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In this paper we analyse educational choices and earnings of individuals at two different levels in 
the Portuguese educational system. At each potential exit level we consider two decisions: the 
decision to continue studying and the employment decision, whereas normally only the first 
decision is modelled. Correlation between the error terms of the earnings functions and the 
decision functions, for each level of education, is allowed and we correct for the potential 
selectivity bias. 
We find empirical support for the existence of selectivity bias as the errors of the earnings 
functions are correlated with the disturbances of both decision functions for both educational 
levels considered. Moreover it is precisely the existence of selectivity mechanisms that renders 
the decisions actually taken by individuals optimal in terms of comparative earnings advantage. 
The obtained marginal rates of return to additional education vary between 2.3 and 9.6 percent 
per additional year of schooling, depending on whether or not selectivity effects are excluded 
from the computations. This finding reinforces again the importance of selectivity mechanisms in 
explaining educational choices. 
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Hgxfdwlrqdo fkrlfhv duh qrz vhhq dv dq lqyhvwphqw ghflvlrq iroorzlqj wkh kxpdq
fdslwdo wkhru|/ wkdw dvvxphv wkdw ghflvlrqv rq wkh ohqjwk ri hgxfdwlrq duh wdnhq
frpsdulqj h{shfwhg ixwxuh uhwxuqv wr lwv rssruwxqlw| frvw1 Dovr vhohfwlylw| lv
qrz uhfrjql}hg dv dq lpsruwdqw dvshfw zkhq dqdo|vlqj vfkrrolqj ghflvlrqv dqg
phdvxulqj wkh uhwxuqv wr hgxfdwlrqdo fkrlfhv1 Lqghhg wkh revhuyhg fkrlfh lv
qrw h{rjhqrxv/ exw rq wkh frqwudu| lv dq rswlpdo dfwlrq/ vr wkdw wkh vdpsoh ri
lqglylgxdov zkr pdnh hdfk fkrlfh lv qrw udqgrp1 Hpslulfdo vxssruw iru wklv
vdpsoh vhohfwlrq eldv kdv ehhq irxqg lq pdq| vwxglhv1 Vhh iru h{dpsoh Zloolv
dqg Urvhq +4<:<,1 Wkhuhiruh/ lw lv lpsruwdqw wr fruuhfw iru vhoi vhohfwlrq lq
hvwlpdwlrq/ dqg phwkrgv iru wuhdwlqj wklv sureohp duh e| qrz zhoo nqrzq1

Lq wklv sdshu zh dqdo|vh wkh ghflvlrq wr sduwlflsdwh lq h{whqghg hgxfdwlrq
dqg wkh hpsor|phqw ghflvlrq iru lqglylgxdov dw wzr gl�huhqw ohyhov lq wkh Sru0
wxjxhvh hgxfdwlrqdo v|vwhp/ dqg hvwlpdwh dq hduqlqjv ixqfwlrq iru hdfk hgx0
fdwlrqdo ohyho frqvlghuhg1 Fruuhodwlrq ehwzhhq wkh huuru whupv ri wkh hduqlqjv
ixqfwlrqv dqg wkh ghflvlrq ixqfwlrqv/ iru hdfk ohyho ri hgxfdwlrq/ lv doorzhg dqg
zh fruuhfw iru wkh srwhqwldo vhohfwlylw| eldv1

Wkh Sruwxjxhvh hgxfdwlrqdo v|vwhp doorzv d zlgh udqjh ri srvvleoh vfkrro
fduhhuv1 Krzhyhu/ xqwlo wkh qlqwk judgh vfkrro dwwhqgdqfh lv frpsxovru|1 Diwhu
kdylqj frpsohwhg frpsxovru| vfkrrolqj dq lqglylgxdo idfhv wkh iroorzlqj ghfl0
vlrq1 Hlwkhu kh ghflghv wr frqwlqxh vwxg|lqj ru kh txlwv vfkrro dqg mrlqv wkh
oderxu irufh1 Li kh ghflghv wr txlw vfkrro kh pljkw jhw d mre ru qrw1 Li kh gh0
flghv wr frqwlqxh vwxg|lqj kh fdq wkhq fkrrvh ehwzhhq gl�huhqw vfkrro fduhhuv1
Qdpho| kh fdq fkrrvh hlwkhu wr jr wr d surihvvlrqdo vfkrro ru wr vwd| lq wkh
jhqhudo v|vwhp1 Lq erwk fdvhv/ diwhu judgxdwlrq/ kh kdv wr fkrrvh ehwzhhq frq0
wlqxlqj vwxg|lqj ru qrw1 Li kh vwrsv dqg mrlqv wkh oderxu irufh kh pd|/ dv ehiruh/
rewdlq d mre ru qrw1 Li kh jrhv rq vwxg|lqj/ kh fdq fkrrvh ehwzhhq xqlyhuvlw|
ru rwkhu kljkhu/ pruh surihvvlrqdo rulhqwhg/ vfkrrolqj fkrlfhv1

Lq wklv sdshu zh gr qrw vwxg|/ qru gr zh kdyh gdwd rq lqglylgxdo vfkrro
fduhhuv1 Zh vlpso| prgho wkh lqglylgxdo fkrlfh wr sduwlflsdwh lq h{whqghg hg0
xfdwlrq dqg wkh hpsor|hu fkrlfh wr pdnh ru qrw d mre r�hu1 Wkh gdwd zh kdyh
frphv iurp wzr vxuyh|v/ frqgxfwhg e| wkh Sruwxjxhvh Plqlvwu| ri Hgxfdwlrq/
uhvshfwlyho| dprqj wkrvh lqglylgxdov wkdw frpsohwhg frpsxovru| vfkrro +<wk
judgh, dqg wkrvh wkdw �qlvkhg wkh frpsohwh jhqhudo v|vwhp ri hgxfdwlrq +45wk
judgh,1 Dw hdfk srwhqwldo h{lw ohyho zh frqvlghu wzr ghflvlrqv= wkh ghflvlrq wr
frqwlqxh vwxg|lqj dqg wkh mre r�hu ghflvlrq1 Pruhryhu/ iru hdfk ri wkh wzr
hgxfdwlrqdo ohyhov frqvlghuhg lq wklv vwxg|/ zh glvwlqjxlvk dq hduqlqjv htxdwlrq
frqwdlqlqj lqglylgxdo dqg mre fkdudfwhulvwlfv1 Zh dovr dvvxph wkdw erwk wkh
ghflvlrq wr sduwlflsdwh lq ixuwkhu hgxfdwlrq dqg wkh hpsor|hu ghflvlrq zkhwkhu
ru qrw wr uhfuxlw duh pdgh rq wkh edvlv ri lqglylgxdo fkdudfwhulvwlfv dqg vrfldo
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edfnjurxqg yduldeohv rqo|1 Qrwh wkdw wklv lv qrw d uhvwulfwlyh dvvxpswlrq dv
lw vlpso| lpsolhv wkdw h{shfwhg ixwxuh hduqlqjv gl�huhqwldov/ uhvhuydwlrq zdjhv
dqg hpsor|huv shufhswlrqv dovr ghshqg rq wkh vrfldo edfnjurxqg dqg shuvrqdo
fkdudfwhulvwlfv ri hdfk lqglylgxdo1

2 A�i �L_i*

2�� A�i }i?ih@* U@ti

Diwhu kdylqj frpsohwhg vxffhvvixoo| rqh hgxfdwlrqdo ohyho dq lqglylgxdo idfhv
wzr ghflvlrqv= klv rzq ghflvlrq wr frqwlqxh vwxg|lqj ru wr mrlq wkh oderxu irufh
+L�4 , dqg wkh hpsor|hu ghflvlrq wr uhfuxlw klp ru qrw +L�5 ,1 Hduqlqjv duh rqo|
revhuyhg iru wkrvh lqglylgxdov wkdw duh zrunlqj1 Zh dovr dvvxph wkdw wkhvh
ghflvlrqv ghshqg rq shuvrqdo fkdudfwhulvwlfv dqg vrfldo edfnjurxqg l1h1=

L�4 @ �34[4 . x4 +4,

L�5 @ �35[5 . x5 +5,

zkhuh xm +m @ 4> 5, duh vwrfkdvwlf huuruv dqg �m duh yhfwruv ri sdudphwhuv1 L�m duh
xqrevhuyhg yduldeohv dqg zkdw zh revhuyhg duh wkh uhdol}hg fkrlfhv1 Li L�4 � 3/
wkh lqglylgxdo ghflghv wr mrlq wkh oderxu irufh1 Li L�5 � 3 wkh hpsor|hu zrxog
zdqw wr r�hu klp d mre1 Qrwh wkdw +5, h{lvwv dqg lv gh�qhg hyhq iru wkrvh
lqglylgxdov wkdw ghflghg qrw wr mrlq wkh oderxu irufh1 Lqghhg wkhuh duh shuvrqv
wkdw gr qrw mrlq wkh oderxu irufh exw wr zkrp hpsor|huv zrxog zdqw wr r�hu
mrev1

Ohw xv gh�qh wkh iroorzlqj yduldeohv=

Lm @ 4> li L�m � 3 +6,

Lm @ 3> li L�m ? 3 +7,

Hduqlqjv fdq rqo| eh revhuyhg li L4 @ 4 dqg L5 @ 41 Zh dvvxph wkdw hduqlqjv
iru lqglylgxdov zlwk d fhuwdlq ohyho ri hgxfdwlrq duh jlyhq e|=

Z @ �3] . h +8,

zkhuh Z vwdqgv iru wkh orj ri hduqlqjv dqg wkh yduldeohv lq ] uh�hfw erwk
shuvrqdo dqg mre fkdudfwhulvwlfv1

Hvwlpdwhv ri htxdwlrq +8,/ iru hdfk hgxfdwlrq ohyho/ rewdlqhg e| frqyhqwlrqdo
olqhdu uhjuhvvlrq whfkqltxhv pd| eh lqfrqvlvwhqw1 Wklv lqfrqvlvwhqf| rffxuv/ gxh
wr wkh h{lvwhqfh ri wkh wzr vhohfwlrqv glvfxvvhg suhylrxvo|/ li wkh glvwxuedqfhv
ri wkh vhohfwlrq htxdwlrqv dqg wkh hduqlqjv htxdwlrq duh fruuhodwhg1 Wklv sure0
ohp fdq eh kdqgohg xvlqj hlwkhu d wzr0vwhs phwkrg gxh wr Khfnpdq +4<:<,
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+%Khfnlw%, ru pd{lpxp olnholkrrg hvwlpdwlrq1 Khfnlw kdv ehhq zlgho| xvhg lq
wkh suhvhqfh ri rqh vhohfwlrq uxoh1 Krzhyhu/ lw fdq ehfrph yhu| fxpehuvrph
zkhq wkhuh lv pruh wkdq rqh vhohfwlrq uxoh14 Lq wklv zrun zh rewdlq frqvlv0
whqw hvwlpdwhv e| hvwlpdwlqj mrlqwo|/ xvlqj pd{lpxp olnholkrrg iru hdfk hgxfd0
wlrqdo ohyho/ wkh hduqlqjv htxdwlrq dqg wkh wzr ghflvlrq ixqfwlrqv/ holplqdwlqj
wkh vhohfwlrq eldvhv1 Dvvxplqj wkdw wkh huuru whupv iroorz d pxowlyduldwh qrupdo
glvwulexwlrq wkh olnholkrrg ixqfwlrq lv uhodwlyho| vlpsoh dqg wkh rewdlqhg hvwlpd0
wruv duh qrw rqo| frqvlvwhqw/ exw dovr duh dv|pswrwlfdoo| h�flhqw dqg qrupdoo|
glvwulexwhg1

