
Zrunlqj Wlph/ Hpsor|phqw/ dqg Zrun Vkdulqj�

Hylghqfh iurp Vzhghq

Wru Mdfrevrq
Vwrfnkrop Vfkrro ri Hfrqrplfv/ Vzhghq

Khqu| Rkovvrq
Xssvdod Xqlyhuvlw|/ Vzhghq

Qryhpehu 4<<9

Devwudfw

Zh vwxg| wkuhh qhfhvvdu| frqglwlrqv iru zrun vkdulqj wr lqfuhdvh hp0
sor|phqw1 Iluvw/ wkhuh pxvw h{lvw d qhjdwlyh orqj0uxq uhodwlrq ehwzhhq
zrunlqj wlph dqg hpsor|phqw1 Vhfrqg/ krxuv shu zrunhu pxvw eh h{rjh0
qrxv zlwk uhvshfw wr zdjhv dqg hpsor|phqw1 Wklug/ srolf| pdnhuv pxvw
eh deoh wr lq xhqfh dfwxdo krxuv shu zrunhu1 Zh irupxodwh d wkhruhwl0
fdo prgho iru hpsor|phqw/ krxuv shu zrunhu/ surgxfwlrq/ dqg uhdo zdjhv1
D YDU v|vwhp zlwk frlqwhjudwlqj frqvwudlqwv lv hvwlpdwhg e| pd{lpxp
olnholkrrg xvlqj Vzhglvk sulydwh vhfwru gdwd 4<:3=404<<3=71 Zh �qg +l, qr
orqj0uxq uhodwlrq ehwzhhq krxuv shu zrunhu dqg hpsor|phqw/ +ll, wkdw krxuv
shu zrunhu duh hqgrjhqrxv zlwk uhvshfw wr wkh hvwlpdwlrq ri orqj0uxq sd0
udphwhuv/ dqg +lll, wkdw ohjlvodwhg zrunlqj wlph dqg krxuv shu zrunhu duh
uhodwhg wr hdfk rwkhu lq wkh orqj uxq1

Nh|zrugv= zrun vkdulqj/ pd{lpxp olnholkrrg frlqwhjudwlrq/ hpsor|phqw/ krxuv
shu zrunhu/ uhdo zdjhv1
MHO Fodvvlilfdwlrq Qxpehuv= H57/ M55/ M561

Fruuhvsrqghqfh wr= Wru Mdfrevrq/ Ghsduwphqw ri Hfrqrplf Vwdwlvwlfv/ Vwrfnkrop Vfkrro ri

Hfrqrplfv/ Er{ 9834/ 446 ;6 Vwrfnkrop/ Vzhghq/ yrlfh .79 ; :69 <5 74/ hpdlo vwwmCkkv1vh
ru Khqu| Rkovvrq/ Ghsduwphqw ri Hfrqrplfv/ Xssvdod Xqlyhuvlw|/ Er{ 846/ V0:84 53 Xssvdod/
Vzhghq/ yrlfh .79 4; 4; 43 <9/ id{ .79 4; 4; 47 :;/ hpdlo khqu|1rkovvrqCqhn1xx1vh 1

-Ilqdqfldo vxssruw iurp Wruh Eurzdogv Iruvnqlqjvvwliwhovh lv judwhixoo| dfnqrzohgjhg1 Zh
zrxog olnh wr wkdqn Mrqdv Djhoo/ Dqghuv Iruvoxqg/ Dqghuv Yuhglq/ Dqghuv Zduqh/ dqg sduwlfl0
sdqwv dw wkh 4<<8 HDOH phhwlqj lq O|rq iru khosixo frpphqwv1



41 Lqwurgxfwlrq

Wkh zruvhqlqj ri wkh oderxu pdunhw frqglwlrqv lq Vzhghq gxulqj wkh ehjlqqlqj
ri wkh 4<<3v kdv phdqw wkdw zrun vkdulqj sursrqhqwv kdyh vwduwhg wr pdnh wkhlu
yrlfhv khdug lq wkh srsxodu glvfxvvlrq dqg lq Sduoldphqw1 Vzhghq kdv fdxjkw xs
zlwk Hxurshdq xqhpsor|phqw ohyhov dqg/ wkhuhiruh/ dovr zlwk wkh srsxodu zrun
vkdulqj glvfxvvlrq ri wkh uhvw ri Hxursh1 Zlwk wkh kljk xqhpsor|phqw ohyhov/ dq|
sursrvdov fodlplqj wr plwljdwh wkh hpsor|phqw sureohpv pxvw eh wdnhq vhulrxvo|14

Zh dujxh wkdw dw ohdvw wkuhh frqglwlrqv pxvw eh ixo�oohg iru xvlqj zrun vkdulqj
dv d srolf| lqvwuxphqw wr lqfuhdvh hpsor|phqw1 Wkh remhfwlyh ri wkh sdshu lv wr
vkhg oljkw rq wkh wkuhh uhodwhg txhvwlrqv=

41 Lv wkhuh d qhjdwlyh orqj0uxq wudgh0r� ehwzhhq krxuv shu zrunhu dqg hp0
sor|phqwB Wkh zrun vkdulqj sursrqhqwv kdyh lq plqg d wudgh0r� uhodwlrq
ehwzhhq krxuv shu zrunhu dqg hpsor|phqw1 Uhgxflqj krxuv shu zrunhu zloo
shuplw dq h{sdqvlrq ri hpsor|phqw1 Dqdo|vhv ri wkh vkruw0uxq lpsolfdwlrqv
ri fkdqjhv lq krxuv shu zrunhu iru oderxu ghpdqg fdqqrw vkhg oljkw rq wklv
lvvxh li wkh remhfwlyh ri zrun vkdulqj lv wr shupdqhqwo| lqfuhdvh hpsor|0
phqw15

Zk| d orqj0uxq uhodwlrq dqg qrw d vkruw0uxqB Lw lv fohdu wkdw wkh zrun vkdulqj
sursrqhqwv kdyh d orqj0uxq dujxphqw1 Ilupv fkrrvh ryhuwlph udwkhu wkdq pruh
hpsor|hhv lq wkh vkruw uxq/ ehfdxvh wkh dgglwlrqdo frvwv ri ryhuwlph duh orzhu
wkdq wkh klulqj frvwv1 Lq rwkhu zrugv/ wkh dgmxvwphqw frvwv iru hpsor|phqw duh
kljkhu wkdq wkrvh iru krxuv shu zrunhu1 Wkh zrun vkdulqj sursrqhqwv duh/ ri
frxuvh/ dzduh ri wklv1 Wr wdnh wkhlu dujxphqw vhulrxvo| zh zloo kdyh wr uhjdug
wkh sursrvdov dv exloglqj rq wkh lghd ri d pruh orqj whup uhodwlrqv1 Zh zloo/
wkhuhiruh/ lq wkh hpslulfdo dqdo|vlv whvw li hpsor|phqw dqg krxuv shu zrunhu duh
jryhuqhg e| d frpprq vwrfkdvwlf wuhqg1 Zkhq whvwlqj wklv lw lv lpsruwdqw wr wdnh
vlpxowdqhrxv h�hfwv rq zdjhv dqg surgxfwlrq lqwr dffrxqw1 Li wkhuh lv d frpprq
vwrfkdvwlf wuhqg lw lpsolhv wkdw wkhuh lv d vwdwlrqdu| orqj0uxq uhodwlrqvkls ehwzhhq
wkh wzr1 Exw lw lv dovr qhfhvvdu| iru zrun vkdulqj wkdw wkh orqj0uxq uhodwlrq lpsolhv
d qhjdwlyh +wudgh0r�, uhodwlrq1

51 Duh dfwxdo krxuv shu zrunhu h{rjhqrxv lq wkh orqj uxqB D qhjdwlyh orqj0
uxq wudgh0r� ehwzhhq krxuv shu zrunhu dqg hpsor|phqw lv qrw vx!flhqw wr
surylgh d edvlv iru d zrun vkdulqj srolf|1 Lw lv dovr qhfhvvdu| wkdw krxuv shu

4Krxslv +4<<6, lv d uhfhqw sdshu glvfxvvlqj zrun vkdulqj1
5Wkh vshfl�fdwlrq ri oderu vhuylfhv lv d wkhruhwlfdo dqg hpslulfdo wrslf lq wkh uhfhqw uhdo

exvlqhvv f|foh olwhudwxuh +N|godqg/ 4<<8,1 Wklv olwhudwxuh lv/ krzhyhu/ pruh irfxvhg rq wkh
vkruw0uxq  xfwxdwlrqv ri wkh oderu vhuylfhv yduldeohv1
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zrunhu duh h{rjhqrxv zlwk uhvshfw wr hpsor|phqw/ zdjhv/ dqg surgxfwlrq1
Exw h{rjhqhlw|/ lq d jhqhudo vhqvh/ grhv qrw ohqg lwvhoi wr hpslulfdo whvwlqj1
Krzhyhu/ zh fdq/ zlwklq rxu iudphzrun/ whvw li wkh fkdqjhv lq krxuv shu
zrunhu duh zhdno| h{rjhqrxv zlwk uhvshfw wr wkh hvwlpdwlrq ri wkh sdudph0
whuv wkdw jryhuq wkh orqj0uxq uhodwlrqvkls ehwzhhq hpsor|phqw dqg krxuv
shu zrunhu1 Zhdn h{rjhqhlw| lv qhfhvvdu|/ exw qrw vx!flhqw/ iru krxuv shu
zrunhu wr eh d srolf| lqvwuxphqw1

Wkh vhfrqg txhvwlrq kdv wr gr zlwk fdxvdolw|1 Iurp d idfwru ghpdqg shuvshf0
wlyh/ lw lv srvvleoh wr ylhz wkh zrunlqj wlph +dqg wkh uhdo zdjh, dv jlyhq1 Exw
lv lw vhoi0hylghqw wr ylhz krxuv shu zrunhu dv jlyhq iurp wkh krxvhkrog*v shuvshf0
wlyhB Wklv uhgxfhv idfwru vxsso| wr d txhvwlrq ri oderxu irufh sduwlflsdwlrq1 Exw
li oderxu vxsso| +krxuv shu zrunhu, ghshqgv rq wkh uhdo zdjh/ d fruuhodwlrq +dqg
d fdxvdolw|, ehwzhhq krxuv dqg uhdo zdjh lv lqwurgxfhg16 Wkhuh lv dq h{whqvlyh
olwhudwxuh rq wkh ghwhuplqdqwv ri oderxu vxsso|1 Wkh uhvxowv irxqg zlwklq wklv
�hog pxvw dovr eh wdnhq vhulrxvo|1

