
Dpeljxrxv H�hfwv ri Wd{ Surjuhvvlylw| 0
Wkhru| dqg Gdqlvk Hylghqfh�

Fodxv Wkxvwuxs Kdqvhq
Xqlyhuvlw| ri Frshqkdjhq dqg HSUX|

Oduv Kddjhq Shghuvhq
Vwdwlvwlfv Ghqpdun

Wruvwhq Voûn
Lqwhuqdwlrqdo Prqhwdu| Irqg}

Ilqdo Yhuvlrq= Ghfhpehu 4<<<

Devwudfw

Uhfhqw wd{ uhirupv lq wkh RHFG duhd kdyh dlphg dw uhgxflqj wkh

surjuhvvlylw| ri oderxu lqfrph wd{dwlrq e| uhgxflqj pdujlqdo wd{hv

iru jlyhq dyhudjh wd{hv1 Wkhru| kdv vkrzq wkdw wklv uhgxfhv hpsor|0

phqw2surgxfwlrq zkhq zrunhuv dqg �upv ghwhuplqh zdjhv wkurxjk

edujdlqlqj1 Wklv sdshu vkrzv wkdw dq rssrvlwh h�hfw dulvhv zkhq

erwk zdjhv dqg zrunlqj krxuv duh vxemhfw wr edujdlqlqj1 Wklv pd|

uhyhuvh wkh wudglwlrqdo uhvxow dqg wklv lv hvshfldoo| olnho| li wkh edujdlq0

lqj srzhu ri zrunhuv lv orz dqg li oderxu vxsso| lv uhodwlyho| hodvwlf1 Lq

frqfoxvlrq/ wkh ryhudoo h�hfw ri d uhgxfwlrq lq surjuhvvlylw| lv dpeljx0

rxv1 Wkh hpslulfdo hvwlpdwhv iru Ghqpdun lqglfdwh wkdw wkh ryhudoo

h�hfw lv qhjdwlyh iru eoxh froodu zrunhuv dqg qhxwudo iru zklwh froodu

zrunhuv1

Nh|zrugv= Wd{ Surjuhvvlrq/ Zdjh Edujdlqlqj/ Hqgrjhqrxv Zrunlqj Wlph1

MHO Fodvvl�fdwlrq Qxpehuv= K57/ M75/ M841

�
Dfnqrzohgjphqwv = Zh zlvk wr wkdqn Nluvwhq Juhjhqv dqg Khquln Kripdq iru dvvlv0

wdqfh zlwk froohfwlqj dqg frqvwuxfwlrq gdwd1 Wkdqnv duh dovr gxh wr Gdylg Guh|hu Odvvhq

iru frpshwhqw uhvhdufk dvvlvwdqfh1 Ilqdoo|/ zh olnh wr wkdqn wzr dqrq|prxv uhihuhhv iru
pdq| frqvwuxfwlyh frpphqwv rq d suhylrxv yhuvlrq ri wkh sdshu1

|Wkh dfwlflwlhv ri Hfrqrplf Srolf| Uhvhdufk Xqlw +HSUX, duh �qdqfhg wkurxjk d judqw
iurp Wkh Gdqlvk Qdwlrqdo Uhvhdufk Irxqgdwlrq1

}Wkh rslqlrqv h{suhvvhg lq wklv sdshu gr qrw qhfhvvdulo| uhsuhvhqw wkh rslqlrqv ri wkh
LPI1



4 Lqwurgxfwlrq

Uhfhqw wd{ uhirupv lq prvw RHFG frxqwulhv kdyh uhgxfhg wkh surjuhvvlylw|

ri lqfrph wd{dwlrq e| orzhulqj pdujlqdo wd{ udwhv iru jlyhq dyhudjh wd{ udwhv1

Wkh wd{ uhirupv duh w|slfdoo| prwlydwhg e| d ghvluh wr lqfuhdvh lqfhqwlyhv wr

zrun dqg wkhuhe| h{sdqg dfwlylw| lq wkh hfrqrp|1 Wklv ylhz lv vxssruwhg

e| prghov zlwk shuihfw frpshwlwlrq lq wkh oderxu pdunhw= D ghfuhdvh lq wkh

pdujlqdo wd{ udwh ohdgv wr d vxevwlwxwlrq h�hfw wrzdugv kljkhu oderxu vxsso|/

dqg dv wkh dyhudjh wd{ lv �{hg qr lqfrph h�hfw lv suhvhqw/ dqg vr wkh h�hfw

rq dfwlylw| lv srvlwlyh1 Zh zloo qdph wklv h�hfw wkh �oderxu vxsso| h�hfw�1

Pruh uhfhqw sdshuv kdyh fkdoohqjhg wklv ylhz e| dujxlqj wkdw wkh dvvxps0

wlrq ri d shuihfwo| frpshwlwlyh oderxu pdunhw lv d edg ghvfulswlrq ri prvw

uhdo zruog oderxu pdunhwv idflqj xqhpsor|phqw dqg wkhuhiruh dovr plvohdglqj

iru rxu xqghuvwdqglqj ri krz wkh vwuxfwxuh ri wkh wd{ v|vwhp lq xhqfhv wkh

oderxu pdunhw1 Lq idfw/ wkh rssrvlwh frqfoxvlrq lv rewdlqhg zkhq lqwurgxflqj

lpshuihfw frpshwlwlrq lq wkh oderxu pdunhw/ vhh Khuvrxj +4<;7,/ Pdofrpvrq

dqg Vduwru +4<;:,/ Orfnzrrg dqg Pdqqlqj +4<<6,/ dqg Nrvnhod dqg Ylo0

pxqhq +4<<9,1 Wkhvh sdshuv frqvlghu xqlrqlvhg oderxu pdunhwv zkhuh zdjhv

duh vhw e| xqlrqv ru qhjrwldwhg ehwzhhq �upv dqg xqlrqv iru dq h{rjhqrxvo|

jlyhq ohqjwk ri wkh zrunlqj gd|1 Lq wklv fdvh d xqlrq idfhv d wudgh r� eh0

wzhhq hpsor|phqw dqg kljkhu diwhu wd{ zdjhv iru wkh hpsor|hg1 D ghfuhdvh

lq wkh pdujlqdo wd{ udwh ri wkh hpsor|hg zrunhuv lpsolhv wkdw wkh| nhhs d

odujh iudfwlrq ri d zdjh ulvh iru wkhpvhoyhv1 Wklv lqfuhdvhv wkh lqfhqwlyhv ri

xqlrqv wr fodlp kljkhu zdjhv zklfk uhgxfh dfwlylw|1 Zh zloo qdph wklv h�hfw

wkh �xqlrq h�hfw�14

Rqh pd| dujxh wkdw wkh wzr w|shv ri uhvxowv suhvhqwhg deryh uhsuhvhqw

srodu fdvhv lq wkh vhqvh wkdw wkh frpshwlwlyh oderxu pdunhw uhvxow lv d frq0

vhtxhqfh ri d sxuh oderxu vxsso| h�hfw zkhuhdv wkh lpshuihfwo| frpshwlwlyh

uhvxow lv d frqvhtxhqfh ri qr oderxu vxsso| h�hfw gxh wr wkh dvvxpswlrq ri

4Wklv whuplqrorj| lv vrphzkdw plvohdglqj dv wkh h�hfw lv qrw vshfl�f wr d xqlrql}hg
oderxu pdunhw1 Wkh vdph h�hfw lv irxqg lq dq h!flhqf| zdjh vhwwlqj/ vhh Krho +4<<3,/
dqg lq vhdufk prghov/ vhh Slvvdulghv +4<;6,1
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dq h{rjhqrxv ohqjwk ri wkh zrunlqj gd|1 Wkhuhiruh/ lw vhhpv lqwhuhvwlqj wr