Vr zh ixuwkhu dvvxph wkdw +h> x4> x5, � Q+3>
S
, zlwk=

[
@

5
7 �5h �hx4 �hx5
�hx4 4 3
�hx5 3 4

6
8 +9,

Qrwh wkdw iru lghqwl�fdwlrq sxusrvhv wkh yduldqfhv ri x4 dqg x5 duh qrupdol}hg
wr 41 Pruhryhu zh kdyh dvvxphg wkdw �x4x5 @ 3 iru vlpsolflw|1 Lqghhg/ li wkh
wzr vhohfwlrqv duh qrw fruuhodwhg/ erwk wkh hvwlpdwlrq ri wkh sdudphwhuv dqg
wkh frpsxwdwlrq ri wkh vhohfwlylw| h�hfwv +wkh vr0fdoohg odpegdv, ehfrph pxfk
vlpsohu1 Dovr lq rxu fdvh zh h{shulhqfhg frqyhujhqfh sureohpv zkhq zh glg
qrw lpsrvh wklv uhvwulfwlrq1 Pruhryhu/ iuhtxhqwo| zkhq wklv uhvwulfwlrq lv qrw
lpsrvhg/ wkh rewdlqhg fruuhodwlrq lv qrw irxqg wr eh vljql�fdqwo| gl�huhqw iurp
}hur1 Vhh Wxqdol +4<;9, dqg Fr/ Jdqj dqg \xq +5333,1

Lq wklv fdvh wkh olnholkrrg ixqfwlrq iru wkh hqwluh vdpsoh lv wkhq jlyhq e|=

O @
\
l

^�+��34[4l,`
4�L4l ^^4��+��34[4l,` ^�+��35[5l,``

L4l+4�L5l,
+:,

%]
4

��3
4
[4l

]
4

��3
5
[5l

i +h> x4> x5,gx5gx4

&L4lL5l

Dv

i +h> x4> x5, @ i+h,i+x4> x5mh,
zh kdyh wkdw=]
4

��3
4
[4l

]
4

��3
5
[5l

i +h> x4> x5,gx5gx4 @ i+h,

]
4

��3
4
[4l

]
4

��3
5
[5l

i+x4> x5mh @Z��3],gx5gx4

zkhuh=

i+h, @
4

�h
!

�
Z � �3]

�h

�
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dqg

i+x4> x5mh, � Q

�� �hx4
�h

h
�hx5
�h

h

�
>

�
4� �5hx4 ��hx4�hx5
��hx4�hx5 4� �5hx5

��

zkhuh �hxl @ �hxl�h=

Wklv lpsolhv wkdw =

]
4

��3
4
[4l

]
4

��3
5
[5l

i +h> x4> x5,gx5gx4 @

�
4

�h
!

�
Z � �3]

�h

��+
4��

%��4[4l � �hx4
�h

+Zl � �3]l,s
4� �5hx4

&

��
%
��35[5l � �hx5

�h
+Zl � �3]l,s

4� �5hx5

&

.FGI

#
��4[4l � �hx4

�h
+Zl � �3]l,s

4� �5hx4
>
��35[5l � �hx5

�h
+Zl � �3]l,s

4� �5hx5
> �

$,

zkhuh !/ � duh wkh vwdqgdug qrupdo xqlyduldwh ghqvlw| dqg FGI uhvshfwlyho|
dqg zkhuh � @ ��hx4�hx5@

�s
4� �5hx4

s
4� �5hx5

�
=

Wkh suhylrxv ghulydwlrqv dvvxphg wkdw hduqlqjv zkhuh revhuyhg iru wkrvh
lqglylgxdov wkdw kdg d mre1 Krzhyhu/ xqiruwxqdwho|/ wkh gdwd vhw wkdw zh kdyh lv
vxfk wkdw/ iru wkrvh lqglylgxdov wkdw duh zrunlqj/ zh grq*w revhuyh wkhlu dfwxdo
ohyho ri hduqlqjv1 Lqvwhdg zh duh rqo| lqiruphg zkhwkhu wkh hduqlqjv ri dq
lqglylgxdo zklfk lv zrunlqj idoo rq d fhuwdlq udqjh1 Zh frxog doorz iru wklv
ihdwxuh ri wkh gdwd vhw gh�qlqj d vhw ri gxpp| yduldeohv ZLm / rqh iru hdfk
hduqlqjv fodvv m vxfk wkdw=

ZLml @ 4 li dm�4 �Zl ? dm +;,

zkhuh wkh dm duh nqrzq frqvwdqwv dqg d3 @ �4 dqg d< @41 Wklv phdqv wkdw=

Sure+ZLml @ 4> L4l @ 4 > L5l @ 4, @ Sure+dm�4 �Zl ? dm > L
�

4l A 3> L�5l A 3,

@ Sure+dm�4 � �3]l � h ? dm � �3]l >x4 A ��34[4l >x5 A ��35[5l,

vr wkdw=

Sure+ZLml @ 4> L4l @ 4 > L5l @ 4, @

]
4

��3
4
[4l

]
4

��3
5
[5l

] dm��
3]l

dm�4��3]l

i +h> x4> x5, gh gx5 gx4=

+<,
Lq wklv fdvh wkh olnholkrrg ixqfwlrq ehfrphv=
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O @
\
l

�
^�+��34[4l,`

4�L4l ^^4��+��34[4l,` ^�+��35[5l,``
L4l+4�L5l,

+43,

\
m

%]
4

��3
4
[4l

]
4

��3
5
[5l

] dm��
3]l

dm�4��3]l

i +h> x4> x5,gh gx5 gx4

&ZmlL4lL5l
<@
>

Krzhyhu/ gxh wr wkh frpsxwdwlrqdo exughq lqyroyhg lqvwhdg ri pd{lplvlqj
+43, zh fkrvh wr vlpso| pd{lpl}h +:, dssur{lpdwlqj wkh dfwxdo hduqlqjv ri hdfk
lqglylgxdo e| wkh plg0srlqw ri wkh fruuhvsrqglqj hduqlqjv fodvv lqwhuydo1

Rxu prgho fdq eh frpsduhg zlwk vhyhudo rwkhu prghov wkdw kdyh dovr dqdo0
|vhg hgxfdwlrqdo fkrlfhv dqg hduqlqjv1 Iru h{dpsoh lq Wurvw dqg Ohh +4<;7,/
Jduhq +4<;7, dqg Kduwrj hw do1 +4<;<, wkh vdph sureohp lv dqdo|vhg xvlqj
vlplodu gdwd1 Krzhyhu lq wkh prghov ri Wurvw dqg Ohh dqg Jduhq wkh h{lw ohyho
lv fkrvhq dw wkh vwduw ri wkh vfkrro fduhhu1 Wkhuhiruh/ lpsolflwo| wkh| dvvxph
frpsohwh lqirupdwlrq dw wkh ehjlqqlqj ri wkh vfkrro fduhhu1 Rq wkh frqwudu|
Kduwrj hw do1 frqvlghu d vhtxhqwldo ghflvlrq surfhvv iru wkh fkrlfh ri vfkrrolqj
ohyho1 Lq wkhlu prgho/ olnh lq rxuv/ dw hdfk hgxfdwlrq ohyho dq lqglylgxdo pxvw
ghflgh wr vwd| lq vfkrro ru wr vwrs vwxg|lqj1 Ixuwkhupruh wkh| dovr dvvxph/ dv
zh gr/ wkdw fkrlfhv pdgh dw rqh hgxfdwlrqdo ohyho gr qrw ghshqg rq ghflvlrqv
wdnhq suhylrxvo|1 Wklv lv d vwurqj dvvxpswlrq/ gxh erwk wr wkh frpsxwdwlrqdo
exughq dvvrfldwhg zlwk wkh dowhuqdwlyh dqg/ lq rxu fdvh/ dovr e| gdwd dydlodelolw|1
Qrwh wkdw lq wkh Wurvw dqg Ohh fdvh/ dv wkh| frqvlghu d pxowlqrpldo fkrlfh orjlw/
wkh| dovr lpsrvh lqghshqghqfh ehwzhhq wkh ghflvlrq htxdwlrqv1 Krzhyhu/ lq doo
wkhvh zrunv lw lv dvvxphg wkdw li rqh lqglylgxdo ghflghv wr ohdyh vfkrro kh ru
vkh zloo jhw d mre1 Lq rxu prgho/ rq wkh frqwudu|/ zh uhod{ wklv dvvxpswlrq/ vr
wkdw dq lqglylgxdo wkdw ghflghv wr ohdyh vfkrro pd| jhw d mre ru qrw1 Wkhuhiruh/
lq rxu fdvh/ dw hdfk srwhqwldo h{lw ohyho zh frqvlghu wzr ghflvlrqv= wkh ghflvlrq
wr ohdyh vfkrro dqg wkh hpsor|phqw ghflvlrq/ zkhuhdv lq wkh rwkhu wkuhh zrunv
rqo| wkh �uvw ghflvlrq lv prghoohg1

2�2 �tt�4�?} �?_iTi?_i?Ui Mi|�ii? |�i _iU�t�L? |L t|�_)
@?_ |�i i@h?�?}t u�?U|�L?

