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Mxqh 53/ 5333

Devwudfw

Wkh h�hfw ri hfrqrplf lqfhqwlyhv rq zrunhu devhqwhlvp lv dqdo|}hg xvlqj
sdqho gdwd rq zrun devhqfh ehkdylru iru hdfk gd| gxulqj 4<<3 dqg 4<<4 +l1h1
:63 revhuydwlrqv lq wkh wlph glphqvlrq, iru d uhsuhvhqwdwlyh vdpsoh ri 4/6<9
Vzhglvk eoxh froodu zrunhuv1 Gxulqj wkh revhuyhg wlph shulrg/ d pdmru uh0
irup ri wkh vlfnqhvv lqvxudqfh dv zhoo dv d wd{ uhirup zhuh lpsohphqwhg/ erwk
ri zklfk d�hfwhg wkh zrunhu*v frvw ri ehlqj devhqw iurp zrun1 Zh gl�huhq0
wldwh ehwzhhq wkh g|qdplf ghshqghqfh frqglwlrqdo rq zkhwkhu wkh zrunhu lv
lq wkh zrun devhqfh vwdwh yhuvxv lq wkh zrun suhvhqfh vwdwh1 Zh dovr frqwuro
iru xqrevhuyhg khwhurjhqhlw|1 Wkh uhvxowv vkrz wkdw wkh frvw ri ehlqj devhqw
kdv d vljql�fdqw h�hfw rq zrun devhqfh ehkdylru1 Wkh| dovr vkrz wkh lp0
sruwdqfh ri frqvlghulqj xqrevhuyhg khwhurjhqhlw| zkhq prghoolqj lqglylgxdo
zrun devhqfh ehkdylru1

41 Lqwurgxfwlrq

Wkh h�hfw ri wd{ dqg zhoiduh srolflhv rq wkh frqwudfwhg qxpehu ri krxuv ri zrun lq
wkh hfrqrp| kdv ehhq h{whqvlyho| dqdo|}hg lq wkh hpslulfdo oderu vxsso| olwhudwxuh
+vhh h1j1 Eoxqghoo ) PdFxug|/ 4<<</ iru dq ryhuylhz,1 Krzhyhu/ dv lv zhoo nqrzq/
wkhuh duh vhyhudo dgglwlrqdo dvshfwv ri wkh uhodwlrqvkls ehwzhhq sxeolf srolf| dqg
zrun h�ruw lq jhqhudo1 Rqh vxfk dvshfwv lv wkh h�hfw rq zrun devhqfh1 Dv vkrzq
lq Edupe| hw do1 +4<<<,/ xqsodqqhg zrun devhqfh dffrxqwv iru d vl}deoh vkduh ri
wkh djjuhjdwh qxpehu ri krxuv ri zrun lq lqgxvwuldol}hg frxqwulhv/ dowkrxjk wkhuh
lv pxfk khwhurjhqhlw| ehwzhhq gl�huhqw frxqwulhv lq wklv uhvshfw1 Lqfrph wd{hv
dqg vlfnqhvv lqvxudqfhv/ zklfk lq prvw frxqwulhv duh uhjxodwhg e| wkh vwdwh/4 gr/
ri frxuvh/ d�hfw lqglylgxdo hfrqrplf lqfhqwlyhv iru ehlqj devhqw iurp zrun1

WIlqdqfldo vxssruw iru wklv uhvhdufk lv surylghg e| wkh Vzhglvk Frxqflo iru Vrfldo Uhvhdufk1
_LIDX 0 R!fh ri Oderxu Pdunhw Srolf| Hydoxdwlrq/ :84 53 Xssvdod/ Vzhghq1 H0pdlo=

Shu1mrkdqvvrqClidx1xx1vh
hGhsduwphqw ri Hfrqrplf Vwdwlvwlfv/ Vwrfnkrop Vfkrro ri Hfrqrplfv/ Er{ 9834/ VH0446 ;6

Vwrfnkrop/ Vzhghq1 H0pdlo= Pduwhq1SdophCkkv1vh1
4Vhh Ndqjdv +4<<4, iru dq ryhuylhz1



Lq wklv vwxg|/ zh hpslulfdoo| h{dplqh krz hfrqrplf lqfhqwlyhv lq jhqhudo
d�hfw lqglylgxdo zrun devhqfh ehkdylru1 Wr gr wklv/ zh hvwlpdwh dq hfrqrphwulf
prgho xvlqj sdqho gdwd rq lqglylgxdo zrun devhqfh iru hdfk gd| gxulqj wkh shulrg
Mdqxdu| 4/ 4<<3/ wr Ghfhpehu 64/ 4<<4/ l1h1 :63 revhuydwlrqv iru hdfk lqglylgxdo
lqfoxghg lq wkh sdqho1 Erwk wkh Vzhglvk vlfnqhvv lqvxudqfh dqg wkh lqfrph wd{
v|vwhpv zhuh h{whqvlyho| uhiruphg gxulqj wkh wlph fryhuhg e| wkh gdwd1 Lq vkruw/
wkh uhirup ri wkh vlfnqhvv lqvxudqfh/ lpsohphqwhg lq Pdufk 4 lq 4<<4/ lpsolhg d
txlwh gudpdwlf ghfuhdvh ri wkh uhsodfhphqw ohyho lq wkh vlfnqhvv lqvxudqfh/ dqg
wkh wd{ uhirup/ lpsohphqwhg lq Mdqxdu| 4 lq 4<<4/ d udglfdo fxw lq wkh pdujlqdo
wd{ udwhv1 Erwk wkhvh uhirupv fuhdwhg yduldwlrq lq wkh lqglylgxdo frvw ri ehlqj
devhqw iurp zrun dqg idflolwdwhv wkhuhe| hvwlpdwlrq1

Wkh dyhudjh qxpehu ri gd|v shu lqvxuhg lqglylgxdo frpshqvdwhg e| wkh vlfn0
qhvv lqvxudqfh ghfuhdvhg iurp 57 lq 4<<3 wr 5518 lq 4<<415 Wklv ghfuhdvh lq udwh
ri zrun devhqfh/ zklfk fdq dovr eh vhhq lq rxu vdpsoh/ vxssruwv wkh k|srwkhvlv
wkdw wkh frvw ri ehlqj devhqw pdwwhuv1 Krzhyhu/ lq 4<<4/ wkh Vzhglvk hfrqrp|
hqwhuhg d uhfhvvlrq/ zlwk wkh xqhpsor|phqw udwh lqfuhdvhg iurp 514 shufhqw lq
Ghfhpehu 4<<3 wr 714 shufhqw lq Ghfhpehu 4<<41 Wkdw lv/ wkh frpsrvlwlrq ri wkh
oderu irufh fkdqjhg dqg wkh uhfhvvlrq lq lwvhoi pd| kdyh kdg dq h�hfw rq zrun
devhqfh1

Wkh frqvwuxfwlrq ri wkh Vzhglvk vlfnqhvv lqvxudqfh pdgh lw srvvleoh wr ghyhors
d xqltxh gdwd0vhw iru vwxg|lqj zrun devhqfh ehkdylru1 Wkh vlfnqhvv lqvxudqfh lq
Vzhghq lv erwk frpsxovru| dqg qdwlrqdo/ l1h1 wkh lqvxudqfh lv dgplqlvwudwhg e|
wkh Qdwlrqdo Vrfldo Lqvxudqfh Erdug +QVLE,/ zkrvh uxohv dsso| wkurxjkrxw wkh
frxqwu|1 Wklv phdqv wkdw zh duh deoh wr jhw uholdeoh uhjlvwhu lqirupdwlrq rq wkh
lqglylgxdov gdlo| xwlol}dwlrq ri wkh vlfnqhvv lqvxudqfh1 Wkhvh uhjlvwhuv kdyh ehhq
pdwfkhg zlwk d odujh plfur gdwd vhw/ Wkh Vzhglvk Ohyho ri Olylqj Vxuyh| +VOOV,/
zklfk frqvlvwv ri d udqgrp vdpsoh ri wkh Vzhglvk srsxodwlrq ehwzhhq djhv 49
dqg :71 Frqvhtxhqwo|/ zh duh deoh wr rewdlq ghwdlohg lqirupdwlrq rq lqglylgxdo
hfrqrplf frqglwlrqv/ vxfk dv lqfrph/ dv zhoo dv wkh frvw ri ehlqj devhqw iurp
zrun/ wrjhwkhu zlwk lqirupdwlrq rq zrun devhqfh gxulqj hdfk gd| lq wkh wzr
|hduv 4<<3 dqg 4<<4/ iru d uhsuhvhqwdwlyh vdpsoh ri Vzhglvk zrunhuv1 Wkh �qdo
vdpsoh frqvlvwv ri 4/6<9 Vzhglvk eoxh froodu zrunhuv +:6; phq dqg 98; zrphq,1

E| prghoolqj lqglylgxdo zrun devhqfh ehkdylru/ zh pd| vhsdudwh krz gl�hu0
hqw fkdqjhv ryhu wkh revhuyhg shulrg ri wlph d�hfwhg lqglylgxdo zrun devhqfh
ehkdylru1 Xvlqj d uhgxfhg irup prghoolqj vwudwhj|/ doorzlqj iru vwdwh ghshqghqw
sdudphwhuv +zkhuh wkh sdudphwhuv phdvxulqj wkh h�hfwv ri hfrqrplf lqfhqwlyhv
duh qrw uhvwulfwhg wr eh wkh vdph lq zrun dqg zrun devhqfh,/ zh pd| vhsdudwh
krz gl�huhqw fkdqjhv d�hfwhg wkh lqglylgxdo zrun devhqfh ehkdylru gxulqj wkh
revhuyhg shulrg1 Wkh prgho xvhg dovr doorzv iru gl�huhqw gxudwlrq ghshqghqfh lq
wkh zrun dqg zrun devhqfh vwdwh/ uhvshfwlyho|16 Wkh dgydqwdjh zlwk wklv prgho

5Qdwlrqdo Vrfldo Lqvxudqfh Erdug/ Idfwv rq wkh Vzhglvk Vrfldo Lqvxudqfh 4<<51
6Wkh revhuyhg g|qdplf ghshqghqfh duh wkrxjkw wr eh gxh wr gl�huhqfhv lq khdowk dqg qrw

gxh wr lqglylgxdov sodqlqj wkhlu zrun devhqfh ehkdylru pruh wkdq rqh gd| lq dgydqfh1 Zh
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frpsduhg wr d frqyhqwlrqdo kd}dug uhjuhvvlrq prghov lv wkdw zh doorz iru wkh vdph
+�{hg, lqglylgxdo h�hfwv lq erwk vwdwhv +zrun dqg zrun devhqfh, zkhq frqwuroolqj
iru xqrevhuyhg khwhurjhqhlw|1 Dv zh zloo dujxh ehorz/ lqglylgxdo suhihuhqfh khw0
hurjhqhlw| lv erwk olnho| wr eh suhvhqw dqg d�hfw wkh lqihuhqfh lq wklv dssolfdwlrq1
Xvlqj wkh idfw wkdw �{hg h�hfwv hvwlpdwru duh frqvlvwhqw lq wlph +W ,/ wkh sdqho
gdwd0vhw/ zlwk wkh uhodwlyho| odujh qxpehu ri revhuydwlrqv lq wkh wlph glphqvlrq
+W @ :83,/ doorzv iru fuhgleoh hvwlpdwlrq1

Vhyhudo lqwhuhvwlqj uhvxowv hphujhg iurp wklv vwxg|1 Wkh hvwlpdwhv iurp wkh
hfrqrphwulf prgho frq�upv wkdw gl�huhqfhv lq wkh frvw ri ehlqj devhqw lqghhg
kdyh dq h�hfw rq zrun devhqfh ehkdylru1 Zkhq wkh prgho lv xvhg wr vlpxodwh
wkh uhirup ri wkh vlfnqhvv lqvxudqfh/ lw lv irxqg wkdw erwk wkh lqflghqfh dqg wkh
gxudwlrq ri zrun devhqfh vshoov ghfuhdvh zkhq wkh frvw ri ehlqj lv lqfuhdvhg1
Wkh uhvxowv dovr vkrz wkdw xqrevhuyhg suhihuhqfh khwhurjhqhlw| lv hpslulfdoo|
lpsruwdqw= qrw frqvlghulqj suhihuhqfh khwhurjhqhlw| e| xvlqj �{hg h�hfwv lq wkh
hvwlpdwlrq lv vkrzq wr d�hfw wkh lqihuhqfh iurp wkh prgho1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg lqwr �yh pdlq vhfwlrqv> wkh qh{w vhf0
wlrq ghvfulehv wkh Vzhglvk vlfnqhvv lqvxudqfh dqg wkh lqfrph wd{ v|vwhp> Vhfwlrq
6 suhvhqwv wkh gdwd dqg jlyhv ghvfulswlyh vwdwlvwlfv rq lqglylgxdo zrun devhqfh
ehkdylru> Vhfwlrq 7 ghvfulehv wkh hfrqrphwulf prghoolqj dqg wkh hvwlpdwlrq> Vhf0
wlrq 8 glvfxvvhv wkh uhvxowv iurp wkh hvwlpdwlrq dqg wkh uhvxowv ri d vlpxodwlrq
ri wkh 4<<4 uhirup ri wkh vlfnqhvv lqvxudqfh> dqg/ �qdoo|/ Vhfwlrq 9 jlyhv vrph
frqfoxglqj uhpdunv1

51 Qdwlrqdo Vlfnqhvv Lqvxudqfh dqg Lqfrph wd{hv7

5141 Vlfnqhvv Lqvxudqfh

Wkh qdwlrqdo vlfnqhvv lqvxudqfh +VL, lv �qdqfhg wkurxjk sd|uroo wd{hv ohylhg rq
zdjhv1 Doo hpsor|hhv zkrvh hpsor|huv sd| sd|uroo wd{hv duh lqvxuhg e| wkh vlfn0
qhvv lqvxudqfh1 Wkh VL lv uhjxodwhg lq d vhsdudwh odz8 dqg uhsodfhv irujrqh hduq0
lqjv gxh wr whpsrudu| looqhvvhv xs wr wkh vrfldo vhfxulw| fhlolqj ri :18 �edvlf
dprxqwv� +ED,1 Prvw vrfldo lqvxudqfhv lq Vzhghq duh frqqhfwhg wr wkh ED1 Do0
wkrxjk wkh ED lv srolwlfdoo| ghwhuplqhg lw kdv klvwrulfdoo| iroorzhg wkh Frqvxphu
Sulfh Lqgh{ +FSL, yhu| forvho| +vhh Sdoph dqg Vyhqvvrq/ 4<<;,1 Lq 4<<8/ derxw :
shufhqw ri doo lqvxuhg zrunhuv kdg dq lqfrph h{fhhglqj wkh vrfldo vhfxulw| fhlolqj19

D zrunhu zkr kdv orvw khu delolw| wr gr khu uhjxodu zrun gxh wr whpsrudu|
khdowk gh�flhqflhv/ lv hqwlwohg wr frpshqvdwlrq iurp wkh VL1 Wr mxgjh zkhwkhu wkh
lqglylgxdo*v khdowk vwdwxv phhwv wkh uhtxluhphqwv lv hqwluho| ohiw wr wkh lqvxuhg

dfnqrzohgjh wkh idfw/ krzhyhu/ wkdw vrph uhjuhvvruv lq wkh prgho pd| eh suhghwhuplqhg dqg
hqgrjhqrxv/ l1h1 ghshqglqj rq erwk suhylrxv zrun devhqfh ehkdylru dqg xqrevhuydeohv1

