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Idelr Exvhwwl dqg Dqguhz Kduyh| Edqn ri Lwdo| dqg

Idfxow| ri Hfrqrplfv dqg Srolwlfv/ Xqlyhuvlw| ri Fdpeulgjh

Mxqh 9/ 5335

Devwudfw

Wklv duwlfoh prgl�hv dqg h{whqgv wkh whvw djdlqvw qrqvwdwlrqdu| vwrfkdv0
wlf vhdvrqdolw| sursrvhg e| Fdqryd dqg Kdqvhq +4<<8,1 D vlpsol�hg irup
ri wkh whvw vwdwlvwlf lq zklfk wkh qrqsdudphwulf fruuhfwlrq iru vhuldo fru0
uhodwlrq lv edvhg rq hvwlpdwhv ri wkh vshfwuxp dw wkh vhdvrqdo iuhtxhqflhv
lv frqvlghuhg dqg vkrzq wr kdyh wkh vdph dv|pswrwlf glvwulexwlrq dv wkh
ruljlqdo irupxodwlrq1 Xqghu wkh qxoo k|srwkhvlv wkh glvwulexwlrq ri wkh vhd0
vrqdolw| whvw vwdwlvwlfv lv qrw d�hfwhg e| wkh lqfoxvlrq ri wuhqgv/ hyhq zkhq
prgl�hg wr doorz iru vwuxfwxudo euhdnv/ ru e| wkh lqfoxvlrq ri uhjuhvvruv zlwk
qrqvhdvrqdo xqlw urrwv1 D sdudphwulf yhuvlrq ri wkh whvw lv sursrvhg dqg lwv
shuirupdqfh lv frpsduhg zlwk wkdw ri wkh qrqsdudphwulf whvw xvlqj Prqwh
Fduor h{shulphqwv1 D whvw zklfk doorzv iru euhdnv lq wkh vhdvrqdo sdwwhuq
lv wkhq ghulyhg1 Lw lv vkrzq wkdw lwv dv|pswrwlf glvwulexwlrq lv lqghshqghqw
ri wkh euhdn srlqw dqg lwv xvh lv looxvwudwhg zlwk d vhulhv rq XN pduuldjhv1
D jhqhudo whvw djdlqvw dq| irup ri shupdqhqw vhdvrqdolw|/ ghwhuplqlvwlf ru
vwrfkdvwlf/ lv vxjjhvwhg dqg frpsduhg zlwk d Zdog whvw iru wkh vljql�fdqfh
ri �{hg vhdvrqdo gxpplhv1 Lw lv qrwhg wkdw whvwv frqvwuxfwhg lq d vlplodu
zd| fdq eh xvhg wr ghwhfw wudglqj gd| h�hfwv1 Dq dsshdolqj ihdwxuh ri
wkh sursrvhg whvw vwdwlvwlfv lv wkdw xqghu wkh qxoo k|srwkhvlv wkh| doo kdyh
dv|pswrwlf glvwulexwlrqv ehorqjlqj wr wkh Fudpìu0yrq Plvhv idplo|1

NH\ZRUGV= Fudpìu0yrq Plvhv glvwulexwlrq/ Orfdoo| ehvw lqyduldqw
whvw/ Vhdvrqdo euhdnv/ Vwuxfwxudo wlph vhulhv prgho/ Wudglqj gd| h�hfwv/
Xqrevhuyhg frpsrqhqwv1

MHO fodvvl�fdwlrq= F55/ F85

Prqwko| dqg txduwhuo| hfrqrplf wlph vhulhv duh riwhq vxemhfw wr vhdvrqdo pryh0
phqwv1 Wkhvh vhdvrqdo sdwwhuqv whqg wr hyroyh ryhu wlph dqg prvw vhdvrqdo dg0
mxvwphqw surfhgxuhv dvvxph wkdw wklv lv wkh fdvh1 Krzhyhu/ li wkh vhdvrqdo sdwwhuq



grhv qrw fkdqjh/ lw fdq eh prghoohg e| d vhw ri gxpp| yduldeohv1 Lqghhg d ghwhu0
plqlvwlf vhdvrqdo sdwwhuq fdq eh uhpryhg zlwkrxw hyhq hvwlpdwlqj d wlph vhulhv
prgho1 Doo wkdw qhhgv wr eh dvvxphg lv wkh qxpehu ri wlphv wkh vhulhv qhhgv wr
eh gl�huhqfhg wr pdnh lw vwdwlrqdu|> vhh Slhufh +4<:;, dqg Kduyh| +4<;</ s 536,1
Dgmxvwlqj vhulhv lq wklv zd| pd| vlpsoli| wkh h{sorudwlrq ri uhodwlrqvklsv ehwzhhq
wlph vhulhv1

Fdqryd dqg Kdqvhq +4<<8,0 khuhdiwhu FK0 sursrvhg d whvw ri wkh qxoo k|0
srwkhvlv wkdw wkh vhdvrqdo sdwwhuq lv ghwhuplqlvwlf djdlqvw wkh dowhuqdwlyh wkdw lw
hyroyhv dv d qrqvwdwlrqdu| vwrfkdvwlf surfhvv1 Wkh whvw lqfoxghv d qrqsdudphwulf
fruuhfwlrq iru vhuldo fruuhodwlrq dqg vhdvrqdo khwhurvfhgdvwlflw|1 Wkh dlp ri wklv
sdshu lv wr h{whqg wkh FK whvw lq ydulrxv gluhfwlrqv1 Zh vkrz krz wr prgli|
wkh whvw vr dv wr doorz iru wkh h�hfw ri prgholqj euhdnv lq wkh vhdvrqdo sdwwhuq1
Zh wkhq frqvlghu d gl�huhqw/ exw uhodwhg whvwlqj sureohp/ qdpho| whvwlqj iru wkh
suhvhqfh ri dq| nlqg ri vhdvrqdo h�hfwv/ zkhwkhu wkh| eh ghwhuplqlvwlf/ vwrfkdvwlf
ru erwk1 Vlplodu whfkqltxhv fdq eh xvhg iru ghwhfwlqj wudglqj gd| h�hfwv1 Ehiruh
ghvfulelqj wkhvh h{whqvlrqv/ zh h{dplqh wkh FK whvw lq pruh ghwdlo/ orrn dw vrph
dowhuqdwlyh irupxodwlrqv dqg frpsduh wkh shuirupdqfh ri wkh qrqsdudphwulf whvw
zlwk d sdudphwulf rqh1

Vhfwlrq 4 vkrzv krz d qrqsdudphwulf fruuhfwlrq iru vhuldo fruuhodwlrq fdq eh
vhw xs lq whupv ri wkh vshfwuxp dw vhdvrqdo iuhtxhqflhv1 Wklv irupxodwlrq lv
pruh uhvwulfwlyh wkdq wkh FK whvw lqvridu dv lw grhv qrw doorz iru vhdvrqdo khw0
hurvfhgdvwlflw|1 Vxemhfw wr wklv surylvr/ lwv dv|pswrwlf glvwulexwlrq xqghu wkh qxoo
k|srwkhvlv lv wkh vdph dv lq wkh ruljlqdo irupxodwlrq/ exw lwv lqwhusuhwdwlrq lv pruh
wudqvsduhqw1 Lq ghulylqj dv|pswrwlf glvwulexwlrqv zh uhod{ wkh frqglwlrqv vwdwhg
lq Fdqryd dqg Kdqvhq +4<<8, e| vkrzlqj wkdw wkh glvwulexwlrq lv xqd�hfwhg zkhq
d ghwhuplqlvwlf wuhqg lv lqfoxghg lq wkh prgho> uhjuhvvruv zlwk xqlw urrwv fdq dovr
eh lqfoxghg surylghg wkh| gr qrw kdyh vhdvrqdo xqlw urrwv1

Sdudphwulf yhuvlrqv ri wkh whvwv djdlqvw qrqvwdwlrqdu| vhdvrqdolw| fdq eh edvhg
rq vwuxfwxudo wlph vhulhv prghov1 Vxfk prghov duh vhw xs lq whupv ri xqrevhuyhg
frpsrqhqwv/ vxfk dv wuhqgv dqg f|fohv/ zklfk kdyh d gluhfw lqwhusuhwdwlrq> vhh
Kduyh| +4<;<, dqg Nlwdjdzd dqg Jhuvfk +4<<9,1 Wkh xvh ri dxwruhjuhvvlyh prghov/
dv lq Fdqhu +4<<;,/ lv ohvv dsshdolqj lq wklv frqwh{w/ vlqfh wkh| pd| |lhog d srru
dssur{lpdwlrq wr wkh prylqj dyhudjh whupv w|slfdoo| irxqg lq wkh uhgxfhg irupv
ri vwuxfwxudo prghov> vhh dovr Wd|oru +5335d,1 Wkh hylghqfh lq Oh|erxuqh dqg
PfFdeh +4<<7, dqg Kduyh| dqg Vwuhleho +4<<:, vxjjhvwv wkdw zkhq whvwlqj djdlqvw
wkh suhvhqfh ri d udqgrp zdon frpsrqhqw/ d sdudphwulf dssurdfk zloo xvxdoo| jlyh
whvwv zlwk d kljkhu srzhu dqg pruh uholdeoh vl}h1 Zh lqyhvwljdwh zkhwkhu wklv lv
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wkh fdvh iru vhdvrqdolw| whvwv e| d vhulhv ri Prqwh Fduor h{shulphqwv1 Wkh uhvxowv
duh uhsruwhg lq wkh �qdo vxe0vhfwlrq1 Dv zhoo dv fdvwlqj oljkw rq wkh uhodwlrqvkls
ehwzhhq sdudphwulf dqg qrqsdudphwulf whvwv/ wkh| surylgh lqirupdwlrq rq wkh
urexvwqhvv ri wkh qrqsdudphwulf whvw wr wkh rughu ri gl�huhqflqj1

Euhdnv lq wkh wuhqg ohdyh wkh dv|pswrwlf glvwulexwlrq xqd�hfwhg li wkh| duh
fruuhfwo| prghoohg e| wkh lqfoxvlrq ri gxpp| yduldeohv> wklv lv suryhg lq vhfwlrq
41 Vwuxfwxudo euhdnv lq wkh vhdvrqdo sdwwhuq duh dovr frqvlghuhg1 Hpslulfdo uhvxowv
lq Jk|vhov +4<<3, dqg Fdqryd dqg Jk|vhov +4<<7, vxjjhvw wkdw vhdvrqdo phdq
vkliwv duh qrw xqfrpprq lq XV txduwhuo| vhulhv1 Qhjohfwlqj wkhvh vkliwv zloo eldv
wkh qrqvwdwlrqdulw| whvwv dw erwk wkh }hur dqg wkh vhdvrqdo iuhtxhqflhv1 Krzhyhu/
prgholqj euhdnv lq wkh vhdvrqdo sdwwhuq zloo d�hfw wkh glvwulexwlrq ri wkh vhd0
vrqdolw| whvw vwdwlvwlfv1 Vhfwlrq 5 vkrzv krz wr frqvwuxfw d whvw vwdwlvwlf djdlqvw
vwrfkdvwlf vhdvrqdolw|/ wkh dv|pswrwlf glvwulexwlrq ri zklfk lv lqghshqghqw ri wkh
euhdnsrlqw orfdwlrq1

Wkh sdudphwulf dqg qrqsdudphwulf whvwv/ zlwk wkh euhdnsrlqw prgl�fdwlrq/
duh looxvwudwhg e| dq dssolfdwlrq wr d txduwhuo| vhulhv rq XN pduuldjhv1 Wkh srlqw
derxw wklv h{dpsoh lv wkdw wkhuh lv dq lghqwl�deoh euhdn lq wkh vhdvrqdo sdwwhuq
ehfdxvh ri d nqrzq fkdqjh lq wkh wd{ odzv1 Wkh prgl�hg whvw lv wu|lqj wr dvvhvv
li lw lv qhfhvvdu| wr doorz iru vwrfkdvwlf vhdvrqdolw| rqfh wkh ghwhuplqlvwlf euhdn
kdv ehhq dffrxqwhg iru e| lqwhuyhqwlrq gxpp| yduldeohv1

Vhfwlrq 6 vxjjhvwv d jhqhudo whvw iru vhdvrqdolw|1 Wklv wdnhv wkh vdph irup dv
wkh whvw djdlqvw qrqvwdwlrqdu| vhdvrqdolw|/ h{fhsw wkdw vhdvrqdo gxpplhv duh qrw
�wwhg1 Wkh dv|pswrwlf glvwulexwlrq lv jlyhq dqg wkh shuirupdqfh ri wkh whvw lv
frpsduhg zlwk wkdw ri d Zdog whvw iru wkh vljql�fdqfh ri �{hg vhdvrqdo gxpplhv1
Vlplodu whfkqltxhv duh xvhg wr frqvwuxfw d whvw iru wkh suhvhqfh ri wudglqj gd|
h�hfwv1