Li wkh huuruv ri wkh hduqlqjv ixqfwlrq dqg ri wkh ghflvlrq wr frqwlqxh vwxg|lqj
duh xqfruuhodwhg/ l1h1 li �hx4 @ 3> wkh prgho ehfrphv pxfk vlpsohu1 Lqghhg lq
wklv fdvh/ dv zh kdyh wkdw i +h> x4> x5, @ i+x4,i +h> x5, > zh fdq vsolw wkh prgho
lq wzr sduwv/ dqg dqdo|vh wkh ghflvlrq wr frqwlqxh vwxg|lqj ru wr mrlq wkh oderxu
irufh vhsdudwho|1

Wklv phdqv wkdw zh fdq frqvlghu wzr olnholkrrg ixqfwlrqv1 Rqh iru wkh
ghflvlrq wr vwxg| +O4, dqg dqrwkhu iru wkh uhpdlqlqj dvshfwv +O5,1 Lq wklv fdvh
O4 lv jlyhq e| +44,=
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O4 @
\
l

^4��+��34[4l,`
L4l

^�+��34[4l,`
4�L4l

+44,

dqg zh frxog zulwh O5 li dfwxdo hduqlqjv zhuh revhuyhg dv=

O5 @
\
l

^�+��35[5l,`
4�L

5l

%]
4

��3
5
[5l

i +h> x5,gx5

&L5l
= +45,

Dv zh kdyh wkdw=

i +h> x5, @ i+h,i+x5mh,
+45, ehfrphv=

O5 @
\
l

^�+��35[5l,`
4�L

5l

%
i+h,

]
4

��3
5
[5l

i+x5mh @Z � �3],gx5

&L5l

vr wkdw=

O5 @
\
l
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Wklv phdqv wkdw wkh olnholkrrg ixqfwlrq iru wkh hqwluh vdpsoh/ li dfwxdo hduq0
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Wkhuhiruh wkh olnholkrrg ixqfwlrq iru wkh hqwluh vdpsoh ehfrphv lq wklv fdvh=
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Wkh gdwd vhw xvhg lq wklv vwxg| frphv iurp wzr vxuyh|v/ frqgxfwhg e| wkh
Sruwxjxhvh Plqlvwu| ri Hgxfdwlrq/ uhvshfwlyho| dprqj wkrvh lqglylgxdov wkdw
frpsohwhg frpsxovru| vfkrro +<wk judgh, dqg wkrvh wkdw �qlvkhg wkh frpsohwh
jhqhudo v|vwhp ri hgxfdwlrq +45wk judgh, lq 4<<61 Wkhvh lqglylgxdov zhuh lqwhu0
ylhzhg/ dw wkh vdph fdohqgdu wlph/ lq Ghfhpehu 4<<7/ 4; prqwkv diwhu judgxd0
wlrq/ dqg zhuh dvnhg derxw vrph shuvrqdo fkdudfwhulvwlfv dqg idplo| edfnjurxqg/
dv zhoo dv wkhlu fxuuhqw vlwxdwlrq dw wkh wlph ri wkh lqwhuylhz= l1h1 zkhwkhu wkh|
zhuh vwxg|lqj/ zrunlqj ru rxw ri zrun1 Iru wkrvh wkdw zhuh hpsor|hg vrph
txhvwlrqv frqfhuqlqj wkhlu fxuuhqw mre dqg hduqlqjv zhuh dovr dvnhg1 Qrwh wkdw
iru wkrvh lqglylgxdov wkdw frqwlqxhg vwxg|lqj zh gr qrw nqrz zkdw zdv wkhlu
vfkrrolqj w|sh fkrlfh1

Wkh h{sodqdwru| yduldeohv frqvlghuhg lq wkh ghflvlrq wr frqwlqxh vwxg|lqj
+l1h1 wkh yduldeohv lq wkh [4 yhfwru, lqfoxgh shuvrqdo fkdudfwhulvwlfv= VH[ +d
gxpp| yduldeoh htxdo wr 4 iru zrphq,/ DJH phdvxuhg dw wkh wlph ri wkh
lqwhuylhz/ dqg dovr vrfldo edfnjurxqg yduldeohv= wkh surihvvlrq ri erwk idwkhu
dqg prwkhu +MRESD dqg MREPD,/ vfkrrolqj ohyho ri erwk sduhqwv +VFSD dqg
VFPD, dv zhoo dv wkh fxuuhqw oderxu pdunhw vlwxdwlrq ri erwk sduhqwv dw wkh
wlph ri wkh lqwhuylhz +VLWSD dqg VLWPD,1

Wkh yduldeohv MRESD dqg MREPD duh gxpp| yduldeohv wkdw wdnh wkh ydoxh
}hur iru orzhu dqg lqwhuphgldwh ohyho mrev dqg wkh ydoxh rqh iru kljkhu ohyho
mrev1 Qrwh wkdw lq hvwlpdwlrq zh rqo| xvhg wkh MRESD yduldeoh dv erwk MRE
yduldeohv pryhg wrjhwkhu1 Wkh yduldeohv VFSD dqg VFPD duh d vhw ri vhyhq
gxpp| yduldeohv iru hdfk sduhqw1 Iru h{dpsoh VFSD4 wdnhv wkh ydoxh 4 zkhq
wkh idwkhu kdv ohvv wkdq sulpdu| vfkrro +7 |hduv lq vfkrro,1 Wkh rwkhu hgxfd0
wlrqdo ohyhov frqvlghuhg duh= sulpdu| vfkrro +VFSD5 dqg VFPD5,/ 9wk judgh
+VFDSD6 dqg VFPD6,/ <wk judgh +VFSD7 dqg VFPD7,/ 45wk judgh +VFSD8
dqg VFPD8,/ kljkhu hgxfdwlrq +VFSD9 dqg VFPD9, dqg froohjh hgxfdwlrq
+VFSD: dqg VFPD:,1 Wkh yduldeohv VLWSD dqg VLWPD duh dovr gxpp| ydul0
deohv wkdw lqglfdwh zkhwkhu prwkhu dqg idwkhu zhuh hpsor|hg +VLWSD4 dqg
VLWPD4,/ xqhpsor|hg +VLWSD5 dqg VLWPD5,/ krxvh0zrunlqj +VLWSD6 dqg
VLWPD6,/ uhwluhg ru shqvlrqlvwv +VLWSD7 dqg VLWPD7, ru ghfhdvhg +VLWSD8
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dqg VLWPD8, dw wkh wlph ri wkh lqwhuylhz1 Lq wkh hvwlpdwlrq wkh yduldeohv
VFSD4/ VFPD4/ VLWSD8 dqg VLWPD8 zhuh rplwwhg dqg vhuyh wkhuhiruh dv wkh
uhihuhqfh fdwhjru|1

Wkh h{rjhqrxv yduldeohv xvhg lq wkh hpsor|phqw ghflvlrq +l1h1 wkh yduldeohv
lq wkh [5 yhfwru, duh wkh rqhv lq [4 soxv JUDG/ d yduldeoh frqfhuqlqj wkh
judgh rewdlqhg dw vfkrro judgxdwlrq/ wkdw lv vxssrvhg wr uh�hfw wkh lqglylgxdo*v
jhqhudo delolw|1 JUDG lv dovr d gxpp| yduldeoh wkdw wdnhv wkh ydoxh 4 zkhq
wkh judgh rewdlqhg h{fhhgv 99(1

Ilqdoo| wkh h{sodqdwru| yduldeohv lqfoxghg lq wkh zdjh htxdwlrqv +l1h1 wkh
yduldeohv lq wkh ] yhfwru, duh wkh rqhv lq [5 soxv d yduldeoh lqwhqghg wr fkdudf0
whul}h wkh �up dw zklfk wkh lqglylgxdo lv zrunlqj +VL]H,/ rwkhuv wkdw uh�hfw wkh
w|sh ri zrunlqj uhodwlrqvkls +FRQW dqg SDUWW, dqg dqrwkhu wkdw dvvhvvhv
wkh mre ohyho dqg vnloov ri wkh lqglylgxdo +TXDO,1 Wkh yduldeoh vl}h ri wkh �up
+phdvxuhg e| wkh qxpehu ri hpsor|hhv, zdv lqfoxghg lq wkh zdjh htxdwlrqv/
dv lw kdv ehhq irxqg wkdw odujh hpsor|huv sd| kljkhu zdjhv1 +Vhh Eurzq dqg
Phgr� +4<;<,,1 Zh frqvlghuhg 9 vl}h fodvvhv dqg wkhuhiruh gh�qhg 9 gxpp|
yduldeohv= ohvv wkdq 8 zrunhuv +VL]H4,/ pruh wkdq 8 dqg ohvv wkdq 53 zrunhuv
+VL]H5,/ 53 ru pruh dqg ohvv wkdq 83 zrunhuv +VL]H6,/ 83 ru pruh dqg ohvv
wkdq 433 zrunhuv +VL]H7,/ 433 ru pruh dqg ohvv wkdq 833 zrunhuv +VL]H8,/ dqg
pruh wkdq 833 hpsor|hhv +VL]H9,1 Lq hvwlpdwlrq VL]H4 zdv rplwwhg1 Wkh ydul0
deoh FRQW lv d gxpp| yduldeoh wkdw wdnhv wkh ydoxh 4 zkhq wkh lqglylgxdo
lv hpsor|hg zlwk d shupdqhqw oderxu frqwudfw1 SDUWW lv d gxpp| yduldeoh
iru shrsoh zrunlqj sduw wlph1 Ilqdoo| TXDO lqglfdwhv zkdw zdv wkh ohyho ri
txdol�fdwlrq ri wkh lqglylgxdo1 Djdlq zh frqvlghuhg d vhw ri gxpp| yduldeohv/
rqh iru hdfk txdol�fdwlrq ohyho1 Qrwh wkdw lq rxu gdwd hdfk uhvsrqghqw vhohfwhg
lwv rzq txdol�fdwlrq ohyho iurp d jlyhq olvw ri fkrlfhv dqg wkdw wkh olvw zdv qrw
lghqwlfdo iru wkh wzr hgxfdwlrqdo ohyhov frqvlghuhg1

Wkh lqfoxvlrq ri wkh txdol�fdwlrq ohyho yduldeohv dqg ri wkh vl}h yduldeohv lq
wkh hduqlqjv ixqfwlrq pd| qhhg vrph pruh glvfxvvlrq/ dv lw qrw xvxdoo| grqh1
Wkh vwdqgdug kxpdq fdslwdo prgho ljqruhv mre ohyho dqg �up vl}h yduldeohv/
dvvxplqj hlwkhu wkdw wkh ydoxh ri kxpdq fdslwdo lv lqghshqghqw ri mre ohyho dqg
vl}h ri wkh �up ru wkdw lqglylgxdov dozd|v �qg wkh mre ohyho ru wkh �up vl}h
wkdw jlyhv wkhp wkh surshu uhwxuqv1 Krzhyhu/ rwkhu wkhrulhv/ vxfk dv mre0zrunhu
pdwfklqj wkhrulhv/ vxjjhvw wkdw ghpdqg vlgh yduldeohv pd| dovr sod| d uhohydqw
uroh1 Pruhryhu suhylrxv hpslulfdo zrun vkrzv wkdw erwk mre ohyho dqg �up vl}h
duh lpsruwdqw yduldeohv lq wkh ghwhuplqdwlrq ri zdjhv1 Vhh Kduwrj hw do1 +4<;<,
dqg Eurzq dqg Phgr� +4<;<,1 Dovr wkh lqfoxvlrq ri wkh vl}h yduldeohv pd| eh
mxvwl�hg lq whupv ri wkh kxpdq fdslwdo wkhru| li zh frqvlghu wkdw lqglylgxdov
suhihu wr zrun lq vpdoo �upv/ vr wkdw wkh| kdyh wr eh frpshqvdwhg wr djuhh
wr zrun lq d eljjhu �up1 Lqghhg/ xqghvludeoh zrunlqj frqglwlrqv/ jhqhudoo|
dvvrfldwhg zlwk eljjhu �upv/ vxfk dv pruh uxohv dqg ru d ohvv iulhqgo| dqg
pruh lpshuvrqdo zrunlqj dwprvskhuh pd| lpso| wkh qhhg iru d zdjh suhplxp
dvvrfldwhg zlwk hpsor|hu vl}h1