7D h{whqvlyh ghvfulswlrq ri Vzhghq*v wd{ dqg vrfldo lqvxudqfh v|vwhpv lv surylghg lq Durqvvrq
dqg Zdonhu +4<<:,1

8�Odjhq rp doopçq iùuvçnulqj�1
9Vhh Qdwlrqdo Vrfldo Lqvxudqfh Erdug +4<<:,1
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zrunhu iru wkh �uvw vl{ gd|v lq wkh vlfnqhvv lqvxudqfh vshoo1 Krzhyhu/ iru frqwlqxhg
frpshqvdwlrq/ wkh zrunhu qhhgv d fhuwl�fdwh iurp d sk|vlfldq iurp wkh vhyhqwk
gd| ri wkh zrun devhqfh vshoo1 Wklv fhuwl�fdwh qhhgv wr eh uhqhzhg rq wkh 5<wk
gd|/ dqg diwhu wkdw hdfk prqwk1 Wkh Orfdo Vrfldo Lqvxudqfh R!fh lv uhvsrqvleoh
iru frqwuroolqj dexvh ri wkh lqvxudqfh1 Krzhyhu/ wkh frqwuro iru dexvh rq wkh �uvw
vhyhq gd|v ri d vlfnqhvv vshoo lv yhu| oljkw1 Wklv lv sduwo| gxh wr wkh idfw wkdw lw
lv yhu| kdug/ hyhq iru d h{shulhqfhg sk|vlfldq/ wr ghflgh zkhwkhu ru qrw d zrunhu
lv hqwlwohg wr frpshqvdwlrq iurp wkh lqvxudqfh1

Wkh uhsodfhphqw ohyho/ wkh vkduh ri wkh zrunhu*v hduqlqjv wkdw lv frpshqvdwhg
iurp wkh VL/ kdv ehhq fkdqjhg rq vhyhudo rffdvlrqv lq uhfhqw wlph1 Ohw xv eulh |
uhylhz wkh fkdqjhv uhohydqw iru wklv vwxg|1

Lq 4<;:/ wkh VL zhqw wkurxjk d pdmru uhirup1 Lq wklv uhirup/ wkh uhsodfhphqw
iurp wkh lqvxudqfh zdv fkdqjhg wr eh pruh forvho| uhodwhg wr wkh lqvxuhg zrunhu*v
uhjxodu zrun krxuv/ l1h1 vlfnqhvv ehqh�wv fdq rqo| eh fodlphg iru wkhvh zrun krxuv1
Wklv uxoh suhydlov gxulqj wkh hqwluh wlph shulrg frqvlghuhg lq wklv vwxg|1 Dw wkh
vdph wlph/ wkh uhsodfhphqw ohyho zdv vxevwdqwldoo| lqfuhdvhg wr <3 shufhqw ri
iruhjrqh uhjxodu hduqlqjv +ehorz wkh vrfldo vhfxulw| fhlolqj, iurp wkh �uvw gd| lq
hdfk vlfnqhvv vshoo1

Wkh lqvxuhg zrunhu lv dovr hqwlwohg wr frpshqvdwlrq iurp wkh VL gxulqj ydfd0
wlrq1 Krzhyhu/ lq wklv fdvh/ d fhuwl�fdwh iurp d sk|vlfldq lv qhhghg douhdg| iurp
wkh �uvw gd| ri wkh vlfnqhvv vshoo1 Wkh zrunhu lv wkhq deoh wr vdyh wkh qxpehu ri
ydfdqf| gd|v fruuhvsrqglqj wr wkh gd|v frpshqvdwhg e| wkh VL1

Rq Pdufk 4/ 4<<4/ wkh uhsodfhphqw ohyho zdv ghfuhdvhg wr 98 shufhqw ri wkh
lqvxuhg zrunhu*v lqfrph iru wkh �uvw wkuhh gd|v ri wkh vlfnqhvv vshoo dqg wr ;3
shufhqw iurp gd| 7 wkurxjk ;<1 Iurp gd| <3 dqg rq wkh uhsodfhphqw ohyho uh0
pdlqhg dw <3 shufhqw1: Wklv uhirup/ dv phqwlrqhg lq wkh lqwurgxfwlrq/ rffxuuhg
gxulqj wkh wlph shulrg fryhuhg e| rxu sdqho gdwd vhw dqg frqvwlwxwhv wkh pdlq
vrxufh ri yduldwlrq lq wkh frvw ri ehlqj devhqw1

Lq 4<<5 wkh uhvsrqvlelolw| iru wkh VL/ gxulqj wkh �uvw whq gd|v lq hdfk vshoo/
zdv wdnhq ryhu e| wkh hpsor|hu1 Dv vkruw whup vlfnqhvv vshoov diwhu wklv uhirup
duh qr orqjhu dgplqlvwudwhg e| wkh QVLE/ lw lv qrw srvvleoh wr rewdlq dv ghwdlohg
gdwd dv zh xvh lq wklv vwxg|/ diwhu 4<<41

Vhyhudo jurxsv lq wkh Vzhglvk oderu pdunhw kdyh qhjrwldwhg vlfnqhvv lqvxu0
dqfhv lq dgglwlrq wr wkh frpsxovru| qdwlrqdo lqvxudqfh1 Ixuwkhupruh/ prvw zklwh0
froodu zrunhuv kdyh orfdo djuhhphqwv zlwk wkhlu hpsor|huv iru vlfnqhvv sd|phqw1
Wkhvh djuhhphqwv fdq jhqhudoo| qrw eh uhfryhuhg iurp rxu gdwd0vhw1 Wkhuhiruh/
zh kdyh uhvwulfwhg rxu dqdo|vlv wr eoxh0froodu zrunhuv1 Wkh eoxh0froodu zrunhu*v
vlfnqhvv lqvxudqfh sodq +�DJV�,/ zklfk lv qhjrwldwhg e| wkh eoxh0froodu zrunhu*v

:Wklv uhirup zdv rqh ri vhyhudo phdqv wdnhq e| wkh jryhuqphqw lq rughu wr fxw wkh exgjhw
gh�flw1 Wkhuh zhuh vhyhudo prwlyhv iru wkh ghvljq ri wkh uhirup1 Iru lqvwdqfh/ wkh vrfldo ghpr0
fudwlf jryhuqphqw zdv uhvwulfwhg e| d sohgjh jlyhq lq wkh fdpsdljq suhfhglqj wkh 4<;; hohfwlrq
wkdw wkh VL vkrxog frqwlqxh wr frpshqvdwh irujrqh hduqlqjv iurp wkh �uvw gd| ri doo vlfnqhvv
vshoov1 Ixuwkhupruh/ wkh prwlyh iru ohwwlqj wkh frpshqvdwlrq ohyho uhpdlq dw <3 shufhqw/ iru wkh
shulrg lq wkh vshoo h{fhhglqj <3 gd|v zdv rqh ri lqfrph glvwulexwlrq1
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xqlrq +�OR�,/ grhv qrw rqo| fryhu dfwxdo phpehuv ri wkh wudgh xqlrq/ exw doo
zrunhuv zkrvh zrunsodfh lv fryhuhg e| froohfwlyh djuhhphqwv ehwzhhq wkh wudgh
xqlrq dqg wkh hpsor|huv frqihghudwlrq +�VDI�,/ fruuhvsrqglqj wr derxw <; shu0
fhqw ri doo hpsor|hg eoxh froodu zrunhuv1

DJV fdq rqo| eh fodlphg iru vlfnqhvv vshoov orqjhu wkdq : gd|v/ l1h1 vlfnqhvv
vshoov wkdw uhtxluhv d fhuwl�fdwh iurp d sk|vlfldq1 Rq wkh rwkhu kdqg/ wkh frp0
shqvdwlrq lv sd|hg/ iurp gd| rqh wr vhyhq uhwurdfwlyho|/ zkhq DJV lv dgplwwhg1
Wkh DJV sodq zdv vxevwdqwldoo| fkdqjhg lq wkh 4<<4 uhirup ri wkh Qdwlrqdo VL1
Ehiruh wkh 4<<4 uhirup/ wkh uhsodfhphqw zdv ;18 shufhqw ri wkh zrunhu*v ehqh�w
iurp wkh Qdwlrqdo VL iurp gd| 4 wr gd| 47> iurp gd| 48 wr gd| <3 lw zdv fkdqjhg
wr eh ehwzhhq 9 dqg 54 VHN shu gd|/ ghshqglqj rq wkh vl}h ri wkh ehqh�w iurp
wkh Qdwlrqdo VL> diwhu gd| <3 lw lv fkdqjhg wr 9 VHN shu gd| luuhvshfwlyh ri wkh
zrunhu*v vlfnqhvv ehqh�w1 Diwhu wkh uhirup/ wkh DJV zdv fkdqjhg wr 4817 shufhqw
ri wkh zrunhu*v vlfnqhvv ehqh�w iru wkh �uvw wkuhh gd|v lq d vshoo> wr 4518 shufhqw
ehwzhhq gd| 7 dqg <3> iurp gd| <4 DJV zdv derolvkhg1 Wkh DJV ehqh�wv zhuh
dovr pdgh wd{deoh lq 4<<41

5151 Lqfrph Wd{hv dqg Ehqh�wv

Vzhghq kdv dq lqwhjudwhg lqfrph wd{ v|vwhp1 Wd{hv duh sd|hg erwk wr wkh qd0
wlrqdo dqg wr wkh orfdo jryhuqphqwv1 Wkh qdwlrqdo jryhuqphqw ghwhuplqhv wkh
wd{ edvh iru erwk wkhvh wd{hv1 Wkh orfdo jryhuqphqw wd{ lv sursruwlrqdo dqg lv
ghwhuplqhg e| hdfk ri Vzhghq*v 5;; orfdo jryhuqphqwv/ dowkrxjk vrph lqfrph
uhglvwulexwlrq grhv wdnh sodfh ehwzhhq kljk dqg orz lqfrph pxqlflsdolwlhv1 Lq
4<<4/ wkh orfdo jryhuqphqw wd{ udwh ydulhg ehwzhhq 591;: wr 6617; shufhqw zkloh
wkh phdq wd{ udwh zdv 6316 shufhqw1

Wkh lqfrph wd{ v|vwhp zdv udglfdoo| fkdqjhg lq wkh wd{ uhirup ri Mdqxdu|
4<<41 Wkh kljkhvw pdujlqdo wd{ udwh zdv uhgxfhg iurp wkh orfdo jryhuqphqw wd{
udwh soxv 75 shufhqw qdwlrqdo wd{ udwh +zlwk d pd{lpxp vhw wr :8 shufhqw lq
frpelqhg pdujlqdo wd{ udwh, wr d 53 shufhqw qdwlrqdo wd{ udwh lq dgglwlrq wr wkh
orfdo jryhuqphqw wd{1 Prvw ixoo wlph zdjh hduqhuv/ lq wkh lqfrph lqwhuydo ehwzhhq
:3 333 dqg 4:3 333 VHN/ uhfhlyhg d vxevwdqwldo +rq dyhudjh derxw 53 shufhqw,
uhgxfwlrqv lq wkhlu pdujlqdo wd{ udwhv1

Dqrwkhu lpsruwdqw hohphqw ri wkh wd{ uhirup zdv d wd{ edvh fkdqjh1 Eh0
lqj xql�hg lq wkh suh0uhirup wd{ v|vwhp/ lw zdv diwhu wkh uhirup glylghg lqwr
hduqhg dqg fdslwdo lqfrph1 Wkh wd{ rq doo fdslwdo lqfrph zdv fkdqjhg wr d  dw
udwh rq 63 shufhqw1 Wkh wd{ edvh zdv dovr pdgh vxevwdqwldoo| eurdghu1 Vhyhudo
suhylrxvo| qrq0wd{hg iulqjh ehqh�wv zhuh pdgh wd{deoh diwhu wkh uhirup1 Dovr/
vhyhudo vhuylfhv zhuh pdgh YDW0wd{deoh1 Ilqdoo|/ fklog dqg krxvlqj doorzdqfhv
zhuh vxevwdqwldoo| lqfuhdvhg1 Wkh fklog doorzdqfh/ zklfk lv wkh vdph dprxqw shu
fklog/ luuhvshfwlyh ri wkh sduhqwv lqfrph/ zdv lqfuhdvhg e| derxw rqh wklug1 Wkh
pdjqlwxgh ri wkh dyhudjh lqfuhdvh ri krxvlqj doorzdqfhv/ zklfk lv phdqv whvwhg/
zdv dovr derxw rqh wklug1
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61 Gdwd dqg Ghvfulswlyh Vwdwlvwlfv

6141 Gdwd dqg Phdvxuhphqw ri Lqfoxghg Yduldeohv

Zh xvh gdwd iurp wkh 4<<4 VOOV1 Lq wklv vxuyh|/ derxw 9 333 Vzhglvk lqglylg0
xdov/ djhg ehwzhhq 49 dqg :7/ zhuh lqwhuylhzhg derxw hfrqrplf uhvrxufhv dqg
olylqj frqglwlrqv lq d eurdg vhqvh +vhh Iulw}hoo ) Oxqgehuj/ 4<<7/ iru d ghwdlohg
ghvfulswlrq ri wklv vxuyh|,1 Wkh lqwhuylhzv zhuh fduulhg rxw lq wkh vsulqj ri 4<<41
Lqirupdwlrq iurp wkuhh gl�huhqw uhjlvwhuv= +l, wkh QVLE uhjlvwhu> +ll, wkh wd{ uhj0
lvwhu> dqg iurp +lll, d uhjlvwhu ri xqhpsor|phqw ehqh�wv surylghg e| wkh Oderu
Pdunhw Erdug kdyh ehhq pdwfkhg zlwk wkh VOOV vxuyh| dqg wkh lqirupdwlrq iurp
wkh uhjlvwhuv kdv ehhq dgghg wr wkh gdwd edvh1

Wkh phdvxuhphqw ri gd|0wr0gd| zrun devhqfh ehkdylru iru hdfk lqglylgxdo lq
wkh vdpsoh/ l1h1 wkh ghshqghqw yduldeoh lq wkh uhgxfhg irup/ lv rewdlqhg iurp
wkh QVLE uhjlvwhu1 Wklv uhjlvwhu frqwdlqv lqirupdwlrq rq wkh h{dfw gdwhv fruuh0
vsrqglqj wr hdfk sd|phqw iurp wkh VL1; Gdwd wr frqvwuxfw wkh frvw dqg lqfrph
yduldeohv duh rewdlqhg iurp wd{ uhjlvwhuv dqg wkh VOOV vxuyh|1<

Lq rughu wr gh�qh wkh frvw dqg yluwxdo lqfrph yduldeohv/ ohw xv �uvw gh�qh
wkh zrunhu*v gdlo| exgjhw vhw1 O| uhsuhvhqwv ohlvxuh wlph dqg frqvlvwv ri wzr
frpsrqhqwv= frqwudfwhg ohlvxuh wlph/ w,| dqg wlph lq zrun devhqfh w@| +l1h1 O| @
w,|. w@| ,1 Zh dvvxph wkdw wkh frqwudfwhg ohlvxuh wlph lv �{hg ryhu wkh wlph shulrg
vwxglhg +wzr |hduv,/ l1h1/ w,| � w,1 Wkh vxe0lqgh{/ w> lv dq lqgh{ iru hdfk gd| fryhuhg
e| rxu gdwd0vhw/ l1h1 zh doorz wkh suhihuhqfhv wr eh gl�huhqw ehwzhhq gd|v1 Wkh
gdlo| exgjhw frqvwudlqw fdq wkhq eh gh�qhg dv

