
Gurgand, Marc; Margolis, David N.

Working Paper

Welfare and Labor Earnings: An Evaluation of the Financial
Gains to Work

IZA Discussion Papers, No. 461

Provided in Cooperation with:
IZA – Institute of Labor Economics

Suggested Citation: Gurgand, Marc; Margolis, David N. (2002) : Welfare and Labor Earnings: An
Evaluation of the Financial Gains to Work, IZA Discussion Papers, No. 461, Institute for the Study of
Labor (IZA), Bonn

This Version is available at:
https://hdl.handle.net/10419/21496

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/21496
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


IZA DP No. 461

Welfare and Labor Earnings:
An Evaluation of the Financial Gains to Work

Marc Gurgand
David N. Margolis

D
I

S
C

U
S

S
I

O
N

 P
A

P
E

R
 S

E
R

I
E

S

Forschungsinstitut
zur Zukunft der Arbeit
Institute for the Study
of Labor

March 2002



 
Welfare and Labor Earnings: 

An Evaluation of the Financial Gains to Work 
 

Marc Gurgand 
CNRS, Centre d’Etudes de l’Emploi and CREST-Laboratoire de Microéconométrie 

 
David N. Margolis 

CNRS, TEAM-Université Paris 1 Panthéon-Sorbonne, CREST-Laboratoire de 
Microéconométrie and IZA, Bonn 

 
 
 

Discussion Paper No. 461 
March 2002 

 
 
 

IZA 
 

P.O. Box 7240   
D-53072 Bonn   

Germany   
 

Tel.: +49-228-3894-0  
Fax: +49-228-3894-210   

Email: iza@iza.org 
 
 
 

This Discussion Paper is issued within the framework of IZA’s research area Welfare State 
and Labor Markets. Any opinions expressed here are those of the author(s) and not those of 
the institute. Research disseminated by IZA may include views on policy, but the institute 
itself takes no institutional policy positions. 
 
The Institute for the Study of Labor (IZA) in Bonn is a local and virtual international research 
center and a place of communication between science, politics and business. IZA is an 
independent, nonprofit limited liability company (Gesellschaft mit beschränkter Haftung) 
supported by the Deutsche Post AG. The center is associated with the University of Bonn 
and offers a stimulating research environment through its research networks, research 
support, and visitors and doctoral programs. IZA engages in (i) original and internationally 
competitive research in all fields of labor economics, (ii) development of policy concepts, and 
(iii) dissemination of research results and concepts to the interested public. The current 
research program deals with (1) mobility and flexibility of labor, (2) internationalization of 
labor markets, (3) the welfare state and labor markets, (4) labor markets in transition 
countries, (5) the future of labor, (6) evaluation of labor market policies and projects and (7) 
general labor economics. 
 
IZA Discussion Papers often represent preliminary work and are circulated to encourage 
discussion. Citation of such a paper should account for its provisional character. A revised 
version may be available on the IZA website (www.iza.org) or directly from the author. 

http://www.iza.org


IZA Discussion Paper No. 461 
March 2002 
 
 
 

ABSTRACT 
 

Welfare and Labor Earnings: 
An Evaluation of the Financial Gains to Work ∗∗∗∗  
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the group for which the fewest number of households (43%) would gain from employment. 
The share of households that would have in increase in income grows to 96% when we focus 
exclusively on couples and consider both members working. As the wage distribution used is 
very atypical, we build an upper bound estimate, using a representative survey of the working 
population in 1998. This is equivalent to assuming that RMI beneficiaries do not differ from 
the rest of the population in terms of their unobserved heterogeneity. The share of 
households that have an increase in disposable income from working goes from 74% to 89%, 
with the shares for single mothers still the lowest. 
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4 Lqwurgxfwlrq

Wkh ghedwh vxuurxqglqj wkh srolf| ri d jxdudqwhhg plqlpxp lqfrph kdv ehhq olyho|/ erwk

lq wkh srsxodu suhvv dqg lq wkh vflhqwl�f olwhudwxuh1 Hfrqrplvwv kdyh whqghg wr irfxv rq

wkh srvvleoh glvlqfhqwlyh h�hfwv wkdw vxfk d srolf| pljkw surylgh zlwk uhvshfw wr oderu irufh

sduwlflsdwlrq/ dv zhoo dv wkh frqvhtxhqfhv ri d jxdudqwhhg plqlpxp lqfrph iru �vfdo htxl0

oleulxp1 Wkh ydvw pdmrulw| ri wkhvh vwxglhv kdyh irfxvhg rq wkh Qruwk Dphulfdq +dqg wkh

