
Mre Vhfxulw| dqg wkh Djh0Frpsrvlwlrq ri Hpsor|phqw=
Hylghqfh iurp Fkloh

Fduphq Sdjìv dqg Fodxglr H1 Prqwhqhjur4 5

Wklv yhuvlrq= Vhswhpehu 4<<<

4Lqwhu0Dphulfdq Ghyhorsphqw Edqn +LGE, dqg wkh Zruog Edqn/ uhvshfwlyho|1
5Iru frpphqwv/ sohdvh frqwdfw Fduphq Sdjìv dw FduphqsdjCldge1ruj ru Fodxglr Prqwhqhjur dw

fprqwhqhjurCzruogedqn1ruj1 Zh judwhixoo| dfnqrzohgjh wkh dvvlvwdqfh ri Ohwlfld Fxhydv/ \rodqgd
Pduvkdoo dqg wkh Ghsduwphqw ri Hfrqrplfv dw wkh Xqlyhuvlgdg gh Fkloh iru ydoxdeoh lqirupdwlrq
rq Fklohdq oderu frghv dqg wkh gdwd xvhg lq wklv vwxg|1 Zh duh dovr yhu| judwhixo wr I1 Doyduh}/
S1 Ehdxgu|/ J1 Ehfnhu/ M1M1 Grodgr/ V1 Hgzdugv/ G1 Kdphuphvk/ D1 Nxjohu/ H1 Od}hdu/ dqg wkh
sduwlflsdqwv dw ydulrxv vhplqduv dw wkh Zruog Edqn dqg LGE iru wkhlu ydoxdeoh frpphqwv1 Wklv
sdshu uh hfwv wkh rslqlrqv ri wkh dxwkruv dqg qrw qhfhvvdulo| wkrvh ri wkh LGE ru wkh Zruog Edqn1



Devwudfw

Wklv sdshu ghyhorsv dqg whvwv d phfkdqlvp e| zklfk mre vhfxulw| d�hfwv wkh djh0frpsrvlwlrq
ri hpsor|phqw1 Wklv phfkdqlvp lv edvhg rq wkh uhodwlyh frvwv ri glvplvvlqj |rxqj yhuvxv
roghu zrunhuv uhvxowlqj iurp mre vhfxulw| surylvlrqv wkdw duh uhodwhg wr whqxuh1 Xvlqj 6<
frqvhfxwlyh dqqxdo krxvhkrog0vxuyh|v iurp Fkloh/ zh �qg wkdw mre vhfxulw| lv dvvrfldwhg
zlwk d vxevwdqwldo ghfolqh lq wkh zdjh hpsor|phqw0wr0srsxodwlrq udwh ri |rxqj zrunhuv1
Lq frqwudvw/ zh gr qrw �qg vxfk d ghfolqh lq |rxqj vhoi0hpsor|phqw udwhv ru lq wkh zdjh
hpsor|phqw udwhv ri roghu zrunhuv1 Rxu uhvxowv dovr lqglfdwh wkdw wkh qhjdwlyh h�hfw rq
|rxwk zdjh hpsor|phqw lv gulyhq e| wkh vorsh ri wkh vhyhudqfh sd|0whqxuh sur�oh1 Uhjduglqj
djjuhjdwh hpsor|phqw udwhv/ zh �qg wkdw d udlvh lq whqxuh0edvhg vhyhudqfh sd| uhgxfhv
orqj0uxq hpsor|phqw/ zkloh d udlvh lq d  dw vhyhudqfh sd| zrxog pdujlqdoo| lqfuhdvh lw1

Mrxuqdo ri Hfrqrplf Olwhudwxuh fodvvl�fdwlrq= H57/ M56/ M98



4 Lqwurgxfwlrq

Hfrqrplvwv kdyh riwhq fulwlfl}hg mre vhfxulw| surylvlrqv iru wkhlu qhjdwlyh lpsdfw rq oderu

pdunhw shuirupdqfh1 Dowkrxjk wkh pdmrulw| ri vwxglhv kdyh irfxvhg rq wkh lpsdfw ri vxfk

srolflhv rq hpsor|phqw dqg wxuqryhu udwhv/ vrph hylghqfh vxjjhvwv wkdw mre vhfxulw| pljkw

dovr kdyh d odujh lpsdfw rq wkh djh0frpsrvlwlrq ri hpsor|phqw41 Od}hdu ^4<<3`/ iru lqvwdqfh/

�qgv wkdw dfurvv wkh RHFG/ kljk mre vhfxulw| frxqwulhv olnh Vsdlq/ Lwdo|/ dqg Juhhfh kdyh

orzhu |rxwk hpsor|phqw0wr0srsxodwlrq udwhv wkdq orz mre vhfxulw| frxqwulhv olnh wkh X1N1

dqg wkh X1V1 Pruh uhfhqwo|/ Qlfnhoo ^4<<:` �qgv vrph dgglwlrqdo vxssruw iru d sulph0djh

hpsor|phqw eldv lq kljk mre vhfxulw| frxqwulhv1 Dowkrxjk plggoh0djh dqg roghu zrunhuv pd|

ehqh�w/ uhgxfhg hpsor|phqw rssruwxqlwlhv iru wkh |rxqj duh d vrxufh ri frqfhuq1 \rxqj

xqhpsor|hg ru glvfrxudjhg zrunhuv pd| ihho h{foxghg iurp d vrflhw| wkdw grhv qrw doorz

wkhp wr sduwlflsdwh lq d jdlqixo zd|1 Dw zruvh/ wkh| pd| wxuq wkhlu hqhuj| lqwr loohjdo ru

ylrohqw dfwlylwlhv wkdw lpsrvh odujh frvwv rq vrflhw| dv d zkroh1

Lq wklv sdshu zh h{soruh dqg whvw wkh fkdqqhov e| zklfk mre vhfxulw| pd| eldv hpsor|0

phqw djdlqvw |rxqj zrunhuv1 Od}hdu ^4<<3` sursrvhg dq h{sodqdwlrq edvhg rq d �eduulhu0

wr0hqwu| � h�hfw> e| uhgxflqj klulqj dqg �ulqj udwhv/ mre vhfxulw| surwhfwv zrunhuv wkdw duh

douhdg| hpsor|hg/ exw lw uhgxfhv wkh hpsor|phqw rssruwxqlwlhv ri qhz hqwudqwv1 Krzhyhu/

orzhu �ulqj dqg klulqj udwhv pd| kdyh xqghwhuplqhg h�hfwv rq |rxqj hpsor|phqw udwhv/

ghshqglqj rq zklfk h�hfw grplqdwhv1 Wkhuhiruh/ d eduulhu0wr0hqwu| h�hfw/ e| lwvhoi/ pd|

qrw h{sodlq wkh dvvrfldwlrq ehwzhhq mre vhfxulw| dqg wkh djh0frpsrvlwlrq ri hpsor|phqw1

Zh sursrvh dq dowhuqdwlyh phfkdqlvp edvhg rq wkh h{solflw olqn ehwzhhq vhyhudqfh sd|

dqg whqxuh revhuyhg lq wkh pdmrulw| ri frxqwulhv lq zklfk mre vhfxulw| lv pdqgdwru|> dv

vhyhudqfh sd| lqfuhdvhv lq whqxuh/ dqg whqxuh whqgv wr lqfuhdvh zlwk djh/ roghu zrunhuv

ehfrph pruh frvwo| wr glvplvv wkdq |rxqjhu rqhv1 Li zdjhv dqg rwkhu oderu frvwv gr qrw

dgmxvw dffruglqjo|/ qhjdwlyh vkrfnv pd| uhvxow lq d glvsursruwlrqdwh vkduh ri od|r�v dprqj

|rxqj zrunhuv1 E| uhgxflqj klulqj udwhv dqg lqfuhdvlqj |rxwk od|r� udwhv �uhodwlyh wr

rwkhu djh jurxsv�/ whqxuh0edvhg mre vhfxulw| pd| uhvxow lq orzhu |rxqj wr roghu zrunhuv

4Dw wkh wkhruhwlfdo ohyho vhh/ dprqj rwkhuv/ Ehuwrod ^4<<3`/ Kdphuphvk^4<<6` dqg Qlfnhoo ^4<;9` iru d
sduwldo htxloleulxp dqdo|vlv dqg Krshqkd|q dqg Urjhuvrq ^4<<6` iru d jhqhudo htxloleulxp dqdo|vlv ri wkh
lpsdfw ri mre vhfxulw| rq hpsor|phqw dqg wxuqryhu1 Dw wkh hpslulfdo ohyho/ vhh Dqghuvrq ^4<<6`/ Juxeev
dqg Zhoov ^4<<6`/ Kdphuphvk ^4<<8/ 4<<9d/ 4<<9e`/ Od}hdu ^4<<3` dqg Qlfnho ^4<<:`1
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hpsor|phqw udwhv1

Zh ghyhors wklv dujxphqw lq wkh frqwh{w ri d vlpsoh prgho dqg whvw wkhvh suhglfwlrqv

xvlqj wkh uhpdundeoh wlph yduldelolw| h{shulhqfhg e| wkh Fklohdq oderu ohjlvodwlrq1 Fkloh

frqvwlwxwhv dq lghdo vrfldo oderudwru| lq zklfk wr whvw wkh lpsdfw ri mre vhfxulw| iru d ydulhw|

ri uhdvrqv= Iluvw/ gxulqj wkh shulrg 4<9304<<;/ Fkloh zhqw wkurxjk vl{ oderu pdunhw uhirupv/

hyroylqj iurp d vlwxdwlrq ri glvplvvdo0dw0zloo wr d kljko| uhjxodwhg oderu pdunhw e| RHFG

vwdqgdugv15 Vhfrqg/ wkh Fklohdq oderu pdunhw uhirupv kdyh lqyroyhg vkliwv lq wkh uhodwlyh

frvwv ri glvplvvlqj vkruw yhuvxv orqj0whqxuh zrunhuv surylglqj wkh yduldelolw| uhtxluhg wr whvw

wkh phfkdqlvpv ghyhorshg lq wkh wkhruhwlfdo prgho1 Wklug/ mre vhfxulw| surylvlrqv lq Fkloh

duh yhu| vlplodu wr wkh rqhv revhuyhg lq prvw RHFG frxqwulhv1 Wklv lpsolhv wkh Fklohdq

fdvh frxog r�hu ydoxdeoh ohvvrqv iru rwkhu frxqwulhv1 Irxuwk/ vrph ri wkh oderu uhirupv

zhuh dvvrfldwhg wr shulrgv ri gudvwlf fkdqjhv lq srolwlfdo uhjlphv �l1h1 iurp ghprfudf| wr

glfwdwruvkls dqg ylfh0yhuvd� lqfuhdvlqj wkh olnholkrrg wkdw oderu uhirupv zhuh h{rjhqrxv wr

frqwhpsrudqhrxv oderu pdunhw frqglwlrqv1 Odvwo|/ Fkloh kdv d odujh irupdo vhfwru e| Odwlq

Dphulfdq vwdqgdugv zklfk idflolwdwhv wkh wdvn ri phdvxulqj wkh lpsdfw ri uhjxodwlrqv rq

oderu pdunhw shuirupdqfh1

Zh xvh wkh zdjh dqg hpsor|phqw lqirupdwlrq frqwdlqhg lq 6< frqvhfxwlyh krxvhkrog

vxuyh|v vsdqqlqj wkh shulrg 4<9304<<;/ dqg �qg d vxevwdqwldoo| gl�huhqw lpsdfw ri mre

vhfxulw| dfurvv |rxqj/ plggoh0djh dqg roghu zrunhuv1 Dv suhglfwhg/ dq lqfuhdvh lq mre

vhfxulw| ohdgv wr d ghfolqh lq wkh zdjh hpsor|phqw0wr0srsxodwlrq udwhv ri |rxqj zrunhuv1

Lq frqwudvw/ zh gr qrw �qg vxfk d ghfolqh lq |rxqj vhoi0hpsor|phqw �zkhuh mre vhfxulw|

uhjxodwlrqv gr qrw dsso|� ru lq wkh zdjh0hpsor|phqw udwhv ri roghu zrunhuv1 Wkh h�hfw rq

wkh zdjh0hpsor|phqw udwhv ri |rxqj zrunhuv lv kljk> d 433( lqfuhdvh lq vhyhudqfh0sd| lv

dvvrfldwhg zlwk d frqwhpsrudqhrxv 419 shufhqwdjh srlqw ghfolqh lq |rxwk hpsor|phqw0wr0

srsxodwlrq udwh dqg d 416 shufhqwdjh srlqw ghfolqh lq sduwlflsdwlrq udwhv1 Diwhu 43 |hduv/

wkh hpsor|phqw ghfolqh zrxog kdyh vxusdvvhg 48 shufhqwdjh srlqwv1 Dv lqglfdwhg e| wkhvh

pdjqlwxghv/ wkh ghfolqh lq |rxwk hpsor|phqw udwhv lv prvwo| devruehg e| d ghfolqh lq

5Pdutxh} +4<<:, frpsxwhv d furvv0frxqwu| ruglqdo lqgh{ ri oderu pdunhw uljlglw| iru Odwlq Dphulfd/
edvhg rq d phwkrgrorj| xvhg e| wkh RHFG1 Kh �qgv wkdw prvw Odwlq Dphulfdq frxqwulhv duh pruh �uljlg�
wkdq wkh pdmrulw| ri RHFG frxqwulhv1 Wkxv iru h{dpsoh/ zkloh Fkloh vwdqgv dv dq lqwhuphgldwh frxqwu| e|
Odwlq Dphulfdq vwdqgdugv/ lw udqnv rq d sdu zlwk Juhhfh ru Vsdlq/ wkh prvw uljlg frxqwulhv lq wkh RHFG
vdpsoh1
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sduwlflsdwlrq/ zlwk ihz ru qr h�hfw rq |rxwk xqhpsor|phqw udwhv1