dqdo|vh wkh fdvh ri dq lpshuihfwo| frpshwlwlyh oderxu pdunhw zlwk dq hq0

grjhqrxv ohqjwk ri wkh zrunlqj gd|1 Zh gr wklv e| dvvxplqj wkdw �upv dqg

xqlrqv qhjrwldwh erwk zdjhv dqg qxpehu ri zrunlqj krxuv shu zrunhu dv lv

grqh lq pdq| frxqwulhv/ h1j1 Ghqpdun1

Wkh uhvxow lv wkdw wkh h�hfw ri d ghfuhdvh lq wkh pdujlqdo wd{ udwh ehfrphv

lqghwhuplqdwh vlqfh erwk d oderxu vxsso| dqg d xqlrq h�hfw dsshdu1 Wkh vljq

ri wkh ryhudoo h�hfw ghshqgv rq wkh edujdlqlqj srzhu ri wkh xqlrq/ wkh zdjh

hodvwlflw| ri oderxu vxsso|/ dqg wkh surjuhvvlylw| ri wkh wd{ v|vwhp1 Li wkh

lqlwldo wd{ v|vwhp lv yhu| surjuhvvlyh lw lv ohvv olnho| wkdw wkh xqlrq h�hfw

grplqdwhv1 Rq wkh rwkhu kdqg/ li wkh xqlrq kdv d kljk edujdlqlqj srzhu dqg

wkh hodvwlflw| ri oderxu vxsso| lv vpdoo wkhq lw lv pruh olnho| wkdw wkh xqlrq

h�hfw grplqdwhv1 Wkh sxuh xqlrq h�hfw irxqg lq wkh diruhphqwlrqhg sdshuv

lv uhsurgxfhg lq wkh vshfldo fdvh ri d shuihfwo| lqhodvwlf oderxu vxsso|1

Wkh wkhruhwlfdo dpeljxrxv h�hfwv ri fkdqjhv lq wd{ surjuhvvlylw| prwl0

ydwh hpslulfdo lqyhvwljdwlrq1 Wkhuhiruh/ dq hpslulfdo zdjh htxdwlrq lv ghulyhg

iurp wkh prgho dqg hvwlpdwhg rq Gdqlvk gdwd iru erwk eoxh froodu zrunhuv

dqg zklwh froodu zrunhuv1 Wkh hvwlpdwlrqv lqglfdwh wkdw d uhgxfwlrq lq sur0

juhvvlylw| iru eoxh froodu zrunhuv lqfuhdvhv uhdo zdjhv dqg uhgxfhv dfwlylw|/

l1h1 wkh xqlrq h�hfw grplqdwhv/ zkhuhdv wkh hvwlpdwh iru zklwh froodu zrunhuv

lv lqvljql�fdqw pd|eh uh hfwlqj wkdw wkh xqlrq h�hfw dqg wkh oderxu vxsso|

h�hfw fdqfho rxw1

Wkh uhpdlqghu ri wkh sdshu lv rujdqlvhg dv iroorzv1 Wkh qh{w vhfwlrq

ghulyhv wkh wkhruhwlfdo frqvhtxhqfhv ri fkdqjlqj wd{ surjuhvvlylw| dqg wkh

zdjh htxdwlrq xvhg iru wkh hvwlpdwlrq1 Vhfwlrq 6 hvwlpdwhv wkh zdjh htxd0

wlrq rq erwk eoxh froodu zrunhuv dqg zklwh froodu zrunhuv dqg glvfxvvhv wkh

lpsolfdwlrqv1 Vhfwlrq 7 frqwdlqv frqfoxglqj uhpdunv1
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5 Wkhru|

Iru vlpsolflw|/ zh ghulyh wkh edvlf wkhruhwlfdo uhvxowv dqg wkh hpslulfdo zdjh

htxdwlrqv iurp d vlpsoh sduwldo prgho15 Frqvlghu d wudgh xqlrq rujdqlvlqj

doo zrunhuv lq d �up2lqgxvwu|1 Wkhuh duh 6 phpehuv ri wkh wudgh xqlrq dqg

hdfk phpehu/ �/ kdv wkh lqgluhfw xwlolw| ixqfwlrq

T EU�c Rc ,�� '
U�
R
�

�

� n �
,
�n�

�

� c � : fc

zkhuh wkh �uvw whup lv xwlolw| ri lqfrph dqg wkh odvw whup glvxwlolw| ri zrun0

lqj/ dv U� lv qrplqdo lqfrph/ R lv wkh frqvxphu sulfh lqgh{/ dqg ,� lv wkh

zrunlqj wlph1 Wkh sdudphwhu � lq xhqfhv wkh pdujlqdo glvxwlolw| ri zrunlqj

dqg lq wklv irupxodwlrq � htxdov wkh oderxu vxsso| hodvwlflw| zlwk uhvshfw wr

wkh krxuo| zdjh1 Wkh qhw0lqfrph ri dq xqhpsor|hg zrunhu lv jlyhq e| dq

h{rjhqrxv ehqh�w ohyho/ K/ zkhuhdv wkh qhw lqfrph ri dq hpsor|hg zrunhu lv

jlyhq e| �, � | E�,�/ zkhuh | E�� lv dq lqfuhdvlqj wd{ ixqfwlrq1

Wkh txdvl0olqhdulw| ri wkh xwlolw| ixqfwlrq vlpsol�hv wkh dojheud e| h{0

foxglqj lqfrph h�hfwv lq wkh oderxu vxsso|1 Qrwh wkrxjk wkdw wklv devhqfh

ri lqfrph h�hfwv lv qrw fuxfldo iru frpsdudwlyh vwdwlf uhvxowv lqyroylqj fkdqjhv

lq wkh pdujlqdo wd{ iru d jlyhq dyhudjh wd{ vlqfh vxfk fkdqjhv ohdyh qhw lq0

frph xqfkdqjhg lqlwldoo|/ pdnlqj dq| srvvleoh lqfrph h�hfwv ri vhfrqg rughu

+vhh dovr wkh glvfxvvlrq lq Orfnzrrg dqg Pdqqlqj/ 4<<6,1

Wkh remhfwlyh ri wkh wudgh xqlrq lv wr pd{lplvh wkh h{shfwhg xwlolw| ri d

uhsuhvhqwdwlyh phpehu jlyhq e|

L E�c Rc ,c Kc �� �
?

6
T E�, � | E�,� c Rc ,� n

6� ?

