw frqglwlrqv lq ohyhov zh gr qrw qhhg wr iroorz wklv surfhgxuh1
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wlyho|/ vhuylfh lqgxvwu|/ qr zrunsodfh xqlrq/ dqg �up zlwk ohvv wkdq 58 hpsor|hhv1

Zh pdlqwdlq d frpprq vdpsoh shulrg 4<<604<<; dfurvv doo wkh vshfl�fdwlrqv/ wkh

vdpsoh frqwdlqv 4537 lqglylgxdov dqg 7848 revhuydwlrqv lq wrwdo1 Rxu hvwlpdwlrq sur0

fhgxuh zdv lpsohphqwhg xvlqj GSG<; iru Jdxvv ^vhh/ Duhoodqr dqg Erqg +4<<;,`

dqg GSG4133d iru R{ ^vhh/ Grruqln/ Duhoodqr dqg Erqg +4<<<,`1

615 Uhvxowv

Khuh zh suhvhqw wkh uhvxowv ri hvwlpdwlqj wkh zdjh htxdwlrq/ +4,/ xqghu gl�huhqw

vhwv ri dvvxpswlrqv frqfhuqlqj wkh fruuhodwlrq ehwzhhq uljkw0kdqg vlgh yduldeohv

dqg wkh huuru whup wkdw zh kdyh h{sodlqhg lq Vhfwlrq 5141 Rxu hpslulfdo vwudwhj|

lv wr vwduw e| hvwlpdwlqj wkh zdjh htxdwlrq xvlqj wkh pruh wudglwlrqdo phwkrgv=

ROV ohyhov/ JOV/ zlwklq0jurxsv dqg ROV �uvw0gl�huhqfhv1 D uxoh ri wkxpe wkdw

hphujhv iurp Julolfkhv dqg Kdxvpdq +4<;9, vwxg| ri prghov zlwk huuruv lq yduldeohv

iru sdqho gdwd lv wr frpsduh zlwklq hvwlpdwhv dqg ROV gl�huhqfhg hvwlpdwhv1 Li

wkh| wxuq rxw wr eh glvvlplodu wkh dvvxpswlrq ri vwulfw h{rjhqhlw| ri wkh %�| zlwk

uhvshfw wr v�r pd| eh lqdssursuldwh1 Lq vxfk fdvhv/ zh fdq wu| wr hvwlpdwh d �uvw0

gl�huhqfhg zdjh htxdwlrq xvlqj vxlwdeoh odjjhg dqg/ shukdsv/ iruzdughg yduldeohv wr

lqvwuxphqw iru wkh hqgrjhqrxv yduldeohv1 Li zh fdq �qg d vxlwdeoh vhw ri lqvwuxphqwv

iru wkh �uvw0gl�huhqfhg htxdwlrqv/ zh fdq wu| wr lqfoxgh prphqw frqglwlrqv lq ohyhov

lq rughu wr lqfuhdvh wkh h!flhqf| ri wkh hvwlpdwhv1 Ri frxuvh/ hyhq li zh fdqqrw

�qg hylghqfh wr uhmhfw wkh vwulfw h{rjhqhlw| ri wkh %�| yduldeohv zlwk uhvshfw wr wkh

wlph ydu|lqj lglrv|qfudwlf vkrfn zh fdq vwloo ehqh�w iurp xvlqj prphqw frqglwlrqv

lq ohyhov wr lqfuhdvh h!flhqf|1 Li doo wkh %�| duh xqfruuhodwhg zlwk wkh lqglylgxdo

h�hfw/ krzhyhu/ wkhuh lv qr qhhg iru d �{hg0h�hfwv wudqvirupdwlrq1 Zh vkrxog wdnh

fduh ehiruh uhdfklqj wklv frqfoxvlrq li zh xvh wudglwlrqdo Kdxvpdq whvw surfhgxuhv

+h1j1/ Kdxvpdq dqg Wd|oru +4<;4,,/ krzhyhu/ dv wkh fruuhfw vshfl�fdwlrq iru wkh whvw

ghshqgv rq zkhwkhu wkh %�| duh vwulfwo| h{rjhqrxv ru qrw zlwk uhvshfw wr wkh v�r1

61514 Wudglwlrqdo dssurdfkhv

Zh vwduw e| suhvhqwlqj lq Wdeoh 5 wkh pruh srsxodu dssurdfkhv wr hvwlpdwh zdjh

gl�huhqwldov lq Oderu Hfrqrplfv zklfk/ zlwk wkh wlph glphqvlrq �{hg/ duh rqo|

frqvlvwhqw xqghu wkh dvvxpswlrq ri vwulfw h{rjhqhlw| ri wkh %�| zlwk uhvshfw wr wkh

wlph ydu|lqj lglrv|qfudwlf vkrfn dqg2ru odfn ri fruuhodwlrq ehwzhhq wkh lqglylgxdo
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h�hfw dqg %��c ���c %�A dqg s�1 Wkh vwdqgdug huuruv uhsruwhg lq froxpq +l,/ +lll, dqg

+ly, duh dv|pswrwlfdoo| urexvw wr wlph0vhulhv ru furvv0vhfwlrqdo khwhurvnhgdvwlflw| dqg

dxwrfruuhodwlrq ri xqnqrzq w|sh1

D qhfhvvdu| frqglwlrq iru d prgho lq ohyhov wr surylgh frqvlvwhqw sdudphwhu hvwl0

pdwhv lv wkdw wkh %�| duh xqfruuhodwhg zlwk wkh lqglylgxdo h�hfw #
�
1 Lq froxpq +l, ri

Wdeoh 5 zh suhvhqw ROV ohyhov hvwlpdwhv1 Li wkh qhfhvvdu| frqglwlrq krogv/ wkhvh duh

frqvlvwhqw hyhq li %�| lv rqo| suhghwhuplqhg zlwk uhvshfw wr v�r1 Wkh |0vwdwlvwlfv dqg

Zdog whvwv vxjjhvw wkdw Vl}h/ Xqlrq dqg Lqgxvwu| zdjh gl�huhqwldov duh vwdwlvwlfdoo|

vljql�fdqw dw dq| frqyhqwlrqdo ohyho1 Frpsxwlqj wkh zdjh gl�huhqwldov dv i TEeq���/

phpehuv ri d zrunsodfh xqlrq hduq rq dyhudjh :18 shufhqw pruh wkdq wkrvh lq mrev

zkhuh wkhuh lv qr xqlrq dqg lqglylgxdov lq hvwdeolvkphqwv zlwk pruh wkdq 4333 hp0

sor|hhv hduq rq dyhudjh 671< shufhqw pruh wkdq wkrvh zrunlqj lq hvwdeolvkphqwv

zlwk ohvv wkdq 58 hpsor|hhv/ iru h{dpsoh1 Wkh 6� dqg 62 whvwv surylgh hylghqfh ri

vwurqj vhuldo fruuhodwlrq/ vxjjhvwlqj wkh suhvhqfh ri lqglylgxdo h�hfwv1

Li/ lq dgglwlrq wr vwulfw h{rjhqhlw| dqg odfn ri fruuhodwlrq ehwzhhq wkh lqglylgxdo

h�hfw dqg wkh fryduldwhv lq wkh zdjh htxdwlrq/ zh dvvxph d w|slfdo huuru frpsr0

qhqw vwuxfwxuh zlwk krprvnhgdvwlflw| ryhu wlph dqg dfurvv lqglylgxdov1 Wkhq/ wkh

vwdqgdug JOV hvwlpdwru sursrvhg e| Edohvwud dqg Qhuoryh +4<99, zloo surylgh pruh

h!flhqw hvwlpdwhv ri wkh zdjh gl�huhqwldov wkdq ROV ohyhov1 JOV hvwlpdwhv duh suh0

vhqwhg lq froxpq +ll,1 Vwloo/ wkh |0vwdwlvwlfv dqg Zdog whvwv vxjjhvw wkdw wkh zdjh

gl�huhqwldov duh vwdwlvwlfdoo| vljql�fdqw dw dq| frqyhqwlrqdo ohyho1 Lq frpsdulvrq wr

ROV ohyhov/ wkh JOV vwdqgdug huuruv duh rq dyhudjh pruh wkdq iruw| shufhqw orzhu

vxjjhvwlqj lpsruwdqw jdlqv lq suhflvlrq iurp xvlqj JOV1 Krzhyhu/ wkh JOV vwdqgdug

huuruv duh qrw urexvw wr jhqhudo irupv ri khwhurvnhgdvwlflw| dqg dxwrfruuhodwlrq671

Dovr/ qrwlfh wkdw wkh srlqw hvwlpdwhv iru vl}h dqg lqgxvwu| zdjh gl�huhqwldov duh

frqvlghudeo| vpdoohu lq uhodwlrq wr wkh ROV ohyhov hvwlpdwhv1 Iru h{dpsoh/ lq wkh

zdjh gl�huhqwldo iru hpsor|hhv lq hvwdeolvkphqwv zlwk pruh wkdq 4333 hpsor|hhv

wkhuh lv d uhgxfwlrq ri 4:14 shufhqwdjh srlqwv lq uhodwlrq wr ROV ohyhov1

Hyhq xqghu vwulfw h{rjhqhlw| ri wkh wlph ydu|lqj fkdudfwhulvwlfv zlwk uhvshfw wr

v�r/ wkh hvwlpdwhv lq froxpq +l, dqg +ll, ri Wdeoh 5 duh lqfrqvlvwhqw li wkh lqglylgxdo

h�hfw lv fruuhodwhg zlwk hlwkhu vrph ri wkh %�| dqg2ru s�1 Iru d �{hg A / xqghu vwulfw

67Krzhyhu/ wkhvh duh urexvw wr wkh w|sh ri dxwrfruuhodwlrq surgxfhg e| wkh suhvhqfh ri wkh
lqglylgxdo h�hfw1
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h{rjhqhlw|/ d zlwklq jurxs hvwlpdwru ru d �uvw0gl�huhqfhg ROV hvwlpdwru surylghv

frqvlvwhqw hvwlpdwhv iru wkh h�hfwv ri wlph ydu|lqj fkdudfwhulvwlfv rq zdjhv1 Iru vl}h

dqg lqgxvwu| zdjh gl�huhqwldov/ erwk wkh ROV ohyhov dqg JOV hvwlpdwhv duh pxfk

odujhu wkdq wkh zlwklq0jurxsv/ froxpq +lll,/ dqg ROV �uvw0gl�huhqfhv hvwlpdwhv/ fro0

xpq +ly,1 Lq idfw/ zh fdqqrw uhmhfw wkh qxoo wkdw wkh Lqgxvwu| zdjh gl�huhqwldov duh

qrz mrlqwo| vwdwlvwlfdoo| lqvljql�fdqw1 Frpsdulqj wkh vwdqgdug huuruv/ wkhuh lv vrph

orvv ri suhflvlrq lq frpsdulvrq wr JOV exw wkhuh lv d fohdu jdlq lq suhflvlrq hlwkhu lq

froxpq +lll, ru +ly, lq uhodwlrq wr ROV ohyhov1 D vwulnlqj ihdwxuh iurp frpsdulqj fro0

xpq +lll, dqg +ly, lv wkh vlplodulw| ehwzhhq zlwklq0jurxsv dqg ROV �uvw0gl�huhqfhv

hvwlpdwhv1 Wklv ihdwxuh dovr krogv iru orqjhu ohqjwkhqhg gl�huhqfhg htxdwlrqv hvwl0