61 Fdq dfwxdo krxuv lq wkh orqj uxq eh frqwuroohg e| lqvwuxphqwv dydlodeoh
wr srolf| pdnhuvB Srolwlfldqv fdqqrw gluhfwo| ghflgh rq dfwxdo krxuv shu
zrunhu1 Lqvwhdg wkh| kdyh wr uho| rq zrunlqj wlph ohjlvodwlrq1 Exw lv wklv
ohjlvodwlrq lq uhdolw| d uhvwulfwlrq rq wkh rwkhu djhqwv lq wkh hfrqrp|B Lw
lv/ h1j1/ srvvleoh wkdw krxuv shu zrunhu +ru wkh orqj0uxq wuhqg iru krxuv
shu zrunhu, fdq eh wkh uhvxow ri edujdlqlqj ehwzhhq hpsor|huv dqg zrunhuv
udwkhu wkdq jryhuqhg e| wkh ohjlvodwlrq1 Li wklv lv wkh fdvh zrunlqj wlph
ohjlvodwlrq lv qrw d srwhqw srolf| wrro1

Zh vwxg| d vpdoo v|vwhp frpsulvlqj wkh iroorzlqj yduldeohv= uhdo surgxfwlrq/
t|/ uhdo zdjhv/ `|/ krxuv shu zrunhu/ M|/ dqg hpsor|phqw/ �|1 Doo yduldeohv
frqfhuq wkh sulydwh vhfwru lq Vzhghq/ 4<:3=404<<3=71 Wkhuh duh xqiruwxqdwho| qr
txduwhuo| surgxfwlrq dqg uhdo zdjh gdwd dydlodeoh ehiruh 4<:31 Ehfdxvh ri wkh
vhyhuh uhfhvvlrq gxulqj 4<<4�4<<6/ zh rqo| h{whqg wkh vdpsoh shulrg wkurxjk
4<<31

Rxu fkrlfh ri vwdwlvwlfdo prgho kdv ehhq jxlghg e| wkh iroorzlqj frqvlghud0
wlrqv1 Iluvw/ wkhuh duh qr vwurqj wkhruhwlfdo mxvwl�fdwlrqv iru fodlplqj wkdw dq|
rqh ri wkh irxu yduldeohv lv h{rjhqrxv zlwk uhvshfw wr dq| rwkhu1 Vhfrqg/ pdv0
vlyh hpslulfdo hylghqfh vxjjhvw wkdw pdfurhfrqrplf yduldeohv vxfk dv t| dqg `|

duh ehvw prghoohg zkhq xqlw urrwv duh dffrxqwhg iru/ l1h1/ zkhq doorzlqj iru �uvw
rughu lqwhjudwlrq dqg/ srvvleo|/ frlqwhjudwlrq1 Wdnhq wrjhwkhu/ wkhvh wzr srlqwv

6Zklwoh| dqg Zlovrq +4<;;, glvfxvv wkh qhhg wr xvh vlpxowdqhrxv prghov zkhq dqdo|vlqj
zrun vkdulqj/ h1j1/ wr fdswxuh erwk ghpdqg dqg vxsso| idfwruv1
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ohdg xv wr d YDU prgho zlwk frlqwhjudwlrq frqvwudlqwv dv rxu phwkrg ri hpslulfdo
hqtxlu|1

Zh vshfli| d wkhruhwlfdo prgho zklfk zloo hqkdqfh lqwhusuhwdwlrq ri wkh hp0
slulfdo uhvxowv dqg vhuyh dv d edvlv iru k|srwkhvlv whvwlqj1 Rqh xvh ri wkh prgho
lv wr uhwulhyh hfrqrplf sdudphwhuv iurp wkh hvwlpdwhg uhgxfhg irup frh!flhqwv
lq wkh hpslulfdo frlqwhjudwlqj yhfwruv1 Wkxv/ wkh wkhruhwlfdo prgho vkrxog qrw eh
vhhq dv d uhvwulfwlrq iru wkh hpslulfdo dqdo|vlv17

Wkhuh duh rwkhu srvvleoh olqnv ehwzhhq hpsor|phqw dqg krxuv shu wkdq wkrvh
hpskdvl}hg khuh1 Lw kdv/ h1j1/ ehhq fodlphg wkdw zhoiduh vwdwhv/ vxfk dv wkh Vfdq0
glqdyldq frxqwulhv/ kdyh h{shulhqfhg d uhgxfwlrq lq krxuv shu zrunhu dv wkh uhvxow
ri kljk pdujlqdo lqfrph wd{hv1 Krzhyhu/ lw lv dovr wuxh wkdw wkhvh frxqwulhv hq0
frxudjh oderxu irufh sduwlflsdwlrq wkurxjk zrun iduh hohphqwv lq pdq| zhoiduh
surjudpv +Iuhhpdq/ 4<<8,1 Zruniduh lv qrw fdswxuhg e| rxu prgho1

Iljxuhv 414 dqg 415 suhvhqw vrph vw|ol}hg idfwv derxw wkh hyroyhphqw ri wkh
sulydwh vhfwru oderxu pdunhw lq Vzhghq gxulqj wkh odvw ghfdghv1 Krxuv shu zrunhu
dqg hpsor|phqw vhhp wr h{klelw voljkw grzqzdug wuhqgv gxulqj wkh 4<:3v1 Wkh
4<;3v uhyhuvhg wkh wuhqgv/ dw ohdvw iru krxuv shu zrunhu1 Iljxuh 414 grhv qrw
vxssruw d qhjdwlyh orqj0uxq wudgh0r� ehwzhhq krxuv shu zrunhu dqg hpsor|phqw1
Exw wkhuh frxog vwloo h{lvw vxfk d uhodwlrqvkls frqwuroolqj iru wkh ghyhorsphqw ri
surgxfwlrq dqg uhdo zdjhv1 Wkhvh yduldeohv vkrz vwurqj xszdug wuhqgv/ zlwk d
juhdwhu yrodwlolw| lq uhdo zdjhv1

Rxu uhvxowv duh/ �uvw/ wkdw wkhuh lv qr orqj0uxq uhodwlrqvkls ehwzhhq krxuv
shu zrunhu dqg hpsor|phqw1 Vhfrqg/ wkh gdwd duh qrw frqvlvwhqw zlwk krxuv shu
zrunhu ehlqj h{rjhqrxv1 Wklug/ +dfwxdo, krxuv shu zrunhu dqg ohjlvodwhg krxuv
shu zrunhu duh uhodwhg lq wkh orqj0uxq1 Rxu lqwhusuhwdwlrq lv wkdw hpsor|phqw lv
qrw d�hfwhg e| krxuv shu zrunhu1 Wkh uhvxowv duh/ lq rwkhu zrugv/ lq frqwudvw wkh
eholhiv ri zrun vkdulqj sursrqhqwv1

Wkh sdshu lv rujdql}hg dv iroorzv= Vhfwlrq 5 jlyhv wkh edfnjurxqg e| glvfxvvlqj
wkh wkhruhwlfdo iudphzrun1 +Vrph ri wkh wkhruhwlfdo glvfxvvlrq lv lq Dsshqgl{ D1,
Vhfwlrq 6 suhvhqwv wkh hpslulfdo uhvxowv zkhq vwxg|lqj wkh �uvw wzr txhvwlrqv/
zkloh Vhfwlrq 7 h{whqgv wkh dqdo|vlv wr lqfoxgh ohjlvodwhg zrunlqj wlph1 Vhfwlrq 8
vxppdul}hv rxu pdlq �qglqjv1 Vrph dgglwlrqdo lqirupdwlrq derxw wkh gdwd fdq
eh irxqg lq wkh Dsshqgl{ E1

51 Wkhruhwlfdo iudphzrun

Lq wklv vhfwlrq zh zloo suhvhqw d vw|ol}hg sulydwh vhfwru oderxu pdunhw prgho1 Wkh
sxusrvh ri wkh prgho lv wr surylgh d vlpsoh/ wkhruhwlfdo iudphzrun iru lqwhusuh0

7Mdfrevrq/ Yuhglq dqg Zduqh +4<<9, xvh d vlplodu dssurdfk zkhq vwxg|lqj k|vwhuhvlv h�hfwv
lq Vfdqglqdyldq oderu pdunhwv1
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Iljxuh 414= Krxuv shu zrunhu dqg hpsor|phqw/ orjdulwkpv/ vhdvrqdoo| dgmxvwhg
ghyldwlrqv iurp phdqv1

70 73 76 79 82 85 88
-0.10

-0.05

0.00

0.05

0.10

0.15

hours per worker, private sector

employment, private sector

Iljxuh 415= Surgxfwlrq dqg uhdo zdjh/ orjdulwkpv/ vhdvrqdoo| dgmxvwhg ghyldwlrqv
iurp phdqv1

70 73 76 79 82 85 88
-0.4

-0.3

-0.2

-0.1

-0.0

0.1

0.2

0.3

0.4

private sector GDP

real wage, private sector
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wdwlrq dqg d edvlv iru k|srwkhvhv whvwlqj1 Wkh prgho lv qrw d uhvwulfwlrq iru wkh
hpslulfdo hvwlpdwlrqv1 Zh zloo �uvw suhvhqw d ghwhuplqlvwlf yhuvlrq ri wkh prgho
h{sodlqlqj wkh hfrqrplf frqwhqw1 Zh wkhq vshfli| d vwrfkdvwlf yhuvlrq zklfk zloo
shuplw olqnlqj zlwk dqg lqwhusuhwdwlrq ri wkh hpslulfdo prgho1

Wkhuh duh wkuhh rswlpl}lqj djhqwv lq wkh prgho= d uhsuhvhqwdwlyh �up/ lghqwlfdo
krxvhkrogv/ dqg d xqlrq1 Wkh ghflvlrq yduldeohv ri wkh sur�w pd{lpl}lqj �up duh
surgxfwlrq dqg hpsor|phqw1 Lq vrph vshfl�fdwlrqv zh doorz d xwlolw| pd{lpl}lqj
krxvhkrog wr ghflgh rq krxuv zrunhg e| wkh vlqjoh zrunhu ri wkh krxvhkrog1 Wkh
xqlrq pdqlsxodwhv zdjhv wr pd{lpl}h xqlrq xwlolw|1

