
Olwljdwlrq Frvwv dqg Uhwxuqv wr H{shulhqfh�

Sdxo R|hu dqg Vfrww Vfkdhihu

Vhswhpehu 4<<<

Devwudfw

Zh prgho wkh uhodwlrqvkls ehwzhhq pd{lpxp gdpdjh dzdugv dydlodeoh wr sodlqwl�v lq zurqj0

ixo whuplqdwlrq odzvxlwv dqg wkh uhwxuqv wr h{shulhqfh dprqj surwhfwhg zrunhuv1 Ilupv ohduq

zrunhuv* delolwlhv ryhu wlph/ vr |rxqjhu zrunhuv duh pruh olnho| wr eh whuplqdwhg1 Dv d uhvxow/

lqfuhdvhv lq pd{lpxp gdpdjh dzdugv pd| lqfuhdvh wkh uhwxuqv wr h{shulhqfh e| pdnlqj |rxqjhu

zrunhuv pruh h{shqvlyh wr hpsor|1 Wklv h�hfw lv plwljdwhg/ krzhyhu/ li roghu zrunhuv duh pruh

olnho| wr vxh frqglwlrqdo rq ehlqj �uhg1 Wklv uhdvrqlqj vxjjhvwv d uhodwlrqvkls ehwzhhq gdp0

djh dzdugv/ zrunhuv* surshqvlw| wr vxh dv d ixqfwlrq ri h{shulhqfh/ dqg uhwxuqv wr h{shulhqfh1

Wkh sdvvdjh ri wkh Flylo Uljkwv Dfw ri 4<<4 +FUD<4, surylghv dq rssruwxqlw| wr dvvhvv wklv

uhodwlrqvkls hpslulfdoo|1 Zh xvh gdwd rq Htxdo Hpsor|phqw Rssruwxqlw| Frpplvvlrq +HHRF,

�olqjv wr frpsduh udwhv dw zklfk eodfnv dqg zrphq �oh frpsodlqwv/ dqg h{dplqh fkdqjhv lq

uhwxuqv wr h{shulhqfh iru wkhvh jurxsv xvlqj wkh Fxuuhqw Srsxodwlrq Vxuyh|1 Wkh HHRF gdwd

lqglfdwh wkdw zurqjixo whuplqdwlrq frpsodlqw udwhv dprqj zrphq gurs vkduso| zlwk djh/ zkloh

frpsodlqw udwhv iru eodfnv lqfuhdvh vorzo| zlwk djh1 Zh �qg dq lqfuhdvh lq wkh uhwxuqv wr h{0

shulhqfh iru zrphq iroorzlqj wkh sdvvdjh ri FUD<4/ zkloh wkh uhwxuqv wr h{shulhqfh iru eodfnv

duh xqfkdqjhg1 Rxu dqdo|vlv vxjjhvwv wkdw hpsor|huv* uhdfwlrqv wr hpsor|phqw surwhfwlrqv pd|

lqgxfh uhglvwulexwlyh h�hfwv/ dqg wkdw wkhvh h�hfwv rshudwh qrw phuho| dfurvv jurxsv ri gl�hulqj

surwhfwhg vwdwxv/ exw dovr zlwklq jurxsv ri lghqwlfdo surwhfwhg vwdwxv1

WR|hu= Nhoorjj Judgxdwh Vfkrro ri Pdqdjhphqw dqg Lqvwlwxwh iru Srolf| Uhvhdufk/ Qruwkzhvwhuq Xqlyhuvlw|1

Vfkdhihu= Nhoorjj Judgxdwh Vfkrro ri Pdqdjhphqw/ Qruwkzhvwhuq Xqlyhuvlw|1 Zh wkdqn Mrvkxd Dqjulvw/ Gdylg Exw}/

Zlooldp Fduulqjwrq/ Mlp Gdqd/ Ndwkohhq Hqjho/ Udfkho Kd|hv/ Wkrpdv Nohlq/ dqg Fkulv Wdehu iru khosixo frqyhuvd0

wlrqv dqg sduwlflsdqwv lq vhplqduv dw wkh Xqlyhuvlw| ri Fklfdjr/ Sulqfhwrq Xqlyhuvlw|/ Qruwkzhvwhuq Xqlyhuvlw|/ wkh

4<<< DHD Phhwlqjv/ dqg wkh 4<<< QEHU Vxpphu Lqvwlwxwh iru frpphqwv1 Zh wkdqn Gdurq Dfhprjox/ Mrvk Dqjulvw/

dqg Fkulv Pd}lqjr iru surylglqj d uhvhdufk h{wudfw ri HHRF frpsodlqwv gdwd1



4 Lqwurgxfwlrq

Uhfhqw zrun vwxg|lqj wkh h�hfwv ri dqwl0glvfulplqdwlrq surwhfwlrqv kdv irfxvhg rq wkh srvvlelolw|

wkdw odzv dlphg dw surwhfwlqj mrev dqg suhyhqwlqj hpsor|phqw glvfulplqdwlrq pd| dfwxdoo| zrun

djdlqvw surwhfwhg zrunhuv e| udlvlqj wkh h{shfwhg frvwv ri hpsor|lqj wkhvh zrunhuv1 Wkhruhwlfdo dqg

hpslulfdo dqdo|vhv ri vxfk ohjlvodwlrq xvxdoo| wuhdw phpehuv ri surwhfwhg jurxsv dv krprjhqhrxv

dqg h{dplqh zkhwkhu/ dqg li vr krz/ wkh surwhfwlrqv uhglvwulexwh hpsor|phqw rxwfrphv dfurvv

jurxsv ri zrunhuv +vhh/ iru h{dpsoh/ GhOhluh +4<<:, dqg Dfhprjox dqg Dqjulvw +4<<;,,1 Ljqruhg

lq wklv olwhudwxuh/ krzhyhu/ lv wkh srvvlelolw| wkdw dqwl0glvfulplqdwlrq surwhfwlrqv pd| uhglvwulexwh

hpsor|phqw rxwfrphv dprqj phpehuv ri surwhfwhg jurxsv/ pdnlqj vrph surwhfwhg zrunhuv ehwwhu

r� dqg rwkhuv zruvh r�1 Lq wklv sdshu/ zh h{dplqh wklv txhvwlrq e| vwxg|lqj wkh uhodwlrqvkls

ehwzhhq olwljdwlrq frvwv dqg uhwxuqv wr h{shulhqfh iru phpehuv ri surwhfwhg jurxsv1 Zh ehjlq e|

ghyhorslqj d vw|ol}hg prgho ri wkh uhodwlrqvkls ehwzhhq olwljdwlrq frvwv dqg uhwxuqv wr h{shulhqfh1

Wkh fhqwudo ihdwxuhv ri wklv prgho duh wkdw hpsor|huv dqg zrunhuv duh lqlwldoo| v|pphwulfdoo|

xqlqiruphg uhjduglqj zrunhuv* delolwlhv/ dqg wkdw lqirupdwlrq uhjduglqj delolw| lv uhyhdohg ryhu

wlph1 Vlqfh delolwlhv ri pruh h{shulhqfhg zrunhuv duh nqrzq zlwk juhdwhu suhflvlrq dqg �upv

vhhn wr �uh wkrvh zrunhuv zkrvh delolwlhv duh idu ehorz h{shfwdwlrqv/ zrunhuv ehfrph ohvv olnho| wr

eh glvsodfhg dv wkh| jdlq h{shulhqfh1 Wkxv/ li gdpdjh dzdugv dydlodeoh wr sodlqwl�v lq zurqjixo

whuplqdwlrq fdvhv lqfuhdvh/ lqh{shulhqfhg zrunhuv pd| ehfrph pruh h{shqvlyh wr hpsor| uhodwlyh

wr h{shulhqfhg/ vlqfh lqh{shulhqfhg zrunhuv duh prvw olnho| wr eh whuplqdwhg1 Wklv h�hfw vxjjhvwv

wkdw hpsor|huv pd| uhdfw wr lqfuhdvhg olwljdwlrq frvwv e| vwhhshqlqj wkhlu djh2zdjh sur�ohv1

D srwhqwldoo| r�vhwwlqj h�hfw lv wkdw/ frqglwlrqdo rq ehlqj �uhg/ h{shulhqfhg zrunhuv pd| eh

pruh olnho| wr vxh1 Vlqfh edfn +dqg vrph ixwxuh, zdjhv riwhq frpsulvh rqh frpsrqhqw ri gdpdjh

dzdugv/ h{shulhqfhg zrunhuv pd| kdyh d juhdwhu lqfhqwlyh wr vxh1 Zh wkhuhiruh dujxh wkdw wkh

uhodwlrqvkls ehwzhhq olwljdwlrq frvwv dqg uhwxuqv wr h{shulhqfh lv sduwldoo| ghwhuplqhg e| krz wkh

surshqvlw| wr vxh ydulhv zlwk h{shulhqfh1 Zh vkrz wkdw li wkh olnholkrrg ri �olqj d vxlw frqglwlrqdo rq

ehlqj hpsor|hg ghfuhdvhv zlwk h{shulhqfh/ wkhq lqfuhdvhv lq plqlpxp gdpdjh dzdugv zloo lqfuhdvh

wkh uhwxuq wr h{shulhqfh1 Li/ rq wkh rwkhu kdqg/ wkh surshqvlw| wr vxh lqfuhdvhv zlwk h{shulhqfh/ wkhq

wkh h�hfw ri lqfuhdvhv lq gdpdjh dzdugv rq uhwxuqv wr h{shulhqfh lv dpeljxrxv1 Wkh sdvvdjh ri wkh

Flylo Uljkwv Dfw ri 4<<4 +FUD<4, surylghv dq rssruwxqlw| wr vwxg| wklv uhodwlrqvkls hpslulfdoo|1

Wklv Dfw frqwdlqv d qxpehu ri surylvlrqv wkdw lqfuhdvhg wkh h{shfwhg frvwv wr �upv ri glvsodflqj

surwhfwhg hpsor|hhv1 Wkh jurxs surwhfwhg e| FUD<4 lv eurdg/ dqg lqfoxghv udfldo plqrulwlhv/

ihpdohv/ dqg wkrvh zlwk glvdelolwlhv1 Zkloh suhylrxv ihghudo hpsor|phqw glvfulplqdwlrq ohjlvodwlrq

w|slfdoo| olplwhg sodlqwl� uhfryhu| wr orvw zdjhv/ FUD<4 doorzv hpsor|hhv wr vxh iru xs wr '633/333

lq sxqlwlyh gdpdjhv1 E| h{whqglqj wkh Flylo Uljkwv Dfw ri 4;99/ FUD<4 doorzv hpsor|hhv fodlplqj
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xqodzixo whuplqdwlrq rq wkh edvlv ri udfh wr vxh iru xqolplwhg sxqlwlyh gdpdjhv1 FUD<4 dovr jlyhv

hlwkhu vlgh lq d vxlw wkh uljkw wr d mxu| wuldo> wklv suhvxpdeo| idyruv sodlqwl�v vlqfh mxulhv duh wkrxjkw

wr eh sduwldo wr fodlpv ri lqglylgxdov ryhu wkrvh ri �upv1 Ilqdoo|/ wkh Dfw pdgh lw pdujlqdoo| hdvlhu

iru glvsodfhg hpsor|hhv wr suryh glvfulplqdwlrq rq wkh edvlv ri vwdwlvwlfdo hylghqfh1

Zh surfhhg e| orrnlqj iru uhodwlrqvklsv ehwzhhq wkh surshqvlw| wr vxh dv d ixqfwlrq ri djh

dqg fkdqjhv lq wkh uhwxuq wr h{shulhqfh dprqj surwhfwhg zrunhuv durxqg wkh wlph ri wkh sdvvdjh

ri FUD<41 Xvlqj gdwd rq frpsodlqwv �ohg zlwk wkh Htxdo Hpsor|phqw Rssruwxqlw| Frpplvvlrq

+HHRF,/ zh �qg wkdw zurqjixo whuplqdwlrq frpsodlqwv gurs vkduso| zlwk djh iru zrphq/ exw ulvh

vwhdglo| zlwk djh iru eodfnv1 Zh wlh wklv �qglqj lqwr dq dqdo|vlv ri wkh uhwxuqv wr h{shulhqfh iru

wkhvh surwhfwhg jurxsv1 Xvlqj gdwd iurp wkh 4<;;04<<9 dqqxdo ghprjudsklfv �oh ri wkh Fxuuhqw

Srsxodwlrq Vxuyh| +FSV,/ zh �qg wkdw FUD<4 kdg uhodwlyho| plqru djjuhjdwh hpsor|phqw dqg

zdjh h�hfwv1 Krzhyhu/ wkh odz grhv dsshdu wr kdyh vljql�fdqwo| lqfuhdvhg wkh uhwxuqv wr h{shulhqfh

iru zrphq/ exw qrw iru eodfnv1 Wklv �qglqj lv frqvlvwhqw zlwk wkh h{shulhqfh2surshqvlw|0wr0vxh

uhodwlrqvklsv irxqg lq wkh HHRF gdwd1 Wrjhwkhu/ wkhvh �qglqjv r�hu d sdwwhuq wkdw �wv zlwk rxu

prgho ri olwljdwlrq frvwv dqg uhwxuqv wr h{shulhqfh1 Zh wdnh wkhvh uhvxowv dv hylghqfh wkdw dqwl0

glvfulplqdwlrq surwhfwlrqv gr dsshdu wr kdyh uhglvwulexwlyh h�hfwv/ dqg wkdw wkhvh h�hfwv rshudwh

qrw phuho| dfurvv jurxsv ri gl�hulqj surwhfwhg vwdwxv/ exw dovr zlwklq jurxsv ri lghqwlfdo surwhfwhg

vwdwxv1

Dowkrxjk rxu hpslulfdo dqdo|vlv irfxvhv vroho| rq FUD<4/ rxu prgho dssolhv htxdoo| zhoo wr dq|

hurvlrq ri hpsor|phqw0dw0zloo1 Zkloh FUD<4 glg dlg wkh jurzwk lq hpsor|phqw glvfulplqdwlrq

olwljdwlrq/ wkh qxpehu ri vxfk vxlwv kdg ehhq lqfuhdvlqj vwhdglo| iru dw ohdvw wzr ghfdghv ehiruh wkh

sdvvdjh ri FUD<41 Rxu dqdo|vlv wkhuhiruh vxjjhvwv wkdw wklv lqfuhdvlqj wlgh lq olwljdwlrq pd| kdyh

ehhq d frqwulexwlqj idfwru lq wkh revhuyhg lqfuhdvh lq uhwxuqv wr h{shulhqfh ryhu wkdw shulrg14

4 Grqrkxh dqg Vlhjhopdq +4<<4, dqg R|hu dqg Vfkdhihu +4<<<, grfxphqw wkh jurzwk lq hpsor|phqw glvfulplqdwlrq

olwljdwlrq iurp 4<:304<<71 Ndw} dqg Pxusk| +4<<5, dqg Erxqg dqg Mrkqvrq +4<<5, vkrz wkdw wkh uhwxuqv wr

h{shulhqfh lqfuhdvhg iru doo zrunhuv gxulqj wkh 4<:3v dqg 4<;3v/ zkloh Erxqg dqg Iuhhpdq +4<<5, vkrz wkdw wklv

h�hfw gxulqj wkh 4<;3v zdv vwurqjhu iru eodfnv wkdq iru zklwhv1 Qhxpdun dqg Vwrfn +4<<<, dovr frqvlghu wkh

h�hfwv ri glvfulplqdwlrq odzv rq uhwxuqv wr h{shulhqfh ryhu wkh 4<;3v/ exw iurp d yhu| gl�huhqw shuvshfwlyh1 Wkh|

h{dplqh h�hfwv ri djh glvfulplqdwlrq odzv dqg vxjjhvw wkdw/ e| surylglqj dq hqirufhphqw phfkdqlvp iru lpsolflw

frqwudfwv/ wkhvh odzv lqfuhdvh wkh vwhhsqhvv ri zdjh sur�ohv iru doo zrunhuv1 Xqolnh rxuv/ wkhlu dqdo|vlv grhv qrw

h{solflwo| olqn zdjh sur�ohv wr olwljdwlrq frvwv lpsrvhg e| surwhfwhg zrunhuv1
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5 Wkh Flylo Uljkwv Dfw ri 4<<4 dqg wkh Ohjdo Hqylurqphqw

Wkh Flylo Uljkwv Dfw ri 4<<4/ zklfk wrrn h�hfw rq Qryhpehu 54/ 4<<4/ vwuhqjwkhqhg vhyhudo sulru

slhfhv ri hpsor|phqw glvfulplqdwlrq ohjlvodwlrq/ lqfoxglqj wkh Flylo Uljkwv Dfwv ri 4;99 dqg 4<97

+Wlwoh YLL,/ wkh Djh Glvfulplqdwlrq lq Hpsor|phqw Dfw +DGHD,/ dqg wkh Dphulfdqv zlwk Glvdelol0

wlhv Dfw +DGD,15 FUD<4 dovr frxqwhudfwhg vhyhudo 4<;< Vxsuhph Frxuw ghflvlrqv rq glvfulplqdwlrq

fdvhv/ qrwdeo| Zdugv Fryh Sdfnlqj Fr1 y1 Dwrqlr dqg Sdwwhuvrq y1 PfOhdq Fuhglw Xqlrq1