D xqli|lqj ihdwxuh ri wkh whvw vwdwlvwlfv lv wkdw/ xqghu wkh qxoo k|srwkhvlv/ wkh|
doo kdyh dv|pswrwlf glvwulexwlrqv wkdw ehorqj wr wkh Fudpìu0yrq Plvhv idplo|1
Wkhvh glvwulexwlrqv gl�hu dffruglqj wr wkh ghwhuplqlvwlf frpsrqhqwv �wwhg dqg
d ghjuhhv ri iuhhgrp sdudphwhu1 Wkh vdph glvwulexwlrqv dulvh lq whvwv djdlqvw
qrqvwdwlrqdu| wuhqgv dv qrwhg lq Kduyh| +5334,1

41 Whvwlqj djdlqvw wkh Suhvhqfh ri d Qrqvwdwlrqdu| Vhdvrqdo

Frpsrqhqw

Wklv vhfwlrq ghyhorsv wkh wuljrqrphwulf irup ri wkh whvw djdlqvw qrqvwdwlrqdu|
vwrfkdvwlf vhdvrqdolw|/ vkrzv wkdw lw lv orfdoo| ehvw lqyduldqw/ jlyhv qrqsdudphwulf
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fruuhfwlrqv iru vhuldo fruuhodwlrq dqg vkrzv krz wr vhw xs d sdudphwulf whvw1 Prqwh
Fduor vlpxodwlrq h{shulphqwv duh wkhq xvhg wr frpsduh wkh shuirupdqfh ri wkh
sdudphwulf dqg qrqsdudphwulf whvwv lq vpdoo vdpsohv1

4141 Wkh Whvwlqj Iudphzrun

Ohw +| eh d vfdodu wlph vhulhv/ ghqrwh e| r wkh qxpehu ri vhdvrqv lq d |hdu dqg

ohw ~| '
�
5��|c ���c 5

�

dr*2o|

�
�

eh dq +r� ��0yhfwru ri wuljrqrphwulf vhdvrqdo yduldeohv/

wkdw lv 5�| ' EULt 2Z�|*rc t�? 2Z�|*r�� c � ' �c ���c rW/ zkhuh rW ' r*2� � li r lv hyhq
ru dr*2o li r lv rgg/ zkloh 5r*2c| ' E���| li r lv hyhq1 Wkh �0wk sdlu ri wuljrqrphwulf
whupv/ 5�|/ fruuhvsrqgv wr wkh �0wk kduprqlf vhdvrqdo iuhtxhqf|/ b� � 2Z�*r/
� ' �c ���c rW1 Zkhq r lv hyhq/ wkh odvw hohphqw ri ~|/ 5dr*2o|/ fruuhvsrqgv wr wkh
Q|txlvw iuhtxhqf|/ bdr*2o � Z1

Wkh whvw djdlqvw vwrfkdvwlf vhdvrqdolw| lv ghyhorshg lq wkh frqwh{w ri wkh iro0
orzlqj xqrevhuyhg frpsrqhqwv prgho

+| ' >| n r| n 0|c | ' �c ���c Ac +414,

>| ' f �

|qc +415,

r| ' ~ �|�|c +416,

���| ' ���|3� n V|c +417,

zkhuh f| lv d R � � yhfwru ri olqhduo| lqghshqghqw ghwhuplqlvwlf uhjuhvvruv zlwk
dvvrfldwhg frh!flhqw yhfwru qc r| lv d wlph ydu|lqj vhdvrqdo frpsrqhqw zlwk ~|

gh�qhg dv deryh/ � lv d nqrzq Er� ��� & vhohfwlrq pdwul{ zlwk udqn & � r� �c
dqg 0| dqg V| duh pxwxdoo| xqfruuhodwhg phdq }hur glvwxuedqfhv zlwk yduldqfhv
j20 dqg j2V` uhvshfwlyho|� Wkh lqlwldo ydoxh �f lv dvvxphg wr eh �{hg1

Wkh dlp lv wr whvw wkh qxoo k|srwkhvlv wkdw wkh vhdvrqdo frpsrqhqw lv ghwhu0
plqlvwlf/ Kf G j2V ' fc djdlqvw wkh dowhuqdwlyh wkdw lw kdv xqlw urrw ehkdylru/
K� G j2V : f� Iroorzlqj Fdqryd dqg Kdqvhq +4<<8,/ wkh pdwul{ � lv xvhg wr iru0
pxodwh whvwv dw vxevhwv ri wkh vhdvrqdo iuhtxhqflhv b�c ���c bdr*2o� Li wkh whvw lv wr eh
fduulhg rxw dw wkh vlqjoh iuhtxhqf| b� c zh zloo ohw �� ghqrwh wkh E2� � ��|� dqg
E2��|�froxpqv ri Ur3� iru � 	 r*2 dqg wkh E2� � ��|� froxpq ri Ur3� li � ' r*2( U&
ghqrwhv dq lghqwlw| pdwul{ ri glphqvlrq &� Zkhq doo wkh vhdvrqdo iuhtxhqflhv duh
frqvlghuhg � ' Ur3��
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4151 Orfdoo| ehvw lqyduldqw whvw

Xqghu Jdxvvldqlw|/ wkh orfdoo| ehvw lqyduldqw +OEL, whvw iru wkh qxoo k|srwkhvlv
ri ghwhuplqlvwlf vhdvrqdolw| iru wkh prgho +414,0+417, fdq eh hdvlo| rewdlqhg iurp
wkh uhvxowv ri Nlqj dqg Kloolhu +4<;8,/ zkhuh lw lv dovr vkrzq wkdw wkh whvw lv d
rqh0vlghg OP whvw/ dqg Wd|oru +5335d,1

Vshfl�fdoo|/ ohw e|/ | ' �c ���c Ac eh wkh ruglqdu| ohdvw vtxduhv +ROV, uhvlgxdov
iurp uhjuhvvlqj +| rq Ef �

|c ~
�

|�
� dqg ohw ej2 ' A3�

SA
|'� e

2
| eh wkhlu vdpsoh yduldqfh1

Ohw @� ' � li � ' r*2 dqg @� ' 2 rwkhuzlvh1
Frqvlghu �uvw hdfk vhdvrqdo iuhtxhqf| b�/ � ' �c ���c dr*2oc lq wxuq/ wkdw lv

� ' �� lq wkh prgho +414,0+417,1 Wkhq/ xqghu Jdxvvldqlw|/ wkh OEL whvw iru
whvwlqj Kf G j

2
V ' f djdlqvw K� G j

2
V : f uhmhfwv iru odujh ydoxhv ri wkh vwdwlvwlf /�/

gh�qhg dv

/� ' @�A
32ej32 A[

|'�

57# |[
�'�

e� ULt b��

$2

n

#
|[

�'�

e� t�?b��

$2
68 c � ' �c ���c dr*2o�

+418,

Qrwh wkdw/ zkhq r lv hyhq/ wkh whvw vwdwlvwlf dw wkh Q|txlvw iuhtxhqf|/ /r*2c fdq
eh zulwwhq zlwkrxw wkh whupv e� t�? br*2� dv wkh| duh lghqwlfdoo| }hur1

D frpsohwh whvw djdlqvw qrqvwdwlrqdu| vhdvrqdolw| dw doo iuhtxhqflhv/ wkdw lv
� ' Ur3�c uhmhfwv iru odujh ydoxhv ri wkh vwdwlvwlf rewdlqhg e| dgglqj xs wkh whvw
vwdwlvwlfv iru hdfk lqglylgxdo iuhtxhqf|/ qdpho|

/ '

dr*2o[
�'�

/� c +419,

Wklv whvw lv OEL iru d prgho zkhuh/ xqghu wkh dowhuqdwlyh k|srwkhvlv/ wkh frh!0
flhqwv fruuhvsrqglqj wr hdfk vhdvrqdo iuhtxhqf| b�c � ' �c ���c rWc hyroyh dv pxwxdoo|
lqghshqghqw udqgrp zdonv zlwk yduldqfhv j2V dqg/ li r lv hyhq/ wkh frh!flhqw iru
iuhtxhqf| Z lv d udqgrp zdon zlwk yduldqfh j2V*2� Wkxv ` lv dq lghqwlw| pdwul{
xqohvv r lv hyhq lq zklfk fdvh wkh odvw hohphqw lq wkh pdlq gldjrqdo lv 4251

Xqghu Kfc /�
_$ ��� E@�� dqg /

_$ ���Er � ��c zkhuh ���E&� ghqrwhv d

Fudpìu0yrq Plvhv udqgrp yduldeoh zlwk & ghjuhhv ri iuhhgrp/ dqg
Sdr*2o

�'� @� '
r � �� Jdxvvldqlw| ri wkh 0�|r lv qrw qhhghg> doo wkdw lv uhtxluhg lv wkdw wkh| eh
pduwlqjdoh gl�huhqfhv vdwlvi|lqj wkh frqglwlrqv lq Dqguhzv +4<<4/ s ;56, ru Vwrfn
+4<<7/ s15:78,1 Wkh surri lv d vshfldo fdvh ri sursrvlwlrq 414 ehorz1
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4161 Qrqsdudphwulf Fruuhfwlrq iru Vhuldo Fruuhodwlrq Edvhg rq wkh Vshf0

wuxp dw Vhdvrqdo Iuhtxhqflhv

Vhuldo fruuhodwlrq lq wkh vwdwlrqdu| frpsrqhqw ri +414,0+417, fdq eh wuhdwhg qrq0
sdudphwulfdoo| e| uhsodflqj wkh vdpsoh yduldqfh/ ej2c lq /� zlwk dq hvwlpdwru ri
wkh vshfwuxp ri 0| dw iuhtxhqf| b�� Zh ghqrwh wklv vshfwudo qrqsdudphwulf whvw
vwdwlvwlf dv

/�E6� '
@�
SA

|'�

k�S|
�'� e� ULtb��

�2
n
�S|

�'� e� t�?b��
�2l

A 2e}Eb�(6�
c � ' �c ���c dr*2oc

+41:,

zkhuh

e}Eb�(6� '

6[
�'36

�E� c6�e�eE�� ULtb&� +41;,

lv wkh hvwlpdwru ri wkh vshfwudo jhqhudwlqj ixqfwlrq/ �E� c6� lv d zhljkwlqj ixqfwlrq
ru nhuqho/ vxfk dv �E�c6� ' ��m� m*E6n��c dqg e�eE� � ' A3�

SA
|'�n� e|e|3� lv wkh

vdpsoh dxwrfryduldqfh ri wkh ROV uhvlgxdov dw odj � � Dowhuqdwlyh rswlrqv iru wkh
nhuqho �E�c �� pd| eh irxqg lq Dqguhzv +4<<4/ s1;54,1 Iru whvwlqj doo wkh vhdvrqdo
iuhtxhqflhv wkh vshfwudo qrqsdudphwulf vwdwlvwlf lv

/E6� '

dr*2o[
�'�

/�E6��

Xqghu wkh dvvxpswlrqv vhw rxw ehorz/ wkh dv|pswrwlf glvwulexwlrqv ri wkh
deryh whvw vwdwlvwlfv xqghu wkh qxoo k|srwkhvlv zloo eh wkh vdph dv lq wkh suhylrxv
vxe0vhfwlrq1

Dvvxpswlrq D41 f| lv d R � � yhfwru ri ghwhuplqlvwlf uhjuhvvruv dqg (A lv
d +gldjrqdo, vfdolqj pdwul{ vxfk wkdw

E�� *�4
A<"

A3�
SA

|'�(
3�
A f|f

�

|(
3�
A ' '%c

E��� *�4
A<"

A3�
SA

|'�(
3�
A f|~ �| ' fc

zkhuh '% lv d srvlwlyh gh�qlwh pdwul{1
Dvvxpswlrq D51 Wkh 0�|r kdyh wkh vwuxfwxuh ri d olqhdu surfhvv/ 0| ' �Eu�0W| /

zkhuh i0W|j lv d pduwlqjdoh gl�huhqfh vhtxhqfh vdwlvi|lqj wkh frqglwlrqv lq Vwrfn

9



+4<<7/ s15:78,/ dqg �Eu� � � n
S

"