5141 D ghwhuplqlvwlf yhuvlrq ri wkh prgho

Surgxfwlrq dqg oderxu ghpdqg1 Zh dvvxph wkdw wkh surgxfwlrq ixqfwlrq lv=

t| ' wW
|
MB

|
�4

|
c +514,

zkhuh wW
|
lv dq h{rjhqrxv oderxu surgxfwlylw| yduldeoh/ B lv wkh rxwsxw hodvwlflw|

zlwk uhvshfw wr krxuv shu zrunhu +M|, zkloh 4 lv wkh rxwsxw hodvwlflw| zlwk uhvshfw
wr hpsor|phqw +�|,1 Zh dvvxph wkdw f 	 Bc 4 	 �1 Li B ' 4 wkhq fkdqjhv rq
wkh lqwhqvlyh pdujlq +krxuv shu zrunhu, dqg fkdqjhv rq wkh h{whqvlyh pdujlq
+hpsor|phqw, duh shuihfw whfkqlfdo vxevwlwxwhv/ dqg wkh ydoxh ri B +ru 4, jlyhv
uhwxuqv wr vfdoh1 Surgxfwlrq zloo lq wklv vshfldo fdvh rqo| ghshqg rq wkh wrwdo
qxpehu ri krxuv1 Fkdqjhv lq hpsor|phqw dqg krxuv shu zrunhu zloo qrw d�hfw
surgxfwlrq dv orqj dv wrwdo krxuv duh wkh vdph1 Pd{lpl}lqj sur�wv/ dvvxplqj wkdw
hpsor|phqw lv wkh rqo| fkrlfh yduldeoh iru wkh �up/ |lhogv wkh oderxu ghpdqg=

�| ' E4wW
|
�

�

�34 `
3

�

�34

|
M
3

�3B

�34

|
c +515,

zkhuh `| lv wkh uhdo surgxfw zdjh1 Qrwh wkdw wkh zdjh0vkduh/ `|M|�|

w
W

|
M

B

|
�

4

|

/ lpsolhg
e| wkh deryh lv htxdo wr 4/ l1h1 wkh rxwsxw hodvwlflw| zlwk uhvshfw wr hpsor|phqw1
Wkh hodvwlflw| ri hpsor|phqw zlwk uhvshfw wr krxuv/ kroglqj surgxfwlrq dqg zdjhv
frqvwdqw/ lv ��1 Wkhuh lv/ lq rwkhu zrugv/ d rqh0wr0rqh wudgh0r� ehwzhhq krxuv
shu zrunhu dqg hpsor|phqw1

Krzhyhu/ xvlqj +515,/ zh fdq lqfrusrudwh wkh h�hfw rq rxwsxw/ dqg wkh hpsor|0
phqw hodvwlflw| zlwk uhvshfw wr krxuv�iru jlyhq zdjhv�ehfrphv ��3B

�34
/ zklfk

lv qhjdwlyh e| dvvxpswlrq1 Wkh hodvwlflw| ri hpsor|phqw zlwk uhvshfw wr krxuv
shu zrunhu zloo eh I �� ghshqglqj rq zkhwkhu 4 I B1 Li rxwsxw lv pruh hodv0
wlf zlwk uhvshfw wr hpsor|phqw wkdq zlwk uhvshfw wr krxuv/ d ghfuhdvh lq krxuv
zloo lqfuhdvh hpsor|phqw sursruwlrqdoo| pruh1 Pruhryhu/ dq lqfuhdvh lq oderxu
surgxfwlylw| wW

|
zloo lqfuhdvh hpsor|phqw1

Wkhvh uhodwlrqvklsv ehwzhhq krxuv dqg hpsor|phqw duh iurp d idfwru ghpdqg
shuvshfwlyh1 Exw krz derxw wkh lpsdfw ri krxuv rq zdjhv dqg/ frqvhtxhqwo|/ rq
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hpsor|phqwB Wr dqvzhu wklv txhvwlrq zh qhhg wr vd| vrphwklqj derxw oderxu
vxsso| +krxuv shu zrunhu, dqg zdjh vhwwlqj1

H{rjhqrxv krxuv shu zrunhu1 Vxssrvh wkdw krxuv shu zrunhu duh h{rjhqrxvo|
ghwhuplqhg/ h1j1/ e| ohjlvodwlrq1 Ohw M| uhsuhvhqw krxuv shu zrunhu li h{rjhqrxv1
Wkh h{rjhqrxv krxuv shu zrunhu fdq vlpso| eh vxevwlwxwhg lq wr +515, wr rewdlq
oderxu ghpdqg1

Zdjh vhwwlqj1 Vxssrvh wkdw zdjhv duh vhw e| d xqlrq1 Wkh xqlrq pd{lpl}hv wkh
h{shfwhg xqlrq xwlolw| ri wkh lqfrph ri d uhsuhvhqwdwlyh phpehu1 Xqhpsor|phqw lv
ghwhuplqhg e| udqgrp gudz dqg wkh xwlolw| ohyho iru wkh xqhpsor|hg lv h{rjhqrxv1
Wkh xqlrq xwlolw| ixqfwlrq fdq eh dssur{lpdwhg e|=

L| ' �| � u8| n
�
� W

|
`|M|

�b
c +516,

zkhuh u8| lv wkh oderxu irufh/ l1h1/ wkh qxpehu ri krxvhkrogv/ dqg b lv d xqlrq
suhihuhqfh sdudphwhu vxfk wkdw f 	 b 	 �1 Dsshqgl{ D suhvhqwv wkh dssur{lpd0
wlrq1 Zkhq krxuv shu zrunhu duh h{rjhqrxv/ xqlrq xwlolw| lv pd{lpl}hg vxemhfw
wr wkh oderxu ghpdqg ixqfwlrq +515,1 Wkh uhvxowlqj zdjh vhwwlqj uhodwlrq lv=

`| ' KW
f
E4wW

|
�

�

�nbE�34� E� W
|
�3

bE�34�

�nbE�34�

�
M|

�3 �3BnbE�34�

�nbE�34�

� +517,

zkhuh KW
f
'
�

�

E�34�b

� �34

�nbE�34�

1 Ghfuhdvlqj krxuv shu zrunhu zloo lqfuhdvh wkh uhdo

zdjh1 Kljkhu oderxu surgxfwlylw| +kljkhu wW
|
, zloo dovr lqfuhdvh wkh uhdo zdjh/

zkloh d wd{ ghfuhdvh +kljkhu � W
|
, zloo ohdg wr d orzhu uhdo surgxfw zdjh1 Wkh uhdo

frqvxphu zdjh zloo/ rq wkh rwkhu kdqg/ lqfuhdvh1 Wr jhw wkh hpsor|phqw h�hfw/
vxevwlwxwh +517, lq wr htxdwlrq +515,=

�| ' KW
�
E4wW

|
� W
|
�

b

�nbE�34�

�
M|

� Bb

�nbE�34�

� +518,

zkhuh KW
�
lv d frqvwdqw1 Wkh gluhfw hpsor|phqw lqfuhdvlqj h�hfw ri d uhgxfwlrq lq

krxuv shu zrunhu zloo eh pruh wkdq frxqwhudfwhg e| wkh lqgluhfw h�hfw ri lqfuhdvhg
uhdo zdjhv dv wkh hpsor|phqw hodvwlflw| zlwk uhvshfw wr krxuv lv Bb

�nbE�34�
1 Kljkhu

oderxu surgxfwlylw| +frqwudu| wr wkh eholhiv ri vrph, zloo lqfuhdvh hpsor|phqw/
dqg vr zloo orzhu wd{hv 1

Hqgrjhqrxv oderxu vxsso| +krxuv shu zrunhu,1 Vxssrvh lqvwhdg wkdw wkh lq0
glylgxdo krxvhkrog pd{lpl}hv d xwlolw| ixqfwlrq jlylqj ulvh wr d oderxu vxsso|
ixqfwlrq zklfk zh dvvxph fdq eh dssur{lpdwhg e|=

M| ' E� W
|
`|�

# c +519,

zkhuh � W
|
`| lv wkh uhdo frqvxpswlrq zdjh dqg � W| lv dq h{rjhqrxv sulfh2wd{0zhgjh

yduldeoh1 Lqfuhdvlqj wd{hv zloo ghfuhdvh � W
|
1 Wkh oderxu vxsso| hodvwlflw| # pd|

9



eh srvlwlyh ru qhjdwlyh ghshqglqj rq zkhwkhu wkh vxevwlwxwlrq h�hfwv lq devroxwh
ydoxh lv eljjhu ru vpdoohu wkdq wkh lqfrph h�hfw1 Pdnlqj krxuv hqgrjhqrxv/ lq
d vhqvh/ uhyhuvhv wkh fdxvdwlrq ehwzhhq zdjhv dqg krxuv1 Frpsxwlqj wkh h�hfw
ri zdjhv/ wdnlqj oderxu vxsso| lqwr dffrxqw/ fdq eh grqh vxevwlwxwlqj +519, lq wr
+515, wr jhw=

�| ' E4wW
|
�

�

�34 E� W
|
�3

#E�3B�

�34 `
3

�n#E�3B�

�34

|
� +51:,

Kljkhu oderxu surgxfwlylw| wW
|
/ iru d jlyhq uhdo zdjh/ zloo lqfuhdvh hpsor|phqw1 Li

wkh oderxu vxsso| hodvwlflw| lv srvlwlyh +wkh vxevwlwxwlrq h�hfw grplqdwhv,/ orzhu
wd{hv +kljkhu � W

|
, zloo ghfuhdvh hpsor|phqw1 Lqfuhdvhv lq wkh uhdo zdjh zloo gh0

fuhdvh hpsor|phqw li � n #E�� B� : f1 D vx!flhqw/ exw qrw qhfhvvdu|/ frqglwlrq
iru wklv lv wkdw wkh oderxu vxsso| hodvwlflw| lv srvlwlyh1

Zdjh vhwwlqj1 Zkhq wkh oderxu vxsso| lv hqgrjhqrxv xqlrq xwlolw| lv pd{l0
pl}hg vxemhfw wr wkh oderxu vxsso| ixqfwlrq +519, dqg wkh oderxu ghpdqg ixqfwlrq
+51:,1 Wkh uhvxowlqj zdjh vhwwlqj uhodwlrq lv=