Xqlwhg Vwdwhv lq sduwlfxodu, oderu pdunhwv/ zkloh lw vhhpv fohdu +lq d sulpd idflh vhqvh, wkdw

wkh srolf| ri d jxdudqwhhg plqlpxp lqfrph lv olnho| wr eh pruh lpsruwdqw lq Hxurshdq

frxqwulhv/ dqg Iudqfh lq sduwlfxodu/ dv wkh ohyho dqg xeltxlw| ri wkhvh srolflhv lv pxfk pruh

lpsruwdqw rq wkh hdvwhuq vkruh ri wkh Dwodqwlf1

Wklv sdshu dgguhvvhv d vpdoo vkduh ri wkh txhvwlrqv frqfhuqlqj wkh jxdudqwhhg plqlpxp

lqfrph surjudp lq Iudqfh/ qrwdeo| e| hvwlpdwlqj wkh vl}h ri zkdw kdv ehhq fdoohg wkh

�lqdfwlylw| wuds�/ l1h1 wkh jds ehwzhhq h{shfwhg oderu pdunhw hduqlqjv dqg wkh ohyho ri

zhoiduh/ dqg e| ghfrpsrvlqj lwv glvwulexwlrq zlwk uhvshfw wr dfwlylw| vwdwxv1 Dowkrxjk

wkhuh duh fohduo| pdq| vrxufhv ri qrq0oderu pdunhw lqfrph wkdw frxog ixuwkhu djjudydwh wkh

lqdfwlylw| wuds/ iru uhdvrqv ri fodulw| zh irfxv sulpdulo| rq wkh pdlq jxdudqwhhg plqlpxp

lqfrph surjudp zlwk xquhvwulfwhg dffhvv/ fdoohg wkh UPL +Uhyhqx Plqlpxp g*Lqvhuwlrq,1

Zh prgho erwk krxuo| zdjhv dqg zhhno| krxuv dv d ixqfwlrq ri lqglylgxdo fkdudfwhulvwlfv

dqg wkh oderu pdunhw hqylurqphqw1 Zh dovr wuhdw wkh hpsor|phqw suredelolw| dv hqgrjhqrxv

dqg ghshqghqw rq wkh fkdudfwhulvwlfv wkdw ghwhuplqh hduqlqjv +dqg wkhuhe| holjlelolw| iru wkh

UPL,/ dqg frqvlghu wkh uroh ri vhohfwlrq eldv lq rxu hvwlpdwhv ri h{shfwhg oderu hduqlqjv1

Rxu hvwlpdwhv doorz xv wr uhfrqvwlwxwh wkh glvwulexwlrq ri h{shfwhg hduqlqjv iru erwk hp0
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sor|hg dqg qrw hpsor|hg lqglylgxdov/ dqg wkxv wr fkdudfwhul}h wkh glvwulexwlrq ri wkh vl}h

ri gl�huhqfh ehwzhhq oderu hduqlqjv dqg wudqvihu lqfrph1 Rxu dssurdfk dovr doorzv xv wr

dqdo|}h vhsdudwho| wkh uroh ri zdjhv dqg krxuv lq wkh ghwhuplqdwlrq ri wklv gl�huhqfh1

Wkh pdmrulw| ri vwxglhv fxuuhqwo| dydlodeoh iru Iudqfh duh hvvhqwldoo| dffrxqwlqj h{huflvhv

edvhg rq �uhsuhvhqwdwlyh krxvhkrogv� ri gl�huhqw w|shv/ vrphwlphv uhzhljkwlqj wr frqvwuxfw d

phdvxuh wkdw lv lqwhqghg wr eh joredoo| uhsuhvhqwdwlyh ri wkh lqdfwlylw| wuds14 Lq wkhvh dqdo|0

vhv/ oderu hduqlqjv duh dwwulexwhg wr zhoiduh krxvhkrogv iru frpsdulvrq zlwk wkhlu wudqvihu

lqfrph1 Krzhyhu/ wkh oderu hduqlqjv wkdw duh frqvlghuhg duh duelwudulo| ghwhuplqhg/ w|s0

lfdoo| ehlqj wkh plqlpxp zdjh ru rqh0kdoi wkh plqlpxp zdjh +wr dffrxqw iru sduw0wlph

zrun,/ zklfk kdv wkh fohdu glvdgydqwdjh ri ljqrulqj wkh gl�huhqfhv dfurvv lqglylgxdov lq

wkhlu oderu pdunhw shuvshfwlyhv1 Rxu dssurdfk/ rq wkh rwkhu kdqg/ wdnhv lqwr dffrxqw wkh

khwhurjhqhlw| ri lqglylgxdov dqg wkh gl�huhqw vlwxdwlrqv wkh| idfh rq wkh oderu pdunhw1 Wklv

lv sduwlfxoduo| uhohydqw lq frpsdulvrq wr wkh �uhsuhvhqwdwlyh krxvhkrog� dssurdfk/ vlqfh wklv

odwwhu dssurdfk whqgv wr �qg gldphwulfdoo| rssrvlwh uhvxowv ghshqglqj rq wkh oderu hduqlqjv

dwwulexwhg wr wkh krxvhkrog +jdlqv zkhq wkh plqlpxp zdjh lv dwwulexwhg/ orvvhv zkhq �

2
ri

wkh plqlpxp lv dvvljqhg,1

Lw lv zruwk qrwlqj wkdw/ zkhuhdv zh irfxv rq wkh gl�huhqfh ehwzhhq h{shfwhg oderu hduq0

lqjv dqg zhoiduh/ zh gr qrw dgguhvv wkh lpsolfdwlrqv ri yduldwlrqv lq wkh vl}h ri wklv gl�huhqfh

rq lqglylgxdo ehkdylru1 Odurtxh dqg Vdodqlì +5333,/ rq wkh rwkhu kdqg/ frqfhqwudwh rq wklv

dvshfw ri wkh ghedwh1 Wkh| hvwlpdwh wkdw lqdfwlyh zrphq olylqj lq d frxsoh zrxog qhhg/

rq dyhudjh/ dqg h{wud 8:< Hxurv shu prqwk lq rughu wr sduwlflsdwh/ vlqjoh zrphq zrxog eh

zloolqj wr dffhsw d uhgxfwlrq lq oderu lqfrph ri 6380943 ehiruh zlwkgudzlqj iurp wkh oderu

4 Vhh/ iru h{dpsoh/ Sdglhx +4<<:,/ Mrlq0Odpehuw +4<<;, dqg Jdxwlì dqg Jxeldq +5333,1
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irufh +dowkrxjk vlqjoh prwkhuv zrxog qhhg wr vhh wkhlu hduqlqjv lqfuhdvh wr hqwhu wkh oderu

irufh,/ dqg wkdw wkh pdmrulw| ri phq/ vlqjoh ru lq d frxsoh/ zrxog eh zloolqj wr zrun hyhq

dw orzhu hduqlqjv ohyhov wkdq wkh| fxuuhqwo| uhfhlyh1 Odurtxh dqg Vdodqlì/ krzhyhu/ h{foxgh

sduw0wlph mrev iurp wkhlu gdwd dqg kdyh yhu| lqfrpsohwh lqirupdwlrq rq krxvhkrog lqfrph1

Wkh vwuxfwxuh ri wkh uhvw ri wklv sdshu lv dv iroorzv1 Lq vhfwlrq 5/ d eulhi dffrxqw ri

wkh Iuhqfk zhoiduh v|vwhp lv suhvhqwhg zlwk dq hpskdvlv rq wkh UPL1 Lq vhfwlrq 6 zh od|

rxw d prgho dqg wkh hfrqrphwulf whfkqltxhv hpsor|hg iru hvwlpdwlqj h{shfwhg oderu pdunhw

hduqlqjv frqglwlrqdo rq revhuydeoh fkdudfwhulvwlfv1 Vhfwlrq 7 eulh | ghvfulehv wkh gdwd zh

xvhg iru wkh hvwlpdwlrq/ gudzq sulpdulo| iurp wkh vxuyh| �Rxwfrphv iru UPL Uhflslhqwv�

+Ghyhqlu ghv shuvrqqhv vruwlhv gx UPL , zklfk ghulyhv lwv vdpsolqj iudph iurp krxvhkrogv

wkdw uhfhlyhg wkh UPL lq 4<<91 Vhfwlrq 7 dovr surylghv vrph edvlf ghvfulswlyh dqdo|vlv

dqg glvfxvvhv wkh frh!flhqwv uhvxowlqj iurp wkh hvwlpdwlrq ri wkh prghov ghulyhg lq vhfwlrq

61 Vhfwlrq 8 ghvfulehv wkh glvwulexwlrq ri wkh vl}h ri wkh �lqdfwlylw| wuds� lpsolhg e| wkh

hvwlpdwhv lq vhfwlrq 7/ dqg ghfrpsrvhv wklv glvwulexwlrq e| dfwlylw| vwdwxv1 Vhfwlrq 8 dovr

frqvlghuv wkh urohv ri khwhurjhqhlw| dqg vwdwh ghshqghqfh lq wkh hydoxdwlrq ri srwhqwldo

jdlqv wr hpsor|phqw dqg frqvwuxfwv vhyhudo frxqwhuidfwxdo vlwxdwlrqv/ qrwdeo| hvwlpdwlqj

wkh h{shfwhg zdjh dqg krxuv glvwulexwlrqv rq wkh edvlv ri d vdpsoh wkdw lv uhsuhvhqwdwlyh

ri wkh hqwluh Iuhqfk zrunirufh gudzq iurp wkh Iuhqfk Oderu Irufh Vxuyh| +Hqtxíwh vxu

o*hpsorl,1 Vhfwlrq 9 frqfoxghv1

6



5 Zhoiduh lqfrph lq Iudqfh

Wklv sdshu irfxvhv rq wkh jxdudqwhhg plqlpxp lqfrph/ UPL/ d zhoiduh surjudp dffhvvleoh wr

dq| shuvrq ryhu 58/5 surylghg wkdw wkh vxp ri doo uhvrxufhv dydlodeoh wr klv ru khu krxvhkrog lv

ehorz d wkuhvkrog wkdw ghshqgv rq idplo| frpsrvlwlrq1 Lq 4<<9/ ;;5/333 krxvhkrogv uhfhlyhg