FUD<4 doorzv hpsor|hhv zkr fodlp lqwhqwlrqdo udfh0 ru jhqghu0edvhg glvfulplqdwlrq wr vxh iru

sxqlwlyh gdpdjhv1 Gdpdjh dzdugv xqghu Wlwoh YLL zhuh olplwhg wr edfn sd|1 Pd{lpxp frpshq0

vdwru| dqg sxqlwlyh gdpdjhv xqghu FUD<4 ydu| e| hpsor|hu vl}h/ udqjlqj iurp '3 iru �upv zlwk

ihzhu wkdq 48 hpsor|hhv wr '633/333 iru �upv zlwk pruh wkdq 833 hpsor|hhv1 Wkh Dfw dovr h{solf0

lwo| h{whqgv wkh Flylo Uljkwv Dfw ri 4;99/ zklfk doorzv sodlqwl�v doohjlqj udfldo glvfulplqdwlrq wr vxh

iru xqolplwhg sxqlwlyh gdpdjhv/ wr fryhu erwk rq0wkh0mre dfwlylwlhv dqg whuplqdwlrq ri hpsor|phqw1

Hduolhu Vxsuhph Frxuw ghflvlrqv +lq sduwlfxodu/ Sdwwhuvrq, kdg olplwhg wkh dssolfdelolw| ri wkh FUD

ri 4;99 wr wkh irupdwlrq ri hpsor|phqw uhodwlrqvklsv1 Khqfh/ FUD<4 h�hfwlyho| uhpryhg doo olplwv

rq gdpdjh dzdugv lq fdvhv ri udfldo glvfulplqdwlrq lq whuplqdwlrq1 Wrjhwkhu/ wkhvh ihdwxuhv ri

FUD<4 vljql�fdqwo| lqfuhdvh wkh gdpdjh dzdugv dydlodeoh wr sodlqwl�v dqg pdnh olwljdwlrq d pruh

dwwudfwlyh rswlrq iru glvsodfhg zrunhuv1 FUD<4 dovr jlyhv sodlqwl�v zkr vhhn sxqlwlyh gdpdjhv wkh

uljkw wr d mxu| wuldo1 Wklv pd| lqfuhdvh wkh frvwv ri glvsodflqj zrunhuv iru wzr uhdvrqv= +l, mxulhv

duh shufhlyhg wr idyru fodlpv ri lqglylgxdov udwkhu wkdq frusrudwlrqv/ dqg +ll, mxu| wuldov lqfuhdvh

wkh ohjdo frvwv dvvrfldwhg zlwk ghihqglqj djdlqvw hpsor|phqw glvfulplqdwlrq odzvxlwv1

FUD<4 dovr vwuhqjwkhqhg d sodlqwl�*v delolw| wr xvh vwdwlvwlfdo hylghqfh wr suryh xqodzixo glv0

fulplqdwlrq rq wkh edvlv ri �glvsdudwh lpsdfw1� D vhulhv ri lq xhqwldo 4<:3v Vxsuhph Frxuw uxolqjv

+vwduwlqj zlwk Juljjv y1 Gxnh Srzhu Fr1, kdg doorzhg sodlqwl�v wr vkrz xqodzixo glvfulplqdwlrq

e| ghprqvwudwlqj wkdw dq hpsor|hu*v sudfwlfhv ohg wr d glvsdudwh lpsdfw rq surwhfwhg jurxsv hyhq

li wkhuh zdv qr glvfulplqdwru| lqwhqw rq wkh sduw ri wkh hpsor|hu1 Wkh 4<;< Zdugv Fryh ghflvlrq

pdgh lw vljql�fdqwo| pruh gl!fxow iru sodlqwl�v wr suryh glvsdudwh lpsdfw e| uhtxlulqj sodlqwl�v wr

ghprqvwudwh wkdw d sduwlfxodu hpsor|phqw sudfwlfh ohg wr wkh gl�hulqj h�hfw rq surwhfwhg jurxsv1

FUD<4 zhdnhqv wklv vwdqgdug/ doorzlqj sodlqwl�v wr xvh vwdwlvwlfdo hylghqfh lq fdvhv zkhuh wkh

sodlqwl� fdq vkrz wkh hpsor|hu*v ghflvlrq0pdnlqj surfhvv fdqqrw eh vhsdudwhg lqwr vshfl�f sudf0

5 Jhvohzlw} +4<<5, surylghv d pruh ghwdlohg ghvfulswlrq ri wkh Dfw*v surylvlrqv/ zkloh Deudp +4<<6, dvvhvvhv lwv

olnho| lpsdfw1 Zh irfxv rxu glvfxvvlrq dqg rxu hpslulfdo dqdo|vlv rq surylvlrqv ri FUD<4 d�hfwlqj udfh0 dqg

jhqghu0edvhg glvfulplqdwlrq fdvhv1 Fkdqjhv wr wkh DGHD dv d uhvxow ri FUD<4 zhuh uhodwlyho| plqru1 GhOhluh

+4<<:, dqg Dfhprjox dqg Dqjulvw +4<<;, hydoxdwh wkh oderu pdunhw h�hfwv ri wkh DGD1
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wlfhv16

FUD<4 dsshduv wr kdyh kdg d vljql�fdqw h�hfw rq wkh olwljlrxvqhvv ri glvsodfhg hpsor|hhv1

Rxu dqdo|vlv ri odzvxlwv �ohg lq ihghudo frxuw vkrzv wkdw wkh qxpehu ri fdvhv doohjlqj hpsor|0

phqw glvfulplqdwlrq pruh wkdq grxeohg iurp 4<<4 wr 4<<81 Vlploduo|/ wkh qxpehu ri udfh0edvhg

frpsodlqwv �ohg zlwk wkh HHRF lqfuhdvhg e| 46( iurp 4<<4 wr 4<<7 dqg wkh prqhwdu| ehqh�wv

dzdughg lq udfh0edvhg fdvhv uhvroyhg e| wkh HHRF lqfuhdvhg e| 7:( ryhu wkdw shulrg1 Wkh qxpehu

ri jhqghu0edvhg frpsodlqwv zlwk wkh HHRF dqg wkh wrwdo ehqh�wv dzdughg lqfuhdvhg e| 79( dqg

;:(/ uhvshfwlyho|1 Lq dgglwlrq/ wkh Dfw dsshduv wr kdyh d�hfwhg �upv* ghflvlrqv dv wr krz wr glv0

sodfh hpsor|hhv> R|hu dqg Vfkdhihu +4<<<, grfxphqw fkdqjhv lq hpsor|huv* �ulqj sudfwlfhv durxqg

wkh wlph ri wkh Dfw1

Zkloh rxu dqdo|vlv irfxvhv rq vxlwv doohjlqj zurqjixo whuplqdwlrq/ FUD<4 dssolhv eurdgo| wr

klulqj/ whuplqdwlrq/ dqg pdq| rq0wkh0mre dfwlylwlhv1 Rxu prgho/ zlwk voljkw prgl�fdwlrqv/ zrxog

dsso| htxdoo| zhoo wr olwljdwlrq vxuurxqglqj rq0wkh0mre dfwlylwlhv/ exw h{solflw frqvlghudwlrq ri klulqj0

edvhg surwhfwlrqv zrxog |lhog txlwh gl�huhqw uhvxowv1 Dv Srvqhu +4<;:, dqg Grqrkxh dqg Vlhjhopdq

+4<<4, +dprqj rwkhuv, kdyh dujxhg/ wkh oderu0pdunhw lpsolfdwlrqv ri klulqj surwhfwlrqv duh yhu|

gl�huhqw iurp wkrvh ri surwhfwlrqv djdlqvw glvfulplqdwlrq lq whuplqdwlrq ru rq0wkh0mre dfwlylwlhv1

Whuplqdwlrq0edvhg surwhfwlrqv lqfuhdvh wkh frvwv dvvrfldwhg zlwk klulqj d surwhfwhg hpsor|hh/ vlqfh

wkh lqfuhdvhg frvwv duh ihow rqo| li wkh hpsor|hh lv kluhg dqg wkhq whuplqdwhg1 Klulqj0edvhg surwhf0

wlrqv/ rq wkh rwkhu kdqg/ lqfuhdvh wkh frvwv wr hpsor|huv dvvrfldwhg zlwk idlolqj wr kluh d surwhfwhg

hpsor|hh1 Zh olplw rxu dqdo|vlv lq wklv zd| ehfdxvh ri wkh gudpdwlf vkliw +grfxphqwhg e| Grqrkxh

dqg Vlhjhopdq +4<<4,, lq wkh 4<;3v dzd| iurp klulqj0edvhg hpsor|phqw glvfulplqdwlrq olwljdwlrq

dqg wrzdug whuplqdwlrq0edvhg vxlwv1 Rxu rzq h{dplqdwlrq ri HHRF gdwd iurp wkh 4<<3v uhyhdov

wkdw wklv wuhqg kdv frqwlqxhg1 Ri doo jhqghu0 dqg udfh0edvhg frpsodlqwv �ohg zlwk wkh HHRF eh0

wzhhq 4<<5 dqg 4<<;/ 8;( fodlphg zurqjixo whuplqdwlrq/ 819( zhuh iru glvfulplqdwru| klulqj/ zlwk

wkh uhvw edvhg rq rq0wkh0mre sudfwlfhv vxfk dv xqhtxdo sd|/ ghqldo ri surprwlrq/ ru kdudvvphqw17

6 Lw grhv qrw dsshdu wkdw sodlqwl�v kdyh lqfuhdvhg fodlpv ri glvfulplqdwlrq rq wkh edvlv ri glvsdudwh lpsdfw vlqfh wkh

Dfw*v sdvvdjh +vhh Deudp +4<<6, dqg Qdjhu dqg Eurdv +4<<7,,1 Vlqfh sodlqwl�v pxvw vkrz glvsdudwh wuhdwphqw lq

rughu wr hduq sxqlwlyh dqg frpshqvdwru| gdpdjhv/ dqg vlqfh FUD<4 juhdwo| lqfuhdvhg wkh srwhqwldo vl}hv ri wkh

wkhvh dzdugv/ uhodwlyho| ihz vxlwv �ohg vlqfh 4<<4 kdyh doohjhg glvsdudwh lpsdfw1

7 Wkhvh �jxuhv dfwxdoo| ryhuvwdwh wkh lpsruwdqfh ri klulqj fdvhv vlqfh dssur{lpdwho| 43( ri klulqj0edvhg frpsodlqwv

dovr fkdujh zurqjixo whuplqdwlrq dqg pd| qrw kdyh ehhq uhjlvwhuhg kdg lw qrw ehhq iru whuplqdwlrq1
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6 D Prgho ri Olwljdwlrq Frvwv dqg Uhwxuqv wr H{shulhqfh

Zh �uvw ghyhors d vw|ol}hg prgho ri wkh uhodwlrqvkls ehwzhhq lqfuhdvhg hpsor|phqw0glvfulplqdwlrq

olwljdwlrq frvwv dqg wkh uhwxuqv wr h{shulhqfh iru surwhfwhg zrunhuv1 Wkh prgho ihdwxuhv d qxpehu

ri vlpsoli|lqj dvvxpswlrqv/ exw wkh pdlq lqwxlwlrq xqghuo|lqj wkh uhodwlrqvkls ehwzhhq olwljdwlrq

frvwv dqg uhwxuqv wr h{shulhqfh fduulhv ryhu wr d ulfkhu/ pruh uhdolvwlf prgho1 Frqvlghu d glvfuhwh0

wlph/ ryhuodsslqj0jhqhudwlrqv iudphzrun lq zklfk srwhqwldo zrunhuv olyh iru wzr shulrgv1 D zrunhu

fdq eh hpsor|hg lq erwk shulrgv ri klv olih e| dq| ri P lq�qlwho| olyhg �upv1 Zh uhihu wr zrunhuv

lq wkhlu �uvw dqg vhfrqg shulrgv ri olih dv lqh{shulhqfhg dqg h{shulhqfhg/ uhvshfwlyho|1 Ilupv dqg

srwhqwldo zrunhuv duh ulvn qhxwudo dqg glvfrxqw wkh ixwxuh dw udwh �1 Zh qrupdol}h wkh phdvxuh ri

hdfk frkruw ri zrunhuv wr rqh1 Rxu fhqwudo dvvxpswlrq lv wkdw �upv dqg zrunhuv duh v|pphwulfdoo|

xqlqiruphg uhjduglqj zrunhu delolw| dqg wkdw/ ryhu wlph/ lqirupdwlrq uhjduglqj d zrunhu*v delolw|

lv sxeolfo| uhyhdohg1

614 Zrunhuv

Dw wkh ehjlqqlqj ri wkh �uvw shulrg ri d zrunhu*v olih/ wkh zrunhu uhfhlyhv mre r�huv iurp �upv/

frpsduhv wkhvh r�huv wr klv uhvhuydwlrq zdjh +zklfk zh dvvxph wr eh }hur,/ dqg fkrrvhv zkhwkhu

wr zrun ru qrw1 Li wkh zrunhu dffhswv d mre/ kh ehjlqv zrunlqj dqg d sxeolf vljqdo uhjduglqj wkh

zrunhu*v delolw| lv lpphgldwho| uhyhdohg1 Zrunhuv duh ri hlwkhu kljk ru orz delolw|/ dqg wkh iudfwlrq

ri kljk0delolw| zrunhuv lq hdfk frkruw lv �{hg dw !
�
1 Wkh sxeolf vljqdo/ v�/ wdnhv d ydoxh iurp wkh

vhw iO>Kj1 Zh vxssrvh

Sure^v
�
@ O m orz delolw|` @ �

Sure^v
�
@ O mkljk delolw|` @ 3=

Lq zrugv/ frqglwlrqdo rq d zrunhu ehlqj ri orz delolw|/ kh lv uhyhdohg dv vxfk lq wkh �uvw shulrg ri

klv olih zlwk suredelolw| �1 Zh dvvxph wkh pdujlqdo surgxfwlylw| ri d orz0delolw| zrunhu lv dozd|v

}hur/ dqg wkdw zdjhv duh vx!flhqwo| kljk wkdw zrunhuv uhyhdohg wr kdyh orz delolw| duh lpphgldwho|

�uhg1 Zh dovr dvvxph zdjhv duh sdlg dw wkh hqg ri wkh shulrg/ vr wkdw d �uhg zrunhu hduqv qr

zdjhv lq wkh shulrg kh lv �uhg1 Zrunhuv zkr duh qrw �uhg diwhu wkh uhdol}dwlrq ri v
� frqwlqxh wr

zrun doo wkurxjkrxw wkh �uvw shulrg ri olih/ duh sdlg wkh shulrg w lqh{shulhqfhg0zrunhu zdjh z
�|/

dqg sduwlflsdwh lq wkh oderu pdunhw djdlq gxulqj wkh vhfrqg shulrg ri olih18 Dw wkh ehjlqqlqj ri

8 D shukdsv pruh uhdolvwlf dvvxpswlrq lv wkdw orz0delolw| zrunhuv duh �uhg diwhu iudfwlrq 4 ri wkh �uvw shulrg

kdv hodsvhg1 Iluhg zrunhuv wkhq hduq zdjhv 4��| dqg iruihlw wkh uhpdlqghu E� 3 4���|1 Surfhhglqj xqghu wklv

dvvxpswlrq |lhogv d prgho wkdw lv qrwdwlrqdoo| pruh frpsoh{ wkdq wkh prgho zh suhvhqw/ zlwkrxw r�hulqj dq|
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wkh vhfrqg shulrg ri olih/ wkh zrunhu djdlq sduwlflsdwhv lq wkh oderu pdunhw1 Li wkh zrunhu dffhswv d

mre/ wkhq d vhfrqg vljqdo ri delolw|/ v
2
/ lv sxeolfo| uhyhdohg1 Zh dvvxph v

2
ehkdyhv lghqwlfdoo| wr v

�
/

vr wkdw wkh suredelolw| v
2
@ O zkhq wkh hpsor|hh*v delolw| lv orz +kljk, lv � +3,1 Dv zdv wkh fdvh

lq wkh �uvw shulrg/ zrunhuv zkr duh uhyhdohg wr eh ri orz delolw| duh �uhg/ zkloh dq| zrunhu zkr

lv qrw uhyhdohg wr eh ri orz delolw| lv uhwdlqhg dqg sdlg zdjh z
2|19 D �uhg zrunhu kdv wkh rswlrq

ri �olqj vxlw djdlqvw klv iruphu hpsor|hu1 D zrunhu �uhg lq shulrg l 5 i4> 5j ri klv olih gudzv d

shuvrqdo frvw ri vxlqj f iurp d ghqvlw| fkdudfwhul}hg e| wkh fxpxodwlyh glvwulexwlrq ixqfwlrq J�1

Wkh zrunhu vxhv li wkh h{shfwhg gdpdjh dzdug frqglwlrqdo rq �olqj d vxlw h{fhhgv f1 Zh wdloru

rxu dqdo|vlv wr �w wkh suh0 dqg srvw0FUD<4 ohjdo hqylurqphqwv e| doorzlqj �uhg zrunhuv wr vxh iru

zdjhv lq wkh shulrg wkh| duh �uhg dqg vrph sxqlwlyh dqg frpshqvdwru| gdpdjhv1 D zrunhu zkr

�ohv d vxlw djdlqvw klv hpsor|hu zlqv zlwk h{rjhqrxv suredelolw| t dqg/ frqglwlrqdo rq zlqqlqj/

hduqv gdpdjhv ri dprxqw z� . g1 D �uhg zrunhu wkhuhiruh vxhv zlwk suredelolw| J�^t+z� . g,`1:

615 Ilupv

Zh dvvxph d �up*v uhyhqxh lq d jlyhq shulrg ghshqgv rq wkh qxpehu ri kljk0delolw| h{shulhqfhg

dqg lqh{shulhqfhg zrunhuv lw hpsor|v1 Ghqrwh wkh phdvxuh ri wkh vhw ri lqh{shulhqfhg +h{shulhqfhg,

zrunhuv hpsor|hg e| �up p lq shulrg w dv L6| +H6|,1 D �up hpsor|lqj L6| lqh{shulhqfhg zrunhuv

lq shulrg w zloo �qg wkdw iudfwlrq !
�
kdyh kljk delolw|1 Dprqj h{shulhqfhg zrunhuv/ d kljkhu iudfwlrq

kdyh kljk delolw|/ vlqfh �+4�!
�
, orz0delolw| zrunhuv duh vfuhhqhg rxw ri wkh oderu pdunhw diwhu wklv

frkruw*v �uvw shulrg ri hpsor|phqw1 Vlqfh +4� �,+4� !
�
, orz0delolw| zrunhuv uhpdlq lq wkh oderu

pdunhw lqwr wkh vhfrqg shulrg ri olih/ wkh suredelolw| wkdw dq h{shulhqfhg zrunhu kdv kljk delolw| lv

jlyhq e| !
2
@ !