{| . +4� �|,z|w
@
| @ z|k

W .U|

zkhuh kW lv wkh frqwudfwhg qxpehu ri gdlo| zrunlqj krxuv/ U| lv lqfrph iurp
vrxufhv rwkhu wkdq oderu/ z| lv qhw krxuo| zdjh dqg +4 � �|, lv wkh vkduh ri wkh
lqfrph wkh zrunhu uhfhlyhv zkhq devhqw1 Dvvxplqj wkdw wkh zrunhu pd{lpl}h d
xwlolw| ixqfwlrq zklfk lqfoxghv zhdno| vhsdudeoh frqvxpswlrq ri jrrgv/ vhuylfhv
dqg ohlvxuh wlph/ lw lv vwudljkw iruzdug wr rewdlq wkh iroorzlqj jhqhudo ghpdqg
ixqfwlrq iru wlph devhqw

�@| @ i +kW> z|+4� �|,> U| . kWz�|> v|> %|, @ i +kW> f|> �|> v|> %|, >

zkhuh f| @ z|+4��|, dqg � @ U|.kWz|�| duh wkh frvw dqg yluwxdo lqfrph ri ehlqj
devhqw/ uhvshfwlyho|> v| lv revhuydeoh dqg %| xqrevhuydeoh shuvrqdo fkdudfwhulvwlfv1

Wkh gdwd0vhw hqdeohv xv wr phdvxuh wkh frvw dqg lqfrph yduldeohv iru wkh
lqglylgxdov lq wkh vdpsoh1 Wkh krxuo| zdjh udwh lv rewdlqhg e| glylglqj wkh

;Vlqfh dfwxdo sd|phqwv duh olqnhg wr wkh gdwd zh xvh/ wkh dffxudf| ri wkh rxu phdvxuh lv
olnho| wr eh yhu| kljk1 Dffruglqj wr VDI +4<;9, wkh iudfwlrq ri xqsodqqhg zrun devhqfh/ qrw
frpshqvdwhg e| wkh VL lv rqo| 51< shufhqw1

<Wkh VL lq Vzhghq lv �qdqfhg wkurxjk sd|uroo wd{hv1 Wkh ohyho ri wkh sd|uroo wd{ lv/ khqfh/
ghwhuplqhg e| wkh xwlol}dwlrq ri wkh VL1 Lq wklv vwxg| zh +uhdvrqdeoh, dvvxph wkdw wkh lqglylgxdo
dfwv dv li wkhuh duh qr frvwv ri zrun devhqfh wkurxjk wkh sd|uroo wd{1
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srwhqwldo dqqxdo oderu lqfrph e| wkh qxpehu ri zrun krxuv +k,1 Wr fdofxodwh
wkh srwhqwldo dqqxdo lqfrph iurp oderu/ zh kdyh dgghg wkh vkduh ri lqfrph iurp
oderu qrw fryhuhg e| wkh VL/ �|> iru hdfk gd| uhfrughg lq zklfk wkh lqglylgxdo kdv
ehhq frpshqvdwhg e| wkh VL143

Wkh frvw ri ehlqj devhqw lv dovr lq xhqfhg e| wkh DJV lqvxudqfh1 Zh dvvxph
wkdw wkh lqglylgxdo pdnhv khu ghflvlrq rq zrun devhqfh rq d gd|0wr0gd| edvlv1
Wkhuhiruh/ zh glvuhjdug wkh DJV ehqh�wv iru wkh �uvw vhyhq gd|v dqg rqo| frqvlghu
lw iru wkh frvw ri ehlqj devhqw iurp wkh hljkwk gd| lq dq devhqfh vshoo1 Krzhyhu/
diwhu wkh hljkwk gd|/ zh xvh wkh uxohv iru wkh DJV lqvxudqfh dqg fdofxodwh wkh
lqglylgxdo ehqh�w iurp wklv lqvxudqfh1

Ilqdoo|/ wkh frvw ri ehlqj devhqw lv lq xhqfhg e| lqfrph wd{hv1 Zh xvh wkh
pdujlqdo wd{ udwh iru hdfk lqglylgxdo fruuhvsrqglqj wr wkhlu wd{deoh lqfrph li
wkh| kdg qrw ehhq devhqw dw doo gxulqj wkh |hdu1 Wkhuh lv d srwhqwldo hqgrjhqhlw|
sureohp zlwk wklv surfhgxuh1 Dv oderu lqfrph lv qrw ixoo| frpshqvdwhg iru e|
wkh VL/ wkh pdujlqdo wd{ udwh pd| ghshqg rq wkh qxpehu ri gd|v wkh lqglylgxdo
lv devhqw iurp zrun1

Wr jhw d phdvxuh ri U|/ zh wdnh wkh gdlo| dyhudjh ri hdfk lqglylgxdo*v dqqxdo
lqfrph> l1h1 glylgh wkh dqqxdo lqfrph zlwk 553 +l1h1 698 plqxv wkh dyhudjh qxpehu
ri zrun iuhh gd|v gxulqj d |hdu,144 Li wkh lqglylgxdo lv pduulhg ru frkdelwlqj/ wrwdo
idplo| lqfrph/ lqfoxglqj revhuyhg oderu lqfrph iurp wkh vsrxvh/ lv vxpphg dqg
glylghg e| wzr

Dq lqhylwdeoh sureohp/ zkhq phdvxulqj lqfrph xvlqj dgplqlvwudwlyh gdwd lv
krz wr phdvxuh lqfrph iurp uhdo zhdowk/ vxfk dv surshuwlhv olnh rzqhu rffxslhg
krphv dqg gxudeoh frqvxpswlrq jrrgv/ dv zh gr qrw kdyh dffhvv wr uholdeoh
hvwlpdwhv rq wkh zruwk ri wkhvh lwhpv1 Zh zloo iroorz wkh vwudwhj| ri Vwdwlvwlfv
Vzhghq dqg dvvxph wkdw qhjdwlyh lqfrph iurp fdslwdo fruuhvsrqgv wr d htxdo
zruwk lqfrph iurp uhdo zhdowk1

Wr phdvxuh wkh qxpehu ri krxuv ri zrun/ zh xvh wkh lqirupdwlrq rewdlqhg
lq wkh VOOV lqwhuylhzv1 Zh dvvxph wkdw hdfk lqglylgxdo lq wkh vdpsoh kdv wkh
vdph qxpehu ri uhjxodu zrun krxuv dv lq wkh vsulqj ri 4<<4 gxulqj wkh hqwluh wlph
shulrg frqvlghuhg1 Wr pdnh wkh frvw dqg lqfrph yduldeohv frpsdudeoh ehwzhhq
4<<3 dqg 4<<4/ zh gh dwh wkh sulfhv dqg frvwv lq 4<<4 e| wkh FSL vr wkdw doo
�jxuhv duh lq 4<<3 sulfhv1

Lq wkh hfrqrphwulf prgho zh lqfoxgh wkh xqhpsor|phqw udwh rq hdfk zrunhu*v

43Dv wkh vlfnqhvv lqvxudqfh rqo| frpshqvdwh iru hduqlqjv ehorz wkh vrfldo lqvxudqfh fhlolqj/
wklv lv rqo| wuxh iru oderu hduqlqjv ehorz wklv fhlolqj1 Wkh vrfldo lqvxudqfh fhlolqj fruuhvsrqghg
wr dq dqqxdo oderu lqfrph ri 555/:83 VHN lq 4<<3 dqg 574/833 VHN lq 4<<41 Krzhyhu/ dv doo
lqglylgxdov lq rxu vdpsoh/ olnh prvw eoxh froodu zrunhuv/ gr qrw kdyh lqfrph deryh wkh fhlolqj
wklv lv qrw dq lvvxh lq rxu vdpsoh1

44Wklv surfhgxuh fuhdwhv wzr sureohpv1 Iluvw/ dv zh wdnh wkh gdlo| dyhudjh ri dqqxdo lqfrph/
wkh phdvxuh ri lqfrph lv frqwlqjhqw rq wkh zrun devhqfh ehkdylru gxulqj wkh rwkhu gd|v ri wkh
|hdu1 Wkh vhfrqg sureohp lv wkdw zh kdyh wr pdnh wkh xquhdolvwlf dvvxpswlrq wkdw wkh zrunhu
grhv qrw kdyh dffhvv wr fuhglw pdunhwv/ ru lv deoh wr pdnh lqwhuwhpsrudo frqvxpswlrq ghflvlrqv/
lq rughu wr vprrwk rxw frqvxpswlrq gxulqj wkh wlph0shulrg vwxglhg1

:



orfdo oderu pdunhw lq wkh yhfwru ri vrflr0hfrqrplf yduldeohv/ v|= Wr phdvxuh wklv
xqhpsor|phqw udwh zh xvh wkh prqwko| xqhpsor|phqw udwh lq hdfk ri Vzhghq*v
57 frxqwlhv surylghg e| wkh Oderu Pdunhw Erdug1 Rqh sureohp zlwk xvlqj wkh
prqwko| xqhpsor|phqw udwh lv wkdw wkhuh duh vhdvrqdo yduldwlrqv lq wkh xqhp0
sor|phqw udwh1 Vxfk yduldwlrq duh xqolnho| wr d�hfw wkh zrunhu*v zrun devhqfh
ehkdylru1 Wr dffrxqw iru wkhvh vhdvrqdo yduldwlrqv zh xvh pxowlsolfdwlyh vhdvrqdo
frpsrqhqwv surylghg e| wkh Qdwlrqdo Lqvwlwxwh ri Hfrqrplf Uhvhdufk145

6151 Vdpsoh Vhohfwlrq

Dv ghvfulehg lq wkh suhylrxv vxevhfwlrq/ wkh hqwluh gdwd vhw frqvlvwv ri derxw 9
333 lqglylgxdov1 Krzhyhu/ lq rughu wr rewdlq wkh vdpsoh xvhg lq wkh hvwlpdwlrqv/
vhyhudo vhohfwlrqv zhuh pdgh1 Wdeoh 614 vkrzv wkh qxpehu ri lqglylgxdov uhpdlqlqj
diwhu hdfk ri wkh vwhsv lq wklv vhohfwlrq surfhvv1

Lq wkh �uvw vwhs/ qrq0uhvsrqvhv +derxw 48 shufhqw ri wkh ruljlqdo vdpsoh, duh
uhpryhg/ dqg dv wkh qrupdo djh ri uhwluhphqw lv 98 |hduv lq Vzhghq/ zh kdyh
uhvwulfwhg wkh vdpsoh wr lqglylgxdov ehwzhhq 53 dqg 98 |hduv ri djh lq 4<<41 Lq
wkh vhfrqg vwhs/ lqirupdwlrq derxw wkh uhvsrqghqwv dfwlylwlhv wkh zhhn ehiruh
wkh vxuyh| lqwhuylhz zdv frqgxfwhg zhuh xvhg wr h{foxgh xqhpsor|hg dv zhoo
dv lqglylgxdov qrw lq wkh oderu irufh/ l1h1 vwxghqwv dqg shqvlrqhuv +lqglylgxdov
zkr uhfhlyh glvdelolw| ru rog0djh shqvlrq,1 Vhoi0hpsor|hg/ plolwdu| shuvrqqho/
dqg zklwh froodu zrunhuv zhuh h{foxghg lq wkh wklug vwhs1 Wkdw lv/ wkh vwxg| lv
uhvwulfwhg wr hpsor|hg eoxh froodu zrunhuv1 Wkh uhdvrq iru h{foxglqj wkh jurxsv
ri lqglylgxdov/ rwkhu wkdq eoxh froodu zrunhuv/ lv wr olplw wkh khwhurjhqhlw| dulvlqj
iurp gl�huhqfhv lq wkh VL v|vwhpv1

Wkh irxuwk vwhs lq wkh vhohfwlrq surfhvv zdv wr xvh wkh lqirupdwlrq lq VOOV
rq dfwlylwlhv gxulqj 4<<3 wr h{foxgh 88 lqglylgxdov zkr zhuh qrw hpsor|hg gxulqj
pruh wkdq 7 zhhnv lq 4<<31 Ilqdoo|/ 4<: lqglylgxdov zlwk �lqfrqvlvwhqw� revhuyd0
wlrqv rq wkhlu oderu hduqlqjv gxulqj hlwkhu 4<<3 ru 4<<4 zhuh uhpryhg146

6161 Ghvfulswlyh Vwdwlvwlfv

Wkh �qdo vdpsoh frqvlvwv ri 4/6<9 lqglylgxdov/ :6; phq dqg 98; zrphq1 Iurp wklv
vdpsoh whq lqglylgxdov +8 phq dqg 8 zrphq, zhuh devhqw iurp zrun wkh zkroh
shulrg xqghu vwxg|/ dqg 48; +<: phq dqg 94 zrphq, zhuh qrw devhqw dw doo1 Wkh
revhuydwlrqv rq lqglylgxdov zkr glg qrw fkdqjh vwdwh dw doo fdq qrw eh xvhg lq
d �{hg h�hfw uhjuhvvlrq prgho +vhh Vhfwlrq 7,1 Ixuwkhupruh/ irxu lqglylgxdov +5

45Wkhvh duh rewdlqhg iurp dq DULPD prgho hvwlpdwhg rq prqwko| xqhpsor|phqw gdwd iru
wkh hqwluh qdwlrq ehwzhhq 4<;; dqg 4<<;1

46Wkhvh uhvsrqghqwv fodlphg wkdw wkh| zrunhg pruh wkdq 49 krxuv hdfk zhhn dqg hduqhg ohvv
wkhq rqh ED +5< :33 VHN lq 4<<3 dqg 65 533 VHN lq 4<<4,1 Srvvleoh h{sodqdwlrqv iru wkhvh
revhuydwlrqv fdq eh phdvxuhphqw huuruv lq dw ohdvw rqh ri wkh uhohydqw yduldeohv ru wkdw wkh
shuvrq zrunv lq wkh �lqirupdo� vhfwru ri wkh hfrqrp| dqg lv wkhuhiruh qrw fryhuhg e| wkh VL1

;



Wdeoh 614= Qxpehu ri revhuydwlrqv lq wkh vdpsoh uhpdlqlqj diwhu hdfk vwhs lq wkh
vdpsoh vhohfwlrq1

Qxpehu ri revhuydwlrqv
Phq Zrphq Wrwdo

Uhvsrqghqwv/ djh 53098 5/4<4 5/439 7/5<:
Hpsor|hg dqg lq 4<<4 4/473 4/589 5/6<9
Eoxh froodu zrunhuv lq 4<<4 ;66 ;48 4/97;
Zrunhuv qrw odlg0r� ru xqhpsor|hg pruh wkdq 7 zhhnv gxulqj 4<<3 ;45 :;4 4/8<6
Wd{hg dqqxdo hduqlqjv wkdw duh frqvlvwhqw zlwk wkh vwdwhg uhjxodu
qxpehu ri krxuv ri zrun :6; 98; 4/6<9

phq dqg 5 zrphq, zdv ghohwhg vlqfh wkh| gr qrw fkdqjh vwdwh diwhu wkhlu �uvw/
ohiw fhqvruhg zrun devhqfh vshoo lv uhpryhg1 Zh qrz kdyh 4/557 lqglylgxdov zkr
kdyh yduldwlrq lq wkh zrun devhqfh ehkdylru ryhu wkh vwxglhg wlph shulrg1