UPL +<;</333 lqfoxglqj ryhuvhdv gìsduwhphqwv,/ fruuhvsrqglqj wr dssur{lpdwho| 6( ri wkh

srsxodwlrq +FQDI/ 4<<9,1 Lw wdnhv wkh irup ri d prqhwdu| wudqvihu wkdw eulqjv krxvhkrog

uhvrxufhv xs wr wkh wkuhvkrog1 Lw dovr hqwlwohv krxvhkrog phpehuv wr vrfldo vhfxulw|/ dqg

surylghv iru ghew uhvfkhgxolqj1 Lq dgglwlrq/ ehqh�fldulhv duh vxemhfw qhlwkhu wr lqfrph wd{hv

qru wr surshuw| wd{hv1 Rwkhu jxdudqwhhg lqfrph surjudpv +zlwk uhvwulfwhg dffhvv, gr h{lvw/

vxfk dv wkrvh iru wkh hoghuo| +Plqlpxp ylhloohvvh, dqg kdqglfdsshg shuvrqv +Plqlpxp

lqydolglwì/ Doorfdwlrq dx{ dgxowhv kdqglfdsìv,/ zlgrzv dqg zlgrzhuv +Doorfdwlrq yhxydjh,

dqg vlqjoh sduhqwv +DSL/ ru Doorfdwlrq gh sduhqw lvroì,1 Wkhvh rwkhu surjudpv duh w|slfdoo|

pruh jhqhurxv wkdq UPL/ dqg wkh wudqvihuv iru wkh kdqglfdsshg dqg wkh hoghuo| fryhu d odujh

qxpehu ri shrsoh +:33/333 iru wkh kdqglfdsshg/ <83/333 iru wkh hoghuo|,/ zkloh wkh srsxodwlrq

fryhuhg e| wkh zlgrz2zlgrzhu ehqh�wv lv udwkhu olplwhg1 Krzhyhu wkh uroh ri wkhvh wudqvihuv

lq d�hfwlqj wkh oderu pdunhw ehkdylru ri wkrvh frqfhuqhg lv olnho| wr eh txlwh gl�huhqw iurp

wkdw ri wkh UPL1 Ilqdoo|/ wkh xqhpsor|hg zkr kdyh h{kdxvwhg wkhlu xqhpsor|phqw ehqh�wv

kdyh dffhvv wr d vshfl�f ehqh�w zkrvh dprxqw lv vlplodu wr wkdw ri UPL +DVV/ ru Doorfdwlrq

gh vrolgdulwì vsìfl�txh,16

Zkhq frpsdulqj oderu lqfrphv zlwk zhoiduh lqfrphv/ dgglwlrqdo wudqvihuv/ vxfk dv wkrvh

5 Wklv djh uhvwulfwlrq grhv qrw dsso| iru shrsoh zlwk xqghudjh ghshqghqwv1

6 Xqiruwxqdwho|/ wkh vdpsolqj iudph ri rxu edvh gdwd grhv qrw doorz xv wr revhuyh lqglylgxdov zkr uhfhlyh
wkh DSL ru wkh DVV/ dqg rxu vxssohphqwdu| gdwd gr qrw doorz xv wr lghqwli| wkhvh uhyhqxh vrxufhv1
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uhodwhg wr idplo| frpsrvlwlrq dqg krxvlqj/ pxvw eh frqvlghuhg1 Dprqj wkh idplo| frpsrvlwlrq0

edvhg ehqh�wv/ hyhu| krxvhkrog uhvsrqvleoh iru dw ohdvw 5 fkloguhq lv hqwlwohg wr d wudqvihu

wkdw lqfuhdvhv zlwk wkh qxpehu ri fkloguhq/ dqg wklv ehqh�w lv qrw phdqv whvwhg +Doorfdwlrqv

idploldohv,1 Krxvhkrogv zlwk dw ohdvw 6 fkloguhq ryhu 6 |hduv rog uhfhlyh dq dgglwlrqdo wudqvihu

vxemhfw wr d phdqv whvw +Frpsohphqw idploldo,1 Ixuwkhupruh/ wkh suhvhqfh ri fkloguhq xqghu