`| ' KW
f
E4wW

|
�
�

� E� W
|
�3

�3�

� c +51;,

zkhuh � ' E# n �� E� n b E�� 4�� � #B dqg KW
f
'
�

�n#E�3B�

E�34�E#n��b

��34

�

1 D srvlwlyh

oderxu vxsso| hodvwlflw| lv vx!flhqw iru kljkhu oderxu surgxfwlylw| wW
|
wr lqfuhdvh

wkh uhdo zdjh1 Orzhu wd{hv/ vr wkdw � W
|
lqfuhdvhv/ zloo ghfuhdvh uhdo surgxfw zdjhv

li wkh oderxu vxsso| hodvwlflw| lv srvlwlyh1 Wkh zdjh vhwwlqj uhodwlrq fdq eh vxevwl0
wxwhg lqwr +51:,/ +519,/ dqg +514, wr rewdlq uhgxfhg irup h{suhvvlrqv iru hpsor|0
phqw/ krxuv shu zrunhu/ dqg surgxfwlrq1 Wkh �uvw wzr duh=

�| ' KW
�
E4wW

|
� W
|
�
bE#n��

� c +51<,

M| ' KW
2
E4wW

|
� W
|
�
#

� � +5143,

Wkh uhgxfhg irupv iru krxuv shu zrunhu dqg hpsor|phqw duh/ wkhuhiruh/ uhodwhg
lq wkh iroorzlqj zd|=

�| ' KW
�
M

bE�n#
3��

|
� +5144,

Dq h{rjhqrxv fkdqjh lq oderxu surgxfwlylw| ru wd{hv zloo pryh krxuv shu zrunhu
dqg hpsor|phqw lq wkh vdph gluhfwlrq li wkh oderxu vxsso| hodvwlflw| lv srvlwlyh1
Wkhuh zloo eh d qhjdwlyh uhodwlrq l� �� 	 # 	 f1

5151 D vwrfkdvwlf yhuvlrq ri wkh prgho

Surgxfwlrq dqg oderxu ghpdqg1 Lq zkdw iroorzv zh zloo frqvlghu wkh orjdulwkpv
ri wkh yduldeohv/ ghqrwlqj wkhvh e| orzhu fdvh ohwwhuv1 Wkh vwrfkdvwlf surgxfwlrq

:



ixqfwlrq kdv wkh iroorzlqj irup=

+| ' w| n B �| n 4 ?| c +5145,

zkhuh w| ' *L} wW
|
lv wkh h{rjhqrxv oderxu surgxfwlylw| yduldeoh1 Zh dvvxph wkdw

wkh gl�huhqfhv ehwzhhq rxwsxw jurzwk dqg oderxu lqsxw jurzwk/ zhljkwhg e| B dqg
4/ duh shuvlvwhqw lq wkh vhqvh=

w| ' w|3� n 0|c+ c +5146,

zkhuh 0
|c+

lv d zklwh qrlvh lqqrydwlrq1 Wklv lv e| dvvxpswlrq d vwrfkdvwlf wuhqg1
Wkh oderxu ghpdqg ixqfwlrq/ uhvwlqj rq wkh dvvxpswlrq wkdw hpsor|phqw lv wkh
rqo| fkrlfh yduldeoh iru wkh �up zkhq pd{lpl}lqj sur�wv/ lv qrz zulwwhq=

?
|

'
�

4� �
d�

|

n �
|

� E*L} 4 n w
|

n B�
|

�o n 0
|c?

c +5147,

zkhuh 0
|c?

lv zklwh qrlvh1 Lw iroorzv wkdw wkh orjdulwkp ri wkh zdjh vkduh/ jlyhq
e|=

�r
|

� �
|

n �
|

n ?
|

� +
|

' *L} 4n E�� 4� 0
|c?

c +5148,

lv vwdwlrqdu|1 Wklv lv/ lq rwkhu zrugv/ e| dvvxpswlrq d frlqwhjudwlqj uhodwlrqvkls1
Ghyldwlrqv iurp wkh zdjh vkduh jlyhq e| *L} 4 zloo iroorz wkh zklwh qrlvh lqqrydwlrq
ri oderxu ghpdqg1

H{rjhqrxv krxuv shu zrunhu1 Vxssrvh wkdw krxuv shu zrunhu duh h{rjhqrxv
zlwk uhvshfw wr wkh rwkhu yduldeohv ri wkh prgho dqg hyroyh dffruglqj wr=

�
|

' Z�
|3� n 0

|c�

c +5149,

zkhuh 0
|c�

lv zklwh qrlvh dqg Z � �1 Li Z ' �/ krxuv shu zrunhu zloo iroorz d
vwrfkdvwlf wuhqg1 Wklv zloo eh whvwhg lq wkh hpslulfdo dqdo|vlv1

Zdjh vhwwlqj1 Wkh vwrfkdvwlf zdjh vhwwlqj uhodwlrq lv rewdlqhg e| dgglqj d
zdjh vkrfn /

|

wr wkh orjdulwkp ri +517,=

�
|

' Kf n
�

�
E*L} 4 n w

|

�� � � �

�
�
|

� � � B

�
�
|

n /
|

c +514:,

zkhuh Kf ' *L} KW
f
dqg # ' f lq �1 Wkh zdjh vkrfn /

|

lv vshfl�hg dv=

/
|

' 1/
|3� n 0

|c�

c +514;,

zkhuh 0
|c�

lv d zklwh qrlvh lqqrydwlrq dqg 1 � �1 Lq wkh hpslulfdo dqdo|vlv/ zh
zloo whvw zkhwkhu wkh zdjh vkrfn iroorzv d vwrfkdvwlf wuhqg1 Lw uhpdlqv wr vshfli|

;



krz wkh wd{ zhgjh ghyhorsv1 Zh zloo dvvxph wkdw � | ' *L} � W
|
hyroyhv dffruglqj

wr=
� | ' )� |3� n 0|c| c +514<,

dqg zkhuh 0
|c|

lv d zklwh qrlvh lqqrydwlrq dqg ) � �1 Li ) 	 � vr wkdw wkh zhgjh
lv qrw d vwrfkdvwlf wuhqg1 Vroyh +5147, iru E*L} 4 n w

|

� dqg vxevwlwxwh=

�
|

'
�

b
?
|

� �
|

� �
|

n
�

E� � ��
d� EKf n /

|

�� E�� 4�0
|c?

o � +5153,

Surylghg wkdw wkh zhgjh �
|

lv vwdwlrqdu| E) � �� dqg wkh zdjh vkrfn dovr lv
vwdwlrqdu| E1 	 �� wkhuh zloo h{lvw d frlqwhjudwlqj uhodwlrq lq �

|

/ �
|

/ dqg ?
|

vxfk
wkdw b

�
�

|

n �
|

�� ?
|

lv vwdwlrqdu|1
Hqgrjhqrxv oderxu vxsso|1 Wkh vwrfkdvwlf irup ri wkh oderxu vxsso| ixqfwlrq

+519, lv=
�
|

' # E�
|

n �
|

� c +5154,

zkhuh �
|

hyroyhv dffruglqj wr +514<,1 Vxssrvh wkdw ) 	 � vr wkdw wkh zhgjh lv
qrw d vwrfkdvwlf wuhqg1 Wkhq lw iroorzv wkdw wkhuh lv d frlqwhjudwlqj uhodwlrqvkls
ehwzhhq krxuv shu zrunhu dqg wkh uhdo zdjh/ �

|

�#�
|

zloo eh vwdwlrqdu|1 Wklv zloo
eh whvwhg lq wkh hpslulfdo dqdo|vlv1

Zdjh vhwwlqj1 Lq wklv fdvh/ wkh vwrfkdvwlf zdjh vhwwlqj uhodwlrq lv rewdlqhg e|
dgglqj d zdjh vkrfn /

|

wr wkh orjdulwkp ri +51;,=

�
|

' Kf n
�

�
E*L} 4 n w

|

�� � � �

�
�
|

n /
|

c +5155,

zkhuh wkh zdjh vkrfn /
|

iroorzv +514;,1 Vroylqj +5147, dqg +5154, iru E*L} 4 n w
|

�
dqg �

|

/ uhvshfwlyho|/ dqg vxevwlwxwlqj lqwr +5155, |lhogv d frlqwhjudwlqj uhodwlrq lq
�
|

dqg ?
|

/ li 1 	 �1 Wkh uhodwlrq lv=

?
|

' b
�
� n #3�

�
�
|

n 0
|c?

n
�

4� �
d�Kf n /

|

o � +5156,

Khqfh ?
|

� b E� n #3�� �
|

lv vwdwlrqdu|1 Pruhryhu/ li ) 	 � lq wkh oderxu vxsso|
ixqfwlrq lq +5154,/ frpelqlqj |lhogv b E# n ���

|

�?
|

1 Qrwh wkdw li wkh zdjh fkrfn lv
lqwhjudwhg +1 ' �,/ vr wkdw zdjhv lqfuhdvh ryhu wlph +iru jlyhq oderxu surgxfwlylw|
dqg wd{hv,/ hpsor|phqw zloo eh ghfuhdvlqj1

5161 Vxppdu|

Wkh lpsolfdwlrqv uhjduglqj lqwhjudwlrq0frlqwhjudwlrq surshuwlhv ri wkh vwrfkdvwlf
prgho zloo qrz eh vxppdul}hg1 Wkh prgho doorzv iru rqh/ wzr/ ru srvvleo| wkuhh
vwdwlrqdu| ru frlqwhjudwlqj uhodwlrqv ehwzhhq wkh irxu yduldeohv1 Wklv lv hdvlo|

<



xqghuvwrrg uhfdoolqj wkh uhvxow wkdw wkh qxpehu ri frlqwhjudwlqj uhodwlrqv lv jlyhq
e| wkh glphqvlrqdolw| ri wkh v|vwhp plqxv wkh qxpehu ri vwrfkdvwlf wuhqgv gulylqj
wkh v|vwhp/ vhh Nlqj hw do1 +4<<4,1

Li wkh wuhqg dvvrfldwhg zlwk wkh oderxu surgxfwlylw| yduldeoh lq +5146, lv wkh
vroh wuhqg +wklv phdqv wkdw ) lq +514<, dqg 1 lq +514;, duh ohvv wkdq xqlw|, wkhq
wkh prgho lqyroyhv wkuhh frlqwhjudwlqj uhodwlrqv1 Rqh lv jlyhq e| wkh zdjh vkduh
lq +5148,1 Li krxuv shu zrunhu duh hqgrjhqrxv zlwk uhvshfw wr wkh rwkhu yduldeohv
lq wkh prgho/ d vhfrqg uhodwlrq lv jlyhq e| �| � #�|/ dqg d wklug jlyhq e| ?| �
b E� n #3�� �|1 Wkh vhfrqg dqg wkh wklug uhodwlrqv fdq eh frpelqhg wr jlyh wkh
orqj0uxq uhodwlrqvkls ehwzhhq uhdo zdjhv dqg hpsor|phqw/ b E# n ���| � ?|1