�
@+4� �+4� !

�
,,1 Zh ghqrwh �up p*v uhyhqxh lq shulrg w dv U+!

�
L6| . �!

2
H6|,/

zkhuh U lv lqfuhdvlqj dqg vwulfwo| frqfdyh1 Zh xvh � � 4 wr fdswxuh wkh srvvlelolw| wkdw h{shulhqfh

lpsuryhv d zrunhu*v surgxfwlylw|1 Lq pdnlqj hpsor|phqw ghflvlrqv/ �upv frqvlghu doo hpsor|phqw0

uhodwhg frvwv/ lqfoxglqj zdjhv dqg wkh srwhqwldo frvwv vwhpplqj iurp olwljdwlrq1 Frqvlghu wkh L6|

lqh{shulhqfhg zrunhuv kluhg e| �up p lq shulrg w1 Iudfwlrq �+4 � !
�
, ri wkhvh zrunhuv duh �uhg

gxulqj shulrg w/ zkloh iudfwlrq 4 � �+4 � !
�
, duh uhwdlqhg wkurxjk wkh shulrg1 Wr wkh uhwdlqhg

zrunhuv/ wkh �up sd|v zdjh z
�|1 Iudfwlrq J

�
^t+z

�| . g,` ri wkh �uhg zrunhuv �oh vxlwv iru xqodzixo

dgglwlrqdo lqvljkwv1

9 Wkh dvvxpswlrq wkdw zrunhuv duh hlwkhu kljk ru orz delolw| dqg wkdw orz0delolw| zrunhuv kdyh }hur surgxfwlylw|

lv pdgh iru hdvh ri h{srvlwlrq1 Vlplodu uhvxowv fdq eh rewdlqhg iurp d prgho lq zklfk hpsor|hhv* delolwlhv duh

frqwlqxrxv dqg �upv fdqqrw dgmxvw zdjhv grzqzdug wr pdwfk surgxfwlylw|1

: Rxu prgholqj ri wkh phfkdqlvpv e| zklfk zrunhuv olwljdwh lv vlplodu wr wkdw ri Dfhprjox dqg Dqjulvw +4<<;,1
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whuplqdwlrq1 Zh dvvxph wkh pdujlqdo frvw wr d �up ri ghihqglqj djdlqvw d vxlw lv n/ vr wkh wrwdo

h{shfwhg frvw wr wkh �up iurp d vxlw +zklfk lqfoxghv h{shfwhg gdpdjhv soxv gluhfw frvwv ri suhsdulqj

d ghihqvh, lv jlyhq e| t+z
�|.g,.n= Ilupv wdnh fxuuhqw dqg ixwxuh zdjhv dv h{rjhqrxv dqg fkrrvh

hpsor|phqw ohyhov wr pd{lpl}h wkh qhw suhvhqw ydoxh ri sur�wv1 Dvvxplqj dq lqwhulru rswlpxp/

wkh �up*v shulrg w hpsor|phqw ghflvlrqv duh fkdudfwhul}hg e| wkh iroorzlqj �uvw0rughu frqglwlrqv=

!
�
U� @

�
4� �+4� !

�
,
�
z�| . �+4� !

�
,J�^t+z�| . g,`

�
t+z�| . g, . n

�
+4,

�!
2
U� @

�
4� �+4� !

2
,
�
z2| . �+4� !

2
,J2^t+z2| . g,`

�
t+z2| . g, . n

�
= +5,

Lq d vwhdg|0vwdwh htxloleulxp/ doo zrunhuv h{fhsw wkrvh zkr kdyh ehhq vkrzq wr kdyh orz delolw|

duh hpsor|hg/ vr zh uhtxluh wkdw PL6| @ 4 dqg PH6| @ 4� �+4� !
�
,=

616 Idfwruv D�hfwlqj Uhwxuqv wr H{shulhqfh

Zh qrz dgguhvv idfwruv d�hfwlqj uhwxuqv wr h{shulhqfh � wkdw lv/ z
2|�z

�| � lq wklv oderu pdunhw1

Wkh �uvw0rughu frqglwlrqv lq Htxdwlrqv +4, dqg +5, htxdwh wkh pdujlqdo surgxfwlylw| ri hdfk frkruw

wr wkh pdujlqdo frvw ri hpsor|lqj d zrunhu lq wkdw frkruw1 Wkuhh idfwruv pd| ohdg wr gl�huhqfhv lq

zdjhv sdlg wr h{shulhqfhg dqg lqh{shulhqfhg zrunhuv= +l, gl�huhqfhv lq surgxfwlylw| +li � A 4,/ +ll,

gl�huhqfhv lq wkh iudfwlrq ri zrunhuv zkr kdyh kljk delolw|/ dqg +lll, gl�huhqfhv lq wkh h{shfwhg frvwv

ri olwljdwlrq1 Zh glvfxvv hdfk lq wxuq/ dqg wkhq dvn krz fkdqjhv lq hpsor|phqw glvfulplqdwlrq odz

d�hfw wkh uhwxuqv wr h{shulhqfh1 Iluvw/ qrwh wkdw U� A 3 lv wkh pdujlqdo surgxfwlylw| ri d kljk0delolw|

lqh{shulhqfhg zrunhu/ zkloh �U� lv wkh pdujlqdo surgxfwlylw| ri d kljk0delolw| h{shulhqfhg zrunhu1

Li � lv vwulfwo| juhdwhu wkdq rqh/ wkhq h{shulhqfh uhvxowv lq juhdwhu surgxfwlylw| dqg khqfh kljkhu

zdjhv1 Vhfrqg/ wkh �up*v h{shfwdwlrq ri d zrunhu*v delolw| ghshqgv rq wkh zrunhu*v h{shulhqfh1

Ilupv kdyh qr lqirupdwlrq uhjduglqj delolw| ohyhov ri lqh{shulhqfhg zrunhuv> khqfh wkh suredelolw|

wkdw dq lqh{shulhqfhg zrunhu kdv kljk delolw| lv !
�
1 Krzhyhu/ h{shulhqfhg zrunhuv uhpdlq lq wkh

oderu irufh rqo| li wkh| zhuh qrw vkrzq wr eh ri orz delolw| lq wkhlu �uvw shulrg ri hpsor|phqw1

Zkloh vrph h{shulhqfhg zrunhuv duh orz delolw| +dv orqj dv � ? 4,/ wkh vkduh ri h{shulhqfhg zrunhuv

zlwk kljk delolw| lv !
2
A !

�
1 Vlqfh orz0delolw| zrunhuv kdyh }hur pdujlqdo surgxfwlylw|/ wkh idfw wkdw

h{shulhqfhg zrunhuv duh pruh olnho| wr kdyh kljk delolw| phdqv juhdwhu ghpdqg dqg kljkhu zdjhv

iru wkhvh zrunhuv1 Wklug/ h{shulhqfhg dqg lqh{shulhqfhg zrunhuv gl�hu lq h{shfwhg frvwv dvvrfldwhg

zlwk hpsor|phqw glvfulplqdwlrq olwljdwlrq1 Iru d zrunhu lq shulrg l ri klv olih/ wkh h{shfwhg frvw

wr wkh �up iurp olwljdwlrq rq wkh sduw ri wkdw zrunhu lv

�+4� !
�
,J�^t+z�| . g,`

�
t+z�| . g, . n

�
= +6,

Euhdnlqj wklv h{suhvvlrq lqwr wkuhh sduwv/ zh lghqwli| wkuhh glvwlqfw h�hfwv ri h{shulhqfh rq h{shfwhg

olwljdwlrq frvwv1 Wkh �uvw whup lq +6,/ �+4 � !�,/ uhsuhvhqwv d glvsodfhphqw h�hfw= vlqfh !
�
A !

2
/

:



lqh{shulhqfhg zrunhuv duh pruh olnho| wr eh glvsodfhg/ dqg khqfh pruh olnho| wr kdyh wkh rswlrq

ri �olqj vxlw1 Wkh glvsodfhphqw h�hfw wkhuhiruh zrunv lq gluhfwlrq ri kljkhu olwljdwlrq frvwv iru

lqh{shulhqfhg zrunhuv1 Zh uhihu wr wkh vhfrqg whup/ J�^t+z�|.g,`/ dv d olwljdwlrq h�hfw = frqglwlrqdo

rq ehlqj �uhg/ wkh suredelolw| d zrunhu vxhv ghshqgv rq erwk wkh zdjhv wkdw fdq eh uhfryhuhg dqg

wkh wkh glvwulexwlrq/ J/ ri frvwv ri �olqj d vxlw1 Zdjhv duh w|slfdoo| kljkhu iru h{shulhqfhg zrunhuv/

exw zh kdyh qr h{shfwdwlrq dv wr krz J pd| ydu| zlwk h{shulhqfh1 Wklv olwljdwlrq h�hfw pd| zrun

lq wkh gluhfwlrq ri hlwkhu kljkhu ru orzhu olwljdwlrq frvwv iru lqh{shulhqfhg zrunhuv1 Wkh wklug whup/

t+z�|.g,.n/ uh hfwv d gdpdjhv h�hfw1 Vlqfh gdpdjh dprxqwv duh srvlwlyho| uhodwhg wr zdjhv/ wklv

h�hfw zrunv lq wkh gluhfwlrq ri orzhu olwljdwlrq frvwv iru lqh{shulhqfhg zrunhuv1 Lq jhqhudo/ wkhuhiruh/

wkh uhodwlrqvkls ehwzhhq h{shfwhg olwljdwlrq frvwv dqg h{shulhqfh lv lqghwhuplqdwh= ohduqlqj lpsolhv

wkdw lqh{shulhqfhg zrunhuv duh pruh olnho| wr eh �uhg/ exw kljkhu zdjhv phdq odujhu h{shfwhg

gdpdjh dzdugv iru h{shulhqfhg zrunhuv1 Zh qh{w dvn krz wkh Flylo Uljkwv Dfw ri 4<<4 pd| d�hfw

uhwxuqv wr h{shulhqfh1 Zkhuhdv sulru wr wkh odz/ gdpdjh dzdugv zhuh olplwhg wr edfn sd| dqg

plqlpdo frpshqvdwru| gdpdjhv/ srvw04<<4 sodlqwl�v fdq hduq erwk sxqlwlyh dqg frpshqvdwru|

gdpdjhv1 Zh prgho wklv fkdqjh dv dq lqfuhdvh lq g1; Dq lqfuhdvh lq g fohduo| udlvhv wkh frvw ri

hpsor|lqj erwk lqh{shulhqfhg dqg h{shulhqfhg zrunhuv/ zklfk uhgxfhv zdjhv iru erwk frkruwv1 Lq

rughu wr ghwhuplqh krz wkh uhwxuq wr h{shulhqfh lv d�hfwhg/ zh dvn zkhuh wkh frvw lqfuhdvh lv odujhu/

dv zdjhv iru wklv jurxs zloo eh ghsuhvvhg uhodwlyh wr wkh rwkhu jurxs1 Iru d zrunhu hpsor|hg lq

shulrg l ri klv olih/ wkh ghulydwlyh ri h{shfwhg olwljdwlrq frvw zlwk uhvshfw wr g lv

�+4� !
�
,

�
tj�^t+z�| . g,`

�
t+z�| . g, . n

�
. tJ�^t+z�| . g,`

�
> +7,

zkhuh j� lv wkh suredelolw| ghqvlw| ixqfwlrq dvvrfldwhg zlwk wkh fxpxodwlyh glvwulexwlrq ixqfwlrq

J�1 Dq lqfuhdvh lq g d�hfwv erwk wkh olwljdwlrq h�hfw dqg wkh gdpdjhv h�hfw= hpsor|hhv zkr duh

�uhg ehfrph pruh olnho| wr olwljdwh/ dqg hpsor|hhv zkr olwljdwh hduq odujhu h{shfwhg gdpdjhv1

Wr dvvhvv wkh h�hfw ri wkh Dfw rq uhwxuqv wr h{shulhqfh/ zh dvn zkhwkhu wkh h{suhvvlrq lq +7,

lv odujhu iru h{shulhqfhg ru lqh{shulhqfhg zrunhuv1 Zh ehjlq e| qrwlqj wkdw wkh �uvw whup lq +7,

� wkh suredelolw| d zrunhu lv �uhg � lv xqdpeljxrxvo| odujhu iru lqh{shulhqfhg zrunhuv1 Wkh

vhfrqg whup lq +7, � wkh udwh dw zklfk wkh h{shfwhg frvwv ri �ulqj d zrunhu lqfuhdvhv dv g lqfuhdvhv

� frxog eh odujhu iru hlwkhu h{shulhqfhg ru lqh{shulhqfhg zrunhuv1 Wr vhh wklv/ qrwh wkdw li J
�

dqg J2 duh lghqwlfdo xqlirup glvwulexwlrqv rq ^3> f`/ wkhq wklv whup zloo eh odujhu iru h{shulhqfhg

zrunhuv1 Vlqfh h{shulhqfhg zrunhuv duh pruh olnho| wr vxh lq wklv fdvh/ wkh lqfuhdvh lq srwhqwldo

; Zh fdq rewdlq vlplodu uhvxowv irfxvlqj rq wkh surylvlrq ri wkh FUD wkdw doorzv hlwkhu vlgh wr vhhn d mxu| wuldo1

Vlqfh mxulhv duh shufhlyhg wr idyru wkh fodlpv ri lqglylgxdov/ zh prgho wklv dv dq lqfuhdvh lq ^/ wkh olnholkrrg d

vxlw lv vxffhvvixo1

;



gdpdjhv lv pruh frvwo| iru wkhvh zrunhuv1 Dovr/ vlqfh h{shulhqfhg zrunhuv hduq kljkhu zdjhv +dqg

wkhuhiruh kljkhu gdpdjhv li wkh| zlq d vxlw,/ wkh lqfuhdvh lq wkh surshqvlw| wr vxh frqglwlrqdo rq

ehlqj �uhg wkdw lv jhqhudwhg e| wkh lqfuhdvh lq g lv pruh frvwo| iru h{shulhqfhg zrunhuv1 Krzhyhu/

li lqh{shulhqfhg zrunhuv duh pruh olnho| wr vxh frqglwlrqdo rq ehlqj �uhg +vr wkdw J
�
^t+z

�| . g,` A

J
2
^t+z

2| . g,,`/ ru li wkh lqfuhdvh lq wkh surshqvlw| wr vxh vwhpplqj iurp dq lqfuhdvh lq g lv odujhu

iru lqh{shulhqfhg zrunhuv +j
�
^t+z

�|.g,` A j
2
^t+z

2|.g,`,/ wkhq wkh vhfrqg whup lq +7, pd| eh odujhu

iru lqh{shulhqfhg zrunhuv1< Zkloh zh gr qrw rewdlq xqdpeljxrxv frpsdudwlyh vwdwlfv uhjduglqj

wkh uhodwlrqvkls ehwzhhq FUD<4 dqg uhwxuqv wr h{shulhqfh/ rxu prgho grhv srlqw rxw vhyhudo

uhodwlrqvklsv wkdw zh fdq h{dplqh lq wkh gdwd1 Iru h{dpsoh/ lw lv fohdu iurp rxu glvfxvvlrq wkdw li