6 pdnhv rqh holjleoh iru dq dgglwlrqdo wudqvihu +Doorfdwlrq srxu mhxqh hqidqw,/ zklfk dssolhv

wkh vdph phdqv whvw dv wkh Frpsohphqw idploldo 1 Ilqdoo|/ d ixuwkhu wudqvihu +Doorfdwlrq gh

uhqwuìh vfrodluh, lv dydlodeoh iru vfkrro djh fkloguhq vxemhfw wr d phdqv whvw17

Dprqj wkh krxvlqj0edvhg ehqh�wv/ krxvhkrogv zkr uhqw wkhlu orgjlqj +ru rzq lw dqg duh

sd|lqj lqwhuhvw, duh holjleoh iru d vxevlg| wkdw ghshqgv rq wd{deoh lqfrph dw d ghfuhdvlqj

pdujlqdo udwh/ zklfk ydulhv zlwk idplo| frpsrvlwlrq dqg rq wkh dprxqw ri wkh uhqw/ dqg

lv vxemhfw wr gl�huhqw wkuhvkrogv edvhg rq wkh }rqh ri kdelwdwlrq +Doorfdwlrq orjhphqw,18

Zkhq wd{deoh lqfrph lv }hur dqg wkh uhqw lv ehorz wkh wkuhvkrog/ wkh vxevlg| fryhuv wr <3(

ri wkh uhqw19 Doo ri wkhvh wudqvihuv duh lqfoxghg lq wkh krxvhkrog uhvrxufhv zkhq frqvlghulqj

holjlelolw| iru wkh UPL/ exw wkh krxvlqj vxevlg| uhfhlyhv d vshfl�f wuhdwphqw1 Rqo| d �{hg

dprxqw +8 ,/ zklfk lv ohvv wkdq wkh dfwxdo doorzdqfh +�u,/ lv lqfoxghg zkhq fdofxodwlqj

dydlodeoh uhvrxufhv iru wkrvh krxvhkrogv zklfk duh krphrzqhuv sd|lqj r� d pruwjdjh ru

uhqwlqj dqg zklfk uhfhlyh wkh Doorfdwlrq orjhphqw1

7 Dq dgglwlrqdo vxevlg| iru fkloguhq lq vfkrro zklfk zdv lqwurgxfhg lq 4<<8 +Dlgh ã od vfrodulwì, lv qrw
frqvlghuhg khuh1 Zh dovr h{foxgh wkh Doorfdwlrq sduhqwdoh g*ìgxfdwlrq/ zklfk lv dydlodeoh wr hyhu| krxvhkrog
zlwk dw ohdvw 5 fkloguhq/ ri zklfk rqh lv ohvv wkdq 6 |hduv rog/ surylghg rqh ri wkh vsrxvhv grhv qrw zrun
ru zrunv sduw wlph dqg fdq mxvwli| dw ohdvw 5 |hduv ri zrun ryhu wkh odvw 8 ru 43 |hduv +ghshqglqj rq wkh
qxpehu ri fkloguhq,1

8 Wkh wd{deoh lqfrph frqvlghuhg lv wkdw ri wkh suhylrxv |hdu/ vrphwklqj wkdw zh gr qrw h{solflwo| wdnh
lqwr dffrxqw lq wkh vlpxodwlrqv1 Wklv lv htxlydohqw wr lpsrvlqj d irup ri vwdwlrqdulw| lq wkh lqfrph surfhvv1

9 D vlplodu vfkhph dssolhv wr sxeolf vhfwru krxvlqj +Dlgh shuvrqqdolvìh dx orjhphqw,/ exw wklv zloo qrw
eh frqvlghuhg khuh vlqfh zh fdqqrw glvwlqjxlvk sulydwh iurp sxeolf vhfwru krxvlqj lq rxu gdwd1
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Wklv frpsoh{ v|vwhp jlyhv ulvh wr d fkdudfwhulvwlf sur�oh iru wkh ehqh�fldulhv ri wkh UPL

iru wkh h�hfwlyh pdujlqdo wd{ udwh rq oderu lqfrph1 Ehorz wkh lqfrph wkuhvkrog A / wkh

pdujlqdo wd{ udwh lv 433( ehfdxvh uhvrxufhv uhpdlq dw A n E�u�8 � iru ehqh�fldulhv ri wkh

krxvlqj vxevlg| dqg A iru rwkhu krxvhkrogv1: Zkhq oderu lqfrph soxv wudqvihuv furvvhv

wkh A wkuhvkrog +ru A � 8 iru ehqh�fldulhv ri wkh krxvlqj vxevlg| dqg pruwjdjh0sd|lqj

krphrzqhuv,/ wkh pdujlqdo wd{ udwh ghshqgv rq wkh lqfrph wd{ sur�oh dv zhoo dv rq wkh

phdqv0whvwhg vwuxfwxuh ri idplo| dqg krxvlqj uhodwhg wudqvihuv1 Iljxuh 4 ghslfwv sulpdu|