Zkhq zh ghfrpsrvh wkh h�hfw ri mre vhfxulw| ehwzhhq wkh h�hfw ri fkdqjhv lq vhyhudqfh

sd| �nhhslqj wkh vorsh ri wkh vhyhudqfh sd|0whqxuh sur�oh frqvwdqw� dqg wkh h�hfw ri fkdqjhv

lq wkh vorsh/ zh �qg wkdw mre vhfxulw| d�hfwv |rxqj hpsor|phqw udwhv wkurxjk lwv olqn wr

whqxuh1 Wkxv/ d kljk uhodwlyh frvw ri glvplvvlqj orqj yhuvxv vkruw0whqxuh zrunhuv lv dvvrfldwhg

zlwk orzhu |rxwk hpsor|phqw0wr0srsxodwlrq udwhv1 Lq frqwudvw/ rxu uhvxowv lqglfdwh wkdw d

udlvh lq d  dw vhyhudqfh sd| +l1h1 qrw olqnhg wr whqxuh, zrxog kdyh qr h�hfw rq |rxqj

hpsor|phqw udwhv1

Zh dovr �qg lqwhuhvwlqj uhvxowv uhjduglqj wkh lpsdfw ri mre vhfxulw| rq djjuhjdwh hp0

sor|phqw udwhv= zkloh d udlvh lq whqxuh0edvhg vhyhudqfh sd| uhgxfhv orqj0uxq hpsor|phqw

d udlvh lq d  dw sd| zrxog pdujlqdoo| lqfuhdvh lw1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv= Lq vhfwlrq 5/ zh ghyhors d sduwldo htxl0

oleulxp prgho wr dvvhvv wkh lpsdfw ri whqxuh0edvhg mre vhfxulw| rq �upv* klulqj dqg �ulqj

ghflvlrqv1 Lq Vhfwlrq 6/ zh glvfxvv oderu uhirupv lq Fkloh dqg frqvwuxfw d vxppdu| lqgh{ ri

oderu ohjlvodwlrq1 Lq dgglwlrq/ zh ghvfuleh wkh gdwd/ wkh hpslulfdo phwkrgrorj| dqg suhvhqw

rxu hpslulfdo uhvxowv1 Ilqdoo|/ lq Vhfwlrq 7/ zh frqfoxgh1

5 Wkh Prgho

Lq wklv vhfwlrq zh suhvhqw d vlpsoh prgho wr dqdo|}h �upv* �ulqj dqg klulqj ghflvlrqv lq

hqylurqphqwv zkhuh pdqgdwhg vhyhudqfh sd| lqfuhdvhv zlwk d zrunhu* whqxuh dw d �up1

Dvvxph d frqwlqxxp ri �upv rshudwlqj d whfkqrorj| wkdw kdv frqvwdqw uhwxuqv wr vfdoh

dqg xvh oderu dv wkh rqo| idfwru ri surgxfwlrq1 Hdfk zrunhu kdv d shu0shulrg surgxfwlylw|

htxdo wr �� zkhuh wkh vxevfulsw l lghqwl�hv zkhwkhu wkh hfrqrp| lv lq d jrrg +l @ j, ru d

edg +l @ e, vwdwh dqg � lv wkh suredelolw| wkdw wkh hfrqrp| uhpdlqv lq d jlyhq vwdwh lq wkh

iroorzlqj shulrg1 Frqvhtxhqwo|/ zh dvvxph wkdw �} A �K=

Lq wklv hfrqrp|/ zrunhuv kdyh d �qlwh zrunlqj olih wkdw odvwv gxulqj wkuhh shulrgv/ diwhu

zklfk wkh| uhwluh iurp wkh oderu pdunhw1 Wkh wlplqj ri �upv* ghflvlrqv lv dv iroorzv= Lq

hdfk shulrg/ dqg frqglwlrqdo rq ��/ �upv ghflgh krz pdq| qhz zrunhuv wr kluh dqg krz

pdq| ri wkh h{lvwlqj zrunhuv wr nhhs1 Iru vlpsolflw|/ zh dvvxph wkdw �upv rqo| kluh dprqj

zrunhuv wkdw duh dw wkh ehjlqqlqj ri wkhlu zrunlqj fduhhuv> Roghu zrunhuv wkdw kdyh orvw
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wkhlu mrev ru qhyhu irxqg rqh/ uhpdlq xqhpsor|hg ru ohdyh wkh oderu irufh1

Lq wkh hyhqw ri glvplvvdo/ �upv kdyh wr sd| d vhyhudqfh wkdw lqfuhdvhv zlwk d zrunhuv*

whqxuh dw wkh �up1 Wkh pdqgdwhg vfkhgxoh lv dv iroorzv= Diwhu rqh shulrg/ wkh vhyhudqfh

sd| lv I / zklfk lqfuhdvhv wr �I> � A 4 diwhu wzr shulrgv dw wkh �up1 Diwhu wkuhh shulrgv/

wkh zrunhu uhwluhv dw }hur frvw1

Jlyhq wkhvh dvvxpswlrqv/ wkh h{shfwhg ydoxh ri frqwlqxlqj d pdwfk zlwk d zrunhu wkdw

kdv ehhq m shulrgv dw wkh �up/ jlyhq vwdwh l> +VZ��, lv=

VZ2� @ Pd{i�� �z>��Ij +4,

VZ�� @ Pd{i�� �z. �H�VZ2�>�Ij +5,

VZf� @ �� �z . �H�VZ�� +6,

zkhuh H�VZ�� lv wkh h{shfwhg ixwxuh ydoxh ri d pdwfk frqglwlrqdo rq vwdwh l/ � ghqrwhv

wkh glvfrxqw udwh dqg z lv wkh zdjh/ zkhuh z 5 ^�}> �K`1 Lq wklv prgho/ zdjhv duh jlyhq dqg

dvvxphg wr eh frqvwdqw dfurvv d zrunhu*v olih dqg dfurvv vwdwhv iru vlpsolflw|61 H{suhvvlrq

+4, lqglfdwhv wkdw wkh ydoxh ri frqwlqxlqj d pdwfk zlwk d zrunhu wkdw kdv ehhq wzr |hduv dw d

�up +iurp qrz rq d wzr0shulrg zrunhu, lv wkh pd{lpxp ehwzhhq/ zkdw d hpsor|hu rewdlqv

li wkh zrunhu uhpdlqv hpsor|hg dqg zkdw wkh �up kdv wr sd| li wkh zrunhu lv glvplvvhg1 Li

jlyhq wkh vwdwh ri qdwxuh ��> wkh frqwlqxdwlrq ydoxh ri d zrunhu lv ehorz wkh wkuhvkrog jlyhq

e| wkh �ulqj frvw/ wkh pdwfk lv whuplqdwhg dqg VZ2� @ ��I= Frqglwlrq +5, lv htxlydohqw wr

frqglwlrq +4, / krzhyhu wkh wkuhvkrog iru zrunhuv wkdw kdyh ehhq rqo| rqh shulrg dw d �up

+rqh0shulrg zrunhuv, lv orzhu/ uh hfwlqj wkhlu orzhu �ulqj frvwv1

Rxu odvw dvvxpswlrq lv wkdw klulqj d zrunhu lpsolhv d frvw wkdw ghshqgv rq krz wljkw

lv wkh oderu pdunhw1 Lq shulrgv ri orz xqhpsor|phqw/ lw uhtxluhv pruh wlph dqg h�ruw wr

�oo d ydfdqf|1 Ohw K+X, eh wkh frvw ri klulqj d zrunhu ghshqglqj rq wkh vwdwh ri wkh oderu

6Dvvxplqj wkdw zdjhv dqg surgxfwlylw| lqfuhdvh ryhu d zrunhu*v olih zrxog qrw dowhu rxu uhvxowv dv orqj
dv zdjhv lqfuhdvh lq gluhfw uhodwlrq wr surgxfwlylw|1 Lq wkh vdph pdqqhu/ dvvxplqj �} : �K / exw qrw vr
pxfk dv wr lpso| orzhu hpsor|phqw lq jrrg vwdwhv/ zrxog qrw dowhu rxu uhvxowv exw dgg h{wud qrwdwlrq wr
wkh prgho1
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pdunhw dqg ohw K �+=, ? 31 Wklv dvvxpswlrq hqvxuhv wkdw li VZf� A 3> qhz mrev duh fuhdwhg

xqwlo wkh ydoxh ri klulqj d qhz zrunhu lv gulyhq wr }hur17 Wkdw lv>

VZf� �K+=, � 3

Lq wklv vlpsoh vhw xs/ d �up rshudwh �xqlwv� ri surgxfwlrq/ qdpho| zrunhuv/ dv orqj dv

wkh h{shfwhg ydoxh ri wkh xqlw lv odujhu wkdq wkh ydoxh ri vkxwwlqj wkh xqlw grzq1 Ixwxuh

kljkhu frvwv ri glvplvvdov duh lqwhuqdol}hg ehfdxvh wkh| whqg wr uhgxfh wkh h{shfwhg ydoxh

ri nhhslqj d zrunhu/ wkhuhiruh pdnlqj lw pruh olnho| wr sxvk klp ru khu ryhu wkh wkuhvkrog

dw wkh suhvhqw1 Rxu qh{w txhvwlrq lv/ jlyhq edg wlphv/ zklfk zrunhuv duh pruh olnho| wr eh

glvplvvhg �uvwB

514 Zklfk zrunhuv duh pruh olnho| wr eh �uhgB

Sursrvlwlrq 4 Jlyhq d vhyhudqfh sd| vfkhgxoh zlwk vorsh �/ wkhuh lv d ydoxh �W vxfk wkdw=

l, Iru ydoxhv ri 4 A � � �W> rqh0shulrg zrunhuv zloo eh pruh olnho| wr eh glvplvvhg wkdq

wzr0shulrg zrunhuv1 ll,Iru ydoxhv ri 3 ? � ? �W> wzr0shulrg zrunhuv zloo eh pruh olnho| wr

eh �uhg/ dqg lll, �W lv lqfuhdvlqj lq �} �z dqg ghfuhdvlqj lq �=

Surri = Vhh Dsshqgl{ D

Zk| grhv wkh olnholkrrg ri glvplvvlqj d rqh0shulrg ru d wzr0shulrg zrunhu ghshqgv rq

wkh shuvlvwhqf| ri d vkrfnB1 Dvvxph d �upv idoov lq d edg vwdwh dqg wkh shuvlvwhqf| ri wkh

vkrfn lv h{shfwhg wr eh odujh +wkdw lv/ � lv forvh wr 4,1 Jlyhq wklv vwdwh ri d�dluv/ h{lvwlqj

zrunhuv duh qrw jrrg lqyhvwphqwv vlqfh d hpsor|hu lv olnho| wr lqfxu lq pdq| shulrgv ri orrvhv

ehiruh hphujlqj lqwr d jrrg vwdwh1 Pruhryhu/ |rxqj zrunhuv duh zruvw lqyhvwphqwv wkdq

roghu rqhv vlqfh rog zrunhuv zloo uhwluh vrrq1 Lq wklv fdvh/ �upv zloo glvplvv |rxqj zrunhuv

�uvw1 Dv wkh suredelolw| ri uhpdlqlqj lq d edg vwdwh ghfolqhv/ |rxqj zrunhuv ehfrph pruh

dwwudfwlyh ehfdxvh wkh| pljkw ehfrph jrrg ydoxhv lq wkh ixwxuh1 Dq hpsor|hu wkhq/ zloo

eh pruh olnho| wr fdvk orvhv zlwk dq rog zrunhu dqg nhhs wkh rswlrq ydoxh zlwk d |rxqjhu

rqh1 Pruhryhu/ dv wkh vorsh ri wkh vhyhudqfh sd|0whqxuh sur�oh lqfuhdvhv/ wkh olnholkrrg wkdw

|rxqj zrunhuv duh glvplvvhg �uvw lqfuhdvhv1

7Wkh dvvxpswlrq wkdw klulqj frvwv ghshqgv rq pdunhw wljkqhvv lv irxqg lq pdwfklqj prghov/ vxfk olnh
Pruwhqvhq dqg Slvvdulglhv ^4<<:`1
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Wkh qh{w txhvwlrq lv zkhwkhu wkh wkuhdw ri lqfuhdvlqj glvplvvdo frvwv ohdgv �upv wr ryhu0

urwdwh zrunhuv1 Wkdw lv/ klulqj dqg glvplvvlqj wkhp dv vrrq dv srvvleoh +uhjdugohvv ri wkh

vwdwh ri wkh hfrqrp|, wr dyrlg sd|lqj kljk glvplvvdo frvwv lq wkh ixwxuh1

515 Zloo �upv ryhu0urwdwh zrunhuvB

Zh h{dplqh d vlpsoh fdvh zkhuh �upv kluh zrunhuv dqg wkhq glvplvv wkhp diwhu rqh shulrg

�uhjdugohvv ri wkh vwdwh ri qdwxuh�/ wr dyrlg sd|lqj kljk glvplvvdo frvwv1

Sursrvlwlrq 5 Li � ? �nqE�nq4�
qE�3R� wkhq ryhu0urwdwlrq +dv gh�qhg deryh, grhv qrw rffxu1

Surri= Vhh Dsshqgl{ D1

Wklv frqglwlrq vwdwhv wkdw ryhu0urwdwlrq ghshqgv rq wkh ydoxh ri �> zklfk ghwhuplqhv

wkh vwhhsqhvv ri wkh vhyhudqfh sd| vfkhgxoh1 Li vhyhudqfh sd| lqfuhdvhv yhu| udslgo| zlwk

whqxuh/ �upv zloo glvplvv zrunhuv diwhu d vkruw shulrg dw wkh �up1 \hw li � lv vx!flhqwo|

orz/ urwdwlqj zrunhuv hyhu| shulrg lv yhu| frvwo| dqg �upv zloo nhhs zrunhuv lq jrrg vwdwhv18