Wdeoh 615 frpsduhv wkh zrun devhqfh udwhv iru wkh 4/6<9 zrunhuv zlwk wkh �qdo
vdpsoh ri 4/557 lqglylgxdov glylghg lq irxu gl�huhqw djh jurxsv1 Lw dovr vkrzv lq
zklfk vxevdpsohv wkh lqglylgxdov h{foxghg lq wkh �qdo vwhs zhuh orfdwhg1 Lw lv
hylghqw iurp Wdeoh 615 wkdw wkh zrun devhqfh udwh lv vrphzkdw kljkhu iru zrphq
lq doo djh jurxsv h{fhsw lq wkh roghvw jurxs/ djhg ehwzhhq 83 dqg 981 Dovr/ wkh
udwh ri zrun devhqfh uhpdlqv doprvw frqvwdqw iru erwk jhqghu jurxsv xqwlo wkh
djh jurxs 83 wr 98/ dw zklfk lw lqfuhdvhv vxevwdqwldoo|/ zlwk wkh odujhvw fkdqjh
iru phq1 Ilqdoo|/ wkh h�hfw ri wkh uhirup ri wkh vlfnqhvv lqvxudqfh fdq eh vwxglhg
lq Wdeoh 615= wkh zrun devhqfh udwh lq wkh hqwluh vdpsoh ghfuhdvhv iurp ;17 wr
;13 shufhqw1 Lw lv qrwlfhdeoh wkdw wkh zrun devhqfh udwh dfwxdoo| lqfuhdvhv lq wkh
roghvw djh jurxs/ iru erwk phq dqg zrphq/ lq wkh roghvw djh jurxs1

Wdeoh 616 uhsruwv ghvfulswlyh vwdwlvwlfv iru wkh yduldeoh phdvxulqj wkh gdlo|
frvwv ri ehlqj devhqw iurp zrun dqg wkh yluwxdo lqfrph yduldeoh1 Frpsdulqj wkh
dyhudjh frvw ri ehlqj devhqw lq 4<<3 dqg 4<<4/ lw fdq eh vhhq wkdw wkhuh lv pdunhg
lqfuhdvh lq 4<<4 lq doo vxevdpsohv1 Wklv h�hfw lv h{shfwhg gxh wr wkh uhirup ri
wkh vlfnqhvv lqvxudqfh1 Lw lv dovr hylghqw wkdw wkh yluwxdo lqfrph rq dyhudjh lv
vrphzkdw orzhu lq 4<<41 Wklv gl�huhqfh lv gxh wr wkh kljkhu frpshqvdwlrq ohyhov
lq wkh VL dv zhoo dv pdujlqdo wd{ udwhv lq 4<<3/ zklfk pdnh wkh vorsh ri wkh exgjhw
vhw vwhhshu1 Vlqfh wkh phq rq dyhudjh kdyh kljkhu oderu hduqlqjv wkh idfw wkdw
wkh frvw ri ehlqj devhqw lv kljkhu iru phq wkdq iru zrphq lv xqghuvwdqgdeoh1
Zrphq kdyh rq dyhudjh kljkhu yluwxdo lqfrph1 Dw �uvw vljkw wklv pd| vhhp qrq0
lqwxlwlyh/ krzhyhu/ prvw zrunhuv lq rxu vdpsoh duh pduulhg ru frkdelwlqj> l1h1 wkhlu
vsrxvhv hduqlqjv duh lqfoxghg lq wkhlu yluwxdo lqfrph exw rqo| wkh vkduh ri wkhlu
rzq hduqlqjv fryhuhg e| wkh VL1 Ilqdoo|/ Wdeoh 617 uhsruwv vrph vrflr0hfrqrplf
fkdudfwhulvwlfv ri wkh vdpsoh1
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Wdeoh 615= Dyhudjh udwhv ri zrun devhqfh dqg qxpehu ri revhuydwlrqv +q, lq
gl�huhqw jurxsv e| djh/ jhqghu/ ehiruh dqg diwhu wkh VL uhirup lq 4<<41 Iljxuhv
lq sduhqwkhvhv dssolhv wr wkh vdpsoh xvhg lq wkh hvwlpdwlrq/ l1h1 wkh vdpsoh diwhu
uhprylqj wkh lqglylgxdov zkr glg qrw fkdqjh vwdwh +zrun ru zrun devhqfh, gxulqj
wkh hqwluh wzr |hduv wlph shulrg fryhuhg e| wkh sdqho1

Dyhudjh vkduh devhqw iurp zrun
Phq Zrphq Wrwdo

Djh Jurxs 5305<
Ehiruh Uhirup 1395 +139:, 13<3 +13<:, 13:6 +13:<,
Diwhu Uhirup 137: +1384, 1396 +139<, 1387 +138;,
Wrwdo 1389 +1394, 13:< +13;8, 1398 +13:4,
? 4<: +4;5, 467 +457, 664 +639,
Djh Jurxs 6306<
Ehiruh Uhirup 139: +13::, 13;8 +13<3, 13:8 +13;6,
Diwhu Uhirup 138: +1398, 13:6 +13::, 1397 +13:4,
Wrwdo 1396 +13:5, 13;3 +13;8, 13:4 +13:;,
? 4:: +488, 47: +46<, 657 +5<7,
Djh jurxs 7307<
Ehiruh Uhirup 13:6 +13:8, 13<6 +13<3, 13;6 +13;6,
Diwhu Uhirup 138< +138<, 13<4 +13;;, 13:9 +13:7,

139: +139;, 13<6 +13;<, 13;3 +13:<,
? 4<3 +48:, 4<8 +4:<, 6;8 +669,
Djh jurxs 83098
Ehiruh Uhirup 1437 +143:, 1434 +1437, 1436 +1438,
Diwhu Uhirup 1464 +1473, 144; +1457, 1457 +1465,
Wrwdo 1448 +1454, 143; +1445, 1445 +1449,
? 4:7 +473, 4;5 +47;, 689 +5;;,
Djh jurxs Doo
Ehiruh Uhirup 13:9 +13;3, 13<6 +13<8, 13;7 +13;:,
Diwhu Uhirup 13:6 +13:9, 13;< +13<3, 13;3 +13;6,
Wrwdo 13:8 +13:<, 13<4 +13<6, 13;5 +13;9,
? :6; +967, 98; +8<3, 4/6<9 +4 557,
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Wdeoh 616= Gdlo| yluwxdo lqfrph +�, dqg frvw +f, ri ehlqj devhqw lq gl�huhqw djh
dqg jhqghu jurxsv1 Ilqdo vdpsoh ri 4/6<9 eoxh froodu zrunhuv1 +v lv wkh vwdqgdug
ghyldwlrq/ T� dqg T� duh wkh �uvw dqg wklug txduwlohv/ uhvshfwlyho|1,

Pdohv Ihpdohv
Phdq r '� '� Phdq r '� '�

4<<3
Djh 5305<

S 6193 31<: 6148 7144 6173 31<5 51;9 61;5
> 7:914 44514 6<<18 8791< 8571< 49314 7641: 97417

Djh 6306<
S 7134 31<7 6196 7176 6173 31:; 51;; 61;7
> 89915 49:14 79719 99;16 95<18 4731; 87;18 :431:

Djh 7307<
S 7137 31;5 6189 7187 6198 31;: 613: 7133
> 9381< 49;18 85515 :3715 97714 4:615 87;13 :6818

Djh 83098
S 714; 4144 618: 7176 617: 31<7 51<5 61;4
> 94619 46:13 8391; 9<819 94914 4:513 8431< 9<71:

Doo
S 61<7 31<; 6179 7169 617< 31;< 51<7 61<4
> 89319 48:15 78513 9931; 93;19 49;19 83517 :3314

4<<4
Djh 5305<

S 48187 61:3 461;8 4:1:3 461;3 716: 4418< 48153
> 68516 44617 5:719 7571< 6;717 44<15 5;:18 7:31;

Djh 6306<
S 481;9 6186 47193 4:1<4 471;3 6197 4615< 491:4
> 75818 43<1: 66416 8351: 83716 48315 75<15 88;1<

Djh 7307<
S 4915: 61:: 4813< 4;15< 4815: 7159 46156 4:1:3
> 7961: 44916 69714 87318 83816 4:418 73:15 89814

Djh 83098
S 49167 81:;< 47175 4;155 48134 81348 46153 4:15<
> 76<17 43:1; 68<15 8361< 77<17 49513 6891< 84913

Doo
S 481<: 71568 4717< 4;143 471:< 716; 451<; 491;9
> 74:13 44<1; 65418 8361< 79819 49415 6::1: 8641;
Qrwh= Wkh txduwlohv duh frpsxwhg iurp wkh lqglylgxdo phdqv
iru hdfk lqglylgxdo1
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Wdeoh 617= Vrflr0hfrqrplf fkdudfwhulvwlfv ri wkh vdpsoh1

Phq Zrphq
Vkduh zrunlqj lq lqgxvwu| vhfwru 3194 3144
Vkduh zrunlqj lq vhuylfh vhfwru 316< 31;<
Vkduh zrunlqj �ixoo wlph� lq 4<<4 31<8 3186
Vkduh pduulhg ru frkdelwlqj 319: 31:9
Vkduh glyrufhg 3138 313<
Vkduh zlwk rqh ghshqghqw fklog 314< 3156
Vkduh zlwk wzr ghshqghqw fkloguhq 314: 3154
Vkduh zlwk wkuhh ru pruh ghshqghqw fkloguhq 313: 313<
Dyhudjh djh 6;18 7314

616141 Gxudwlrq lq Zrun dqg Zrun Devhqfh Vshoov

Iljxuh 614 vkrzv wkh Ndsodq0Phlhu +NP, hvwlpdwhv ri vxuylydo lq wkh zrun vwdwh
ehiruh dqg diwhu wkh uhirup ri wkh VL147 Wkh fruuhvsrqglqj hvwlpdwhv iru vxuylydo
lq wkh zrun devhqfh vwdwh lv uhsruwhg lq Iljxuh 6151 Iljxuh 614 vkrzv d pdunhg
lqfuhdvh lq wkh gxudwlrq lq zrun gxh wr wkh uhirup ri wkh VL1 Wklv fdq eh vhhq lq
doo djh dqg jhqghu jurxsv1 Wkh odujhvw h�hfw lv iru phq lq wkh roghvw djh0jurxs1
Krzhyhu/ wkh h�hfw ri wkh uhirup rq wkh gxudwlrq lq zrun devhqfh lv lq jhqhudo qrw
phdvxudeoh dffruglqj wr wkh NP hvwlpdwhv uhsruwhg lq Iljxuh 6151 Dq h{fhswlrq
lv wkh wzr |rxqjhvw ihpdoh djh0jurxsv/ zkhuh d vpdoo ghfuhdvh lq wkh gxudwlrq ri
wkh vshoo diwhu wkh uhirup lv ghwhfwhg1

Iljxuhv 614 dqg 615 vkrzv wkdw wkh kljkhu udwh ri zrun devhqfh lq wkh ihpdoh
vxevdpsoh lv gxh wr pruh iuhtxhqw/ udwkhu wkdq orqjhu/ zrun devhqfh vshoov1 Krz0
hyhu/ lq wkh djh jurxs 83098/ wkh dyhudjh zrun devhqfh udwh lv vrphzkdw kljkhu
dprqj phq1 Lq wklv djh jurxs/ zklfk lv hylghqw iurp Iljxuh 615/ phq uhwxuq wr
zrun frqvlghudeo| vorzhu wkdq zrphq1

Ilqdoo|/ e| frpsdulqj Iljxuh 614 zlwk Iljxuh 615 lw fdq eh vhhq wkdw wkh zrun
devhqfh vshoov duh yhu| gl�huhqw iurp wkh zrun vshoov1 Dv khdowk gh�flhqflhv olhv
ehklqg prvw zrun devhqfh vshoov/ wkh h{sodqdwlrq iru wkh revhuyhg gl�huhqfh lv/
ri frxuvh/ wkdw wkhuh duh gl�huhqw elrorjlfdo surfhvvhv xqghuo|lqj wkh wudqvlwlrq
iurp zrun wr zrun devhqfh frpsduhg wr iurp zrun devhqfh edfn wr zrun1 Wklv
pd| eh d wulyldo srlqw/ exw lw lv lpsruwdqw wr kdyh lq plqg zkhq zrun devhqfh lv
prghoohg hfrqrphwulfdoo|1

616151 Zhhngd| H�hfwv

Vlqfh zrunhuv fdq rqo| fodlp ehqh�wv iurp wkh VL iru orvw hduqlqjv iurp uhjxodu
zrun krxuv dqg prvw zrunhuv gr qrw zrun rq Vdwxugd|v dqg Vxqgd|v/ wkhuh duh
qr lqfhqwlyhv iru d zrunhu wr ehjlq d vlfnqhvv vshoo rq d zrun0iuhh gd|1 Wkhuhiruh/
wkh udwh ri zrun devhqfh zloo gl�hu ehwzhhq gl�huhqw zhhn gd|v1 Iljxuh 616 vkrzv

47 Lq wkh NP hvwlpdwlrq zh qhjohfw ohiw fhqvruhg vshoov lq 4<<3/ l1h1/ wkh lqlwldo vdpsoh fdq eh
frqvlghuhg dv d  rz vdpsoh1
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Iljxuh 614= Ndsodq0Phlhu qrq0sdudphwulf hvwlpdwhv ri vxuylydo udwhv lq zrun
vshoov1
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Iljxuh 615= Ndsodq0Phlhu qrq0sdudphwulf hvwlpdwhv ri vxuylydo udwhv lq zrun de0
vhqfh vshoov1
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Iljxuh 616= Vkduh ri vlfnqhvv vshoov vwduwlqj +�uvw sdqho, dqg hqglqj +vhfrqg sdqho,
rq gl�huhqw gd|v ri wkh zhhn1

wkh zhhngd| glvwulexwlrq ri vwduwv dqg hqglqjv ri zrun devhqfh vshoov1 Wkh �jxuh
vkrzv zkdw fdq eh h{shfwhg jlyhq wkh uxohv iru wkh VL/ l1h1 wkh uhodwlyho| odujh
sursruwlrq ri vlfnqhvv vshoov wkdw ehjlq rq Prqgd|v uh hfw wkh idfw wkdw vrph
khdowk sureohpv pd| dffxpxodwh gxulqj wkh zhhnhqgv1 Wkh odujh sursruwlrq ri
vlfnqhvv vshoov wkdw hqg rq d Vdwxugd| kdv d vlplodu h{sodqdwlrq/ dv uhfryhulhv
iurp whpsrudu| looqhvvhv dovr dffxpxodwh gxulqj wkh zhhnhqgv1