Li lqvwhdg krxuv shu zrunhu duh h{rjhqrxv zlwk uhvshfw wr wkh rwkhu yduldeohv/
wkh zdjh vkduh zloo uhpdlq vwdwlrqdu|1 D vhfrqg frlqwhjudwlqj uhodwlrq lv jlyhq e|
b
�
�| n �|

�� ?|1 Exw zklfk lv wkh wklugB Li oderxu surgxfwlylw| lv wkh rqo| wuhqg
wkhq krxuv shu zrunhu pxvw eh vwdwlrqdu|1 Lq rwkhu zrugv/ wkh wklug uhodwlrq lv
vlpso| �| lwvhoi1 Wklv / lq wxuq vlpsol�hv wkh vhfrqg uhodwlrq wr b�| � ?|�

Vxssrvh wkdw krxuv shu zrunhu lv d qrq0vwdwlrqdu| yduldeoh1 Li �| lv h{rjhqrxv/
wkhuh zloo/ dw prvw/ wzr frlqwhjudwlqj uhodwlrqv1 Li hlwkhu wkh wd{ zhgjh ru wkh zdjh
vkrfn lv qrq0vwdwlrqdu| wkhuh zloo rqo| h{lvw rq uhodwlrq�wkh zdjh vkduh1 Rq wkh
rwkhu kdqg/ li �| lv hqgrjhqrxv wkhuh frxog h{lvw wkuhh frlqwhjudwlqj uhodwlrqv1 Li
wkh wd{ zhgjh lv qrw vwdwlrqdu|/ wkhuh zloo eh rqh uhodwlrq ohvv1 Li wkh zdjh vkrfn
lv qrq0vwdwlrqdu| wkhuh zloo dovr eh rqh uhodwlrq ohvv1

61 Hpslulfdo dqdo|vlv

Lq wkh �uvw sduw ri wklv vhfwlrq zh duh frqfhuqhg zlwk wkh frlqwhjudwlrq surshuwlhv
ri wkh sulydwh vhfwru prgho1 Vshfl�fdoo|/ zh zloo hvwdeolvk zkhwkhu wkh wkhruhwlfdo
prgho lq wkh suhylrxv vhfwlrq lv frqvlvwhqw zlwk gdwd/ dqg li lw lv dssursuldwh
wr prgho rqh/ wzr/ ru wkuhh frpprq vwrfkdvwlf wuhqgv1 Wkh odwwhu lv/ dv lv zhoo
nqrzq/ htxlydohqw zlwk d whvw iru wkh qxpehu ri frlqwhjudwlqj uhodwlrqvklsv/ ru
vwhdg| vwdwhv1 Pruhryhu/ zh zloo h{dplqh li wkh frlqwhjudwlqj uhodwlrqv/ h1j1/ wkh
zdjh vkduh/ vxjjhvwhg e| wkh wkhruhwlfdo prgho duh uhdvrqdeoh uhsuhvhqwdwlrqv lq
wkh hpslulfdo prgho1

Ohw f| eh dq hqgrjhqrxv yhfwru wlph vhulhv lq 6 glphqvlrqv dqg (| d yhfwru
ri fhqwuhg vhdvrqdo gxpplhv1 D yhfwru dxwruhjuhvvlyh uhsuhvhqwdwlrq iru f| zlwk
h{rjhqrxv yduldeohv lv zulwwhq

f| ' >n[(| n

R[
�'�

��f|3� n 0|c | ' �c 2c � � � c A� +614,

Zh dvvxph wkdw R lv wkh dssursuldwh rughu ri wkh odj sro|qrpldo1 Dovr/ zh dvvxph
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wkdwf| lv �uvw0gl�huhqfh vwdwlrqdu|/ exw srvvleo| qrq0vwdwlrqdu| lq ohyhov1 Ilqdoo|/
wkh huuru whup 0| lv dvvxphg wr eh ��_ � EfcP�1

D voljkw uhsdudphwul}dwlrq ri +614, |lhogv d pxowlyduldwh huuru fruuhfwlrq uhs0
uhvhqwdwlrq vxlwdeoh iru hvwlpdwlrq dqg vwdwlvwlfdo dqdo|vlv ri wkh frlqwhjudwlqj
yhfwruv e| phdqv ri pd{lpxp olnholkrrg +vhh Mrkdqvhq +4<<4/ 4<<5d, dqg Mr0
kdqvhq dqg Mxvholxv +4<<3/ 4<<5, iru ghwdlov,1

{f| ' >n[(| n

R3�[
�'�

K�{f|3� � kq �f|3R n 0|c +615,

zkhuh K� '
S

R

�'�n�
�� dqg kq � ' � ' U6 �

S
R

�'�
��1 Wkh odwwhu uh hfwv wkh

frlqwhjudwlqj uhgxfhg udqn dvvxpswlrq iru �> o 	 6/ dqg khqfh k dqg q duh
pdwulfhv ri rughu E6� o�1 Mrkdqvhq +4<<4, kdv vkrzq xqghu zkdw frqglwlrqv
q�f| dqg{f| duh vwdwlrqdu| iru d qrq0vwdwlrqdu|f|1 f| lv vdlg wr eh frlqwhjudwhg
iru o : f dqg wkh frlqwhjudwlqj yhfwruv duh jlyhq e| wkh o froxpqv ri q1 Wkh o
urzv ri k frqwdlq wkh hohphqwv wkdw ghwhuplqh krz wkh frlqwhjudwlqj uhodwlrqv
q�f| hqwhu wkh 6 htxdwlrqv ri +615,1 Lq wkh hpslulfdo dqdo|vlv zh wdnh f

�

|
'�

+| �| �| ?|
�
�

Hvwlpdwlrq ri +615, uhtxluhv ghwhuplqdwlrq ri wkh odj rughu R18 Wr wklv hqg zh
hvwlpdwh wkh prgho iru rughuv 4 wr ; dqg h{dplqh wkh uhvxowlqj uhvlgxdo vhwv1 Wkh
whvw uhvxowv vxjjhvw R ' e dv d uhdvrqdeoh rughu/ vhh Wdeoh 6141 Wkh wzr pxowlydul0
dwh lqirupdwlrq fulwhuld/ wkh Ed|hvldq lqirupdwlrq fulwhuld +ELF> Vfkzdu} +4<:;,,
dqg wkh lwhudwhg orj0fulwhulrq +OLO> Kdqqdq dqg Txlqq +4<:<,,/ duh plqlpl}hg iru
R ' e1 Iru wklv odj rughu zh �qg wkdw wkh pxowlyduldwh Sruwpdqwhdx whvw zlwk d
Er{0Omxqj fruuhfwlrq/ fi1 Omxqj dqg Er{ +4<:;, dqg Krvnlqj +4<;3,/ uhmhfwv wkh
qxoo ri qr vhuldo fruuhodwlrq xvlqj d whvw vl}h ri 4(1 Krzhyhu/ wkh wzr Odjudqjh
pxowlsolhu whvwv/ OP+4, dqg OP+7,/ iru �uvw dqg irxuwk rughu vhuldo fruuhodwlrq/
vxjjhvwhg lq Jrgiuh| +4<;;,/ duh lqvljql�fdqw1 Ilqdoo|/ pxowlyduldwh qrupdolw| lv
hydoxdwhg xvlqj dq rpqlexv whvw edvhg rq hvwlpdwhg vnhzqhvv dqg nxuwrvlv dv
vxjjhvwhg e| Grruqln dqg Kdqvhq +4<<7,1 Wkh k|srwkhvlv ri qrupdolw| fdqqrw eh
uhmhfwhg dw dq| uhdvrqdeoh ohyho1 Wdeoh 615 suhvhqwv xqlyduldwh uhvlgxdo dqdo|vlv
iru prgho +615, zlwk uhvxowv wkdw frq�up wkh dssursuldwhqhvv ri vhwwlqj R ' e1

Lw lv dovr xvhixo wr fdofxodwh wkh urrwv/ e5/ ri wkh hvwlpdwhg sro|qrpldo htxdwlrqv
_i|

k
U
e
�SR

�

e��5
�

l
' f1 Zh �qg wkdw doo hvwlpdwhg urrwv kdyh prgxoxv juhdwhu

wkdq xqlw| +lpso|lqj vwdwlrqdulw|,1 Krzhyhu rqh urrw lv yhu| forvh wr wkh xqlw
flufoh1 Wklv fdq eh lqwhusuhwhg dv lqirupdo vxssruw iru wkh xqlw urrw prghoolqj
dssurdfk1

Wdeoh 616 suhvhqwv wkh rxwfrph ri wkh olnholkrrg udwlr whvw iru frlqwhjudwlqj
udqn/ nqrzq dv wkh wudfh whvw1 Wkh whvwlqj vwudwhj| lv vhtxhqwldo/ iru ghwdlov vhh

8Zh kdyh xvhg wkh fdwv lq udwv vriwzduh/ vhh Kdqvhq dqg Mxvholxv +4<<8,1
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Wdeoh 614= Odj rughu ghwhuplqdwlrq dqg pxowlyduldwh uhvlgxdo dqdo|vlv iru wkh
Vzhglvk oderu pdunhw prgho/ R0ydoxhv zlwklq sduhqwkhvhv1

R ELF OLO Er{0Omxqj OP+4, OP+7, Qrupdolw|

4 06317769 0641543: 8:71769 6<1<76 ;<154< 4;15<9
+133333, +1333:<, +133333, +134<44,

5 0631595: 0641649: 77;1<8: 5:1;:5 9<139; 531368
+133333, +1365:8, +133333, +134353,

6 0631858; 0641;:44 7391;9: 7<1883 641;94 5614:<
+133333, +133336, +134375, +133647,

7 0631<677 06518:88 6581683 5:1956 48148: ;1<98
+133549, +136839, +18464:, +167859,

8 0631848: 065178:5 5;;157: 4915:3 5618<3 461975
+133576, +17675;, +13<;<8, +13<48<,

9 05<1<6: 06514;73 6331349 531575 561674 ;16<;
+133336, +153<85, +1437<5, +16<88<,