pdwhg e| ROV +qrw uhsruwhg khuh,1 Wklv vxjjhvwv/ diwhu doo/ wkdw wkh h�hfw ri dq|

eldvhv uhvxowlqj iurp wkh idfw wkdw vrph ri wkh lqfoxghg yduldeohv duh qrw vwulfwo|

h{rjhqrxv kdv d plqru lpsdfw rq wkh hvwlpdwhv ri wkh sdudphwhuv ri lqwhuhvw1

Qrwlfh wkdw wkh xqlrq zdjh gl�huhqwldo +hvshfldoo| iru phpehuv ri wkh zrunsodfh

xqlrq, lv idluo| vlplodu lq wkh irxu froxpqv ri Wdeoh 51 Lq idfw/ dq khwhurvnhgdvwlflw|

dqg dxwrfruuhodwlrq frqvlvwhqw Kdxvpdq w|sh whvw +wkdw zloo rqo| eh ydolg xqghu wkh

dvvxpswlrq ri vwulfw h{rjhqhlw| ri wkh %�| zlwk uhvshfw wr v�r, fohduo| vxssruwv wkh

qxoo ri qr fruuhodwlrq ri wkh xqlrq yduldeohv zlwk wkh lqglylgxdo h�hfw1 Wklv whvw lv

frqvwuxfwhg hvwlpdwlqj d v|vwhp ri �uvw0gl�huhqfhg dqg ohyho htxdwlrqv e| ROV lq

zklfk zh lqfoxgh d vhw ri uhjuhvvruv wkdw wdnh wkh ydoxh ri }hur lq wkh �uvw0gl�huhqfhg

htxdwlrqv/ dqg uhsurgxfh wkh ohyho ri wkh xqlrq yduldeohv iru wkh htxdwlrqv lq ohyhov1

Wkh whvw vwdwlvwlf lv d Zdog whvw iru wkh qxoo wkdw wkh frh!flhqwv rq wkh dgglwlrqdo

uhjuhvvruv duh mrlqwo| }hur1 Wkh ydoxh ri wkh �2

2
vwdwlvwlf lv 31<44 dqg wkh s0ydoxh lv

319671 Krzhyhu/ d vlplodu Kdxvpdq whvw wkdw irfxvhv rq doo wkh yduldeohv ri lqwhuhvw

wrjhwkhu kdv d �2

��
ydoxh ri ;:1::9 fohduo| uhmhfwlqj wkh qxoo k|srwkhvlv wkdw mrlqwo|

wkh hvwlpdwhv ri wkh sdudphwhuv ri lqwhuhvwv iurp ROV ohyhov dqg ROV �uvw0gl�huhqfhv

duh wkh vdph1

61515 JPP �uvw0gl�huhqfhg hvwlpdwhv

Dowkrxjk rxu uxoh ri wkxpe vxjjhvwv wkdw wkh dvvxpswlrq ri vwulfw0h{rjhqhlw| ri %��|

zlwk uhvshfw wr v�r lv shukdsv d jrrg lghd/ zh zrxog olnh wr edfn0xs wklv slhfh ri

lqwxlwlrq zlwk vrph whvw vwdwlvwlfv1 Lq rughu wr gr vr/ zh suhvhqw wkh uhvxowv ri JPP

hvwlpdwlrq ri �uvw0gl�huhqfhg zdjh htxdwlrqv xqghu gl�huhqw dvvxpswlrqv frqfhuqlqj
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wkh h{rjhqhlw| ri wkh yduldeohv ri lqwhuhvw lq Wdeohv 6 dqg 71 Wklv dssurdfk lv

vxlwdeoh iru wkdw hqwhusulvh ehfdxvh wkh �uvw0gl�huhqfh wudqvirupdwlrq holplqdwhv wkh

lqglylgxdo h�hfw vr wkdw zh gr qrw qhhg wr zruu| derxw wkh fruuhodwlrq ehwzhhq #
�

dqg %�|1 Krzhyhu/ lw grhv qrw lqwurgxfh doo odjjhg ydoxhv ri wkh wlph ydu|lqj vkrfnv

lq wkh wudqviruphg huuru whup vr wkdw zh fdq whvw zkhwkhu wkh lqwhuqdo lqvwuxphqwv

duh vwulfwo| h{rjhqrxv ru qrw1 Wkh lqvwuxphqwv* pdwul{ lq Wdeohv 6 dqg 7 kdv wkh

jhqhudo irup ghvfulehg lq +45,1 Dv zh zrxog olnh wr irfxv rq whvwlqj wkh ydolglw|

ri wkh vwulfw0h{rjhqhlw| dvvxpswlrq iru wkh yduldeohv ri lqwhuhvw/ %��|/ zh rqo| uhwdlq

%2�|32 dqg %2�|3� lq wkh lqvwuxphqwv* vhw iru doo froxpqv ri Wdeohv 6 dqg 71 Wkxv/ li

wkhuh lv qr hylghqfh ri vhfrqg rughu vhuldo fruuhodwlrq lq wkh �uvw0gl�huhqfhg uhvlgxdov

wkh hylghqfh wkdw iroorzv lv urexvw wr wkh odfn ri vwulfw0h{rjhqhlw| lq %2�|1 Dv zh jr

dorqj/ zh zloo uhsruw wkh vhw ri lqvwuxphqwv lqyroylqj wkh yduldeohv ri lqwhuhvw lq

hdfk ri wkh froxpqv ri Wdeohv 6 dqg 71 Lw lv zruwk qrwlflqj wkdw wkhruhwlfdoo|/ zh

frxog kdyh lqwurgxfhg lq wkh lqvwuxphqwv* vhw ixuwkhu odjjhg2iruzdughg yduldeohv lq

pdq| rffdvlrqv1 Krzhyhu/ lq sudfwlfh/ zh duh uhvwulfwhg e| wkh idfw wkdw wkh gxpp|

yduldeohv gr qrw h{klelw hqrxjk wlph0vhulhv yduldwlrq1 Pruhryhu/ rqh vkrxog h{shfw

yhu| glvwdqw revhuydwlrqv lq wkh sdvw wr surylgh olwwoh lqirupdwlrq rq fxuuhqw fkdqjhv1

Lq froxpqv +l, wr +ly, ri Wdeoh 6 zh suhvhqw rswlpdo +wzr0vwhsv, JPP hvwlpdwhv

dv gh�qhg e| +44,1 Wklv hvwlpdwru doorzv wlph ydu|lqj fkdudfwhulvwlfv wr eh fruuhodwhg

zlwk wkh lqglylgxdo h�hfwv exw dvvxphv wkdw wkh v�|v duh vhuldoo| xqfruuhodwhg1 Wkh

62 vwdwlvwlfv uhsruwhg lq froxpqv +l, wr +ly, surylgh d vljqdo wkdw wklv vshfl�fdwlrq

iru wkh v�|v lv sodxvleoh1 Froxpq +l, suhvhqwv hvwlpdwhv ri zdjh gl�huhqwldov wkdw

dvvxph wkdw wkhuh lv dq xqfruuhodwhg phdvxuhphqw huuru vwuxfwxuh d�hfwlqj hdfk ri

wkh wlph ydu|lqj yduldeohv dqg wkdw wkh cwuxh* %�| dqg v�r duh fruuhodwhg iru dq| r 	 |1

Xqghu wkhvh dvvxpswlrqv rqo| %��|32c ���c %��� fdq eh lqwurgxfhg lq wkh lqvwuxphqwv*

vhw1 Lq sduwlfxodu/ lq wkh hvwlpdwlrq ri froxpq +l,/ zh rqo| xvh %��|32 dqg %��|3�1

Wkh Vdujdq0Kdqvhq whvw vkrzv wkdw wkh ryhulghqwli|lqj uhvwulfwlrqv duh qrw uhmhfwhg

lq wklv fdvh1

Lq froxpq +ll, zh h{dplqh zkhwkhu ixwxuh lqvwuxphqwv pd| eh ydolg e| dgglqj

%��|n� dqg %��|n2 wr wkh lqvwuxphqwv* vhw xvhg iru froxpq +l,1 Wklv zrxog eh d

vrxqg sudfwlfh li wkh cwuxh* %��| zhuh vwulfwo| h{rjhqrxv zlwk uhvshfw wr v�r1 Qhlwkhu

wkh Vdujdq0Kdqvhq whvw uhmhfwv wkh ydolglw| ri wkh ryhulghqwli|lqj uhvwulfwlrqv qru
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wkh Vdujdq0Kdqvhq gl�huhqfh whvw uhmhfwv wkh ydolglw| ri wkh dgglwlrqdo lqvwuxphqwv

+lq uhodwlrq wr wkh vhw ri lqvwuxphqwv xvhg lq froxpq +l,,1 Wklv vxjjhvwv wkdw lw

lv uhdvrqdeoh wr dvvxph wkdw wkh cwuxh* ydoxh ri wkh yduldeohv ri lqwhuhvw/ %��|/ duh

vwulfwo| h{rjhqrxv zlwk uhvshfw wr wkh wlph ydu|lqj lglrv|qfudwlf vkrfn/ v�r1

Froxpq +lll, uhod{hv wkh phdvxuhphqw huuru dvvxpswlrq ri froxpq +l, dqg dggv

%��|3� wr wkh lqvwuxphqwv* vhw xvhg wkhuh1 Djdlq/ qhlwkhu wkh Vdujdq0Kdqvhq whvw qru

wkh Vdujdq0Kdqvhq gl�huhqfh whvw uhmhfwv wkh ydolglw| ri wkh dgglwlrqdo lqvwuxphqwv

+lq uhodwlrq wr wkh vhw ri lqvwuxphqwv xvhg lq froxpq +l,,1 Wklv vxjjhvw wkdw lv

uhdvrqdeoh wr dvvxph wkdw wkh hvwlpdwhv iru wkh yduldeohv ri lqwhuhvw/ %��|/ duh qrw

vljql�fdqwo| d�hfwhg e| phdvxuhphqw huuru1

Vr idu wkhuh lv suhww| frpshoolqj hylghqfh wkdw wkh yduldeohv ri lqwhuhvw duh vwulfwo|

h{rjhqrxv zlwk uhvshfw wr wkh wlph ydu|lqj lglrv|qfudwlf vkrfnv1 Rxu odvw whvw iru wklv

k|srwkhvlv lv surgxfhg e| dgglqj %��|3�/ %��|/ %��|n�/ dqg %�|n2 wr wkh lqvwuxphqwv*

vhw ri froxpq +l,1 Wkh Vdujdq0Kdqvhq whvw dqg wkh Vdujdq0Kdqvhq gl�huhqfh whvw

vxssruw wkh �qglqjv ri froxpqv +ll, dqg +lll,1

Prqwh Fduor hylghqfh uhsruwhg e| Duhoodqr dqg Erqg +4<<4, dqg Eoxqghoo dqg

Erqg +4<<;, vxjjhvw wkdw hyhq zlwk uhdvrqdeo| odujh vdpsoh vl}hv/ lqihuhqfh edvhg

rq wzr0vwhs hvwlpdwruv pljkw qrw eh uholdeoh/ sduwlfxoduo|/ zkhq wkh v�| duh khw0

hurvnhgdvwlf1 Wkh| uhfrpphqg wkdw lqihuhqfh +zlwk wkh h{fhswlrq ri Vdujdq vwdwlv0

wlfv, vkrxog eh edvhg rq �uvw0vwdjh hvwlpdwruv wkdw xvh urexvw vwdqgdug huuruv1 Wdeoh