6
7L EKc Rc �� c

zkhuh ? lv wkh qxpehu ri hpsor|hg phpehu dqg 7L EKc Rc �� lv wkh h{shfwhg

xwlolw| ri dq xqhpsor|hg phpehu jlyhq e|

7L EKc Rc �� � � E��T EKc Rc f� n E�� � E���T
�
7Uc Rc 7,

�
c �� E�� : f�

Wklv uh hfwv wkdw xqlrq phpehuv wkdw duh qrw hpsor|hg lq wkh lqgxvwu|

uhfhlyh d zhljkwhg dyhudjh ri wkh xwlolw| ri ehlqj rq xqhpsor|phqw ehqh�wv/

5Lw lv wkrxjk srvvleoh wr ghulyh lw doo iurp d ixoo pdfur jhqhudo htxloleulxp iudphzrun
+vhh Kdqvhq hw1do1 4<<8,1
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K/ ru zrunlqj lq rwkhu sduwv ri wkh hfrqrp| dw zrunlqj krxuv 7, dqg jlylqj

wkh lqfrph ohyho 7U erwk eh|rqg lq xhqfh ri wkh xqlrq dqg wkh �up1 Wkh

zhljkwv ghshqg rq wkh +h{rjhqrxv, ryhudoo xqhpsor|phqw lq wkh hfrqrp|/

�/ uh hfwlqj wkdw lw lv kdughu wr jhw mrev rxwvlgh wkh sduwlfxodu �up li wkh

djjuhjdwh xqhpsor|phqw lv odujh16 Dvvxplqj wkdw T
�
7Uc Rc 7,

�
: T EKc Rc f�

wkhq lpsolhv wkdw wkh rssruwxqlw| frvwv rq hpsor|phqw ghfuhdvh zkhq wkh

djjuhjdwh xqhpsor|phqw lq wkh hfrqrp| lqfuhdvhv1

Wkh �up kdv wkh surgxfwlrq srvvlelolwlhv

+ � s Eu� � 5ukc u ' ?,c f 	 k � �c +4,

zkhuh 5 lv d surgxfwlylw| sdudphwhu/ u lv djjuhjdwh oderxu lqsxw htxdo wr

wkh qxpehu ri hpsor|hg shuvrqv/ ?/ wlphv wkh qxpehu ri zrunlqj krxuv shu

hpsor|hg/ ,1 Lq wklv irupxodwlrq/ lw lv lpsolflwo| dvvxphg wkdw hpsor|hg

shuvrqv dqg zrunlqj krxuv duh shuihfw vxevwlwxwhv lpso|lqj wkdw wkh �up lv

lqgl�huhqw ehwzhhq zkhwkhu d jlyhq lqfuhdvh lq hpsor|phqw rffxuv wkurxjk

dq lqfuhdvh lq shuvrqv hpsor|hg ru wkurxjk dq lqfuhdvh lq zrunlqj krxuv ri

wkrvh douhdg| hpsor|hg lq wkh �up1 Wklv dvvxpswlrq vlpsol�hv wkh dojheud

vxevwdqwldoo| exw lv qrw fuxfldo wr wkh uhvxowv17

Ohw wkh ghpdqg iru wkh rxwsxw ri wkh �up eh jlyhq e|

+ ' E^*R�30 c 0 : �c +5,

zkhuh ^ lv wkh sulfh ri wkh jrrg dqg 0 lv wkh ghpdqg hodvwlflw|1 Htxdwlrqv

+4, dqg +5, |lhog wkh iroorzlqj uhdo sur�wv ri wkh �up

Z E�c ^c Rc u� �
^

R
+ �

�

R
u ' E5uk��3�*0 �

�

R
u� +6,

Pd{lplvlqj sur�wv |lhogv wkh �uvw rughu frqglwlrq

k E�� �*0� 5uk3� '
�

^
c +7,

6D pruh plfur irxqghg prghoolqj ri wklv uhodwlrqvkls lv irxqg lq Od|dug/ Qlfnhoo )
Mdfnpdq +4<<4,1

7H1j1/ lq wkh vshfldo fdvh ri d prqrsro| xqlrq prgho +� @ 4, lw lv uhodwlyh vlpsoh wr
vkrz wkdw Sursrvlwlrq 4 lv xqfkdqjhg li wkh krxuo| zdjh +wkh lqyhuvh oderxu ghpdqg,

uhvsrqgv gl�huhqwo| wr fkdqjhv lq krxuv dqg qxpehu ri zrunhuv zkhuhdv wkh lqhtxdolw| lq

Sursrvlwlrq 5 lv pruh +ohvv, olnho| wr eh ixo�oohg li wkh krxuo| zdjh lv pruh +ohvv, uhvsrqvlyh
wr fkdqjhv lq shuvrqv wkdq wr fkdqjhv lq krxuv1
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ghwhuplqlqj wkh �up*v ghpdqg iru oderxu +phdvxuhg lq krxuv, dv d ixqfwlrq

ri wkh krxuo| surgxfw zdjh udwh1

Wkh krxuo| zdjh dqg zrunlqj wlph ri wkh zrunhuv duh ghwhuplqhg lq d

edujdlq ehwzhhq wkh xqlrq dqg wkh �up zkhuhdv wkh �up dorqh ghwhuplqh wkh

qxpehu ri zrunhuv wr kluh diwhuzdugv +l1h1/ wkh uljkw0wr0pdqdjh dvvxpswlrq,1

Zh dvvxph wkdw wkh edujdlqlqj rxwfrph lv fkdudfwhulvhg e| wkh dv|pphwulf

Qdvk0edujdlqlqj vroxwlrq/ vhh Elqpruh hw1do1 +4<;9,/ jlylqj

4@ 
�c,

l '
�
L E�c Rc ,c Kc ��� 7L EKc Rc ��

�
b

EZ E�c ^c Rc u�� f��3b c +8,

zkhuh b lv wkh uhodwlyh edujdlqlqj vwuhqjwk ri wkh xqlrq dqg zkhuh wkh glv0

djuhhphqw srlqw lv vhw htxdo wr
q
7L EKc Rc �� c f

r
1 Pd{lplvlqj +8, vxemhfw wr

wkh oderxu ghpdqg htxdwlrq +7, |lhogv wkh iroorzlqj �uvw rughu frqglwlrqv=

,W '

3
C E� n �� 7L EKc ^c �� */

E� n ��
�
�3|@

�3|6
� �

�
E� n b>� n �

4
D

�

�n�

c +9,

�W

^
'

� n b>

�� |6

3
C E� n �� 7L EKc ^c ��

E� n ��
�
�3|@

�3|6
� �

�
E� n b>� n �

4
D

�

�n�

/
�

�n� c +:,

zkhuh |@ �
|E�W�W�

�W�W
lv wkh dyhudjh wd{ udwh/ |6 � |� E�W�W� lv wkh pdujlqdo wd{

udwh/ > �
03kE03��

kE03��
lv d phdvxuh ri wkh vwhhsqhvv ri wkh oderxu ghpdqg fxuyh

zkhuh }hur fruuhvsrqgv wr d krul}rqwdo fxuyh dqg lq�qlw| wr d xqlw hodvwlf

fxuyh/ dqg / � R*^ lv wkh vr0fdoohg zhgjh ehwzhhq wkh uhdo surgxfw zdjh dqg

wkh uhdo frqvxpswlrq zdjh zklfk pd| fkdqjh gxh wr whupv0ri0wudgh vkrfnv/

fkdqjhv lq wkh lqgluhfw wd{dwlrq/ ru vkliwv lq suhihuhqfhv/ zklfk fkdqjh wkh

vhfwrudo frpsrvlwlrq ri djjuhjdwh ghpdqg1 Lq wkh iroorzlqj/ zh dvvxph wkdw

6 lv vx!flhqwo| odujh vxfk wkdw dq htxloleulxp lqyroyhv xqhpsor|phqw dqg

lv fkdudfwhul}hg e| wkh wzr deryh htxdwlrqv1

Revhuyh iurp +9, dqg +:, wkdw li wkh xqlrq kdv }hur edujdlqlqj srzhu/ b '

f/ wkhq wkh pdujlqdo diwhu wd{ uhdo frqvxpswlrq zdjh lv htxdo wr wkh pdujlqdo

glvxwlolw| ri zrunlqj wkh rswlpdo qxpehu ri zrunlqj krxuv/ E�� |6�
�W

^/
'