Wkh hqgrjhqrxv yduldeohv/ dw hdfk srwhqwldo h{lw ohyho/ duh wkh gxpp| ydul0
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deohv L4 dqg L5 dqg uhvshfwlyho| wkh prqwko| zdjh +lq orjv, ru wkh gxpp|
yduldeohv ZLm gh�qhg lq +;,1 Qrwh wkdw wkh frqvwdqwv dm / wkdw gh�qh wkh olp0
lwv ri wkh hduqlqjv lqwhuydov/ duh qrw lghqwlfdo iru wkh wzr hgxfdwlrqdo ohyhov
frqvlghuhg1

Lq Wdeoh 4 zh suhvhqw phdqv dqg vwdqgdug ghyldwlrqv ri doo wkh h{rjhqrxv
yduldeohv e| hgxfdwlrqdo ohyho1 Dv h{shfwhg phdq djh lv kljkhu iru wkh vdpsoh
ri lqglylgxdov wkdw frpsohwhg wkh 45wk judgh dqg zh dovr revhuyh d kljkhu sur0
sruwlrq ri ihpdohv lq wkh 45wk judgh vdpsoh1 Orrnlqj qrz dw idplo| edfnjurxqg
h�hfwv/ dowkrxjk wkh sursruwlrq ri lqglylgxdov zkrvh idwkhu kdg d kljk ohyho
mre ru zkrvh sduhqwv vfkrrolqj ohyho zdv dw ohdvw wkh 45wk judgh duh kljkhu iru
wkh kljkhu hgxfdwlrqdo ohyho/ zh gr qrw ghwhfw d vkdus gl�huhqfh ehwzhhq wkh
wzr hgxfdwlrqdo ohyhov frqvlghuhg1 Wklv pd| eh h{sodlqhg e| wkh idfw wkdw wkh
vwdwlvwlfv suhvhqwhg duh frpsxwhg iru wkh frpsohwh vdpsoh ri lqglylgxdov dw hdfk
hgxfdwlrqdo ohyho dqg qrw iru wkrvh h{lwlqj wkh hgxfdwlrqdo v|vwhp dw wkdw ohyho/
dqg wkdw iru wkh <wk judgh vdpsoh wkh sursruwlrq ri lqglylgxdov wkdw vwrsshg
vwxg|lqj lv uhodwlyho| vpdoo1 Wkhvh frqvlghudwlrqv/ krzhyhu/ gr qrw dsso| wr
wkh oderxu pdunhw yduldeohv/ dqg iru wkrvh zh fdq ghwhfw vrph lpsruwdqw gli0
ihuhqfhv1 Lqghhg wkh sursruwlrq ri lqglylgxdov hpsor|hg e| eljjhu �upv +VL]H8
dqg VL]H9, ru zlwk d shupdqhqw oderxu frqwudfw duh vljql�fdqwo| kljkhu iru
lqglylgxdov wkdw krog d 45wk judgh fhuwl�fdwh1 Dqrwkhu lqwhuhvwlqj idfw/ sure0
deo| dovr uhodwhg wr wkh djh gl�huhqfh ehwzhhq wkh wzr vdpsohv/ lv wkdw wkh
sursruwlrq ri lqglylgxdov zkrvh sduhqwv duh hpsor|hg +VLWSD4 dqg VLWPD4,
lv pxfk vpdoohu iru wkh 45wk judgh vdpsoh zkhuhdv wkh sursruwlrq ri lqglylg0
xdov zkrvh sduhqwv duh uhwluhg ru shqvlrqlvwv +VLWSD7 dqg VWPD7, lqfuhdvhv
frpshqvdwrulo|1

Lq Wdeoh 5 zh suhvhqw phdqv dqg vwdqgdug ghyldwlrqv ri wkh zdjh yduldeohv
e| hgxfdwlrqdo ohyho1 Dv h{shfwhg phdq zdjhv duh eljjhu lq wkh 45wk judgh
vdpsoh1 Qrwh djdlq wkdw wkh olplwv ri wkh hduqlqjv lqwhuydov duh qrw wkh vdph
iru wkh wzr hgxfdwlrqdo ohyhov1
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Zh vwduw e| suhvhqwlqj wkh uhvxowv rewdlqhg iru wkh fdvh zkhuh �hx4 @ 31 Qrwh
wkdw lq wklv fdvh/ frqwudu| wr zkdw zh glg iru wkh jhqhudo fdvh/ zh ixoo| dffrxqwhg
iru wkh idfw wkdw lq rxu gdwd dfwxdo hduqlqjv duh qrw revhuyhg/ dowkrxjk zh nqrz
lqvlgh zkdw lqwhuydo gr lqglylgxdo hduqlqjv idoo1 Wklv phdqv wkdw wkh wzr fdvhv
dfwxdoo| hvwlpdwhg duh qrw qhvwhg1

Zkhq �hx4 @ 3 zh fdq wuhdw wkh ghflvlrq wr frqwlqxh vwxg|lqj vhsdudwho|1
Wkhuhiruh wr hdvh wkh frpsxwdwlrqdo exughq zh ghflghg lq wklv fdvh lqvwhdg ri
pd{lplvlqj +4:, wr vsolw wkh prgho lq wzr sduwv dqg wr pd{lplvh +44, dqg +48,
vhsdudwho| iru hdfk hgxfdwlrqdo ohyho1
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Yduldeoh <wk judgh 45wk judgh
[4 Yduldeohv Phdq Vwg1 ghy1 Phdq Vwg1 ghy1
VH[ 319395 317;;: 31974< 317:<:
DJH 491;37 417486 541683 61<:;6
MRESD 314<:5 316<;3 3155:7 3174<6
VFSD5 318444 318333 318383 318335
VFSD6 313;;8 315;74 313:77 315959
VFSD7 314895 316965 31476< 316844
VFSD8 313899 315645 313:37 315893
VFSD9 31368< 314;94 3137:6 315457
VFSD: 313:<7 315:37 313;;8 315;75
VFPD5 318545 317<<: 318534 317<<<
VFPD6 314334 316335 313:57 3158<6
VFPD7 31459< 31665< 3143;: 316447
VFPD8 313854 315555 313786 3153;3
VFPD9 313879 3155:6 313967 31576;
VFPD: 3138:4 315655 313957 315753
VLWSD4 31;457 316<38 319;34 31799:
VLWSD56 3137<3 315493 313886 3155;:
VLWSD7 313:7; 315965 314983 316:47
VLWPD4 318753 317<;7 317:8< 317<<:
VLWPD5 313793 3153<9 3136:5 314;<7
VLWPD6 3165<9 317:35 316774 317:86
VLWPD7 313778 315395 313<89 315<75
Qxpehu ri Revhuy1 4<:; <<7
[5 Yduldeohv
JUDG 316685 317:67 315:9: 3177:<
Qxpehu ri Revhuy1 4:9 763
] Yduldeohv
VL]H5 314<4< 316<8; 314;<< 316563
VL]H6 314949 316:33 314767 316844
VL]H7 314343 31635< 313<9; 315<95
VL]H8 313;3; 315:6< 3147:3 31687:
VL]H9 314949 316:33 3154;9 317474
FRQW 315454 31743< 316;:4 317;;3
SDUWW 314646 3166<8 314444 31647;
TXDO4 313;3; 315:6< 3143:8 316436
TXDO5 318485 318356 31386; 315593
Qxpehu ri Revhuy1 << 5:<

Wdeoh 4= Phdqv dqg Vwdqgdug Ghyldwlrqv ri Yduldeohv
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Yduldeoh <wk judgh 45wk judgh
Phdq Vwg1 ghy1 Phdq Vwg1 ghy1

orj zdjh 713458 3165:9 716499 316;87
ZL4 313;3; 315:6< 31393< 3156<9
ZL5 313838 315534 313;<9 315;94
ZL6 313<3< 315;;< 314;97 316<34
ZL7 314<4< 316<8; 3154;9 317474
ZL8 315757 31763: 314874 31694:
ZL9 315656 317578 3147:3 31687:
ZL: 313:3: 3158:9 31386; 315593
ZL; 313636 314:56 313978 315794
ZL< 313434 314338 313584 31489:
Q << 5:<

Wdeoh 5= Phdqv dqg Vwdqgdug Ghyldwlrqv ri wkh Zdjh Yduldeohv

Wkh uhvxowv rewdlqhg pd{lpl}lqj +44, duh suhvhqwhg lq Wdeoh 61 Lq froxpq
+l, zh suhvhqw wkh uhvxowv rewdlqhg iru wkh <wk judgh zkhuhdv lq froxpqv +ll, dqg
+lll, zh suhvhqw wzr dowhuqdwlyh vshfl�fdwlrqv iru wkh 45wk judgh1 Wkh �uvw rqh
+froxpq +ll,, lv lghqwlfdo wr wkh rqh suhvhqwhg iru wkh <wk judgh1 Dv zlwk wkdw
vshfl�fdwlrq pdq| yduldeohv kdg qr vljql�fdqw h�hfw zh ghflghg wr fkdqjh wkh
vshfl�fdwlrq/ pdlqo| e| ghohwlqj wkh VFSD dqg VLWSD yduldeohv/ dqg duulyhg
dw wkh vshfl�fdwlrq suhvhqwhg lq froxpq +lll, zklfk lv rxu suhihuuhg vshfl�fdwlrq
iru wkh 45wk judgh1

Orrnlqj dw wkh sdudphwhuv hvwlpdwhv zh fdq vhh wkdw vh{ rqo| lq�xhqfhv
vljql�fdqwo| wkh ghflvlrq wr frqwlqxh vwxg|lqj dw wkh <wk judgh zkhuh zh �qg
wkdw jluov whqg wr jr rq vwxg|lqj pruh wkdq er|v1 Dovr djh whqgv wr lqfuhdvh
wkh suredelolw| wr h{lw vfkrro dw erwk hgxfdwlrqdo ohyhov1 Wxuqlqj qrz wr wkh
idplo| edfnjurxqg h�hfwv zh �qg/ iru erwk hgxfdwlrqdo ohyhov/ wkdw wkh yduldeoh
MRESD vkrzv wkh h{shfwhg vljq/ dv lqglylgxdov zkrvh idwkhu kdv d kljk ohyho
mre whqg wr frqwlqxh vwxg|lqj/ dowkrxjk wkh rewdlqhg h�hfw lv qrw vljql�fdqwo|
hvwlpdwhg1 Pruhryhu/ iru wkh <wk judgh/ kdylqj d pruh hgxfdwhg idwkhu lqfuhdvhv
wkh suredelolw| ri frqwlqxlqj vwxg|lqj dqg iru erwk hgxfdwlrqdo ohyhov wkh sure0
delolw| ri h{lwlqj vfkrro lv orzhu wkh kljkhu wkh prwkhu*v hgxfdwlrq1 Dovr/ iru
wkh <wk judgh/ lqglylgxdov zkrvh idwkhu lv hpsor|hg kdyh d kljkhu suredelolw| ri
frqwlqxlqj lq vfkrro dqg wklv suredelolw| lv hyhq kljkhu li wkh idwkhu lv uhwluhg1
Iru erwk hgxfdwlrqdo ohyhov zh �qg wkdw lqglylgxdo zkrvh prwkhu lv xqhpsor|hg
kdyh d kljkhu suredelolw| ri h{lwlqj vfkrro1