7 uhsurgxfhv wkh uhvxowv ri Wdeoh 6 xvlqj �uvw0vwdjh hvwlpdwhv zlwk urexvw vwdqgdug

huuruv1

Wkh 62 vwdwlvwlfv uhsruwhg lq Wdeoh 7 duh vlplodu wr wkrvh lq Wdeoh 6/ frq�uplqj

wkdw lw lv sodxvleoh wr dvvxph wkdw wkh v�|v duh vhuldoo| xqfruuhodwhg1 Lq uhodwlrq wr

wkh hvwlpdwhv dqg wkhlu vwdqgdug huuruv1 Lq frpsdulvrq wr ROV �uvw0gl�huhqfhv/ wkh

srlqw hvwlpdwhv lq froxpq +l, ri Wdeoh 7 +wkh pruh urexvw lq whupv ri devhqfh ri

vwulfw0h{rjhqhlw| lq wkh %��|, duh lq jhqhudo odujhu lq devroxwh ydoxh exw wkhlu vwdqgdug

huuruv duh dovr pruh wkdq wkuhh wlphv odujhu wkdq wkrvh rewdlqhg xvlqj ROV1 Dv zh

zrxog kdyh h{shfwhg/ wkhuh duh lpsruwdqw jdlqv lq suhflvlrq iurp lqfuhdvlqj wkh

qxpehu ri lqvwuxphqwv zh xvh1 Iru h{dpsoh/ h{sdqglqj wkh lqvwuxphqwv* vhw ri

froxpq +l, lq Wdeoh 7 e| dgglqj %��|3�/ froxpq +lll,/ surgxfhv dq dyhudjh idoo ri

pruh wkdq �iw| shufhqw lq wkh vwdqgdug huuruv1
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Qrw vxusulvlqjo|/ wkh srlqw hvwlpdwhv dqg vwdqgdug huuruv lq froxpq +ly, ri Wdeoh

7 duh yhu| vlplodu wr wkrvh iurp zlwklq0jurxsv dqg ROV �uvw0gl�huhqfhv lq froxpqv

+lll, dqg +ly, ri Wdeoh 5/ uhvshfwlyho|1 Krzhyhu/ wkh vwdqgdug huuruv lq froxpq

+ly, ri Wdeoh 6 duh kdoi wkh vl}h ri wkrvh lq wkh vdph froxpq ri Wdeoh 71 Wklv

vxjjhvw wkdw edvlqj rxu lqihuhqfh lq �uvw0vwhs urexvw vwdqgdug huuruv lv suredeo|

zhoo mxvwl�hg lq wklv fdvh1 Rqo| rqh rxw ri hljkw Zdog whvwv frpsxwhg iru Lqgxvwu|

dqg Vl}h gl�huhqwldov fdq uhmhfw/ dw frqyhqwlrqdo ohyhov/ wkh qxoo ri mrlqw vwdwlvwlfdo

lqvljql�fdqfh lq Wdeoh 71 Wklv lv lq vwulnlqj gl�huhqfh zlwk Wdeoh 6 zkhuh vhyhq rxw

hljkw Zdog whvw uhmhfw wkh qxoo dw hlwkhu wkh rqh ru �yh shufhqw ohyho1 Froxpq +ly,

ri Wdeoh 7 lv zkhuh wkh odujhu qxpehu ri vwdwlvwlfdoo| vljql�fdqw zdjh gl�huhqwldov

duh ghwhfwhg1 Wkh |0whvw uhmhfwv wkh qxoo wkdw wkh vl}h gxpplhv dqg zrunsodfh xqlrq

gxpplhv duh lqglylgxdoo| vwdwlvwlfdoo| vljql�fdqw dw ohdvw dw wkh �yh shufhqw ohyho1

Pruhryhu/ wkh Zdog vwdwlvwlf iru wkh Vl}h gxpplhv kdv d R0ydoxh ri 3134;1

Ehiruh prylqj rq/ dvvxplqj wkdw lq wklv fdvh wkh %��| duh vwulfwo| h{rjhqrxv zlwk

uhvshfw wr wkh wlph ydu|lqj lglrv|qfudwlf vkrfn/ zh pd| zrqghu zkhwkhu zh fdq

wuxvw wkh hylghqfh zh froohfwhg iurp wkh Vdujdq0Kdqvhq whvw1 Dv zh nqrz +vhh/

Duhoodqr dqg Erqg +4<<4, dqg ]loldfn +4<<:,,/ wklv whvw pd| whqg wr xqghu0uhmhfw

hvshfldoo| lq wkh suhvhqfh ri khwhurvnhgdvwlflw|1 Iru wklv uhdvrq zh kdyh fduulhg0rxw

d vhw ri vlpsoh h{shulphqwv e| lqfoxglqj wkh ghshqghqw yduldeoh lq wkh lqvwuxphqwv*

vhw1 Zh krsh wkdw lq wklv zd| zh fdq h{soruh zkhwkhu/ iru rxu vdpsoh vl}h dqg jlyhq

wkh wrwdo qxpehu ri lqvwuxphqwv zh xvh/ wkh Vdujdq0Kdqvhq whvw fdq slfn0xs wkh

suhvhqfh ri dq| lqydolg lqvwuxphqw1 Lq dgglwlrq/ wklv h{huflvh zloo doorz xv wr ohduq

pruh derxw zkhwkhu wkh vwdwlf vshfl�fdwlrq iru wkh zdjh htxdwlrq lv fruuhfw1 Wkh

uhvxowv ri wkhvh h{shulphqwv duh suhvhqwhg lq Wdeoh 81

Lq urz +l, ri Wdeoh 8 zh dgg �|/ �|3�/ �|32 dqg �|3� wr wkh lqvwuxphqwv* vhw xvhg

iru froxpq +l, lq Wdeohv 6 dqg 71 Zh nqrz wkdw wkhuh duh qr jurxqgv wr lqwurgxfh

�| dqg �|3� lq wkh lqvwuxphqwv* vhw1 �|32 zrxog eh ydolg lqvwuxphqw rqo| lq wkh

devhqfh ri vhuldo fruuhodwlrq lq wkh v�r dqg zlwk wkh prgho qrw ehlqj lqfruuhfwo|

vshfl�hg e| wkh h{foxvlrq ri d odjjhg ghshqghqw yduldeoh1 Lq urz +ll, zh dgg �|3�/

�|32 dqg �|3� wr wkh lqvwuxphqwv* vhw xvhg iru froxpq +l, lq Wdeohv 6 dqg 71 Wkh

Vdujdq0Kdqvhq whvw fohduo| uhmhfwv wkh ydolglw| ri wkh ryhulghqwli|lqj uhvwulfwlrqv dqg

wkh Vdujdq0Kdqvhq gl�huhqfh whvw uhmhfwv wkh ydolglw| ri wkh dgglwlrqdo lqvwuxphqwv
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lq erwk fdvhv1 Lq urz +lll, zh dgg �|32 dqg �|3� wr wkh lqvwuxphqwv* vhw ri froxpq +l,

lq Wdeohv 6 dqg 71 Lq wklv fdvh/ qhlwkhu wkh Vdujdq0Kdqvhq whvw uhmhfwv wkh ydolglw|

ri wkh ryhulghqwli|lqj uhvwulfwlrqv qru wkh Vdujdq0Kdqvhq gl�huhqfh whvw uhmhfwv wkh

ydolglw| ri wkh dgglwlrqdo lqvwuxphqwv1 Wklv vxjjhvwv wkdw zh fdqqrw uhmhfw wkh

dvvxpswlrq ri odfn ri vhuldo fruuhodwlrq lq wkh v�r dqg wkh vwdwlf vshfl�fdwlrq iru wkh

zdjh htxdwlrq1

Li zh uhshdw wklv h{huflvh +qrw uhsruwhg khuh, iru wkh lqvwuxphqwv* vhw xvhg lq

froxpqv +ll, dqg +lll, ri Wdeohv 6 dqg 7 zh �qg suhww| vlplodu uhvxowv wr wkrvh uhsruwhg

lq urzv +l, wr +lll, ri Wdeoh 81 Lq urzv +ly, wr +yl, zh uhshdw wklv h{huflvhv xvlqj wkh

odujhvw vhw ri lqvwuxphqwv* xvhg lq wkh �uvw0gl�huhqfhg htxdwlrqv/ wkrvh ri froxpq

+ly, lq Wdeohv 6 dqg 71 Lq urz +ly, wkh Vdujdq0Kdqvhq whvw fohduo| uhmhfwv wkh ydolglw|

ri wkh ryhulghqwli|lqj uhvwulfwlrqv dqg wkh Vdujdq0Kdqvhq gl�huhqfh whvw uhmhfwv wkh

ydolglw| ri wkh dgglwlrqdo lqvwuxphqwv lq uhodwlrq wr wkh vhw ri lqvwuxphqwv xvhg lq

froxpq +l, ri Wdeohv 6 dqg 71 Krzhyhu/ lq urz +y,/ zkhuh zh vwloo kdyh wkh lqydolg

lqvwuxphqw �|3�/ wkh Vdujdq0Kdqvhq whvw dqg wkh Vdujdq0Kdqvhq gl�huhqfh whvw

rqo| uhmhfw wkh qxoo pdujlqdoo|/ dw d whq shufhqw ohyho ri vwdwlvwlfdo vljql�fdqfh1 Wklv

suredeo| vxjjhvwv wkdw zkhq wkh vhw ri lqvwuxphqwv lv uhodwlyho| odujh zh vkrxog wdnh

pdujlqdo uhmhfwlrqv dv d vhulrxv vljq ri plvvshfl�fdwlrq iru wkhvh whvwv681

61516 Xvlqj prphqw frqglwlrqv lq �uvw0gl�huhqfhv dqg lq ohyhov

Wzr forvho| uhodwhg lvvxhv uhpdlq wr eh lqyhvwljdwhg1 Wkh �uvw lv zkhwkhu dq| ri wkh

%��| fdq eh dvvxphg wr eh xqfruuhodwhg zlwk wkh lqglylgxdo h�hfwv1 Wkh vhfrqg lv wr

zkdw dq h{whqw zh fdq lqfuhdvh h!flhqf| e| xvlqj prphqw frqglwlrqv lq ohyhov li wkh|

zhuh dydlodeoh1 Lq Wdeoh 9 zh xvh d JPP hvwlpdwruv zklfk dovr h{sorlwv prphqw

frqglwlrqv lq ohyhov1 Zlwk wkh h{fhswlrq ri wkh Vdujdq0Kdqvhq dqg Vdujdq0Kdqvhq

gl�huhqfh whvwv zh uhsruw �uvw0vwhs urexvw hvwlpdwhv dv zh eholhyh wkdw lqihuhqfh

edvhg rq wkhvh hvwlpdwhv lv pruh uholdeoh1 Lghdoo| zh zloo xvh dv lqvwuxphqwv iru

wkh �uvw0gl�huhqfhg htxdwlrqv wkrvh lq froxpq +ly, ri Wdeohv 6 dqg 71 Krzhyhu/ lq

froxpqv +l, wr +lll, zh rswhg iru wkh vlpsohvw surfhgxuh ri xvlqj vwdfnhg yhfwruv ri