�+4�!�,J�^t+z�|.g,` � wkdw lv/ wkh olnholkrrg dq hpsor|hh vxhv frqglwlrqdo rq ehlqj hpsor|hg �

ghfuhdvhv zlwk h{shulhqfh/ wkhq +7, zloo eh ghfuhdvlqj lq l +dv orqj dv j
2 lv qrw vljql�fdqwo| juhdwhu

wkdq j
�, dqg sdvvdjh ri FUD<4 zloo eh dvvrfldwhg zlwk dq lqfuhdvh lq wkh uhwxuq wr h{shulhqfh1

Vlploduo|/ li �+4 � !
�
,j�^t+z�| . g,` � wkh lqfuhdvh lq wkh surshqvlw| wr vxh frqglwlrqdo rq ehlqj

hpsor|hg dvvrfldwhg zlwk lqfuhdvhg gdpdjh dzdugv � ghfuhdvhv zlwk h{shulhqfh/ wkhq uhwxuqv

wr h{shulhqfh vkrxog lqfuhdvh1 Rxu dqdo|vlv wkhuhiruh vxjjhvwv wkdw lq rughu wr xqghuvwdqg krz

FUD<4 d�hfwv uhwxuqv wr h{shulhqfh/ zh pxvw �uvw h{dplqh krz frpsodlqw udwhv ydu| zlwk djh

dprqj surwhfwhg zrunhuv/ dqg krz wkh uhvsrqvh ri frpsodlqw udwhv wr wkh Dfw ydulhv zlwk djh1

Zh kdyh/ iru hdvh ri suhvhqwdwlrq/ dvvxphg oderu vxsso| lv shuihfwo| lqhodvwlf/ exw uhprydo ri

wklv uhvwulfwlrq grhv |lhog rqh dgglwlrqdo lpsolfdwlrq1 Xqghu wkh dvvxpswlrqv wkdw +l, oderu vxsso|

lv vrphzkdw hodvwlf/ +ll, h{shulhqfhg dqg lqh{shulhqfhg zrunhuv duh vxevwlwxwhv lq wkh surgxfwlrq

surfhvv/ dqg +lll, wkh lqfuhdvh lq h{shfwhg olwljdwlrq frvwv dvvrfldwhg zlwk dq lqfuhdvh lq g lv odujhu iru

lqh{shulhqfhg zrunhuv/ wkhq lw lv srvvleoh wr frqvwuxfw h{dpsohv lq zklfk z
2| lqfuhdvhv lq uhvsrqvh wr

wkh lqfuhdvh lq g1 Wklv h�hfw dulvhv dv �upv vxevwlwxwh dzd| iurp lqh{shulhqfhg zrunhuv ehfdxvh ri

wkh kljk srwhqwldo frvwv ri olwljdwlrq/ dqg elg xs wkh zdjhv ri h{shulhqfhg zrunhuv1 Wklv revhuydwlrq

lpsolhv wkdw dyhudjh zdjhv zlwklq d jlyhq shulrg � wkdw lv/ +z
�| . z2|,@5 � pd| qrw eh juhdwo|

d�hfwhg e| lqfuhdvhv lq g1 Krzhyhu/ wklv grhv qrw phdq wkdw surwhfwhg zrunhuv duh qrw kduphg> vlqfh

zdjhv duh uhglvwulexwhg iurp |rxqjhu wr roghu zrunhuv/ wkh suhvhqw ydoxh ri olihwlph hduqlqjv iru d

jlyhq zrunhu/ z
�| . �z2|n�/ idoov1 Wklv vxjjhvwv wkdw vwxglhv h{dplqlqj wkh h�hfwv ri hpsor|phqw

surwhfwlrqv rq dyhudjh zdjhv zlwkrxw dovr frqvlghulqj krz surwhfwlrqv pd| uhglvwulexwh zdjhv pd|

eh plvvlqj sduw ri wkh h�hfw1

< Dv dq h{dpsoh ri glvwulexwlrqv ri C� dqg C2 wkdw frxog |lhog wklv rxwfrph/ vxssrvh C� lv xqlirup rq dfc S�o1 Li

S� 	 S2/ wkhq e| frqvwuxfwlrq }�d^E��| n _�o : }2d^E�2| n _�o/ zkloh li S� lv vx!flhqwo| vpdoo uhodwlyh wr S2/ wkhq

C�d^E��| n _�o : C2d^E�2| n _�o1 Rqh uhdvrqdeoh mxvwl�fdwlrq iru wklv vhw ri dvvxpswlrqv uhjduglqj C� dqg C2 lv

wkdw wkh rssruwxqlw| frvw ri d pruh h{shulhqfhg zrunhu*v wlph lv kljkhu/ rq dyhudjh1
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7 Ghwhuplqdqwv ri Zurqjixo Whuplqdwlrq Frpsodlqwv

Rxu prgho vxjjhvwv wkdw wkh h�hfw ri FUD<4 rq uhwxuqv wr h{shulhqfh lv sduwldoo| ghwhuplqhg e|

wkh uhodwlrqvkls ehwzhhq h{shulhqfh dqg wkh surshqvlw| wr vxh1 Zh wkhuhiruh ehjlq rxu hpslulfdo

dqdo|vlv e| h{dplqlqj wkh djh glvwulexwlrq ri hpsor|hhv pdnlqj glvfulplqdwlrq fodlpv1 Xvlqj gdwd

iurp wkh HHRF dqg wkh FSV/ zh phdvxuh wkh vkduh ri ixoo0wlph hpsor|hg surwhfwhg zrunhuv zkr

�oh zurqjixo whuplqdwlrq frpsodlqwv/ dqg frpsxwh krz wklv vkduh ydulhv zlwk djh143 Rxu HHRF

gdwd vhw olvwv d udqjh ri idfwv uhjduglqj hdfk frpsodlqw/ lqfoxglqj wkh gdwh wkh frpsodlqw zdv

�uvw �ohg/ wkh �edvlv� ri wkh frpsodlqw +h1j1/ udfh/ jhqghu/ glvdelolw|,/ dqg wkh �lvvxh� +h1j1/ klulqj/

glvfkdujh/ kdudvvphqw,1 Wkh gdwd dovr lqfoxgh ghprjudsklf lqirupdwlrq vxfk dv wkh sodlqwl�*v vwdwh

ri uhvlghqfh/ jhqghu/ udfh/ dqg +iru :3( ri sodlqwl�v, djh1 Zh dqdo|}h jhqghu0edvhg fdvhv eurxjkw

e| zrphq dqg udfh0edvhg fdvhv eurxjkw e| eodfn phq wkdw zhuh �uvw �ohg zlwk wkh HHRF ehwzhhq

4<;; dqg 4<<8144 Wr holplqdwh djh0edvhg fdvhv dqg frqfhqwudwh rq zrunhuv olnho| wr eh dwwdfkhg

wr wkh oderu irufh/ zh orrn h{foxvlyho| dw sodlqwl�v djhg 53 wr 73 dw wkh wlph ri frpsodlqw1 Dovr/

ehfdxvh rxu prgho irfxvhv h{solflwo| rq whuplqdwlrq0edvhg olwljdwlrq/ zh frqvlghu rqo| whuplqdwlrq0

edvhg frpsodlqwv1 Wkhuh zhuh d wrwdo ri 446/5;6 jhqghu0edvhg fdvhv eurxjkw e| 53 wr 73 |hdu0rog

zklwh zrphq dqg 44;/::< udfh0edvhg fdvhv eurxjkw e| 53 wr 73 |hdu0rog eodfn phq1 Ri wkhvh/ d

wrwdo ri 47</7;< +9717(, zhuh zurqjixo whuplqdwlrq fdvhv dqg frpsulvh rxu �qdo vdpsoh145 Zh

xvh wkh Dqqxdo Ghprjudsklf Iloh ri wkh Pdufk FSV wr hvwlpdwh wkh qxpehu ri ixoo0wlph hpsor|hg

zklwh zrphq dqg ixoo0wlph hpsor|hg eodfn phq ri hdfk djh ehwzhhq 53 dqg 73 lq hdfk |hdu ehwzhhq

4<;; dqg 4<<8 +zkhuh d zrunhu lv ixoo0wlph li kh ru vkh uhsruwhg zrunlqj dw ohdvw wkluw| krxuv lq wkh

43 H{fhsw zkhq �olqj xqghu FUD ri 4;99/ doo zrunhuv vhhnlqj uhguhvv xvlqj FUD<4 pxvw vwduw e| �olqj d frpsodlqw

zlwk wkh HHRF1

44 Dssur{lpdwho| 4;( ri jhqghu0edvhg fdvhv duh eurxjkw e| phq1 Dssur{lpdwho| ;3( ri udfh0edvhg fdvhv duh eurxjkw

e| eodfnv/ 43( e| zklwhv/ dqg wkh uhvw duh vsolw dprqj Dvldqv/ Qdwlyh Dphulfdqv/ dqg rwkhuv1 Vrph frpsodlqwv

doohjh pruh wkdq rqh edvlv +wkdw lv/ d shuvrq pd| fodlp erwk djh dqg jhqghu glvfulplqdwlrq,/ exw ryhu <8( ri

wkh frpsodlqwv lq wkh djh dqg edvlv jurxsv wkdw zh dqdo|}h fodlp d vlqjoh edvlv1 Rxu uhvxowv duh qrw d�hfwhg e|

h{foxglqj frpsodlqwv zlwk pxowlsoh edvhv1

45 Wkhuh duh dw ohdvw wzr olplwdwlrqv wr rxu dqdo|vlv ri HHRF gdwd1 Iluvw/ wkh djh ri wkh sodlqwl� lv plvvlqj iru

dssur{lpdwho| 63( ri wkh revhuydwlrqv1 Zkloh zh kdyh qr uhdvrq wr eholhyh wkhuh lv dq| v|vwhpdwlf gl�huhqfh

ehwzhhq wkh djhv ri wkh frpsohwh vdpsoh dqg wkh plvvlqj djh vdpsoh/ zh zdqw wr eh fduhixo derxw gudzlqj frqfox0

vlrqv zkhq zh kdyh wr glvfdug ryhu d txduwhu ri rxu gdwd1 Vhfrqg/ dv glvfxvvhg deryh/ udfh0edvhg frpsodlqwv fdq

eh �ohg xqghu wkh FUD ri 4;99 gluhfwo| lq Ihghudo Frxuw1 FUD<4 pdgh wklv d yldeoh rswlrq lq zurqjixo whuplqd0

wlrq vxlwv/ vr lw lv xqfohdu krz uhsuhvhqwdwlyh HHRF frpsodlqwv duh ri doo srvw0FUD<4 udfh0edvhg glvfulplqdwlrq

frpsodlqwv1
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zhhn ehiruh wkh vxuyh|,1 Zh fuhdwh frxqwv ri ixoo0wlph zrunhuv e| djh2|hdu2surwhfwhg jurxs/ dqg

xvh wkhvh frxqwv dqg wkh qxpehu ri frpsodlqwv lq hdfk djh2|hdu2jurxs fhoo wr ghwhuplqh/ e| fhoo/

wkh shufhqwdjh ri hpsor|hhv zkr �oh d frpsodlqw zlwk wkh HHRF1 Wkhvh frpsodlqw udwhv lqglfdwh

wkh dssur{lpdwh suredelolw| wkdw d ixoo0wlph hpsor|hh ri d jlyhq djh dqg lq d jlyhq |hdu �ohv d

zurqjixo whuplqdwlrq frpsodlqw1 Iljxuhv 4+d, dqg 4+e, vkrz wkh frpsodlqw udwhv e| djh iru ixoo0

wlph zklwh zrphq dqg eodfn phq/ uhvshfwlyho|/ gxulqj 4<<3 dqg 4<<61 Zh fkrvh wkhvh |hduv dv

uhsuhvhqwdwlyh suh0FUD<4 dqg srvw0FUD<4 |hduv> wkh djh2frpsodlqw sdwwhuqv duh vlplodu lq hyhu|

|hdu iurp 4<;;04<<8/ vr h{dplqlqj wkhvh wzr |hduv lv vx!flhqw1 Wkh frpsodlqw udwh lv pxfk kljkhu

iru eodfn phq wkdq iru zklwh zrphq1 Hdfk |hdu/ wkh HHRF uhfhlyhg d jhqghu0edvhg zurqjixo

whuplqdwlrq fodlp iurp dssur{lpdwho| rqh rxw ri hyhu| 5/333 wr 5/833 ixoo0wlph zklwh zrphq/ exw

wkh sursruwlrq lv rqh rxw ri 633 wr 833 iru eodfn phq1 Dovr/ dv vxjjhvwhg lq Vhfwlrq 5/ wkh udwh ri

frpsodlqw iru erwk jurxsv lv qrwlfhdeo| kljkhu lq 4<<6 wkdq lq 4<<31 Wkh lqfuhdvh lq frpsodlqwv

lv pruh gudpdwlf iru zrphq wkdq iru eodfnv/ zklfk frxog eh uhodwhg wr wkh dwwhqwlrq gudzq wr

jhqghu0edvhg glvfulplqdwlrq e| wkh 4<<4 Foduhqfh Wkrpdv frq�updwlrq khdulqjv ru wkh idfw wkdw

FUD<4 pdgh lw srvvleoh iru sodlqwl�v wr e|sdvv wkh HHRF lq �olqj udfh0edvhg vxlwv1 Dowhuqdwlyho|/

wkh eodfn frpsodlqw udwh pd| qrw kdyh lqfuhdvhg dv pxfk vlqfh lw zdv pxfk kljkhu wr ehjlq zlwk1

Wkh djh sdwwhuqv lq HHRF frpsodlqwv duh yhu| gl�huhqw iru wkh wzr jurxsv1 Dv ghslfwhg

lq Iljxuh 4+d,/ frpsodlqw udwhv ghfolqh vwhdglo| dqg vwhhso| iru zklwh zrphq lq wkhlu 63v1 Wkh

frpsodlqw udwhv lq 4<<3 dqg 4<<6 zhuh 31695 dqg 317;:/ uhvshfwlyho|/ shu 4333 iru zklwh zrphq lq

wkhlu 53v/ exw rqo| 3159: dqg 316:; shu 4333 iru zklwh zrphq lq wkhlu 63v1 Ryhu wkh ixoo 4<;;0<4

+4<<50<8, shulrg/ wkh |hduo| frpsodlqw udwh zdv 31644 +317:6, iru 580|hdu0rog zklwh zrphq dqg

31567 +316<<, iru 680|hdu0rog zklwh zrphq1 Wklv sdwwhuq grhv qrw krog/ krzhyhu/ iru eodfn phq1 Dv

vkrzq lq Iljxuh 4+e,/ frpsodlqw udwhv lqfuhdvh vorzo| dqg vwhdglo| dv eodfn phq djh1 Lq 4<<3 dqg

4<<6/ wkh frpsodlqw udwhv zhuh 5169 dqg 51:5/ uhvshfwlyho|/ shu 4333 iru eodfn phq lq wkhlu 53v/ exw

519< dqg 6137 iru wkrvh lq wkhlu 63v1 Vlploduo|/ ryhu wkh ixoo 4<;;0<4 +4<<50<8, shulrg/ wkh HHRF

uhfhlyhg 41<< +514:, frpsodlqwv shu 4333 580|hdu0rog eodfn phq shu |hdu dqg 51:4 +51<9, shu 4333