oderu lqfrph yhuvxv glvsrvdeoh lqfrph ri d vlqjoh shuvrq wkdw grhv qrw uhfhlyh wkh krxvlqj

vxevlg|1; Klv ru khu jxdudqwhhg lqfrph lv 659 Hxurv shu prqwk +ohvv wkdq kdoi ri zkdw

zrxog eh hduqhg e| zrunlqj d prqwk ixoo0wlph dw wkh plqlpxp zdjh,/ zklfk fruuhvsrqgv wr

wkh UPL wkuhvkrog ri 6:3 ohvv wkh �{hg dprxqw 8 1 Iru hduqlqjv eh|rqg wklv dprxqw/ oderu

lqfrph lv wd{hg dw d pdujlqdo udwh ri derxw ;(1

Li wklv shuvrq zhuh wr uhfhlyh d krxvlqj vxevlg| +dvvxplqj wkdw klv ru khu uhqw h{fhhgv wkh

wkuhvkrog,/ wkh glvsrvdeoh lqfrph zrxog iroorz wkh vkdsh jlyhq lq Iljxuh 51 Wkh shuvrq lv

qrz hqwlwohg d krxvlqj vxevlg| �u ' 2b� Hxurv/ ri zklfk rqo| 8 ' ee lv wdnhq lqwr dffrxqw

zkhq frqvlghulqj holjlelolw| iru wkh UPL1 Dv d uhvxow/ wklv shuvrq ohdyhv UPL zkhq oderu

lqfrph h{fhhgv �.f � ee ' �2S Hxurv1 Qrwh wkdw wkh +jxdudqwhhg, lqfrph ohyho xqghu wkh

UPL lv �.f n �u� 8 ' S�b hxurv/ dqg wkxv klv ru khu glvsrvdeoh lqfrph vwulfwo| ghfuhdvhv

zlwk wkh �uvw dgglwlrqdo iudqf wkdw uhqghuv wkh lqglylgxdo lqholjleoh iru wkh UPL +htxlydohqw

wr d pdujlqdo wd{ udwh ri lq�qlw|,1 Wklv lv ehfdxvh oderu lqfrph lv frqvlghuhg lq wkh phdqv0

: Lq idfw/ dq UPL ehqh�fldu| zkr vwduwv d mre pd| fxpxodwh 83( ri klv oderu hduqlqjv zlwk klv UPL
uhfhlsw iru wkh �uvw :83 krxuv ri zrun1 Zh gr qrw wuhdw wklv wudqvlwru| vlwxdwlrq ehorz/ dv zh dvvxph d
vwdwlrqdu| +ru orqj0whup, shuvshfwlyh1

; Lq wklv �jxuh dqg wkh iroorzlqj wzr �jxuhv/ wkh uxohv wkdw zhuh lq h�hfw lq Dsulo 4<<9 duh dssolhg1
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whvwhg krxvlqj vxevlg| dv vrrq dv wkh shuvrq kdv ohiw UPL +zkloh lqfrph iurp UPL lv qrw,>

dv d uhvxow/ wkh vxevlg| gursv wr �u ' 2ee Hxurv dw wklv srlqw1 Ixuwkhupruh/ wklv lqfrph

lv wd{hg wkurxjk wkh lqfrph wd{ dqg lv vxemhfw wr wkh �u phdqv0whvw1 Dw wkh lqfrph ohyhov

frqvlghuhg lq wkh �jxuh/ wkh surjuhvvlyhqhvv ri wkh pdujlqdo wd{ udwh lv sulpdulo| wkh uhvxow

ri �u udwkhu wkdq lqfrph wd{ +xqolnh �jxuh 4,1

Dw wkh rwkhu hqg ri wkh vshfwuxp/ frqvlghu d frxsoh zlwk 6 fkloguhq/ rqh ehorz 6/ zklfk

uhfhlyhv d krxvlqj vxevlg| +Iljxuh 6,1 Wkhlu uhvrxufhv duh 4/4:: Hxurv xqghu wkh UPL

+wkh wkuhvkrog ehlqj <59 Hxurv/ wr zklfk wkh rqh dggv wkh krxvlqj vxevlg| ohvv wkh �{hg

ghgxfwlrq,1 Wkh krxvhkrog ehfrphv lqholjleoh iru wkh UPL rqfh oderu hduqlqjv h{fhhg 754