�'� ��u
� lv d sro|qrpldo lq u/ wkh frqyhqwlrqdo

odj rshudwru/ u&+| � +|3&/ & ' fc�c ���/ vdwlvi|lqj= +l, �Ei Ti	�2Zb�*rj� 9' f/ iru
doo � ' �c ���c dr*2o/ dqg +ll,

S
"

&'� &m�&m 	41
Dvvxpswlrq D61 Wkh odj wuxqfdwlrq sdudphwhu/ 6c lv vxfk wkdw/ dv A $4c

6$4 dqg 6*A �*2 $ f( vhh Vwrfn +4<<7/ s1 5:<:05:<<,1

Sursrvlwlrq 4141 Ohw +| eh jhqhudwhg e| wkh prgho +414,0+417, xqghu wkh iroorz0
lqj dvvxpswlrqv D40D61 Wkhq/ xqghu Kf G j2V ' fc zkhq � ' ��/ � ' �c ���c dr*2oc
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o 5 dfc �oc ghqrwhv d &0glphqvlrqdo vwdqgdug Zlhqhu surfhvv1 Xqghu K� G j2V : f
dqg zkhq � ' ��/ � ' �c ���c dr*2oc /�E6� dqg /E6� duh �REA*6��

Sursrvlwlrq 414 h{whqgv wkh uhvxow jlyhq lq Fdqryd dqg Kdqvhq +4<<8, dv lw
doorzv iru d jhqhudo vshfl�fdwlrq iru wkh ghwhuplqlvwlf wuhqg >|( lq wkhlu duwlfoh
>| zdv d frqvwdqw ohyho1 Wkh olplwlqj glvwulexwlrq lv xqfkdqjhg surylghg wkh
uhjuhvvruv f| vdwlvi| dvvxpswlrq D41 Lq sduwlfxodu/ frqwudu| wr zkdw Fdqryd dqg
Kdqvhq +4<<8/ s56;, vwdwh/ wkh prgho fdq lqfoxgh olqhdu wuhqgv1 Vwuxfwxudo euhdnv
lq wkh wuhqg dw nqrzq srlqwv fdq dovr eh lqfoxghg1 Wkxv lif| ' E�c |c _|Ek��c zkhuh
_|Ek� lv d gxpp| yduldeoh htxdo wr rqh iru | : kA /zlwk f 	 k 	 �c dqg htxdo wr
}hur iru | � kA dvvxpswlrq D4 lv vdwlv�hg e| fkrrvlqj (A ' _�@}E�c Ac ���

Dv frqfhuqv wkh surshuwlhv ri wkh glvwxuedqfhv/ 0|/ wkh �uvw frqglwlrq ri dv0
vxpswlrq D5 uxohv rxw d }hur lq wkh vshfwuxp dw dq| ri wkh vhdvrqdo iuhtxhqflhv
b�c � ' �c ���c dr*2oc zkloh wkh vhfrqg hqvxuhv wkdw srohv gr qrw h{lvw lq wkh vshf0
wuxp1 Wkhvh frqglwlrqv duh vdwlv�hg e| dq| �qlwh0rughu vwdwlrqdu| dqg lqyhuwleoh
DUPD surfhvvhv1 Dvvxpswlrq D6 lv uhtxluhg wr dfklhyh frqvlvwhqf| ri wkh whvw
xqghu wkh +�{hg, dowhuqdwlyh K� G j2V : f�

Prgho +414,0+417, fdq eh h{whqghg e| lqfoxglqj vwrfkdvwlf uhjuhvvruv zlwk qrq0
vhdvrqdo xqlw urrwv dqg lw fdq eh vkrzq/ iroorzlqj wkh olqh ri wkh surri ri sursrvl0
wlrq 414/ wkdw wkh dv|pswrwlf fulwlfdo ydoxhv iru wkh whvwv lq wkh dxjphqwhg prgho
duh xqfkdqjhg> wkh surri lv rplwwhg exw dydlodeoh iurp wkh dxwkruv rq uhtxhvw1
Vxfk uhjuhvvruv duh uxohg rxw e| Fdqryd dqg Kdqvhq +4<<8, zkr vwdwh wkdw c1111wkh
h{sodqdwru| yduldeohv pd| eh dq| qrq0wuhqglqj yduldeohv wkdw vdwlvi| zhdn ghshq0
ghqfh frqglwlrqv*1 Wkh jhqhudolvdwlrq lv ri vrph sudfwlfdo lpsruwdqfh1 Qrwh wkdw
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wkh suhvhqfh ri furvv fruuhodwlrq ehwzhhq 0| dqg wkh glvwxuedqfh yhfwru gulylqj
wkh vwrfkdvwlf uhjuhvvruv lv qrw lpsruwdqw iru rxu whvwlqj vhdvrqdolw|> xqohvv zh
duh lqwhuhvwhg lq pdnlqj lqihuhqfhv rq wkh frh!flhqw yhfwru ri wkh uhjuhvvruv wkhuh
lv qr qhhg wr xvh/ vd|/ d ixoo| prgl�hg ohdvw vtxduhv surfhgxuh lqvwhdg ri ROV1

Lq vxppdu|/ wkh lqfoxvlrq ri ghwhuplqlvwlf wuhqgv dqg vwrfkdvwlf lqwhjudwhg
uhjuhvvruv grhv qrw d�hfw wkh dv|pswrwlf glvwulexwlrq ri wkh vhdvrqdo whvw vwdwlvwlfv1
Krzhyhu/ wkh lqfoxvlrq ri vhdvrqdo vorshv zloo d�hfw wkh glvwulexwlrq/ mxvw dv lw grhv
iru whvwv ri vhdvrqdo xqlw urrwv dv glvfxvvhg e| Vplwk dqg Wd|oru +4<<;, dqg Wd|oru
+5335d,1 Jlyhq wkh reylrxv sdudoohov zlwk vwdwlrqdulw| whvwv/ lw lv qrw gl!fxow wr
vhh wkdw wkh fkdqjh lq glvwulexwlrq zloo eh wkh vdph dv zkhq d wlph wuhqg lv �wwhg
ehiruh d vwdwlrqdulw| whvw vwdwlvwlf lv frqvwuxfwhg1 Wkh fulwlfdo ydoxhv/ zklfk duh
rqfh djdlq iurp wkh Fudpìu0yrq Plvhv idplo|/ duh dv lq wdeoh 5 ri Q|eorp dqg
Kduyh| +5333,1 Iru txduwhuo| gdwd wkh 8( fulwlfdo ydoxh iru dq ryhudoo whvw/ edvhg
rq wkuhh ghjuhhv ri iuhhgrp/ lv4 3166:1

Gxpp| yduldeohv lqwurgxfhg wr fdswxuh euhdnv lq wkh vhdvrqdo sdwwhuq zloo
dovr d�hfw wkh glvwulexwlrq ri whvw vwdwlvwlfv> wklv lv wkh vxemhfw ri vhfwlrq 51

4171 Wkh Fdqryd0Kdqvhq Whvw Vwdwlvwlf

Wkh whvw vwdwlvwlf sursrvhg e| Fdqryd dqg Kdqvhq +4<<8, lq wkh iudphzrun ri
+414,0+417, wdnhv wkh irup

/�E6� ' A32|o@Se

#�
��elE6��

�
3�

��
A[
|'�

7|7
�

|�

$
c +41<,

zkhuh 7| '
S|

�'� ~�e� dqg elE6� lv d qrqsdudphwulf hvwlpdwru ri wkh �orqj uxq
yduldqfh� ri ~|0|c wkdw lv
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zkhuh �E�c6� lv d nhuqho dv lq +41;,/ dqg eKE� � ' A3�
SA

|'�n� ~|e|e|3�~ �|3� lv wkh
vdpsoh dxwrfryduldqfh pdwul{ dw odj � iruphg iurp ~|e|1 Wkh pdlq gl�huhqfh
ehwzhhq +41<, dqg /E6� lv wkdw +41<, doorzv iru vhdvrqdo khwhurvfhgdvwlflw| dv lq
Dqguhzv +4<<4/ s;6<,> vhh Fdqryd dqg Kdqvhq +4<<8/ sdjh 573,1 Xqghu wkh qxoo

4Wkhuh lv dfwxdoo| d w|srjudsklfdo huuru lq wkh sxeolvkhg wdeoh/ zlwk wkh �jxuh ehlqj jlyhq
dv 316651
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k|srwkhvlv Kf G j2V ' fc wkh dv|pswrwlf uhsuhvhqwdwlrq ri +41<, fruuhvsrqgv wr

wkdw ri sursrvlwlrq 415/ wkdw lv /�E6�
_$ ���Eo@?&E����

4181 Sdudphwulf whvwv

D vwuxfwxudo wlph vhulhv prgho w|slfdoo| frqwdlqv vwrfkdvwlf wuhqg dqg vhdvrqdo
frpsrqhqwv5/ wrjhwkhu zlwk dq luuhjxodu1 Lw fdq eh h{whqghg lq ydulrxv zd|v/
iru h{dpsoh e| lqfoxglqj d f|foh1 Krzhyhu/ iru pdq| hfrqrplf wlph vhulhv/ wkh
 h{lelolw| ri wkh vwrfkdvwlf wuhqg lv vxfk wkdw wkh prgho fdq vwloo dghtxdwho| fds0
wxuh vhdvrqdo pryhphqwv li d f|foh lv h{foxghg1 Zh qrz frqvlghu krz wr vhw xs
d sdudphwulf whvw ri zkhwkhu wkh vhdvrqdo frpsrqhqw lq d vwuxfwxudo wlph vhulhv
prgho lv vwrfkdvwlf1

Li wkh surfhvv jhqhudwlqj wkh qrq0vhdvrqdo sduw ri wkh prgho lv nqrzq/ wkh OEL
whvw djdlqvw vwrfkdvwlf vhdvrqdolw| lv frqvwuxfwhg iurp d vhw ri cvprrwklqj huuruv*1
Dv vkrzq lq Dsshqgl{ E wkh vprrwklqj huuruv duh/ lq jhqhudo/ vhuldoo| fruuhodwhg
exw wkh irup ri wklv vhuldo fruuhodwlrq pd| eh ghgxfhg iurp wkh vshfl�fdwlrq ri
wkh prgho/ wkhuhe| doorzlqj wkh frqvwuxfwlrq ri d vwdwlvwlf wkdw kdv d Fudpìu0yrq
Plvhv glvwulexwlrq/ dv|pswrwlfdoo|/ xqghu wkh qxoo k|srwkhvlv1 Wkh frpsxwdwlrq
ri vprrwklqj huuruv lv glvfxvvhg lq gh Mrqj dqg Shq}hu +4<<;,/ exw li wkh prgho
frqwdlqv d vhuldoo| xqfruuhodwhg luuhjxodu frpsrqhqw/ lw fdq eh vkrzq wkdw wkh|
duh sursruwlrqdo wr wkh rswlpdo hvwlpdwhv ri wklv frpsrqhqw1

Dq dowhuqdwlyh srvvlelolw| lv wr xvh wkh A vwdqgdugl}hg rqh0vwhs dkhdg suhglf0
wlrq huuruv/ wkh lqqrydwlrqv/ fdofxodwhg e| wuhdwlqj qrqvwdwlrqdu| dqg ghwhuplqlv0
wlf frpsrqhqwv dv kdylqj �{hg lqlwldo frqglwlrqv1 Qr fruuhfwlrq lv wkhq qhhghg> wkh
vwdwlvwlf lv ri wkh irup +418, dqg kdv wkh vdph dv|pswrwlf glvwulexwlrq1 Qrwh wkdw
fdofxodwlqj lqqrydwlrqv xqghu wkh dvvxpswlrq wkdw wkh lqlwldo frqglwlrqv duh �{hg
uhtxluhv wkdw wkh lqlwldo frqglwlrqv eh hvwlpdwhg/ exw wkdw d edfnzdug vprrwklqj
uhfxuvlrqv fdq eh dyrlghg vlpso| e| uhyhuvlqj wkh rughu ri wkh revhuydwlrqv dqg
fdofxodwlqj d vhw ri lqqrydwlrqv vwduwlqj iurp wkh �owhuhg hvwlpdwru ri wkh vwdwh dw
wkh hqg ri wkh vdpsoh61