68Zh pljkw zrqghu jlyhq wkh uhvxow iru wkh Vdujdq0Kdqvhq gl�huhqfh whvw ri froxpq +lll, lq
Wdeoh 6 zkdw zrxog kdyh kdsshqhg li zh kdyh rqo| dgg wr wkh lqvwuxphqwv* vhw lq froxpq +lll, {4lw
udwkhu wkdq {4lw/ {4lw.4/ dqg {4lw.5 dv zh glg lq froxpq +ly,1 Lq vxfk fdvh/ wkh s0ydoxh iru wkh
Vdujdq0Kdqvhq whvw lv 3149; dqg iru wkh Vdujdq0Kdqvhq gl�huhqfh whvw lv 314571
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7%�| dv lqvwuxphqwv iru wkh htxdwlrqv lq �uvw0gl�huhqfhv691 Zh suhihu wklv vshfl�fd0

wlrq ehfdxvh zh duh zruulhg derxw wkh shuirupdqfh ri wkh Vdujdq0Kdqvhq vwdwlvwlfv

zlwk vxfk d qxpehu ri lqvwuxphqwv dqg wkhuh lv qr pxfk glvdjuhhphqw lq wkh srlqw

hvwlpdwhv ru vwdqgdug huuruv frpsdulqj ROV �uvw0gl�huhqfhv zlwk froxpq +ly, ri

Wdeoh 71 Iru wkh ohyho htxdwlrqv zh dgg wr wkh wlph ydu|lqj yduldeohv wkh iroorzlqj

wlph lqyduldqw fkdudfwhulvwlfv= |hduv ri ixoo0wlph vfkrrolqj/ pdoh gxpp| dqg zklwh

gxpp|1 Lq wkh lqvwuxphqwv* vhw iru wkh ohyho htxdwlrqv wlph lqyduldqw fkdudfwhulvwlfv

duh lqfoxghg dv vwulfwo| h{rjhqrxv yduldeohv dqg zlwk wkh vdph frh!flhqw iru doo wkh

furvv0vhfwlrqv ri wkh �uvw vwdjh uhjuhvvlrq1 Lw lv zruwk srlqwlqj0rxw wkdw qrqh ri wkh

uhvxowv wkdw iroorz duh d�hfwhg e| h{foxglqj vfkrrolqj iurp wkh lqvwuxphqwv* vhw1 Zh

zloo uhsruw vrph vfkrrolqj hvwlpdwhv lq Wdeoh : dowkrxjk wkh pdlq irfxv khuh lv wkh

hvwlpdwlrq ri wkh frh!flhqwv ri %��|1 Ilqdoo|/ lq frqfrugdqfh wr rxu wuhdwphqw ri

wkh %�| yduldeohv iru wkh �uvw0gl�huhqfhg htxdwlrqv/ zh xvh 7%2�| dv lqvwuxphqwv iru

wkh ohyho htxdwlrqv lq froxpqv +l, wr +lll,6:1 Dv zh jr dorqj zh zloo uhsruw krz zh

lqfoxghg wkh yduldeohv ri lqwhuhvw lq wkh lqvwuxphqwv* vhw iru froxpqv +l, wr +lll, dqg

wkh frpsohwh vhw ri lqvwuxphqwv iru froxpq +ly,1

Lq froxpq +l, zh xvh dv lqvwuxphqwv iru wkh ohyho prphqw frqglwlrqv �uvw0gl�huhqfhv

ri wkh yduldeohv ri lqwhuhvw/ 7%��|1 Iru wkh h{wud0prphqw frqglwlrqv wr eh ydolg/ lw

lv rqo| uhtxluhg wkdw wkh fruuhodwlrq ehwzhhq %�| dqg #
�
lv dvvxphg frqvwdqw1 Wkh

Vdujdq0Kdqvhq whvw grhv qrw uhmhfw wkh ydolglw| ri wkh ryhulghqwli|lqj uhvwulfwlrqv1

Pruhryhu/ d rqh0vwhs urexvw Kdxvpdq0Duhoodqr whvw iru wkh yduldeohv ri lqwhuhvw kdv

d s0ydoxh ri 31::71 Wklv lqglfdwhv wkdw zh fdqqrw uhmhfw wkh qxoo wkdw wkhuh duh qr

hqgrjhqhlw| lvvxhv d�hfwlqj wkh hvwlpdwhv iru wkh yduldeohv ri lqwhuhvw1 Lq frpsdul0

vrq wr ROV �uvw0gl�huhqfhv wkh srlqw hvwlpdwhv duh vlplodu exw wkhuh vhhpv wr eh qr

jdlq lq suhflvlrq iurp xvlqj wkhvh dgglwlrqdo prphqw frqglwlrqv1

69Reylrxvo|/ zh kdyh rqo| whvwhg wkh vwulfw h{rjhqhlw| ri wkh {4lw zlwk uhvshfw wr wkh wlph ydu|lqj
lglrv|qfudwlf vkrfn1 Dv xqlrq vwdwxv/ lqgxvwu| d!oldwlrq dqg hpsor|hu vl}h duh fruuhodwhg zlwk wkh
{5lw/ lqfrqvlvwhqf| lq wkh hvwlpdwhv ri wkh frh!flhqwv iru wkh odwwhu yduldeohv fdq fduu| ryhu wr
wkh hvwlpdwhv ri wkh yduldeohv ri lqwhuhvw1 Krzhyhu/ iru d prgho lq �uvw0gl�huhqfhv wkdw xvhv dv
lqvwuxphqwv {lw.4/ {lw dqg {lw�4 wkh ydoxh ri wkh "563; vwdwlvwlf iru d Vdujdq0Kdqvhq whvw lv 67;1383
zklfk fdqqrw uhmhfw wkh ydolglw| ri wkh ryhulghqwli|lqj uhvwulfwlrqv dw d 8 shufhqw ohyho1 Wklv lpso|
wkdw zh pd| eh lq vdih jurxqg xvlqj d vwdfnhg yhfwru ri7{lw dv lqvwuxphqwv iru wkh �uvw0gl�huhqfhv1
Ixuwkhu hylghqfh rq wkh plqru lpsdfw ri wklv dvvxpswlrq iru wkh hvwlpdwlrq ri wkh frh!flhqwv ri
wkh yduldeohv ri lqwhuhvw lv surylghg lq froxpq +ly, ri wklv Wdeoh1

6:Zh gr qrw lqwurgxfh wkh �uvw gl�huhqfhv ri wkh Orqgrq yduldeoh lq wkh lqvwuxphqwv* vhw iru
wkh ohyhov htxdwlrq ehfdxvh lw fdxvhv shuihfw pxowlfroolqhdulw|1 Dovr/ �uvw0gl�huhqfhv ri h{shulhqfh
qhhgv wr eh h{foxghg iurp wkh lqvwuxphqwv* vhw iru wkh ohyhov htxdwlrq ehfdxvh zh duh lqfoxglqj
wlph gxpplhv1
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Lq froxpq +ll, wkh lqvwuxphqwv* vhw iru wkh ohyho htxdwlrqv xvhv wkh fxuuhqw ohyhov

udwkhu wkdq wkh fkdqjhv iru wkh yduldeohv ri lqwhuhvw zkloh zh nhhs wkh fxuuhqw fkdqjhv

iru wkh wlph ydu|lqj yduldeohv1 Li %��| lv d ydolg lqvwuxphqw iru wkh prphqw frqglwlrqv

lq ohyhov/ wkhq wkh %��| duh xqfruuhodwhg zlwk wkh lqglylgxdo h�hfw1 Erwk wkh Vdujdq0

Kdqvhq whvw dqg Duhoodqr*v yhuvlrq ri wkh Kdxvpdq whvw uhmhfw wkh ydolglw| ri wkhvh

lqvwuxphqwv/ vxjjhvwlqj wkdw dw ohdvw vrph ri wkh %��| yduldeohv duh fruuhodwhg zlwk

wkh xqrevhuydeoh lqglylgxdo h�hfw1 Qrwlfh wkdw wkh hvwlpdwhv iru Vl}h dqg Lqgxvwu|

zdjh gl�huhqwldov lqfuhdvh lq uhodwlrq wr ROV �uvw0gl�huhqfhv dqg vwduw orrnlqj olnh

wkh ROV ohyhov hvwlpdwhv1 Rxu whvwv uhvxowv vxjjhvw wkdw/ lq jhqhudo/ ROV ohyhov dqg/

lq sduwlfxodu/ furvv0vhfwlrqdo hvwlpdwhv duh eldvhg ehfdxvh ri wkh fruuhodwlrq ehwzhhq

wkh lqglylgxdo h�hfwv dqg wkh uljkw0kdqg vlgh yduldeohv ri wkh zdjh htxdwlrq1

Ri frxuvh/ wkh uhvxow lq froxpq +ll, grhv qrw uxoh rxw wkh idfw wkdw vrph ri

wkh yduldeohv ri lqwhuhvw pd| lq lvrodwlrq eh xqfruuhodwhg zlwk wkh lqglylgxdo h�hfw1

Wkxv/ rqh h{huflvh wkdw zh sxuvxh lv wr pl{ �uvw0gl�huhqfhv dqg ohyhov ri gl�huhqw

yduldeohv wr vhh zkhwkhu lw lv vdih wr wdnh vrph ri wkhp dv xqfruuhodwhg zlwk wkh

lqglylgxdo h�hfw1 Vr/ zh kdyh wulhg e| xvlqj lq wkh lqvwuxphqwv* vhw vl}h lq ohyhov dqg

xqlrq dqg lqgxvwu| yduldeohv lq �uvw0gl�huhqfhv/ xqlrq lq ohyhov dqg vl}h dqg lqgxvwu|

yduldeohv lq �uvw0gl�huhqfhv/ hwf1 Wkh rqo| vshfl�fdwlrq wkdw sdvvhv doo gldjqrvwlf

whvwv lv suhvhqwhg lq froxpq +lll,/ khuh zh lqvwuxphqw wkh ohyho htxdwlrqv xvlqj wkh

fxuuhqw �uvw0gl�huhqfhv iru lqgxvwu| dqg vl}h dqg wkh fxuuhqw ohyho rqo| iru xqlrq1

Wklv uhvxow frq�upv rxu hduolhu vxvslflrq wkdw wkh xqlrq yduldeoh lv xqfruuhodwhg

zlwk wkh lqglylgxdo h�hfw1 Wkh hvwlpdwh iru wkh xqlrq yduldeohv pljkw vhhp d elw

kljkhu lq uhodwlrq wr ROV �uvw0gl�huhqfhv exw wkh vwdqgdug huuruv duh kljkhu dv zhoo1