Lq Wdeoh 7 wkh uhvxowv ri wkh pd{lpl}dwlrq ri O5 duh suhvhqwhg1 Wkhuh duh
wkuhh sduwv= wkh sdudphwhu hvwlpdwhv ri wkh ghflvlrq ixqfwlrq L�5 / wkh sdudphwhu
hvwlpdwhv ri wkh hduqlqjv ixqfwlrq dqg wkh sdudphwhuv ri wkh fryduldqfh pdwul{1
+Dv|pswrwlf w0udwlrv duh suhvhqwhg lq sduhqwkhvhv,1 Lq wkh odvw wzr froxpqv
zh suhvhqw wkh uhvxowv rewdlqhg pd{lpl}lqj htxdwlrq +48, uhvshfwlyho| iru wkh

44



+l, +ll, +lll,
<wk judgh 45wk judgh 45wk judgh

Yduldeoh Sdudp1 w0udwlr Sdudp1 w0udwlr Sdudp1 w0udwlr

frqvwdqw 081<4< +043148, 061779 +091<;, 061898 +0:1;7,
VH[ 0317;4 +0813;, 031463 +04167, 031453 +04158,
DJH 31649 +44179, 314:5 +<1<9, 314:9 +43175,
MRESD 03158< +0419<, 0314<3 +04193, 0314:3 +04179,
VFSD56 031443 +0319<, 031343 +03138,
VFSD7 031567 +04145, 03173; +041::,
VFSD89: 031:9< +05166, 0313;3 +03166,
VFPD5 03149< +0414:,
VFPD6 031899 +05199,
VFPD56 03168; +05188, 03149< +04145,
VFPD7 031;4; +0617:, 031976 +051<4, 031;4; +07146,
VFPD8 041353 +06199,
VFPD9 041498 +07165,
VFPD: 04154; +07156,
VFPD89: 041689 +06199, 04134; +07155,
VLWSD4 031947 +06184, 31363 +314;,
VLWSD56 03173: +04199, 3139< +315;,
VLWSD7 031;98 +061:8, 313;: +3178,
VLWPD4 31947 +5168, 03133: +03136, 3138< +315:,
VLWPD5 31;:7 +51:<, 31855 +41:5, 31943 +5138,
VLWPD6 3185; +5135, 314<3 +31;8, 3155: +4139,
VLWPD7 31658 +4133, 31753 +4196, 317;9 +41<7,
U vtxduhg 3153: 31646 31646
fruuhfw suhg1 31<47 31:8< 31:8;
Qr1 ri 4 4:9 763 763
Qr1 ri revhuy1 4<:; <<7 <<7

Wdeoh 6= Surelw Hvwlpdwlrq Uhvxowv
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<wk judgh <wk judgh 45wk judgh
ht1 +46, ht1 +48, ht1 +48,

Ghflvlrq ixqfwlrq
frqvw 031<;: +031;3, 041348 +031;5, 041;44 +07166,
VH[ 0313;< +03177, 0313<4 +03178, 031458 +031;:,
DJH 31387 +31;3, 31389 +31;5, 31436 +81:8,
VFSD789: 3153; +3199, 3153< +3199, 0313:6 +03178,
VLWSD7 31;:< +514<, 31;;4 +514<, 0315;5 +041;5,
JUDG 31583 +4146, 3157; +4145, 313:4 +317:,
Hduqlqjv ixqfwlrq
frqvw 614:3 +<146, 614:7 +<168, 61979 +4;155,
VH[ 0 0 0314:8 +07149,
DJH 3135< +516;, 3135< +5183, 3134< +614<,
TXDO4 31546 +5168, 31545 +5178, 31357 +3174,
TXDO5 313:8 +4154, 313:4 +4149, 31439 +4176,
FRQW 31476 +41:9, 31479 +41;<, 3145: +6136,
VL]H5 314;8 +516:, 314:4 +5157, 313;5 +4154,
VL]H6 31387 +3185, 31377 +3175, 31484 +5153,
VL]H7 31638 +61;4, 315:; +618:, 31535 +5183,
VL]H8 316;; +616:, 316;6 +6188, 315:8 +7137,
VL]H9 31573 +516;, 31563 +5168, 3169< +8195,
SDUWW 03144; +04195, 03144: +04197, 031566 +061:8,
JUDG 3143; +41:<, 31439 +41:8, 3136: +31;4,
Fryduldqfh pdwul{
�h 31574 +4143, 31559 +91<3, 31656 +<183,
�hx5 31599 +;148, 31566 +3158, 31853 +4198,
Q 4:9 4:9 763
Pd{ +orj O5, 0445184 05:81<; 0::9166

Wdeoh 7= Pd{lpxp olnholkrrg hvwlpdwhv ri O5
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<wk dqg wkh 45wk judghv/ zkhuhdv lq wkh �uvw froxpq zh suhvhqw wkh uhvxowv
rewdlqhg iru wkh <wk judgh zkhq zh pd{lpl}h +46, dssur{lpdwlqj wkh hduqlqjv
ri dq lqglylgxdo e| wkh plg0srlqw ri wkh fruuhvsrqglqj hduqlqjv fodvv1

Lw lv fohdu wkdw vrph ri wkh sdudphwhuv/ pdlqo| wkrvh ri wkh ghflvlrq ixqf0
wlrq/ duh qrw vljql�fdqwo| hvwlpdwhg1 Wkh frqfoxvlrq wkdw vh{ dqg idwkhu*v ohyho
ri vfkrrolqj kdyh qr vljql�fdqw h�hfw rq wkh suredelolw| ri dq lqglylgxdo �qglqj
d mre vxjjhvwv qr glvfulplqdwlrq dw wkh fkrlfh ohyho1 Krzhyhu zh �qg/ iru wkh
45wk judgh vdpsoh/ wkdw zdjhv duh orzhu iru ihpdohv1 Wkh h�hfw ri djh rq wkh
suredelolw| ri jhwwlqj d mre lv srvlwlyh exw vljql�fdwlyh rqo| lq wkh 45wk judgh
vdpsoh1 Wklv pd| eh gxh wr wkh idfw wkdw wkh yduldqfh ri wkh djh glvwulexwlrq
lv pxfk vpdoohu iru wkh <wk judgh vdpsoh1 Krzhyhu djh d�hfwv vljql�fdqwo| dqg
srvlwlyho| hduqlqjv dw erwk hgxfdwlrqdo ohyhov1 Zh dovr �qg wkdw wkh judgh re0
wdlqhg grhv qrw lq�xhqfh qhlwkhu wkh suredelolw| ri ehfrplqj hpsor|hg qru wkh
zdjh uhfhlyhg iru wkh 45wk judgh vdpsoh1 Wklv vxjjhvwv wkdw wkh judgh rewdlqhg
dw judgxdwlrq grhv qrw d�hfw wkh uhvhuydwlrq zdjh dqg grhv qrw ixqfwlrq dv d
vfuhhqlqj ghylfh iru 45wk judgh judgxdwhv1 Krzhyhu/ iru wkh <wk judgh vdpsoh
wkhuh lv vrph voljkw hylghqfh ri wkh suhvhqfh ri wkhvh h�hfwv1 Wkhvh �qglqjv vxj0
jhvw wkdw wkh rssruwxqlw| frvw ri zrunlqj iru deohuv ghfuhdvhv zlwk wkh hgxfdwlrq
ohyho1 Iru wkh <wk judgh vdpsoh zh dovr �qg wkdw lqglylgxdov zkrvh idwkhu lv uh0
wluhg ru d shqvlrqlvw kdyh d kljkhu suredelolw| ri ehfrplqj hpsor|hg1 Krzhyhu
wklv h�hfw lv qrw suhvhqw lq wkh 45wk judgh vdpsoh1 Zh vxvshfw wkdw wklv pd|
kdyh wr gr zlwk d fhuwdlq fruuhodwlrq ehwzhhq wklv yduldeoh dqg djh1 Iru erwk
hgxfdwlrqdo ohyhov/ hduqlqjv lqfuhdvh zlwk wkh vl}h ri wkh �up dqg zh dovr �qg
wkdw wkhuh lv d zdjh suhplxp iru lqglylgxdov hpsor|hg zlwk d shupdqhqw oderxu
frqwudfw1 Dovr wkh hduqlqjv ri lqglylgxdov zrunlqj lq sduw0wlph duh vpdoohu dv
h{shfwhg1

Wkh erwwrp sduw ri Wdeoh 7 suhvhqwv lqirupdwlrq rq wkh yduldqfh0fryduldqfh
vwuxfwxuh1 Zh �qg wkdw wkh yduldqfh lq wkh hduqlqjv ixqfwlrq lqfuhdvhv zlwk wkh
hgxfdwlrqdo ohyho1 Wklv lv lq frqiruplw| zlwk rwkhu uhvhdufk rq hduqlqjv1 Wkh
rewdlqhg fruuhodwlrq ehwzhhq wkh huuruv ri wkh zdjh htxdwlrq dqg wkh huuruv ri
wkh hpsor|phqw ghflvlrq lv srvlwlyh iru erwk hgxfdwlrqdo ohyhov1 Wklv lqglfdwhv
wkdw xqrevhuyhg idfwruv wkdw lqfuhdvh hduqlqjv iru d jlyhq hgxfdwlrqdo ohyho duh
srvlwlyho| fruuhodwhg zlwk wkh xqrevhuyhg idfwruv wkdw lqfuhdvh wkh suredelolw|
ri rewdlqlqj d mre1 Krzhyhu/ wkh frh�flhqwv rewdlqhg duh qrw vljql�fdqwo| hv0
wlpdwhg zkhq zh pd{lpl}h htxdwlrq +48,1 Lqghhg lq wkdw fdvh zh kdg vrph
sureohpv lq uhdfklqj frqyhujhqfh1 Qrwh krzhyhu wkdw zkhq/ lqvwhdg ri ixoo|
dffrxqwlqj iru wkh idfw wkdw dfwxdo hduqlqjv duh qrw revhuyhg/ zh dssur{lpdwh
dfwxdo hduqlqjv e| wkh plg0srlqw ri wkh fruuhvsrqglqj hduqlqjv fodvv lqwhuydo/ l1
h1 zkhq lqvwhdg ri hvwlpdwlqj +48, zh xvh +46,/ zh rewdlq yhu| vlplodu uhvxowv
+frpsduh wkh �uvw wzr froxpqv ri Wdeoh 7, dqg wkh fruuhodwlrq frh�flhqw lv
vljql�fdqwo| hvwlpdwhg1 Wklv vxjjhvwv wkdw zh fdq frqvlghu wkdw lqghhg wkhvh
huuru whupv duh srvlwlyho| fruuhodwhg/ zklfk lqglfdwhv wkh suhvhqfh ri vhohfwlylw|
phfkdqlvpv1 Qrwh krzhyhu wkdw wkh uhvxowv suhvhqwhg zhuh rewdlqlqj dvvxplqj
qr fruuhodwlrq ehwzhhq wkh huuruv ri wkh hduqlqjv ixqfwlrq dqg wkh ghflvlrq wr
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frqwlqxh vwxg|lqj1 Zkhwkhu wklv lv d sodxvleoh dvvxpswlrq uhpdlqv wr eh vhhq1