: 05<1674 0641;<;5 5<;15;8 581834 481<57 :1<86
+133333, +13947:, +178;5;, +176;3:,

; 05<154;3 06513<34 59:13:< 4:1:35 471767 <1<;6
+133334, +167496, +189975, +159955,

Wdeoh 615= Xqlyduldwh uhvlgxdo dqdo|vlv iru wkh Vzhglvk oderu pdunhw prgho1
Htxdwlrq Vnhzqhvv Nxuwrvlv DUFK Qrupdolw| -2

+| 15987 616786 51778 51339 1<;4
+19878, +1699;,

�| 14794 51;:8< 516<4 316:8 1<9:
+16359, +1;5<3,

�| 13<43 61638; <18<5 41887 1<<:
+137<5, +178<;,

?| 01573: 5198<6 :1:7< 4145; 1;;<
+14345, +189;<,
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Wdeoh 616= Olnholkrrg udwlr whvwlqj iru frlqwhjudwlqj udqn lq wkh Vzhglvk oderu
pdunhw prgho1

Mf u-|o@Se 1<3 1<8 1<<

o ' f <:143 761<8 7:154 87179

o � � 77147 5<1:< 5<19; 68198

o � 2 55158 46166 48174 53137

o � � 7143 5197 6198 9198

Mrkdqvhq +4<<5d,/ vr �uvw zh frqvlghu d qxoo ri qr frlqwhjudwlrq Eo ' f� djdlqvw wkh
dowhuqdwlyh ri dw ohdvw rqh frlqwhjudwlqj yhfwru E� � o � e�1 Wkh revhuyhg ydoxh lv
<:143 dqg fohduo| wklv h{fhhgv wkh 4( dv|pswrwlf fulwlfdo ydoxh +87179,1 Qh{w zh
frqvlghu wkh qxoo ri qr pruh wkdq rqh yhfwru Eo � �� djdlqvw wkh dowhuqdwlyh ri dw
ohdvw wzr yhfwruv E2 � o � e�1 Wkh revhuyhg ydoxh lv 77147 dqg wkh qxoo lv djdlq
uhmhfwhg1 Olnhzlvh wkh qh{w qxoo Eo � 2� lv uhmhfwhg/ exw zh fdqqrw uhmhfw wkh odvw
qxoo zlwkrxw lqfuhdvlqj wkh whvw vl}h lq xvh1 Wkh frqfoxvlrq gudzq lv wkdw wkuhh
frlqwhjudwlqj yhfwruv duh dw kdqg1 Dv srlqwhg rxw hduolhu/ wklv uhvxow lpsolhv wkdw
rqh frpprq vwrfkdvwlf wuhqg lv gulylqj wkh v|vwhp dqg/ lq oljkw ri wkh wkhruhwlfdo
prgho/ zh lqwhusuhw wklv wuhqg dv d oderxu surgxfwlylw| yduldeoh/ fi1 htxdwlrq 51461

Zkhq vxppdul}lqj wkh wkhruhwlfdo prgho/ zh frqvlghuhg wzr fdvhv ri krxuv
shu zrunhu> dv dq h{rjhqrxv yduldeoh zlwk uhvshfw wr wkh v|vwhp/ dqg dv dq hq0
grjhqrxv yduldeoh lq wkh v|vwhp1 Lw zdv irxqg wkdw dq dvvxpswlrq ri h{rjhqhlw|
iru krxuv shu zrunhu uhgxfhg wkh frlqwhjudwlqj udqn wr 5/ zkhuhdv hqgrjhqrxv
krxuv lpsolhg wkuhh frlqwhjudwlqj yhfwruv1 Wkh rxwfrph ri wkh wudfh whvw/ u @ 6/ lv
khqfh frqvlvwhqw zlwk dq dvvxpswlrq ri hqgrjhqrxv krxuv shu zrunhu1 Pruhryhu/
dv fdq eh vhhq lq Wdeoh 617/ wkh whvw iru zhdn h{rjhqhlw| ri {�| zlwk uhvshfw wr k
dqg q pxvw eh �upo| uhmhfwhg19

Wkh wkuhh hvwlpdwhg frlqwhjudwlqj yhfwruv duh=

eq �

'

57 ���e� e�.e �H�Db 22�2S
��e�S� �H��f DH��D �.S�HD
�e�.e �D�f� 2.�2D �2f�Df

68 �
E| lpsrvlqj uhvwulfwlrqv rq eq zh fdq qrz whvw/ e| olnholkrrg udwlr/ li wkh wkuhh

9Wkh olnholkrrg udwlr whvw iru olqhdu uhvwulfwlrqv rq frlqwhjudwlqj yhfwruv lv nqrzq wr eh
ryhuvl}hg lq �qlwh vdpsohv/ vhh/ h1j1/ Mdfrevrq hw do1 +4<<9,1 Exw frqvlghulqj wkh pdjqlwxgh
ri wkh vwdwlvwlf lq wklv fdvh/ 7716;/ wkh uhmhfwlrq uhvxow lv olnho| wr eh urexvw wrzdugv vxfk vl}h
glvwruwlrq1
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Wdeoh 617= Olnholkrrg udwlr whvwlqj ri uhvwulfwlrqv rq wkh orqj0uxq sdudphwhuv k
dqg q iru jlyhq frlqwhjudwlqj udqn/ u@61

Htxdwlrq H{foxvlrq Vwdwlrqdulw| Zhdn h{rjhqhlw|

+| 48134 9136 4<179
+1334;4, +13473:, +133355,

�| 44164 46193 48186
+134349, +133356, +133475,

�| 561<< ;14: 7716;
+133336, +133759, +133333,

?| 53158 4143 45195
+133348, +15<75:, +133887,

Uhpdun= Ghwdlov ri wkh whvwlqj surfhgxuhv iru olqhdu uhvwulfwlrqv
ri k dqg q duh surylghg lq Mrkdqvhq +4<<4, dqg Mrkdqvhq dqg
Mxvholxv +4<<5,1 Wkh h{foxvlrq whvw +wkh hohphqw dvvrfldwhg zlwk
d jlyhq yduldeoh lv }hur lq doo wkuhh yhfwruv, lv dv|pswrwlfdoo|
�2+6,1 Wkh whvw iru zhdn h{rjhqhlw| lv dovr �2+6, zkhuhdv wkh
vwdwlrqdulw| whvw lv dv|pswrwlfdoo| �2+4,1

wkhruhwlfdo yhfwruv vxjjhvwhg e| wkh prgho lq Vhfwlrq 5 duh lq idfw frqwdlqhg lq
wkh hvwlpdwhg frlqwhjudwlqj vsdfh/ fi1 Mrkdqvhq dqg Mxvholxv +4<<7,1 Wkdw lv/
zh zloo whvw li = �| n �| n ?| � +|c �| � #�|/ dqg wkh wklug uhodwlrq jlyhq e|
?| � b E� n #3�� �|/ fdq eh hpslulfdoo| yhul�hg1 Wkh odwwhu wzr uhodwlrqv fdq eh
rewdlqhg e| d vlpso| qrupdol}lqj wkh yhfwruv vxlwdeo|/ zkhuhdv wkh zdjh vkduh
lqyroyhv d jhqxlqh uhvwulfwlrq1 Wkh whvw vwdwlvwlf lv 61:7 dqg dv|pswrwlfdoo| �2

zlwk 4 ghjuhh ri iuhhgrp1 Wkh dvvrfldwhg R0ydoxh lv voljkwo| odujhu wkdq 138 dqg
khqfh zh gr qrw uhmhfw wkh k|srwkhvlv1 Wkh uhvwulfwhg frlqwhjudwlqj yhfwruv duh=

eq�
-
'

57 �� � � �
f f��f� � f
f f �f�f�H� �

68 �
Vroylqj iru wkh wzr sdudphwhuv lqyroyhg # dqg b/ zh �qg wkh hvwlpdwhv wr eh=e# ' �f��f� dqg eb ' �f�ff2�f1 Wkh hvwlpdwhg suhihuhqfh sdudphwhu lq wkh oderxu

vxsso| htxdwlrq +519, vxjjhvwlqj wkh lqfrph h�hfw grplqdwhv wkh vxevwlwxwlrq
h�hfwv1 Wkh hvwlpdwhg xqlrq suhihuhqfh sdudphwhu lq wkh xqlrq zdjh vhwwlqj
htxdwlrq +516, lv fohduo| dw rggv zlwk wkh dvvxpswlrq f 	 b 	 �1 Krzhyhu/ wkh

vwdqgdug huuru dvvrfldwhg zlwk _b E� n #3�� lv f�f.b1 Wklv lpsolhv wkdw hpsor|phqw
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lq lwvhoi lv d vwdwlrqdu| yduldeoh dv _b E� n #3�� lv qrw vljql�fdqwo| gl�huhqw iurp
}hur1 Li hpsor|phqw lv vwdwlrqdu| zkloh krxuv shu zrunhu lv qrw wkhuh lv/ ri frxuvh/
qr orqj0uxq uhodwlrqvkls ehwzhhq wkh wzr yduldeohv1

Zh fdq dovr frpsxwh dq hvwlpdwh ri *L} 4 e| fdofxodwlqj wkh phdq ri orj zdjh
vkduh1 Wkh hvwlpdwh lv g*L} 4 ' �f��H21 Wklv vxjjhvwv d ydoxh ri 4 ' f�SH2 zlwk
d vwdqgdug huuru ri f�f2S1 Iru wkrvh zkr �qg wklv phdq ri wkh zdjh vkduh orz/
lw vkrxog eh vwuhvvhg wkdw zh rqo| lqfoxgh zdjh lqfrph ri hpsor|hg/ zkloh vhoi0
hpsor|hg duh qrw lqfoxghg1

71 H{whqvlrq= Lqwurgxflqj vwdqgdug krxuv

Vxssrvh wkdw wkh oderxu vxsso| lv vwrfkdvwlf dqg lv uhodwhg wr ohjlvodwhg zrunlqj
wlph/ zklfk zh zloo fdoo vwdqgdug krxuv1 Wkhq zh fdq zulwh=

�| ' �r| n D| +714,

zkhuh �r| uhsuhvhqw vwdqgdug krxuv dqg D|c wkh gl�huhqfh ehwzhhq dfwxdo krxuv
dqg vwdqgdug krxuv/ hyroyhv dffruglqj wr=