Qrwlfh dovr wkdw/ dffruglqj wr wkh uhvshfwlyh Zdog vwdwlvwlfv/ rqo| wkh vl}h gxpplhv

duh mrlqwo| vwdwlvwlfdoo| vljql�fdqw dw frqyhqwlrqdo ohyhov1

D txlfn orrn dw wkh vwdqgdug huuruv lq froxpq +l, wr +lll, uhyhdo wkdw wkhuh duh

qr h!flhqf| jdlqv lq uhodwlrq wr ROV �uvw0gl�huhqfhv1 Ri frxuvh/ wkhq/ zh pd|

zrqghu zkhuh wkh h!flhqf| jdlqv iurp wkh ohyho prphqw frqglwlrqv kdyh jrqh1 Dovr

zh pd| eh lqwhuhvwhg wr nqrz krz wkh v|vwhp hvwlpdwhv suhvhqwhg vr idu frpsduh

zlwk wkrvh wkdw duh pruh urexvw wr wkh devhqfh ri vwulfw0h{rjhqhlw| lq wkh %�| zlwk

uhvshfw wr v�r1 Iru wklv sxusrvh/ lq froxpq +ly,/ zh hvwlpdwh d v|vwhp wkdw xvhv

%�|32 dqg %�|3� dv lqvwuxphqw iru wkh �uvw0gl�huhqfhg htxdwlrqv +dv lq froxpq +l,
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ri Wdeoh 7,1 Zh lqvwuxphqw wkh ohyho htxdwlrqv xvlqj wkh odjjhg �uvw0gl�huhqfhv

iru doo wlph ydu|lqj yduldeohv zlwk wkh h{fhswlrq ri xqlrq/ wkh ohyho ri wkh xqlrq

yduldeohv odjjhg rqfh/ dqg vwdfnhg ydoxhv ri doo wkh wlph lqyduldqw fkdudfwhulvwlfv6;1

Wkh gldjqrvwlf whvwv gr qrw ghwhfw sureohpv zlwk wklv vshfl�fdwlrq1 Wkhuh lv dq

dyhudjh jdlq lq suhflvlrq ri durxqg whq shufhqw iurp wkh h{wud prphqw frqglwlrqv

li zh frpsduh zlwk wkh vwdqgdug huuruv ri wkh rqh0vwhs JPP hvwlpdwhv wkdw rqo|

xvh �uvw0gl�huhqfhg prphqw frqglwlrqv +vhh/ froxpq +l, ri Wdeoh 7,1 Lq jhqhudo/

frpsdulqj zlwk uhvxowv lq froxpq +lll, ri Wdeoh 9 wkh sdudphwhu hvwlpdwhv duh suhww|

vlplodu1 Qrwlfh/ krzhyhu/ wkdw li zh frpsduh wkh vwdqgdug huuruv lq froxpq +lll, zlwk

wkrvh lq froxpq +ly, zh �qg jdlqv lq suhflvlrq ri pruh wkdq �iw| shufhqw lq froxpq

+lll,1 Vr/ lq idfw/ lw lv txlwh uhdvvxulqj wkdw wkh lqvwuxphqwv* vhw lq froxpq +lll,

jlyhv vlplodu srlqw hvwlpdwhv wr wkrvh rewdlqhg zlwk wkh lqvwuxphqwv* vhw lq froxpq

+ly, dv lq wkh odwwhu zh doorz doo wkh %�| wr kdyh dq xqfruuhodwhg phdvxuhphqw huuru

vwuxfwxuh dqg iru wkh cwuxh* %�| wr eh suhghwhuplqhg zlwk uhvshfw wr v�r1

Lq Wdeoh : zh suhvhqw d vhw ri rqh0vwhs urexvw JPP hvwlpdwhv iru wkh vfkrrolqj

yduldeoh1 Lq froxpq +l, zh uhsruw wkh vfkrrolqj frh!flhqw wkdw zh rewdlqhg zkhq

hvwlpdwlqj Wdeoh 91 Wklv lqvwuxphqwv* vhw lqfoxghv vwdfnhg ydoxhv ri wkh vfkrrolqj

yduldeoh1 Dv zh kdyh vhhq deryh/ wkh gldjqrvwlf whvwv surylgh qr hylghqfh ri plv0

vshfl�fdwlrq lq wkh lqvwuxphqwv* vhw xvhg iru froxpqv +l,/ +lll, dqg +ly,1 Uhpdundeo|/

wkh zdjh gl�huhqwldov rewdlqhg zlwk wkh lqvwuxphqwv* vhw ri froxpqv +l, dqg +lll, duh

doprvw wkuhh txduwhuv kljkhu wkdq wkrvh iurp ROV +zlwk doprvw lghqwlfdo vwdqgdug

huuruv,1 Lq froxpq +ll, ri Wdeoh : zh h{foxgh wkh vwdfnhg ydoxh ri vfkrrolqj iurp wkh

lqvwuxphqwv* vhw1 Erwk wkh srlqw hvwlpdwhv dqg wkh vwdqgdug huuruv lqfuhdvh voljkwo|

lq uhodwlrq wr froxpq +l, exw wkhvh duh vwloo yhu| suhflvho| hvwlpdwhg1 Qrw vxusulv0

lqjo|/ wkh Vdujdq0Kdqvhq whvw grhv qrw uhmhfw wkh ydolglw| ri wkh ryhulqghqwli|lqj

uhvwulfwlrqv lq urzv +l,/ +lll, dqg +ly, ri froxpq +ll,1 Lq vxp/ wkh hylghqfh suhvhqwhg

khuh grhv qrw vxssruw wkh ylhz wkdw wkhuh lv d vwurqj fruuhodwlrq ehwzhhq wkh vfkrro0

lqj yduldeoh dqg wkh xqrevhuyhg lqglylgxdo h�hfw1 Lq idfw/ wkh ROV ohyhov hvwlpdwhv

vhhp wr vkrz frqvlghudeoh grzqzdug eldv1 Wklv lv ehfdxvh ri lqfrqvlvwhqf| lq rwkhu

frh!flhqwv hvwlpdwhv lv fduu|lqj ryhu wr wkh vfkrrolqj frh!flhqw hvwlpdwhv1

6;Vhh qrwh 6: iru wkh wuhdwphqw ri h{shulhqfh dqg Orqgrq yduldeoh lq wkh lqvwuxphqwv* vhw iru
wkh ohyho htxdwlrqv1
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7 Frqfoxglqj uhpdunv dqg ixuwkhu uhvhdufk

Zh kdyh vwduwhg wkh sdshu e| srlqwlqj rxw gl�huhqw dvshfwv ri wkh vshfl�fdwlrq ri

zdjh htxdwlrqv wkdw vkrxog eh frqvlghuhg zkhq dsso|lqj sdqho gdwd whfkqltxhv wr

wkh hvwlpdwlrq ri zdjh gl�huhqwldov1 Wkhq/ zh kdyh suhvhqwhg d idplo| ri JPP

hvwlpdwruv dqg vshfl�fdwlrq whvwv iru sdqho gdwd/ zlwk �{hg wlph glphqvlrq dqg

odujh furvv0vhfwlrqdo glphqvlrq/ dydlodeoh xqghu gl�huhqw vshfl�fdwlrqv1 Ilqdoo|/ zh

kdyh dssolhg wkhvh whfkqltxhv wr wkh hvwlpdwlrq ri d zdjh htxdwlrq xvlqj wkh hljkw

dydlodeoh zdyhv ri wkh Eulwlvk Krxvhkrog Sdqho Vxuyh| +EKSV,1

Zh kdyh irxqg wkdw wkh vwulfw h{rjhqhlw| dvvxpswlrq ri wkh wlph ydu|lqj fkdu0

dfwhulvwlfv zlwk uhvshfw wr wkh wlph ydu|lqj lglrv|qfudwlf vkrfn lv qrw uhmhfwhg/ dw

ohdvw iru wkh yduldeohv zh irfxvhg rq wklv sdshu +vl}h/ xqlrq dqg lqgxvwu|,1 Wkhuh

lv frpshoolqj hylghqfh ri fruuhodwlrq ehwzhhq wkh uljkw0kdqg vlgh yduldeohv dqg wkh

xqrevhuyhg lqglylgxdo h�hfw lq sduwlfxodu iru vl}h dqg lqgxvwu| gxpplhv1 Wklv suh0

foxghv wkh xvh ri JOV ru ROV ohyhov wr rewdlq frqvlvwhqw hvwlpdwhv ri dq| ri wkh

frh!flhqwv lq wkh zdjh htxdwlrq1 Krzhyhu/ wkhuh vhhpv wr eh qr hylghqfh ri fru0

uhodwlrq ehwzhhq wkh lqglylgxdo h�hfw dqg wkh xqlrq yduldeohv1 Pruh vxusulvlqjo|/

qrqh ri rxu gldjqrvwlf whvwv vxjjhvw d vwurqj fruuhodwlrq ehwzhhq |hduv ri ixoo0wlph

vfkrrolqj dqg wkh lqglylgxdo h�hfw1

Wkh uhvxowv ri rxu idyrulwh vshfl�fdwlrq +Wdeoh 9 froxpq +lll,, uhyhdo wkdw wkh

lqgxvwu| zdjh gl�huhqwldov duh mrlqwo| vwdwlvwlfdoo| lqvljql�fdqw/ rqfh zh frqwuro iru

wkh xqrevhuydeoh lqglylgxdo wudlwv1 Krzhyhu/ wkhuh duh vwdwlvwlfdoo| vljql�fdqw zdjh

gl�huhqwldov dvvrfldwhg zlwk wkh vl}h ri wkh hpsor|hu dqg zlwk wkh h{lvwhqfh ri d

zrunsodfh xqlrq1 Iru h{dpsoh/ phpehuv ri d zrunsodfh xqlrq hduq rq dyhudjh ;1<

shufhqw pruh wkdq wkrvh wkdw zrun lq �upv zkhuh wkhuh lv qr zrunsodfh xqlrq1 Wkh

ROV ohyhov hvwlpdwh iru dq dgglwlrqdo |hdu ri vfkrrolqj lv 3136:1 Wkh hvwlpdwh ri rxu

suhihuuhg vshfl�fdwlrq lv 31397 vxjjhvwlqj wkdw wkh ROV ohyhov hvwlpdwhv vhhp wr eh

frqvlghudeo| grzqzdug eldvhg ehfdxvh lqfrqvlvwhqf| lq rwkhu frh!flhqwv hvwlpdwhv

lv fduu|lqj ryhu wr wkh vfkrrolqj frh!flhqw hvwlpdwhv1

Rxu �qglqjv vxjjhvw wzr lpsruwdqw txhvwlrqv iru ixuwkhu uhvhdufk1 Iluvw/ zh duh

vxusulvhg wr �qg d odfn ri hylghqfh wr vxssruw wkh k|srwkhvlv wkdw wkh yduldeohv ri

lqwhuhvw lq wklv sdshu duh suhghwhuplqhg udwkhu wkdq vwulfwo| h{rjhqrxv1 Zh wklqn

wkdw d srvvleoh h{sodqdwlrq lv wkdw zh duh zrunlqj zlwk d xvxdo krxuo| zdjh phdvxuh1
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Wkh idfw wkdw wkh uhsruwhg krxuo| zdjh lv xvxdo pljkw eh vprrwklqj0rxw vrph ri

wkh ihhgedfn dqg +suredeo| shuvlvwhqfh, wkdw rqh zrxog h{shfw1 Xqiruwxqdwho|/ lw lv

qrw srvvleoh wr frqvwuxfw d srlqw lq wlph krxuo| zdjh phdvxuh jlyhq wkdw rqo| xvxdo

zhhno| krxuv ri zrun duh uhsruwhg lq wkh EKSV1 Exw lw pljkw eh zruwk lqyhvwljdwlqj

wklv lvvxh hlwkhu zlwk zhhno| zdjh gdwd ru zlwk rwkhu gdwdvhw1

Vhfrqg/ prvw ri wkh olwhudwxuh wkdw vwxglhv wkh vfkrrolqj zdjh gl�huhqwldo frq0

fhqwudwhv rq frqwuroolqj iru wkh hqgrjhqhlw| ri wkh vfkrrolqj yduldeoh exw rplwv wkh

sureohp ri srwhqwldo hqgrjhqhlw| ri rwkhu uljkw0kdqg vlgh yduldeohv1 Lq sduwlfxodu/

wklv lv wkh fdvh lq vwxglhv wkdw rqo| xvh lqirupdwlrq lq ohyhov ru lq furvv0vhfwlrqdo

vhwwlqjv +h1j1/ Dqjulvw dqg Nuxhjhu +4<<4, dqg Eoxqghoo hw1 do +5333,,1 Wkhuhiruh/

rxu �qglqj wkdw wkhuh lv frqvlghudeoh eldv lq wkh vfkrrolqj frh!flhqw ehfdxvh ri lq0

frqvlvwhqf| lq wkh hvwlpdwhv ri rwkhu frh!flhqwv/ udwkhu wkdq ehfdxvh ri fruuhodwlrq

ehwzhhq vfkrrolqj dqg wkh lqglylgxdo h�hfwv/ phulwv ixuwkhu uhvhdufk1

8 Uhihuhqfhv

Dphpl|d/ W1 dqg W1H1 PdFxug|/ 4<;9/ Lqvwuxphqwdo0yduldeohv hvwlpdwlrq ri dq

huuru0frpsrqhqwv prgho/ Hfrqrphwulfd/ 87/ ;9<0;;31

Dqjulvw/ M1G1 dqg D1E1 Nuxhjhu/ 4<<4/ Grhv frpsxovru| vfkrrolqj d�hfw vfkrrolqj

dqg hduqlqjv/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 439/ <:<043471