Lq wkh iroorzlqj vxevhfwlrq zh xvh wklv vlpsoh prgho wr dvvhvv wkh lpsdfw ri d oderu

frghv uhirup rq �upv* rswlpdo klulqj dqg �ulqj ghflvlrqv1 Vwxglhv olnh Ehuwrod ^4<<3` dqg

rwkhuv/ dqdo|}h wkh lpsdfw ri dowhulqj vhyhudqfh sd|phqwv rq klulqj dqg �ulqj ghflvlrqv

zkhq vhyhudqfh sd| grhv qrw ydu| e| whqxuh1 Wkhlu suhglfwlrqv duh zhoo0nqrzq= orzhu mre

vhfxulw| ohdgv wr pruh zrunhuv kluhg lq jrrg wlphv dqg dovr pruh zrunhuv �uhg lq edg wlphv

zlwk xqghwhuplqhg h�hfwv rq dyhudjh hpsor|phqw1 Lq wklv sdshu zh shuirup d gl�huhqw

h{huflvh= Zh dqdo|}h wkh lpsdfw ri d fkdqjh lq wkh vorsh dw zklfk vhyhudqfh sd| lqfuhdvhv

zlwk whqxuh1

516 Lpsdfw ri d Oderu Uhirup

Sursrvlwlrq 6 Dq lqfuhdvh lq vhyhudqfh sd|/ lq wkh irup ri d kljkhu �/ ohdgv wr d uhgxfwlrq

lq qhz klulqjv dqg d Odvw0lq Iluvw0rxw +OLIR, �ulqj srolf|1

Surri = Dvvxph �� A �1 Li VZ2K A ��I wkhq wkh fkdqjh lv qrw elqglqj dqg qrwklqj

rffxuv1 Dvvxph lqvwhdg wkdw
8 Li zh wdnh wkh shulrg wr eh d |hdu/ lpsxwlqj vrph uhdvrqdeoh ydoxhv iru q dqg 4c |lhogv wkdw wkh vhyhudqfh

sd|phqw sur�oh kdv wr eh yhu| vwhhs lq rughu wr lqgxfh ryhu0urwdwlrq1 Iru h{dpsoh/ li q ' �b dqg 4 ' �Dcwkhq
k ' D��2czkhuhdv li q ' �bD dqg 4 ' �Hc wkhq k ' �e��D� Wklv lqglfdwhv wkdw vhyhudqfh sd|phqwv kdyh wr eh
pxowlsolhg e|/ dw ohdvw/ d idfwru ri 8 ryhu wkh vfrsh ri rqh |hdu wr ohdg wr ryhu0urwdwlrq1 Wklv udwh ri lqfuhdvh
lv pxfk odujhu wkdq wkh w|slfdo lqfuhdvh ri rqh prqwk sd| shu |hdu ri whqxuh1

9



VZ2K @ ��I exw �} �z A ���I= Lq vxfk fdvh/ VZ �

2K @ �} �z ? VZ2K dqg wzr0shulrg

zrunhuv/ wkdw zhuh glvplvvhg ehiruh wkh srolf| fkdqjh/ zloo qrw eh �uhg diwhuzdugv1 Wklv

fkdqjh lpsolhv wkdw VZ �

�} @ �} � z . ��VZ2} . �+4 � �,VZ �

2K ? VZ�} dqg lq wkh vdph

pdqqhu/ VZ �

�K ? VZ�K wkxv/ �uvw0|hdu zrunhuv duh qrz pruh olnho| wr eh glvplvvhg wkdq

ehiruh1 Ilqdoo|/ ehfdxvh VZ �

�� A VZ�� wkhq VZ �

f� A VZf� dqg �upv zloo zdqw wr kluh ohvv

|rxqj zrunhuv �

Wkxv/ wkh frqwlqxdwlrq ydoxh ri rqh0shulrg zrunhuv ghfuhdvhv diwhu wkh fkdqjh lq srolf|

vlqfh edg vwdwhv ri qdwxuh ohdg wr kljkhu ixwxuh �ulqj frvwv iru wkhvh zrunhuv1 Lw lv wkhq fohdu/

wkdw rqh0shulrg zrunhuv zrxog eh pruh olnho| wr eh glvplvvhg/ zkloh pruh whqxuhg zrunhuv

zloo eh ohvv olnho| wr eh �uhg diwhu dq lqfuhdvh lq �1 Wkhuhiruh/ dq lqfuhdvh lq wkh vorsh

dw zklfk vhyhudqfh sd| lqfuhdvh ryhu wlph grhv qrw d�hfw doo zrunhuv lq wkh vdph pdqqhu1

Lq sduwlfxodu/ pruh whqxuhg zrunhuv zloo eh ryhu0surwhfwhg e| dq lqfuhdvlqj vhyhudqfh sd|

sur�oh1 Ilqdoo|/ lw vkrxog eh idluo| fohdu wkdw dq rssrvlwh w|sh ri uhirup/ wkdw lv/ rqh wkdw

uhgxfhv wkh vorsh ri wkh vhyhudqfh sd| sur�oh/ zrxog lqgxfh dq lqfuhdvh lq qhz klulqjv dqg

d Iluvw0lq/ Iluvw rxw +ILIR, �ulqj srolf|1

Lw lv hdv| wr vhh wkdw wkh suhglfwlrqv ri wklv prgho krog lq wkh fdvh wkdw zrunhuv kdyh

orqjhu zrunlqj olyhv dqg pd| srwhqwldoo| uhpdlq pruh shulrgv dw wkh �up1 Dvvxph d

vhyhudqfh sd| sur�oh wI / zkhuh w lv whqxuh dw wkh �up/ dqg dvvxph wkdw zrunhuv fdq rewdlq

sd|phqwv xs wr d pd{lpxp VI 1 Dvvxph ixuwkhu wkdw wkh srolf| fkdqjh wdnhv wkh irup ri

uhgxflqj wkh pd{lpxp/ vd| wr V� ? V1 Wkrvh zrunhuv zkrvh ydoxhv/ sulru wr wkh srolf|

fkdqjh/ zhuh deryh �VI exw ehorz �V�I fdq eh klw e| wkh uhirup1 Rxw ri wklv jurxs/

�upv zrxog vwduw �ulqj iurp wkh pruh whqxuhg zrunhuv vlqfh/ lq wkh frqwh{w ri wklv prgho/

wkh| kdyh ohvv shulrgv wr jr xqwlo uhwluhphqw1 Wklv lv ehfdxvh wkh lpsdfw ri ixwxuh orzhu

glvplvvdo frvwv lq lqfuhdvlqj wkh frqwlqxdwlrq ydoxh ri d zrunhu lv orzhu lq zrunhuv wkdw duh

forvhu wr uhwluhphqw djh1 Lqvwhdg/ |rxqjhu zrunhuv fdq ehqh�w iurp ixwxuh orzhu frvwv ri

glvplvvdo dqg wkhuhiruh/ wkhlu h{shfwhg ydoxh +diwhu wkh fkdqjh lq srolf|, zloo lqfuhdvh zlwk

wkh srwhqwldo krul}rq dw wkh �up pdnlqj wkhp ohvv olnho| wr eh sxvkhg ryhu wkh wkuhvkrog11

Wkh deryh glvfxvvlrq uholhv rq zdjhv qrw dgmxvwlqj wr wkh h{lvwhqfh ri ru fkdqjhv lq

vhyhudqfh sd| ohjlvodwlrq1 Od}hdu^4<<3` vkrzv wkdw zdjhv fdq r�vhw wkh h�hfw ri vwdwh0

pdqgdwhg vhyhudqfh sd| dv orqj dv �upv duh deoh wr fkdujh d ihh wr zrunhuv xsrq vwduwlqj

:



d mre1 \hw/ kh dovr dfnqrzohgjhv wkdw wkh suhvhqfh ri eruurzlqj frqvwudlqv ru odfn ri wuxvw

lv olnho| wr olplw wkh h{whqg ri vxfk wudqvihuv/ dqg wkhuhiruh wkh h{whqg dw zklfk zdjhv fdq

dgmxvw wr ixoo| frpshqvdwh iru pdqgdwhg sd|1 Frqvhtxhqwo|/ lw lv h{shfwhg wkdw fkdqjhv lq

wkh vhyhudqfh sd| ohjlvodwlrq zloo uhvxow lq fkdqjhv lq hpsor|phqw doorfdwlrqv1

6 Oderu Pdunhw Uhirupv lq Fkloh

Lq uhfhqw |hduv/ d vxevwdqwldo erg| ri olwhudwxuh kdv h{dplqhg wkh h�hfwv ri hpsor|phqw

surwhfwlrq rq hpsor|phqw dqg xqhpsor|phqw udwhv1 Wkh odujh pdmrulw| ri wkhvh vwxglhv

irfxvhv rq ghyhorshg frxqwulhv/ zlwk ihz vwxglhv h{dplqlqj wkh lpsdfw ri mre vhfxulw| suryl0

vlrqv lq ghyhorslqj frxqwulhv91 \hw/ prvw Odwlq Dphulfdq frxqwulhv h{shulhqfh kljkhu udwhv

ri surwhfwlrq wkdq dq| lqgxvwuldo frxqwu| +Pdutxh} ^4<<:`,1 Wklv kljk udwhv ri surwhfwlrq

frpelqhg zlwk vljql�fdqw fkdqjhv lq oderu frghv lpso| wkdw Odwlq Dphulfdq frxqwulhv r�hu

h{fhoohqw oderudwrulhv lq zklfk wr whvw wkh lpsdfw ri wkhvh surylvlrqv1 Lq wklv vwxg| zh wxuq

wr Fkloh wr h{dplqh wkh lpsdfw ri mre vhfxulw| rq wkh djh0frpsrvlwlrq ri hpsor|phqw1

614 Dq lqgh{ ri oderu ohjlvodwlrq

Dv lq pdq| rwkhu Odwlq Dphulfdq frxqwulhv/ Fklohdq oderu frghv zhuh prghoohg diwhu wkrvh

h{lvwlqj lq wkh frxqwulhv ri wkh Vrxwk ri Hxursh1 Wkhuhiruh/ lw lv qrw vxusulvlqj wkdw �

dv rffxuv lq Vsdlq/ Lwdo|/ Iudqfh ru Juhhfh� Fklohdq frghv idyruhg ixoo0wlph/ shupdqhqw

hpsor|phqw ryhu rwkhu sduw0wlph ru pruh whpsrudu| frqwudfwxdo uhodwlrqvklsv1 Vlqfh lwv

lqfhswlrq lq 4<99/ oderu odzv pdqgdwhg wkdw lq wkh fdvh ri d �up0lqlwldwhg vhsdudwlrq/ d

zrunhu kdg wr eh frpshqvdwhg zlwk d sd|phqw htxlydohqw wr rqh prqwk*v sd| shu |hdu ri

zrun dw wkh �up1 Krzhyhu/ wkurxjkrxw wkh |hduv/ wkh odz zdv prgl�hg lq d qxpehu ri zd|v

dowhulqj wkh pd{lpxp dprxqw wkdw d zrunhu frxog uhfhlyh ru wkh lqvwdqfhv xqghu zklfk d

zrunhu frxog eh glvplvvhg zlwkrxw vhyhudqfh sd|1 Wdeoh 4 vxppdul}hv wkh fkdqjhv lq ohjlv0

odwlrq wkdw wrrn sodfh lq wkh 4<9304<<; shulrg/ irfxvlqj rq +l, dgydqfh0qrwlfh shulrgv/ +ll,

wkh dprxqw ri frpshqvdwlrq lq fdvh ri mxvwl�hg glvplvvdo/ +lll, wkh dprxqw ri frpshqvdwlrq

lq fdvh wkh xqmxvwl�hg glvplvvdo/ +ly, zkhwkhu �qdqfldo ru hfrqrplf qhhgv ri wkh �up zkhuh

mxvw fdxvh iru glvplvvdo dqg �qdoo|/ +y, wr zklfk zrunhuv wkh uhirupv dssolhg1

9D ihz h{fhswlrqv duh Udpd ^4<<8` dqg Pdutxh} ^4<<:` zkr xvh d furvv0frxqwu| vdpsoh ri ghyhorslqj
dqg ghyhorshg frxqwulhv wr vwxg| wklv lvvxh1 Vhh dovr Idoorq ) Oxfdv ^4<<6`1

;



? Lqvhuw Wdeoh 4= Oderu Ohjlvodwlrq lq FklohA

Rqh ri wkh prvw lqwhuhvwlqj dvshfwv ri wkh Fklohdq h{shulhqfh lv wkdw lq d vsdq ri 6< |hduv/

Fkloh kdv jrqh iurp d vlwxdwlrq ri glvplvvdo dw zloo +xs wr 4<99, wr d yhu| uljlg oderu pdunhw

e| RHFG vwdqgdugv1 Lq dvvhvvlqj wkh frvw ri glvplvvlqj d zrunhu/ wzr idfwruv duh vshfldoo|

uhohydqw1 Wkh �uvw rqh lv wkh vhyhudqfh sd| sur�oh1 Ryhu wkh |hduv/ wkh h{lvwhqfh ri gl�huhqw

fdsv lq wkh pd{lpxp vhyhudqfh sd| kdv vxevwdqwldoo| fkdqjhg wkh frvw ri glvplvvlqj kljk

yhuvxv orz whqxuh zrunhuv1 Zkhuhdv lq 4<99/ wr glvplvv d zrunhu zlwk 53 |hduv ri whqxuh

lpsolhg d vhyhudqfh sd| htxlydohqw wr 53 prqwkv ri sd|/ wklv dprxqw zdv uhgxfhg wr 8

prqwkv lq 4<;7/ dqg udlvhg edfn wr 44 prqwkv lq 4<<31

Wkh vhfrqg ghwhuplqdqw ri wkh frvw lv uhodwhg wr wkh oderu frghv* gh�qlwlrq ri mxvwl�hg

glvplvvdo dv zhoo dv wkh vwdqg ri oderu frxuwv dv phgldwruv ehwzhhq �upv dqg zrunhuv1 Iru

h{dpsoh/ lq wkh shulrg iurp 4<99 wr 4<;4/ d glvplvvdo ruljlqdwhg e| wkh hfrqrplf gl!fxowlhv

ri d �up zdv frqvlghuhg mxvwl�hg dqg qr frpshqvdwlrq kdg wr eh dzdughg1 \hw/ lw zdv dovr

wkh �up*v uhvsrqvlelolw| wr suryh wkh hfrqrplf fdxvdolw|1 Lq sudfwlfh/ zrunhuv zrxog dsshdo

dqg wdnh wkh fdvh wr frxuwv1 Lw zrxog wkhq eh xs wr d mxgjh wr ghflgh zkhwkhu vhyhudqfh

sd|phqwv kdg wr eh dzdughg1 Fdvxdo revhuydwlrq dqg frqyhuvdwlrqv zlwk oderu mxgjhv

lqglfdwh wkdw lq wkh shulrg 4<9904<:6 wkh pdmrulw| ri fdvhv zhuh uxohg lq idyru ri zrunhuv

+Urpdjxhud hw do ^4<<8`, Lq vxfk fdvhv/ d �up frxog fkrrvh ehwzhhq sd|lqj d frpshqvdwlrq