E,W�
�

� 1 Li wkh xqlrq kdv d srvlwlyh edujdlqlqj srzhu wkhq wkh zdjh lv vhw vxfk

wkdw wkh pdujlqdo ehqh�w iurp hpsor|phqw h{fhhgv wkh pdujlqdo glvxwlolw| ri
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zrunlqj wkh rswlpdo qxpehu ri zrunlqj krxuv1 Wkxv/ iru doo srvlwlyh ydoxhv ri

b dq| xqhpsor|phqw lv lqyroxqwdu| lq wkh vhqvh wkdw doo xqhpsor|hg phpehuv

zrxog suhihu wr zrun wkh rswlpdo qxpehu ri krxuv dw wkh h{lvwlqj zdjh1

514 Fkdqjhv lq wkh Pdujlqdo ru Dyhudjh Wd{ Udwh

Wkh frqvhtxhqfhv ri d fkdqjh lq wkh dyhudjh wd{ udwh duh

Sursrvlwlrq 4 D uhgxfwlrq lq wkh dyhudjh wd{ udwh/ |@/ iru d jlyhq pdujlqdo

wd{ udwh/ |6/ uhgxfhv zdjhv dqg lqfuhdvhv djjuhjdwh hpsor|phqw/ u/ dqg sur0

gxfwlrq/ +1

Surri1 Htxdwlrq +:, |lhogv wkh hodvwlflw|

l�3|@ '
Y
�
�
^

�

Y E�� |@�

E�� |@��
�
^

� ' �
E� n b>� �3|@

�3|6

� n
�
�3|@
�3|6

� �
�
E� n �� E� n b>�

	 fc

lpso|lqj wkdw Y E�*^� *Y|@ : f1 Wkh lpsdfw rq u dqg + iroorzv gluhfwo| iurp

+4, dqg +7,1

D ghfuhdvh lq wkh dyhudjh wd{ udwh uhgxfhv wkh surgxfw zdjh1 Wklv h�hfw

lv gxh wr wkh qrq0frpshwlwlyhqhvv ri wkh oderxu pdunhw1 Wkhuh zrxog eh

qr h�hfw suhvhqw li wkh oderxu pdunhw kdg ehhq frpshwlwlyh/ vlqfh qr lqfrph

h�hfw lv suhvhqw lq wkh oderxu vxsso| lq wkh suhvhqw prgho1 Wkh h�hfw dsshduv

khuh/ ehfdxvh wkh +rssruwxqlw|, frvwv ri ehlqj hpsor|hg ghshqg xsrq wkh

ehqh�wv shu krxu qhw ri wd{ dgmxvwhg wr wkh doorzhg wd{ ghgxfwlrq lq oderxu

lqfrph iru hpsor|hg zrunhuv1 Revhuyh wkdw hyhq li wkh edujdlqlqj srzhu ri

wkh xqlrq frqyhujhv wr }hur wkh uhvxow uhpdlqv gl�huhqw iurp wkh frpshwlwlyh

fdvh1 Wklv lv gxh wr ghfrpsrvlwlrq ri wkh edujdlqlqj sureohp/ zkhuh wkh

xqlrq vhwv wkh rswlpdo qxpehu ri zrunlqj krxuv qr pdwwhu krz vpdoo lwv

edujdlqlqj srzhu lv1

Wkh frqvhtxhqfhv ri d fkdqjh lq wkh pdujlqdo wd{ udwh duh

Sursrvlwlrq 5 D uhgxfwlrq lq wkh pdujlqdo wd{ udwh/ |6/ iru d jlyhq dyhu0

djh wd{ udwh/ |@/ lqfuhdvhv zdjhv dqg uhgxfhv djjuhjdwh hpsor|phqw/ u/ dqg

surgxfwlrq/ +/ li b>
E�nb>��

: �3|@
�3|6

� �1

:



Surri1 Htxdwlrq +:, |lhogv wkh hodvwlflw|

l�3|6 �
Y
�
�
^

�

Y E�� |6�

E�� |6��
�
^

� '
b>�

�
�3|@
�3|6

� �
�
� E� n b>�

� n
�
�3|@
�3|6

� �
�
E� n �� E� n b>�

:
'
	

fc

lpso|lqj wkdw Y E�*^� *Y|6 	 f li l�3|6 : f /
b>

E�nb>��
: �3|@

�3|6
� �1 Wkh

lpsdfw rq u dqg + iroorzv gluhfwo| iurp +4, dqg +7,1

Wkh sduwldo h�hfw ri d ghfuhdvh lq wkh pdujlqdo wd{ udwh iru d jlyhq ohyho

ri wkh dyhudjh wd{ udwh pd| eh erwk srvlwlyh ru qhjdwlyh1 Wklv lv lq frq0

wudvw wr wkh uhvxowv ri h1j1 Orfnzrrg dqg Pdqqlqj +4<<6,/ zkr vkrz xqghu

txlwh jhqhudo frqglwlrqv wkdw li wkh zdjh lv jlyhq e| dq lqwhulru vroxwlrq wr

wkh Qdvk0edujdlqlqj sureohp ri wkh uljkw0wr0pdqdjh w|sh wkhq d ghfuhdvh

lq wkh pdujlqdo wd{ udwh lqfuhdvhv wkh zdjh1 Wkh ihdwxuh wkdw glvwlqjxlvkhv

rxu uhvxow iurp wkh suhylrxv rqhv lv wkdw wkh qxpehu ri zrunlqj krxuv lv

hqgrjhqrxv1 Wklv ihdwxuh uh0lqwurgxfhv d yduldqw ri wkh oderxu vxsso| h�hfw

nqrzq iurp wkh frpshwlwlyh prghov ri wkh oderxu pdunhw1 Qrz/ wkh zdjh lv

ghfuhdvlqj lq wkh pdujlqdo wd{ udwh li dqg rqo| li b>
E�nb>��

: �3|@
�3|6

� �1 Iru

d surjuhvvlyh wd{ v|vwhp wkh ohiw kdqg vlgh ri wklv lqhtxdolw| lv srvlwlyh1 �

dssurdfklqj f lpsolhv wkdw wkh lqglylgxdo oderxu vxsso| ehfrphv shuihfwo|

lqhodvwlf jlylqj wkh sxuh xqlrq h�hfw rewdlqhg e| wkh sdshuv phqwlrqhg lq

wkh lqwurgxfwlrq1 Krzhyhu/ li wkh oderxu vxsso| lv vx!flhqwo| hodvwlf wkhq wkh

oderxu vxsso| h�hfw pd| grplqdwh dqg wkh uhvxow ehfrphv d yduldqw ri wkh

frpshwlwlyh fdvh/ zkhuh d uhgxfwlrq lq wkh pdujlqdo wd{ udwh uhgxfhv wkh uhdo

surgxfw zdjh1 Wkh olnholkrrg iru wklv wr kdsshq lv odujh zkhq wkh edujdlqlqj

srzhu ri wkh xqlrq lv orz +b vpdoo, ru zkhq > lv orz lpso|lqj wkdw d zdjh

ulvh fodlphg e| wkh xqlrq kdv d odujh dgyhuvh h�hfw rq hpsor|phqw1

515 Hpslulfdo Zdjh Htxdwlrqv

Wkh wkhruhwlfdo dpeljxrxv h�hfwv ri fkdqjlqj wd{ surjuhvvlylw| prwlydwh hp0

slulfdo lqyhvwljdwlrq1 Wr whvw krz wkh wd{ v|vwhp lq xhqfh wkh zdjh ohyho wkh

zdjh htxdwlrq +:, lv orj olqhdulvhg jlylqj d vwuxfwxudo htxdwlrq iru wkh uhdo

;