e�2 A�i }i?ih@* U@ti

Zkhq zh gr qrw lpsrvh wkdw �hx4 @ 3 wkh uhohydqw olnholkrrg ixqfwlrq lv jlyhq e|
+43,1 Krzhyhu/ gxh wr wkh frpsxwdwlrqdo exughq lqyroyhg/ dqg lq wkh oljkw ri wkh
uhvxowv suhvhqwhg suhylrxvo|/ zh ghflghg wr pd{lpl}h +:, lqvwhdg/ dssur{lpdwlqj
wkh dfwxdo hduqlqjv ri hdfk lqglylgxdo e| wkh plg0srlqw ri wkh fruuhvsrqglqj
hduqlqjv fodvv lqwhuydo1 Wkh uhvxowv rewdlqhg iru wkh <wk judgh dqg 45wk judgh
vdpsohv duh suhvhqwhg uhvshfwlyho| lq wkh �uvw froxpq ri Wdeohv 8 dqg 91 Lq hdfk
wdeoh wkhuh duh irxu sduwv= wkh sdudphwhu hvwlpdwhv ri wkh ghflvlrq wr frqwlqxh
vwxg|lqj/ wkh sdudphwhu hvwlpdwhv ri wkh hpsor|phqw ghflvlrq/ wkh sdudphwhu
hvwlpdwhv ri wkh hduqlqjv ixqfwlrq dqg wkh sdudphwhuv ri wkh fryduldqfh pdwul{1
Dv ehiruh dv|pswrwlf w0ydoxhv duh suhvhqwhg lq sduhqwkhvhv1 Qrwh wkdw/ iru
frpsdulvrq sxusrvhv/ zh dovr suhvhqw lq wkh vhfrqg froxpq ri Wdeohv 8 dqg 9
wkh ROV hvwlpdwhv ri wkh hduqlqjv ixqfwlrqv1

Orrnlqj dw wkh sdudphwhuv hvwlpdwhv ri wkh ghflvlrq wr sduwlflsdwh lq h{0
whqghg hgxfdwlrq zh fdq vhh wkdw wkh uhvxowv rewdlqhg duh vlplodu wr wkh rqhv
suhvhqwhg ehiruh1 Vhh Wdeoh 61 Dv ehiruh vh{ rqo| h{huwv d vljql�fdwlyh lpsdfw
dw wkh <wk judgh1 Dovr zh �qg djdlq wkdw djh lqfuhdvhv wkh suredelolw| wr h{lw
vfkrro dw erwk hgxfdwlrqdo ohyhov1 Pruhryhu iru wkh 45wk judgh vdpsoh wkh h�hfwv
ri wkh prwkhu*v vfkrrolqj ohyho dqg oderxu pdunhw vlwxdwlrq rq wkh ghflvlrq wr
frqwlqxh vwxg|lqj duh lghqwlfdo wr wkh rqhv suhvhqwhg lq Wdeoh 61 Iru wkh <wk
judgh vdpsoh wkh lpsdfw ri erwk sduhqwv vfkrrolqj ohyho lv ri wkh vdph w|sh
dv ehiruh/ dowkrxjk wkh ydoxhv rewdlqhg duh vrphzkdw gl�huhqw1 Krzhyhu/ qrz
zh gr qrw �qg d vljql�fdwlyh lpsdfw ri wkh sduhqwv* oderxu pdunhw vlwxdwlrq
yduldeohv rq wkh ghflvlrq wr sxuvxh ixuwkhu hgxfdwlrq1

Wxuqlqj qrz wr wkh sdudphwhuv hvwlpdwhv ri wkh hpsor|phqw ghflvlrq zh vhh
djdlq wkdw wkh uhvxowv rewdlqhg duh vlplodu wr wkh rqhv rewdlqhg suhylrxvo|1 Vhh
Wdeoh 71 Djdlq vh{ kdv qr vljql�fdwlyh h�hfw rq wkh suredelolw| ri jhwwlqj d mre
dqg djh rqo| vkrzv d srvlwlyh dqg vljql�fdwlyh lpsdfw lq wkh 45wk judgh vdpsoh1
Wkh idwkhu*v ohyho ri vfkrrolqj dqg oderxu pdunhw vlwxdwlrq djdlq kdyh qr vljql0
�fdwlyh h�hfw rq wkh suredelolw| ri dq lqglylgxdo ehfrplqj hpsor|hg1 Zh dovr
�qg djdlq wkdw wkh judgh rewdlqhg grhv qrw lq�xhqfh vljql�fdqwo| qhlwkhu wkh
suredelolw| ri rewdlqlqj d mre qru wkh zdjh uhfhlyhg iru wkh 45wk judgh vdpsoh1
Krzhyhu/ iru wkh <wk judgh vdpsoh wkh judgh rewdlqhg d�hfwv srvlwlyho| wkh zdjh
uhfhlyhg dqg dovr +ohvv vljql�fdqwo|, wkh suredelolw| ri ehfrplqj hpsor|hg1

Lq zkdw frqfhuqv wkh sdudphwhuv ri wkh hduqlqjv htxdwlrq zh �qg djdlq
uhvxowv wkdw duh lq olqh zlwk wkh rqhv suhvhqwhg lq Wdeoh 71 Wkh prvw lpsruwdqw
gl�huhqfh frqfhuqv wkh h�hfwv ri djh1 Qrz zh gr qrw �qg dq| vljql�fdwlyh h�hfw
ri djh rq hduqlqjv iru wkh <wk judgh vdpsoh/ dqg iru wkh 45wk judgh vdpsoh wkh
srvlwlyh h�hfw irxqg lv pruh surqrxqfhg1

Frpsdulqj qrz wkh pd{lpxp olnholkrrg hvwlpdwhv zlwk wkh ROV uhvxowv iru
wkh hduqlqjv htxdwlrq zh vhh wkdw djdlq/ rqh ri wkh pdlq gl�huhqfhv frqfhuqv wkh
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ht1 +:, ROV
Ghflvlrq ixqfwlrq L4
frqvw 081:<7 +046165,
VH[ 031774 +07166,
DJH 3163< +551;6,
MRESD 031535 +04156,
VFSD56 031643 +05136,
VFSD7 031734 +041;9,
VFSD89: 031<53 +04178,
VFPD56 0315<9 +05138,
VFPD7 031:66 +051:6,
VFPD89: 0414;: +041:6,
VLWSD4 031536 +04189,
VLWSD56 031394 +03157,
VLWPD4 31638 +4157,
VLWPD5 31854 +419;,
VLWPD6 314;4 +31:9,
VLWPD7 31393 +3153,
Ghflvlrq ixqfwlrq L5
frqvw 031:85 +0318;,
VH[ 0315:< +0417<,
DJH 3137: +3199,
VFSD789: 31449 +3175,
VLWSD7 31943 +4185,
JUDG 315<9 +4163,
Hduqlqjv ixqfwlrq
frqvw 61835 +:1:6, 6159; +4;198,
DJH 3134; +31<:, 31359 +51:4,
TXDO4 31473 +4179, 31554 +41<;,
TXDO5 313:6 +4157, 313:9 +416:,
FRQW 3148: +41;6, 31473 +5149,
VL]H5 314;3 +5165, 314<3 +5184,
VL]H6 313:: +31::, 31388 +319;,
VL]H7 315:5 +6143, 31636 +6156,
VL]H8 316;5 +61::, 316<3 +61:<,
VL]H9 31579 +515<, 31575 +51;<,
SDUWW 031446 +04194, 031455 +04188,
JUDG 3145; +5134, 31434 +41;9,
Fryduldqfh pdwul{
�h 31686 +71<9, 3165;
�hx4 031896 +0516;,
�hx5 31:97 +7194,
Q 4<:; <<
Pd{ +orj O, 089517:

Wdeoh 8= Pd{lpxp olnholkrrg hvwlpdwhv ri wkh jhqhudo prgho iru wkh <wk judgh
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ht1 +:, ROV
Ghflvlrq ixqfwlrq L4
frqvw 0 61846 +0<173,
VH[ 031459 +0415<,
DJH 314:6 +48197,
MRESD 0314:7 +04167,
VFPD5 031495 +0414;,
VFPD6 0318;: +05196,
VFPD7 031;8< +07178,
VFPD8 041338 +06177,
VFPD9 041496 +0713;,
VFPD: 041563 +061<;,
VLWPD4 3139; +316;,
VLWPD5 31893 +41;<,
VLWPD6 31547 +414<,
VLWPD7 31849 +5185,
Ghflvlrq ixqfwlrq L5
frqvw 041965 +061<7,
VH[ 031477 +04138,
DJH 313<8 +816:,
VLWSD7 0315:4 +041;9,
JUDG 313;6 +3188,
Hduqlqjv ixqfwlrq
frqvw 61568 +491::, 61;:< +6<1<4,
VH[ 0314<3 +07134, 0314:4 +0714<,
DJH 31363 +71:;, 31346 +6199,
TXDO4 31385 +31;9, 31348 +3158,
TXDO5 313<< +4163, 3143; +4159,
FRQW 31469 +6153, 31459 +6139,
VL]H5 313:< +4154, 313:: +4157,
VL]H6 3146< +513;, 3147; +5157,
VL]H7 31546 +519:, 314;: +5179,
VL]H8 315:: +7154, 315:4 +7143,
VL]H9 316:3 +81;4, 3169: +9145,
SDUWW 031577 +061<7, 031563 +061:6,
JUDG 3137: +31<5, 31369 +31;7,
Fryduldqfh pdwul{
�h 316;9 +46136, 316;8
�hx4 315<6 +419;,
�hx5 31:<7 +;18<,
Q <<7 5:<
Pd{ +orj O, 0;76185

Wdeoh 9= Pd{lpxp olnholkrrg hvwlpdwhv ri wkh jhqhudo prgho iru wkh 45wk judgh
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h�hfwv ri djh/ dv wkh ROV hvwlpdwhv duh forvhu wr wkh uhvxowv rewdlqhg lq Wdeoh
71 Iru wkh 45wk judgh vdpsoh zh dovr ghwhfw vrph gl�huhqfhv rq wkh rewdlqhg
hpsor|hu0vl}h suhpld iru VL]H6 dqg VL]H71 Pruhryhu/ iru erwk wkh <wk dqg 45wk
judgh vdpsohv wkh zdjh suhplxp dvvrfldwhg zlwk kdylqj d shupdqhqw oderxu
frqwudfw lv xqghusuhglfwhg e| ROV1 Wkh ROV hvwlpdwhv dovr xqghusuhglfw wkh
h�hfw ri wkh judgh rewdlqhg rq hduqlqjv iru <wk judgh vdpsoh dqg wkh qhjdwlyh
h�hfw ri vh{ rq zdjhv iru wkh 45wk judgh vdpsoh1