616161 Vhdvrqdo Yduldwlrq lq Zrun Devhqfh

Vlqfh wkh gd|oljkw dqg rxwgrru whpshudwxuh ydulhv frqvlghudeo| ryhu wkh |hdu lq
Vzhghq/ d vhdvrqdo yduldwlrq lq zrun devhqfh udwhv pd| eh vxvshfwhg1 Iljxuh 617
vkrzv wkh dyhudjh qxpehu ri uhsruwhg VL vshoov ehwzhhq wkh |hduv 4<;: dqg 4<<4
e| prqwk rewdlqhg iurp djjuhjdwh gdwd surylghg e| wkh QVLE1 Wzr surshuwlhv ri
wkh vhdvrqdo gl�huhqfhv vkrxog eh qrwhg1 Iluvw/ zrun devhqfh ydulhv frqvlghudeo|
ehwzhhq gl�huhqw vhdvrqv1 Vhfrqg/ wkhuh lv d vkdus ghfolqh lq wkh uhsruwhg vlfnqhvv
vshoov lq Mxo|1 Wklv lv ehfdxvh Mxo| lv wkh prqwk ri vxpphu ydfdwlrq iru zrunhuv
lq Vzhghq1 Dv ghvfulehv lq wkh suhylrxv Vhfwlrq 514/ dowkrxjk wkh lqvxuhg zrunhu
lv hqwlwohg wr frpshqvdwlrq iurp wkh VL gxulqj wkh ydfdwlrq/ d fhuwl�fdwh iurp d
sk|vlfldq lv qhhghg iurp wkh �uvw gd| ri wkh vlfnqhvv vshoo1
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Iljxuh 617= Dyhudjh qxpehu +lq wkrxvdqgv, ri uhsruwhg vlfnqhvv vshoov lq gl�hu0
hqw prqwkv ehwzhhq 4<;: dqg 4<<41 Vrxufh= Qdwlrqdo Vrfldo Lqvxudqfh Erdug/
Vwrfnkrop1

71 Prghoolqj dqg Hvwlpdwlrq

Vhyhudo ghwhuplqdqwv ri wkh gdlo| ghflvlrq ri zrun dwwhqgdqfh kdyh ehhq sursrvhg
lq wkh olwhudwxuh1 Gl�huhqw glvflsolqhv 0 vxfk dv hfrqrplfv/ pdqdjhphqw vflhqfh/
vrfldo phglflqh dqg dssolhg sv|fkrorj| 0 kdyh vwuhvvhg gl�huhqw h{sodqdwlrqv wr
revhuyhg gl�huhqfhv1 Wkh hfrqrplf prgho lq Vhfwlrq 614 vkrzhg wkdw d jhqhudo
irupxodwlrq ri lqglylgxdo ghpdqg iru zrun devhqfh/ ghulyhg iurp frqvwudlqhg lq0
glylgxdo xwlolw| pd{lpl}dwlrq/ jdyh frqwudfwhg krxuv ri zrun/ frvw ri zrun devhqfh
dqg yluwxdo lqfrph dv ghwhuplqdqwv ri wkh zrun devhqfh ghflvlrq1 Krzhyhu/ wkh
jhqhudo irupxodwlrq glg dovr doorz iru vhyhudo rwkhu ghwhuplqdqwv1

Dowkrxjk zh kdyh d yhu| ghwdlohg gdwd vhw rq lqglylgxdo fkdudfwhulvwlfv/ lw
lv reylrxv wkdw wkhuh duh vhyhudo ghwhuplqdqwv ri zrun devhqfh wkdw zh gr qrw
kdyh dffhvv wr1 Prvw lpsruwdqw lv suredeo| jhqhudo lqglylgxdo khwhurjhqhlw| lq
suhihuhqfhv iru ehlqj devhqw iurp zrun/ dqg 0 vlqfh lw lv kljko| sodxvleoh wkdw wkh
xwlolw| ri ohlvxuh lv frqvlghudeo| kljkhu li dq lqglylgxdo vx�huv iurp d whpsrudu|
looqhvv 0 fkdqjhv lq lqglylgxdo khdowk vwdwxv ryhu wkh wlph0shulrg fryhuhg e| rxu
gdwd vhw1 Zh zloo/ wkhuhiruh/ frq�qh wkh dqdo|vlv wr d yhu| jhqhudo vshfl�fdwlrq
zklfk doorz iru suhihuhqfh khwhurjhqhlw| dv zhoo dv iru vwdwh ghshqghqfh1 Wkh
kd}dug ri ohdylqj wkh vwdwh ri zrun +Z , dqg zrun devhqfh +ZD, frqglwlrqdo rq
ehlqj lq wkh vwdwh/ o shulrgv lv uhvshfwlyho|

Su+g�| @ 4mZ> o, @ �f�� +f�|> ��|> }�|m��, @ �f��| +o,

dqg
Su+g�| @ 3mZD> o, @ ��f� +f�|> ��|>}�|m��@, @ ��f�| +o,>

zkhuh }�| lv d yhfwru ri yduldeohv olnho| wr d�hfw zrun devhqfh1 �� dqg ��@
duh vwdwh ghshqghqfh sdudphwhuv1 Zh dvvxph d vlqjoh lqgh{ vshfl�fdwlrq dqg
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d orjlvwlf ixqfwlrqdo irup iru wkh kd}dugv1 Wkh kd}dug wr ohdyh zrun dqg zrun
devhqfh diwhu o wlph shulrgv lq wkhvh vwdwhv lv wkhq htxdo wr

�f��| +o, @
4

4 . h{s+�+d� . {�|�� . �,�,,
dqg ��f�| +o, @

4

4 . h{s+d� . {�|��@ . �,�@,
>

uhvshfwlyho|/ zkhuh {�|�� @ ��@.��f�|.#���|.}�|��> {�|��@ @ ��@.��@f�|.
#�@��| .}�|��@> �

,
� dqg �,�@> o @ 4> ===> W> duh sdudphwhuv wkdw ghvfulehv wkh gxud0

wlrq ghshqghqfh148 Doo wkh sdudphwhuv h{fhsw iru wkh xqrevhuyhg khwhurjhqhlw|
whup/ d�> duh doorzhg wr ghshqg rq wkh lqlwldo vwdwh1

Wkh iroorzlqj yduldeohv duh lqfoxghg lq }�|= lqglfdwru yduldeohv iru zhhngd|v
+Wxhvgd|v lv wdnhq dv d qxphudwru,> lqglfdwruv iru sxeolf krolgd|v +KR,49 dqg
iru gd|v ehwzhhq sxeolf krolgd|v dqg Vxqgd|v ru Vdwxugd|v +EK,> lqglfdwru ydul0
deohv iru hdfk prqwk ri wkh |hdu +Mdqxdu| lv wdnhq dv d qxphudwru,1 Lq dgglwlrq
wr wkhvh yduldeohv/ d yduldeoh phdvxulqj wkh orfdo xqhpsor|phqw udwh +XQHP, lv
lqfoxghg lq }�|1 Dv lv ghvfulehg lq wkh lqwurgxfwlrq/ wkh Vzhglvk hfrqrp| hqwhuhg
d uhfhvvlrq lq wkh vsulqj ri 4<<4 dqg wkh xqhpsor|phqw udwh lqfuhdvhg udslgo|1
Vhyhudo k|srwkhvl}hv derxw wkh uhodwlrqvkls ehwzhhq wkh xqhpsor|phqw udwh dqg
zrun devhqfh kdv ehhq vxjjhvwhg +vhh Eçfnpdq/ 4<<;/ iru dq ryhuylhz,1 Prvw
ri wkhvh k|srwkhvl}hv xvh dujxphqwv iurp wkh h!flhqf| zdjh olwhudwxuh1 Iroorz0
lqj iru h{dpsoh wkh prgho ri Vkdslur ) Vwljolw} +4<;7,/ d kljk xqhpsor|phqw
udwh zloo dfw dv d �zrunhu glvflsolqh ghylfh�1 Li d zrunhu lv fdxjkw vklunlqj dqg
glvplvvhg/ wkh zrunhu*v frvw ri �qglqj d qhz mre/ dqg frqvhtxhqwo| khu frvw ri
jhwwlqj glvplvvhg/ zloo eh kljkhu gxulqj wlphv ri kljk xqhpsor|phqw1 Vrph irup
ri zrun devhqfh fdq eh vhhq dv vklunlqj1

Wkh vshfl�fdwlrq ri vwdwh ghshqghqf| lv d lpsruwdqw dvshfw ri wklv prgho1
Zh eholhyh wkdw whpsrudu| fkdqjhv lq wkh zrunhu*v khdowk vwdwxv lv rqh ri wkh
pdlq ghwhuplqdqwv ri zrun devhqfh1 Wkh gd|0wr0gd| khdowk vwdwxv fdq ri frxuvh
qrw eh revhuyhg lq wkh gdwd dqg lv dovr olnho| wr fkdqjh vorzo| ryhu wlph1 Wkh
qrq0sdudphwulf dqdo|vlv +vhh Iljxuhv 614 dqg 615, vxjjhvw qrq prqrwrqlf gxudwlrq
ghshqghqfh iru wkh zrun devhqfh vshoov/ dw ohdvw vr iru wkh �uvw vhyhq gd|v/ zkhuhdv
lw vhhpv uhdvrqdeoh wr dvvxph wkdw �,� � 3 iru doo o1 Lw lv khqfh uhdvrqdeoh wr
vshfli| wkh �uvw vhyhq gd|v lq d zrun devhqfh vshoo xquhvwulfwhg dqg/ lq rughu wr
vdyh ghjuhhv ri iuhhgrp/ zh uhvwulfw wkh iroorzlqj gxudwlrq ghshqghqfh wr eh olqhdu/
l1h1 �,�@ @ ��@Gxu`�

�| > o @ ;> ===> W / zkhuh Gxu`�
�| @

S|3�
r'�

\r

&'�
g�c|3&> dqg

g�| @ 4 li lqglylgxdo l lv devhqw gd| w= Iru wkh zrun vshoov zh vlpso| dvvxph d olqhdu
vshfl�fdwlrq l1h1 �,� @ �Gxu`�

�| zkhuh Gxu`�| @
S|3�

r'�

\r

&'�
+4 � g�c|3&,> o @

4> ===> W=
Dqrwkhu lpsruwdqw dvshfw ri wkh prgho lv wkdw lw doorzv iru suhihuhqfh khwhur0

jhqhlw| wkurxjk wkh lqglylgxdo vshfl�f whup d�= Dv lv hylghqw iurp vhfwlrq 5 wkh
qhw zdjh/ wrjhwkhu zlwk wkh VL / ghwhuplqhv wkh lqglylgxdo*v frvw ri ehlqj devhqw1

48Phjklu ) Zklwhkrxvh +4<<:, xvh d prgho wkdw doorz iru gl�huhqw sdudphwhuv ghshqglqj rq
vwdwh zkhq prghoolqj oderu pdunhw wudqvlwlrqv iru roghu phq1

49Wkhuh duh derxw vhyhq sxeolf krolgd|v hdfk |hdu1
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Wkhuh duh dw ohdvw irxu uhdvrqv zk| xqrevhuyhg suhihuhqfh khwhurjhqhlw| pd| eh
fruuhodwhg zlwk wkh lqglylgxdo*v zdjh udwh1 Iluvw/ d zrunhu zlwk vwurqj suhihuhqfhv
iru zrun devhqfh pd| fkrrvh d mre wkdw doorzv khu wr eh devhqw iurp zrun wr wkh
frvw ri/ fhwhulv sdulexv/ d orzhu zdjh udwh +vhh h1j1 Doohq/ 4<;4,1 Vhfrqg/ vlqfh
mrev gl�hu lq wkh frvw ri devhqwhhlvp iru wkh hpsor|hu lw pd|/ wkxv/ eh sur�wdeoh
iru wkh hpsor|hu wr sd| vrph hpsor|hhv pruh/ l1h1 dq h!flhqf| zdjh/ lq rughu wr
holflw wkhp wr kdyh orz zrun devhqfh udwh +vhh h1j1/ Vkdslur dqg Vwljolw} +4<;7,>
Zlhvv +4<;8,,1 Wklug/ zkhq wkhuh lv hfrqrplf uhwxuqv wr rq0wkh0mre wudlqlqj wkhq
lqglylgxdov zlwk vwurqj suhihuhqfhv iru zrun devhqfh zloo/ hyhu|wklqj hovh htxdo/
hduq ohvv1 Dqg odvw/ lw lv d zhoo nqrzq hpslulfdo idfw wkdw zrunhuv zlwk edg khdowk
rq dyhudjh kdyh d kljkhu zrun devhqfh udwh wkdq zrunhuv zlwkrxw khdowk sureohpv
+vhh h1j1 Eurvwuùp hw do1/ 4<<;,1 Iru vrph mrev/ lw lv uhdvrqdeoh wr dvvxph wkdw
zrunhuv zlwk edg khdowk duh ohvv surgxfwlyh dqg wkhuhiruh hduq ohvv wkdq zrunhuv
zlwk jrrg khdowk vwdwxv14:

Li dw ohdvw rqh ri wkhvh dujxphqwv dssolhv hpslulfdoo|/ qrw frqwuroolqj iru xq0
revhuyhg khwhurjhqhlw| zloo fuhdwh d vsxulrxv fruuhodwlrq ehwzhhq f dqg � dqg
zrun devhqfh/ dv zrunhuv zlwk kljkhu zdjh udwhv/ rq dyhudjh/ kdyh kljkhu frvwv
ri ehlqj devhqw iurp zrun1 Vlqfh wkh pdlq remhfwlyh ri wklv vwxg| lv wr vwxg|
wkh srolf| lpsolfdwlrqv ri fkdqjlqj wkh frpshqvdwlrq ohyho lq wkh VL lw lv ri juhdw
lpsruwdqfh wr frqwuro iru h�hfwv ri xqrevhuyhg khwhurjhqhlw| xvlqj d �{hg/ udwkhu
wkdq udqgrp/ h�hfwv dssurdfk14;

Wkh prghov duh hvwlpdwhg xvlqj pd{lpxp olnholkrrg +PO,1 Wkh orj0olnholkrrg
duh htxdo wr
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zkhuh ����| +o, @ 4 � ��f�| +o, dqg �ff�| +o, @ 4 � �f��| +o,= Vlqfh zh kdyh vwdwh ghshq0
ghqw lqwhufhswv/ d� dqg ��@> wkh sdudphwhuv duh hvwlpdwhg/ xqghu wkh uhvwulfwlrqS?