Hxurv vlqfh/ diwhu dgglqj lq idplo| ehqh�wv/ wkh krxvhkrog dwwdlqv wkh UPL wkuhvkrog1 Wkh

pdujlqdo h�hfwlyh wd{ udwh gursv ehorz 433( iru krxvhkrog hduqlqjv eh|rqg 754 Hxurv
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+dowkrxjk wkhuh lv vwloo wkh lq�qlwh pdujlqdo wd{ udwh dvvrfldwhg zlwk wkh orvv ri wkh krxvlqj

vxevlg| dw 755 Hxurv ri oderu hduqlqjv,/ exw uhpdlqv dw 63( rq dyhudjh xqwlo oderu lqfrph

uhdfkhv doprvw 4833 Hxurv1 Wklv lv ehfdxvh ri wkh lpsruwdqfh ri phdqv whvwhg idplo|0uhodwhg

wudqvihuv iru wklv w|sh ri krxvhkrog1 Wkh wd{ udwh wkhq gursv wr ohvv wkdq 8( rqfh lw ghshqgv

vroho| rq wkh lqfrph wd{/ zklfk lv yhu| idyrudeoh wr odujh idplolhv1

Lw lv fohdu wkdw wkh Iuhqfk zhoiduh v|vwhp lpsrvhv yhu| kljk h�hfwlyh pdujlqdo wd{ udwhv

rq oderu lqfrph/ xs wr 433( +dqg orfdoo| lq�qlw|,/ ryhu d odujh udqjh ri oderu hduqlqjv gxh

wr lwv frpsoh{lw| dqg wkh dffxpxodwlrq ri phdqv0whvwhg vfkhphv1 Wklv srlqw kdv riwhq ehhq

qrwhg lq wkh olwhudwxuh +e| Odurtxh dqg Vdodqlì +4<<<,/ dprqj rwkhuv, dqg wkh lvvxh ri lwv

glvlqfhqwlyh h�hfwv rq oderu vxsso| lv vxemhfw wr dfwlyh ghedwh1 Dowkrxjk wkh hqwluh sur�oh

ri wkh wd{ udwh lv ri lqwhuhvw/ oderu vxsso| ehkdylru lv riwhq glvfrqwlqxrxv lq qdwxuh/ dqg

;
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wkxv fhuwdlq udqjhv ri �jxuhv 406 pd| eh pruh uhohydqw wkdq rwkhuv1 Rqh dlp ri wklv sdshu

lv wr lghqwli| suhflvho| wkh srlqwv wkdw duh uhohydqw wr wkh dfwxdo ehqh�fldulhv ri UPL/ dqg

frpsduh wkhlu srwhqwldo lqfrphv zlwk wkhlu uhvrxufhv rq zhoiduh1 Lq sduwlfxodu/ zh frqvlghu

srwhqwldo dqqxdo oderu lqfrph/ jlyhq revhuyhg dqg xqrevhuyhg fkdudfwhulvwlfv/ wr eh wkh

uhohydqw srlqw1

6 Wkh Hfrqrphwulf Vshfl�fdwlrq

614 Wkh Edvlf Vwuxfwxudo Prgho

Lq rughu wr hvwlpdwh wkh vl}h ri wkh gl�huhqwldo ehwzhhq oderu pdunhw hduqlqjv dqg wkh UPL/

zh qhhg wr eh deoh wr lpsxwh h{shfwhg oderu pdunhw hduqlqjv iru wkrvh lqglylgxdov zkr

uhfhlyh wkh UPL1 Wklv lpsolhv wkh hvwlpdwlrq ri d prgho iru wkh ghwhuplqdwlrq ri oderu

pdunhw hduqlqjv wkdw fdq eh frpsduhg wr wkh dprxqw wkdw wkh lqglylgxdo fdq h{shfw wr

uhfhlyh dv d jxdudqwhhg plqlpxp lqfrph1 Krzhyhu/ vlqfh wklv prgho zloo rqo| eh hvwlpdeoh

iru wkh lqglylgxdov iru zkrp zh revhuyh oderu pdunhw hduqlqjv/ wkhuh lv olnho| wr eh d vhohfwlrq

eldv lq wkh hvwlpdwhv ri wkh frh!flhqwv ri wkh hduqlqjv prgho li zh gr qrw dffrxqw iru wkh

idfw wkdw hpsor|phqw lq wkh oderu pdunhw frxog eh fruuhodwhg zlwk wkh zdjh ru krxuv wkdw

d zrunhu frxog h{shfw li kh ru vkh zhuh wr sduwlflsdwh1

Irupdoo|/ zh vxssrvh wkdw hpsor|huv sursrvh mrev wkdw fdq eh fkdudfwhul}hg e| dq krxuo|

zdjh udwh E�� dqg d qxpehu ri krxuv zrunhg E�� ryhu wkh wlph shulrg1 Jlyhq wkh glyhuvlw|

ri hpsor|huv dqg mrev dydlodeoh lq wkh oderu pdunhw/ d odujh qxpehu ri E�c �� sdluv zloo eh

sursrvhg lq wkh hfrqrp| wr hdfk lqglylgxdo zlwk d jlyhq vhw ri surgxfwlyh fkdudfwhulvwlfv Ef�1