5Wkh prgho xqghuo|lqj wkh OEL wuljrqrphwulf vhdvrqdolw| whvw edvhg rq $ lv rqh lq zklfk
wkh vhdvrqdo uhjuhvvruv kdyh frh!flhqwv zklfk iroorz udqgrp zdonv xqghu wkh dowhuqdwlyh dqg
wkh glvwxuedqfhv gulylqj wkh udqgrp zdonv duh pxwxdoo| xqfruuhodwhg zklwh qrlvh surfhvvhv zlwk
yduldqfhv �5$ dw vhdvrqdo iuhtxhqflhv ohvv wkdq �> dqg/ iru v hyhq/ d yduldqfh ri �5$@5 dw �= Wklv
prgho fdq eh wudqviruphg wr wkh rqh lq Kduyh| +4<;</ fk 5, h{fhsw wkdw wkhuh wkh yduldqfh ri
wkh glvwxuedqfh gulylqj wkh frpsrqhqw dw iuhtxhqf| � lv qrw glylghg e| wzr1 Surlhwwl +5333,
jlyhv frqylqflqj uhdvrqv/ xqfrqqhfwhg zlwk wkh OEL whvw/ dv wr zk| glylvlrq e| wzr lv suhihudeoh1

6Wkh iruzdug dqg edfnzdug lqqrydwlrqv duh qrw wkh vdph1 Ixuwkhupruh lq qhlwkhu fdvh
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Iru erwk wkh vprrwklqj huuru dqg lqqrydwlrq irupv ri wkh whvw/ qxlvdqfh sd0
udphwhuv zloo qrupdoo| kdyh wr eh hvwlpdwhg1 Iru vwdwlrqdulw| whvwv/ Oh|erxuqh
dqg PfFdeh +4<<7, dujxh wkdw wklv lv ehvw grqh xqghu wkh dowhuqdwlyh xvlqj pd{0
lpxp olnholkrrg1 Surfhhglqj lq wklv zd|/ kdv wkh frpshqvdwlqj dgydqwdjh wkdw
vlqfh wkhuh zloo riwhq eh vrph grxew derxw d vxlwdeoh prgho vshfl�fdwlrq/ hvwl0
pdwlrq ri wkh xquhvwulfwhg prgho d�rugv wkh rssruwxqlw| wr fkhfn lwv vxlwdelolw|
e| wkh xvxdo gldjqrvwlfv dqg jrrgqhvv ri �w whvwv1 Rqfh wkh qxlvdqfh sdudphwhuv
kdyh ehhq hvwlpdwhg/ wkh whvw vwdwlvwlf lv fdofxodwhg iurp wkh lqqrydwlrqv rewdlqhg
zlwk j2V vhw wr }hur1 Wkh dv|pswrwlf glvwulexwlrq xqghu wkh qxoo lv xqd�hfwhg1

4191 Prqwh Fduor H{shulphqwv

Wklv vxe0vhfwlrq frpsduhv wkh suredelolw| ri uhmhfwlqj wkh qxoo k|srwkhvlv ri frq0
vwdqw vhdvrqdolw| xvlqj wkh vshfwudo qrqsdudphwulf whvw dqg d sdudphwulf whvw
edvhg rq d fruuhfwo| vshfl�hg prgho1 Wkh uhvxowv r�hu jxlgdqfh lq dvvhvvlqj wkh
h�hfwlyhqhvv ri wkh wzr dssurdfkhv dv zhoo dv hvwdeolvklqj wkh uholdelolw| ri wkh
whvwv lq whupv ri dfwxdo/ dv rssrvhg wr qrplqdo/ vl}h1

Wkh gdwd jhqhudwlrq surfhvv lv wkh edvlf vwuxfwxudo prgho +EVP,/ frqvlvwlqj ri
vhdvrqdo dqg vwdwlrqdu| frpsrqhqwv frpelqhg zlwk d orfdo olqhdu wuhqg/ >|� Wkxv/

+| ' >| n �| n 0|c 0| � �U(Efc j20�c | ' �c ���c A +4144,

zkhuh

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

q| ' q|3� n l |c l | � �U(Efc j2l�

zlwk �| dv lq +417, zlwk � ' U�
Wkh suredelolw| ri uhmhfwlrq ghshqgv rq wkh vhdvrqdo vljqdo0qrlvh udwlr/ ^V '

j2V*j
2
0c wkrxjk lq wkh wdeohv zh suhihu wr uhsruw wkh vtxduh urrw1 Wkh uhvxowv duh

iru txduwhuo| vhulhv ri ohqjwk A ' 2ff dqg wkh uhmhfwlrq iuhtxhqflhv/ uhsruwhg lq
shufhqwdjhv/ duh edvhg rq 83/333 uhsolfdwlrqv1 Wkh surjudp zdv zulwwhq lq R{
xvlqj wkh VVIsdfn vhw ri vxeurxwlqhv ri Nrrspdq/ Vkhskdug dqg Grruqln +4<<<,1

Wkh �uvw vhw ri h{shulphqwv lv iru d prgho zlwk j2l ' f vr wkh wuhqg lv d
udqgrp zdon zlwk frqvwdqw guliw1 Wkh shuirupdqfh ri wkh whvwv grhv qrw ghshqg

gr wkh vxpv/ zhljkwhg e| frv�mw dqg vlq�mw> htxdo }hur/ vr vwdwlvwlfv iruphg iurp iruzdug dqg
edfnzdug vxpv duh gl�huhqw1 Vprrwklqj huuruv gr qrw vx�hu iurp wkhvh dpeljxlwlhv1 Iruwxqdwho|
wkh dv|pswrwlf surshuwlhv duh xqd�hfwhg1
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rq wkh ydoxh ri wkh guliw/ q/ dqg vr wklv fdq eh htxdo wr }hur1 Wkh fulwlfdo idfwru lq
wkh qxlvdqfh sdudphwhuv lv wkh ohyho vljqdo0qrlvh udwlr/ ^# ' j2#*j

2
0 dqg ^�*2# lv vhw

wr 314/ 318 dqg 413 lq wdeohv 4/5 dqg 6 uhvshfwlyho|1 Wkh vshfwudo qrqsdudphwulf
whvw dqg wkh FK whvw ri vhfwlrqv 4160417 duh dssolhg erwk wr ohyhov dqg wr �uvw
gl�huhqfhv zlwk wkh odj wuxqfdwlrq sdudphwhu7/ 6c vhw wr e dqg H� Wkh sdudphwulf
whvw vwdwlvwlfv duh frpsxwhg �uvwo| dvvxplqj wkdw ^# lv nqrzq dqg wkhq zlwk j

2
# dqg

j20 hvwlpdwhg e| pd{lpxp olnholkrrg xqghu wkh dowhuqdwlyh k|srwkhvlv1 Ilqdoo|
wkh orfdo olqhdu wuhqg lv hvwlpdwhg zlwkrxw lpsrvlqj wkh frqvwudlqw wkdw wkh vorsh
yduldqfh lv }hur> wklv lv ghqrwhg OOW/ wkdw lv orfdo olqhdu wuhqg1 Wkh sdudphwulf whvw
uhvxowv duh vkrzq iru lqqrydwlrqv/ frpsxwhg vwduwlqj iurp wkh vprrwkhg hvwlpdwru
dw wkh hqg ri wkh vdpsoh/ dqg iru vprrwklqj huuruv1

Wkh pdlq �qglqjv duh dv iroorzv1
d, Dowkrxjk wkh vl}hv ri wkh sdudphwulf whvw zlwk ^# nqrzq duh yhu| forvh wr

wkh qrplqdo/ wkh whvw zlwk hvwlpdwhg ^# lv vrphzkdw ryhuvl}hg dw iuhtxhqf| Z� Wkh
mrlqw whvw iru ryhudoo vhdvrqdolw| lv vlploduo| ryhuvl}hg zlwk wkh dfwxdo vl}hv ehlqj
durxqg 313<1 Lw lv lqwhuhvwlqj wr qrwh wkdw wkh dxwruhjuhvvlrq edvhg whvwv uhsruwhg
e| Fdqhu +4<<;/ wdeoh 4, glvsod| hyhq pruh ryhuvl}lqj1

e, Zkhq ^# lv nqrzq/ wkhuh lv d voljkw srzhu dgydqwdjh iru d sdudphwulf whvw
frqvwuxfwhg iurp vprrwklqj huuruv udwkhu wkdq lqqrydwlrqv1 Krzhyhu/ zkhq wkh
^# lv hvwlpdwhg wklv dgydqwdjh glvdsshduv dv wkh vl}h ri wkh lqqrydwlrqv whvw lv d
olwwoh forvhu wr wkh qrplqdo1

f, Hvwlpdwlqj wkh h{wud sdudphwhu/ ^l ' j2l*j
2
0 lq wkh pruh jhqhudo orfdo olqhdu

wuhqg prgho kdv qr dgyhuvh h�hfw rq wkh shuirupdqfh ri wkh sdudphwulf whvw> rq
wkh frqwudu|/ wkhuh lv d voljkw lpsuryhphqw lq wkh vl}h lq wkdw lw lv forvhu wr wkh
qrplqdo1

g, Wkhuh lv rqo| d vpdoo idoo lq wkh uhmhfwlrq suredelolwlhv iru wkh qrqsdudphwulf
whvwv lq prylqj iurp 6 ' e wr 6 ' H� Wkh vhdvrqdolw| whvw vhhpv ohvv vhqvlwlyh wr
odj ohqjwk wkdq grhv wkh NSVV whvw> frpsduh wkh frpphqwv lq Fdqryd dqg Kdqvhq
+4<<8/ s579,1 Krzhyhu/ 6 vkrxog qrw eh vhw wrr vpdoo1 Rxu vlpxodwlrqv iru wkh
mrlqw whvw zlwk 6 ' f +xquhsruwhg lq wkh wdeohv, vkrzhg uhmhfwlrq iuhtxhqflhv ri
4718/ 4617 dqg 4413 iru wkh prghov lq wdeohv 4/5/ dqg 6 uhvshfwlyho|1

h, Wkh qrqsdudphwulf whvw lq ohyhov kdv d pxfk orzhu suredelolw| ri uhmhfwlrq

wkdq wkh fruuhvsrqglqj whvw lq �uvw gl�huhqfhv zkhq ^�*2# lv 318 ru 41 Wklv lv gxh
wr wkh suhvhqfh ri d vr0fdoohg xqdwwhqghg xqlw urrw dw iuhtxhqf| }hur zkhq wkh
whvwv duh uxq lq ohyhov1 Lq idfw Exvhwwl dqg Wd|oru +5335, dqg Wd|oru +5335e,
ghprqvwudwh wkdw/ dowkrxjk frqvlvwhqw/ wkh qrqsdudphwulf whvwv zrxog vx�hu iurp

7Fdqryd dqg Kdqvhq +4<<8, xvh 6 dqg 8 iru W @ 83 dqg 483 uhvshfwlyho|1
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d juhdw orvv ri srzhu li wkdw xqlw urrw lv qrw uhpryhg e| wdnlqj �uvw gl�huhqfhv
ri wkh gdwd1 Lqghhg/ wkh| vkrz wkdw xqghu wkh qxoo k|srwkhvlv ri ghwhuplqlvwlf
vhdvrqdolw| wkh whvw vwdwlvwlfv +418,/ +41:,/ +41<, doo frqyhujh lq suredelolw| wr }hur>
wklv lv dovr fohdu iurp wdeohv 4061

i, Wkh sdudphwulf whvwv vkrz kljkhu uhmhfwlrq iuhtxhqflhv/ exw dq| dvvhvvphqw
ri srzhu kdv wr eh r�vhw djdlqvw wkh kljkhu vl}h1

j, Wkh qrqsdudphwulf whvwv shuirup uhodwlyho| ehwwhu wkdq wkh uhvxowv iru vwd0
wlrqdulw| whvwv +dw wkh }hur iuhtxhqf|, zrxog vxjjhvw1 Wklv lv ehfdxvh lq wkh h{0
shulphqwv uhsruwhg lq wkh olwhudwxuh/ iru h{dpsoh Oh|erxuqh dqg PfFdeh +4<<7,/
wkh surfhvv jhqhudwlqj wkh vwdwlrqdu| sduw ri wkh prgho 0 w|slfdoo| d �uvw0rughu
dxwruhjuhvvlrq 0 lqwhuihuhv zlwk wkh xqlw urrw surfhvv1 Wklv sureohp grhv qrw dulvh
zlwk wkh gdwd jhqhudwlqj surfhvvhv frqvlghuhg khuh dqg lw zrxog eh xqolnho| wr
dulvh hyhq li d �uvw0rughu dxwruhjuhvvlyh surfhvv zhuh wr uhsodfh wkh zklwh qrlvh
luuhjxodu1