surgxfw zdjh dv d ixqfwlrq ri wkh h{rjhqrxv yduldeohv1 Wklv |lhogv

*L} E�*^� ' lS n l�3|6
Eq�

*L} E�� |6�n l�3|@
E3�

*L} E�� |@�n l/
En�

*L}/

n lK*^
En�

*L} EK*^�n l�
E3�

*L} �n 0c +;,

zkhuh 0 lv dq huuru whup dqg lS wkh lqwhufhsw1 Wkh vljqv ehorz wkh sdudphwhuv

duh wkh h{shfwhg vljqv iurp wkh wkhruhwlfdo prgho1 Wkh sdudphwhuv l�3|6 dqg

l�3|@ kdyh ehhq glvfxvvhg1 Wkh sdudphwhu l� lv h{shfwhg wr eh qhjdwlyh dv dq

lqfuhdvh lq wrwdo xqhpsor|phqw uhgxfhv wkh h{shfwhg xwlolw| ri xqhpsor|hg

zklfk uhgxfhv wkh zdjh fodlpv ri wkh xqlrq1 Wkh sdudphwhu l/ lv h{shfwhg wr

eh srvlwlyh dv dq lqfuhdvh lq wkh zhgjh lqfuhdvhv zdjh suhvvxuh1 Lqfuhdvhv lq

xqhpsor|phqw ehqh�wv lqfuhdvh wkh rssruwxqlw| frvwv ri wkh xqlrq dqg vr lK*^

vkrxog eh srvlwlyh1 Ixuwkhupruh/ erwk l/ dqg lK*^ duh h{shfwhg wr eh ehwzhhq

}hur dqg rqh zkhuh wkh odwwhu fruuhvsrqgv wr d frpsohwho| lqhodvwlf oderxu

vxsso|1 Qrwh/ wkdw surgxfwlylw|/ 5/ grhv qrw hqwhu wkh zdjh htxdwlrq zklfk

dulvhv ehfdxvh wkh zdjh lv ghwhuplqhg lq d edujdlqlqj ehwzhhq zrunhuv dqg

�upv18 Wkh uhdo zdjh zloo wkrxjk ghshqg lqgluhfwo| rq surgxfwlylw| lq wkh

prgho dv dq lqfuhdvh lq surgxfwlylw| uhgxfhv xqhpsor|phqw zklfk lqfuhdvhv

zdjh suhvvxuh1 Wkhuh pd| dovr eh dq lqgluhfw h�hfw wkurxjk xqhpsor|phqw

ehqh�wv li wkh| duh udlvhg zkhq JQS lqfuhdvhv1 Krzhyhu/ surgxfwlylw| vkrxog

qrw lq lwvhoi hqwhu dv dq h{sodqdwru| yduldeoh1

6 Hylghqfh

Wkh dssurdfk ri wkh hpslulfdo dqdo|vlv iroorzv suhylrxv vwxglhv e| hvwlpdwlqj

+;, xvlqj wlph0vhulhv gdwd rq zdjhv iru wzr w|shv ri zrunhuv> eoxh froodu

zrunhuv dqg zklwh froodu zrunhuv1 Iru h{dpsoh/ Kropoxqg dqg Nrop +4<<8,

hvwlpdwh d vlplodu zdjh htxdwlrq iru gl�huhqw jurxsv lq wkh Vzhglvk oderxu

pdunhw dqg Orfnzrrg dqg Pdqqlqj +4<<6, xvh wkh vdph dssurdfk rq gdwd

iru pdoh pdqxdo zrunhuv lq wkh Xqlwhg Nlqjgrp1

8Wkh zdjh zrxog ri frxuvh eh ulvlqj lq surgxfwlylw| li oderxu ghpdqg ehfdph pruh

hodvwlf zkhq surgxfwlylw| lqfuhdvhg1

<



614 Gdwd Ghvfulswlrq

Wkh zdjh htxdwlrq +;, lv hvwlpdwhg iru eoxh froodu zrunhuv dqg zklwh froodu

zrunhuv rq Gdqlvk gdwd iurp 4<:3 wloo 4<<51 Wkh vwduwlqj |hdu lv wkh �uvw

|hdu zlwk d wd{ v|vwhp edvhg rq suhvhqw +dv rssrvhg wr sdvw, lqfrph1 Gdwd

iru qrplqdo zdjhv duh iurp wkh vwdwlvwlfv ri wkh Frqihghudwlrq ri Gdqlvk

Hpsor|huv Dvvrfldwlrqv1 Wkh fdwhjru| �eoxh froodu zrunhuv� lv gh�qhg dv

�xqvnloohg zrunhuv�/ zkhuhdv wkh fdwhjru| �zklwh froodu zrunhuv� lv gh�qhg

dv wkh xsshu txduwloh ri wkh zdjh glvwulexwlrq iru zklwh froodu zrunhuv1

Iru hdfk |hdu wkh Gdqlvk wd{ v|vwhp lv prghoohg dqg pdujlqdo dqg dyhudjh

wd{hv duh fdofxodwhg iru wkh wzr dqqxdo zdjhv1 Orfdo wd{ udwhv duh vhw wr wkh

dyhudjh ydoxh1 Wd{hv duh edvhg rq zdjh lqfrph> fdslwdo lqfrph dqg wkxv

fdslwdo lqfrph wd{hv duh ljqruhg1 Wkh wd{ v|vwhp doorzv ghgxfwlrq ri xqlrq

phpehuvkls ihhv dqg ihhv wr wkh xqhpsor|phqw ehqh�w v|vwhp1 Wkhvh ihhv

duh vhw wr wkh ohyhov sdlg e| phpehuv ri wkh xqlrq rujdqlvlqj r!fh fohunv

dqg vkrs dvvlvwdqwv +lq Gdqlvk fdoohg KN,1 Wkh zdjhv diwhu wd{ phdvxuhg

shu krxu duh frqvwuxfwhg e| glylglqj e| wkh qhjrwldwhg qxpehu ri krxuv1

Lq wklv shulrg lq Ghqpdun xqhpsor|phqw ehqh�wv zhuh htxdo wr bfI ri

wkh zrunhuv suhylrxv zdjh ohyho exw qr pruh wkdq d pd{lpxp gdlo| ehqh�w

ohyho1 Wklv lpsolhv wkdw wkh ohyho ri xqhpsor|phqw ehqh�wv lq wkh prgho/

K/ lv vhw htxdo wr wkh dqqxdo ydoxh ri wkh pd{lpxp gdlo| ehqh�w ohyho/ dv

wklv lv ehorz bfI ri erwk zdjh vhulhv lq wkh hqwluh shulrg1 Wkh wd{ rq xq0

hpsor|phqw ehqh�wv lv fdofxodwhg dorqj wkh vdph olqhv dv wkh wd{ ri zdjh

lqfrph1 Xqhpsor|phqw lv gh�qhg dv wkh qxpehu ri xqhpsor|hg dv d shu0