Lq wkh erwwrp sduwv ri Wdeohv 8 dqg 9 zh suhvhqw lqirupdwlrq rq wkh yduldqfh0
fryduldqfh vwuxfwxuh1 Qrz wkh uhvxowv rewdlqhg duh txlwh gl�huhqw iurp wkh rqhv
suhvhqwhg lq Wdeoh 7 wkdw zhuh rewdlqhg lpsrvlqj �hx4 @ 31 Zh �qg wkdw wkh
yduldqfh ri hduqlqjv lqfuhdvhv voljkwo| zlwk wkh hgxfdwlrqdo ohyho dqg djdlq zh
�qg/ iru erwk hgxfdwlrqdo ohyhov/ d srvlwlyh dqg qrz vljql�fdwlyh fruuhodwlrq
ehwzhhq wkh huuruv ri wkh zdjh htxdwlrq dqg wkh huuruv ri wkh hpsor|phqw
ghflvlrq1 Krzhyhu/ wkh fruuhodwlrqv rewdlqhg duh qrz vljql�fdqwo| eljjhu1 Wklv
lqglfdwhv wkh suhvhqfh ri lpsruwdqw vhohfwlylw| phfkdqlvpv1 Pruhryhu zh dovr
rewdlq iru wkh <wk judgh dq hvwlpdwh ri �hx4 / wkdw lv vljql�fdwlyho| gl�huhqw iurp
}hur/ dqg qhjdwlyh zklfk lqglfdwhv wkdw iru wkh <wk judgh vdpsoh wkh dvvxpswlrq
wkdw �hx4 @ 3 lv qrw d sodxvleoh rqh/ dv wkh huuruv ri wkh hduqlqjv htxdwlrq dqg
wkh huuruv ri wkh ghflvlrq wr vwrs vwxg|lqj duh qhjdwlyho| fruuhodwhg1 Iru wkh
45wk judgh vdpsoh/ rq wkh frqwudu|/ zh �qg d srvlwlyh exw ohvv vljql�fdqwo|
hvwlpdwhg �hx4 1 Wklv phdqv wkdw/ zkloh dw wkh <wk judgh ohyho wkh xqrevhuyhg
idfwruv wkdw lqfuhdvh hduqlqjv duh qhjdwlyho| fruuhodwhg zlwk wkh xqrevhuyhg
idfwruv wkdw lqfuhdvh wkh suredelolw| ri fkrrvlqj wr mrlq wkh oderxu irufh/ dw wkh
45wk judgh ohyho wkhvh xqrevhuyhg idfwruv duh srvlwlyho| fruuhodwhg1 Krzhyhu/
dw erwk hgxfdwlrqdo ohyhov/ wkh xqrevhuyhg idfwruv wkdw lqfuhdvh hduqlqjv duh
srvlwlyho| fruuhodwhg zlwk wkh xqrevhuyhg idfwruv wkdw lqfuhdvh wkh suredelolw|
ri rewdlqlqj d mre1

e�� �M|@�?�?} Thi_�U|i_ i@h?�?}t

Wkh hvwlpdwlrq uhvxowv suhvhqwhg lq Wdeohv 8 dqg 9 zhuh xvhg wr fdofxodwh wkh
suhglfwhg hduqlqjv iru d w|slfdo pdoh ri hdfk hgxfdwlrqdo ohyho/ kdg kh ehhq sdlg
dffruglqj wr hdfk hgxfdwlrqdo ohyho hduqlqjv ixqfwlrq1 Lqghhg/ iru hdfk vdpsoh
wkh phdq ohyhov ri wkh h{rjhqrxv yduldeohv iru wkrvh lqglylgxdov wkdw duh zrunlqj
duh nqrzq15 Jlyhq wkhvh ydoxhv/ suhglfwhg orj hduqlqjv fdq eh fdofxodwhg xvlqj
wkh hvwlpdwhg frh�flhqwv ri erwk hduqlqjv ixqfwlrqv l1h1=

H+Z lm, @ �3m]l

D vhsdudwh fdofxodwlrq lv pdgh ri wkh vhohfwlylw| h�hfw iru wkrvh lqglylgxdov
wkdw kdyh dfwxdoo| ehhq sdlg dffruglqj wr d sduwlfxodu hduqlqjv ixqfwlrq l1h1=

2A�i igiU| Lu |�i _�44) �@h�@M*it �@t @*tL UL?t�_ihi_ �? |�i U@*U�*@|�L?t M) }���?} |�i4
|�i�h t@4T*i ThLTLh|�L? �@*�it� OL�i�ihc @t |�i _�44) ^�@*��U@|�L? �@h�@M*it @hi ?L| |�i
t@4i uLh |�i |�L i_�U@|�L?@* *i�i*t UL?t�_ihi_ �i _�_ ?L| �?U*�_i |�i4 �? |�i UL4T�|@|�L?t�
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H+Z ll, @ �3l]l .H ^hlq L4l @ 4> L5l @ 4`

Dv=

H ^hq L4 @ 4> L5 @ 4` @ H ^hq x4 � ��34[4>x5 � ��35[5`

dqg zh kdyh wkdw=

i+hqx4>x5, � Q
�
�hx4�hx4.�hx5�hx5> �

5
h

�
4� �5hx4 � �5hx5

��
zh rewdlq=

H ^hqx4 � ��34[4>x5 � ��35[5` @ �hx4�hH +x4qx4 � ��34[4,.�hx5�hH +x5qx5 � ��35[5,

vr wkdw=

H ^hqx4 � ��34[4>x5 � ��35[5` @ �hx4�h
!+��34[4,

4��+��34[4,
.�hx5�h

!+��35[5,

4��+��35[5,
=

Lq Iljxuh 4 suhglfwhg orj hduqlqjv duh gudzq/ h{foxglqj wkh vhohfwlylw| hi0
ihfw1 Vrph ihdwxuhv duh zruwk phqwlrqlqj1 Iluvw/ qr pdwwhu zkdw wkh hduqlqjv
ixqfwlrq xvhg +h{lw ohyho,/ wkh hduqlqjv ri d w|slfdo 45wk judgh pdoh dozd|v h{0
fhhg wkrvh ri d w|slfdo <wk judgh pdoh1 Vhfrqg/ suhglfwhg hduqlqjv gl�huhqwldov
ehwzhhq 45wk dqg <wk judgh pdohv lqfuhdvh zlwk wkh h{lw ohyho1 Wklug/ hduqlqjv
iru erwk w|sh ri lqglylgxdov duh dozd|v kljkhu dw wkh <wk judgh h{lw ohyho1

^lqvhuw Iljxuh 4 khuh`

Lq Iljxuh 5 suhglfwhg orj hduqlqjv duh gudzq/ qrz frqvlghulqj wkh vhohfwlylw|
h�hfw1 Dv ehiruh zh kdyh wkdw= +l, iru d jlyhq hduqlqjv ixqfwlrq +h{lw ohyho,
wkh hduqlqjv ri d w|slfdo 45wk judgh pdoh dozd|v h{fhhg wkrvh ri d w|slfdo <wk
judgh pdoh dqg +ll, suhglfwhg hduqlqjv gl�huhqwldov ehwzhhq 45wk dqg <wk judgh
pdoh lqglylgxdov lqfuhdvh zlwk wkh h{lw ohyho1 Krzhyhu qrz/ frqwudu| wr zkdw
kdsshqhg ehiruh/ wkh hduqlqjv sur�ohv e| h{lw ohyho +hduqlqjv ixqfwlrq, furvv/ vr
wkdw lqglylgxdov wkdw kdyh dfwxdoo| ehhq sdlg dffruglqj wr d sduwlfxodu hduqlqjv
ixqfwlrq duh ehwwhu sdlg dw wkdw h{lw ohyho1 Wklv uhvxow vxssruwv wkh h{lvwhqfh
ri vhohfwlylw| phfkdqlvpv dqg vkrzv wkh uhohydqfh ri frpsdudwlyh dgydqwdjh
frqvlghudwlrqv lq hgxfdwlrqdo fkrlfhv1

^lqvhuw Iljxuh 5 khuh`

e�e +@|it Lu hi|�h? |L i_�U@|�L?

Frqvlghulqj wkh vhohfwlylw| h�hfw/ rxu hvwlpdwhg uhvxowv suhglfw d orj hduqlqjv
gl�huhqwldo ri 31747 ehwzhhq d w|slfdo 45wk judgh pdoh lqglylgxdo dqg d w|slfdo
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<wk judgh pdoh lqglylgxdo16 Wklv uhvxow lpsolhv dq dqqxdo udwh ri uhwxuq wr
hgxfdwlrq vrphzkdw kljkhu wkdq wkrvh wkdw duh xvxdoo| rewdlqhg iru Sruwxjdo/
dqg rwkhu vlplodu frxqwulhv/ xvlqj vwdqgdug plqfhuldq htxdwlrqv1 +Vhh Nlnhu hw
do1 +4<<:,/ Doed0Udpluh} dqg Vdq Vhjxqgr +4<<8,,1 Krzhyhu/ dffruglqj wr rxu
prgho zh fdq ghfrpsrvh wklv gl�huhqwldo lqwr wzr h�hfwv= d sulfh h�hfw dqg d
txdqwlw| h�hfw1 Lqghhg zh kdyh wkdw=

Z45>45 �Z<>< @ +Z45>45 �Z45><, . +Z45>< �Z<><,

zkhuh Z45>< vwdqgv iru wkh k|srwkhwlfdo orj hduqlqjv wkdw d w|slfdo 45wk judgh
pdoh zrxog uhfhlyh li kh kdg hqwhuhg hpsor|phqw zlwk d <wk |hdu judgh dqg
rewdlqhg d w|slfdo 45wk judgh mre1 Wkhq/ wkh �uvw whup lq wkh UKV ri wkh odvw
h{suhvvlrq fdq eh vhhq dv d sulfh h�hfw/ dv lw phdvxuhv wkh orj hduqlqjv gl�huhq0
wldo wkdw lv gxh wr d gl�huhqw sulflqj ri wkh vdph lqglylgxdo dqg mre fkdudfwhu0
lvwlfv/ zkhuhdv wkh vhfrqg whup jlyhv xv wkh gl�huhqwldo wkdw lv dvvrfldwhg zlwk
gl�huhqw lqglylgxdo dqg mre fkdudfwhulvwlfv iru wkh vdph vhw ri sulfhv1