680|hdu0rog eodfn phq shu |hdu1

Zh h{shfw wkh uhwxuqv wr h{shulhqfh iru d jlyhq surwhfwhg jurxs wr lqfuhdvh dv d uhvxow ri

wkh sdvvdjh ri FUD<4 li wkh lqfuhdvh lq olwljdwlrq0uhodwhg frvwv ri hpsor|phqw lv vpdoohu iru pruh

h{shulhqfhg zrunhuv1 Lq Vhfwlrq 6/ zh prghohg wkhvh frvwv h{solflwo| dqg dujxhg wkdw li +l, wkh

olnholkrrg ri �olqj d frpsodlqw frqglwlrqdo rq ehlqj hpsor|hg ghfuhdvhv zlwk h{shulhqfh/ ru +ll, wkh

lqfuhdvh lq wkh surshqvlw| wr vxh frqglwlrqdo rq ehlqj hpsor|hg dvvrfldwhg zlwk lqfuhdvhg gdpdjh

dzdugv ghfuhdvhv zlwk h{shulhqfh/ wkhq wkh lqfuhdvh lq olwljdwlrq0uhodwhg frvwv ri hpsor|phqw pd|

eh ghfuhdvlqj zlwk h{shulhqfh1 Iru zklwh zrphq/ lw dsshduv wkdw wkh �uvw ri wkhvh frqglwlrqv krogv1
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Wkhuh lv qr hylghqfh wkdw wkh lqfuhdvh lq wkh surshqvlw| wr vxh dvvrfldwhg zlwk FUD<4 ydulhv zlwk

djh iru wklv jurxs/ exw lw lv dssduhqw wkdw/ frqglwlrqdo rq ixoo0wlph hpsor|phqw/ |rxqjhu zrphq

duh pruh olnho| wr �oh frpsodlqwv zlwk wkh HHRF1 Iru eodfn phq/ lw dsshduv wkdw qhlwkhu frqglwlrq

krogv1 Roghu eodfn phq duh pruh olnho| wr �oh zlwk wkh HHRF/ dqg lw grhv qrw dsshdu wkdw wkh

lqfuhdvh lq surshqvlw| wr vxh dvvrfldwhg zlwk FUD<4 ydulhg e| djh146

Wkhvh gl�huhqfhv lq wkh djh sdwwhuqv ri HHRF frpsodlqwv iru zklwh zrphq dqg eodfn phq ohdg

xv wr h{shfw gl�huhqw sdwwhuqv lq uhwxuqv wr h{shulhqfh dv d uhvxow ri FUD<41 Rxu �qglqj wkdw

|rxqj zklwh zrphq duh pruh olnho| wr �oh hpsor|phqw glvfulplqdwlrq olwljdwlrq wkdq roghu zklwh

zrphq ohdgv xv wr h{shfw wkh sdvvdjh ri FUD<4 wr uhvxow lq dq lqfuhdvh lq wkh uhwxuqv wr h{shulhqfh

iru zrphq1 Vlqfh surshqvlw|0wr0vxh grhv qrw wuhqg grzqzdug zlwk djh iru eodfn phq/ rxu dqdo|vlv

grhv qrw vxjjhvw d gh�qlwlyh suhglfwlrq iru wklv jurxs1

8 Hpslulfdo Dqdo|vlv ri Oderu Pdunhw Rxwfrphv

814 Gdwd dqg Phwkrgrorj|

Zh h{dplqh h�hfwv ri FUD<4 rq oderu pdunhw rxwfrphv iru surwhfwhg zrunhuv xvlqj gdwd iurp

wkh 4<;; wkurxjk 4<<9 Dqqxdo Ghprjudsklf Iloh ri wkh Pdufk FSV1 Wkh Pdufk FSV/ olnh doo FSV

prqwko| vxuyh|v/ dvnv derxw fxuuhqw hpsor|phqw vwdwxv lqfoxglqj krxuv zrunhg odvw zhhn/ ixoo0

wlph2sduw0wlph vwdwxv/ lqgxvwu|/ dqg rffxsdwlrq1 Wkh Pdufk FSV dovr jdwkhuv ghwdlohg lqirupdwlrq

derxw wkh uhvsrqghqw*v hpsor|phqw lq wkh suhylrxv fdohqgdu |hdu/ vxfk dv zhhnv dqg krxuv ri zrun/

dqg zdjhv1 Zh irfxv rq wkuhh phdvxuhv ri hpsor|phqw rxwfrphv= zkhwkhu wkh uhvsrqghqw zrunhg

ixoo wlph/ krz pdq| krxuv wkh uhvsrqghqw zrunhg/ dqg zkdw krxuo| zdjh wkh uhvsrqghqw hduqhg1

Iluvw/ zh gh�qh vxuyh| uhvsrqghqwv zkr zrunhg dw ohdvw 63 krxuv rq doo mrev lq wkh zhhn ehiruh wkh

FSV lqwhuylhz dv �fxuuhqwo| hpsor|hg1� Vhfrqg/ zh phdvxuh wkh wrwdo krxuv zrunhg lq wkh fdohqgdu

|hdu ehiruh wkh lqwhuylhz dv wkh surgxfw ri wkh qxpehu ri zhhnv wkh shuvrq uhsruwhg zrunlqj lq

wkh suhylrxv |hdu dqg wkh uhsruwhg krxuv shu zhhn1 Wklug/ zh fdofxodwhg wkh krxuo| zdjh iru wkh

suhylrxv |hdu e| glylglqj wkh uhsruwhg wrwdo zdjhv iru wkh |hdu e| wkh wrwdo krxuv zrunhg147 Qrwh

wkdw wkh |hduv zh glvfxvv uhihu wr wkh |hdu derxw zklfk wkh uhvsrqghqw zdv dvnhg dqg qrw qhfhvvdulo|

wkh vxuyh| |hdu1 Hpsor|phqw lq |hdu w uhihuv wr hpsor|phqw vwdwxv uhsruwhg lq Pdufk ri |hdu w/

46 H{dplqlqj wkh vhw ri doo qrq0klulqj0edvhg HHRF frpsodlqwv |lhogv vlplodu djh wuhqgv1

47 Wkh pd{lpxp dqqxdo hduqlqjv lq wkh FSV lv '<</<<</ vr rxu zdjh yduldeoh lv uljkw0fhqvruhg1 Krzhyhu/ wklv rqo|

d�hfwv 418( ri doo revhuydwlrqv lq rxu zdjh uhjuhvvlrqv1 Wkh udwh ri wrs0frglqj ydulhv e| |hdu/ shdnlqj lq wkh 4<<8

FSV +4<<7 hduqlqjv, zkhuh 517( ri wkh revhuydwlrqv lq rxu zdjh uhjuhvvlrqv duh wrs0frghg1
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Wdeoh 4= Vxppdu| Vwdwlvwlfv iurp wkh 4<;;04<<9 Pdufk FSV

Hqwluh Vdpsoh Suh0FUD<4 Srvw0FUD<4 Zklwh Phq Zklwh Zrphq Eodfn Phq

+4, +5, +6, +7, +8, +9,

Wrwdo Revhuydwlrqv 587/653 483/5:8 437/378 44;/3<4 455/<9; 46/594

Fxuuhqwo| Hpsor|hg 9:15( 9:17( 9:13( :<1<( 8815( 981<(

Krxuv2Zhhn 731:8 73198 731;< 7717: 6917: 74175

+44189, +44136, +4419;, +4316:, +4418;, +<17:,

Krxuo| Zdjh 44198 44136 45187 46148 4314; 43149

+:15, +91;, +:1:, +:17;, +9196, +<17:,

Djh 65149 65136 65168 6514< 65149 641<5

+7156, +7157, +7156, +7156, +7156, +7165,

Hgxfdwlrq 4618 4617 4619 4619 4618 451;

+516, +517, +515, +517, +515, +515,

Vwdwh Xqhpsor|phqw 81<( 81<( 81;( 81<( 81<( 914(

+419(, +41:(, +418(, +419(, +419(, +418(,

Gdwd iurp 4<;;0<9 Pdufk FSV/ olplwhg wr eodfn phq dqg qrq0Klvsdqlf zklwh phq dqg zrphq djhg 5806<1 Froxpq

5 +Froxpq 6, lqfoxghv revhuydwlrqv ehiruh 4<<5 +diwhu 4<<5,1 Krxuv2zhhn dqg zdjhv duh dyhudjhv ryhu doo qrq0}hur

revhuydwlrqv1 Vwdqgdug ghyldwlrqv lq sduhqwkhvhv1

zkloh |hdu w zdjhv dqg krxuv uhihu wr wkh zdjhv dqg krxuv uhsruwhg uhwurvshfwlyho| iru |hdu w lq

Pdufk ri |hdu w.41 Zh olplw rxu dqdo|vlv wr FSV uhvsrqghqwv ehwzhhq wkh djhv ri 58 dqg 6<1 Wklv

uhvwulfwlrq irfxvhv rq wkrvh zlwk d vwurqj oderu irufh dwwdfkphqw/ plqlpl}hv wkh h�hfwv ri vfkrrolqj/

dqg nhhsv wkh frpsdulvrq jurxs +zklwh phq, fohdq e| uhprylqj DGHD0surwhfwhg zrunhuv148 Zh

gh�qh 4<;:04<<4 revhuydwlrqv dv �suh0FUD<4� dqg 4<<504<<9 revhuydwlrqv dv �srvw0FUD<41�49

Vxppdu| vwdwlvwlfv lq Wdeoh 4 vkrz wkdw urxjko| wzr0wklugv ri vxuyh| uhvsrqghqwv uhsruwhg ixoo0

wlph hpsor|phqw dqg wkh dyhudjh zrun zhhn zdv 74 krxuv1 Iurp Froxpqv 5 dqg 6 ri wkh wdeoh/ lw

dsshduv wkhuh duh qr qrwhzruwk| gl�huhqfhv ehwzhhq wkh �suh0FUD<4� dqg �srvw0FUD<4� vdpsohv1

Froxpqv 709 vkrz wkdw hpsor|phqw udwhv/ krxuv zrunhg/ dqg zdjhv duh kljkhu iru zklwh phq wkdq

iru hlwkhu ri wkh surwhfwhg jurxsv1

Rxu sulpdu| phwkrgrorj| lv wr phdvxuh krz wkh gl�huhqfhv ehwzhhq surwhfwhg dqg xqsurwhfwhg

zrunhu hpsor|phqw rxwfrph phdvxuhv fkdqjhg iurp wkh shulrg vkruwo| ehiruh FUD<4 wr wkh shulrg

vkruwo| diwhu1 Wkdw lv/ zh phdvxuh wkh �gl�huhqfh0lq0gl�huhqfhv� ri/ iru h{dpsoh/ eodfn dqg zklwh

48 Zh h{sdqghg wkh xsshu olplw ri wkh djh udqjh wr 83 dqg rewdlqhg hvvhqwldoo| wkh vdph uhvxowv1

49 Wklv lv qrw d shuihfw glylvlrq ehwzhhq suh0 dqg srvw0FUD<41 Wkh 4<<4 phdvxuhv ri zdjhv dqg krxuv lqfoxgh 73

gd|v ri srvw0FUD<4 wlph dqg wkh gdwd iru wkhvh revhuydwlrqv zhuh uhfrughg lq Pdufk 4<<5/ diwhu wkh odz zdv

hqdfwhg1 Krzhyhu/ rxu uhvxowv zhuh edvlfdoo| xqd�hfwhg zkhq zh uhglg rxu dqdo|vlv zlwkrxw wkh 4<<5 vxuyh|

revhuydwlrqv1
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uhwxuqv wr h{shulhqfh ehiruh dqg diwhu wkh odz1 Wkh fulwlfdo dvvxpswlrq qhhghg iru rxu dqdo|vlv

lv wkdw/ lq wkh devhqfh ri FUD<4/ uhwxuqv wr h{shulhqfh zrxog qrw kdyh fkdqjhg lq d zd| wkdw

gl�huhg e| udfh ru jhqghu ryhu wkh 4<;;0<8 shulrg1 Wzr qrq0FUD<4 idfwruv pd| kdyh frqwulexwhg

wr fkdqjhv lq hpsor|phqw rxwfrphv iru surwhfwhg zrunhuv ryhu wklv shulrg/ dqg zh zloo frqvlghu

wkhvh idfwruv lq iudplqj dqg lqwhusuhwlqj rxu uhvxowv1 Iluvw/ rplwwhg yduldeoh eldv frxog uhvxow iurp

rwkhu srolf| fkdqjhv/ sduwlfxoduo| wkh plqlpxp zdjh lqfuhdvhv lq 4<<3 dqg 4<<41 Vhfrqg/ wkhuh

zhuh xqghuo|lqj wuhqgv lq wkh uhwxuqv wr vnloo dqg wkh lqfrph glvwulexwlrq/ dqg wkh h�hfwv ri wkhvh

wuhqgv pd| kdyh gl�huhg dfurvv surwhfwhg dqg xqsurwhfwhg jurxsv1

815 Zdjh dqg Hpsor|phqw H�hfwv ri FUD<4

Zh �uvw hvwlpdwh wkh h�hfwv ri FUD<4 rq wkh wkuhh hpsor|phqw rxwfrph yduldeohv +hpsor|phqw/

krxuv zrunhg/ dqg zdjhv, vhsdudwho| iru erwk surwhfwhg jurxsv1 Wkh frpsdulvrq jurxs wkurxjkrxw

lv qrq0Klvsdqlf/ zklwh phq xqghu 73 |hduv rog1 Zklwh phq �oh glvfulplqdwlrq fodlpv idu ohvv

iuhtxhqwo| wkdq phpehuv ri hlwkhu surwhfwhg jurxs/ vr zh h{shfw wkh Dfw wr kdyh d pxfk vpdoohu

h�hfw rq wkhvh zrunhuv* hpsor|phqw rxwfrphv14: Zh phdvxuh wkh h�hfw ri FUD<4 e| hvwlpdwlqj

|�| @ �. �RgR .
bD[

|'H.

�|+g| � gR, . B{� . %�|> +8,

zkhuh |�| lv krxuv zrunhg ru orj krxuo| zdjhv lq |hdu w iru shuvrq l/ gR lv d surwhfwhg lqglfdwru

yduldeoh/ g| lv dq lqglfdwru iru |hdu w/ dqg {� lv d yhfwru ri frqwuro yduldeohv1 H{dplqlqj krz wkh �
|

frh!flhqwv gl�hu iru suh0 dqg srvw0FUD<4 |hduv whoov xv krz hpsor|phqw rxwfrphv zhuh d�hfwhg

e| wkh odz1 Wr jhw dw wkh suh2srvw h�hfw pruh gluhfwo|/ zh fdq dgmxvw Htxdwlrq +8, wr

|�| @ �. �RgR . �srvw+gsrvw � gR, . B{� . %�| +9,

zkhuh gsrvw lv dq lqglfdwru iru �srvw0FUD<41� Zkhq zh phdvxuh wkh h�hfw ri FUD<4 rq hpsor|0

phqw vwdwxv/ | lv dq lqglfdwru yduldeoh htxdo wr rqh li wkh uhvsrqghqw uhsruwv ixoo0wlph hpsor|phqw1

Zh wkhq hvwlpdwh wkh frh!flhqwv zlwk d surelw vshfl�fdwlrq1 Li hpsor|phqw ru krxuv zrunhg lv

wkh ghshqghqw yduldeoh/ wkh yhfwru ri frqwuro yduldeohv/ {�/ lqfoxghv lqglfdwruv iru |hdu/ vwdwh/ kljk

vfkrro dqg froohjh judgxdwlrq/ 80|hdu djh fdwhjrulhv/ rqh0kdoi shufhqwdjh srlqw lqwhuydov lq vwdwh xq0

hpsor|phqw udwhv/ dqg lqwhudfwlrqv ehwzhhq vwdwh xqhpsor|phqw dqg surwhfwhg vwdwxv lqglfdwruv1

Li orj zdjh lv wkh ghshqghqw yduldeoh/ wkhq {� lqfoxghv djh dqg djh vtxduhg/ dv zhoo dv lqglfdwruv

4: Wkh Dfw glg d�hfw wkh ohjdo vwdwxv ri glvdeohg zklwh phq1 Krzhyhu/ vlqfh ihzhu wkdq �yh shufhqw ri zrunhuv lq

wkh djh jurxs zh vwxg| duh glvdeohg +Dfhprjox dqg Dqjulvw +4<<;,,/ zh gr qrw h{shfw wklv wr kdyh d vljql�fdqw

lpsdfw rq rxu dqdo|vlv1
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iru |hdu/ vwdwh/ hgxfdwlrq/ vwdwh xqhpsor|phqw udwh dqg xqhpsor|phqw udwh2surwhfwhg vwdwxv lq0

whudfwlrqv1 Vrph vshfl�fdwlrqv dovr lqfoxgh |hdu2surwhfwhg vwdwxv lqwhudfwlrqv wr doorz iru vhsdudwh

wuhqgv lq hpsor|phqw rxwfrphv iru surwhfwhg dqg xqsurwhfwhg zrunhuv1

Sdqho D ri Wdeoh 5 dqg Iljxuh 5 glvsod| wkh uhvxowv ri hvwlpdwlqj Htxdwlrqv +8, dqg +9, xvlqj

zklwh zrphq xqghu 73 dv wkh surwhfwhg jurxs dqg zklwh phq xqghu 73 dv wkh frpsdulvrq jurxs1