�soxv dq| zdjhv iruhjrqh gxulqj wkh ohjdo surfhvv� ru uhlqvwdwh wkh zrunhu1 Diwhu wkh 4<:6

plolwdu| frxs/ wkhuh zdv d gh0idfwr olehudol}dwlrq dqg lw zdv pxfk hdvlhu wr glvplvv d zrunhu

dw qr frvw1

Rxu jrdo lv wr hoderudwh d v|qwkhwlf lqgh{ wkdw phdvxuhv wkh uhodwlyh uljlglw| ri Fklohdq

frghv ryhu wkh |hduv1 Wklv lv qrw dq hdv| wdvn vlqfh glvplvvdo frvwv duh qrw jlyhq e| d qxpehu/

exw lqvwhdg e| d sur�oh wkdw fkdqjhv zlwk d zrunhu*v whqxuh1 Lw lv wkhuhiruh qhfhvvdu| wr

frph xs zlwk v|qwkhwlf phdvxuhv wkdw vxppdul}h wkh vkdsh ri wkh vfkhgxoh dqg duh vhqvlwlyh

wr fkdqjhv lq xsshu olplwv/ vlqfh wkdw lv wkh pdujlq wkdw vx�huhg pruh fkdqjhv dqg wkdw lv

wkh prvw uhohydqw iru rxu h{huflvh1 Dqrwkhu gl!fxow| frphv iurp wkh idfw wkdw dq lpsruwdqw

sduw ri wkh frvw lv uhodwhg wr zkhwkhu �upv hqg xs sd|lqj dq| frpshqvdwlrq ru qrw ghshqglqj

<



ri wkh rxwfrph ri wkh mxglfldu| surfhvv1

Rxu dssurdfk lv wr frpsxwh dq lqgh{ frpelqlqj lqirupdwlrq rq qrwlfh shulrgv/ frp0

shqvdwlrq iru glvplvvdo/ wkh olnholkrrg wkdw �upv* gl!fxowlhv eh frqvlghuhg dv mxvwl�hg fdxvh

ri glvplvvdo/ dqg wkh vhyhudqfh sd| wkdw lv gxh lq wkdw hyhqw1 Wkh irupxod wr frpsxwh wkh

frvw ri mre vhfxulw| lq shulrg w lv wkh iroorzlqj=

Lqgh{| @
A[

�'�

����3�+4� �,+e. dVS �S
|n� . +4� d,VS�S

|n�,

zkhuh � lv wkh suredelolw| ri uhpdlqlqj lq d mre/ ��3�+4��, lv wkh suredelolw| ri glvplvvdo

diwhu l shulrgv dw wkh �up dqg � lv wkh dqqxdo glvfrxqw idfwru1 Lq dgglwlrq/ e ghqrwhv wkh frvw

ri dgydqfh qrwlfh/ d lv wkh suredelolw| wkdw wkh hfrqrplf gl!fxowlhv ri d �up duh frqvlghuhg

d mxvwl�hg fdxvh ri glvplvvdo/ VS �S
|n� lv wkh pdqgdwhg vhyhudqfh sd| lq vxfk hyhqw wr d zrunhu

wkdw kdv ehhq l |hduv dw wkh �up/ dqg �qdoo|/ VS�S
|n� ghqrwhv wkh sd|phqw wr eh dzdughg wr

d zrunhu zlwk whqxuh l lq fdvh ri xqmxvwl�hg glvplvvdo1

Wkh frqvwuxfwhg lqgh{ phdvxuhv wkh h{shfwhg frvw/ dw d wlph wkh zrunhu lv kluhg/ ri

glvplvvlqj d zrunhu lq wkh ixwxuh1 Wkh dgydqwdjh ri wklv phdvxuh lv wkdw lw fdswxuhv wkh

zkroh sur�oh ri vhyhudqfh sd|1 Wkh dvvxpswlrq lv wkdw �upv hydoxdwh ixwxuh frvwv edvhg rq

fxuuhqw oderu odz1 Kljkhu ydoxhv ri wkh lqgh{ lqglfdwh shulrgv ri uhodwlyh kljk mre vhfxulw|/

zkhuhdv orzhu ydoxhv fkdudfwhul}h shulrgv lq zklfk glvplvvdov zhuh ohvv h{shqvlyh1

Edvhg rq wkh ohjdo lqirupdwlrq vxppdul}hg lq Wdeoh 4 zh ihhg wkh sdudphwhuv vxppd0

ul}hg lq Wdeoh 51D +Vhh dsshqgl{,/ lqwr wkh lqgh{ irupxod1 Wkh vfkhgxoh ri wkh vhyhudqfh

sd| lv fohduo| vwdwhg lq wkh oderu frghv dqg wkhuhiruh frxog eh uhdglo| xvhg lq rxu irupxod1

Lq frqwudvw/ wkh suredelolw| wkdw d glvplvvdo zdv frqvlghuhg mxvwl�hg ru qrw lv gl!fxow wr

ghwhuplqh1 Zh shuiruphg hgxfdwhg jxhvvhv edvhg rq wzr slhfhv ri lqirupdwlrq= +4, zkhwkhu

�upv* hfrqrplf gl!fxowlhv zhuh frqvlghuhg d mxvwl�hg fdxvh iru glvplvvdo dffruglqj wr wkh

oderu frghv dqg +5, lqirupdwlrq rq wkh vwdqg ri oderu frxuwv lq hdfk shulrg1

Uhjduglqj wkh wxuqryhu udwh zh dvvxphg wkdw lq devhqfh ri mre vhfxulw|/ dyhudjh Fklohdq

wxuqryhu udwhv zrxog eh vlplodu wr wkh X1V1 rqhv1 Wklv fkrlfh zdv edvhg rq wkh idfw wkdw

wkh suredelolw| ri glvplvvdo lv lwvhoi d�hfwhg e| vhyhudqfh sd| ohjlvodwlrq/ dqg wkdw wxuqryhu

lqirupdwlrq sulru wr wkh lqfhswlrq ri wkh Fklohdq oderu frghv lv gl!fxow wr rewdlq1 Zh xvh

Gdylv dqg Kdowlqzdjhu ^4<<8` hvwlpdwh wkdw X1V1 mre ghvwuxfwlrq udwhv dyhudjh 45( d |hdu1
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Ilqdoo|/ zh frpsxwh wkh glvfrxqw udwh edvhg rq wkh idfw wkdw Fklohdq uhdo lqwhuhvw udwhv

dyhudjhg ;17( gxulqj wkh 4<9304<<9 shulrg1 Wkh uhvxowlqj lqgh{ vhulhv lv sorwwhg lq Judsk

41

? Lqvhuw Judsk 4= Lqgh{ ri hpsor|phqw surwhfwlrq lq FklohA

Wkh lqgh{ h{klelwv d pd{lpxp gxulqj wkh 4<9904<:6 shulrg dqg d plqlpxp gxulqj 4<;4

wr 4<;71 Diwhu 4<;8/ dqg vshfldoo| diwhu 4<<3/ mre vhfxulw| lqfuhdvhg djdlq exw wr ohyhov ehorz

wkrvh dwwdlqhg gxulqj 4<9904<:61 Wkh idfw wkdw wkh lqgh{ lv qrw prqrwrqlfdoo| lqfuhdvlqj

ru ghfuhdvlqj lv khosixo lq lghqwli|lqj lwv srwhqwldo lpsdfw rq hpsor|phqw ru rwkhu oderu

pdunhw yduldeohv1

615 Hpslulfdo Vwudwhj|

Zh xvh gdwd rewdlqhg iurp 6< frqvhfxwlyh Xqlyhuvlw| ri Fkloh Krxvhkrog Vxuyh|v/ wr frq0

vwuxfw dqqxdo wlph vhulhv rq hpsor|phqw/ xqhpsor|phqw dqg sduwlflsdwlrq udwhv gxulqj

wkh shulrg 4<9304<<;1 Wkhvh duh frpsdudeoh dqg uhsuhvhqwdwlyh dqqxdo vxuyh|v iru wkh

phwursrolwdq duhd ri Vdqwldjr/ ghvljqhg wr prqlwru oderu pdunhw frqglwlrqv lq wkh fdsl0

wdo duhd1 Hdfk vxuyh| frqwdlqv lqglylgxdo dqg oderu pdunhw lqirupdwlrq fryhulqj ehwzhhq

43/333 dqg 49/333 shrsoh dqg 6/:33 dqg 8/733 oderu irufh sduwlflsdqwv1 Gxulqj wklv shulrg/

Vdqwldjr uhsuhvhqwhg derxw rqh wklug ri Fkloh*v wrwdo srsxodwlrq/ dqg d kljkhu sursruwlrq

ri JGS1

Lq rxu prgho/ mre vhfxulw| d�hfwv wkh djh0frpsrvlwlrq ri hpsor|phqw ehfdxvh vhyhudqfh

sd| lv olqnhg wr whqxuh dqg whqxuh lv uhodwhg wr djh1 Vlqfh phq whqg wr kdyh d kljkhu

dwwdfkphqw wr wkh oderu irufh/ d vwurqjhu olqn ehwzhhq whqxuh dqg djh lv h{shfwhg iru wklv

jurxs1 Wkhuhiruh/ zh uhvwulfw rxu dqdo|vlv wr pdoh zrunhuv1 Xqiruwxqdwho|/ wkh Xqlyhuvlw| ri

Fkloh krxvhkrog vxuyh|v gr qrw frqwdlq lqirupdwlrq rq d zrunhu*v whqxuh dv wr doorz xv wr

h{dplqh wkh dvvrfldwlrq ehwzhhq whqxuh dqg djh lq rxu vdpsoh1 Krzhyhu/ frpsohphqwdu|

lqirupdwlrq rewdlqhg iurp wkh FDVHQ Qdwlrqdo Krxvhkrog Vxuyh|v lqglfdwhv wkdw dyhudjh

whqxuh lv prqrwrqlfdoo| lqfuhdvlqj lq djh +Vhh Judsk 5 sorwwlqj phdq whqxuh e| djh lq 4<;:

dqg 4<<9,1:

:Wkh FDVHQ +Hqfxhvwd gh Fdudfwhul}dflrq Vrflrhfrqrplfd Qdflrqdo, lv d qdwlrqdoo| dqg uhjlrqdoo| uhs0
uhvhqwdwlyh Fklohdq krxvhkrog vxuyh| fduulhg rxw e| wkh Plqlvwhulr gh Sodql�fdflrq | Frrshudflrq/ wkurxjk
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? Lqvhuw Judsk 5 = Phdq Whqxuh e| Djh A

Zh vsolw wkh Xqlyhuvlw| ri Fkloh Krxvhkrog gdwd lqwr wkuhh djh jurxsv> |rxqj +480

58 |hduv rog zrunhuv, plggoh0djh +djhv 59083,/ dqg roghu zrunhuv +84098, dqg frqvwuxfw

hpsor|phqw/ sduwlflsdwlrq dqg xqhpsor|phqw vhulhv iru hdfk djh jurxs1 Wdeoh 6 uhsruwv

wkh vxppdu| vwdwlvwlfv ri rxu gdwd1 Frpsohphqwdu| gdwd iurp wkh 4<;: dqg 4<<9 FDVHQ

qdwlrqdo vxuyh|v lqglfdwhv wkdw rxu djh vsolw r�huv d jrrg dssur{lpdwlrq ri h{shfwhg wlph

dw wkh �up dqg h{shfwhg glvplvvdo frvwv iru hdfk jurxs +Vhh Judskv 6 dqg 7,1 Lq 4<;:/ iru

lqvwdqfh/ dssur{lpdwho| :3( ri zrunhuv 48058 |hduv rog kdg ehhq ohvv wkdq 5 |hduv lq wkhlu

fxuuhqw mre1 Wklv sursruwlrq zdv rqo| 68( dprqj zrunhuv 59083/ dqg 53( dprqj roghu

zrunhuv +84098,1 Lq 4<<9/ diwhu d uhodwlyho| orqj shulrg ri vxvwdlqhg jurzwk dqg lqfuhdvhg

klulqjv/ wkh shufhqwdjh ri orz0whqxuh zrunhuv zdv voljkwo| kljkhu dprqj doo djh jurxsv1

? Lqvhuw Judsk 6 dqg 7= Glvwulexwlrq ri whqxuh e| djh A

Xvlqj wkhvh gdwd zh shuirup wkuhh vhsdudwh h{huflvhv= Iluvw/ zh whvw wkh lpsolfdwlrqv ri

rxu prgho e| dvvhvvlqj zkhwkhu hpsor|phqw/ xqhpsor|phqw dqg sduwlflsdwlrq udwhv h{klelw

dq djh0vshfl�f uhvsrqvh wr oderu uhirupv dqg/ zkhwkhu wklv uhvsrqvh fruuhvsrqgv wr zkdw

lv suhglfwhg e| rxu prgho1 Uhjuhwwdeo|/ wkh Xqlyhuvlw| ri Fkloh vxuyh| grhv qrw lqfoxgh

lqirupdwlrq rq zkhwkhu d zrunhu lv fryhuhg e| oderu odzv1 Krzhyhu/ wkh vxuyh|v doorz

iru d vhsdudwlrq ehwzhhq zdjh dqg vhoi0hpsor|phqw1 Vlqfh vhoi0hpsor|hg zrunhuv duh qrw

fryhuhg e| mre vhfxulw| surylvlrqv d gl�huhqwldo uhvsrqvh ehwzhhq wkhvh jurxsv wr fkdqjhv

lq ohjlvodwlrq surylghv dgglwlrqdo lqirupdwlrq rq wkh qdwxuh ri wkh h�hfwv fdswxuhg e| rxu

hvwlpdwlrqv1

Vhfrqg/ zh hoderudwh d pruh gluhfw phdvxuh ri wkh uhodwlyh frvwv ri glvplvvdo iru kljk

dqg orz whqxuh zrunhuv dqg h{dplqh zkhwkhu wklv uhodwlyh frvw lv uhodwhg wr |rxqj dqg

rog zrunhuv hpsor|phqw udwhv1 Ilqdoo|/ zh dvvhvv wkh lpsdfw ri oderu uhirupv rq ryhudoo

hpsor|phqw/ xqhpsor|phqw dqg sduwlflsdwlrq udwhv lq Fkloh1

wkh Ghsduwphqw ri Hfrqrplfv ri wkh Xqlyhuvlgdg gh Fkloh/ zlwk wkh gxdo remhfwlyhv ri jhqhudwlqj d uholdeoh
sruwudlw ri vrflrhfrqrplf frqglwlrqv dfurvv wkh frxqwu|/ dqg ri prqlwrulqj wkh lqflghqfh dqg h�hfwlyhqhvv
ri wkh jryhuqphqw *v vrfldo surjudpv dqg h{shqglwxuhv1 Txhvwlrqv duh dvnhg dw wkh krxvhkrog dqg wkh lqgl0
ylgxdo ohyho1 Wkh vdpsoh vl}h duh txlwh jhqhurxv iru lqwhuqdwlrqdo vwdqgdugv1 Iru lqvwdqfh/ lq wkh |hdu 4<<9/
wkh vdpsoh lqfoxghg lqirupdwlrq rq 467595 lqglylgxdov1
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616 Djh0Vshfl�f Uhvsrqvh wr Mre Vhfxulw| Surylvlrqv

Lq wklv vhfwlrq/ zh h{dplqh zkhwkhu hpsor|phqw/ sduwlflsdwlrq dqg xqhpsor|phqw udwhv

h{klelw d gl�huhqwldo uhvsrqvh wr oderu pdunhw uhirupv e| djh jurxs1 Wr gr vr/ zh hvwlpdwh

wkh iroorzlqj h{suhvvlrq=

�\�|@ f. �\�|3� .E�=�orjJGS| .E2�orj+zdjh�|, .