Rxu hvwlpdwhg uhvxowv jlyh xv d sulfh h�hfw ri 314;<7 dqg d txdqwlw| h�hfw
ri 3155781 Wklv lpsolhv wkdw 87( ri wkh revhuyhg hduqlqjv gl�huhqwldo lv gxh wr
gl�huhqw lqglylgxdo fkdudfwhulvwlfv dqg wr gl�huhqfhv lq wkh w|sh ri mrev dydlodeoh
iru wkh wzr hgxfdwlrqdo ohyhov frqvlghuhg/ udwkhu wkdq wr d sxuh sulflqj h�hfw1
Qrwh krzhyhu wkdw wkh djh gl�huhqfh dorqh uhsuhvhqwv 76( ri wkh txdqwlw| h�hfw1
Wklv phdqv wkdw/ dv hgxfdwlrq grhv qrw lq�xhqfh djh/ li zh zdqw d surshu
phdvxuh ri wkh udwh ri uhwxuq wr hgxfdwlrq/ rqh vkrxog glvuhjdug wkh h�hfw ri djh
rq wkh txdqwlw| h�hfw rewdlqhg deryh1 Vr/ frqwlqxlqj wr dvvxph wkdw hgxfdwlrq
lv deoh wr pdnh lqglylgxdov jhw gl�huhqw w|shv ri mrev/ zh rewdlq qrz d orj
hduqlqjv gl�huhqwldo ri 3164:7/ zklfk lpsolhv dq dqqxdo udwh ri uhwxuq ri durxqg
<19 shufhqw/ pruh lq olqh zlwk wkh rqhv rewdlqhg iru Sruwxjdo dqg rwkhu vlplodu
frxqwulhv xvlqj vwdqgdug plqfhuldq htxdwlrqv1 Krzhyhu/ lq wkhvh vwxglhv wkh
udwhv ri uhwxuqv wr hgxfdwlrq uhsruwhg duh dyhudjh udwhv ri uhwxuq/ frpsxwhg
iru dq dyhudjh lqglylgxdo/ zlwkrxw wdnlqj vhoi vhohfwlrq lqwr dffrxqw/ zkhuhdv
wkh rqh zh rewdlq lv d pdujlqdo rqh/ frpsxwhg iru d w|slfdo 45wk |hdu judgh
lqglylgxdo dqg fruuhfwlqj iru vhohfwlylw| eldv dqg txdqwlw| djh h�hfwv1

Qhyhuwkhohvv/ wkh phdvxuh ri wkh uhwxuqv wr hgxfdwlrq wkdw zh suhvhqwhg
deryh zdv frpsxwhg iurp wkh srlqw ri ylhz ri d w|slfdo 45wk judgh pdoh judg0
xdwh1 Zkdw kdsshqv li lqvwhdg zh zdqw wr hydoxdwh wkh jdlqv dvvrfldwhg zlwk
ixuwkhu hgxfdwlrq iru dq lqglylgxdo wkdw uhdfkhg wkh <wk judgh1 Wkh phwkrg
zh hpsor| lv vlplodu wr wkh rqh xvhg e| Yhood dqg Juhjru| +4<<9, dqg lv wkh
iroorzlqj1 Zh frqvlghu d pdoh 56 |hduv rog/ zrunlqj ixoo0wlph/ dqg frpsxwh wkh
zdjh kh zrxog uhfhlyh zrunlqj zlwk d <wk judgh |hdu fhuwl�fdwh/ h{foxglqj wkh
vhoi vhohfwlrq h�hfw/ dqg dvvxplqj wkdw wkh mre kh jhwv lv uhsuhvhqwdwlyh ri d w|s0
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lfdo <wk |hdu judgh mre17 Qh{w zh frpsxwh wkh zdjh wkh vdph lqglylgxdo zrxog
uhfhlyh li kh kdg fkrvhq wkh qh{w hgxfdwlrq ohyho/ l1h1 wkh 45wk judgh1 Wr gr wklv
zh dvvxph/ dv ehiruh/ wkdw ixuwkhu hgxfdwlrq pdnhv klp jhw d uhsuhvhqwdwlyh
45wk judgh mre dqg wkhuhiruh dvvljq wklv lqglylgxdo wkh phdq ydoxhv ri wkh �up
vl}h dqg oderxu frqwudfw yduldeohv ri wkh qhz hgxfdwlrqdo ohyho1 Wkh rewdlqhg
orj hduqlqjv gl�huhqwldo lv 313:48/ lpso|lqj d udwh ri uhwxuq wr wkh frqvlghuhg
dgglwlrqdo lqyhvwphqw lq hgxfdwlrq frqvlghudeo| vpdoohu wkdq wkh rqh suhvhqwhg
ehiruh1 Krzhyhu/ zkloh wkh iruphu udwh ri uhwxuq wr hgxfdwlrq frqvlghuhg vhohf0
wlylw| h�hfwv wkh odwwhu grhv qrw1 Wklv phdqv wkdw vhoi vhohfwlrq h{sodlqv :;(
ri wkh orj hduqlqjv gl�huhqwldo/ vxjjhvwlqj wkdw d surshu prghol}dwlrq ri vhoi
vhohfwlrq phfkdqlvpv lv lqghhg lpsruwdqw zkhq dqdo|vlqj vfkrrolqj ghflvlrqv
dqg phdvxulqj wkh uhwxuqv wr hgxfdwlrqdo fkrlfhv1

D �L?U*�_�?} hi4@h!t

Lq wklv sdshu zh dqdo|vh hgxfdwlrqdo fkrlfhv dqg hduqlqjv ri lqglylgxdov dw
wzr gl�huhqw ohyhov lq wkh Sruwxjxhvh hgxfdwlrqdo v|vwhp1 Dw hdfk srwhqwldo
h{lw ohyho zh frqvlghu wzr ghflvlrqv= wkh ghflvlrq wr frqwlqxh vwxg|lqj dqg
wkh hpsor|phqw ghflvlrq/ zkhuhdv qrupdoo| rqo| wkh �uvw ghflvlrq lv prghoohg1
Fruuhodwlrq ehwzhhq wkh huuru whupv ri wkh hduqlqjv ixqfwlrqv dqg wkh ghflvlrq
ixqfwlrqv/ iru hdfk ohyho ri hgxfdwlrq/ lv doorzhg dqg zh fruuhfw iru wkh srwhqwldo
vhohfwlylw| eldv1

Zh �qg hpslulfdo vxssruw iru wkh h{lvwhqfh ri vhohfwlylw| eldv dv wkh huuruv
ri wkh hduqlqjv ixqfwlrqv duh fruuhodwhg zlwk wkh glvwxuedqfhv ri erwk ghflvlrq
ixqfwlrqv iru erwk hgxfdwlrqdo ohyhov frqvlghuhg1 Pruhryhu lw lv suhflvho| wkh
h{lvwhqfh ri vhohfwlylw| phfkdqlvpv wkdw uhqghuv wkh ghflvlrqv dfwxdoo| wdnhq e|
lqglylgxdov rswlpdo lq whupv ri frpsdudwlyh hduqlqjv dgydqwdjh1

Wkh rewdlqhg pdujlqdo udwhv ri uhwxuq wr dgglwlrqdo hgxfdwlrq ydu| ehwzhhq
516 dqg <19 shufhqw shu dgglwlrqdo |hdu ri vfkrrolqj/ ghshqglqj rq zkhwkhu ru
qrw vhohfwlylw| h�hfwv duh h{foxghg iurp wkh frpsxwdwlrqv1 Wklv �qglqj uhlq0
irufhv djdlq wkh lpsruwdqfh ri vhohfwlylw| phfkdqlvpv lq h{sodlqlqj hgxfdwlrqdo
fkrlfhv1

+iuihi?Uit

^4` Doed0Udpluh}/ D1 dqg P1 M1 Vdq Vhjxqgr/ +4<<8,/ %Wkh Uhwxuqv wr Hgx0
fdwlrq lq Vsdlq%/ Hfrqrplfv ri Hgxfdwlrq Uhylhz/ 47/ qr 5/ 48804991

^5` Eurzq/ F1 dqg M1 Phgr�/ +4<;<,/ %Wkh Hpsor|hu Vl}h0Zdjh H�hfw%/ Mrxu0
qdo ri Srolwlfdo Hfrqrp|/ <:/ qr18/ 435:0438<1
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^6` Fr/ F1/ L1 Jdqj dqg P1 \xq/ +5333,/%Uhwxuqv wr Uhwxuqlqj%/ Mrxuqdo ri
Srsxodwlrq Hfrqrplfv/ 46/ 8:0:<1

^7` Ilvkh/ U1/ U1 Wurvw dqg P1 Oxulh/ +4<;4,/ %Oderu Irufh Hduqlqjv dqg Fro0
ohjh Fkrlfh ri \rxqj Zrphq= Dq H{dplqdwlrq ri Vhohfwlylw| Eldv dqg
Frpsdudwlyh Dgydqwdjh%/ Hfrqrplfv ri Hgxfdwlrq Uhylhz/ 4/ 49<04<41

^8` Jduhq/ M1/ +4<;7,/ %Wkh Uhwxuqv wr Vfkrrolqj= D Vhohfwlylw| Eldv Dssurdfk
zlwk d Frqwlqxrxv Fkrlfh Yduldeoh%/ Hfrqrphwulfd/ 85/ qr18/ 44<<0454;1

^9` Kduwrj/ M1/ J1 Sidqq dqg J1 Ulgghu/ +4<;<,/ %+Qrq,0Judgxdwlrq dqg wkh
Hduqlqjv Ixqfwlrq= Dq Lqtxlu| rq Vhoi0Vhohfwlrq%/ Hxurshdq Hfrqrplf Uh0
ylhz/ 66/ qr1 :/ 46:6046<81

^:` Khfnpdq/ M1/ +4<:<,/ %Vdpsoh Vhohfwlrq Eldv dv d Vshfl�fdwlrq Huuru%/
Hfrqrphwulfd/ 7:/ 48604941

^;` Nlnhu/ E1 I1/ P1 F1 Vdqwrv dqg P1 Phqghv gh Rolyhlud/ +4<<:,/ %Ryhuhgxfd0
wlrq dqg Xqghuhgxfdwlrq= Hylghqfh iru Sruwxjdo%/ Hfrqrplfv ri Hgxfdwlrq
Uhylhz/ 49/ qr 5/ 44404581

^<` Wurvw/ U1 S1 dqg O10I1 Ohh/ +4<;7,/ %Whfkqlfdo Wudlqlqj dqg Hduqlqjv= D
Sro|fkrwrprxv Fkrlfh Prgho zlwk Vhohfwlylw|%/ Uhylhz ri Hfrqrplfv dqg
Vwdwlvwlfv/ 99/ 48404891

^43` Wxqdol/ L1/ +4<;9,/ %D Jhqhudo Vwuxfwxuh iru Prghov ri Grxeoh0Vhohfwlrq dqg
dq Dssolfdwlrq wr d Mrlqw Pljudwlrq2Hduqlqjv Surfhvv zlwk Uhpljudwlrq%/
Uhvhdufk lq Oderxu Hfrqrplfv/ ;+E,/ 56805;61

^44` Yhood/ I1 dqg U1 J1 Juhjru|/ +4<<9,/ %Vhohfwlrq Eldv dqg Kxpdq Fdslwdo Lq0
yhvwphqw= Hvwlpdwlqj wkh Udwhv ri Uhwxuq wr Hgxfdwlrq iru \rxqj Pdohv%/
Oderxu Hfrqrplfv/ 6/ 4<:054<1

^45` Zloolv/ U1 M1 dqg V1 Urvhq/ +4<:<,/ %Hgxfdwlrq dqg Vhoi0Vhohfwlrq%/ Mrxuqdo
ri Srolwlfdo Hfrqrp|/ ;:/ qr1 8e/ 83:08691
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