Lq wkh �jxuh/ zh sorw wkh �
|
frh!flhqwv iurp hvwlpdwlrq ri Htxdwlrq +8,/ zkloh wkh wdeoh uhsruwv

frh!flhqwv iurp hvwlpdwlrq ri Htxdwlrq +9,1 Rxu �qglqjv frq�up wkh zhoo hvwdeolvkhg idfwv wkdw

zrphq sduwlflsdwh lq wkh oderu pdunhw dw vljql�fdqwo| orzhu udwhv wkdq phq/ wkdw wkh| zrun ihzhu

krxuv +derxw :33 ihzhu shu |hdu,/ dqg wkdw wkh| hduq ohvv +derxw 5:( ohvv rq d uhjuhvvlrq0dgmxvwhg

edvlv,1 Krzhyhu/ dv wkh wdeoh dqg �jxuh vkrz/ wkhuh zdv d glvwlqfw wuhqg wrzdugv lqfuhdvlqj ihpdoh

oderu irufh sduwlflsdwlrq/ krxuv/ dqg zdjhv gxulqj wkh shulrg zh vwxg|1 Orj zdjhv urvh e| 7( pruh

iru zrphq wkdq phq ryhu wkh suh0FUD<4 shulrg wr wkh srvw0FUD<4 shulrg/ zkloh dqqxdo krxuv

zrunhg urvh e| 46 krxuv pruh iru zrphq wkdq iru phq1

Wkhvh h�hfwv fdqqrw eh dwwulexwhg wr FUD<4/ krzhyhu1 Zkhq zh frqwuro iru d ihpdoh0vshfl�f

wuhqg lq krxuv ru zdjhv +dv lq Froxpqv 5/ 7 dqg 9,/ wkh suh2srvw gl�huhqfh ehfrphv qhjoljleoh1 Wkh

srvw0FUD<4 h�hfw lv srvlwlyh dqg vljql�fdqw lq wkh hpsor|phqw surelw/ hyhq zkhq frqwuroolqj iru d

wlph wuhqg lq ihpdoh oderu irufh sduwlflsdwlrq/ exw Iljxuh 5+d, pdnhv lw dssduhqw wkdw wkh ehjlqqlqj

ri wkh jurzwk lq ihpdoh hpsor|phqw zdv zhoo xqghuzd| e| Pdufk 4<<4/ suhgdwlqj FUD<4 frqvlg0

hudeo|1 Ylvxdo lqvshfwlrq ri Iljxuhv 5+e, dqg 5+f, frq�upv wkdw dq| h�hfwv ri FUD<4 duh plqru

frpsduhg wr wkh rqjrlqj jurzwk lq zrphq*v krxuv dqg zdjhv uhodwlyh wr wkrvh ri phq1 Ryhudoo/

Wdeoh 6 dqg Iljxuh 5 lqglfdwh wkdw FUD<4 kdg dw prvw d plog qhjdwlyh h�hfw rq hpsor|phqw iru

zklwh zrphq dqg qr phdvxudeoh h�hfw rq krxuv ru dyhudjh zdjhv1

Wkh uhvxowv orrn gl�huhqw iru eodfn phq/ exw wklv lv sulpdulo| gxh wr wkh gl�huhqw xqghuo|lqj

oderu pdunhw wuhqgv1 Sdqho E ri Wdeoh 5 frq�upv wkh vljql�fdqw gl�huhqfh ehwzhhq eodfn dqg zklwh

hpsor|phqw rxwfrphv/ hyhq frqwuroolqj iru rwkhu revhuydeoh fkdudfwhulvwlfv1 Wkh hylghqfh grhv qrw

vxjjhvw d yhu| vwurqj ryhudoo h�hfw ri FUD<4 rq dyhudjh eodfn hpsor|phqw rxwfrphv1 Wkhuh lv

qr lqglfdwlrq wkdw eodfn hpsor|phqw fkdqjhg dv d uhvxow ri FUD<4/ dv wkh eodfn2srvw lqwhudfwlrq

whup lq wkh �uvw wzr froxpqv ri Sdqho E ri Wdeoh 5 lv qrw uhprwho| vljql�fdqw1 Dovr/ Iljxuh 6+d,

uhyhdov qr glvwlqjxlvkdeoh gl�huhqfh ehwzhhq suh0 dqg srvw0FUD<4 hpsor|phqw ohyhov1 Froxpqv

6 dqg 7 dqg Iljxuh 6+e,/ krzhyhu/ vxjjhvw wkdw FUD<4 orzhuhg eodfn krxuv zrunhg e| derxw rqh

shu zhhn1 Diwhu wuhqglqj xs wkurxjk 4<<4/ eodfn krxuv zrunhg gursshg uhodwlyh wr zklwhv vwduwlqj

lq 4<<51 Wklv h�hfw lv vwdwlvwlfdoo| vljql�fdqw zkhq frqwuroolqj iru d olqhdu wuhqg lq krxuv zrunhg

dqg uhsuhvhqwv derxw d 5( ghfolqh lq eodfn krxuv zrunhg1 Wkh odvw wzr froxpqv ri wkh wdeoh dqg

Iljxuh 6+f, vkrz vlplodu/ wkrxjk rqo| pdujlqdoo| vljql�fdqw/ h�hfwv ri FUD<4 rq eodfn zdjhv1

48



Wdeoh 5= Fkdqjhv lq Surwhfwhg Zrunhuv* Hpsor|phqw Rxwfrphv Srvw0FUD<4

Sdqho D= Zklwh zrphq frpsduhg wr zklwh phq

Ghshqghqw Ixoo0Wlph Ixoo0Wlph Krxuv Krxuv Orj Orj

Yduldeoh Hpsor|phqw Hpsor|phqw Zrunhg Zrunhg Zdjhv Zdjhv

+4, +5, +6, +7, +8, +9,

Ihpdoh 031:97: 0413635 0:3:1<4 04665196 0315:53 0414737

+313538, +317496, +4419;, +5831;6, +3133;;, +314;::,

^031597<` ^031683<`

Ihpdoh-Srvw0FUD<4 3139:6 31386; 46154 04:19; 313753 0313343

+31344:, +313575, +:157, +47168, +313387, +31343:,

^313569` ^3134;<`

Ihpdoh-Olqhdu Wuhqg 313363 91<8 3133<:

+31337:, +51:<, +313354,

^313344`

Revhuydwlrqv 574/38< 574/38< 574/38< 574/38< 489/885 489/885

Orj0Olnholkrrg2U2 0473/559 0473/559 314;33 314;33 3157:8 3157:9

Sdqho E= Eodfn phq frpsduhg wr zklwh phq

Ghshqghqw Ixoo0Wlph Ixoo0Wlph Krxuv Krxuv Orj Orj

Yduldeoh Hpsor|phqw Hpsor|phqw Zrunhg Zrunhg Zdjhv Zdjhv

+4, +5, +6, +7, +8, +9,

Eodfn 0317839 041;<;: 07651<; 049491<< 031557: 0313873

+313757, +31<643, +55168, +85;143, +3134;5, +316<:6,

^0314789` ^0319899`

Eodfn-Srvw0FUD<4 31339: 03139:7 071;6 095179 0 313343 3133:6

+313595, +313876, +48156, +5<1;9, +313453, +31356:,

^31334<` ^03134<:`

Eodfn-Olqhdu Wuhqg 313496 46148 031334<

+313438, +81;9, +31337:,

^313379`

Revhuydwlrqv 464/685 464/685 464/685 464/685 433/8:; 433/8:;

Orj0Olnholkrrg2U2 098/673 098/66< 313:6; 313:6; 315466 315466

Gdwd iurp 4<;;04<<9 Pdufk FSV/ olplwhg wr eodfn phq dqg qrq0Klvsdqlf zklwh phq dqg zrphq djhg 5806<1 Sdqho D +Sdqho

E, frpsduhv zklwh zrphq wr zklwh phq +eodfn phq wr zklwh phq,1 Ixoo0Wlph Hpsor|phqw htxdov 4 li lqglylgxdo uhsruwv

zrunlqj 63 ru pruh krxuv lq wkh zhhn ehiruh wkh FSV lqwhuylhz1 Froxpqv 405 duh surelwv dqg lqfoxgh lqglfdwruv iru kljk

vfkrro dqg froohjh judgxdwlrq/ 80|hdu djh fdwhjrulhv/ vwdwh/ |hdu/ rqh0kdoi shufhqwdjh srlqw lqwhuydov lq vwdwh xqhpsor|phqw

udwh/ dqg lqwhudfwlrqv ehwzhhq vwdwh xqhpsor|phqw dqg eodfn ru ihpdoh1 Eudfnhwhg whupv duh suredelolw| ghulydwlyhv ru

hvwlpdwhg fkdqjh lq suredelolw| wkdw wkh ghshqghqw yduldeoh wdnhv ydoxh 41 Krxuv Zrunhg lv wkh surgxfw ri dyj1 zhhno| krxuv

dqg qxpehu ri zhhnv zrunhg ryhu wkh suhfhglqj |hdu1 Froxpqv 607 duh ROV dqg lqfoxgh wkh vdph frqwurov dv lq Froxpqv

4051 Orj Zdjh lv wkh orj ri dyj1 krxuo| zdjh iru wkh |hdu1 Froxpqv 809 duh ROV olplwhg wr lqglylgxdov zrunlqj 4833 ru pruh

krxuv gxulqj wkh vshfl�hg |hdu dqg lqfoxgh frqwurov iru h{shulhqfh/ h{shulhqfh vtxduhg/ hgxfdwlrq/ dqg lqglfdwruv iru vwdwh/

|hdu/ dqg rqh0kdoi srlqw vwdwh xqhpsor|phqw udwh lqwhuydov dqg lqwhudfwlrqv ehwzhhq vwdwh xqhpsor|phqw dqg eodfn ru

ihpdoh1 Frh!flhqwv rq �Ihpdoh� dqg �Eodfn� duh iru wkh suh0FUD<4 shulrg zlwk vwdwh xqhpsor|phqw udwh ri vl{ shufhqw1

Vwdqgdug huuruv duh lq sduhqwkhvhv1 49



Ryhudoo/ wkh hylghqfh lq Wdeoh 5 dqg Iljxuh 6 lv frqvlvwhqw zlwk FUD<4 kdylqj kdg d plog qhjdwlyh

h�hfw rq wkh hpsor|phqw survshfwv ri eodfn phq1

816 FUD<4 dqg Uhwxuqv wr H{shulhqfh

Zkloh dyhudjh zdjhv iru surwhfwhg jurxsv dsshdu wr eh xqfkdqjhg dv d uhvxow ri FUD<4/ rxu dqdo|vlv

vxjjhvwv wkdw wkh Dfw pd| dowhu wkh uhwxuq wr h{shulhqfh dqg wkxv uhglvwulexwh zdjhv zlwklq jurxsv

ri surwhfwhg zrunhuv1 Iurp rxu dqdo|vlv ri wkh djh glvwulexwlrq ri HHRF fodlpv/ zh h{shfw wklv h�hfw

wr eh vwurqjhu iru zklwh zrphq wkdq iru eodfn phq1 Zh h{shfw qr fkdqjh lq uhwxuqv wr h{shulhqfh

iru xqsurwhfwhg zrunhuv dv d uhvxow ri wkh Dfw/ vr h{dplqlqj wkh uhodwlyh fkdqjhv lq uhwxuqv wr

h{shulhqfh iru surwhfwhg dqg xqsurwhfwhg zrunhuv doorzv xv wr frqwuro iru rwkhu idfwruv d�hfwlqj

uhwxuqv wr h{shulhqfh gxulqj wkh hduo| 4<<3v1 Lq rxu vw|ol}hg prgho ri Vhfwlrq 6/ hpsor|huv ohduq

ryhu wlph derxw wkh surgxfwlylw| ri zrunhuv1 Lq dfwxdo zrun hqylurqphqwv/ lw lv xqfohdu zkhwkhu wklv

ohduqlqj e| hpsor|huv rffxuv rqo| zkhq hpsor|hhv duh dfwxdoo| rq wkh mre ru li lqirupdwlrq lv dovr

uhyhdohg iurp wkh iuhtxhqf| dqg ohqjwk ri qrq0hpsor|phqw vshoov1 Wr doorz iru erwk srvvlelolwlhv/ zh

zrxog lghdoo| olnh wr xvh erwk �srwhqwldo h{shulhqfh� +zklfk zh gh�qh dv djh�|hduv ri hgxfdwlrq�9,

dqg �dfwxdo h{shulhqfh� dv phdvxuhv ri zrun irufh h{shulhqfh1 Xqiruwxqdwho|/ wkh FSV grhv qrw

frqwdlq hqrxjk klvwrulfdo hpsor|phqw lqirupdwlrq derxw lqglylgxdo uhvsrqghqwv wr doorz xv wr

phdvxuh dfwxdo h{shulhqfh1 Zh fdq/ krzhyhu/ xvh klvwrulfdo FSV gdwd wr ghulyh d sur{| iru dfwxdo

h{shulhqfh1 Dsso|lqj d phwkrg vlplodu wr rqh xvhg e| Jodgghq dqg Wdehu +4<<;,/ zh jdwkhu oderu

irufh sduwlflsdwlrq udwhv iurp wkh 4<9704<<8 Pdufk FSV dqg glylgh uhvsrqghqwv lqwr fhoov dorqj

irxu glphqvlrqv= jhqghu/ udfh +zklwh ru eodfn rqo|,/ hgxfdwlrq +ohvv wkdq kljk vfkrro/ kljk vfkrro

glsorpd/ vrph froohjh/ froohjh judgxdwh,/ dqg |hdu ri eluwk1 Zh wkhq vxp dyhudjh zrun h{shulhqfh

dfurvv |hduv iru hdfk fhoo/ dqg xvh wklv dv d sur{| iru dfwxdo h{shulhqfh jdwkhuhg e| zrunhuv lq wklv

fhoo14; Wr h{dplqh wkh h�hfwv ri FUD<4 rq uhwxuqv wr h{shulhqfh/ zh hvwlpdwh

z�| @ �. �RgR .
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zkhuh z�| dqg h�| duh orj krxuo| zdjhv dqg h{shulhqfh +hlwkhu srwhqwldo h{shulhqfh ru wkh fhoo0dyhudjh

sur{| iru dfwxdo h{shulhqfh,/ uhvshfwlyho|/ ri lqglylgxdo l lq |hdu w1 Rxu yhfwru ri frqwuro yduldeohv

+{�, lv ghvfulehg lq Wdeoh 614< Dv deryh/ vrph vshfl�fdwlrqv lqfoxgh lqwhudfwlrqv ehwzhhq d olqhdu

4; Wkh vwdqgdug huuruv lq rxu lqglylgxdo0ohyho uhjuhvvlrqv xvlqj fhoo dyhudjh h{shulhqfh duh olnho| wr eh vrphzkdw

xqghuvwdwhg vlqfh fhoo0dyhudjh h{shulhqfh lv dfwxdo h{shulhqfh soxv xqrevhuyhg qrlvh1 Vhh Prxowrq +4<;9,1

4< Wr lqvxuh wkdw rxu uhvxowv gr qrw uh hfw wkh lqwhudfwlrq ehwzhhq h{shulhqfh dqg rwkhu yduldeohv/ zh uh0udq rxu

dqdo|vlv zlwk frqwurov iru h{shulhqfh lqwhudfwhg zlwk hgxfdwlrq dqg zlwk wkh vwdwh xqhpsor|phqw lqglfdwruv1 Wklv

4:



|hdu wuhqg/ surwhfwhg vwdwxv/ dqg h{shulhqfh wr doorz wkh wuhqg lq uhwxuqv wr h{shulhqfh wr gl�hu iru

surwhfwhg dqg xqsurwhfwhg zrunhuv1 Wkh frh!flhqw �
|
uhsuhvhqwv wkh dprxqw e| zklfk wkh uhwxuqv

wr h{shulhqfh iru wkh surwhfwhg jurxs h{fhhgv wkdw ri wkh frpsdulvrq jurxs lq |hdu w/ zkhuh wkh �uvw

|hdu*v �
|
lv qrupdol}hg wr }hur1 Kljkhu ydoxhv ri �

|
diwhu FUD<4 zrxog lpso| wkdw wkh lqfuhdvh lq

uhwxuqv wr h{shulhqfh zdv odujhu iru surwhfwhg zrunhuv1 Wr dvvhvv suh2srvw gl�huhqfhv pruh gluhfwo|/

zh dovr hvwlpdwh

z�| @ �. �RgR . �srvw+gsrvw � gR � h�|, . B{� . %�|= +;,

Dv deryh/ zh olplw wkh dqdo|vlv wr vxuyh| uhvsrqghqwv ehwzhhq wkh djhv ri 58 dqg 6<1

81614 Zrphq

Zh hvwlpdwh Htxdwlrqv +:, dqg +;, zlwk zklwh zrphq dv wkh surwhfwhg jurxs dqg zklwh phq dv

wkh frpsdulvrq jurxs1 Lq Sdqho D ri Wdeoh 6/ zh olvw wkh uhvxowv iurp hvwlpdwlrq ri Htxdwlrq +;,/

zkloh lq Iljxuh 7+d,/ zh sorw wkh �
|
frh!flhqwv rewdlqhg zkhq hvwlpdwlqj Htxdwlrq +:,1 Lq Froxpq

4/ zh xvh srwhqwldo h{shulhqfh dqg rewdlq dq hvwlpdwh ri �srvw ri 313364/ zklfk lv vljql�fdqw dw

ehwwhu wkdq wkh wzr shufhqw ohyho1 Wkh pdjqlwxgh ri wklv hvwlpdwh lpsolhv wkdw/ uhodwlyh wr zklwh

phq/ wkh zdjh suhplxp iru 630|hdu0rog zrphq uhodwlyh wr 580|hdu0rog zrphq zdv 418( kljkhu diwhu