E� orj+lqgh{|, . Ee�+O,�\�|3u . �| +7,

zkhuh \�| uhsuhvhqwv/ ghshqglqj rq wkh vshfl�fdwlrq/ hpsor|phqw/ zdjh0hpsor|phqw/

vhoi0hpsor|phqw ru sduwlflsdwlrq dv d shufhqwdjh ri wrwdo srsxodwlrq/ dv zhoo dv xqhpsor|0

phqw udwhv �dv d ( ri wrwdo oderu irufh� iru djh jurxs m1 Wkh odjjhg hpsor|phqw yduldeoh

fdswxuhv wkh idfw wkdw �upv pd| fkrrvh qrw wr dgmxvw lpphgldwho| wkhlu oderu irufh jlyhq

fkdqjhv lq wkh iruflqj yduldeohv1 Lq sduwlfxodu/ lq suhvhqfh ri olqhdu dgmxvwphqw frvwv/ �.4

uh hfwv wkh iudfwlrq ri hpsor|phqw wkdw uhpdlqv frqvwdqw diwhu d vkrfn lq wkh iruflqj ydul0

deohv +Dqghuvrq ^4<<6`,1 Djjuhjdwlrq ryhu xqlwv zlwk gl�huhqw dgmxvwphqw frvwv pd| ohdg

wr ixuwkhu odjv1 Ehdulqj wklv lq plqg zh doorz iru ixuwkhu odjv lq wkh hqgrjhqrxv yduldeoh1

Zh lqfoxgh odjv lq wkh sduwlflsdwlrq dqg xqhpsor|phqw vshfl�fdwlrqv dv zhoo/ li lwv lqfoxvlrq

lv qrw uhmhfwhg e| wkh gdwd1 Ilqdoo|/ zh lqfoxgh JGS dqg wkh djh vshfl�f zdjh jurzwk dv

iruflqj yduldeohv;1

Wkh lqfoxvlrq ri zdjhv dqg JGS lq jurzwk udwhv lqvwhdg ri ohyhov lv mxvwl�hg e| rxu

gh�qlwlrq ri wkh hqgrjhqrxv yduldeohv dv udwlrv wkdw fdq rqo| ydu| ehwzhhq }hur dqg rqh1

Wklv fkrlfh lv dovr mxvwl�hg e| wkh suhvhqfh ri xqlw urrwv lq doo \| dqg wkh idfw wkdw qrqh

ri wkh \| yduldeohv zhuh frlqwhjudwhg zlwk JGS dqg zdjhv lq ohyhov1 Wdeoh 7 uhsruwv wkh

uhvxowv ri whvwlqj iru xqlw urrwv lq doo rxu yduldeohv dffruglqj wr dq dxjphqwhg Glfnh|0

Ixoohu whvw1 Lq doo fdvhv wkh ydoxhv ri wkh whvw zhuh ehorz wkh fulwlfdo ydoxhv dqg wkh xqlw

urrw k|srwkhvlv frxog qrw eh uhmhfwhg1 \hw/ Mrkdqvhq Frlqwhjudwlrq whvwv glg qrw uhmhfw

frlqwhjudwlrq ehwzhhq \| dqg wkh iruflqj yduldeohv lq h{suhvvlrq +7,1

;Djh0vshfl�f uhdo zdjhv vhulhv zhuh frqvwuxfwhg rxw ri wkh Xqlyhuvlw| ri Vdqwldjr vxuyh|v dqg duh gh dwhg
e| wkh FSL1 Wkh| fdswxuh uhdo krxuo| hduqlqjv iru pdoh zrunhuv hpsor|hg ixoo0wlph lq wkh zdjh0hpsor|phqw
vhfwru1 +Vhh Wdeoh 6 iru vxppdu| vwdwlvwlfv ri wkhvh yduldeohv,
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Judskv 6 dqg 7 kljkoljkw wkdw hyhq zkhq phdq whqxuh dqg djh duh srvlwlyho| fruuh0

odwhg/ zrunhuv ri gl�huhqw whqxuhv frh{lvw zlwklq hdfk djh jurxs Wkxv/ lq jrlqj iurp rxu

whqxuh0edvhg prgho wr rxu djh0edvhg hpslulfdo h{huflvh/ gluhfw sdudooholvpv zlwk wkh wkuhh

wkhruhwlfdo whqxuh jurxsv fdqqrw eh gudzq1 Iluvw/ zkloh lq wkh wkhruhwlfdo prgho/ wkh |rxqj

zrunhuv jurxs kdg rqo| qhz hqwudqwv/ wkh 48058 hpslulfdo jurxs zloo dovr lqfoxgh zrunhuv

wkdw kdyh ehhq pruh wkdq rqh shulrg dw wkh �up1 Dffruglqj wr rxu prgho/ iru vx!flhqwo|

shuvlvwhqw vkrfnv wkhvh zrunhuv duh wkh prvw olnho| wr eh glvplvvhg lq d edg vwdwh1 Wkxv/

rqh lpsolfdwlrq ri rxu prgho lv wkdw wkh hpsor|phqw udwhv ri |rxqj zrunhuv duh olnho| wr

ghfuhdvh diwhu d oderu pdunhw uhirup wkdw lqfuhdvhv vhyhudqfh sd| iru kljk0whqxuh zrunhuv1

Wklv lv gxh wr wkh frq xhqfh ri wzr h�hfwv zrunlqj lq wkh vdph gluhfwlrq= +l, Lqfuhdvhg

mre vhfxulw| iru kljk0whqxuh zrunhuv uhgxfhv wkh frqwlqxdwlrq ydoxh ri |rxqj zrunhuv pdn0

lqj wkhp pruh olnho| wr eh glvplvvhg lq edg wlphv/ dqg +ll,/ lqfuhdvhg mre vhfxulw| uhgxfhv

klulqjv udwhv/ zklfk/ dv vkrzq lq judskv 6 dqg 7 duh vshfldoo| uhohydqw iru |rxqj zrunhuv1

Wkxv/ wkh h{shfwhg vljq rq lqgh{ lv qhjdwlyh iru wkh |rxqj zrunhuv jurxs1

Uhjduglqj wkh sulph0djh dqg wkh 83�98 djh jurxs/ rxu prgho lpsolhv d gl�huhqw uhvsrqvh

wr d oderu pdunhw uhirup1 Lq sduwlfxodu/ d oderu pdunhw uhirup wkdw lqfuhdvhv mre vhfxulw|

iru kljk0whqxuh zrunhuv vkrxog ghfuhdvh glvplvvdov dprqj sulph0djh dqg roghu zrunhuv1 Lq

dgglwlrq/ vlqfh qhz klulqjv duh qrw dv uhohydqw lq wkhvh djh jurxsv/ dq lqfuhdvh lq mre vhfxulw|

pd| zhoo lqfuhdvh sulph0djh dqg roghu zrunhuv hpsor|phqw udwhv1 Wkxv/ wkh vljq rq lqgh{

fdq eh hlwkhu srvlwlyh ru qhjdwlyh/ exw lv h{shfwhg wr eh odujhu iru wkh roghu jurxs1

Wkh hpsor|phqw vhulhv e| djh jurxs sorwwhg lq Judsk 8 vhhp wr frq�up wkhvh suhglf0

wlrqv1 Wkh vkdghg duhdv fruuhvsrqg wr shulrgv lq zklfk wkh oderu ohjlvodwlrq zdv pruh vwulfw/

zkhuhdv wkh oljkw duhdv fruuhvsrqg wr wlphv ri orzhu mre vhfxulw|1 Zkhuhdv zdjh0hpsor|phqw

udwhv iru |rxqj zrunhuv ihoo deuxswo| iurp 4<99 wr 4<:6/ hpsor|phqw udwhv iru sulph0djh

zrunhuv dqg roghu zrunhuv lqfuhdvhg1 Lq wkh vdph pdqqhu/ iurp 4<;8 rqzdugv/ dqg fru0

uhvsrqglqj zlwk d shulrg ri vxvwdlqhg jurzwk/ hpsor|phqw udwhv iru doo jurxsv whqghg wr

lqfuhdvh/ krzhyhu/ hpsor|phqw udwhv iru roghu dqg plggoh0djh jurxsv lqfuhdvhg dw d pxfk

idvwhu udwh1 Wkh hyroxwlrq ri wkh |rxqj0wr0rog zdjh0hpsor|phqw udwh lv hyhq pruh whoolqj

+Judsk 9,> wkh sursruwlrq ri |rxqj zrunhuv +dgmxvwhg e| srsxodwlrq, ihoo lq erwk shulrgv

ri kljk mre vhfxulw| dqg lqfuhdvhg lq wkh shulrg 4<:604<;8/ zklfk zdv fkdudfwhul}hg e| d
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uhodwlyh  h{lelol}dwlrq ri wkh oderu pdunhw1

?Judsk 8= Pdoh Zdjh0Hpsor|phqw0wr0Srsxodwlrq Udwhv e| djh jurxsA

?Judsk 9= \rxqj wr Rog Pdoh Zdjh0Hpsor|phqw0wr0Srsxodwlrq Udwhv e| djh jurxsA

Zh qrz surylgh d pruh irupdo whvw ri gl�huhqfhv lq ehkdylru dfurvv djh jurxsv1

61614 Uhvxowv iru Zrunhuv 48058 \hduv Rog1

Wkh �uvw jurxs ri hvwlpdwlrqv fruuhvsrqg wr wkh jurxs ri zrunhuv 48058 |hduv rog1 Wkh

uhvxowv duh vxppdul}hg lq Wdeoh 81 Wr uhgxfh wkh olnho| hqgrjhqhlw| ri zdjhv zh odjjhg

wkhp rqh shulrg lq doo wkh vshfl�fdwlrqv1 Lq dgglwlrq/ wkh lqfoxvlrq ri wkh hqgrjhqrxv

yduldeoh odjjhg rqh shulrg zdv qrw uhmhfwhg lq dq| ri wkh vshfl�fdwlrqv1

Froxpq +4, frq�upv wkdw dq lqfuhdvh lq mre vhfxulw| phdvxuhg e| lqgh{ uhgxfhv hp0

sor|phqw udwhv iru |rxqj zrunhuv1 Pruhryhu/ rxu uhvxowv lqglfdwh wkdw wklv h�hfw lv hqwluho|

gxh wr d ghfolqh lq zdjh0hpsor|phqw udwhv1 Wkh ghfolqh lq hpsor|phqw wkdw fdq eh dw0

wulexwhg wr d fkdqjh lq mre vhfxulw| lv odujh1 Frqvlghu/ iru h{dpsoh/ wkh 4<99 uhirup1 Lq

wkdw |hdu d qhz odz lqfuhdvhg wkh uljlglw| ri wkh oderu frgh1 Rxu ohjlvodwlrq lqgh{ fdswxuhv

wklv uhirup zlwk d 533( lqfuhdvh ryhu lwv ydoxh lq 4<981 Froxpq 5 lpsolhv wkdw zlwklq d

|hdu/ hpsor|phqw0wr0srsxodwlrq udwhv kdg ghfolqhg e| dssur{lpdwho| 51;(1 Pruhryhu/ rxu

hvwlpdwhv vxjjhvw wkdw wklv ghfolqh lq |rxqj hpsor|phqw udwhv lv olnho| wr shuvlvw dv orqj dv

wkh vhyhudqfh sd| surylvlrqv uhpdlq kljk<1

Wkh hvwlpdwhv lq froxpq +6, vxjjhvw wkdw vhoi0hpsor|phqw udwhv zhuh qrw d�hfwhg e|

fkdqjhv lq mre vhfxulw| surylvlrqv1 Wklv gl�huhqwldo uhvsrqvh ri zdjh dqg vhoi0hpsor|phqw

lqglfdwhv wkdw rxu ohjlvodwlrq yduldeoh lv qrw fdswxulqj frqwhpsrudqhrxv hqylurqphqwdo

fkdqjhv/ vxfk olnh fkdqjhv lq vfkrrolqj srolf|/ wkdw pd| dovr d�hfw hpsor|phqw431 Lw dovr

<Vhyhudo hfrqrphwulf sureohpv zhuh hqfrxqwhuhg zkhq hvwlpdwlqj wkh orqj uxq uhvsrqvh ri hpsor|phqw
wr ohjlvodwlrq fkdqjhv1 Zkloh Mrkdqvhq whvw lqglfdwhg wkdw hpsor|phqw zdv frlqwhjudwhg wr wkh iruflqj
yduldeohv/ Glfnh|0Ixoohu whvw rq wkh uhvlgxdov ri wkh frlqwhjudwlrq uhodwlrq lqglfdwhg wkdw lw zdv qrw1 Gxh
wr wklv lqfrqvlvwhqf|/ riwhq hqfrxqwhuhg lq vpdoo vdpsohv/ zh frxog qrw hvwlpdwh wkh orqj uxq uhodwlrqvkls1
Pruhryhu/ wklv srvvleoh odfn ri frlqwhjudwlrq phdqv wkdw wkh frh!flhqw rq \w04 lv qrw gl�huhqw iurp }hur
+vlqfh lw frlqwdlqv d xqlw urrw,1 Wkhuhiruh/ wkh frh!flhqw rq wkh ohjlvodwlrq lqgh{ vkrxog eh lqwhusuhwhg dv
shupdqhqwo| d�hfwlqj wkh fkdqjh lq wkh hqgrjhqrxv yduldeoh lq wkh frqwh{w ri rxu vkruw shulrg vdpsoh1