Wkh vhfrqg jurxs ri h{shulphqwv/ uhsruwhg lq wdeohv 7 dqg 8/ lv iru wkh vprrwk
wuhqg prgho lq zklfk j2# lv }hur dqg wkh uhohydqw vljqdo0qrlvh udwlr lv qrz ^l � Wkh
sdudphwulf prgho lv hvwlpdwhg erwk zlwk dqg zlwkrxw j2# vhw wr }hur1 Iru hfrqrplf
wlph vhulhv/ ^l lv w|slfdoo| idluo| vpdoo1

k, Dowkrxjk/ lq wkhru|/ wkh �uvw gl�huhqfh rshudwru vkrxog eh dssolhg wzlfh wr
dyrlg wkh srzhu orvv lqgxfhg e| wkh suhvhqfh ri xqdwwhqghg xqlw urrwv/ wdeohv 708
lqglfdwh wkdw iru ^

�*2
l ' f��cf�D wkhuh lv vljql�fdqw orvv li rqo| �uvw gl�huhqfhv duh

wdnhq1 Lq idfw/ iru ^
�*2
l ' f��c �uvw gl�huhqfhv pd| eh suhihudeoh dqg vlqfh ^

�*2
l lv

riwhq vpdoohu wkdq f�� lq sudfwlfh/ edvlqj whvwv rq �uvw gl�huhqfhv pd| eh d jrrg
vwudwhj|1

l, Wkh frqfoxvlrqv zlwk uhvshfw wr vl}h dqg srzhu duh vlplodu wr wkrvh uhdfkhg
iru wkh udqgrp zdon soxv guliw prgho1 Wkh sdudphwulf whvwv duh vrphzkdw ryhu0
vl}hg/ exw kdyh d kljkhu suredelolw| ri uhmhfwlrq xqghu wkh dowhuqdwlyh1 Djdlq wkhuh
lv qr glvdgydqwdjh wr �wwlqj d pruh jhqhudo orfdo olqhdu wuhqg prgho lq fduu|lqj
rxw wkh sdudphwulf whvwv1

Dv wkh prghov xvhg lq wkh deryh vlpxodwlrqv gr qrw h{klelw vhdvrqdo khw0
hurvfhgdvwlflw| lw lv qrw vxusulvlqj wkdw wkh vshfwudo qrqsdudphwulf whvw shuirupv
voljkwo| ehwwhu wkdq wkh FK whvw1 Krzhyhu/ rqfh vhdvrqdo khwhurvfhgdvwlflw| lv
suhvhqw wkh vlwxdwlrq fkdqjhv1 Iru h{dpsoh zlwk d prgho frqvlvwlqj ri d vhd0
vrqdo soxv zklwh qrlvh zlwk wkh yduldqfh lq wkh irxu txduwhuv ehlqj 4/6/8 dqg :
uhvshfwlyho|/ wkh vl}h ri d /Ee� whvw iru A ' �fff zdv hvwlpdwhg wr eh 313;3/ zkloh
/�Ee� zdv 3136;1 Wkxv wkh FK vl}h lv forvhu wr wkh qrplqdo 31381 Krzhyhu/ zlwk
^ ' f�f2Dc wkh uhvshfwlyh hvwlpdwhg suredelolwlhv ri uhmhfwlrq zhuh 3178; dqg 319951
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Wklv lv d udwkhu h{wuhph fdvh/ exw lw grhv looxvwudwh wkh srlqw wkdw/ zkhq vhdvrqdo
khwhurvfhgdvwlflw| lv suhvhqw/ wkh FK whvw lv qrw rqo| pruh urexvw zlwk uhvshfw wr
vl}h/ exw pd| dovr vkrz d kljkhu suredelolw| ri uhmhfwlrq dzd| iurp wkh qxoo1

51 Ghwhuplqlvwlf Euhdnv lq wkh Vhdvrqdo Sdwwhuq

Lq wklv vhfwlrq zh frqvlghu whvwlqj djdlqvw qrqvwdwlrqdu| vwrfkdvwlf vhdvrqdolw|
zkhq wkhuh lv d euhdn lq wkh vhdvrqdo sdwwhuq dw wlph dkA oc k 5 dfc �o/ wkdw lv zh
uhsodfh +416, zlwk

r| ' ~ �|�| n _|Ek�~
�

|w +514,

zkhuh _|Ek� ' �E| : kA � lv d euhdn gxpp| yduldeoh1 Wkh prgho qrz lpsolhv wkdw
wkh frh!flhqwv ri wkh vhdvrqdo whupv kdyh fkdqjhg iurp �| zkhq | � dkA o lqwr
�|nw zkhq | : dkA o�Zh irfxv rq wkh qrqsdudphwulf whvwv/ wkrxjk/ ri frxuvh/ wkh
vdph lvvxhv dulvh zlwk wkh sdudphwulf yhuvlrqv1

Iluvwo|/ lw lv dvvxphg wkdw wkh euhdnsrlqw sdudphwhu k lv nqrzq1 Wkh h{whqvlrq
wr d vlwxdwlrq zkhuh wkh euhdnsrlqw lv xqnqrzq lv glvfxvvhg lq vxevhfwlrq 5161

Zkhq wkhuh lv d euhdn lq wkh vhdvrqdo sdwwhuq wkh qrqsdudphwulf whvw vwdwlvwlfv
/�E6�c /E6�c /�E6�c ri wkh suhylrxv vhfwlrq kdyh wr eh frqvwuxfwhg xvlqj wkh ROV
uhvlgxdov iurp uhjuhvvlqj +| rq Ef �

|c ~
�

|c _|Ek�~
�

|�
� � Wkhlu dv|pswrwlf uhsuhvhqwdwlrqv

xqghu wkh qxoo k|srwkhvlv duh qr orqjhu Fudpìu0yrq Plvhv zlwk @�c r��c o@?&E��
ghjuhhv ri iuhhgrp uhvshfwlyho|/ exw ghshqg lq d udwkhu frpsolfdwhg zd| rq wkh
euhdnsrlqw sdudphwhu k� Krzhyhu d vlpsoh prgl�fdwlrq |lhogv whvw vwdwlvwlfv/ wkh
qxoo olplwlqj glvwulexwlrqv ri zklfk duh vwloo Fudpìu0yrq Plvhv exw zlwk ghjuhhv
ri iuhhgrp htxdo wr 2@�c 2Er � �� dqg 2o@?&E��1 Wklv h{whqgv wr wkh vhdvrqdo
fdvh wkh prgl�fdwlrq wr wkh OEL whvw dw iuhtxhqf| }hur vxjjhvwhg e| Exvhwwl dqg
Kduyh| +5334,1 Wkh sdudphwulf whvw fdq dovr eh prgl�hg dorqj wkh vdph olqhv1

5141 Prgl�hg Whvw zlwk Vhdvrqdo Euhdn

Wkh prgl�hg vhdvrqdo euhdn vshfwudo qrqsdudphwulf vwdwlvwlf iru whvwlqj djdlqvw
qrqvwdwlrqdu| vhdvrqdolw| dw iuhtxhqf| b� c lv gh�qhg dv

/W�Ek(6� '
@�
SA

|'� S�|&|e}Eb�(6�
c � ' �c ���c dr*2o +515,
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zkhuh
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$2

n

#
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�'�

e� t�?b��

$2

c

&| ' dkA o32E� � _|Ek�� n dE�� k�A o32_|Ek�c

@� dqg e}Eb� (6� duh gh�qhg dv lq wkh suhylrxv vhfwlrq/ dqg e| duh wkh ROV uhvlgxdov
iurp uhjuhvvlqj +| rq Ef �

|c ~
�

|c _|Ek�~
�

|�
� � Wkh fruuhvsrqglqj vwdwlvwlf iru wkh whvw

dw doo iuhtxhqflhv lv wkhq /WEk(6� '
Sdr*2o

�'� /
W

� Ek(6�1 Wkh prgl�fdwlrqv wr wkh
FK vwdwlvwlf/ +41<,/ dqg wkh sdudphwulf vwdwlvwlf duh fduulhg rxw lq d vlplodu zd|1

Sursrvlwlrq 5141 Ohw +| eh jhqhudwhg e| wkh prgho +414,/+415,/+514,/+417, xqghu
wkh dvvxpswlrqv D40D61 Wkhq/ xqghu Kf G j2V ' fc zkhq � ' ��/ � ' �c ���c dr*2oc

/W� Ek(6�
_$ ���E2@��czkhq � 'Lr3�c /

WEk(6�
_$ ��� E2r � 2�� Xqghu K� G

j2V : f dqg zkhq � ' ��/ � ' �c ���c dr*2oc /W� Ek(6� dqg /WEk(6� duh �REA*6��

Wkh lghd ehklqg wkh frqvwuxfwlrq ri +515, lv wr frpelqh wkh hylghqfh lq wkh wzr
vxevdpsohv ~4/111/^kA `� dqg ~^kA `.4/111/Aj� Qrwh wkdw /W�Ef�D(6� ' f�2D/�E6�>
wkxv zkhq wkh euhdnsrlqw lv lq wkh plggoh ri wkh vdpsoh wkh whvwv gh�qhg e|
wkh wzr vwdwlvwlfv duh wkh vdph1 Wklv lv lpsruwdqw dv wkh odwwhu kdv surshuwlhv
ri rswlpdolw|/ ehlqj rewdlqhg e| h{whqglqj wkh OEL2OP whvw wr ghdo zlwk vhuldo
fruuhodwlrq lq wkh vwdwlrqdu| frpsrqhqw1 Ixuwkhupruh/ iru wkh fdvh ri whvwlqj dw
iuhtxhqf| }hur/ Exvhwwl dqg Kduyh| +5334, kdyh vkrzq yld vlpxodwlrq h{shulphqwv
wkdw iru k 9' f�D wkh orvv ri srzhu ri wkh prgl�hg whvw zlwk uhvshfw wr wkh OEL
whvw lv qrw juhdw1

5151 XN Pduuldjhv

Wkh txduwhuo| vhulhv ri pduuldjhv uhjlvwhuhg lq wkh XN iurp 4<8;t4 wr 4<;5t7 zdv
h{wudfwhg iurp ydulrxv lvvxhv ri wkh XN Prqwko| Gljhvw ri Vwdwlvwlfv1 Lw lv vkrzq
lq �jxuh 4+d,1 Wkh vshfwudo qrqsdudphwulf whvw vwdwlvwlf/ /E6�c fdofxodwhg iurp
�uvw gl�huhqfhv/ lv 714;/ 51:7 dqg 5144 iru odjv ri 7/ ; dqg 45 uhvshfwlyho|1 Wklv
ohdgv wr d uhmhfwlrq ri wkh qxoo k|srwkhvlv dv wkh 8( fulwlfdo ydoxh iru wkh ���E��
glvwulexwlrq lv 41331 Wkh ruljlqdo FK vwdwlvwlf/ /�E6�/ jdyh vpdoohu ydoxhv/ qdpho|
41:;/ 4153 dqg 31<91

Hvwlpdwlqj +4144, zlwk d udqgrp zdon wuhqg xvlqj wkh VWDPS 9 surjudp ri
Nrrspdq hw do +5333, jlyhvhj 0 ' f�ff hj # ' ��S� hj V ' 2�Sb
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zlwk dq htxdwlrq vwdqgdug huuru +wkh vwdqgdug ghyldwlrq ri wkh lqqrydwlrqv,/ hjc
ri .�b�1 Wkh sdudphwulf whvw vwdwlvwlf/ frqvwuxfwhg iurp wkh Ndopdq �owhu lqqr0
ydwlrqv/ lv 91<9 zklfk lv d pxfk �uphu uhmhfwlrq ri wkh qxoo k|srwkhvlv wkdq zdv
jlyhq e| wkh qrqsdudphwulf whvw1 Wkh uhdvrq iru wkh uhmhfwlrq fdq eh vhhq iurp
�jxuh 4+d,= wkhuh dsshduv wr eh d euhdn lq wkh vhdvrqdo sdwwhuq dw wkh ehjlqqlqj
ri 4<9<1 Wklv lv yhu| fohdu iurp wkh sorw ri wkh lqglylgxdo vhdvrqv lq �jxuh 4+e,
zkhuh lw fdq eh vhhq wkdw wkhuh zdv d vzlwfk iurp zlqwhu pduuldjhv wr pduuldjhv
lq wkh vsulqj txduwhu1 Wklv kdsshqhg ehfdxvh ri d fkdqjh lq wkh wd{ odz1 Xs wr
wkh hqg ri 4<9; frxsohv zhuh doorzhg wr fodlp wkh pduulhg shuvrqv wd{ doorzdqfh
uhwurvshfwlyho| iru wkh hqwluh |hdu lq zklfk wkh| pduulhg1 Dv wkh wd{ |hdu ehjlqv
lq Dsulo wklv duudqjhphqw surylghg dq lqfhqwlyh wr pduu| lq wkh �uvw txduwhu ri
wkh fdohqgdu |hdu/ udwkhu wkdq lq wkh vsulqj1 Wkh derolwlrq ri wklv uxoh ohg wr d
pdunhg ghfuhdvh lq wkh qxpehu ri zhgglqjv lq txduwhu rqh dqg d frpshqvdwlqj
ulvh lq txduwhu wzr1