Dqjulvw/ M1G1 dqg Z1N1 Qhzh|/ 4<<4/ Ryhu0lghqwl�fdwlrq whvwv lq hduqlqjv ixqf0

wlrqv zlwk �{hg h�hfwv/ Mrxuqdo ri Exvlqhvv ) Hfrqrplf Vwdwlvwlfv </ 64:06561

Duhoodqr/ P1/ 4<<6/ Rq wkh whvwlqj ri fruuhodwhg h�hfwv zlwk sdqho gdwd/ Mrxuqdo

ri Hfrqrphwulfv/ 8</ ;:0<:1

Duhoodqr/ P1 dqg M1 Doyduh} +4<<;,/ Wkh wlph vhulhv dqg furvv0vhfwlrq dv|pswrwlfv

ri g|qdplf sdqho gdwd prghov/ FHPIL zrunlqj sdshu <;3;1

Duhoodqr/ P1 dqg V1U1 Erqg/ 4<<4/ Vrph whvw ri vshfl�fdwlrq iru sdqho gdwd=

Prqwh Fduor hylghqfh dqg dq dssolfdwlrq wr hpsor|phqw htxdwlrqv/ Uhylhz ri Hfr0

qrplf Vwxglhv/ 8;/ 5::05<:1

Duhoodqr/ P1 dqg V1U1 Erqg/ 4<<;/ G|qdplf sdqho gdwd hvwlpdwlrq xvlqj GSG<;0

d jxlgh iru xvhuv1

Duhoodqr/ P1 dqg R1 Eryhu/ 4<<8/ Dqrwkhu orrn dw wkh lqvwuxphqwdo yduldeoh

hvwlpdwlrq ri huuru0frpsrqhqw prghov/ Mrxuqdo ri Hfrqrphwulfv/ 9;/ 805:1
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Edohvwud/ S1 dqg Qhuoryh/ P1/ 4<99/ Srrolqj furvv vhfwlrq dqg wlph vhulhv gdwd lq

wkh hvwlpdwlrq ri d g|qdplf prgho= wkh ghpdqg iru qdwxudo jdv/ Hfrqrphwulfd/ 67/

8;809451

Ekdujdyd/ D1 dqg M1G1 Vdujdq/ 4<;6/ Hvwlpdwlqj g|qdplf udqgrp h�hfwv prghov

iurp sdqho gdwd fryhulqj vkruw wlph shulrgv/ Hfrqrphwulfd/ 84/ 49680498<1

Eoxqghoo/ U1Z1 dqg V1U1 Erqg/ 4<<;/ Lqlwldo frqglwlrqv dqg prphqw uhvwulfwlrqv

lq g|qdplf sdqho gdwd prghov/ Mrxuqdo ri Hfrqrphwulfv/ ;:/ 5<0851

Eoxqghoo/ U1Z1/ hw do1/ 5333/ Wkh uhwxuqv wr kljkhu hgxfdwlrq lq Eulwdlq= Hylghqfh

iurp d Eulwlvk frkruw/ Hfrqrplf Mrxuqdo 443/ I;50<<1

Erxqg/ M1/ G1D1 Mdhjhu dqg U1 P1 Ednhu/ 4<<8/ Sureohpv zlwk lqvwuxphqwdo ydul0

deohv hvwlpdwlrq zkhq wkh fruuhodwlrq ehwzhhq wkh lqvwuxphqwv dqg wkh hqgrjhqrxv

h{sodqdwru| yduldeohv lv zhdn/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq <3/

776077:1

Euhxvfk/ W1/ J1H1 Pl}rq dqg S1 Vfkplgw/ 4<;</ H!flhqw hvwlpdwlrq xvlqj sdqho

gdwd/ Hfrqrphwulfd 8:/ 9<80:331

Eurzq/ F1 dqg M1 Phdgr�/ 4<;</ Wkh hpsor|hu0vl}h zdjh h�hfw/ Mrxuqdo ri Sr0

olwlfdo Hfrqrp| <:/ 435:08<1

Fkdpehuodlq/ J1/ 4<;5/ Pxowlyduldwh uhjuhvvlrq prghov iru sdqho gdwd/ Mrxuqdo

ri Hfrqrphwulfv 4;/ 80791

Fkdpehuodlq/ J1/ 4<;7/ Sdqho gdwd/ lq= Julolfkhv/ ]1 dqg P1 Lqwuloljdwru/ Kdqg0

errn ri Hfrqrphwulfv/ Yroxph LL/ +Hovhylhu Vflhqfh Sxeolvkhuv= Dpvhuwgdp,1

Fkrzgkxu|/ J1 dqg V1M1 Qlfnhoo/ 4<;8/ Krxuo| hduqlqjv lq wkh Xqlwhg Vwdwhv=

Dqrwkhu orrn dw xqlrql}dwlrq/ vfkrrolqj/ vlfnqhvv/ dqg xqhpsor|phqw xvlqj SVLG

gdwd/ Mrxuqdo ri Oderu Hfrqrplfv 6/ 6;09<1

Fruqzhoo/ F1 dqg S1 Uxsshuw/ 4<;;/ H!flhqw hvwlpdwlrq zlwk sdqho gdwd= dq hp0

slulfdo frpsdulvrq ri lqvwuxphqwdo yduldeohv hvwlpdwruv/ Mrxuqdo ri Dssolhg Hfrqr0

phwulfv 6/ 47<04881

Grruqln/ M1D1/ P1 Duhoodqr/ dqg V1 Erqg/ 4<<</ Sdqho gdwd hvwlpdwlrq xvlqj

GSG iru R{1

Iuhhpdq/ U1E1/ 4<;7/ Orqjlwxglqdo dqdo|vhv ri wkh h�hfwv ri wudgh xqlrqv/ Mrxuqdo

ri Oderu Hfrqrplfv 5/ 40591

Julolfkhv/ ]1/ 4<::/ Hvwlpdwlqj wkh uhwxuqv wr vfkrrolqj= Vrph hfrqrpwulf sure0

5:



ohpv/ Hfrqrphwulfd 78/ 40551

Julolfkhv/ ]1 dqg M1D1 Kdxvpdq/ 4<;9/ Huuruv lq yduldeohv lq sdqho gdwd/ Mrxuqdo

ri Hfrqrphwulfv 64/ <6044;1

Jrx{/ G1 dqg H1 Pdxulq/ 4<<</ Shuvlvwhqfh ri Lqwhulqgxvwu| Zdjh Gl�huhqwldov=

D Uhh{dplqdwlrq rqPdwfkhgZrunhu0Ilup Sdqho Gdwd/ Mrxuqdo ri Oderu Hfrqrplfv

4:/ 7<508661

Kdqvhq/ O1S1/ 4<;5/ Odujh vdpsoh surshuwlhv ri jhqhudol}hg phwkrg ri prphqwv

hvwlpdwruv/ Hfrqrphwulfd 89/ 46:4046<81

Kd|dvkl/ I1/ dqg F1D1 Vlpv/ 4<;6/ Qhduo| h!flhqw hvwlpdwlrq ri wlph vhulhv prg0

hov zlwk suhghwhuplqhg/ exw qrw h{rjhqrxv/ lqvwuxphqwv/ Hfrqrphwulfd 84/ :;60<;1

Kdxvpdq/ M1D1 dqg Z1H1 Wd|oru/ 4<;4/ Sdqho gdwd dqg xqrevhuydeoh lqglylgxdo

h�hfwv/ Hfrqrphwulfd 7</ 46::046<;1

Kvldr/ F1/ 4<;9/ Dqdo|vlv ri sdqho gdwd +Fdpeulgjh Xqlyhuvlw| Suhvv= Fdp0

eulgjh,1

Mdnxevrq/ J1/ 4<<4/ Hvwlpdwlqj dqg whvwlqj wkh xqlrq zdjh h�hfw xvlqj sdqho

gdwd/ Uhylhz ri Hfrqrplf Vwxglhv OYLL/ <:40<<41

Nhdqh/ P1/ 4<<6/ Lqglylgxdo khwhurjhqhlw| dqg lqwhulqgxvwu| zdjh gl�huhqwldov/

Mrxuqdo ri Kxpdq Uhvrxufhv 5;/ 46704941

Nhdqh/ P1S1 dqg G1H1 Uxqnoh/ 4<<5/ Rq wkh hvwlpdwlrq ri sdqho0gdwd prghov zlwk

vhuldo fruuhodwlrq zkhq lqvwuxphqwv duh qrw vwulfwo| h{rjhqrxv/ Mrxuqdo ri Exvlqhvv

) Hfrqrplf Vwdwlvwlfv/ 43/ 40<1

Nuxhjhu/ D1E1/ dqg O1K1 Vxpphuv/ 4<;;/ H!flhqf| zdjhv dqg wkh lqwhu0lqgxvwu|

zdjh vwuxfwxuh/ Hfrqrphwulfd 89/ 58<05<61

Plqfhu/ M1/ 4<:7/ Vfkrrolqj/ h{shulhqfh dqg hduqlqjv +Froxpeld Xqlyhuvlw| Suhvv=

Qhz \run,1

Pxusk|/ N1P1 dqg U1K1 Wrsho/ 4<;:/ Xqhpsor|phqw/ ulvn dqg hduqlqjv/ lq=

Odqj/ N1 dqg M1 Ohrqdug/ Xqhpsor|phqw ) wkh vwuxfwxuh ri oderu pdunhwv +Eodfn0

zhoo= R{irug,1

Urelqvrq/ F1/ 4<;</ Wkh mrlqw ghwhuplqdwlrq ri xqlrq vwdwxv dqg xqlrq zdjh

h�hfwv= Vrph whvwv ri dowhuqdwlyh prghov/ Mrxuqdo ri Srolwlfdo Hfrqrp| <:/ 96<099:1