fhqwdjh ri wkh wrwdo oderxu vxsso| dqg zh iroorz Kropoxqg dqg Nrop +4<<8,

e| xvlqj odjjhg xqhpsor|phqw lq wkh uhjuhvvlrq1 Wkh grphvwlf sulfh/ ^/ lv

wkh surgxfhu sulfh lqgh{ ri wkh pdqxidfwxulqj vhfwru/ zkloh wkh zhgjh/ // lv

fdofxodwhg e| glylglqj wkh frqvxphu sulfh lqgh{/ R/ zlwk wkh surgxfhu sulfh

lqgh{ ri wkh pdqxidfwxulqj vhfwru1
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615 Uhjuhvvlrq Uhvxowv

Wkh hvwlpdwlrq surfhgxuh xvhg lv Lqvwuxphqw Yduldeoh hvwlpdwlrq vlqfh dy0

hudjh dqg pdujlqdo wd{ udwhv duh hqgrjhqrxv yduldeohv> wkdw lv/ wkh| duh

fdofxodwhg iurp wkh dqqxdo zdjh rq wkh ohiw kdqg vlgh ri wkh hvwlpdwhg htxd0

wlrq1 Lqvwuxphqwv duh= Wkh odjjhg ydoxh ri wkh hqgrjhqrxv yduldeohv/ wkh uhvw

ri wkh uljkw kdqg vlgh yduldeohv dqg wuhqg dqg txdgudwlf wuhqg1 Wkh uhvxowv

ri wkh hvwlpdwlrqv zkhq doo uljkw kdqg vlgh yduldeohv duh lqfoxghg duh jlyhq lq

Wdeoh 4 zkhuhdv Wdeoh 5 frqwdlqv yduldeohv wkdw hqwhu vljql�fdqwo| diwhu holp0

lqdwlrq ri lqvljql�fdqw yduldeohv rqh e| rqh +dw wkh xvxdo DI ohyho,1 Zh dovr

surylgh vrph gldjqrvwlf whvwv zklfk surylgh qr hylghqfh ri plvvshfl�fdwlrq1

Wdeoh 4= Hvwlpdwlrq xvlqj doo uljkw kdqg vlgh yduldeohv

Eoxh froodu zrunhuv Zklwh froodu zrunhuv

frqvwdqw 03189 Ef�e2� 06139 E2�ff�
*L} E�E���� 03134 Ef�ef� 03149 ED��D�
*L} E�� |6� 4167 E��bf� 03155 Ef�SD�
*L} E�� |@� 06174 Ee�SH� 05153 E��fe�
*L} E/� 3196 E��De� 3173 Ef��S�
*L} EK*^� 414: Ee��e� 316< Ee��H�

Vshfl�fdwlrq 91;7 Ef�fH� 813< Ef��.�
U2 31<: 31<:
GZ 41;4 5133

Vwg1 Huu1 31363: 313648
DUE�� 3139 Ef�H�� 3133 Ef�bD�
DUE2� 3157 Ef�Hb� 3138 Ef�bH�

Qrupdolw| 41<: Ef��.� 6188 Ef��.�
DUFK 4 3139 Ef�H�� 3184 Ef�eb�

Qrwh= Sduhqwkhvhv diwhu hvwlpdwhg sdudphwhuv duh w0ydoxhv1 DU+4, dqg DU+5, duh �20whvwv iru dxwrfru0

uhodwhg uhvlgxdov1 Qrupdolw| lv d �2E2�0whvw iru qrupdoo| glvwulexwhg uhvlgxdov/ dqg DUFK lv d I0whvw iru

dxwruhjuhvvlyh frqglwlrqdo khwhurvfhgdvwlflw|1 Vshfl�fdwlrq whvw lv d vwdqgdug Vdujdq �
20whvw iru ydolglw|

ri lqvwuxphqwv1 Sduhqwkhvhv diwhu gldqrvwlfv duh s0ydoxhv1
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61514 Wkh Zdjh Htxdwlrq iru Eoxh Froodu Zrunhuv

Wdeoh 4 uhyhdov wkdw wkh hvwlpdwhg frh!flhqw ri wkh pdujlqdo wd{ udwh lv

qhjdwlyh +l1h1/ wkh rssrvlwh vljq ri l�3|6, dqg wkdw doo rwkhu frh!flhqwv kdyh

wkh h{shfwhg vljqv ghulyhg iurp wkh wkhruhwlfdo dqdo|vlv1 Wkh frh!flhqwv ri

erwk wkh pdujlqdo dqg wkh dyhudjh wd{ udwh duh vljql�fdqw/ dorqj zlwk wkh

frh!flhqw ri xqhpsor|phqw ehqh�wv1 Exw wkh frh!flhqwv ri wkh zhgjh dqg

ri xqhpsor|phqw duh qrw vljql�fdqw1 Diwhu holplqdwlrq ri wkh xqhpsor|phqw

yduldeoh wkh frh!flhqw ri wkh zhgjh ehfrphv vljql�fdqw dqg wkh uhvw ri wkh

frh!flhqwv fkdqjh rqo| voljkwo|/ fi1 Wdeoh 51

Wkh qhjdwlyh frh!flhqw ri wkh pdujlqdo wd{ udwh lqglfdwhv wkdw wkh �xqlrq

h�hfw� grplqdwhv wkh �oderxu vxsso| h�hfw� vxjjhvwlqj wkdw d orzhu pdujlqdo

wd{ udwh lpsolhv dq lqfuhdvh lq wkh zdjh iru eoxh froodu zrunhuv1 Vlplodu uhvxowv

duh irxqg lq vwxglhv iru rwkhu frxqwulhv= Orfnzrrg dqg Pdqqlqj +4<<6,

�qg d qhjdwlyh frh!flhqw iru pdoh pdqxdo zrunhuv lq wkh Xqlwhg Nlqjgrp1

Kropoxqg dqg Nrop +4<<8, r�hu d glvdjjuhjdwhg dqdo|vlv rq Vzhglvk gdwd

zklfk vkrzv qhjdwlyh frh!flhqwv ri wkh pdujlqdo wd{ udwh iru doprvw doo

jurxsv lq wkh Vzhglvk oderxu pdunhw1

Wdeoh 5= Hvwlpdwlrq diwhu holplqdwlrq ri lqvljql�fdqw yduldeohv

Eoxh froodu zrunhuv Zklwh froodu zrunhuv

frqvwdqw 03146 Ef��.� 061:6 ES����
*L} E�E���� 03148 ES�H��
*L} E�� |6� 4184 E2�H��
*L} E�� |@� 06176 Ee�be� 05193 E�D��S�
*L} E/� 31:6 E2�e��
*L} EK*^� 413; ES��b� 41;7 E���e��

Vshfl�fdwlrq :158 Ef��2� 31;4 Ef�HD�
U2 31<: 31<:
GZ 41;; 41<:

Vwg1 Huu1 3135<6 313677
DUE�� 3134 Ef�b2� 3133 Ef�bH�
DUE2� 316; Ef�H�� 3136 Ef�bH�

Qrupdolw| 5173 Ef��f� 6166 Ef��b�
DUFK 4 315< Ef�Sf� 315: Ef�S��
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Qrwh= Sduhqwkhvhv diwhu hvwlpdwhg sdudphwhuv duh w0ydoxhv1 DU+4, dqg DU+5, duh �20whvwv iru dxwrfru0

uhodwhg uhvlgxdov1 Qrupdolw| lv d �2E2�0whvw iru qrupdoo| glvwulexwhg uhvlgxdov/ dqg DUFK lv d I0whvw iru

dxwruhjuhvvlyh frqglwlrqdo khwhurvfhgdvwlflw|1 Vshfl�fdwlrq whvw lv d vwdqgdug Vdujdq �
20whvw iru ydolglw|

ri lqvwuxphqwv1 Sduhqwkhvhv diwhu gldqrvwlfv duh s0ydoxhv1

Lw lv zruwk qrwlqj wkdw wkh uhodwlyh odujh frh!flhqwv ri / dqg K*^ lqglfdwh

wkdw wkh oderxu vxsso| lv uhodwlyho| lqhodvwlf19 Wklv lv lq dffrugdqfh zlwk wkh

hvwlpdwhg frh!flhqw wr wkh pdujlqdo wd{ udwh zklfk ehfrphv qhjdwlyh hyhq

iru d orz ydoxh ri wkh edujdlqlqj srzhu ri wkh xqlrq li wkh oderxu vxsso| lv

yhu| lqhodvwlf1

Wkh pdujlqdo dqg dyhudjh wd{ udwhv iru eoxh froodu zrunhuv vhhp fruuh0

odwhg1 Wkxv/ wr fkhfn wkh urexvwqhvv ri wkh uhvxowv zh kdyh dovr wulhg wr xvh

wkh Pxvjudyh surjuhvvlylw| sdudphwhu � �
�3|6
�3|@

lqvwhdg ri wkh vhsdudwh wd{

udwhv1: Wkh frh!flhqw uhvwulfwlrq lpsolhg e| wklv sdudphwhu zdv fohduo| df0

fhswhg dqg wkh hvwlpdwlrq xvlqj wklv sdudphwhu vkrzhg d vljql�fdqw srvlwlyh

uhodwlrqvkls frq�uplqj wkh suhylrxv uhvxowv1 Ilqdoo|/ zh kdyh wulhg wr lqfoxgh

surgxfwlylw| lq wkh uhjuhvvlrq1 Wkh wkhru| glg qrw vxssruw wklv yduldeoh exw lw

lv frpprqo| xvhg lq zdjh htxdwlrqv1 Lq wkh dqdo|vlv lw ehfdph lqvljql�fdqw>

exw fruuhodwhg zlwk xqhpsor|phqw ehqh�wv dqg wkh zhgjh uh hfwlqj wkdw wkh

wuhqg lq uhdo zdjhv lv fdswxuhg e| wkhvh yduldeohv dv wkh wkhru| suhvfulehv1

61515 Wkh Zdjh Htxdwlrq iru Zklwh Froodu Zrunhuv

Wdeoh 4 uhyhdov wkdw wkh hvwlpdwhg frh!flhqw ri wkh pdujlqdo wd{ udwh lv

srvlwlyh exw lqvljql�fdqw iru wklv jurxs1 Djdlq/ doo rwkhu frh!flhqwv kdyh wkh

h{shfwhg vljqv exw wkh zhgjh lv qrw vljql�fdqw1 Diwhu uhprylqj wkh zhgjh

wkh frh!flhqw rq wkh pdujlqdo wd{ udwh lv vwloo lqvljql�fdqw dqg wkhuhiruh dovr

uhpryhg/ �qdoo| jlylqj wkh uhvxowv lq Wdeoh 51

9Qrwh/ wkdw dowkrxjk wkh frh!flhqw ri e@t lv odujhu wkdq rqh lw fdqqrw eh uhmhfwhg wkdw

lw lv htxdo wr ru ehorz rqh1
:Wklv frh!flhqw uhvwulfwlrq lv vxssruwhg e| wkh wkhru| lq Orfnzrrg dqg Pdqqlqj

+4<<6,1 Krzhyhu/ rxu prgho grhv qrw lq jhqhudo vxssruw wkh uhvwulfwlrq> lw uhtxluhv wkdw

diwhu wd{ ehqh�wv duh lqgh{hg wr diwhu wd{ zdjhv dqg wkdw wkh oderxu vxsso| lv shuihfwo|

lqhodvwlf1
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Wkh vpdoo exw lqvljql�fdqw frh!flhqw rq wkh pdujlqdo wd{ udwh pd| lqgl0