FUD<4 wkdq ehiruh1 Sorwv ri wkh lqglylgxdo |hdu h�hfwv lq Iljxuh 7+d, lqglfdwh wkdw wklv suhplxp

vwduwhg wr lqfuhdvh lq 4<<5/ zklfk frlqflghv zlwk wkh sdvvdjh ri wkh Dfw1 Wr yhuli| wkdw wklv h�hfw

lv qrw phuho| wkh frqwlqxdwlrq ri dq xszdug wuhqg lq ihpdoh uhwxuqv wr h{shulhqfh/ zh hvwlpdwh

d vshfl�fdwlrq wkdw lqfoxghv d olqhdu wuhqg dqg suhvhqw uhvxowv lq Froxpq 51 Rxu hvwlpdwh ri wkh

h�hfw ri FUD<4 uhpdlqv vljql�fdqw/ dqg jurzv voljkwo| lq pdjqlwxgh1 Wkh fruuhvsrqglqj hvwlpdwhv

xvlqj fhoo0dyhudjh h{shulhqfh +vhh Froxpqv 6 dqg 7, dovr vkrz wkdw zrphq*v uhwxuqv wr h{shulhqfh

lqfuhdvhg iroorzlqj FUD<41 Wkh hvwlpdwh uhsruwhg lq froxpq 7 lqglfdwhv wkdw wkh suhplxp wr

ehlqj d zrpdq zkrvh fhoo dyhudjhg 8 |hduv ri h{shulhqfh pruh wkdq dqrwkhu jurxs lqfuhdvhg e|

7( diwhu FUD<41 Jlyhq wkdw fhoo0dyhudjh h{shulhqfh lqfuhdvhv pruh vorzo| zlwk djh wkdq srwhqwldo

h{shulhqfh/ wkh hvwlpdwhv xvlqj erwk phdvxuhv duh idluo| frqvlvwhqw1

Iurp wkh uhvxowv lq Vhfwlrq 815/ lw lv dssduhqw wkdw gxulqj wkh wlph shulrg zh vwxg|/ oderu irufh

sduwlflsdwlrq udwhv zhuh lqfuhdvlqj iru zrphq uhodwlyh wr phq1 Wklv wuhqg lq sduwlflsdwlrq lpsolhv

wkdw d srvw0FUD<4 zrpdq ri d jlyhq srwhqwldo h{shulhqfh ohyho lv olnho| wr kdyh pruh dfwxdo oderu

irufh h{shulhqfh wkdq d suh0FUD<4 zrpdq ri wkh vdph srwhqwldo h{shulhqfh1 Li hpsor|huv r�hu

kljkhu zdjhv wr zrphq zlwk pruh dfwxdo h{shulhqfh/ wkhq zh pljkw h{shfw wklv sduwlflsdwlrq wuhqg

kdg d wulyldo h�hfw rq rxu hvwlpdwhv1
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Wdeoh 6= Fkdqjhv lq Surwhfwhg Zrunhuv* Uhwxuqv wr H{shulhqfh Srvw0FUD<4

Sdqho D= Zklwh zrphq frpsduhg wr zklwh phq

H{shulhqfh Phdvxuh Srwhqwldo Srwhqwldo Fhoo Dyhudjh Fhoo Dyhudjh

+4, +5, +6, +7,

Ihpdoh-H{shulhqfh-Srvw 313364 313378 313395 3133;7

+313344, +313355, +313356, +313376,

Ihpdoh-H{shulhqfh-Wuhqg 0313336 0313338

+313337, +31333<,

Revhuydwlrqv 489/885 489/885 488/:5: 488/:5:

U2 315873 315873 315866 315866

Sdqho E= Eodfn phq frpsduhg wr zklwh phq

H{shulhqfh Phdvxuh Srwhqwldo Srwhqwldo Fhoo Dyhudjh Fhoo Dyhudjh

+4, +5, +6, +7,

Eodfn-H{shulhqfh-Srvw 0313375 0313345 0313376 0313367

+313358, +31337;, +31336;, +3133:7,

Eodfn-H{shulhqfh-Wuhqg 031333: 0313335

+31333<, +313347,

Revhuydwlrqv 433/8:; 433/8:; <</88: <</88:

U2 315488 315488 315484 315484

Ghshqghqw yduldeoh lv wkh orj ri dyj1 krxuo| zdjh iru wkh |hdu1 Gdwd iurp wkh 4<;;0<9 Pdufk FSV/ olplwhg wr eodfn

phq/ qrq0Klvsdqlf zklwh phq dqg zrphq djhg 5806< dqg zrunlqj 4833 krxuv ru pruh lq wkh vshfl�hg |hdu1 Sdqho

D +Sdqho E, frpsduhv zklwh zrphq wr zklwh phq +eodfn phq wr zklwh phq,1 Frqwuro yduldeohv lqfoxgh h{shulhqfh/

h{shulhqfh vtxduhg/ hgxfdwlrq/ lqglfdwruv iru |hdu/ vwdwh/ dqg vwdwh xqhpsor|phqw udwh/ lqwhudfwlrqv ehwzhhq

surwhfwhg vwdwxv dqg xqhpsor|phqw udwh/ h{shulhqfh/ dqg h{shulhqfh vtxduhg/ dqg lqwhudfwlrqv ehwzhhq |hdu

lqglfdwruv dqg h{shulhqfh/ h{shulhqfh vtxduhg/ dqg surwhfwhg vwdwxv1 H{shulhqfh lv gh�qhg dv djh 3 hgxfdwlrq3 S lq

froxpqv 405/ dqg dv wkh dyhudjh h{shulhqfh iru 4<9804<<8 Pdufk FSV uhvsrqghqwv zlwk wkh vdph jhqghu/ udfh/

hgxfdwlrq/ dqg |hdu ri eluwk lq froxpqv 6071 Vwdqgdug huuruv duh lq sduhqwkhvhv1

wr uhvxow lq lqfuhdvlqj uhwxuqv wr srwhqwldo h{shulhqfh ryhu wkh wlph shulrg zh vwxg|1 Zkloh rxu

uhvxowv xvlqj fhoo0dyhudjh h{shulhqfh vxjjhvw wkdw wklv h�hfw lv qrw gulylqj rxu uhvxowv/ zh r�hu wzr

dgglwlrqdo urexvwqhvv fkhfnv khuh1 Iluvw/ zh shuirup d �sodfher� dqdo|vlv zkhuh zh dvvhvv wkh

suh2srvw gl�huhqfh lq uhwxuq wr h{shulhqfh dv li wkh FUD kdv ehhq sdvvhg lq 4<;<1 Li lqfuhdvlqj

ihpdoh oderu pdunhw sduwlflsdwlrq ohdgv phfkdqlfdoo| wr lqfuhdvlqj uhwxuqv wr h{shulhqfh/ wkhq zh

zrxog h{shfw wr vhh d suh2srvw fkdqjh xvlqj 4<;< dv wkh euhdn srlqw1 Vhfrqg/ zh xvh wkh Qdwlrqdo

Orqjlwxglqdo Vxuyh| ri \rxwk +QOV\, wr rewdlq d vpdoo vdpsoh ri zrunhuv iru zkrp zh duh deoh

wr phdvxuh dfwxdo zrunirufh h{shulhqfh1

Wr shuirup rxu sodfher dqdo|vlv/ zh irfxv rq gdwd iurp wkh 4<;;04<<5 Pdufk FSV153 Zh dqdo|}h

53 Li wkh h�hfwv ri FUD<4 zhuh lpphgldwh dqg lqyroyhg rqo| d glvfuhwh vkliw zlwk qr h�hfw rq wkh wuhqg lq uhwxuqv
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wkhvh gdwd dv wkrxjk d odz wkdw pljkw kdyh d�hfwhg zrphq*v uhwxuqv wr h{shulhqfh zdv hqdfwhg

dw wkh hqg ri 4<;<> wkdw lv/ zh wuhdw 4<;:04<;< dv d vlpxodwhg �suh� shulrg dqg 4<<304<<4 dv d

�srvw� shulrg1 D �qglqj ri srvlwlyh uhodwlyh fkdqjhv lq uhwxuq wr h{shulhqfh ryhu wkhvh �suh� dqg

�srvw� shulrgv zrxog pdnh lw kdug wr mxvwli| frqqhfwlqj wkh uhvxowv lq Sdqho D ri Wdeoh 6 dqg

Iljxuh 7+d, zlwk FUD<41 Xvlqj erwk srwhqwldo dqg fhoo0dyhudjh h{shulhqfh phdvxuhv/ zh rewdlq

+exw gr qrw uhsruw, �srvw04<;<� frh!flhqwv wkdw gr qrw vljql�fdqwo| gl�hu iurp }hur dqg duh pxfk

vpdoohu wkdq wkh srvw0FUD<4 h�hfwv lq Sdqho D ri Wdeoh 61 Wkh hvwlpdwhg olqhdu wuhqg lq zrphq*v

uhwxuqv wr h{shulhqfh lv qhjdwlyh dqg lqvljql�fdqw xvlqj erwk h{shulhqfh phdvxuhv1 Wklv uhvxow lv

dovr dssduhqw iurp h{dplqlqj Iljxuh 7/ zklfk vkrzv qr xszdug wuhqg lq uhwxuqv wr h{shulhqfh iru

zklwh zrphq sulru wr wkh sdvvdjh ri FUD<41 Wklv �qglqj lqglfdwhv wkdw lqfuhdvlqj ihpdoh uhwxuqv

wr h{shulhqfh grhv qrw iroorz phfkdqlfdoo| iurp lqfuhdvlqj ihpdoh oderu irufh sduwlflsdwlrq1

Dv d vhfrqg fkhfn/ zh jdwkhu gdwd iurp wkh QOV\154 Wkh pdlq dgydqwdjh ri wklv vxuyh| iru rxu

sxusrvhv lv wkdw zh fdq iroorz lqglylgxdov wkurxjk wkhlu fduhhuv dqg phdvxuh dfwxdo oderu pdunhw

h{shulhqfh pruh dffxudwho|155 Wklv frphv dw wkh frvw ri d pxfk vpdoohu vdpsoh1 Wkh QOV\ vdpsohg

ihzhu wkdq 45/333 lqglylgxdov gxulqj wkh |hduv zh vwxg|/ zkloh wkh FSV vxuyh|hg hdfk uhvlghqw ri

93/333 gl�huhqw krxvhkrogv1 Dovr/ vlqfh wkh QOV\ lv dgplqlvwhuhg wr wkh vdph shrsoh hdfk |hdu/ wkh

vdpsoh djhv hdfk |hdu dqg zh kdyh wr gurs wkh |rxqjhvw suh0FUD<4 revhuydwlrqv dqg wkh roghvw

srvw0FUD<4 revhuydwlrqv lq rughu wr phdvxuh wkh uhwxuqv wr h{shulhqfh ryhu frpsdudeoh udqjhv ri

h{shulhqfh1

Zh hvwlpdwh Htxdwlrqv +:, dqg +;, xvlqj </77: lqglylgxdo0|hdu zdjh revhuydwlrqv iru zklwh phq

dqg zrphq ehwzhhq wkh djhv ri 5: dqg 641 Wkh QOV\0hvwlpdwhg suh2srvw fkdqjh lq ihpdoh uhwxuqv

wr h{shulhqfh lv 313399 orj srlqwv/ zklfk lv vlplodu lq pdjqlwxgh wr wkh hvwlpdwhv rewdlqhg xvlqj

fhoo0dyhudjh h{shulhqfh lq Wdeoh 61 Krzhyhu/ wklv frh!flhqw lv qrw vljql�fdqwo| gl�huhqw iurp }hur1

Wkh dqqxdo h�hfwv +�| iurp Htxdwlrq +:,, duh glvsod|hg lq Iljxuh 7+e,1 Zkloh hdfk |hdu h�hfw lv

phdvxuhg zlwk frqvlghudeoh vdpsolqj yduldqfh/ wkh ryhudoo sdwwhuq lv vlplodu wr rewdlqhg iurp FSV

wr h{shulhqfh/ wkhq zh frxog xvh hlwkhu wkh suh0FUD<4 ru wkh srvw0FUD<4 shulrg wr vhh krz zdjhv pljkw kdyh

ehhq fkdqjlqj lq wkh devhqfh ri wkh odz1 Krzhyhu/ vlqfh FUD<4 pd| d�hfw zdjhv zlwk odj dqg pd| lqgxfh vrph

wuhqg vkliwv/ zh qhhg wr frqfhqwudwh rq wkh shulrg ehiruh wkh odz wr uhpryh lwv h�hfwv iurp wkh dqdo|vlv1

54 Ehfdxvh zh xvh wkh QOV\ rqo| iru frpsdulvrq sxusrvhv/ zh gr qrw surylgh edfnjurxqg lqirupdwlrq rq wklv gdwd

vrxufh1 Iduehu dqg Jleerqv +4<<9, r�hu ghwdlov rq xvlqj wkh QOV\ wr phdvxuh dfwxdo h{shulhqfh1 Ghvfulswlrqv

ri rxu h{shulhqfh phdvxuh dqg vdpsoh uhvwulfwlrq fulwhuld duh dydlodeoh iurp wkh dxwkruv xsrq uhtxhvw1

55 Lq idfw/ wkhuh lv uhdvrq wr vxvshfw wkdw xvlqj srwhqwldo h{shulhqfh lv sureohpdwlf vlqfh/ lq d vwdqgdug zdjh

uhjuhvvlrq zlwk rxu hqwluh FSV vdpsoh/ wkh uhwxuqv wr h{shulhqfh duh vljql�fdqwo| kljkhu iru phq wkdq iru zrphq1

Wklv gl�huhqfh ydqlvkhv zkhq zh xvh rxu phdvxuh ri dfwxdo h{shulhqfh iurp wkh QOV\1
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gdwd lq lq Iljxuh 7+d,1 Zkloh zh fdqqrw sodfh d juhdw ghdo ri frq�ghqfh lq dq| ri rxu QOV\0edvhg

hvwlpdwhv/ zkdw hylghqfh wkhuh lv vxjjhvwv wkdw wkh lqfuhdvh lq ihpdoh uhwxuqv wr h{shulhqfh durxqg

wkh wlph ri FUD<4 lv qrw wkh uhvxow ri d plvpdwfk ehwzhhq dfwxdo dqg srwhqwldo h{shulhqfh1

Ilqdoo|/ zh dvn zkhwkhu wkh pdjqlwxghv ri rxu hvwlpdwhv ri zrphq*v uhodwlyh lqfuhdvh lq uhwxuqv

wr h{shulhqfh duh uhdvrqdeoh jlyhq wkh pdjqlwxghv ri h{shfwhg olwljdwlrq frvwv1 Wklv lv qdwxudoo| dq

lpsuhflvh glvfxvvlrq ehfdxvh wkh h{dfw hvwlpdwhv ri frvwv vwhpplqj iurp hpsor|phqw glvfulplqdwlrq

olwljdwlrq duh qrw dydlodeoh1 Wkh hvwlpdwhv lq Wdeoh 6 vxjjhvw wkdw/ doo hovh htxdo/ d 630|hdu0rog

zrpdq*v zdjh zdv 418( kljkhu wkdq d 580|hdu0rog zrpdq*v diwhu FUD<4 wkdq lw zrxog kdyh ehhq

ehiruh FUD<41 Wkh phgldq dqqxdo zdjh iru 580|hdu0rog zklwh zrphq lq rxu vdpsoh hpsor|hg lq

ixoo0wlph mrev lq 4<<7 zdv '4:/3331 Rxu hvwlpdwh vxjjhvwv/ wkhuhiruh/ wkdw wkh lqfuhdvh lq dqqxdo

h{shfwhg frvwv ri olwljdwlrq dqg olwljdwlrq suhyhqwlrq dvvrfldwhg zlwk FUD<4 zhuh '5330'633 kljkhu

iru d 580|hdu0rog zrpdq wkdq iru d 630|hdu0rog zrpdq1 Vlqfh Ghuwrx}rv dqg Nduro| +4<<5, hvwlpdwh

wkdw wkh frvwv ri gdpdjh dzdugv wkhpvhoyhv uh hfw rqo| derxw 4( ri wkh wrwdo frvwv ri srwhqwldo

olwljdwlrq/ wklv wudqvodwhv wr '5 ru '6 ri dfwxdo gdpdjhv1

Wr frpsduh wklv �jxuh wr dprxqwv dfwxdoo| dzdughg/ frqvlghu wkdw wkh HHRF dzdughg '77

ploolrq lq jhqghu0glvfulplqdwlrq fodlpv lq 4<<7/ zklfk zdv qhduo| grxeoh wkh 4<<4 dprxqw1 Ihg0

hudo frxuwv dzdughg ryhu '533 ploolrq lq gdpdjhv lq doo hpsor|phqw glvfulplqdwlrq fdvhv lq 4<<7/

dowkrxjk prvw ri wkhvh fdvhv zhuh ruljlqdoo| �ohg ru lqyroyhg glvfulplqdwlrq ehiruh FUD<4 zdv hq0

dfwhg1 Qhz hpsor|phqw glvfulplqdwlrq vxlwv �ohg lq ihghudo frxuw lq 4<<7 ghpdqghg ryhu '8 eloolrq

lq gdpdjhv/ d 498( lqfuhdvh iurp 4<<31 Zh duh xqdeoh wr ghwhuplqh wkh vkduhv ri wkhvh �jxuhv

wkdw vwhp iurp jhqghu0edvhg fdvhv/ krzhyhu1 Zkhq vwdwh idlu hpsor|phqw sudfwlfh mxgjhphqwv dqg

vwdwh frxuw gdpdjhv duh dgghg/ wkh lpsdfw ri FUD<4 frxog eh hqrxjk wr h{sodlq wkh '5330'633

gl�huhqwldo1

Dqrwkhu zd| wr frqvlghu wkh frvwv ri glvfulplqdwlrq vxlwv lv wr orrn dw sulfhv iru Hpsor|phqw