Wd|oru/ P1I1 +hg,1/ 5333/ Eulwlvk Krxvhkrog Sdqho Vxuyh| xvhuv pdqxdo yroxph

D= lqwurgxfwlrq/ whfkqlfdo uhsruw dqg dsshqglfhv +Xqlyhuvlw| ri Hvvh{/ Frofkhvwhu,1

5;



Zklwh/ K1/ 4<;5/ Lqvwuxphqwdo yduldeohv uhjuhvvlrq zlwk lqghshqghqw revhuyd0

wlrqv/ Hfrqrphwulfd/ 83/ 7;607<<1

]loldn/ M1S1/ 4<<:/ H!flhqw hvwlpdwlrq zlwk sdqho gdwd zkhq lqvwuxphqwv duh

suhghwhuplqhg= Dq hpslulfdo frpsdulvrq ri prphqw0frqglwlrq hvwlpdwruv/ Mrxuqdo

ri Exvlqhvv ) Hfrqrplf Vwdwlvwlfv/ 48/ 74<07641
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Wdeoh 4= Gh�qlwlrqv/ dyhudjh fkdudfwhulvwlfv dqg qxpehu ri wudqvlwlrqv

Variables Average
characteristics

Number of
transitions

Earnings: Logarithm of usual gross
nominal hourly wages

1.829
(0.508)

___

Size: 1 to 24 employees 0.331
(0.471)

616

25 to 199 employees 0.359
(0.480)

900

200 to 999 employees 0.226
(0.418)

663

1000 or more employees 0.083
(0.276)

255

Union: Member of work-place union 0.243
(0.429)

227

Non-member of work-place union 0.137
(0.344)

361

No work-place union 0.620
(0.485)

372

Industry: Mining 0.007
(0.082)

26

Construction 0.026
(0.159)

62

Manufacturing 0.346
(0.476)

364

Transport, Utilities & Communication 0.097
(0.296)

155

Wholesale & retail trade 0.192
(0.394)

337

Finance, Insurance & Real Estate 0.127
(0.333)

89

Services 0.205
(0.404)

323

Marital status: Married 0.682
(0.466)

189

Part time: Work less than 35 hours a week 0.168
(0.374)

226

Schooling: Years of full time education 12.422
(2.647)

0

Experience: Age minus 5 minus schooling 21.551
(11.709)

___

Location: Southeast 0.196
(0.397)

33

London 0.097
(0.296)

19

Type of Occupation: Professional 0.072
(0.259)

254

Managerial or technical 0.319
(0.466)

705

Skilled 0.481
(0.500)

818

Unskilled 0.128
(0.334)

328

Gender: Male 0.566
(0.496)

0

Ethnic background: White 0.978
(0.147)

0

Total Number of Individuals 1204
Total Number of Observations 6923
Source: British Household Panel Survey (BHPS).
Notes:
1) Standard deviations are reported in parentheses.
2) Transitions are in and out of a given category.
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Wdeoh 5= ROV ohyhov/ JOV/ zlwklq0jurxsv dqg ROV �uvw0gl�huhqfhv hvwlpdwhv

Dependent variable:
Logarithm of  usual gross nominal
hourly wages

(i) (ii) (iii) (iv)

25 to 199 employees 0.148**
(0.022)

0.063**
(0.011)

0.025*
(0.013)

0.020
(0.013)

200 to 999 employees 0.171**
(0.024)

0.081**
(0.014)

0.034*
(0.015)

0.032*
(0.015)

1000 or more employees 0.299**
(0.034)

0.164**
(0.020)

0.082**
(0.024)

0.094**
(0.029)

Member of work-place union 0.072**
(0.021)

0.072**
(0.015)

0.054**
(0.017)

0.062**
(0.019)

Non-member of work-place union 0.030
(0.022)

0.039**
(0.013)

0.014
(0.016)

0.025
(0.016)

Mining 0.423**
(0.107)

0.112*
(0.052)

0.060
(0.039)

0.093*
(0.037)

Construction 0.033
(0.055)

0.003
(0.037)

0.006
(0.047)

0.039
(0.041)

Manufacturing 0.049
(0.028)

0.001
(0.017)

0.007
(0.025)

0.005
(0.022)

Transport, Utilities & Communication 0.055
(0.039)

0.003
(0.022)

-0.006
(0.029)

0.004
(0.028)

Wholesale & Retail Trade -0.068*
(0.032)

-0.079**
(0.018)

-0.041
(0.027)

-0.026
(0.024)

Finance, Insurance & Real Estate 0.255**
(0.040)

0.133**
(0.023)

-0.003
(0.038)

0.002
(0.046)

Years of full time schooling 0.037**
(0.005)

0.056**
(0.004)

___ ___

m1

(p-value)
12.451
(0.000)

8.067
(0.000)

-27.119
(0.000)

-6.536
(0.000)

m2

(p-value)
10.475
(0.000)

2.763
(0.000)

2.684
(0.007)

1.647
(0.100)

Wald Size
(p-value)

89.694
(0.000)

77.475
(0.000)

12.341
(0.006)

10.431
(0.015)

Wald Industry
(p-value)

81.184
(0.000)

83.824
(0.000)

10.302
(0.112)

11.783
(0.067)

Method of Estimation OLS
Levels

GLS Within-
Groups

OLS First-
Differences

Source: British Household Panel Survey (BHPS).
Notes:
1) Sample period is 1993-1998. There are 1204 individuals and 4515 observations.
2) Asymptotic standard errors are reported in parentheses.
3) In columns (i), (iii) and (iv) standard errors are robust to general  time-series and cross-sectional heteroskedasticity .
4) ** statistically significant at a 1 percent level. * statistically significant at a 5 percent level.
5) Other regressors included in the wage equations. Columns (i) and (ii): Experience interacted with Gender, Experience Squared
interacted with Gender, Male dummy, White dummy, Marital status dummy interacted with Gender, Time dummies, London dummy,
South east dummy, Part-time dummy, Professional occupation dummy, Managerial and technical occupation dummy, and Unskilled
dummy. Columns (iii) and (iv): as in columns (i) and (ii) but excluding Experience interacted with Gender, Schooling, Male dummy,
and White dummy.
6) The omitted dummies of interest are less than 25 employees, No workplace union and Services industry.
7) m2 and m1 are tests of first and second order serial correlation in first differenced disturbances, asymptotically distributed as N(0,1)
under the null of no serial correlation.
8) Wald is a test of joint statistical significance of the corresponding dummies, asymptotically distributed Chi-square under the null
with 3 degrees of freedom for Size and 6 for Industry.
9) In column (i), (iii) and (iv) estimation was implemented using DPD98 for Gauss (see, Arellano and Bond (1998)) and in column (ii)
using DPD1.00a for Ox (Doornik, Arellano and Bond (1999)).
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Wdeoh 6= Rswlpdo +wzr0vwhsv, �uvw0gl�huhqfhg JPP hvwlpdwhv

Dependent variable:
Logarithm of  usual gross nominal
hourly wages

(i) (ii) (iii) (iv)

25 to 199 employees 0.038
(0.030)

0.058**
(0.019)

-0.014
(0.012)

0.030**
(0.006)

200 to 999 employees 0.043
(0.038)

0.050*
(0.023)

0.008
(0.017)

0.042**
(0.007)

1000 or more employees 0.024
(0.056)

0.049**
(0.034)

0.040
(0.022)

0.065**
(0.010)

Member of work-place union 0.130**
(0.038)

0.081**
(0.024)

0.109**
(0.020)

0.049**
(0.009)

Non-member of work-place union 0.077**
(0.027)

0.060
(0.021)

0.049**
(0.014)

0.033**
(0.008)

Mining 0.119*
(0.059)

0.060
(0.056)

0.038
(0.030)

0.063**
(0.022)

Construction -0.158
(0.099)

-0.063
(0.051)

0.023
(0.024)

0.037**
(0.010)

Manufacturing -0.115*
(0.058)

-0.019
(0.038)

-0.035
(0.020)

0.023*
(0.010)

Transport, Utilities & Communication -0.136
(0.081)

-0.087
(0.048)

-0.036
(0.025)

0.001
(0.013)

Wholesale & Retail Trade 0.018
(0.072)

0.032
(0.042)

-0.018
(0.022)

-0.021
(0.012)

Finance, Insurance & Real Estate 0.038
(0.071)

0.112*
(0.051)

0.077**
(0.039)

0.000
(0.013)

m1

(p-value)
-6.742
(0.000)

-6.634
(0.000)

-6.597
(0.000)

-6.552
(0.000)

m2

(p-value)
0.949

(0.342)
1.372

(0.170)
1.334

(0.182)
1.492

(0.136)
Wald Size
(p-value)

1.938
(0.371)

9.593
(0.022)

8.536
(0.036)

51.951
(0.000)

Wald Industry
(p-value)

21.312
(0.002)

19.181
(0.004)

17.415
(0.008)

49.800
(0.000)

Sargan-Hansen [d.f.]
(p-value)

216.144 [210]
(0.371)

308.343 [309]
(0.500)

293.381 [276]
(0.226)

441.647 [441]
(0.482)

Sargan-Hansen Difference [d.f.]
(p-value)

___ 92.196 [99]
(0.673)

77.273 [66]
(0.162)

225.503 [231]
(0.590)

Instruments X1i: t-2, t-3

X2i: t-2, t-3

X1i:  t+2, t+3,
t-2, t-3

X2i: t-2, t-3

X1i: t-1, t-2,
t-3

  X2i: t-2, t-3

X1i:t+2, t+1, t,
t-1, t-2, t-3

X2i: t-2, t-3
Source: British Household Panel Survey (BHPS).
Notes:
1) Sample period is 1993-1998. There are 1204 individuals and 4515 observations.
2) Asymptotic standard errors are reported in parentheses. Standard errors are robust to general time-series and cross-sectional
heteroskedasticity.
3) ** statistically significant at a 1 percent level. * statistically significant at a 5 percent level.
4) Other regressors included in the wage equations: Experience Squared interacted with Gender, Marital status dummy interacted with
Gender, London dummy, South east dummy, Part-time dummy, Professional occupation dummy, Managerial and technical occupation
dummy, and Unskilled dummy. Time dummies are included as regressors and instruments in all equations.
5) The omitted dummies of interest are less than 25 employees, No workplace union and Retail and wholesale trade.
6) m2 and m1 are tests of first and second order serial correlation in first differenced disturbances, asymptotically distributed as N(0,1)
under the null of no serial correlation.
7) Wald is a test of joint statistical significance of the corresponding dummies, asymptotically distributed Chi-square under the null
with 3 degrees of freedom for Size and 6 for Industry.
8) Sargan-Hansen is a test of overidentifying restrictions, asymptotically distributed Chi-square under the null with degrees of freedom
in brackets.
9) Sargan-Hansen difference is a nested test for the validity of the additional instruments, asymptotically distributed Chi-square under
the null with degrees of freedom in brackets. The nested instruments’ set is always the one we use for column (i).
10) Estimation was implemented using DPD98 for Gauss (see, Arellano and Bond (1998)).
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Wdeoh 7= Rqh0vwhs urexvw �uvw0gl�huhqfhg JPP hvwlpdwhv

Dependent variable:
Logaritm of  usual gross nominal
hourly wages

(i) (ii) (iii) (iv)

25 to 199 employees 0.010
(0.041)

0.043
(0.029)