D| ' VD|3� n 0|c� +715,

zkhuh 0
|c�

lv d zklwh qrlvh lqqrydwlrq dqg V � �1 Gl�huhqfhv ehwzhhq dfwxdo
krxuv shu zrunhu dqg vwdqgdug krxuv pd| dulvh ehfdxvh/ h1j1/ ryhuwlph/ whpsrudu|
od|r�v/ dqg sduw0wlph zrun1 Vxssrvh wkdw V 	 � wkhq wkh ghyldwlrqv ri dfwxdo
krxuv iurp vwdqgdug krxuv duh vwdwlrqdu|1

Iljxuh 714 glvsod|v wzr krxuv shu zrunhu vhulhv/ dfwxdo dqg vwdqgdug/ ryhu
wkh vdpsoh shulrg 4<96=404<<6=71 Wzr ihdwxuhv fdq eh qrwhg1 Iluvw/ wkh wzr
vhulhv duh olqnhg wrjhwkhu/ vxjjhvwlqj d frlqwhjudwlqj uhodwlrqvkls vxfk wkdw rqh
plqxv wkh rwkhu lv d vwdwlrqdu| yduldeoh EV 	 ��1 Vhfrqg/ vwdqgdug krxuv/ frq0
vlghulqj lwv vwhs0ixqfwlrq dsshdudqfh/ fdq kdugo| eh prghoohg dv dq hqgrjhqrxv/
qrq0vwdwlrqdu| yduldeoh lq wkh hpslulfdo pd{lpxp olnholkrrg frlqwhjudwlrq prgho1
Pruhryhu/ iru wkh lqyhvwljdwlrq shulrg dw kdqg/ 4<:3=404<<3=7/ vwdqgdug krxuv duh
doprvw frqvwdqw/ dqg khqfh qrw vxlwdeoh wr lqfoxgh lq wkh hpslulfdo prgho hyhq dv
dq h{rjhqrxv/ qrq0vwdwlrqdu| yduldeoh1

Krzhyhu/ d vpdoo elyduldwh v|vwhp frpsulvlqj dfwxdo dqg vwdqgdug krxuv shu
zrunhu lv vxlwdeoh iru h{dplqlqj wkh frlqwhjudwlrq lvvxh/ l1h1 zh sursrvh wr �w
prgho +615, zlwk f

�

|

' d�
|

�r
|

o/ ryhu wkh h{whqghg vdpsoh shulrg 4<96=404<<6=71
Lqghhg zh �qg wkdw wkh htxdwlrq iru dfwxdo krxuv shu zrunhu lv plvvshfl�hg iru dq|
uhdvrqdeoh odj0rughu R1 E| wuhdwlqj �r

|

dv zhdno| h{rjhqrxv iru wkh hvwlpdwlrq ri
wkh orqj uxq sdudphwhuv k dqg q/ zh uhgxfh wkh YDU prgho wr d vlqjoh0htxdwlrq
prgho iru {�

|

1:

:Iru d wkhruhwlfdo edfnjurxqg ri frqglwlrqdo/ frlqwhjudwhg YDUprghov vhh Mrkdqvhq +4<<5e,1
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Iljxuh 714= Dfwxdo dqg vwdqgdug krxuv shu zrunhu/ orjdulwkpv/ vhdvrqdoo| dgmxvwhg
ghyldwlrqv iurp wkh phdq ri dfwxdo krxuv shu zrunhu1

63 67 71 75 79 83 87 91
-0.10

-0.05

0.00

0.05

0.10

0.15

0.20

0.25

hours per worker, private sector

standard hours per worker

Wkh vlqjoh0htxdwlrq prgho zlwk iru R ' e odjv lpsrvhg lv vwdwlvwlfdoo| zhoo
vshfl�hg lq whupv ri uhvlgxdov1 Wkh hvwlpdwhg wudfh whvw vwdwlvwlf iru frlqwhjudwlqj
udqn lv :14;1 Lw lv uhdvrqdeoh wr frqfoxgh d uhmhfwlrq ri wkh qxoo k|srwkhvlv wkdw wkh
frlqwhjudwlqj udqn lv }hur/ hyhq wkrxjk/ vwulfwo| vshdnlqj/ wkh 8( fulwlfdo ydoxh
6198 lv lqfruuhfw iru wkh vshfl�hg prgho1 Wkh hvwlpdwhg frlqwhjudwlqj yhfwru/
qrupdol}hg zlwk uhvshfw wr �|/ lv d� � ���e.o frq�uplqj wkh ylvxdo lpsuhvvlrq1 D
olnholkrrg udwlr whvw ri wkh olqhdu uhvwulfwlrq lpsolhg e| wkh k|srwkhvlv �|� �r| �
UEf� |lhogv d whvw vwdwlvwlf ri 317< zklfk lv dv|pswrwlfdoo| �2 zlwk rqh ghjuhh ri
iuhhgrp dqg khqfh lqvljql�fdqw1 Zh frqfoxgh wkdw dfwxdo dqg vwdqgdug krxuv duh
frlqwhjudwhg1

81 Frqfoxglqj glvfxvvlrq

Wkh remhfwlyh ri wkh sdshu lv wr vwxg| wkuhh qhfhvvdu| frqglwlrqv iru zrun vkdu0
lqj wr lqfuhdvh hpsor|phqw1 Iluvw/ wkhuh pxvw h{lvw d qhjdwlyh orqj0uxq uhodwlrq
ehwzhhq zrunlqj wlph dqg hpsor|phqw1 Vhfrqg/ krxuv shu zrunhu pxvw eh h{rjh0
qrxv zlwk uhvshfw wr zdjhv dqg hpsor|phqw1 Wklug/ srolf| pdnhuv pxvw eh deoh
wr lq xhqfh dfwxdo zrunlqj wlph1 Zh irupxodwh d wkhruhwlfdo oderxu pdunhw prgho
zlwk hpsor|phqw/ krxuv shu zrunhu/ surgxfwlrq/ dqg uhdo zdjhv dv hqgrjhqrxv
yduldeohv1 Wkh vwrfkdvwlf vshfl�fdwlrq lpsolhv dq lqwhjudwhg v|vwhp doorzlqj iru
dw ohdvw rqh/ srvvleo| wzr ru wkuhh frlqwhjudwlqj uhodwlrqvklsv/ zlwk wkh gxdo uhvxow
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ri wkuhh/ wzr/ ru rqh frpprq vwrfkdvwlf wuhqgv gulylqj wkh yduldeohv1 D frlqwh0
judwhg YDU v|vwhp lv hvwlpdwhg e| pd{lpxp olnholkrrg xvlqj Vzhglvk sulydwh
vhfwru gdwd 4<:3=404<<3=71

Zh kdyh wkuhh pdlq �qglqjv iru zrun vkdulqj1 Iluvw/ zh gr qrw �qg hylghqfh
ri d qhjdwlyh orqj0uxq wudgh0r� ehwzhhq hpsor|phqw dqg krxuv shu zrunhu1 Hp0
sor|phqw lv irxqg wr eh vwdwlrqdu| zklovw krxuv shu zrunhu duh qrw1 Vhfrqg/ wkh
gdwd duh frqvlvwhqw zlwk krxuv shu zrunhu ehlqj hqgrjhqrxv zlwk uhvshfw wr hp0
sor|phqw/ surgxfwlrq/ dqg uhdo zdjhv1 Wklug/ zh gr �qg wkdw ohjlvodwhg krxuv shu
zrunhu duh frlqwhjudwhg zlwk dfwxdo krxuv shu zrunhu1 Wdnhq wrjhwkhu/ wkh uhvxowv
duh qrw frqvlvwhqw zlwk wkh fodlpv wkdw zrun vkdulqj fdq surprwh hpsor|phqw1

Lq dgglwlrq/ zh �qg wkdw wkh zdjh vkduh lv vwdwlrqdu| dv suhglfwhg e| wkh wkh0
ruhwlfdo prgho1 Ixuwkhupruh/ wkhuh lv hylghqfh ri d qhjdwlyh orqj0uxq uhodwlrqvkls
ehwzhhq uhdo zdjhv dqg krxuv shu zrunhu1 Wklv vxjjhvwv wkdw lqfrph h�hfwv pd|
eh dv lpsruwdqw iru oderxu vxsso| dv vxevwlwxwlrq h�hfwv1
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Uhihuhqfhv

Grruqln/ M1D1 dqg Kdqvhq/ K1 +4<<7,1 Dq rpqlexv whvw iru xqlyduldwh dqg pxo0
wlyduldwh qrupdolw|/ Zrunlqj Sdshu/ Qx!hog Froohjh/ R{irug1

Iuhhpdq/ U1 +4<<8,1 Wkh Odujh Zhoiduh Vwdwh dv d V|vwhp1 Dphulfdq Hfrqrplf
Uhylhz Sdshuv dqg Surfhhglqjv/ ;8/ 49�541

Jrgiuh|/ O1J1 +4<;;,1 Plvvshfl�fdwlrq whvwv lq Hfrqrphwulfv1 Wkh Odjudqjh
Pxowlsolhu sulqflsoh dqg rwkhu dssurdfkhv/ Fdpeulgjh Xqlyhuvlw| Suhvv1

Kdqqdq/ H1M1 dqg Txlqq/ E1J1 +4<:<,1 Wkh ghwhuplqdwlrq ri dq rughu ri dq
dxwruhjuhvvlrq/ Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo Vrflhw|/ Vhulhv E/ 74/ 4<3�
4<81

Kdqvhq/ K1 dqg Mxvholxv/ N1 +4<<8,1 FDWV lq UDWV1 Frlqwhjudwlqj Dqdo|vlv ri
Wlph Vhulhv/ Hvwlpd/ Hydqvwrq/ LO1

Krvnlqj/ M1U1P1 +4<;3,1 Wkh Pxowlyduldwh Sruwpdqwhdx Vwdwlvwlf/ Mrxuqdo ri wkh
Dphulfdq Vwdwlvwlfdo Vrflhw|/ :8/ 935�93;1

Krxslv/ J1 +4<<6,1 Wkh h�hfw ri orzhu krxuv ri zrun rq zdjhv dqg hpsor|phqw/
Glvfxvvlrq Sdshu Qr1 464/ Fhqwuh iru Hfrqrplf Shuirupdqfh1

Mdfrevrq/ W1/ Yuhglq/ D1 dqg Zduqh/ D1 +4<<9,1 Frpprq Wuhqgv dqg K|vwhuhvlv
lq Vfdqglqdyldq Xqhpsor|phqw/ Hxurshdq Hfrqrplf Uhylhzw/ iruwkfrplqj1