Dgglqj d vhw ri wkuhh vhdvrqdo euhdn gxpp| yduldeohv/ vwduwlqj lq wkh �uvw
txduwhu ri 4<9</ wr wdnh dffrxqw ri d frpsohwh fkdqjh lq wkh vhdvrqdo sdwwhuq
ohdgv wr wkh iroorzlqj hvwlpdwhv ri wkh sdudphwhuv=

hj 0 ' 2�e2 hj # ' ��Db hj V ' ���S

zlwk

'Ebc .� ' �2�De @?_ hj ' D�SS

zkhuh 'E�c s� lv wkh Er{0Omxqj vwdwlvwlf edvhg rq � uhvlgxdo dxwrfruuhodwlrqv
exw zlwk s ghjuhhv ri iuhhgrp> vhh Nrrspdq hw do +5333,1 Wkh |�vwdwlvwlfv iru
wkh vhdvrqdo euhdn gxpplhv duh 0;166/ :18; dqg 513< uhvshfwlyho|1 Wkhuh lv d elj
uhgxfwlrq lq wkh hvwlpdwh ri wkh vhdvrqdo sdudphwhu/ j Vc zklfk qr orqjhu qhhgv
wr eh vxfk dv wr doorz wkh vwrfkdvwlf vhdvrqdo prgho wr dffrpprgdwh wkh fkdqjh/
dqg wkh htxdwlrq vwdqgdug huuru/ hjckdv idoohq frqvlghudeo|1

Wkh prgl�hg vhdvrqdo euhdn qrqsdudphwulf whvw vwdwlvwlfv fduulhg rxw rq wkh
uhvlgxdov rewdlqhg iurp uhjuhvvlqj �uvw gl�huhqfhv rq vhdvrqdo phdqv dqg wkh
vhdvrqdo euhdn gxpplhv duh 5139/ 419< dqg 418; iru 6 ' ec H dqg �2 uhvshfwlyho|
iru /W dqg 41;3/ 418: dqg 4183 iru wkh FK irup/ /W�1 Wkxv iru 6 ' e dqg H
wkh qxoo ri d frqvwdqw vhdvrqdo sdwwhuq lv uhmhfwhg e| wkh /W whvw dw wkh 8( ohyho
ri vljql�fdqfh vlqfh wkh fulwlfdo ydoxh iru ���ES� lv ��Sb� Krzhyhu/ wkh vpdoohu
ydoxhv iru /W� rqo| ohdg wr d uhmhfwlrq iru6 ' e� Wkh fruuhvsrqglqj sdudphwulf whvw
vwdwlvwlf/ fdofxodwhg iurp wkh Ndopdq �owhu lqqrydwlrqv/ lv 2�e2 jlylqj d vwurqjhu
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lqglfdwlrq wkdw wkhuh lv vwloo vwrfkdvwlf vhdvrqdolw| suhvhqw1 Wklv lv edfnhg xs e|
wkh idfw wkdw hvwlpdwlqj wkh prgho zlwk d �{hg vhdvrqdo jlyhv d vljql�fdqw Er{0
Omxqj vwdwlvwlf ri 'Ebc H� ' 22��H zkloh wkh irxuwk rughu uhvlgxdo dxwrfruuhodwlrq/
oEe�c lv f���1

5161 Xqnqrzq euhdnsrlqw

Li wkh euhdnsrlqw sdudphwhu k lv xqnqrzq wkh wzr0vwhs vwudwhj| ri Exvhwwl dqg
Kduyh| +5335, iru whvwlqj vwdwlrqdulw| lq wkh suhvhqfh ri d vwuxfwxudo euhdn fdq eh
dgdswhg lq d vwudljkwiruzdugpdqqhu1 Wkh lghd lv wr hvwlpdwh wkh euhdnsrlqw xqghu
wkh qxoo e| plqlpl}lqj/ ryhu kc wkh huuru yduldqfh ri dq ROV uhjuhvvlrq ri +| rq
Ef �

|c ~
�

|c _|Ek�~
�

|�
� c l1h1 ek ' @h} 4�?

k
A3�

SA
|'� e

2
| c zkhuh e| duh wkh ROV uhvlgxdov1

Edl +4<<:, vkrzv wkdw xqghu wkh qxoo k|srwkhvlv ri ghwhuplqlvwlf vhdvrqdolw| wklv
hvwlpdwru lv vxshufrqvlvwhqw/ lq wkh vhqvh wkdw lw frqyhujhv wr wkh wuxh ydoxh dw
udwh A lqvwhdg ri wkh xvxdo udwh A �*2� Wkhuhiruh wkh qxoo dv|pswrwlf glvwulexwlrqv
ri /W� Eek(6� dqg /WEek(6� duh wkh vdph dv li wkh wuxh ydoxh k zhuh xvhg/ zkloh
xqghu wkh dowhuqdwlyh k|srwkhvlv wkh vwdwlvwlfv glyhujh luuhvshfwlyh ri wkh euhdn
gdwh xvhg gxh wr wkh suhvhqfh ri wkh vhdvrqdo xqlw urrwv1 Wkhuhiruh uxqqlqj wkh
vhdvrqdo euhdn whvwv zlwk dq hvwlpdwhg euhdnsrlqw ohdgv wr dq dv|pswrwlfdoo| ydolg
surfhgxuh1 Fohduo|/ vrph orvv ri srzhu zlwk uhvshfw wr wkh fdvh ri fduu|lqj rxw
wkh whvwv zlwk k nqrzq lv wr eh h{shfwhg1 Exvhwwl dqg Kduyh| +5335, xvh Prqwh
Fduor vlpxodwlrq h{shulphqwv wr hydoxdwh wklv srzhu orvv iru wkh }hur iuhtxhqf|
vwdwlrqdulw| whvwv1

61 Whvwlqj djdlqvw d Shupdqhqw Vhdvrqdo Frpsrqhqw

Wkh whvw djdlqvw qrqvwdwlrqdu| vhdvrqdo frpsrqhqwv wdnhv wkh qxoo k|srwkhvlv wr
eh d prgho lq zklfk vhdvrqdolw| lv ghwhuplqlvwlf1 Vrphwlphv zh pd| zlvk wr whvw
zkhwkhu wkhuh lv dq| vhdvrqdolw| dw doo/ luuhvshfwlyh zkhwkhu lw lv ghwhuplqlvwlf
ru vwrfkdvwlf1 Rqh vwudwhj|/ lpsohphqwhg lq wkh VWDPS sdfndjh/ lv wr �w d
vwuxfwxudo wlph vhulhv prgho dqg wkhq wr shuirup d whvw ri vljql�fdqfh rq wkh
vhdvrqdo frh!flhqwv dv hvwlpdwhg dw wkh hqg ri wkh shulrg1 Krzhyhu/ wklv kdv
wkh glvdgydqwdjh wkdw lw zloo lqglfdwh qr vhdvrqdo h�hfwv lq d vlwxdwlrq zkhuh
vhdvrqdolw| kdv ehfrph ohvv surqrxqfhg ryhu wlph1 Wklv lv suhflvho| wkh nlqg ri
ehkdylrxu qrwhg e| Fdqryd dqg Kdqvhq +4<<8/ s 57083, lq wkhlu dqdo|vlv ri XV
pdfurhfrqrplf vhulhv1
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6141 Whvwv dqg wkhlu srzhu

Rxu dlp lv wr ghyhors whvwv wkdw duh srzhuixo djdlqvw wkh suhvhqfh ri ghwhuplqlvwlf
vhdvrqdolw| dqg2ru vwrfkdvwlf vhdvrqdolw|1 Wkh vwrfkdvwlf vhdvrqdolw| lv wdnhq wr
eh qrqvwdwlrqdu| vr wkdw wkh h�hfwv duh shupdqhqw lq wkdw iruhfdvwv ri wkh vhdvrqdo
sdwwhuq uhpdlq frqvwdqw udwkhu wkdq g|lqj dzd|1 Zh wkhuhiruh frqvlghu wkh gdwd
jhqhudwlqj surfhvv +414,0+417, zlwk � ' Ur3� dqg vsolw wkh vhdvrqdo frpsrqhqw r|
lqwr d ghwhuplqlvwlf dqg d vwrfkdvwlf sduw/

r| ' r(| n r7| c +614,

r(| ' ~ �|�fc +615,

r7| ' ~ �|

|[
�'�

V�c +616,

zkhuh �f lv d �{hg frh!flhqwv dqg V| lv d }hur phdq LLG vhtxhqfh zlwk yduldqfh
j2V`c lqghshqghqw ri 0|� Wkh qxoo k|srwkhvlv ri qr vhdvrqdolw| lv

Mf G �f ' fc j2V ' f

zkloh wkh dowhuqdwlyh k|srwkhvhv duh ri ghwhuplqlvwlf vhdvrqdolw|

M(
� G �f 9' fc j2V ' f

dqg vwrfkdvwlf vhdvrqdolw|

M7
� G �f ' fc j2V : f�

Zh zloo vkrz lq wkh sursrvlwlrq ehorz wkdw wkh vwdqgdug Zdog whvw rq �{hg
vhdvrqdo frh!flhqwv lv frqvlvwhqw djdlqvw erwk dowhuqdwlyh k|srwkhvhv1 Zh dovr
vkrz wkdw d whvw frqvwuxfwhg lq d vlplodu zd| wr wkh whvwv ri vhfwlrq 4/ exw zlwkrxw
�wwlqj vhdvrqdo uhjuhvvruv/ lv frqvlvwhqw djdlqvw erwk k|srwkhvhv1 Pruh vshfl�fdoo|
ohw e| eh wkh ROV uhvlgxdov iurp uhjuhvvlqj +| rq Ef �

|c ~
�

|�
� dqg e| wkh uhvlgxdo iurp

uhjuhvvlqj +| rq f| rqo|1 Vlqfh Dvvxpswlrq D4 uhtxluhv wkdw wkh wzr vhwv ri
uhjuhvvruv f| dqg ~| eh ruwkrjrqdo lq odujh vdpsohv/ wkh f �

|r fdq eh ljqruhg lq
wkh dqdo|vlv ri wkh Zdog vwdwlvwlf8 zklfk pd| eh zulwwhq

8 ' e� �f
#ej32 A[

|'�

~|~
�

|

$e�f +617,

8Wkh xvxdo irup ri wkh I0vwdwlvwlf lv rxu I pxowlsolhg e| +W � v.4,@5W=
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zkhuh e�f lv wkh ROV hvwlpdwru ri �f dqg ej2 ' A3�
SA

|'� e
2
| lv wkh hvwlpdwru ri j

2
01

Wkh qhz vwdwlvwlf lv

/ '

dr*2o[
�'�

/� +618,

zkhuh hdfk /�c � ' �c ��c dr*2oc lv gh�qhg dv lq sursrvlwlrq 414 exw xvlqj wkh
uhvlgxdov e| dqg zlwk wkh vxppdwlrq uxqqlqj lq wkh uhyhuvh rughu/ wkdw lv
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32j32
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e� t�? b��
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+619,

zkhuh j20 ' A3�
SA

|'� e
2
| � Xvlqj wkh dujxphqwv ri Nlqj dqg Kloolhu +4<;8, dqg

Wd|oru +5335d, lw lv hdv| wr vkrz wkdw/ zkhq ` lv vshfl�hg dv lq wkh irrwqrwh
ehorz irupxod +419,/ / lv wkh OEL whvw vwdwlvwlf9 djdlqvw M7

� iru wkh prgho lq
+414,0+417, zlwk �f ' f�

Wkh iroorzlqj sursrvlwlrq surylghv wkh dv|pswrwlf glvwulexwlrq ri 8 dqg /
xqghu wkh orfdo dowhuqdwlyh k|srwkhvhvM(

�cA /M
7
�cA zkhuhM

(
�cA G �f ' S(
*

s
Ac j2V '

f dqg M7
�cA G �f ' fc j2V ' S27*A

2c zkhuh 
 lv d r� � yhfwru ri rqhv dqg S(c S7 duh
�{hg frqvwdqwv1 Wklv surylghv wkh edvlv ri d srzhu frpsdulvrq ehwzhhq wkh wzr
whvwv1