-0.011
(0.020)

0.024*
(0.012)

200 to 999 employees -0.026
(0.056)

0.001
(0.040)

-0.011
(0.028)

0.032*
(0.014)

1000 or more employees -0.047
(0.092)

-0.007
(0.064)

0.038
(0.039)

0.075**
(0.025)

Member of work-place union 0.096
(0.059)

0.068
(0.039)

0.087*
(0.039)

0.071**
(0.018)

Non-member of work-place union 0.060
(0.039)

0.025
(0.032)

0.036
(0.023)

0.030**
(0.014)

Mining 0.209
(0.172)

0.172
(0.095)

0.123*
(0.058)

0.087
(0.036)

Construction -0.148
(0.172)

-0.039
(0.119)

0.014
(0.052)

0.025
(0.042)

Manufacturing -0.087
(0.088)

0.008
(0.063)

-0.014
(0.033)

0.014
(0.023)

Transport, Utilities & Communication -0.088
(0.121)

-0.008
(0.082)

-0.001
(0.045)

0.000
(0.028)

Wholesale & Retail Trade 0.090
(0.105)

0.063
(0.078)

0.016
(0.036)

-0.024
(0.024)

Finance, Insurance & Real Estate 0.069
(0.102)

0.132
(0.084)

0.076
(0.079)

-0.007
(0.039)

m1

(p-value)
-6.662
(0.000)

-6.578
(0.000)

-6.541
(0.000)

-6.562
(0.000)

m2

(p-value)
0.909

(0.363)
1.320

(0.187)
1.304

(0.192)
1.632

(0.103)
Wald Size
(p-value)

0.858
(0.836)

3.168
(0.366)

2.579
(0.461)

10.091
(0.018)

Wald Industry
(p-value)

7.733
(0.258)

7.874
(0.247)

7.585
(0.270)

11.145
(0.084)

Instruments X1i: t-2, t-3

X2i: t-2, t-3

X1i:  t+2,
t+3, t-2, t-3
X2i: t-2, t-3

X1i: t-1, t-2,
t-3

  X2i: t-2, t-3

X1i:t+2, t+1, t,
t-1, t-2, t-3

X2i: t-2, t-3
Source: British Household Panel Survey (BHPS).
Notes:  As in Table 3.
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Wdeoh 8= Whvw0vshfl�fdwlrq iru �uvw0gl�huhqfhg JPP hvwlpdwhv= Lqfoxglqj wkh gh0
shqghqw yduldeoh lq wkh lqvwuxphqwv* vhw

Additional Instruments: Sargan-Hansen [d.f.]
(p-value)

Sargan-Hansen
Difference [d.f.]

(p-value)

Base
Instruments’

set

(i) wt , wt-1, wt-2, wt-3 311.786 [233]
(0.000)

95.642 [23]
(0.000)

(ii) wt-1, wt-2, wt-3 284.872 [227]
(0.005)

68.728 [17]
(0.000)

(iii) w t-2, wt-3 234.928 [221]
(0.248)

18.784 [11]
(0.065)

X1i: t-2, t-3
X2i: t-2, t-3

(iv) wt , wt-1, wt-2, wt-3 563.339 [464]
(0.001)

347.195 [254]
(0.000)

(v) wt-1, wt-2, wt-3 498.800 [458]
(0.091)

282.656 [248]
(0.064)

(vi) wt-2, wt-3 463.737 [452]
(0.341)

247.593 [242]
(0.389)

X1i:t+2, t+1, t,
t-1, t-2, t-3

 X2i: t-2, t-3

Source: British Household Panel Survey (BHPS).
Notes:
1) Sample period is 1993-1998. There are 1204 individuals and 4515 observations.
2) Regressors included in the wage equations: 3 Size dummies, 2 work-place union dummies, 6 Industry dummies Experience Squared
interacted with Gender, Marital status dummy interacted with Gender, London dummy, South east dummy, Part-time dummy,
Professional occupation dummy, Managerial and technical occupation dummy, and Unskilled dummy. Time dummies are included as
regressors and instruments in all equations.
3) Sargan-Hansen is a test of overidentifying restrictions, asymptotically distributed Chi-square under the null with degrees of freedom
in brackets.
4) Sargan-Hansen difference is a nested test for the validity of the additional instruments, asymptotically distributed Chi-square under
the null with degrees of freedom in brackets. The nested instruments’ set is always the one we use for column (i) of Tables 3 and 4.
5) Estimation was implemented using DPD98 for Gauss (see, Arellano and Bond (1998)).
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Dependent variable:
Logarithm of  usual gross nominal
hourly wages

(i) (ii) (iii) (iv)

25 to 199 employees 0.025
(0.015)

0.132**
(0.019)

0.025
(0.015)

0.028
(0.044)

200 to 999 employees 0.038*
(0.019)

0.182**
(0.022)

0.040*
(0.018)

0.106
(0.058)

1000 or more employees 0.100**
(0.032)

0.309**
(0.032)

0.106**
(0.032)

0.126
(0.094)

Member of work-place union 0.073**
(0.026)

0.020
(0.022)

0.085**
(0.024)

0.117**
(0.032)

Non-member of work-place union 0.038*
(0.019)

0.006
(0.022)

0.061**
(0.023)

0.073*
(0.033)

Mining 0.099
(0.062)

0.283**
(0.092)

0.104
(0.063)

0.304
(0.193)

Construction -0.020
(0.046)

0.018
(0.047)

-0.018
(0.045)

-0.055
(0.138)

Manufacturing -0.006
(0.027)

0.001
(0.028)

-0.002
(0.027)

-0.014
(0.074)

Transport, Utilities & Communication 0.017
(0.034)

0.022
(0.039)

0.012
(0.033)

-0.033
(0.089)

Wholesale & Retail Trade -0.033
(0.029)

-0.097**
(0.032)

-0.037
(0.029)

-0.019
(0.083)

Finance, Insurance & Real Estate 0.018
(0.047)

0.263**
(0.037)

0.030
(0.047)

0.035
(0.109)

m1

(p-value)
-6.620
(0.000)

-7.032
(0.000)

-6.624
(0.000)

-7.269
(0.000)

m2

(p-value)
1.550

(0.121)
1.622

(0.105)
1.566

(0.117)
1.286

(0.199)
Wald Size
(p-value)

10.051
(0.018)

108.895
(0.000)

11.612
(0.009)

3.909
(0.272)

Wald Industry
(p-value)

6.953
(0.325)

98.054
(0.000)

8.001
(0.237)

3.187
(0.785)

Sargan-Hansen [d.f.]
(p-value)

151.248 [138]
(0.208)

210.733 [149]
(0.001)

162.910 [140]
(0.090)

338.520 [330]
(0.361)

Sargan-Hansen Difference [d.f.]
(p-value)

___ ___ ___ 122.376 [120]
(0.423)

Hausman-Arellano
(p-value)

7.308
(0.774)

93.124
(0.000)

9.571
(0.569)

16.881
(0.111)

Instruments Dif:stacked ∆Xit

Lev: ∆X1it, ∆X2it

Dif:stacked ∆Xit

Lev: X1it, ∆X2it

Dif:stacked ∆Xit

Lev: Union1it,
all other ∆Xit

Dif: X1i: t-2, t-3
       X2i: t-2, t-3
Lev: Union1it-1,
all other ∆Xit-1

Source: British Household Panel Survey (BHPS).
Notes:
1) Sample period for first-differenced equations is 1993-1998. There are 1204 individuals and 4515 observations.
2), 3) See the corresponding notes in Table 3.
4) Other regressors included in the first-differenced equations: Experience Squared interacted with Gender, Marital status dummy
interacted with Gender, London dummy, South east dummy, Part-time dummy, Professional occupation dummy, Managerial and
technical occupation dummy, and Unskilled dummy. Other regressors included in the level equations: the same used for  the first
differences plus Experience interacted with Gender, Schooling, Male dummy, White dummy. Time dummies are included as
regressors and instruments in all equations. In the instruments’ set for the level equations neither first-differences in experience or the
London dummy are included. Male dummy , White dummy and Schooling are included stacked in the instruments’ set for the level
equations.
5), 6), 7), 8) See the corresponding notes in Table 3.
9) Sargan-Hansen difference is a nested test for the validity of the additional instruments, asymptotically distributed Chi-square under
the null with degrees of freedom in brackets. The nested instruments’ set is always the one we use for column (i) of Tables 3 and 4.
10) Hausman-Arellano is Arellano’s version of the Hausman test which is computed from on an auxiliary regression that includes
another set of regressors that take the value of zero in the equation in first-differences, and reproduce the levels of the variables of
interest for the equations in levels. The test statistic is a Wald test of the hypothesis that the coefficients on these additional regressors
are jointly zero, asymptotically distributed Chi-square under  the null with 11 degrees of freedom.
11) Estimation was implemented using DPD98 for Gauss (see, Arellano and Bond (1998)).
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Status of  Schooling in the
instruments’ set for the level

equations:

Included
(i)

Excluded
(ii)

Base Instruments’ set:

Schooling
Coefficient

(s.e.)

Schooling
Coefficient

(s.e.)
Sargan-Hansen [d.f.]

(p-value)
Dif: stacked ∆Xit

Lev: ∆X1it, ∆X2it

0.063**
(0.006)

0.076**
(0.016)

151.520 [137]
(0.187)

Dif: stacked ∆Xit

Lev: X1it, ∆X2it

0.059**
(0.006)

0.093**
(0.014)

199.194 [148]
(0.003)

Dif: stacked ∆Xit

Lev: Union1it, all other ∆Xit

0.064**
(0.006)

0.071**
(0.016)

163.377 [139]
(0.077)

Dif: X 1i: t-2, t-3, X2i: t-2, t-3
Lev: Union1it-1, all other ∆Xit-1

0.052**
(0.007)

0.044**
(0.017)

338.357 [329]
(0.349)

Source: British Household Panel Survey (BHPS).
Notes:
1) Sample period is 1993-1998. There are 1204 individuals and 4515 observations.
2) Asymptotic standard errors are reported in parentheses. Standard errors are robust to general time-series and cross-sectional
heteroskedasticity.
3) ** statistically significant at a 1 percent level. * statistically significant at a 5 percent level.
4) For column (ii), other regressors included in the first-differenced equations are: 6 industry dummies, 2 work-place union dummies,
3 size dummies, Experience Squared interacted with Gender, Marital status dummy interacted with Gender, London dummy, South
east dummy, Part-time dummy, Professional occupation dummy, Managerial and technical occupation dummy, and Unskilled dummy.
Other regressors included in the level equations: the same used for the first differences plus Experience interacted with Gender,
Schooling, Male dummy, White dummy. Time dummies are included as regressors and instruments in all equations. In the
instruments’ set for the level equations neither first-differences in experience or the London dummy are included. Male dummy and
White dummy are included stacked in the instruments’ set for the level equations. Column (i) reports the estimates for the schooling
variables obtained in column (i) to (iv) of Table 6. Therefore, the only difference with Column (ii) of this Table is the inclusion of the
schooling variable stacked in the instruments’ set for the level equations.
5) Sargan-Hansen is a test of overidentifying restrictions, asymptotically distributed Chi-square under the null with degrees of freedom
in brackets. See Table 6 for the Sargan-Hansen tests for column (i).
6) Estimation was implemented using DPD98 for Gauss (see, Arellano and Bond (1998)).
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