43Vlqfh wkhuh kdyh ehhq vxevwdqwldo fkdqjhv lq vhfrqgdu| vfkrrolqj srolflhv dqg hquroophqw udwhv zh frq0
gxfwhg dq dgglwlrqdo whvw wr hqvxuh wkdw fkdqjhv lq vfkrrolqj zhuh qrw eldvlqj rxu uhvxowv1 Zh uh0hvwlpdwhg
wkh vshfl�fdwlrqv uhsruwhg lq Wdeoh 8 zlwk d vxevdpsoh ri shrsoh 4;058 |hduv rog1 Wkh hvwlpdwhv zhuh yhu|
vlplodu wr wkh rqhv uhsruwhg khuh1
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vxjjhvw wkdw lq wkh idfh ri uhgxfhg zdjh0hpsor|phqw rssruwxqlwlhv/ vhoi0hpsor|phqw lv qrw

dq rswlrq iru |rxqj zrunhuv1 Wkhvh uhvxowv frq�up wkh �qglqjv ri Pdorqh| ^4<<9` vxjjhvwlqj

wkdw zrunhuv zlwkrxw fdslwdo ru nqrz0krz duh ohvv olnho| wr pryh wr vhoi0hpsor|phqw1

Lqvwhdg/ froxpqv +7, dqg +8, lqglfdwh wkdw d ghfolqh lq zdjh0hpsor|phqw lv frpshqvdwhg

e| d uhgxfwlrq lq |rxwk sduwlflsdwlrq udwhv/ zlwkrxw dq| vljql�fdqw h�hfw rq xqhpsor|phqw1

Wkxv/ rxu uhvxowv lpso| wkdw hpsor|phqw surwhfwlrq lv ghwulphqwdo iru |rxqj zrunhuv/ |hw

d uhvhdufkhu wkdw rqo| dqdo|}hg xqhpsor|phqw udwhv zrxog qrw fdswxuh wklv h�hfw1

Vlqfh uhvlgxdo dxwrfruuhodwlrq ohdgv wr lqfrqvlvwhqw hvwlpdwhv lq htxdwlrqv zhuh odjjhg

hqgrjhqrxv yduldeohv duh lqfoxghg/ wkh odvw wzr urzv lq wdeoh 8 uhsruw whvwv rq uhvlgxdo

dxwrfruuhodwlrq1 Lq suhvhqfh ri wkh odjjhg hqgrjhqrxv yduldeohv wkh Gxuelq0Zdwvrq vwdwlvwlf

+GZ, lv olnho| wr eh eldvhg wrzdugv �qglqj qr dxwrfruuhodwlrq/ wkhuhiruh zh dovr surylgh

fulwlfdo ydoxhv iru wkh Euhxvfk0Jrgiuh| vhuldo fruuhodwlrq whvw1 Lq doo fdvhv/ wkh qxoo k|srwkhvlv

ri qr dxwrfruuhodwlrq zdv qrw uhmhfwhg1

61615 Uhvxowv iru Sulph0Djh Zrunhuv +59083 \hduv Rog,1

Wkh uhvxowv iru zrunhuv lq wklv djh jurxs duh vxppdul}hg lq Wdeoh 91 Vhulhv iru sulph0djh

zrunhuv dqg lq sduwlfxodu/ wkh wrwdo dqg zdjh hpsor|phqw vhulhv/ glvsod|hg d vxevwdqwldo

dprxqw ri vhuldo fruuhodwlrq1 Lq wkdw frqwh{w/ wkh vshfl�fdwlrq xvhg iru |rxqj zrunhuv zdv

uhmhfwhg dffruglqj wr wkh Euhxvfk0Jrgiuh| whvw1 Wr fruuhfw wklv sureohp/ zh lqfoxghg wzr

odjv ri wkh hqgrjhqrxv yduldeoh lq doo hvshfl�fdwlrqv1 Lq dgglwlrq/ lq wkh vshfl�fdwlrqv iru

zdjh dqg wrwdo hpsor|phqw zh lqfoxghg wzr odjv ri JGS dqg zdjh jurzwk1 Rqfh wkhvh

yduldeohv duh lqfoxghg/ zh fdqqrw uhmhfw wkh k|srwkhvlv ri qr vhuldo fruuhodwlrq1

Rxu uhvxowv lqglfdwh d vxevwdqwldo gl�huhqfh lq wkh lpsdfw ri mre surwhfwlrq iru sulph0djh

zrunhuv1 Lq sduwlfxodu/ wkh frh!flhqw rq wkh lqgh{ lq wrwdo dqg zdjh hpsor|phqw lqglfdwhv

d srvlwlyh/ doehlw qrw vwdwlvwlfdoo| vljql�fdqw/ h�hfw ri mre surwhfwlrq rq hpsor|phqw1 Wkhvh

uhvxowv frlqflgh zlwk Qlfnhoo*v ^4<<:` �qglqjv wkdw kljkhu mre surwhfwlrq kdv d srvlwlyh exw

qrw vljql�fdqw lpsdfw rq sulph0djh hpsor|phqw1 Wkh odfn ri lpsdfw lv qrw vxusulvlqj vlqfh/

dq lqfuhdvh lq mre surwhfwlrq d�hfwv gl�huhqwo| kljk dqg orz whqxuh zrunhuv zlwklq wklv djh

jurxs1 Zkhuhdv/ orz whqxuh zrunhuv zloo eh pruh olnho| wr eh glvplvvhg lq uhfhvvlrqv/ kljk

whqxuh zrunhuv zloo eh ohvv olnho| wr eh vr1 Wkh uhvxowlqj edodqfh ri wkhvh wzr h�hfwv r�vhwv

orzhu klulqjv lq h{sdqvlrqv1
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Froxpqv +6,/ +7, dqg +8, lqglfdwhv wkdw wkh orz uhvsrqvh ri hpsor|phqw udwhv wr oderu

pdunhw uhirupv lv pdwfkhg e| d frpsdudwlyho| orz uhvsrqvh lq sduwlflsdwlrq dqg xqhpsor|0

phqw udwhv1

61616 Uhvxowv iru Roghu Zrunhuv +84098 \hduv Rog,1

Uhvxowv iru zrunhuv 84098 |hduv rog duh vxppdul}hg lq Wdeoh :1 Dv lq wkh sulph0djh fdvh/

vhulhv iru roghu zrunhuv glvsod|hg frqvlghudeoh vhuldo fruuhodwlrq1 Wklv ohdg xv wr uhmhfw wkh

vshfl�fdwlrq xvhg iru |rxqj zrunhuv1 Wkh fruuhfwlrq dssolhg lq wkh sulph0djh fdvh zdv qrw

uhmhfwhg1 Wkhuhiruh wkh uhvxowv uhsruwhg lq Wdeoh : lqfoxgh dv dgglwlrqdo uhjuhvvruv wzr odjv

ri wkh hqgrjhqrxv yduldeoh dqg/ iru wkh hpsor|phqw dqg zdjh hpsor|phqw vshfl�fdwlrqv/

wzr odjv ri JGS dqg zdjh jurzwk1 Wkh lpsdfw ri mre vhfxulw| kdv wkh vdph vljq wkdq iru

sulph0djh zrunhuv exw/ dv h{shfwhg/ wkh frh!flhqw lv odujhu lq pdjqlwxgh1 Lq sduwlfxodu/ wkh

frh!flhqw rq lqgh{ lv qrz srvlwlyh dqg vwdwlvwlfdoo| vljql�fdqw iru wrwdo hpsor|phqw1 Wkxv/

dq lqfuhdvh lq mre vhfxulw| lqfuhdvhv ryhudoo hpsor|phqw udwhv iru roghu zrunhuv1 Wkh vl}h ri

wkh frh!flhqw vxjjhvw d odujh fkdqjh= D 433( lqfuhdvh lq wkh lqgh{ yduldeoh lv dvvrfldwhg

zlwk d 51<( lqfuhdvh lq suh0uhwluhphqw djh hpsor|phqw udwhv1 Hvwlpdwhv iru zdjh dqg vhoi0

hpsor|phqw frq�up wkdw erwk w|shv ri hpsor|phqw lqfuhdvh zlwk lqfuhdvhg mre vhfxulw|/

doehlw zdjh hpsor|phqw lqfuhdvhv pruh1 Lw lv xqfohdu zk| vhoi0hpsor|phqw lqfuhdvhv zlwk

mre vhfxulw|1 Shukdsv/ vhyhudqfh sd| surylgh wkh vwduw0xs fdslwdo qhfhvvdu| wr pryh lqwr

vhoi0hpsor|phqw1 Ilqdoo|/ froxpqv +7, dqg +8, vxjjhvw wkdw roghu zrunhuv sduwlflsdwlrq udwhv

lqfuhdvh dqg xqhpsor|phqw udwhv ghfolqh lq shulrg ri lqfuhdvhg mre vhfxulw|1

Wkh uhvxowv suhvhqwhg lq Wdeohv 80; duh urexvw wr wkh lqwurgxfwlrq ri wlph wuhqgv dqg

ixuwkhu odjv lq wkh hqgrjhqrxv dqg h{rjhqrxv yduldeohv1 Ryhudoo/ rxu �qglqjv vxjjhvw wkdw

roghu zrunhuv duh wkh rqhv wkdw ehqh�w wkh prvw iurp mre vhfxulw| surylvlrqv1 Lqvwhdg/

|rxqjhu zrunhuv/ ehdu wkh exuq ri lqfuhdvhg mre vhfxulw| ehfdxvh wkh| hqgxuh orzhu klulqjv

dqg d glvsursruwlrqdwh vkduh ri �ulqjv lq uhfhvvlrqv11

617 Dowhuqdwlyh Phdvxuhv ri Mre Vhfxulw|

Rxu hvwlpdwhv lq wkh iruphu vhfwlrq h{klelw d gl�huhqwldo uhvsrqvh e| djh jurxsv wr fkdqjhv

lq mre vhfxulw| surylvlrqv1 Rxu prgho suhglfwv wkdw wkh exon ri wkhvh gl�huhqfhv vkrxog dulvh

iurp wkh uhodwlyh gl�huhqfhv lq glvplvvdo frvwv dfurvv djh jurxsv1 Lq wklv vhfwlrq zh frqvwuxfw
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wzr dgglwlrqdo phdvxuhv ri mre vhfxulw| wr lvrodwh wkh fkdqqhov e| zklfk mre vhfxulw| d�hfwv

|rxqj hpsor|phqw udwhv1

Wkh ryhudoo sur�oh ri vhyhudqfh sd| phdvxuhg e| lqgh{ fdq eh ghfrpsrvhg lqwr wkh

uhodwlyh frvw ri glvplvvlqj orqj yhuvxv vkruw whqxuh zrunhuv/ qdpho| � / dqg wkh frvw ri

glvplvvlqj zrunhuv lq wkh odwwhu djh jurxs/ qdpho| I=Zh sur{| I zlwk wkh frvw ri glvplvvlqj

d zrunhu diwhu wzr |hduv ri whqxuh +lqgh{5,1 Lq dgglwlrq/ zh sur{| �/ zlwk wkh uhodwlyh frvw

ri glvplvvlqj d zrunhu diwhu wzhqw| +lqgh{53, dqg wzr |hduv +lqgh{5, dw d �up144 Wkdw lv/

2

I@ lqgh{5

2

�@ lqgh{53@lqgh{5

Wdeohv ; uhsruwv wkh uhvxowv ri uh0hvwlpdwlqj h{suhvvlrq +7, vxevwlwxwlqj orj+lqgh{, iru

orj+lqgh{5, dqg orj+lqgh{53,� orj+lqgh{5,= Vlqfh wkhuh lv vxevwdqwldo fruuhodwlrq ehwzhhq

wkhvh wzr phdvxuhv wkh frh!flhqwv duh qrz hvwlpdwhg zlwk odujhu vwdqgdug huuruv1 Qrqhwkh0

ohvv/ wklv h{huflvh |lhogv vrph lqwhuhvwlqj uhvxowv1

Wdeoh ; vkrzv wkdw/ dv suhglfwhg e| rxu prgho/ dq lqfuhdvh lq wkh uhodwlyh frvw ri glv0

plvvdo ri rog zrunhuv ohdg wr d ghfolqh lq |rxwk wrwdo hpsor|phqw dqg zdjh hpsor|phqw0

wr0srsxodwlrq udwhv1 Lq frqwudvw/ dq lqfuhdvh lq lqgh{5/ kdv d pxfk vpdoohu +dqg ohvv vwd0

wlvwlfdoo| vljql�fdqw, h�hfw rq |rxwk wrwdo hpsor|phqw dqg zdjh hpsor|phqw udwhv1 Wklv

lv ehfdxvh dq lqfuhdvh lq wkh devroxwh vhyhudqfh sd| uhgxfhv erwk �ulqjv dqg klulqj udwhv

zkhuhdv dq lqfuhdvh lq wkh uhodwlyh frvw uhgxfhv klulqj zkloh lqfuhdvlqj �ulqj udwhv1 Dv

ehiruh/ qrqh ri wkhvh h�hfwv vhhp wr eh suhvhqw lq wkh vhoi0hpsor|phqw gdwd1 Uhvxowv iru

sduwlflsdwlrq dqg xqhpsor|phqw udwhv vkrz dq lqwhuhvwlqj sdwwhuq= Kljkhu glvplvvdo frvwv

iru vkruw0whqxuh zrunhuv lqgxfh orzhu sduwlflsdwlrq udwhv dqg vpdoohu xqhpsor|phqw udwhv1

Lq frqwudvw/ kljkhu uhodwlyh frvw ri glvplvvdo duh dvvrfldwhg zlwk kljkhu |rxwk xqhpsor|0

phqw udwhv dqg qr fkdqjhv lq sduwlflsdwlrq1 Wkhvh uhvxowv vxjjhvw wkdw lqfuhdvhg �ulqjv +dv

d frqvhtxhqfh ri kljkhu �, uhvxow lq kljkhu xqhpsor|phqw udwhv zkhuhdv orzhu klulqj dqg