�'� d� @ 3=4<

81 Uhvxowv

Wklv vhfwlrq uhsruwv wkh uhvxowv1 Wkh �uvw vxevhfwlrq suhvhqwv dqg glvfxvvhv wkh
sdudphwhu hvwlpdwhv1 Wkh vhfrqg vxevhfwlrq uhsruwv wkh uhvxow zkhq wkh prgho
lv xvhg iru vlpxodwlqj d srolf| fkdqjhv1

4:Wkh uhodwlrq ehwzhhq zdjhv dqg devhqwhhlvp kdv ehhq vwxglhg lq vhyhudo wkhruhwlfdo dv zhoo
dv hpslulfdo vwxglhv +vhh Eurzq dqg Vhvvlrqv/ 4<<9/ iru dq ryhuylhz,1

4;Qrwh wkdw wkh �{hg h�hfwv prgho hvwlpdwru lv frqvlvwhqw +li A < ", lq d prgho zlwk vwdwh
dqg gxudwlrq ghshqghqfh dqg xqnqrzq lqlwldo vwdwh +vhh h1j1 Khfnpdq/ 4<;4,1

4<Vwdqgdug huuruv duh fdofxodwhg iurp wkh qhjdwlyh ri wkh lqyhuvh Khvvldq1
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8141 Sdudphwhu Hvwlpdwhv dqg Vdpsoh Khwhurjhqhlw|

Wdeohv 814 dqg 815 vkrzv wkh hvwlpdwhv iru wkh pdoh dqg ihpdoh vxevdpsohv/ uh0
vshfwlyho|1 Lq rughu wr vdyh vsdfh/ wkh sdudphwhu hvwlpdwhv iru wkh lqglfdwru
yduldeohv iru zhhngd| dqg prqwk ri wkh |hdu duh h{foxghg iurp wkh wdeohv1 Krz0
hyhu/ wkh sdudphwhu hvwlpdwhv iru wkhvh yduldeohv duh yhu| pxfk lq olqh zlwk zkdw
fdq eh h{shfwhg iurp wkh ghvfulswlyh vwdwlvwlfv suhvhqwhg lq Vhfwlrq 6161

Li gxudwlrq ghshqghqfh lv suhvhqw iru hlwkhu zrun ru zrun devhqfh vshoov/ wkh
vdpsoh qhhgv wr eh uhvwulfwhg wr qrq ohiw fhqvruhg revhuydwlrqv1 Wklv phdqv wkdw
wkh �uvw vwhs lq wkh hvwlpdwlrq ri wkh prgho lv wr whvw iru gxudwlrq ghshqghqfh lq
hdfk vxevdpsoh1 Wr gr wklv/ zh �uvw hvwlpdwh wkh prgho zlwkrxw ohiw fhqvruhg zrun
dqg zrun devhqfh vshoov1 Iru zrun devhqfh vshoov/ gxudwlrq ghshqghqfh lv suhvhqw
lq doo vxejurxsv dqg/ frqvhtxhqwo|/ wkh ohiw fhqvruhg zrun devhqfh vshoov zhuh
ohiw rxw1 Iru wkh zrun vshoov/ wkh vlwxdwlrq lv ohvv reylrxv1 Wkh k|srwkhvlv ri qr
gxudwlrq ghshqghqfh iru wkh zrun vshoov +� @ 3,/ lv whvwhg zlwk dq ruglqdu| Zdog
whvw1 D vpdoo qhjdwlyh gxudwlrq ghshqghqfh lq wkh zrun vwdwh lv irxqg lq wkuhh
vxe0jurxsv= pdohv djhg 5305< +w @ �5=69, dqg ihpdohv djhg 5305< +w @ �6=<7, dqg
6306< +w @ �6=7<,= Iru wkh rwkhu vxejurxsv wkh prgho lv uhhvwlpdwhg/ lqfoxglqj
dovr wkh ohiw0fhqvruhg zrun vshoov153

Wkh sdudphwhu hvwlpdwhv ri wkh gxudwlrq ghshqghqfh lq wkh zrun devhqfh vwdwh
duh yhu| vlplodu lq wkh gl�huhqw vxejurxsv1 Lq jhqhudo/ wkh sdudphwhu hvwlpdwhv ri
wkh vhyhq lqglfdwru yduldeohv duh vljql�fdqwo| qhjdwlyh zlwk wkh odujhvw sdudphwhu
lq devroxwh ydoxh iru wkh vhyhqwk gd|/ zkloh wkh sdudphwhu hvwlpdwhv ri wkh olqhdu
frpsrqhqw duh srvlwlyh/ dowkrxjk qrw vljql�fdqwo| vr iru doo vxejurxsv1 Wkh
lqwhusuhwdwlrq ri wklv sdwwhuq lv wkdw wkh zrunhuv duh pruh olnho| wr uhwxuq wr
zrun jlyhq wkdw wkh| kdyh ehhq lq wkh zrun devhqfh vshoo ohvv wkdq vhyhq gd|v1
Diwhu wkdw/ wkh| duh ohvv olnho| wr uhwxuq wr zrun/ zlwk dq lqfuhdvlqj gxudwlrq lq
zrun devhqfh dv d frqvhtxhqfh1

Vhfwlrq 7 vwuhvvhg wkh lpsruwdqfh ri frqvlghulqj suhihuhqfh khwhurjhqhlw|
zkhq prgholqj zrun devhqfh ehkdylru1 Zkhq vwxg|lqj wkh hvwlpdwlrq uhvxowv/
wzr txhvwlrqv lv ri lqwhuhvw1 Iluvw ri doo/ fdq suhihuhqfh khwhurjhqhlw| eh revhuyhgB
Li vr/ grhv lw d�hfw wkh sdudphwhu hvwlpdwhv ri wkh rwkhu lqfoxghg yduldeohv/ l1h1
lv wkh xqrevhuyhg khwhurjhqhlw| fruuhodwhg zlwk wkh lqghshqghqw yduldeohvB

Wdeohv D4 dqg D5 lq wkh Dsshqgl{ frqwdlqv hvwlpdwhv fruuhvsrqglqj wr wkrvh
ri Wdeohv 814 dqg 815 zkhq �{hg h�hfwv duh qrw lqfoxghg lq wkh prgho1 Shuiruplqj
olnholkrrg udwlr whvwv wkh uhvwulfwhg prghov duh irufhixoo| uhmhfwhg iru doo vxejurxsv1
Iljxuh 814 vkrzv nhuqho hvwlpdwhv ri wkh glvwulexwlrq ri wkh �{hg h�hfwv iru wkh
hljkw gl�huhqw vxe0vdpsohv1 Wkh hvwlpdwhg khwhurjhqhlw| lv uhodwlyho| odujh/ zlwk
d khdy| ohiw wdlo/ iru wkh |rxqjhvw djh jurxsv iru erwk ihpdohv dqg pdohv dv zhoo
dv iru wkh djh jurxs 6306< iru wkh ihpdohv1 Wkh glvwulexwlrq ri wkh �{hg h�hfwv
duh forvh wr eh v|pphwulf lq wkh rwkhu �yh vxe jurxsv1 D srvvleoh h{sodqdwlrq wr

53Iru pdohv 6306</ 7307< dqg 83098 zh jhw | ' 3�.ec �Hb dqg 3�H2c uhvshfwlyho|1 Iru ihpdohv
7307< dqg 83098/ | ' 3�S2 dqg 3�S�c uhvshfwlyho|1
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Wdeoh 814= Sdudphwhu hvwlpdwhv iru wkh pdoh vxe0vdpsohv +Q @ 967,1

Djh 5305< 6306< 7307< 83098eq eq*req eq eq*req eq eq*req eq eq*req
Zrun

k� 0719: 0<184 071<6 04913: 07145 044166 07143 0<165
S2�� Ef�f2� 03135 05167 03138 08167 03137 0714: 03137 061<8
>2�� 3138 31<7 3135 3197 0313< 041;3 0313< 04189
L�.� 3136 316: 3165 7173 3144 417; 3156 51::
M� 041;5 08197 0418; 071<3 041:< 07198 04149 061:6
�M 0419: 051;8 0416; 05169 03163 031;3 04135 041:6
b Ef�f2� 031<4 0516:

Zrun devhqfh
k�@ 31:3 416: 4184 61<8 5158 8173 4187 6138
S2��@ 03137 061;; 0313; 091<7 0313; 08188 03139 08147
>2��@ Ef�f2� 3144 41<; 3133 3143 0313: 0416; 313; 4169
L�.� 314< 6136 3163 7176 3156 614; 316< 8153
M� 03158 04144 0316< 04188 03186 041<< 03158 031<6
�M 3133 3133 3133 3133 4166 4157 3145 314<
b��@ 3145 31:7 0314< 0413: 03153 04137 03165 04199
b2�@ 031:< 08135 031;: 071<< 031:< 0714: 03155 04144
b��@ 03185 06153 03186 051<6 031:< 07144 031<6 08145
be�@ 03199 061;4 031<3 071<5 031:5 0617; 0317< 0516:
bD�@ 031:8 07158 031:7 061;: 04155 09153 04164 0:145
bS�@ 03189 05196 03188 05158 031<< 0714: 031;6 06183
b.�@ 041:: 0<179 041<6 0<1<6 05169 044149 05159 0441:;
b�@ Ef�f2� 4186 7133 4133 613< 31:< 51:7 4146 71;;
Qrwh= S lv wkh frvw ri ehlqj devhqw> > lv wkh yluwxdo lqfrph> M� lv wkh
sdudphwhu iru wkh sxeolf krolgd|> �M lv wkh sdudphwhu iru gd|v ehwzhhq
sxeolf krolgd|v dqg Vxqgd|v ru Vdwxugd|v> L�.� lv wkh sdudphwhu iru
wkh orfdo xqhpsor|phqw udwh> b lv wkh sdudphwhu iru olqhdu gxudwlrq>
b��@ m@4111: duh wkh sdudphwhuv iru wkh gxudwlrq lq zrun devhqfh iru
gd| 4 0 :> b�@ lv wkh olqhdu gxudwlrq ghshqghqfh lq zrun devhqfh iru gd|v
; dq rqzdugv> dovr d zhhngd| idfwru dqg d prqwko| idfwru duh lqfoxghg
lq wkh hvwlpdwlrq/ exw h{foxghg iurp wkh wdeoh1
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Wdeoh 815= Sdudphwhu hvwlpdwhv iru wkh ihpdoh vxe0vdpsohv +Q @ 8<3,1

Djh 5305< 6306< 7307< 83098eq eq*req eq eq*req eq eq*req eq eq*req
Zrun

k� 0715; 043176 07188 05195 08154 04;174 07177 0491;8
S2�� 03135 0514; 0313: 081<8 03136 061<9 03135 051;:
>2�� Ef�f2� 313< 419: 03138 04155 313; 5176 03134 03198
L�.� 03133 0313< 316: 714< 3158 6193 3146 419:
M� 05156 071<6 04148 061:5 05169 08156 04188 07136
�M 031:; 041:3 03193 04163 0314: 03188 04134 041:4
b Ef�f2� 04175 061<7 0416< 0617<

Zrun devhqfh
k�@ 31<: 5146 4159 31:5 415: 61;< 51;6 ;137
S*��@ 03137 06187 03139 07193 03138 071:3 03139 08189
>2��@ Ef�f2� 314< 615: 3145 5177 313; 5173 03136 0414;
L�.� 315; 61:: 3158 6159 3165 8148 3169 71;3
M� 03153 031<3 03189 05166 03183 05169 0313: 03158
�M 0316< 031:5 3158 3173 0313; 0314: 031:: 041;5
b��@ 04135 081<: 031;9 08136 04139 0:139 04156 091<6
b2�@ 04174 0;14; 04166 0:1<4 04145 0:156 0416; 0:1:<
b��@ 04168 0:18< 04153 091:: 031<: 09136 0416< 0:17:
be�@ 04139 0816; 04145 081;3 031;4 07179 04136 071;6
bD�@ 04187 0:1;7 04185 0;144 04164 0:1;7 0414: 0817;
bS�@ 031:5 051:8 04139 0716< 04135 071:; 04164 08175
b.�@ 041<; 0<148 041<6 0<163 041:5 0<155 041<: 0<154
b�@Ef�f2� 31;8 6143 317< 516; 31<4 713: 3198 6169
Qrwh= S lv wkh frvw ri ehlqj devhqw> > lv wkh yluwxdo lqfrph> M� lv wkh
sdudphwhu iru wkh sxeolf krolgd|> �M lv wkh sdudphwhu iru gd|v ehwzhhq
sxeolf krolgd|v dqg Vxqgd|v ru Vdwxugd|v> L�.� lv wkh sdudphwhu iru
wkh orfdo xqhpsor|phqw udwh> b lv wkh sdudphwhu iru olqhdu gxudwlrq>
b��@ m@4111: duh wkh sdudphwhuv iru wkh gxudwlrq lq zrun devhqfh iru
gd| 4 0 :> b�@ lv wkh olqhdu gxudwlrq ghshqghqfh lq zrun devhqfh iru gd|v
; dq rqzdugv> dovr d zhhngd| idfwru dqg d prqwko| idfwru duh lqfoxghg
lq wkh hvwlpdwlrq/ exw h{foxghg iurp wkh wdeoh1
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Iljxuh 814= Nhuqho ghqvlw| +Jdxvvldq zlwk edqgzlwk 318, hvwlpdwhv ri wkh glvwul0
exwlrq ri wkh �{hg h�hfwv lq wkh pdoh +�uvw froxpq, dqg ihpdoh +vhfrqg froxpq,
vxe0vdpsohv e| gl�huhqw djh0jurxsv1 Iluvw urz= djh jurxs 83098> vhfrqg urz= djh
jurxs 7307<> wklug urz= djh jurxs 6306<> irxuwk urz= djhg 5305<1

wkh orzhu khwhurjhqhlw| irxqg lq wkh roghu djh jurxsv lv wkdw zrunhuv zlwk edg
khdowk +dqg2ru kljk suhihuhqfhv iru ehlqj devhqw, pd| kdyh ohiw wkh oderu irufh
ehiruh uhdfklqj wkh roghvw djh jurxs1

Wkh sdudphwhu hvwlpdwh iru wkh frvw yduldeoh lv/ dv h{shfwhg/ vljql�fdqwo| qhj0
dwlyh lq doo vxejurxsv1 Wklv lv wuxh/ frqglwlrqdo rq erwk vwdwhv1 Wkhvh uhvxowv duh
frqvlvwhqw zlwk wkhru|/ exw frqwudglfwru| wr zkdw zdv vhhq xvlqj NP hvwlpdwru lq
Vhfwlrq 6/ zkhuh/ zh irxqg qr h�hfw ri wkh VL uhirup rq wkh gxudwlrq lq zrun de0
vhqfh1 Dq h{sodqdwlrq iru wklv vhhplqjo| frqwudglfwru| uhvxow fdq eh irxqg lq wkh
fkdqjh ri wkh frpsrvlwlrq ri zrun devhqfh vshoov diwhu wkh uhirup1 Wkh lqglylg0
xdov zlwk uhodwlyho| orz +kljk, lqflghqfh wr eh devhqw iurp zrun duh wkh vdph dv
wkrvh zlwk uhodwlyho| vkruw +orqj, zrun devhqfh vshoov1 Wklv lv dq lpsolflw ihdwxuh
ri wkh vljql�fdqw lqglylgxdo h�hfwv1 Diwhu wkh uhirup/ wkh lqflghqfh ri zrun de0
vhqfh vshoov ghfuhdvhg1 Wklv ghfuhdvh lpsolhg wkdw lqglylgxdov zlwk orz lqflghqfh
ri ehlqj devhqw/ l1h1 zlwk ihz devhqfh vshoov ghfuhdvhg wkhlu qxpehu ri vshoov diwhu
wkh uhirup1 Ixuwkhupruh/ wkh lqglylgxdov zlwk uhodwlyho| kljk lqflghqfh dqg orqj
zrun devhqfh vshoov vkruwhqhg wkhlu wlph lq zrun devhqfh1 Frqvhtxhqwldoo| wkh
kd}dug udwh lq zrun devhqfh vhhphg wr eh xqd�hfwhg1 Krzhyhu/ wkh hfrqrphwulf
prgho lv deoh wr glvwlqjxlvk wkhvh wzr h�hfwv1