Sursrvlwlrq 6141 Ohw +| eh jhqhudwhg e| wkh prgho +414,0+415,/+614,0+616, zlwk
` ' Ur3� dqg zlwk wkh qrqvhdvrqdo uhjuhvvruv f| vdwlvi|lqj Dvvxpswlrq D4 ri
vhfwlrq 41 Ohw `fcr3�Eo�c `�cr3�Eo� eh lqghshqghqw vwdqgdug Zlhqhu surfhvvhv ri
glphqvlrq r��/ dqg ohw \ ' _�@} E�*2c ���c�*2c �� zkhq r lv hyhq dqg \ ' �*2Ur3�
zkhq r lv rgg1 Wkhq
+l, xqghu M(

�cA c

8
_$ T(cr3�Ef( S(�

�T(cr3�Ef( S(�

/
_$
] �

f

T(cr3�Eo( S(�
�T(cr3�Eo( S(�_o

9Lq wkh OEL vwdwlvwlf wkh vxppdwlrqv uxq lq uhyhuvh rughu/ iurp w wr W dv rssrvhg iurp 4
wr w> lq wkh whvwv ri vhfwlrq 4 wkh uhyhuvh vxppdwlrqv fdq eh uhsodfhg e| wkh pruh xvxdo gluhfw
vxppdwlrqv dv �wwlqj wkh vhdvrqdo uhjuhvvruv lpsolhv
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Uhpdun 41 Wkh dv|pswrwlf glvwulexwlrq ri 8 xqghu M(
�cA lv d qrqfhqwudo fkl0

vtxduh glvwulexwlrq zlwk r � � ghjuhhv ri iuhhgrp dqg qrqfhqwudolw| sdudphwhu
htxdo wr S2(


�\
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Uhpdun 51 Xqghu erwk orfdo dowhuqdwlyhv/ l1h1 zkhq �f ' S(
*
s
A dqg j2

V '
S27*A

2c wkh dv|pswrwlf glvwulexwlrq ri 8 dqg / duh frqvwuxfwhg xvlqj wkh surfhvv

T Eo( S(c S7� ' `fcr3�E� � o� n S(\
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2 E� � o�
 n S7\
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U �

o
`�cr3�Er�_rc o 5 dfc �oc

lqvwhdg ri hlwkhu T(cr3�Eo( S(� ru T7cr3�Eo( S7��

Uhpdun 61 D prgl�fdwlrq ri / zrxog eh wr uhsodfh j2 zlwk ej2c wkdw lv wr �w
vhdvrqdo gxpplhv zkhq fdofxodwlqj wkh ghqrplqdwru ri wkh vwdwlvwlfv lq +619,1 Wklv
pdnhv qr gl�huhqfh wr wkh dv|pswrwlf glvwulexwlrq xqghu wkh qxoo dqg wkh orfdo
dowhuqdwlyh k|srwkhvhv1

Dowkrxjk wkh dv|pswrwlf glvwulexwlrq ri / xqghu wkh qxoo k|srwkhvlv gl�huv
iurp wkdw ri /c lw vwloo ehorqjv wr wkh Fudphu0yrq Plvhv idplo|1 Wkh 8( fulwlfdo
ydoxhv iru rqh/ wzr dqg wkuhh ghjuhhv ri iuhhgrp 0 wkh odvw dssursuldwh iru d
ixoo whvw rq txduwhuo| gdwd 0 duh 4198/ 5196 dqg 6179 uhvshfwlyho|> vhh wdeoh 4 lq
Q|eorp +4<;</ s55:,1 Wkh 8( fulwlfdo ydoxh iru hohyhq ghjuhhv ri iuhhgrp/ nlqgo|
vxssolhg e| M1 Q|eorp/ lv <1361 Iru wkh uhdvrqv jlyhq lq vhfwlrq 7/ wkh dv|pswrwlf
glvwulexwlrq lv xqd�hfwhg e| wkh lqfoxvlrq ri d frqvwdqw ru d frqvwdqw dqg d wlph
wuhqg1

Wkh dv|pswrwlf glvwulexwlrqv ri 8 dqg / xqghu wkh orfdo dowhuqdwlyhvM(
�cA cM

7
�cA

fdq eh xvhg wr frpsduh wkh srzhu shuirupdqfh ri wkh wzr whvwv1 Wklv lv grqh
lq wdeoh 9 Vshfl�fdoo|/ iru d txduwhuo| prgho/ r ' ec zh kdyh jhqhudwhg 83333
uhsolfdwlrqv ri wkh olplwlqj udqgrp yduldeohv gh�qhg lq sursrvlwlrq 614 e| uhsodflqj
wkh frqwlqxrxv wlphZlhqhu surfhvvhv`fcr3�c `�cr3� e| wkhlu glvfuhwh frxqwhusduwv
+glylglqj wkh xqlw lqwhuydo lqwr 4333 sduwv,1 Zh kdyh dovr frqvlghuhg wkh olplwlqj
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ehkdylru ri wkh / whvw/ lqyduldqw wr wkh suhvhqfh ri ghwhuplqlvwlf vhdvrqdolw|> lwv
dv|pswrwlf glvwulexwlrq djdlqvw M7

�cA lv jlyhq lq Wd|oru +5335d,1 Qrwh wkdw xqghu
erwk wkh �{hg dqg orfdo dowhuqdwlyh M(

� c M
(
�cA wkh dv|pswrwlf srzhu ri wklv whvw lv

htxdo wr lwv qrplqdo vl}h1
Wdeoh 9 wkhuhiruh uhsruwv/ iru d txduwhuo| prgho/ wkh orfdo dv|pswrwlf srzhu

ri wkh wkuhh whvwv/ dw wkh qrplqdo 8( vljql�fdqfh ohyho dfurvv d udqjh ri ydoxhv
iru wkh sdudphwhuv S(c S7 +zlwk j2 vhw htxdo wr 4,1 Dv h{shfwhg/ wkh Zdog whvw
lv pruh srzhuixo xqghu wkh orfdo dowhuqdwlyh ri ghwhuplqlvwlf vhdvrqdolw|/ zkloh /
dfklhyhv wkh kljkhvw srzhu xqghu sxuh vwrfkdvwlf vhdvrqdolw|/ ehlqj wkh OEL whvw
iru wklv fdvh1 Iru h{dpsoh iru S( ' 2 dqg S7 ' fc wkh dv|pswrwlf srzhu ri wkh
Zdog whvw lv 31985/ dv rssrvhg wr 3188< iru wkh whvw edvhg rq /� Rq wkh rwkhu
kdqg/ iru S7 ' e dqg S( ' fc wkh srzhu ri wkh / whvw lv 3199; zkloh wkdw ri wkh
Zdog whvw lv 3195:1 Qrwh �qdoo| wkdw/ xqghu sxuh vwrfkdvwlf vhdvrqdolw|/ wkh srzhu
ri wkh / whvw ri vhfwlrq 4 lv frqvlghudeo| orzhu wkdq wkdw ri /1

Wkh orfdo srzhu ri wkh prgl�hg whvw/ xvlqj ej2 udwkhu wkdq j2c lv/ dv vxjjhvwhg
lq Uhpdun 6/ wkh vdph dv wkdw ri /1 Krzhyhu/ lq sudfwlfh/ lw pd| zhoo kdyh
d kljkhu srzhu wkdq / djdlqvw ghwhuplqlvwlf vhdvrqdolw|1 Wklv lv ehfdxvh zkhq
j2
V ' f wkh suredelolw| olplw ri j2 h{fhhgv wkdw ri ej2( lqghhg vlqfh j2 � ej2 wkh

prgl�hg vwdwlvwlf zloo dozd|v eh juhdwhu wkdq ru htxdo wr /1:

D vhfrqg prgl�fdwlrq lv dovr lq rughu1 Dv irupxodwhg lq +619,/ wkh whvw lv OEL
djdlqvw vwrfkdvwlf vhdvrqdolw| zlwk �f ' f� Lq sudfwlfh/ zh duh pruh frqfhuqhg
zlwk vhdvrqdo sdwwhuqv wkdw glplqlvk ryhu wlph1 Wkxv rxu uhfrpphqgdwlrq lv wr
xvh wkh iruzdug vxppdwlrq mxvw dv lq wkh / whvw ri vhfwlrq 4 vlqfh wklv zrxog eh
wkh OEL whvw li wkh gdwd zhuh jhqhudwhg edfnzdugv vwduwlqj zlwk �An� ' f� Wdnlqj
wkhvh srlqwv lqwr frqvlghudwlrq rxu suhihuuhg vwdwlvwlf/ /c lv frqvwuxfwhg xvlqj
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+61:,

Zkhq 0| lv vhuldoo| fruuhodwhg/ wkh / whvw fdq eh prgl�hg dv lq vxe0vhfwlrq
4161 Li wkh vshfwuxp lv frpsxwhg xvlqj wkh uhvlgxdov diwhu �wwlqj wkh vhdvrqdo
uhjuhvvruv wkh vwdwlvwlf zloo eh ghqrwhg /WE6�1 Wkh whvw fdq eh h{whqghg wr ghdo
zlwk erwk vhuldo fruuhodwlrq dqg khwhurvfhgdvwlflw| e| pdnlqj wkh dphqgphqw ri
+41<,1

:Wkhuh lv d sdudooho zlwk wkh whvw rq e�
3
lq wkdw xvlqj �

5 lqvwhdg ri e�5 zrxog jlyh wkh OP
vwdwlvwlf1
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Wkh Zdog whvw fdq eh fduulhg rxw e| �wwlqj d prgho wkdw lv xquhvwulfwhg h{fhsw
lqvridu dv wkh vhdvrqdo frpsrqhqw lv wdnhq wr eh qrqvwrfkdvwlf/ wkdw lv j2

V lv vhw
wr }hur1 Dowhuqdwlyho| d qrqsdudphwulf whvw fdq eh vhw xs xvlqj d qrqsdudphwulf
fryduldqfh pdwul{ hvwlpdwru dv lq Dqguhzv +4<<4,1 Wklv lv hvvhqwldoo| wkh vdph
fruuhfwlrq dv lq +41<,1 Wr eh vshfl�f

8 E6� ' Ae� �fd'3�elE6�'3�o3�e�fc +61;,

zkhuh ' ' A3�
SA

|'� ~|~ �|� Li wkhuh lv qr qhhg wr jxdug djdlqvw khwhurvfhgdvwlflw|/
wkh prgl�fdwlrqv duh vlpso| pdgh xvlqj hvwlpdwhv ri wkh vshfwuxp dv iru /WE6�1

6151 H{dpsoh= D Glplqlvklqj Vhdvrqdo Sdwwhuq

Dv dq h{dpsoh zh frqvlghu wkh orjdulwkp ri 60prqwk prqh| pdunhw lqwhuhvw udwh
lq Vsdlq iru wkh shulrg 4<::T405334T7> wkh vrxufh lv wkh Edqn ri Lqwhuqdwlrqdo
Vhwwohphqwv +ELV, pdfurhfrqrplf vhulhv gdwdedvh1 Wkh vhulhv lv ghslfwhg lq �jxuh
5d1 Lw lv gl!fxow wr ghwhfw d vhdvrqdo sdwwhuq iurp d fdvxdo jodqfh dw wkh judsk
dqg rqh zrxog qrw qrupdoo| h{shfw rqh wr eh suhvhqw lq dq lqwhuhvw udwh vhulhv/
wkh ixqfwlrqlqj ri wkh lqwhuedqn ordqv pdunhw pd| lpso| vrph vhdvrqdolw|/ dv lq
Kdplowrq +4<<9,1

Ilwwlqj wkh EVP; wr wkh vhulhv jlyhv d vhdvrqdo frpsrqhqw< dv vkrzq lq �jxuh
51 Wkh fkl0vtxduh vwdwlvwlf iru wkh vhdvrqdov dw wkh hqg ri wkh vhulhv lv rqo| 313<
zklfk lv fohduo| qrw vljql�fdqw dv wkh 8( fulwlfdo ydoxh iru d �2

� lv :1;41 Krzhyhu wkh
judsk vkrzv d idluo| vwurqj vhdvrqdo sdwwhuq xqwlo wkh plg0hljkwlhv1 Wkh txhvwlrq
lv zkhwkhu wkh sdwwhuq dv d zkroh lv lq dq| vhqvh vljql�fdqw1