Sudfwlfhv Oldelolw| Lqvxudqfh +HSOL,1 Wklv surgxfw/ zklfk kdv jurzq vljql�fdqwo| lq uhfhqw |hduv exw

vwloo kdv idluo| orz pdunhw shqhwudwlrq/ lqghpql�hv frpsdqlhv djdlqvw wkh ohjdo frvwv dqg gdpdjhv

uhvxowlqj iurp glvfulplqdwlrq dqg rwkhu hpsor|phqw sudfwlfhv olwljdwlrq1 Iurp frqyhuvdwlrqv zlwk

wzr lqvxudqfh djhqwv/ zh ohduqhg wkdw wkh dssur{lpdwh frvw ri HSOL lv '95 shu hpsor|hh shu

|hdu/ dowkrxjk wklv �jxuh ydulhv frqvlghudeo| zlwk �up vl}h/ �up w|sh/ dqg wkh ex|hu*v lqwhuqdo

kxpdq uhvrxufh srolflhv1 Wkh frqwulexwlrq ri FUD<40surwhfwhg zrunhuv wr wklv frvw lv suhvxpdeo|

vljql�fdqwo| kljkhu1 Dovr/ lqvxuhuv duh xqzloolqj wr surylgh HSOL dw wkh txrwhg udwhv xqohvv wkh

hpsor|hu ghyhorsv d vhw ri lqwhuqdo surfhgxuhv wr plqlpl}h wkh suredelolw| ri olwljdwlrq1 Wkxv/ wkh

h{shfwhg frvw ri hpsor|phqw sudfwlfhv olwljdwlrq lv suredeo| dw ohdvw d ihz kxqguhg grooduv shu |hdu

shu surwhfwhg zrunhu1 Ryhudoo/ wkhvh edfn0ri0wkh0hqyhorsh fdofxodwlrqv ohdg xv wr wklqn wkdw wkh
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h{shulhqfh h�hfwv phdvxuhg lq Wdeoh 6 duh frpsdudeoh wr zkdw zh pljkw kdyh h{shfwhg1

81615 Eodfnv

Zh qrz dqdo|}h wkh h�hfwv ri FUD<4 rq uhwxuqv wr h{shulhqfh iru eodfn phq1 Sdqho E ri Wdeoh 6

dqg Iljxuh 8+d, glvsod| wkh uhvxowv iurp hvwlpdwlrq ri Htxdwlrqv +:, dqg +;, xvlqj FSV srwhqwldo

dqg fhoo0dyhudjh h{shulhqfh phdvxuhv1 Zh �qg qr hylghqfh wr lqglfdwh wkdw FUD<4 d�hfwhg uhwxuqv

wr h{shulhqfh iru eodfn phq uhodwlyh wr zklwh phq1 Doo irxu ri rxu hvwlpdwhv ri �srvw lq wkh wdeoh duh

qhjdwlyh � lqglfdwlqj d uhgxfwlrq lq uhwxuqv iru h{shulhqfh iru eodfnv � exw qrqh lv vwdwlvwlfdoo|

glvwlqjxlvkdeoh iurp }hur1 Dgglwlrq ri d eodfn wuhqg lq uhwxuqv wr h{shulhqfh grhv qrw d�hfw wkh

uhvxowv156

Ghvslwh wkh vpdoohu vdpsoh/ wkh QOV\ grhv r�hu vrph vxssruw iru wkh dvvhuwlrq wkdw uhwxuqv wr

h{shulhqfh lqfuhdvhg iru eodfnv1 Zkhq zh hvwlpdwh Htxdwlrq +;, zlwk rxu QOV\ vdpsoh/ zh rewdlq

d frh!flhqw ri 31359 iru �srvw1 Wklv srlqw hvwlpdwh ri wkh srvw0FUD<4 h�hfw lv odujhu wkdq dq| ri

wkh hvwlpdwhv lq Wdeoh 6/ dowkrxjk lw lv txlwh lpsuhflvh1 Sorwwlqj wkh �
|
sdudphwhuv iurp hvwlpdwlrq

ri Htxdwlrq +:, xvlqj QOV\ gdwd +vhh Iljxuh 8+e,,/ zh vhh wkdw wkh uhodwlyh fkdqjh lq uhwxuqv wr

h{shulhqfh iru eodfn phq zdv dfwxdoo| odujhvw mxvw sulru wr wkh sdvvdjh ri FUD<41 Lq jhqhudo/ zh

frqfoxgh wkdw wkhuh lv olwwoh hylghqfh wr vxjjhvw wkdw uhwxuqv wr h{shulhqfh iru eodfn phq lqfuhdvhg

dv d uhvxow ri wkh sdvvdjh ri FUD<41

81616 Dq H{whqvlrq wr Hgxfdwlrq dv d Vljqdo

Ilqdoo|/ zh eulh | frqvlghu dqrwkhu vrxufh ri lqirupdwlrq iru hpsor|huv � hgxfdwlrqdo dfklhyhphqw

ri srwhqwldo hpsor|hhv1 Vxssrvh hgxfdwlrqdo dwwdlqphqw vljqdov surgxfwlylw| lq wkh pdqqhu vxj0

jhvwhg e| Vshqfh +4<:6,/ dqg wkdw wklv vljqdo ehfrphv ohvv lpsruwdqw dv wkh zrunhu djhv ehfdxvh

srwhqwldo hpsor|huv jdlq dowhuqdwlyh vrxufhv ri lqirupdwlrq +vxfk dv zrun klvwru|, uhjduglqj wkh

hpsor|hh*v surgxfwlylw|1 Wkhq zh zrxog h{shfw wkdw dq lqfuhdvh lq srwhqwldo frvwv ri olwljdwlrq

dulvlqj iurp whuplqdwlrq zrxog lqfuhdvh wkh uhwxuqv wr hgxfdwlrq iru |rxqjhu surwhfwhg zrunhuv

uhodwlyh wr roghu surwhfwhg zrunhuv157 Zh r�hu d vlpsoh whvw ri wklv dvvhuwlrq e| h{dplqlqj krz wkh

56 Zkhq orrnlqj dw eodfn hpsor|phqw ryhu wkh 4<;;0<9 shulrg/ lw lv lpsruwdqw wr frqvlghu wkh h�hfwv ri wkh 4<<3 dqg

4<<4 ihghudo plqlpxp zdjh lqfuhdvhv1 Zh h{shulphqwhg zlwk Wrelw vshfl�fdwlrqv dqg zlwk ohiw fhqvrulqj zdjhv

dw d frqvwdqw plqlpxp zdjh wkurxjkrxw wkh shulrg zh vwxg|1 Wklv kdg qr vxevwdqwlyh h�hfw rq rxu uhvxowv1 Dovr

qrwh wkdw zkloh zh ljqruhg wkh plqlpxp zdjh lq wkh suhylrxv vhfwlrq/ d pxfk vpdoohu iudfwlrq ri zklwh zrphq

hduq plqlpxp zdjh frpsduhg wr eodfn phq1

57 Rxu dujxphqw khuh lv vlplodu wr Iduehu dqg Jleerqv +4<<9,/ h{fhsw wkdw zh frqvlghu srvvleoh frvwv ri edg hvwlpdwhv

ri hpsor|hhv* surgxfwlylw|1
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uhwxuqv wr hgxfdwlrq fkdqjhg durxqg wkh wlph ri FUD<41 Zh hvwlpdwh

z�| @ �. �srvw+gsrvw � gR � v�|, . B{� . %�|>

zkhuh v lv |hduv ri vfkrrolqj dqg rwkhu yduldeohv duh gh�qhg dv deryh/ vhsdudwho| iru FSV uhvsrqghqwv

ehwzhhq wkh djhv ri 58 dqg 65 dqg iru wkrvh ehwzhhq 66 dqg 6<1 Wkh frh!flhqw �srvw hvwlpdwhv

krz wkh uhodwlyh0wr0zklwh0phq uhwxuq wr hgxfdwlrq iru surwhfwhg zrunhuv fkdqjhg diwhu wkh sdvvdjh

ri FUD<41 Wklv vshfl�fdwlrq doorzv xv wr frqwuro iru ryhudoo/ djh0jurxs0vshfl�f/ dqg surwhfwhg0

jurxs0vshfl�f wuhqgv lq uhwxuqv wr hgxfdwlrq1 Wkhvh frqwurov duh sduwlfxoduo| lpsruwdqw khuh/ dv

wkhuh lv dpsoh hylghqfh wr vxjjhvw wkhuh kdyh ehhq vljql�fdqw fkdqjhv lq wkh uhwxuqv wr hgxfdwlrq

ryhudoo dqg dprqj fhuwdlq ghprjudsklf jurxsv gxulqj wkh 4<;3v dqg 4<<3v158

Li wkh uhdvrqlqj rxwolqhg deryh lv fruuhfw/ wkhq zh zrxog h{shfw �srvw wr eh kljkhu iru |rxqjhu

zrunhuv wkdq iru roghu zrunhuv1 Zh suhvhqw uhvxowv lq Wdeoh 71 Iru erwk eodfnv dqg zrphq/ wkh

srlqw hvwlpdwhv duh frqvlvwhqw zlwk wkh dvvhuwlrq wkdw FUD<4 lqfuhdvhg uhwxuqv wr hgxfdwlrq iru

|rxqj surwhfwhg zrunhuv1 Wkh hvwlpdwhv lq froxpqv 4 dqg 5 vxjjhvw wkdw/ iru |rxqj eodfn phq/ wkh

uhwxuq wr d |hdu ri hgxfdwlrq lqfuhdvhg e| 418( uhodwlyh wr roghu eodfnv1 Vlploduo|/ froxpqv 6 dqg 7

lqglfdwh wkdw uhwxuqv wr hgxfdwlrq lqfuhdvhg e| 31:( iru |rxqj zklwh zrphq uhodwlyh wr roghu zklwh

zrphq1 Qrw vxusulvlqjo| jlyhq wkdw zh duh xvlqj irxu vrxufhv ri yduldwlrq vlpxowdqhrxvo|/ wkhvh

gl�huhqfh duh qrw vwdwlvwlfdoo| vljql�fdqw dw frqyhqwlrqdo ohyhov1 Wkh s0ydoxhv whvwlqj wkh k|srwkhvhv

wkdw wkh |rxqj2rog gl�huhqfh lq �srvw lv }hur duh 3149 dqg 314< iru zrphq dqg eodfnv/ uhvshfwlyho|1

Zkloh wklv lv qrw ryhuzkhoplqjo| vljql�fdqw iurp d vwdwlvwlfdo shuvshfwlyh/ lw grhv surylgh vrph

hylghqfh frqvlvwhqw zlwk hpsor|huv* xvh ri hgxfdwlrq dv d vljqdo ri whuplqdwlrq suredelolw|1

9 Frqfoxvlrq

Wklv sdshu vwxglhv krz wkh Flylo Uljkwv Dfw ri 4<<4 d�hfwhg hpsor|phqw rxwfrphv iru phpehuv

ri surwhfwhg jurxsv1 Zkloh prvw sulru zrun rq wkh h�hfwv ri hpsor|phqw glvfulplqdwlrq olwljdwlrq

h{dplqhv dyhudjh h�hfwv rq surwhfwhg zrunhuv/ zh irfxv rq krz wkh odz d�hfwhg wkh glvwulexwlrq ri

zdjhv dqg hpsor|phqw dfurvv phpehuv ri surwhfwhg jurxsv1 Zh ghyhors d vlpsoh prgho wr vwxg| wkh

h�hfwv rq oderu pdunhwv zkhq wkh frvw ri glvsodflqj hpsor|hhv lqfuhdvhv1 Wkh qryho ihdwxuhv ri rxu

prgho duh wkdw zrunhuv* fkdudfwhulvwlfv duh dvvxphg wr ehfrph pruh hdvlo| revhuydeoh dv zrunhuv

ehfrph pruh h{shulhqfhg dqg wkdw wkh frvwv ri glvsodflqj d zrunhu pd| ydu| zlwk lqglylgxdov*

olwljlrxvqhvv1 Li wkh olnholkrrg ri dq h{wuhph uhdol}dwlrq ri d zrunhu*v surgxfwlylw| ghfuhdvhv dv wkh

zrunhu jdlqv h{shulhqfh dqg li shrsoh gr qrw ehfrph pruh surqh wr �oh zurqjixo whuplqdwlrq fodlpv

58 Vhh/ iru h{dpsoh/ Ndw} dqg Pxusk| +4<<5,1
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Wdeoh 7= Fkdqjhv wr Surwhfwhg Zrunhuv* Uhwxuqv wr Hgxfdwlrq Srvw0FUD<4

Surwhfwhg Jurxs Eodfnv Eodfnv Zrphq Zrphq

Djh Udqjh 58065 6606< 58065 6606<

+4, +5, +6, +7,

Surwhfwhg-Hgxfdwlrq-Srvw 31339< 03133:: 0313336 03133:3

+3133;5, +3133::, +313367, +313367,

Revhuydwlrqv 84/;94 7;/:4: ;4/;45 :7/:73

U2 314:68 314<94 3153:8 31598;

Ghshqghqw yduldeoh lv wkh orj ri dyj1 krxuo| zdjh iru wkh |hdu1 Gdwd iurp wkh 4<;;04<<9 Pdufk FSV/ olplwhg wr

eodfn phq/ qrq0Klvsdqlf zklwh phq dqg zrphq djhg 5806<1 Vdpsoh olplwhg wr lqglylgxdov zrunlqj dw ohdvw 4833

krxuv lq wkh suhfhglqj |hdu1 Wkhvh ROV uhjuhvvlrqv lqfoxgh frqwurov iru srwhqwldo h{shulhqfh/ h{shulhqfh vtxduhg/

dqg hgxfdwlrq/ lqglfdwru yduldeohv iru vwdwh/ |hdu/ dqg kdoi0shufhqwdjh vwdwh xqhpsor|phqw udwh fdwhjrulhv dqg

|hdu2eodfn ru ihpdoh lqwhudfwlrqv1 Vwdqgdug huuruv duh lq sduhqwkhvhv1

dv wkh| djh/ wkhq wkh �up*v h{shfwdwlrq ri whuplqdwlrq0uhodwhg frvwv dvvrfldwhg zlwk d sduwlfxodu

zrunhu zloo eh ghfuhdvlqj lq wkh zrunhu*v h{shulhqfh1 H{rjhqrxv lqfuhdvhv lq frvwv ri whuplqdwlrq

zloo wkhq lqfuhdvh wkh uhwxuqv wr h{shulhqfh lq wkh oderu pdunhw1 Zh whvw wklv dvvhuwlrq xvlqj d gdwd

vhw ri frpsodlqwv �ohg zlwk wkh HHRF dqg xvlqj wkh Dqqxdo Ghprjudsklfv Iloh iurp wkh FSV1

Zh �qg wkdw zrphq ehfrph ohvv olnho| wr �oh zurqjixo whuplqdwlrq fodlpv dv wkh| djh1 Frqvlvwhqw

zlwk rxu prgho/ zh dovr �qg dq lqfuhdvh lq zrphq*v uhwxuqv wr h{shulhqfh zkhq FUD<4 lqfuhdvhg

h{shfwhg frvwv ri hpsor|phqw glvfulplqdwlrq olwljdwlrq1 Eodfn phq/ rq wkh rwkhu kdqg/ ehfrph

pruh olnho| wr �oh d zurqjixo whuplqdwlrq frpsodlqw dv wkh| djh/ vr rxu prgho grhv qrw surylgh d

gh�qlwlyh suhglfwlrq derxw wkhlu uhwxuqv wr h{shulhqfh1 Rxu dqdo|vlv vxjjhvwv wkdw d odz wkdw kdv

idluo| qhjoljleoh dyhudjh h�hfwv rq surwhfwhg jurxsv fdq kdyh lpsruwdqw h�hfwv rq wkh djh2zdjh

sur�ohv iru wkhvh zrunhuv1
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EEOC Complaint Rates by Age -- White Women
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EEOC Complaint Rates by Age -- Black Men
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Yearly Estimates of Female Employment Relative to Males 
(Probit Coefficients)

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

87 88 89 90 91 92 93 94 95 96

Iljxuh 5d

Yearly Estimates of Female Hours Worked Relative to Males 
(OLS Coefficients)
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Yearly Estimates of Female Wages Relative to Males 
(OLS Coefficients)
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Yearly Estimates of Black Employment Relative to Whites 
(Probit Coefficients)
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Yearly Estimates of Black Hours Worked Relative to Whites 
(OLS Coefficients)
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Yearly Estimates of Black Wages Relative to Whites 
(OLS Coefficients)
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Female-Male Return to Experience 
(25-39 Year Olds)
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Female-Male Return to Experien
Using NLSY (27-31 Year Olds)
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Black-White Return to Experience 
(25-39 Year Olds)
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Black-White Return to Experien
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