Wkh sdudphwhu hvwlpdwhv ri #� +yluwxdo lqfrph lq wkh zrun vwdwh, duh jhqhudoo|
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lqvljql�fdqwo| gl�huhqw iurp }hur +rqh h{fhswlrq lv iru wkh ihpdohv djhg 7307<,1
Lq wkh zrun devhqfh vwdwh/ wkh hvwlpdwhv ri #�@ duh/ dv h{shfwhg/ srvlwlyh dqg
vljql�fdqwo| gl�huhqw iurp }hur lq irxu ri wkh vxevdpsohv +wkh wkuhh |rxqjhvw
ihpdoh djh0jurxsv dqg wkh |rxqjhvw pdoh jurxs, dqg lqvljql�fdqwo| gl�huhqw iurp
}hur lq wkh rwkhu vxevdpsohv1 Wkh iuhtxhqw lqvljql�fdqw sdudphwhu hvwlpdwhv
uh hfw wkh idfw wkdw wkhvh sdudphwhu duh hvwlpdwhg zlwk uhodwlyho| orz suhflvlrq1
Dq h{sodqdwlrq pd|/ dv lv glvfxvvhg lq Vhfwlrq 6/ eh wkh gl!fxowlhv lq phdvxulqj
lqfrph1

Duh wkh sdudphwhu hvwlpdwhv ri wkh frvw dqg lqfrph yduldeohv d�hfwhg e| xq0
revhuyhg khwhurjhqhlw|B Li zh gr qrw fruuhfw iru xqrevhuyhg khwhurjhqhlw| wkhq
zh zrxog h{shfw wkh sdudphwhu hvwlpdwhv iru wkh frvw yduldeoh +e�� dqg e��@, wr eh
odujhu lq devroxwh ydoxh1 Frpsdulqj wkh pdjqlwxgh ri wkh sdudphwhu hvwlpdwhv
zlwk dqg zlwkrxw frqvlghudwlrq ri xqrevhuyhg khwhurjhqhlw| lq glvfuhwh fkrlfh
uhjuhvvlrq prghov pd| qrw eh xvhixo krzhyhu/ vlqfh wkh odujhu wkh xqh{sodlqhg
yduldqfh lq d vwuxfwxudo prgho/ fhwhulv sdulexv/ zloo ghfuhdvh wkh hvwlpdwhg hi0
ihfw154Iru #� dqg #�@ lw lv olnho| wr eh wzr h�hfwv zrunlqj lq gl�huhqw gluhfwlrqv1
Rqh d�hfw dulvlqj iurp ghshqghqfh zlwk wkh qrq0oderu lqfrph/ U> dqg wkh rwkhu
iurp ghshqghqfh zlwk wkh zdjh udwh/ z= Iroorzlqj wkh glvfxvvlrq lq Vhfwlrq 7/
zh h{shfw wkh fruuhodwlrqv wr eh srvlwlyh dqg qhjdwlyh/ uhvshfwlyho|1 Khqfh/ qrw
frqwuroolqj iru khwhurjhqhlw| pljkw fkdqjh wkh vljq ri #� dqg #�@> gxh wr wkh
qhjdwlyh fruuhodwlrq ehwzhhq wkh khwhurjhqhlw| dqg zdjh1 Frpsdulqj wkh sdudp0
hwhu hvwlpdwhv vkrzq lq Wdeohv 814 dqg 815 zlwk wkrvh lq Wdeohv D4 dqg D5 vrph
gl�huhqfhv ehwzhhq wkh wzr vhwv ri sdudphwhu hvwlpdwhv +e#� dqg e#�@, fdq eh
irxqg1 Dv qrwhg deryh/ wkh sdudphwhu hvwlpdwhv iru wkh yluwxdo lqfrph yduldeoh
iurp wkh �{hg h�hfw prgho duh riwhq srvlwlyh dqg qhyhu vljql�fdqwo| qhjdwlyh1 Lq
wkh prgho zlwkrxw �{hg h�hfw wkh hvwlpdwhv duh prvw riwhq qhjdwlyh dv zhoo dv
vljql�fdqw rq vhyhudo rffdvlrqv1 Lq rqh vxe vdpsoh/ phq djhg 5305</ #�@ @ 3=38
dqg #� @ 3=44 +w @ 4=<;, zkhuhdv zkhq zh gr qrw frqwuro iru khwhurjhqhlw|/
#�@ @ �3=36 dqg #� @ �3=3; +w @ �6=88,> l1h1 wkh sdudphwhu hvwlpdwhv fkdqjhg
vljqv vljql�fdqwo| ehwzhhq wkh wzr vshfl�fdwlrqv1

Dqrwkhu zd| ri vwxg|lqj wkh srwhqwldo h�hfw ri xqrevhuyhg khwhurjhqhlw| lv
wkurxjk wkh vdpsoh fruuhodwlrq ehwzhhq wkh lqfoxghg yduldeohv dqg wkh hvwlpdwhg
�{hg h�hfwv1 Wdeoh 816 vkrzv wkdw wkh srlqw hvwlpdwhv ri wkh fruuhodwlrq ehwzhhq
wkh zdjh udwh lq 4<;<55 dqg wkh hvwlpdwhg �{hg h�hfwv duh/ dv h{shfwhg/ qhjdwlyh/
dowkrxjk qrw vljql�fdqwo| gl�huhqw iurp }hur/ lq doo vxe vdpsohv h{fhsw ihpdohv
djhg 83098156 Wkh kljkhvw srlqw hvwlpdwh ri wkh fruuhodwlrq/ lq devroxwh ydoxh/

54Dvvxph wkh iroorzlqj vwdwh vshfl�f xwlolw| vshfl�fdwlrq=

��|E,� ' @� n  �|�& n b,
& n 0�|c & ' �@c�c

zkhuh T @oE0�|� ' j2� Zh fdq rqo| hvwlpdwh �& xs wr vfdoh l1h1/ �&*j� Uhprylqj wkh �{ h�hfw/
@�c zloo lqfuhdvh j2 dqg khqfh uhgxfh �&*j�

55Wklv |hdu*v zdjh udwhv duh xvhg vlqfh wkh 4<<3 dqg 4<<4 zdjh udwhv duh xvhg lq wkh hvwlpdwlrq1
56Wkh whvw vwdwlvwlf lv glvwulexwhg dv Vwxghqw*v | li wkh zdjh udwh dqg wkh �{ h�hfwv duh elyduldwh

qrupdo1 Zh xvh wkh +qdwxudo, orjdulwkp ri wkh zdjh udwh dqg wkh lqglylgxdo �{hg h�hfwv lq wkh
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Wdeoh 816= Hvwpdwhg fruuhdowlrqv ehwzhhq wkh +qdwxudo, orjdulwkp ri wkh zdjh
udwh +lq 4<;<, dqg wkh hvwlpdwhg �{ h�hfwv1

Djh Pdohv Ihpdohve4 | e4 |

2f3 2b 3��f 3���f 3�fe 3�eH
�f3 �b 3�fb 3���� 3�f� 3��.
ef3 eb 3�f. 3�be 3�ff 3�fe
Df3 SD 3�fS 3�S. �fD �Se

Qrwh= | ' e4 �E�3e42�*E? 3 2�
�
3�*2

lv irxqg lq wkh vxevdpsoh ri phq djhg 5305<1 Lq wklv jurxs/ dv qrwhg deryh/ lw
zdv dovr irxqg wkdw frqwuroolqj iru xqrevhuyhg khwhurjhqhlw| dfwxdoo| fkdqjhg wkh
hvwlpdwhg vljqv ri wkh sdudphwhuv iru yluwxdo lqfrph +#� dqg #�@, =

Wkh sdudphwhu hvwlpdwhv ri wkh orfdo xqhpsor|phqw udwh yduldeoh duh lq jhq0
hudo vljql�fdqwo| srvlwlyh lq doo vxe0jurxsv dqg lq wkh zrun dv zhoo dv lq wkh zrun
devhqfh vwdwh1 Wkh h�hfw vhhpv wr eh vrphzkdw vwurqjhu lq wkh zrun devhqfh
vwdwh1 Wkhvh uhvxowv duh frqwudu| wr zkdw lv h{shfwhg iurp wkh h!flhqf| zdjh k|0
srwkhvlv +vhh h1j1 Vkdslur dqg Vwljolw}/ 4<;7, wkdw suhglfwv d qhjdwlyh fruuhodwlrq
ehwzhhq devhqwhhlvp dqg xqhpsor|phqw udwh157 Lw lv dovr gl�huhqw iurp zkdw kdv
ehhq rewdlqhg lq prvw hpslulfdo vwxglhv +vhh Gudjr ) Zrrghq/ 4<<5> Mrkdqvvrq
) Sdoph/ 4<<9> Odqwwr ) Olqgeorp/ 4<;:,/ dowkrxjk wkhuh duh vrph h{fhswlrqv
+vhh Eçfnpdq/ 4<<;,1

Li wkhvh uhvxowv duh frpsduhg wr wkrvh rewdlqhg iurp wkh prgho zlwkrxw �{hg
h�hfwv +vhh Wdeohv D4 dqg D5 lq wkh Dsshqgl{,/ lw fdq eh vhhq wkdw wkh uhvxow
fkdqjhv udglfdoo|= wkh sdudphwhu hvwlpdwhv duh lq jhqhudo lqvljql�fdqwo| gl�huhqw
iurp }hur1 Lq vrph vxejurxsv/ sduwlfxoduo| lq wkh zrun vwdwh iru wkh ihpdoh vxe0
jurxsv/ wkh sdudphwhu hvwlpdwhv dfwxdoo| fkdqjh vljq wr eh vljql�fdqwo| qhjdwlyh1
Dv prvw hpslulfdo vwxglhv gr qrw frqwuro iru suhihuhqfh khwhurjhqhlw|/ wkhvh uh0
vxowv fdq jlyh vrph jxlgdqfh wr zk| zh jhw gl�huhqw uhvxowv frpsduhg wr suhylrxv
hpslulfdo vwxglhv1

Wkhuh duh uhdvrqv dv wr zk| zh pd| revhuyh d vsxulrxv uhodwlrq ehwzhhq zrun
devhqfh dqg xqhpsor|phqw1 Lw lv d zhoo nqrzq idfw wkdw zrun devhqfh lv orzhu lq
vpdoo frppxqlwlhv lq jhqhudo dqg lq �upv zlwk ihz hpsor|hhv lq sduwlfxodu/ gxh wr
d pruh h{whqvlyh vrfldo frqwuro +VDI/ 4<;9,1 Wkh xqhpsor|phqw udwh lq Vzhghq/
dqg lq prvw rwkhu frxqwulhv/ lv lq jhqhudo kljkhu lq vpdoo frppxqlwlhv1 Wkhvh
wzr xquhodwhg surshuwlhv pd| kdyh pdgh xs wkh suhylrxvo| revhuyhg qhjdwlyh
fruuhodwlrq ehwzhhq zrun devhqfh dqg xqhpsor|phqw1

Wkhuh duh dw ohdvw wzr h{sodqdwlrqv wr zk| zh pd| revhuyh d srvlwlyh sd0

fdofxodwlrq1 Wkh uhvxowv duh uxexvw wr gl�huhqw wudqvirupdwlrqv ri wkh lqfoxghg yduldeohv1
57D kljk xqhpsor|phqw udwh zloo zrun dv d zrunhu glvflsolqh ghylfh1 Li wkh zrunhu lv fdxjkw

vklunlqj dqg glvplvvhg gxulqj wlphv ri kljk xqhpsor|phqw udwh/ wkh zrunhu*v frvw ri �qglqj d
qhz mre/ dqg wkhuhe| ri jhwwlqj glvplvvhg/ zloo eh kljkhu wkdq lw rwkhuzlvh zrxog kdyh ehhq1
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udphwhu hvwlpdwh iru wkh orfdo xqhpsor|phqw udwh yduldeoh1 Iluvw/ dq lqfuhdvhg
xqhpsor|phqw udwh pd| fuhdwh hfrqrplf vwuhvv wkdw pd| eh gdpdjlqj iru wkh
khdowk +vhh Ydkwhud/ Nlylpçnl dqg Shqwwl/ 4<<:,1 Wklv/ lq wxuq/ pd| ohdg wr d
kljkhu udwh ri zrun devhqfh1 Vhfrqg/ zkhq djjuhjdwh ghpdqg ghfuhdvhv dw wkh
ehjlqqlqj ri d uhfhvvlrq/ �upv zloo wu| wr od|r� wkhlu zrunhuv udwkhu wkdq shupd0
qhqwo| glvplvv wkhp li wkh| h{shfw wkh ghpdqg wr lqfuhdvh djdlq odwhu rq1 Lw lv/
ri frxuvh/ fkhdshu iru wkh �up li wkh odlg r� zrunhuv fodlp vlfnqhvv ehqh�wv frp0
sduhg wr jhwwlqj sdlg iurp wkh �up1 Wkhuh lv dqhfgrwdo hylghqfh wkdw hpsor|huv
pd| lq idfw xujh wkhlu hpsor|hhv wr gr vr1 Li wklv lv wkh fdvh/ zh pd| dovr revhuyh
d srvlwlyh fruuhodwlrq ehwzhhq xqhpsor|phqw dqg zrun devhqfh lq wkh ehjlqqlqj
ri d uhfhvvlrq/ zkhq wkh xqhpsor|phqw udwh lv lqfuhdvlqj1

Ilqdoo|/ wkh sdudphwhu hvwlpdwhv iru wkh sxeolf krolgd| lqglfdwru yduldeoh/KR>
dv zhoo dv wkh lqglfdwru iru gd| ehwzhhq sxeolf krolgd| dqg zhhnhqg/ EK> jlyh qr
vxssruw wr wkh dqhfgrwdo hylghqfh rq dq lqfuhdvhg xvh ri wkh VL rq gd|v ehwzhhq
sxeolf krolgd|v dqg zhhnhqgv1 Wkh sdudphwhu hvwlpdwhv iruEK lv dozd|v qhjdwlyh
zkhq d lqglylgxdo lv lq wkh zrun vwdwh/ krzhyhu rqo| vljql�fdqwo| vr iru wkh pdohv
lq djh jurxs 5305< dqg 6306<1

8151 Srolf| Vlpxodwlrq

Lq rughu wr hydoxdwh wkh hvwlpdwhg prgho/ zh zloo xvh wkh prgho wr vlpxodwh wkh
h�hfwv rq zrun devhqfh ri wkh uhirup ri VL lq Pdufk 4<<41 Wkh suredelolw| wr
vwd| lq zrun dqg zrun devhqfh iru dq lqglylgxdo zkr kdyh ehhq lq hlwkhu ri wkhvh
vwdwhv iru o shulrg lv

�ff�| +o, @
4

4 . h{s+d� . {�|�� . �,�,
dqg ����| +o, @

4

4 . h{s+�d� � {�|��@ � �,�@,
>

uhvshfwlyho|1 Wkh vxuylydo ixqfwlrq iru d zrun dqg zrun devhqfh vshoo xs wr wlph
shulrg � lv wkhq