Vhwwlqj wkh vhdvrqdo yduldqfh wr }hur dqg uh0hvwlpdwlqj wkh EVP jlyhv d Zdog
vwdwlvwlf ri 71:9/ zlwk d s0ydoxh ri 314<1 Wklv lv vwloo qrw vljql�fdqw1 Li wkh vh0
ulhv lv gl�huhqfhg dqg d qrqsdudphwulf Zdog whvw/ +61;,/ lv frpsxwhg xvlqj wkh
Qhzh|0Zhvw fryduldqfh pdwul{ hvwlpdwru zlwk wkuhh odjv d vlplodu s0ydoxh/ 314:/
lv rewdlqhg1 Rq wkh rwkhu kdqg/ wkh vshfwudo qrqsdudphwulf vwdwlvwlf frpsxwhg
xvlqj iruzdug vxppdwlrqv wdnhv wkh ydoxhv 61;6 dqg 6134 iru 6 ' � dqg S uhvshf0
wlyho|/ ulvlqj wr 7197 dqg 61;< iru /WE6�c wkh suhihuuhg irup lq zklfk wkh vshfwuxp
lv hvwlpdwhg diwhu �wwlqj vhdvrqdo uhjuhvvruv1 Dv wkh 8( fulwlfdo ydoxh lv 6179/ wklv
whvw surylghv d �up uhmhfwlrq ri wkh k|srwkhvlv ri dq lqvljql�fdqw vhdvrqdo sdwwhuq1

;Wkh vorsh yduldqfh lv hvwlpdwhg wr eh }hur dqg wkh hvwlpdwh ri wkh +�{hg, vorsh lv vpdoo dqg
lqvljql�fdqw1 Uhprylqj wkh vorsh dowrjhwkhu pdnhv olwwoh gl�huhqfh wr wkh uhvxowv1

<Li wkh udz vhulhv lv xvhg/ wkh vhdvrqdo sdwwhuq lv vlplodu1 Zh kdyh xvhg orjdulwkpv dv wkh
gldjqrvwlfv duh ehwwhu1
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Ilqdoo|/ iru 6 ' � dqg S wkh /E6� vwdwlvwlf ri vhfwlrq 4 wdnhv wkh ydoxhv 414:
dqg 4135 uhvshfwlyho| +djdlqvw d 8( fulwlfdo ydoxh ri 4133,> wkhuhe| frq�uplqj wkh
suhvhqfh ri vwrfkdvwlf vhdvrqdolw|1

6161 Vhdvrqdo Dgmxvwphqw

Wkh deryh whvwv fdq eh dssolhg wr d vhdvrqdoo| dgmxvwhg vhulhv wr vhh li wkh dg0
mxvwphqw kdv ehhq h�hfwlyh1 Wklv dvvxphv wkdw wkh dgmxvwphqw kdv ehhq grqh
e| phdqv ri prylqj dyhudjhv/ udwkhu wkdq e| uhjuhvvlqj rq vhdvrqdo gxpplhv1 Li
gxpplhv kdyh ehhq xvhg/ wkhq wkh / whvw vwdwlvwlfv kdyh wkh dv|pswrwlf glvwulex0
wlrqv ri vhfwlrq 41

6171 Ghwhfwlrq ri Wudglqj Gd| H�hfwv

Fohyhodqg dqg Ghyolq +4<;3, vkrzhg wkdw shdnv dw fhuwdlq iuhtxhqflhv lq wkh hvwl0
pdwhg vshfwud ri prqwko| wlph vhulhv lqglfdwh wkh suhvhqfh ri wudglqj gd| h�hfwv1
Vshfl�fdoo| wkhuh lv d shdn dw d iuhtxhqf| ri 3167;�2Z udgldqv/ zlwk wkh srvvl0
elolw| ri vxevlgldu| shdnv dw 31765�2Z dqg 31637�2Z udgldqv1 Dq rswlrq lq wkh
rxwsxw ri wkh [0450DULPD surjudp surylghv d frpsdulvrq ri wkh hvwlpdwhv ri
wkhvh iuhtxhqflhv zlwk wkh dgmdfhqw iuhtxhqflhv> vhh Vrxnxs dqg Ilqgoh| +5333,1
Krzhyhu/ wkhuh lv qr irupdo whvw1 Rqh srvvlelolw| lv wr frqvwuxfw sdudphwulf ru
qrqsdudphwulf vwdwlvwlfv dqdorjrxv wr /�c /� vr dv wr fduu| rxw whvwv iru shupdqhqw
f|folfdo h�hfwv dw rqh ru doo ri wkh wkuhh wudglqj gd| iuhtxhqflhv1 Dvvxplqj wkdw
qr +ghwhuplqlvwlf, wudglqj gd| prgho kdv ehhq �wwhg/ wkh dv|pswrwlf glvwulexwlrqv
xqghu wkh qxoo zloo eh ���f/ zlwk wkh 8( fulwlfdo ydoxh ehlqj 5196 iru d whvw dw d
vlqjoh iuhtxhqf| dqg 819; iru d whvw dw doo wkuhh iuhtxhqflhv1

Dv dq h{dpsoh zh wrrn wkh luuhjxodu frpsrqhqw/ rewdlqhg iurp [450DULPD/
ri vhulhv v3e89|p/ X1V1 Uhwdlo Vdohv ri Fkloguhq*v/ Idplo|/ dqg Plvfhoodqhrxv Ds0

sduho/ dv vxssolhg e| wkh Exuhdx ri wkh Fhqvxv1 Vlqfh wkh surfhvv iroorzhg e| wklv
luuhjxodu frpsrqhqw fdqqrw eh ghulyhg/ lw zdv ghflghg wr xvh wkh qrqsdudphwulf
whvw1 Wkh whvw vwdwlvwlf zlwk whq odjv iru wkh vlqjoh pdlq iuhtxhqf| zdv :1361 Iru
doo wkuhh iuhtxhqflhv lw zdv ;1541 Erwk jlyh d fohdu uhmhfwlrq ri wkh qxoo k|srwkhvlv
wkdw wkhuh lv qr wudglqj gd| h�hfw1

71 Frqfoxvlrq

Wkh vhdvrqdolw| whvw vwdwlvwlf sursrvhg e| Fdqryd dqg Kdqvhq pd| eh vlpsol�hg
vr wkdw d qrqsdudphwulf fruuhfwlrq iru vhuldo fruuhodwlrq lv edvhg rq hvwlpdwlqj wkh
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vshfwuxp ri wkh vhulhv dw wkh uhohydqw vhdvrqdo iuhtxhqf| ru iuhtxhqflhv1 Wklv whvw
vwdwlvwlf wkhq kdv d yhu| vwudljkwiruzdug lqwhusuhwdwlrq1 Dv pljkw eh h{shfwhg/
Prqwh Fduor h{shulphqwv vkrz d voljkw jdlq lq srzhu ryhu wkh ruljlqdo Fdqryd0
Kdqvhq whvw iru krprvfhgdvwlf vhulhv/ exw d vl}h glvwruwlrq dqg orzhu srzhu zkhq
wkhuh lv vhdvrqdo khwhurvfhgdvwlflw|1

Li d prgho lv �wwhg/ d sdudphwulf vhdvrqdolw| whvw pd| eh edvhg rq wkh lqqr0
ydwlrqv ru vprrwklqj huuruv/ exw Prqwh Fduor h{shulphqwv vkrz wkdw wkh| kdyh
vlplodu surshuwlhv1 Li wkh pdlq uhdvrq iru �wwlqj d prgho lv wr lqyhvwljdwh vhdvrq0
dolw|/ d edvlf vwuxfwxudo wlph vhulhv prgho/ frqvlvwlqj ri vwrfkdvwlf wuhqg/ vhdvrqdo
dqg luuhjxodu frpsrqhqwv/ zloo xvxdoo| eh dghtxdwh1 Krzhyhu/ lw lv zruwk qrwlqj
wkdw wkh lqqrydwlrqv whvw fdq eh lpsohphqwhg iru dq| vwuxfwxudo wlph vhulhv prgho/
lqfoxglqj wkrvh wkdw gr qrw kdyh d wlph lqyduldqw vwuxfwxuh1 Qrqsdudphwulf whvwv
uhtxluh d ghflvlrq derxw odj wuxqfdwlrq/ exw rxu Prqwh Fduor h{shulphqwv vkrz
wkdw/ lq vdpsohv ri vl}h 533/ wkh uhmhfwlrq suredelolwlhv gr qrw idoo e| yhu| pxfk
zkhq wkh odj ohqjwk lv lqfuhdvhg iurp irxu wr hljkw1 Qrqsdudphwulf whvwv duh dovr
ghshqghqw rq ghflvlrqv uhjduglqj gl�huhqflqj/ exw dq lpsruwdqw sudfwlfdo �qglqj
wr hphujh iurp wkh Prqwh Fduor h{shulphqwv lv wkdw iru prvw hfrqrplf wlph vhulhv
wdnlqj �uvw gl�huhqfhv lv olnho| wr eh d jrrg vwudwhj|1

Wkh Prqwh Fduor h{shulphqwv lqglfdwh kljkhu suredelolwlhv ri uhmhfwlrq iurp
sdudphwulf whvwv/ exw dq| dvvhvvphqw ri srzhu kdv wr eh r�vhw djdlqvw wkh kljkhu
vl}h1 Iru txduwhuo| gdwd/ wkhuh lv d whqghqf| iru sdudphwulf whvwv wr eh ryhuvl}hg
dw iuhtxhqf| Z dqg wklv fduulhv ryhu wr wkh mrlqw whvw1 Wkh dfwxdo vl}hv ri wkh
mrlqw whvwv dw wkh 8( ohyho ri vljql�fdqfh lq d vdpsoh ri vl}h 533 duh qhduo| 43(1
Rq wkh rwkhu kdqg/ zlwk d odj ohqjwk ri irxu wkh dfwxdo vl}h ri wkh fruuhvsrqglqj
qrqsdudphwulf whvwv qhyhu h{fhhghg 818(1 Sdudphwulf whvwv duh dwwudfwlyh zlwklq
wkh frqwh{w ri d prgho0exloglqj h{huflvh/ exw li wkh vroh irfxv lv rq whvwlqj iru
vwrfkdvwlf vhdvrqdolw|/ wkhuh lv qr ryhuzkhoplqj fdvh iru xvlqj wkhp lq suhihuhqfh
wr qrqsdudphwulf whvwv1

Li wkhuh duh euhdnv lq wkh vhdvrqdo sdwwhuq/ wkh vhdvrqdolw| whvw pd| eh prgl�hg
vr dv wr kdyh dq dv|pswrwlf glvwulexwlrq wkdw lv lqghshqghqw ri wkh srvlwlrq ri wkh
euhdn srlqwv xqghu wkh qxoo k|srwkhvlv wkdw wkh vhdvrqdo sdwwhuq lv ghwhuplqlvwlf1
Wkh XN pduuldjhv h{dpsoh |lhogv pxfk juhdwhu ydoxhv iru wkh sdudphwulf whvw
vwdwlvwlfv erwk zlwk dqg zlwkrxw wkh vhdvrqdo euhdn gxpp| yduldeohv1 Lq wkh
prghohg euhdn fdvh/ wkh sdudphwulf whvw lqglfdwhv d uhmhfwlrq ri wkh qxoo k|srwkhvlv
zkloh wkh frqfoxvlrqv iurp wkh qrqsdudphwulf whvwv duh dpelydohqw1

Dowkrxjk d �{hg vhdvrqdo frpsrqhqw lv qrupdoo| hvwlpdwhg xqghu wkh qxoo
k|srwkhvlv/ wkhuh pd| eh vlwxdwlrqv zkhuh wkh uhvhdufkhu zlvkhv wr fduu| rxw d
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jhqhudo whvw djdlqvw d shupdqhqw vhdvrqdo frpsrqhqw/ luuhvshfwlyh ri zkhwkhu lw
eh ghwhuplqlvwlf dqg vwrfkdvwlf1 Zh sursrvh wkh xvh ri whvw vwdwlvwlfv wkdw kdyh
wkh vdph irup dv wkh whvwv djdlqvw qrqvwdwlrqdu| vhdvrqdolw| h{fhsw lqvridu dv qr
�{hg vhdvrqdo h�hfwv duh uhpryhg zkhq wkh uhvlgxdov xvhg wr frqvwuxfw wkh sduwldo
vxpv duh iruphg1 Wkh dv|pswrwlf fulwlfdo ydoxhv duh hdvlo| rewdlqhg1 Zh frp0
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Ilqdoo|/ xqghu wkh �{hg dowhuqdwlyh M7
� c iurp sduw +ll, ri wkh ohppd zh �uvw

rewdlq wkdw erwk eq � q dqg q0q duh JRE��� Wkhq/ dv
SA
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�
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�
c e�f lv
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�
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�
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