Mrkdqvhq/ V1 +4<<4,1 Hvwlpdwlrq dqg k|srwkhvlv whvwlqj ri frlqwhjudwlrq yhfwruv
lq Jdxvvldq yhfwru dxwruhjuhvvlyh prghov/ Hfrqrphwulfd/ 8</ 4884�48;31

Mrkdqvhq/ V1 +4<<5d,1 Ghwhuplqdwlrq ri wkh Frlqwhjudwlqj Udqn lq wkh Suhvhqfh
ri d Olqhdu Wuhqg/ R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/ 87/ 6;6�6<:1

Mrkdqvhq/ V +4<<5e,1 Frlqwhjudwlrq lq Sduwldo V|vwhpv dqg wkh H!flhqf| ri
Vlqjoh Htxdwlrq Dqdo|vlv/ Mrxuqdo ri Hfrqrphwulfv 85/ 6;<�7351

Mrkdqvhq/ V1 dqg Mxvholxv/ N1 +4<<3,1 Pd{lpxp olnholkrrg hvwlpdwlrq dqg lqihu0
hqfh rq frlqwhjudwlrq 0 zlwk dssolfdwlrqv wr wkh ghpdqg iru prqh|/ R{irug
Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/ 85/ 49<�5431

Mrkdqvhq/ V1 dqg Mxvholxv/ N1 +4<<5,1 Whvwlqj Vwuxfwxudo K|srwkhvhv lq d Pxo0
wlyduldwh Frlqwhjudwlrq Dqdo|vlv ri wkh SSS dqg wkh XLS iru X1N1/ Mrxuqdo
ri Hfrqrphwulfv/ 86/ 544�5771
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Mrkdqvhq/ V1 dqg Mxvholxv/ N1 +4<<7,1 Lghqwl�fdwlrq ri wkh orqj0uxq dqg wkh vkruw0
uxq vwuxfwxuh= Dq dssolfdwlrq wr wkh LVOP prgho/ Mrxuqdo ri Hfrqrphwulfv/
96/ :�691

Nlqj/ U1J1/ Sorvvhu/ F1L1/ Vwrfn/ M1K1/ dqg Zdwvrq/ P1Z1 +4<<4,1 Vwrfkdvwlf
Wuhqgv dqg Hfrqrplf Ioxfwxdwlrqv/ Dphulfdq Hfrqrplf Uhylhz/ ;4/ ;4<�
;731

N|godqg/ I1H1 +4<<8,1 Exvlqhvv F|fohv dqg Djjuhjdwh Oderu Pdunhw Ioxfwxd0
wlrqv/ lq Frroh|/ W1I1 +hg1,/ Iurqwlhuv ri Exvlqhvv F|foh Uhvhdufk/ Sulqfhwrq
Xqlyhuvlw| Suhvv/ Sulqfhwrq/ QM1

Omxqj/ J1P1 dqg Er{/ J1H1S1 +4<:;,1 Rq d phdvxuh ri odfn ri �w lq wlph vhulhv
prghov/ Elrphwulnd/ 99/ 598�5:31

Qlovvrq/ F1 +4<<6,1 Wkh Vzhglvk Prgho= Oderxu Pdunhw Lqvwlwxwlrqv dqg Frq0
wudfwv/ lq Kduwrxj/ M1 dqg Wkhhxzhv/ M1 +hgv1,/ Oderxu Pdunhw Frqwudfwv dqg
Lqvwlwxwlrqv/ Hovhylhu/ Dpvwhugdp1

Vfkzdu}/ J1 +4<:;,/ Hvwlpdwlqj wkh glphqvlrq ri d prgho/ Dqqdov ri Vwdwlvwlfv/
9/ 794�7971

Zklwoh|/ M1G1 dqg Zlovrq/ U1D1 +4<;;,1 Krxuv Uhgxfwlrqv zlwklq Odujh0vfdoh
Pdfurhfrqrplf Prghov= Frq lfw ehwzhhq Wkhru| dqg Hpslulfdo Dssolfd0
wlrq/ lq Kduw/ D1D1 +hg1,/ Hpsor|phqw/ Xqhpsor|phqw dqg Oderxu Xwlolvd0
wlrq/ Xqzlq K|pdq/ PD1

4<



Dsshqgl{ D Xqlrq xwlolw|

Vxssrvh wkdw wkh h{shfwhg xqlrq xwlolw| ri wkh lqfrph ri d uhsuhvhqwdwlyh xqlrq
phpehu lv
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Vxssrvh wkdw h{fhvv xwlolw| zkhq hpsor|hg/ frpsduhg wr ehlqj xqhpsor|hg/ jurzv
zlwk wkh vdph udwh dv wkh oderxu irufh/ wkhq wkh dssursuldwh fkrlfh ri xqlwv zloo
|lhog
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zklfk lv htxdwlrq +516, lq wkh pdlq wh{w1

Dsshqgl{ E Wkh Gdwd 0 vrxufhv dqg gh�qlwlrqv

Wkh gdwd duh iru wkh sulydwh vhfwru lq Vzhghq gxulqj wkh shulrg 4<:3=404<<3=71
Wkh irxu yduldeohv duh=

t|/ uhdo surgxfwlrq
Zh xvh wkh uhdo sulydwh vhfwru JGS dw 4<;8 sulfhv dv phdvxuhg iurp wkh h{shq0
glwxuh vlgh exw h{foxglqj lqgluhfw wd{hv dqg vxevlglhv1 Wkh vrxufhv duh=
d1 4<:3=4 0 4<:<=7/ Vwdwlvwlfv Vzhghq/ EQS Nyduwdo +Txduwhuo| JGS, 4<;9=71
e1 4<;3=4 0 4<<3=7/ Vwdwlvwlfv Vzhghq/ EQS Nyduwdo +Txduwhuo| JGS, 4<<5=71
Wkh gdwd iru wkh 4<:3v duh dw 4<;3 sulfhv1 Zh kdyh pxowlsolhg wkh gdwd e| d idfwru
frpsxwhg dv

Edqqxdo JGS 4<;3c 4<;8 sulfhv dffruglqj wr e�
Edqqxdo JGS 4<;3/ 4<;3 sulfhv dffruglqj wr d�

�

`|/ uhdo krxuo| zdjhv
Uhdo krxuo| zdjhv lq wkh sulydwh vhfwru kdyh ehhq frpsxwhg dv

dEqrplqdo zdjhv*krxuv zrunhg� � E� n sd|uroo wd{hv�o
surgxfhuv sulfh lqgh{

�
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Wkh vrxufhv iru qrplqdo zdjhv duh
d1 4<:3=4 0 4<;3=7/ Vwdwlvwlfv Vzhghq/ xqsxeolvkhg wdeohv1
e1 4<;3=4 0 4<<3=7/ Vwdwlvwlfv Vzhghq/ xqsxeolvkhg wdeohv1
Wkh vrxufhv iru krxuv zrunhg duh
d1 4<:3=4 0 4<;3=7/ Vwdwlvwlfv Vzhghq/ xqsxeolvkhg wdeohv1
e1 4<;3=4 0 4<<3=7/ Vwdwlvwlfv Vzhghq/ EQS Nyduwdo +Txduwhuo| JGS, 4<<5=71
Wkhuh lv d gl�huhqfh ehwzhhq @ dqg K lq Eqrplqdo zdjhv*krxuv zrunhg� lq 4<;31
Zh kdyh pxowlsolhg wkh gdwd iru wkh 4<:3v e| d idfwru

vxp ri Eqrplqdo zdjhv*krxuv zrunhg� 4<;3=404<;3=7 dffruglqj wr e
vxp ri Eqrplqdo zdjhv*krxuv zrunhg� 4<;3=404<;3=7 dffruglqj wr d

�

Wkh vrxufh iru sd|uroo wd{hv lv VDI/ Idnwd rp Vyhuljhv vndwwhu1 Wkh gdwd duh
dqqxdo dyhudjhv1
Wkh surgxfhuv sulfh lqgh{ rq txduwhuo| edvlv iru wkh hqwluh shulrg lv rqo| dydlodeoh
iru pdqxidfwxulqj1 Zh wkhuhiruh xvh wkh pdqxidfwxulqj lqgh{ dv d sur{| iru wkh
zkroh sulydwh vhfwru1 Wkh vrxufhv duh
d1 4<:3=4 0 4<:5=6/ Vwdwlvwlfv Vzhghq/ Doopçq pèqdgvvwdwlvwln/ ydulrxv lvvxhv1
e1 4<:5=7 0 4<<3=7/ Vwdwlvwlfv Vzhghq/ Doopçq pèqdgvvwdwlvwln/ ydulrxv lvvxhv1
Wkh gdwd iru wkh �uvw |hduv kdyh wkh edvh �bS� ' �ff zkloh wkh rwkhu gdwd kdyh
wkh edvh �bSH ' �ff1 Xvlqj prqwko| gdwd iru 4<9; zlwk edvh �bS� ' �ff zh
frpsxwh wkh fkdlq idfwru wr 4144661 Wkh gdwd iurp d1 duh glylghg e| wklv idfwru1

�|/ hpsor|phqw
Wkh gdwd iru sulydwh hpsor|phqw +qrw lqfoxglqj vhoi0hpsor|hg, duh iurp wkh txdu0
whuo| oderxu irufh vxuyh|v1 Ehfdxvh ri d oderxu pdunhw glvsxwh wkhuh lv qr vxuyh|
dydlodeoh iru wkh vhfrqg txduwhu ri 4<;31 Zh kdyh lpsxwhg d ydoxh frpsxwhg dv
wkh phdq ri fruuhvsrqglqj txduwhuv lq 4<:< dqg 4<;41

M|/ krxuv shu zrunhu
Krxuv shu zrunhu lq wkh sulydwh vhfwru lv frpsxwhg dv

Ewrwdo krxuv zrunhg e| hpsor|hhv�
Eqxpehu ri hpsor|hhv�

�

Wkh gdwd duh iurp wkh txduwhuo| oderxu irufh vxuyh|v1
M7|/ ohjlvodwhg pd{lpxp krxuv shu zrunhu

Vwdqgdug krxuv kdyh ehhq frpsxwhg frpelqlqj ohjlvodwhg zhhno| zrunlqj wlph/
qxpehu ri sdlg ydfdwlrq gd|v/ dqg krolgd|v1 Wkh vrxufh lv Qlovvrq +4<<6,1
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