fdwh wkdw wkh ryhudoo h�hfw ri fkdqjlqj wkh wd{ surjuhvvlylw| ri zklwh froodu

zrunhuv lv }hur vxjjhvwlqj wkdw wkh �xqlrq h�hfw� dqg wkh �oderxu vxsso| hi0

ihfw� fdqfho rxw1 Krzhyhu/ lw pd| dovr mxvw uh hfw wkdw wkh gdwd lv lqvx!flhqw

wr lghqwli| wkh xqghuo|lqj uhodwlrqvkls1

Lq Wdeoh 4 wkh vpdoohu frh!flhqwv ri / dqg K*^ frpsduhg wr eoxh froodu

zrunhuv pd| uh hfw wkdw wkh oderxu vxsso| lv pruh hodvwlf iru wklv jurxs1

Wkhruhwlfdoo| wklv lpsolhv d vwurqjhu �oderxu vxsso| h�hfw� zklfk vxssruwv

wkdw wkh ryhudoo h�hfw ri uhgxflqj surjuhvvlylw| iru zklwh froodu zrunhuv lv d

vpdoohu zdjh ulvh wkdq iru eoxh froodu zrunhuv ru hyhq d zdjh uhgxfwlrq1

Olnh lq wkh fdvh iru eoxh froodu zrunhuv/ wkh pdujlqdo dqg dyhudjh wd{

udwhv iru zklwh froodu zrunhuv duh fruuhodwhg zklfk pd| eh wkh uhdvrq wkdw lw

lv gl!fxow wr lghqwli| d sxuh surjuhvvlylw| h�hfw1 Zh kdyh dovr wulhg wr xvh

wkh Pxvjudyh surjuhvvlylw| sdudphwhu/ � �
�3|6

�3|@
/ lqvwhdg ri wkh vhsdudwh wd{

udwhv1 Wkh frh!flhqw uhvwulfwlrq lpsolhg e| wkh sdudphwhu lv dffhswhg dqg

lq wkh uhjuhvvlrq lw ehfrphv qhjdwlyh dqg dovr vljql�fdqw exw wkhuh lv qrz

d fohdu lqglfdwlrq ri plvvshfl�fdwlrq iurp wkh gldjqrvwlf whvwv1 Wklv pd|

uh hfw wkdw l
�3|6

uhdoo| kdv wkh rssrvlwh vljq wkdq lpsolhg e| wkh Pxvjudyh

surjuhvvlylw| sdudphwhu zklfk lv dovr lqglfdwhg e| wkh idfw wkdw l
�3|@

lq

wkh uhvwulfwhg uhjuhvvlrq lv kdoi dv odujh dv lq wkh xquhvwulfwhg uhjuhvvlrq1

Wkxv/ wkh ryhudoo frqfoxvlrq lv wkdw lw lv gl!fxow wr glvhqwdqjoh dq| h�hfw ri

surjuhvvlylw| rq zklwh froodu zrunhuv1

Ilqdoo|/ zh kdyh dovr wulhg wr lqfoxgh surgxfwlylw| lq wkh uhjuhvvlrq dqg

dv iru eoxh froodu zrunhuv lw ehfdph lqvljql�fdqw1

7 Frqfoxvlrq

Wkh frqyhqwlrqdo ylhz rq wkh h�hfwv ri wd{ surjuhvvlrq lq qrq0frpshwlwlyh

oderxu pdunhwv lv uh hfwhg e| wkh wlwoh ri Nrvnhod dqg Ylopxqhq +4<<9,=

�Wd{ surjuhvvlrq lv jrrg iru hpsor|phqw lq srsxodu prghov ri wudgh xqlrq

ehkdylrxu�1 Wkh pdlq srlqw ri rxu sdshu lv wkdw wklv ylhz pd| eh zurqj

zkhq zrunlqj krxuv duh hqgrjhqrxv vlqfh wklv pd| lqwurgxfh d oderxu vxsso|
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h�hfw nqrzq iurp frpshwlwlyh prghov ri wkh oderxu pdunhw1 Pruh vshfl�fdoo|/

zh vkrz wkdw wd{ surjuhvvlrq pd| eh edg iru hpsor|phqw zkhq erwk zdjhv

dqg zrunlqj krxuv duh vxemhfw wr edujdlqlqj1; Wklv lv hvshfldoo| olnho| li wkh

edujdlqlqj srzhu ri zrunhuv lv orz dqg li oderxu vxsso| lv uhodwlyho| hodvwlf1

Wkh dpeljxrxv h�hfwv ri fkdqjlqj wd{ surjuhvvlylw| prwlydwh hpslulfdo

lqyhvwljdwlrq1 Wkhuhiruh/ zh ghulyh dq hpslulfdo zdjh htxdwlrq iurp wkh

wkhruhwlfdo prgho dqg hvwlpdwh lw rq Gdqlvk gdwd iru eoxh froodu zrunhuv dqg

zklwh froodu zrunhuv1 Iru eoxh froodu zrunhuv wkh uhvxowv vkrz wkdw wkh suh0wd{

zdjh lv ghfuhdvlqj lq wkh pdujlqdo wd{ udwh lpso|lqj wkdw wkh frqyhqwlrqdo

h�hfw lv vwurqjhu wkdq wkh oderxu vxsso| h�hfw1 Wkh uhvxowv iru zklwh froodu

zrunhuv vkrz dq rssrvlwh exw lqvljql�fdqw uhodwlrqvkls1 Wklv pd| lqglfdwh

wkdw wkh frqyhqwlrqdo h�hfw dqg wkh oderxu vxsso| h�hfw edodqfh1 Krzhyhu/

lw pd| dovr mxvw uh hfw wkdw gdwd lv lqvx!flhqw wr lghqwli| wkh xqghuo|lqj

uhodwlrqvkls1 Ilqdoo|/ lw lv zruwk phqwlrqlqj wkdw hyhq wkrxjk wd{ surjuhvvlrq

pd| eh jrrg iru hpsor|phqw lw lv qrw qhfhvvdulo| jrrg iru djjuhjdwh zhoiduh

vlqfh lw uhgxfhv zrunlqj krxuv1

Uhihuhqfhv

^4` Elqpruh/ N1/ Uxelqvwhlq/ D1 dqg Zrolqvn|/ D1 +4<;9,= �Wkh Qdvk Edu0

jdlqlqj Vroxwlrq lq Hfrqrplf Prghoolqj1� Udqg Mrxuqdo ri Hfrqrplfv

4:+5,/ ss1 4:90;;1

^5` Kdqvhq/ F1 W1 +4<<<,= �Orzhu Wd{ Surjuhvvlrq/ Orqjhu Krxuv dqg

Kljkhu Zdjhv1� Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv 434+4,/ ss1 7<0981

^6` Kdqvhq/ F1 W1/ Shghuvhq/ O1 K1 dqg Voûn/ W1 +4<<8,= �Surjuhvvlyh Wd{0

dwlrq/ Zdjhv dqg Dfwlylw| lq d Vpdoo Rshq Hfrqrp|1� HSUX Zrunlqj

Sdshu Vhulhv 4<<8 0 541

;Krzhyhu/ Kdqvhq +4<<<, vkrzv wkdw wd{ surjuhvvlrq dozd|v uhgxfhv xqhpsor|phqw

lq dq htxloleulxp vhdufk prgho lqghshqghqw rq zkhwkhu zrunlqj krxuv duh vhw e| wkh

lqglylgxdo zrunhu ru ghwhuplqhg lq d edujdlqlqj ehwzhhq hdfk �up dqg zrunhu sdlu1
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^7` Khuvrxj/ W1 +4<;7,= �Xqlrq zdjh uhvsrqvhv wr wd{ fkdqjhv1� R{irug

Hfrqrplf Sdshuv 69/ ss1 6:0841

^8` Krho/ P1 +4<<3,= �H!flhqf| Zdjhv dqg Lqfrph Wd{hv1� Mrxuqdo ri Hfr0

qrplfv 64+4,/ ss1 ;<0<<1

^9` Kropoxqg/ E1 dqg Nrop/ D1 +4<<8,= �Surjuhvvlyh wd{dwlrq/ zdjh vhwwlqj

dqg xqhpsor|phqw 0 wkhru| dqg vzhglvk hylghqfh1� Vzhglvk Hfrqrplf

Srolf| Uhylhz/ ss1 75607931

^:` Nrvnhod/ H1 ) Ylopxqhq/ M1 +4<<9,= �Wd{ surjuhvvlrq lv jrrg iru hpsor|0

phqw lq srsxodu prghov ri wudgh xqlrq ehkdylrxu1� Oderxu Hfrqrplfv

6/ ss1 980;31

^;` Od|dug/ U1 Qlfnhoo/ V1 dqg Mdfnpdq/ U1 +4<<4,= �Xqhpsor|phqw1� R{0

irug Xqlyhuvlw| Suhvv1

^<` Orfnzrrg/ E1 dqg Pdqqlqj/ D1 +4<<6,= �Zdjh Vhwwlqj dqg wkh Wd{ V|v0

whp1 Wkhru| dqg Hylghqfh iru wkh Xqlwhg Nlqjgrp1� Mrxuqdo ri Sxeolf

Hfrqrplfv 85/ ss1 405<1

^43` Pdofrpvrq/ M1 P1 dqg Vduwru/ Q1 +4<;:,= �Wd{ sxvk lq dwlrq lq d xqlrq0

l}hg oderxu pdunhw1� Hxurshdq Hfrqrplf Uhylhz 64/ ss1 48;40<91

^44` Slvvdulghv/ F1 +4<;6,= �H!flhqf| Dvshfwv ri wkh Ilqdqflqj ri Xqhp0

sor|phqw Lqvxudqfh dqg Rwkhu Jryhuqphqw H{shqglwxuh1� Uhylhz ri

Hfrqrplf Vwxglhv 83/ ss1 8:09<1
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