Vff�� @
�\

,'�

�ff�| +o, dqg V���� @
�\

,'�

����| +o,=

Vlqfh wkh vxuylydo ixqfwlrqv ghshqgv rq {�|> zh dvvxph wkdw wkh vshoo vwduwv rq
Mdqxdu| 4/ 4<<4 dqg xvh wkh zdjh dqg qrq0oderu lqfrph lq 4<<4 iru wkh lqgl0
ylgxdov1 Wkh vxuylydo ixqfwlrqv duh fdofxodwhg zlwk frvw/ f� @ +4 � �,,z�> dqg
yluwxdo lqfrph/ �� @ U� . �,k

W

�
z�> zkhuh �, @ 3=68> 3=53 dqg 3=43 ghshqglqj rq

wkh vshoo ohqjwk lq zrun devhqfh diwhu wkh uhirup dqg �, @ 3=4 iru doo o ehiruh
wkh uhirup1 Wkh vxuylydo ixqfwlrq iru d zrun ru zrun devhqfh vshoo xs wr wlph
shulrg � lv fdofxodwhg dw wkh dyhudjh ri wkh lqglylgxdov vxuylydo ixqfwlrqv/ khqfh
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Iljxuhv 815 dqg 816 vkrz wkh uhvxowv ri wkh vlpxodwlrqv rq wkh zrun dqg zrun
devhqfh vshoov/ uhvshfwlyho|1 Wkh prvw qrwlfhdeoh zlwk Iljxuh 815 lv wkh uhvhp0
eodqfh zlwk wkh NP hvwlpdwhv vkrzq lq Iljxuh 6141 Wkh h�hfw ri wkh uhirup fkdqjh
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Work to work-absence

Iljxuh 815= Wkh phdq vxuylydo ixqfwlrq lq zrun iru wkh lqglylgxdov lq wkh hljkw
vxe0jurxsv1 +Wkh vshoo vwduwv lq Mdqxdu| 4/ 4<<4,

lv yhu| vlplodu wr wkh NP hvwlpdwhv lq doo djh jurxsv h{fhsw iru wkh djh0jurxs
6306</ +erwk jhqghuv, zkhuh wkh fkdqjh lq wkh uhirup jlyhv d odujhu h�hfw wkdq
lq Iljxuh 6141 Wkh uhdvrq iru wklv pd| eh wkh uhodwlyho| odujh srvlwlyh sdudphwhu
hvwlpdwh irxqg iru wkh xqhpsor|phqw udwh iru wkhvh wzr jurxsv1

Wxuqlqj wr wkh suhglfwlrqv ri wkh zrun devhqfh vshoov vkrzq lq Iljxuh 816
d txlwh odujh gl�huhqfh dv frpsduhg zlwk wkh NP hvwlpdwhv lq Iljxuh 615 fdq
eh vhhq1 Iluvw/ wkh ryhudoo suhglfwlrqv iru wkh zrun devhqfh vshoov duh lqihulru
frpsduhg wr wkh suhglfwlrqv ri wkh zrun vshoov1 Wkh h�hfw ri wkh VL uhirup lv
odujhu wkdq wkdw vhhq lq Iljxuh 6151 Wklv gl�huhqfh fdq eh dwwulexwhg wr wkh
qhjdwlyh sdudphwhu hvwlpdwh iru wkh frvw sdudphwhu glvfxvvhg deryh1

Frpsdulqj wkh uhvxowv lq wkh gl�huhqw vxevdpsohv/ lw fdq eh vhhq iurp Iljxuh
816 wkdw wkh prgho suhglfwv wkh jhqhudo sdwwhuq ri dq ghfuhdvlqj kd}dug zlwk djh
yhu| zhoo1 Wkh vlpxodwlrq vkrzv wkdw wkh h�hfw ri wkh uhirup rq zrun devhqfh
vshoov lv odujhvw lq wkh roghvw djh jurxs1 Dw ohdvw d sduw ri wkh h{sodqdwlrq iru
wklv gl�huhqfh lv gxh wr hfrqrplf lqfhqwlyhv wkurxjk orzhu frvw ri ehlqj devhqw
iurp zrun +gxh wr orzhu zdjh udwhv, dqg orzhu qrq0oderu lqfrph shuwdlqlqj wr
wkh |rxqjhu djh jurxsv1
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Iljxuh 816= Wkh phdq vxuylydo ixqfwlrq lq zrun devhqfh iru wkh lqglylgxdov lq wkh
hljkw vxe0jurxsv1 +Wkh vshoo vwduwv lq Mdqxdu| 4/ 4<<4,

91 Frqfoxvlrqv

Wr frqfoxgh/ ohw xv glvfxvv wzr lvvxhv zklfk/ dv zh vhh lw/ duh ri fhqwudo lpsruwdqfh
lq wklv vwxg|1 Iluvw/ krz gr hfrqrplf lqfhqwlyhv d�hfw zrun devhqfhB Lq jhqhudo/
wkh uhvxowv rewdlqhg iurp wkh hvwlpdwhv ri wkh prgho vxssruw wkh ylhz wkdw wkh
frvw ri ehlqj devhqw d�hfw zrun devhqfh ehkdylru1 Wkh prgho vlpxodwlrq ri wkh
h�hfw ri wkh uhirup ri wkh vlfnqhvv lqvxudqfh vkrzv wkdw wkh lqfuhdvhg frvw/ udwkhu
wkdq wkh kljkhu xqhpsor|phqw udwh/ fdxvhg wkh ghfuhdvh lq wkh zrun devhqfh udwh1
Frqwudu| wr zkdw dsshduhg iurp wkh qrq0sdudphwulf Ndsodq0Phlhu hvwlpdwhv ri
wkh uhirup/ wkh hvwlpdwhv iurp wkh hfrqrphwulf prgho vkrzv wkdw wkh frvw ri ehlqj
devhqw d�hfwv erwk wkh lqflghqfh ri zrun devhqfh vshoov dv zhoo dv wkh h{shfwhg
ohqjwk ri wkh vshoov1 Vljql�fdqw lpsdfw ri yluwxdo lqfrph rq lqflghqfh ri zrun
devhqfh vshoov dqg wkh h{shfwhg ohqjwk ri wkh vshoov zhuh irqg lq vrph vxejurxsv
ri wkh vdpsoh1

Vhfrqg/ lv suhihuhqfh khwhurjhqhlw| hpslulfdoo| lpsruwdqwB Zh kdyh fkrvhq
wr prgho zrun devhqfh ehkdylru xvlqj vwdwh ghshqghqw sdudphwhuv dqg gl�huhqw
gxudwlrq ghshqghqfh ghshqglqj rq vwdwh1 Li xqrevhuyhg khwhurjhqhlw| lv hpslul0
fdoo| xqlpsruwdqw/ ru xqfruuhodwhg zlwk wkh lqghshqghqw yduldeohv/ frqyhqwlrqdo
kd}dug uhjuhvvlrq prghov frxog kdyh ehhq xvhg dv zhoo1 Wr wkh h{whqw wkdw xq0
revhuyhg khwhurjhqhlw| duh suhvhqw lw frxog kdyh ehhq ghdow zlwk xvlqj d udqgrp
h�hfwv vshfl�fdwlrqv1 Krzhyhu/ wkh hvwlpdwhv rewdlqhg khuh vkrzv wkdw xqre0
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vhuyhg khwhurjhqhlw| lv suhvhqw/ dqg pruh lpsruwdqw/ wkdw lw d�hfwv wkh lqihuhqfh
ri wkh sdudphwhuv1

Wkh pdlq olplwdwlrq ri wklv vwxg| lv wkdw zh gr qrw doorz wkh lqglylgxdo wr
sodq wkhlu zrun devhqfh ehkdylru1 Wkh lqglylgxdo kdv dw ohdvw rqh prwlyh wr gr
vr1 E| ehlqj devhqw iurp zrun zkhq d�hfwhg e| d whpsrudu| looqhvv wkh zrunhu
pd| pdlqwdlq d ehwwhu orqj whup khdowk vwdwxv1 Iurp wkh uhvxowv rewdlqhg lq
wklv vwxg| lw lv kdug wr kdyh dq| d sulrul ylhzv rq krz wkh lqyhvwphqw lq khdowk
prwlyh d�hfw zrun devhqfh ehkdylru1 Lq wkh 4<<4 uhirup ri wkh VL/ wkh frvw ri
pdnlqj vxfk lqyhvwphqwv lqfuhdvhg1 Wklv pd|/ ri frxuvh/ glvfrxudjh wkh zrunhu
iurp grlqj vxfk lqyhvwphqwv1 Rq wkh rwkhu kdqg/ wkh sd|r� iurp grlqj vxfk
lqyhvwphqwv lqfuhdvhg dv zhoo/ dv wkh frvw ri orqj vlfnqhvv vshoov dovr lqfuhdvhg
diwhu wkh uhirup1

Uhihuhqfhv

Durqvvrq/ W1 ) Zdonhu/ M1 U1 4<<:1 �Wkh H�hfwv ri Vzhghq*v Zhoiduh Vwdwh rq
Oderu Vxsso| Lqfhqwlyhv1� Lq Wkh Zhoiduh Vwdwh lq Wudqvlwlrq/ hgv1 U1 E1
Iuhhpdq/ E1 Vzhghqeruj dqg U1 Wrsho1 Fklfdjr= Fklfdjr Xqlyhuvlw| Suhvv1

Doohq/ V1 J1 4<;41 Frpshqvdwlrq/ Vdihw|/ dqg Devhqwhhlvp= Hylghqfh iurp wkh
Sdshu Lqgxvwu|1� Lqgxvwuldo dqg Oderu Uhodwlrqv Uhylhz 67= ::0;:1

Edupe|/ W1D1/ Hufrodql/ P1J1/ dqg Wuheoh/ M1 J1 +4<<<, �Vlfnqhvv Devhqfh= Dq
Lqwhuqdwlrqdo Frpsdulvrq=� Sdshu suhvhqwhg dw wkh L]D frqihuhqfh rq zrun
devhqfh/ Qryhpehu 4<<<1

Eoxqghoo/ U1 dqg PdFxug|/ W1 4<<<1 �Oderu Vxsso|= d Uhylhz ri Dowhuqdwlyh
Dssurdfkhv1� Lq Kdqgerrn ri Oderu Hfrqrplfv/ Yro 6d/ hgv1R1 Dvfkhqihowhu
dqg G1 Fdug1 Dpvwhugdp= Qruwk0Kroodqg1

Eçfnpdq/ R1 4<<;1 �Orqjlwxglqdo Vwxglhv rq Zrun Devhqfh lq Vzhghq1� Sk1G1
wkhvlv/ Vzhglvk Lqvwlwxwh iru Vrfldo Uhvhdufk1

Eurvwuùp/ J1/ Mrkdqvvrq/ S1 ) Sdoph/ P1 4<<;1 �Dvvhvvlqj wkh H�hfw ri Hfr0
qrplf Lqfhqwlyhv rq Lqflghqfh dqg Gxudwlrq ri Zrun Devhqfh1� Vwrfnkrop
Vfkrro ri Hfrqrplfv/ Zrunlqj Sdshu Vhulhv lq Hfrqrplf dqg Ilqdqfh Qr1
55;1

Eurzq/ V1 ) Vhvvlrqv/ M1 J1 4<<91 �Wkh Hfrqrplfv ri Devhqfh= Wkhru| dqg
Hylghqfh1� Mrxuqdo ri Hfrqrplf Vxuyh|v 43+4,= 560861

Gudjr/ U1 dqg Zrrghq/ P1 4<<51 �Wkh Ghwhuplqdqwv ri Oderu Devhqfh= Hfr0
qrplf Idfwruv dqg Zrunjurxs Qrupv Dfurvv Frxqwulhv1� Lqgxvwuldo dqg
Oderu Uhodwlrqv Uhylhz 78= :970::;1

Iulw}hoo/ M1 ) Oxqgehuj/ R1 4<<71 �Ydugdjhqv Yloonru1 Ohyqdgviùukèoodqghq l
Vyhuljh Xqghu Wuh Ghfhqqlhu1� Vwrfnkrop= Eurpehujv Iùuodj1

5:



Jloohvnlh/ G1 4<<;1 �D G|qdplf Vwrfkdvwlf Prgho ri Phglfdo Fduh Xvh dqg Zrun
Devhqfh1� Hfrqrphwulfd 99= 40791

Khfnpdq/ M1 M1 4<;41 �Hvwlpdwlqj d Glvfuhwh Wlph0glvfuhwh Vwrfkdvwlf Surfhvv1�
Lq Vwuxfwxudo Dqdo|vlv ri Glvfuhwh Gdwd/ F1 Pdqvnl/ dqg G1 PfIdgghq/ 4:<0
4<81 Fdpeulgjh/ Pdvv= PLW Suhvv1

Mrkdqvvrq/ S1 ) Sdoph/ P1 4<<91 �Gr Hfrqrplf Lqfhqwlyhv D�hfw Zrunhu De0
vhqfhB Hpslulfdo Hylghqfh Xvlqj Vzhglvk Gdwd1� Mrxuqdo ri Sxeolf Hfr0
qrplfv 8<= 4<8054;1

Ndqjdv/ R1 4<<41 �Wkh Srolwlfv ri Vrfldo Uljkwv1 Vwxglhv lq wkh Glphqvlrqv ri
Vlfnqhvv Lqvxudqfh lq wkh RHFGFrxqwulhv1� Sk1G1 wkhvlv/ Vzhglvk Lqvwlwxwh
iru Vrfldo Uhvhdufk1

Odqwwr/ N1 ) Olqeorp/ H1 4<;:1 �Çu Duehwvoùvkhwhq Kçovrvdp1� Hnrqrplvn
Ghedww 48= 66606691

Phjklu/ F1 ) H1 Zklwhkrxvh1 4<<:1 �Oderxu Pdunhw Wudqvlwlrq dqg Uhwluhphqw
ri Phq lq wkh X1N1� Mrxuqdo ri Hfrqrphwulfv :<= 65:06871

Qdwlrqdo Vrfldo Lqvxudqfh Erdug1 4<<:1 �Idfwv rq wkh Vzhglvk Vrfldo Lqvxudqfh
4<<81� Vwrfnkrop= UIY1

Sdoph/ P1 ) Vyhqvvrq/ L1 4<<;1 �Vrfldo Vhfxulw|/ Rffxsdwlrqdo Shqvlrqv/ dqg Uh0
wluhphqw lq Vzhghq1� Lq Vrfldo Vhfxulw| dqg Uhwluhphqw Durxqg wkh Zruog/
hgv1 M1 Juxehu ) G1 Zlvh1 Fklfdjr= Fklfdjr Xqlyhuvlw| Suhvv1

VDI1 4<;91 �Wlgvdqyçqgqlqjvvwdwlvwln1� Vyhqvnd Duehwvjlyduhiùuhqlqjhq/ Vwrfn0
krop1

Vkdslur/ F ) Vwljolw}/ M1 4<;71 �Htxloleulxp Xqhpsor|phqw dv d Zrunhu Glvfl0
solqh Ghylfh1� Dphulfdq Hfrqrplf Uhylhz :7= 76607771

Ydkwhud/ M1/ P1 Nlylpçnl/ ) M1 Shqwwl1 4<<:1 �H�hfw ri Grzqvl}lqj rq Khdowk
ri Hpsor|hhv1� Wkh Odqfhw/ 683/ 44570445;1

Zlhvv/ D1 4<;81 �Devhqwhhlvp dqg Zdjhv1� Hfrqrplf Ohwwhuv 4<= 5::05:<1
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