44 �?_e%2 dqg �?_e%2f kdyh ehhq frpsxwhg dv wkh h{shfwhg glvplvvdo frvwv dw wkh wlph ri glvplvvdo ri d
zrunhu wkdw kdv ehhq 2 dqg 2f |hduv dw wkh �up/ uhvshfwlyho|1 Lq sduwlfxodu/ wkh irupxod wr frpsxwh �?_e%�
lv wkh iroorzlqj=

�?_e%�| ' Kn @7� �S

� n E� 3 @�7��S
� zkhuh 7� �S

� dqg 7��S
� duh wkh frvwv iru d mxvwl�hg dqg dq xqmxvwl�hg

glvplvvdo diwhu � |hduv ri whqxuh lq d �up1
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�ulqj udwhv +dv d frqvhtxhqfh ri kljkhu I , uhvxow lq d zlwkgudzdo ri |rxwk zrunhuv iurp wkh

oderu irufh1 Wkh| dovr lqglfdwh wkdw/ dv vxjjhvwhg e| rxu prgho/ wkh uhohydqw sdudphwhu iru

|rxwk hpsor|phqw udwhv lv wkh vorsh/ pruh wkdq wkh ohyho ri wkh vhyhudqfh sd|1

Wr vxppdul}h/ lqfuhdvhg mre vhfxulw|/ lq wkh irup ri kljkhu uhodwlyh frvwv ri glvplvvlqj

vkruw yhuvxv orqj0whqxuh zrunhuv/ lqfuhdvhv �ulqj dqg uhgxfhv klulqj udwhv iru wkh |rxwk1

Wkh uhvxowlqj h�hfw lv d surjuhvvlyh ghfolqh lq wkhlu hpsor|phqw udwhv lq idyru ri kljkhu

hpsor|phqw udwhv iru roghu zrunhuv1 Wkh frpsrvlwlrq ri hpsor|phqw lv eldvhg wrzdugv roghu

zrunhuv1 Lw lv xqfohdu/ krzhyhu/ zkhwkhu wklv h�hfw uhvxowv lq orzhu ryhudoo hpsor|phqw dqg

kljkhu wrwdo xqhpsor|phqw udwhv1 Wkh iroorzlqj dqg odvw vhfwlrq ri wklv sdshu h{dplqhv wklv

txhvwlrq1

618 Uhvxowv iru wkh ryhudoo vdpsoh

Lq wklv vhfwlrq zh surylgh uhvxowv iru wkh ryhudoo vdpsoh +pdohv/ 48098 |hduv rog,1 Wklv

h{huflvh lv uhohydqw dw ohdvw iru wzr uhdvrqv= Iluvw/ zkhq hydoxdwlqj wkh lpsdfw ri d srolf|/

wkh ryhudoo lpsdfw lv dv lpsruwdqw dv lwv frpsrvlwlrq h�hfwv1 Vhfrqg/ vlqfh prvw ri wkh

olwhudwxuh h{dplqhv wkh lpsdfw ri mre vhfxulw| rq ryhudoo hpsor|phqw dqg xqhpsor|phqw

udwhv/ lw lv xvhixo wr ghwhuplqh zkhwkhu rxu phdvxuhg lpsdfw frlqflghv zlwk wkh uhvxowv

rewdlqhg lq rwkhu lqglylgxdo frxqwu| ru furvv0frxqwu| vwxglhv1

Wdeoh < vxppdul}hv rxu uhvxowv iru wkh ryhudoo vdpsoh ri pdohv1 Mxgjlqj iurp wkh frhi0

�flhqw rq lqgh{/ dq lpsdfw rq ryhudoo mre vhfxulw| kdv d qhjdwlyh �doehlw/ qrw vwdwlvwlfdoo|

vljql�fdqw� lpsdfw rq ryhudoo zdjh hpsor|phqw dqg d srvlwlyh lpsdfw rq vhoi hpsor|0

phqw udwhv1 Lq dgglwlrq/ zh �qg wkdw hpsor|phqw vhfxulw| surylvlrqv kdyh d qhjdwlyh �exw

qrw vljql�fdqw0 h�hfw rq sduwlflsdwlrq dqg xqhpsor|phqw1 Wkhvh �qglqjv vxjjhvw wkdw

mre vhfxulw| surylvlrqv d�hfw wkh frpsrvlwlrq exw qr wkh dyhudjh ohyho ri hpsor|phqw ru

xqhpsor|phqw1

Froxpqv +7, dqg +43, krzhyhu/ vxjjhvwv wkdw wkh odfn ri h�hfw lv gxh wr frq lfwlqj vljqv

rq lqgh{5 dqg lqgh{53@lqgh{51 Zkhuhdv dq lqfuhdvh lq wkh frvw ri glvplvvlqj vkruw whqxuh

zrunhuv kdv d srvlwlyh/ exw qrw vwdwlvwlfdoo| vljql�fdqw/ h�hfw rq ryhudoo zdjh hpsor|phqw/

dq lqfuhdvh lq wkh uhodwlyh frvw ri glvplvvdo uhgxfhv ryhudoo hpsor|phqw udwhv1 Lq wkh vdph

pdqqhu/ zkhq zh vsolw wkh vhyhudqfh sd| phdvxuh lqwr uhodwlyh dqg devroxwh frvwv zh �qg
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wkdw lqfuhdvhg devroxwh mre vhfxulw| uhgxfhv xqhpsor|phqw/ zkhuhdv kljkhu uhodwlyh frvwv

whqg wr lqfuhdvh lw1

Ryhudoo/ rxu hvwlpdwhv iru devroxwh �ulqj frvwv +I ,/ frq�up wkh wkruhwklfdo �qglqjv ri

Ehuwrod ^4<<3` wkdw d  dw udwh +l1h1 qrw olqnhg wr whqxuh, zrxog kdyh rssrvlwh h�hfwv rq

klulqj dqg �ulqj wkdw zloo whqg wr r�vhw hdfk rwkhu1 Lq frqwudvw/ fkdqjhv lq wkh uhodwlyh

frvw ri glvplvvlqj vkruw yhuvxv orqj0whqxuh zrunhuv/ kdyh d vxevwdqwldo qhjdwlyh h�hfw rq

wrwdo hpsor|phqw1 Wklv h�hfw lv gulyhq e| wkh ghfolqh lq wkh |rxwk zdjh0hpsor|phqw0wr0

srsxodwlrq udwh/ qrw frpshqvdwhg e| qhlwkhu kljkhu vhoi0hpsor|phqw udwhv qru e| kljkhu

hpsor|phqw udwhv iru wkh rog1

7 Frqfoxvlrq

Lq wklv sdshu/ zh vkrz wkdw whqxuh0edvhg mre vhfxulw| eldvhv hpsor|phqw lq idyru ri plggoh0

djh dqg roghu zrunhuv1 Rxu uhvxowv dovr lqglfdwh wkdw whqxuh0edvhg mre vhfxulw| uhgxfhv

orqj0uxq djjuhjdwh hpsor|phqw udwhv1 Lq frqwudvwv/ d  dw vhyhudqfh sd| zrxog kdyh olwwoh

h�hfw rq |rxwk0hpsor|phqw ru rq djjuhjdwh hpsor|phqw dqg xqhpsor|phqw udwhv1 Zh

eholhyh wkhvh uhvxowv kdyh wzr lpsruwdqw lpsolfdwlrqv iru wkh ghvljq ri ixwxuh oderu pdunhw

uhirupv=

Iluvw/ oderu pdunhw uhirupv kdyh lpsruwdqw uhglvwulexwlyh h�hfwv1 Lq dqwlflsdwlrq ri

vxfk uhglvwulexwlrq/ vrph jurxsv pd| wu| wr eorfn wkh surfhvv ri uhirupv1 Wkxv/ zkloh

|rxqj zrunhuv frxog ehqh�w iurp wkh phdvxuh/ wkh| duh ohvv olnho| wr yrwh ru wr rujdql}h

wkhpvhoyhv vxssruwlqj wkh uhirupv1 Lq frqwudvw/ plggoh0djh dqg roghu zrunhuv duh pruh

olnho| wr eh xqlrql}hg ru wr h{huw suhvvxuh rq srolf|0pdnhuv wr eorfn dq| dwwhpsw ri uhirup

wkdw xqghuplqhv wkhlu vwdwxv lq wkh oderu pdunhw1 Lqghhg/ wklv uhodwlyh kljkhu srolwlfdo

srzhu lv olnho| wr h{sodlq zk| mre vhfxulw| surylvlrqv duh wlhg wr whqxuh lq doprvw doo RHFG

dqg Odwlq Dphulfdq frxqwulhv1 Lq wklv frqwh{w/ xqghuvwdqglqj wkh srolwlfdo hfrqrp| ri wkh

uhirupv pd| khos srolf|0pdnhuv wr ghvljq frpshqvdwlrq sdfndjhv dlphg dw dwwdlqlqj ryhudoo

hpsor|phqw jdlqv1

Vhfrqg/ rxu uhvxowv vxssruw uhirupv dlphg dw uhgxflqj wkh olqn ehwzhhq vhyhudqfh sd|

dqg whqxuh1 Wklv h�hfw frxog eh dfklhyhg e|= pdqgdwlqj d  dw vhyhudqfh sd|> uhgxflqj

wkh pd{lpxp dprxqw d zrunhu fdq uhfhlyh dv vhyhudqfh sd|> ru uhgxflqj wkh udwh dw zklfk
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vhyhudqfh sd| lqfuhdvhv zlwk whqxuh1 Vxfk uhirupv zrxog eulqj dq h{sdqvlrq lq |rxwk

dqg ryhudoo hpsor|phqw udwhv/ dowkrxjk wkh| frxog frph dw d frvw ri orzhu roghu zrunhuv

hpsor|phqw udwhv1 Vlqfh lq pdq| frxqwulhv/ uhwluhphqw lqfhqwlyhv kdyh douhdg| sxvkhg pdq|

roghu zrunhuv lqwr uhwluhphqw/ uhirupv olnh wkh rqhv ghvfulehg deryh pd| uhtxluh dgglwlrqdo

srolflhv wr eulqj roghu zrunhuv edfn wr zrun1
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�K�z @ ��I>wkhq VZK� @ �I dqg erwk rqh shulrg dqg wzr shulrg zrunhuv duh glvplvvhg1

Iru odujhu ydoxhv ri �K�z qhlwkhu rqh ru wzr shulrg zrunhuv duh glvplvvhg1 Iru orzhu ydoxhv

ri �K�z> erwk rqh dqg wzr |hdu zrunhuv duh glvplvvhg1 Wkhuhiruh/ zkhq � @ �W> erwk w|shv

ri zrunhuv duh htxdoo| olnho| wr eh glvplvvhg11
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dowhu wkh idfw wkdw rqh shulrg zrunhuv duh glvplvvhg/ exw vhfrqg zrunhuv zrxog qrw eh1

Wkhuhiruh/ iru doo � � �W> wkhuh lv d udqjh ri ydoxhv ri �K � z/ vxfk wkdw ��I ? �K � z �
� 8
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� qE�34�

E�nq4�+�}�z, lq zklfk VZK� @ �I dqg VZK2 @ �K�z A ��I dqg rqo| �uvw0|hdu

zrunhuv duh glvplvvhg1 Iru ydoxhv ri �K � z � ��I> erwk �uvw dqg vhfrqg0shulrg zrunhuv
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glvplvvhg hyhq zkhq VZK2 @ ��I dqg wzr0shulrg zrunhuv zrxog jr1 D pdujlqdo ghfuhdvh

ri +�K�z, zrxog qrw dowhu wkh idfw wkdw vhfrqg0shulrg zrunhuv duh glvplvvhg/ exw �uvw0shulrg

rqhv zloo eh qrw1 Wkhuhiruh iru ru doo 3 ? � ? �W> wkhuh lv d udqjh ri ydoxhv ri �K � z/ vxfk

wkdw/

�I +4����,��+4�s,+�}�z, ? �K�z � ��I lq zklfk VZK� ? �I dqg VZK2 @ ��I

dqg rqo| vhfrqg0shulrg zrunhuv duh glvplvvhg1 Iru ydoxhv ri �K�z � �I +4����,��+4�
s,+�}�z,> erwk �uvw dqg vhfrqg0shulrg zrunhuv duh glvplvvhg1 Khqfh/ zkhq � ? �W vhfrqg0

shulrg zrunhuv duh pruh olnho| wr eh glvplvvhg1
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Wdeoh 5= Sdudphwhuv xvhg wr frpsxwh Lqgh{
Shulrgv45 � � e d VS sS VS�S

93098 1<5 1;; 4 4 3 0
990:6 1<5 1;; 4 15 3 +4,
:70:: 1<5 1;; 4 18 3 +5,
:;0;3 1<5 1;; 4 1; 3 +5,
;40;7 1<5 1;; 4 1; 3 +6,
;80<3 1<5 1;; 4 3 3 +6,
<4� 1<5 1;; 4 1< +7, +8,

45Wr frpsxwh q zh xvh wkh idfw wkdw wkh dyhudjh uhdo lqwhuhvw iurp 4<9304<<9 zdv ;17(1 Wr frpsxwh B
zh dvvxph wkdw wkh Fklohdq wxuqryhu udwhv ��|�J�| hpsor|phqw surwhfwlrq zrxog eh vlplodu wr XV rqhv1
Dffruglqj wr Gdylv ) Kdowlqzdjhu +4<<8, dyhudjh wxuqryhu udwhv dyhudjh 45( d |hdu lq wkh XV1 +4, Fruuh0
vsrqgv wr rqh prqwk*v sd| shu |hdu ri zrun dxjphqwhg lq wkuhh prqwkv1 Wklv wkuhh prqwkv fdswxuh dyhudjh
sd|phqwv iru iruhjrqh zdjhv gxulqj wuldo1 +5, Rqh prqwk*v sd| shu |hdu ri zrun zlwkrxw xsshu olplw1 +6,
Rqh prqwk*v sd| shu |hdu ri zrun zlwk d �yh prqwkv xsshu olplw1 +7, Rqh prqwk*v sd| shu |hdu ri zrun
zlwk d 44 prqwkv xsshu olplw1 Wkh pd{lpxp whqxuh wkdw d zrunhu fdq dwwdlq dw d �up lv dvvxphg wr eh 58
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0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

M
u

lt
ip

le
s

 o
f 

m
o

n
th

ly
 w

a
g

e
s



Graph 3
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Wage-Employment to Population Rates
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Graph 7: Other Measures of Employment Protection (in logs)
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Table 1: Employment Protection Provisions in Chile
Periods Prior

Notice
Period

Economic reasons
just cause for
dismissal on the
law?
/  in the courts?

Compensation
for dismissal in
case of just
cause

Compensation for dismissal in
case of unjust cause

To whom the
changes apply?

1960 –1966
1 month Dismissals at  will Dismissals at

will
Dismissals at  will Dismissals at

will

1966-1973

Firms could not
dismiss workers
without a just cause.

1 month
Economic reasons
were just cause on
the law/ In practice
labor courts
considered most
dismissals
unjustified.

The law does not
mandate any
compensation in
this case.

One month’s pay per year of
work at the firm plus foregone
wages during trial. Trials could
last at most 6 months.
There is no maximum in the
amount to be awarded

To all workers

1973-1978 1 month Labor courts were
much more pro-
firms. Workers’
claims were weaker.

Same than
previous period

Same than previous period To all workers

1978-1980

June 15, 78
Decree 2,200

1 month Economic needs are
considered just
cause.

zero 1 month per year of work,
without maximum limit.

Only to workers
hired after June
1978

1981-1984
Law 18,018
(August,14, 1981)

1 month Economic needs are
considered just
cause.

zero 1 month’ wage per year of work
with a maximum of 150 days

Only to workers
hired after
August 1981

1984-1990
Law 18,372
(Dec, 1984)

1 month Economic needs are
not considered just
cause for dismissal
any more

zero 1 month’ wage per year of work
with a maximum of 150 days

All workers

1990- today
(Nov. 1990)
Firms need to justify
dismissals

1 month Firms have to
justify dismissals
but economic needs
are considered just
cause for dismissal

Economic
reasons:
1 month’ wage
per year of work
with a maximum
of 11 months’
pay

1.2-1.5 months per year of work All workers
hired after
August 1981



Table 3: Data Summary Statistics
Variable Obs Mean Std. Dev. Min Max

GDP Growth 38 0.040917 0.054946 -0.13445 0.111345

Te1m 39 0.455138 0.07088 0.330357 0.600946

We1m 39 0.398883 0.070428 0.280907 0.54101

Se1m 39 0.056224 0.008574 0.035922 0.074627

Pa1m 39 0.552113 0.054872 0.492523 0.667981

Un1m 39 0.17795 0.073366 0.080529 0.388818

Te2m 39 0.887651 0.046998 0.745203 0.944797

We2m 39 0.669857 0.043902 0.552239 0.73278

Se2m 39 0.217638 0.015585 0.184017 0.256764

Pa2m 39 0.961154 0.0078 0.942044 0.975224

Un2m 39 0.076616 0.045619 0.019071 0.222037

Te3m 39 0.672282 0.070536 0.498084 0.790816

We3m 39 0.397385 0.048641 0.272884 0.475836

Se3m 39 0.274853 0.030732 0.191564 0.338435

Pa3m 39 0.734261 0.043938 0.637306 0.826531

Un3m 39 0.08644 0.054143 0.015385 0.259259

Te0m 39 0.707278 0.057683 0.557678 0.791482

We0m 39 0.535722 0.050761 0.42246 0.616675

Se0m 39 0.171458 0.013356 0.135218 0.194512

Pa0m 39 0.78708 0.026029 0.743418 0.8393

Un0m 39 0.102346 0.053293 0.033914 0.263618

Wm1 39 261.68 127.159 96.72 513.41

Wm2 39 532.94 240.68 203.10 1004.01

Wm3 39 550.97 239.23 223.40 1065.17

Wm 39 470 217.58 173.66 890.62

Lindex 39 0.590906 0.71781 -0.65412 1.363282

Lindex2 39 0.860731 0.558433 0 1.609438

Lindex20 39 1.840952 1.035985 0 2.965273

Note: Variables should be read as follows: te1m, for instance, means total employment (te) for
age group 1 (15-25), male  (m)  The prefix te= total employment, we=wage employment, se=self-
employment, pa=participation  and un=unemployment. Age groups; 0=15-65, 1=15-25, 2=26-50,
3=51-65. Wmi= Real wage in age group i. For more information see Table 4 which displays
variable labels.



Table 4: Augmented Dickey-Fuller Unit Root Test

Critical value 1% -3.628
Critical value 5% -2.947
Critical value 10% -2.611

Variable code variable label ADF test
Variable in Levels

ADF test
Variable in First Diff.

te1m employment rate 18-25 -1.428 -2.833  (*)
we1m wage employment rate 18-25 -1.533                   -2.699  (*)
se1m self-employment rate 18-25 -2.001 -3.368 (**)
pa1m participation rate 18-25 -1.265 -3.238 (**)
un1m unemployment rate 18-25 -1.672 -3.38 (**)
te2m employment rate 26-50 -1.783 -3.331 (**)
we2m wage employment rate 26-50 -1.462 -3.043 (**)
se2m self-employment rate 26-50 -2.975 -3.441 (**)
pa2m participation rate 26-50 -1.943 -3.234 (**)
un2m unemployment rate 26-50 -1.783 -3.525 (**)
te3m employment rate 51-65 -0.929 -2.696  (*)
we3m wage employment rate 51-65 -1.213 -2.655  (*)
se3m self-employment rate 51-65 -0.967 -3.075 (**)
pa3m participation rate 51-65 -0.97 -3.236 (**)
un3m unemployment rate 51-65 -1.637 -3.05 (**)
Tem employment rate -1.38 -2.749  (*)
Wem wage-employment rate -1.308 -2.55
Sem self-employment rate -2.455 -3.35 (**)
Pam participation rate -1.3511 -3.281 (**)
Unm unemployment rate -1.64 -3.211 (**)
wm1 real wage 18-25 -1.059 -3.701 (**)
wm2 real wage 26-50 -1.268 -4.294 (**)
wm3 real wage 51-65 -1.219 -3.643 (**)
Wm real wage all males -1.181 -4.163 (**)
GDP real GDP 0.638 -3.295 (**)
Notes:
(1) All regressions included three lags and intercept 
(**) The hypothesis of unit root is rejected at the 5% level.
(*)The hypothesis of unit root is rejected at the 10 % level



Table 5: Results for Male Population 15-25 years old. Sample: 1960-1998
15-25 years old
Males

Total
Employment (1)

Wage
Employment (2)

Self-employment
(3)

Participation
(4)

Unemployment
(5)

Constant

Y(t-1)

Log Index

∆Log(wages(t-1))

GDP Growth

Adj. R2

DW

T*R2
(Prob.)

.015
(.028)

-.0599
(.06)

-.0148
(-.006)

-.022
(.025)

.434
(0.076)

.560

2.28

4.48
(.21)

.013
(.023)

-.0571
(.056)

-.0167
(-.005)

-.013
(.023)

.428
(0.070)

.559

2.21

3.14
(.37)

.023
(.011)

-.43
(.19)

.001
(.002)

-.007
(.007)

-.012
(.023)

.40

2.09

3.97
(.26)

.074
(.042)

-.128
(.075)

-.0131
(.006)

-.033
(.023)

.042
(.074)

.20

1.99

2.21
           (.53)

.061
(.021)

-.182
(.103)

.001
(.010)

-.030
(.040)

-.692
(.131)

.499

2.08

0.75
           (.86)

Notes to Table 5:All dependent  variables with the exception of  unemployment rates  are measured as %  of working age  population
and in first differences. Standard Errors reported in Parenthesis.  In addition to the variables reported in this table, all specifications
include ∆Y(t-1) as a regressor. T*R2 reports the critical value of the Breusch-Godfrey Serial Correlation Test. In
parenthesis, the probability of no-autocorrelation.

Table 6: Results for Male Population 26-50 years old. Sample: 1960-1998
26-50 years old
Males

Total
Employment (1)

Wage
Employment (2)

Self-employment
(3)

Participation
(4)

Unemployment
(5)

Constant

Y(t-1)

Log Index

∆Log(wages(t-1))

GDP Growth

Adj. R2

DW

T*R2

.151
(.085)

-.187
(.097)

.003
(.006)

-.027
(.028)

.345
(.079)

.38

2.22

2.45
(.48)

.06
(.064)

-.120
(.097)

.001
(.006)

-.040
(.025)

.30
(.071)

.37

2.45

6.12
(.10)

.147
(.044)

-.68
(.199)

-.002
(.003)

-.006
(.017)

.087
(.048)

.30

1.91

1.74
(.62)

.28
(.15)

-.298
(.163)

3.7E-05
(.001)

.003
(.007)

-.006
(.02)

.124

1.88

1.92
(.58)

.03
(.01)

-.22
(.101)

-.0039
(.006)

.03
(.027)

-.35
(.07)

.42

2.15

2.25
(.52)

Notes to Table 6: All dependent  variables with the exception of  unemployment rates  are measured as %  of working age  population
and in first differences. Standard Errors reported in Parenthesis.  In addition to the variables reported in this table, all specifications
include ∆Y(t-1) as a regressor. T*R2 reports the critical value of the Breusch-Godfrey Serial Correlation Test. In
parenthesis, the probability of no-autocorrelation.



Table 7: Results for Male Population 51-65 years old. Sample: 1960-1998
51-65 years old
Males

Total
Employment (1)

Wage
Employment (2)

Self-employment
(3)

Participation
(4)

Unemployment
(5)

Constant

Y(t-1)

Log Index

∆Log(wages(t-1))

GDP Growth

Adj. R2

DW

T*R2

.090
(.066)

-.205
(.106)

.029
(.011)

-.09
(.039)

.454
(.112)

.52

2.01

7.54
(.056)

.07
(.056)

-.248
(.152)

.0173
(.011)

-.039
(.034)

.18
(.11)

.42

1.93

5.62
(.13)

.049
(.036)

-.23
(.135)

.009
(.005)

-.049
(.017)

.24
(.063)

.50

2.12

3.06
(.38)

.20
(.13)

-.295
(.187)

.014
(.010)

.0268
(.031)

.174
(.104

.19

2.16

5.62
(.13)

.04
(.01)

-.22
(.10)

-.017
(.008)

.06
(.027)

-.35
(.09)

.46

2.39

4.29
(.23)

Notes to Table 7:All dependent  variables with the exception of  unemployment rates  are measured as %  of working age  population
and in first differences. Standard Errors reported in Parenthesis.  In addition to the variables reported in this table, all specifications
include two lags of the endogenous variable.  In addition, in the specifications for total and wage employment  two additional lags of
GDP and wage growth were included  to correct for residual autocorrelation. T*R2 reports the critical value of the Breusch-
Godfrey Serial Correlation Test. In parenthesis, the probability of no-autocorrelation.

Table 8: Relative and Absolute Dismissal Costs: Male 15-25 years old
15-25 years old
Males

Total
Employment (1)

Wage
Employment (2)

Self-employment
(3)

Participation
(4)

Unemployment
(5)

Log Index2

Log Index20 – Log
Index2

Adj. R2

DW

T*R2
(Prob.)

-.006
(.010)

-.0167
(.009)

.57

2.20

4.83
(.18)

-.009
(.009)

-.0152
(.009)

.56

2.15

3.32
(.34)

.002
(.003)

-.0003
(.0029)

.38

2.12

3.83
(.27)

-.016
(.010)

-.0005
(.01)

.18

1.99

2.68
(.44)

-.023
(.015)

.031
(.014)

.55

2.03

1.82
(.61)

Notes to Table8:  All dependent  variables with the exception of  unemployment rates  are measured as %  of working age  population
and in first differences. Standard Errors reported in Parenthesis.  In addition to the variables reported in this table, all specifications
include a constant, Y(t-1) , GDP growth, Real Wage growth  and  ∆Y(t-1) as regressors. T*R2 reports the critical value of the
Breusch-Godfrey Serial Correlation Test. In parenthesis, the probability of no-autocorrelation.



Table 9: Results for the Overall Population: 15-65 years old. Sample: 1960-1998
51-65 years
old
Males

Tot.
Emp.
(1)

Tot.
Emp.
(2)

Wage
Emp.
(3)

Wage
Emp.
(4)

Self-
Emp.
(5)

Self-
Emp.
(6)

Part.

(7)

Part.

(8)

Unem.

(9)

Unem.

(10)

Constant

Y(t-1)

Log Index

Log Index2

Log Index20-
Log Index2

∆Log(W(t-1))

GDP growth

Adjusted R2

DW

T*R2
(Prob.)

.07
(.05)

-.139
(.08)

.001
(.016)

.

.

-.078
(.03)

.39
(.07)

.52

2.09

3.02
(.38)

.06
(.05)

-.125
(.08)

.

.012
(.009)
-.014
(.009)

-.071
(.03)

.39
(.07)

.55

2.09

4.29
(.23)

.01
(.03)

-.05
(.07)

-.006
(.005)

.

.

-.070
(.024)

.31
(.06)

.58

2.01

3.31
(.34)

.014
(.035)

-.03
(.07)

.

.004
(.007)
-.016
(.007)

-.062
(.023)

.31
(.05)

.63

2.02

3.75
(.28)

.05
(.028)

-.382
(.164)

.003
(.002)

.

.

-.005
(.011)

.08
(.03)

.33

2.04

3.24
(.35)

.05
(.029)

-.377
(.171)

.

.002
(.004)
.0007

(.0041)

-.005
(.012)

.08
(.03)

.30

2.01

3.41
(.33)

.10
(.08)

-.13
(.10)

-.003
(.004)

.

.

-.035
(.017)

.06
(.04)

.21

2.07

2.10
(.55)

.09
(.08)

-.11
(.11)

.

-.005
(.006)
-.0001
(.005)

-.034
(.017)

.06
(.04)

.19

2.06

2.09
(.55)

.04
(.01)

-.19
(.10)

-.007
(.008)

.

.

.019
(.032)

-.42
(.09)

.45

2.27

2.86
(.41)

.034
(.01)

-.15
(.10)

.

-.022
(.011)
.018

(0.011)

.015
(.031)

-.43
(.08)

.49

2.25

3.82
(.28)

Notes  to Table 10: All dependent  variables with the exception of  unemployment rates  are measured as %  of working age
population  and in first differences. Standard Errors reported in Parenthesis.  In addition to the variables reported in this table, all
specifications include two lags of the endogenous variable.  In addition, in the specifications for total and wage employment  two
additional lags of GDP and wage growth were included  to correct for residual autocorrelation. T*R2 reports the critical value of
the Breusch-Godfrey Serial Correlation Test. In parenthesis, the probability of no-autocorrelation.