Wkh vhw ri sursrvhg zdjh0krxuv sdluv irupv wkh oderu ghpdqg fxuyh iru wkh lqglylgxdo/ zklfk

fdq eh ghvfulehg e| wkh ghqvlw| sE�c �mf�1 Lq sduwlfxodu/ zh ghvfuleh wkh mrlqw frqglwlrqdo
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glvwulexwlrq ri � dqg � dv iroorzv1

*L}� ' fq n � +4,

*L} � ' fB n � +5,

zkhuh � dqg � duh uhvlgxdov wkdw duh dvvxphg wr iroorz d elyduldwh qrupdo glvwulexwlrq zlwk

T E�� ' j2

�
/ T E�� ' j2

�
dqg SJ�E�c �� ' j��1 Wkh yhfwru f frqwdlqv wkh fkdudfwhulvwlfv wkdw

duh lpsruwdqw iru wkh hpsor|hu/ vxfk dv wkh vh{ ri wkh lqglylgxdo dqg klv ru khu kxpdq fdslwdo

+sur{lhg e| hgxfdwlrq/ qdwlrqdolw| dqg h{shulhqfh lq wkh oderu pdunhw,1 Ixuwkhupruh/ zh

dvvxph wkdw ghprjudsklf fkdudfwhulvwlfv/ idplo| vwdwxv dqg krxvhkrog zhdowk gr d�hfw oderu

vxsso| exw gr qrw d�hfw surgxfwlyh fdsdflwlhv/ dqg duh wkxv qrw lqfoxghg lq wkh yhfwru f

wkdw ghwhuplqhv wkh oderu ghpdqg fxuyh1 Wkhvh dgglwlrqdo yduldeohv duh uhjurxshg lqwr wkh

yhfwru ~1

Rxu �qdo remhfwlyh lv wr hvwlpdwh fruuhfwo| wkh sdudphwhuv ri htxdwlrqv +4, dqg +5, lq

rughu wr eh deoh wr ghvfuleh wkh vhw ri r�huv wkdw hdfk lqglylgxdo pljkw uhfhlyh/ uhjdugohvv ri

zkhwkhu kh ru vkh lv dfwxdoo| hpsor|hg dw wkh wlph ri wkh vxuyh|1 Lq sduwlfxodu/ oderu pdunhw

hduqlqjv iru hdfk lqglylgxdo/ frqglwlrqdo rq f/ fdq eh zulwwhq dv

*L}` ' *L}� n *L} � ' fEq n B� n �n � +6,

zkhuh ` lv wrwdo oderu hduqlqjv1

Wklv frqglwlrqdo hduqlqjv ohyho frpelqhv wkh lqglylgxdo*v vshfl�f krxuo| zdjh udwh zlwk

wkh frqvwudlqwv wkdw kh ru vkh pljkw idfh lq whupv ri lpsrvhg sduw0wlph zrun1 Jlyhq wkh

lqfuhdvlqj suhydohqfh ri sduw0wlph zrun lq wkh Iuhqfk oderu pdunhw/ lw lv lpsruwdqw wr eh

deoh wr glvwlqjxlvk wkh uroh ri lpsrvhg sduw0wlph zrun1 Rqh vlpsoh zd| ri grlqj wklv lv wr
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frpsduh wkh hvwlpdwhg hduqlqjv glvwulexwlrq zlwk d vlpxodwhg hduqlqjv glvwulexwlrq lq zklfk

zh duelwudulo| dvvljq ixoo0wlph mrev wr hyhu|rqh zlwkrxw frqglwlrqlqj wkh zdjh glvwulexwlrq

rq ixoo0wlph zrun1

Wklv prgho fdq eh vlwxdwhg zlwk wkh frqwh{w ri wkh olwhudwxuh rq mre vhdufk1 Lqglylgxdov

gudz mre r�huv iurp wkh mrlqw glvwulexwlrq ghvfulehg e| htxdwlrqv +4, dqg +5,1 Wkh| ghulyh

wkhlu oderu vxsso| ixqfwlrq/ h{suhvvhg lq whupv ri krxuv ri zrun/ dv

�7E�c~�� +7,

Wklv ixqfwlrq ydulhv dfurvv lqglylgxdov zlwk wkhlu fkdudfwhulvwlfv ~ +zklfk ghwhuplqh wkh

suhihuhqfh vwuxfwxuh,/ zklfk lv zk| revhuyhg oderu krxuv duh qrw vlpso| d ixqfwlrq ri zdjhv

� exw dovr ri fkdudfwhulvwlfv ~1

Wkh oderu vxsso| olwhudwxuh w|slfdoo| dvvxphv wkdw lqglylgxdov zloo rqo| dffhsw mrev wkdw

olh rq wkhlu oderu vxsso| fxuyhv/ l1h1 wkh vhw ri E�c �� sdluv wkdw vdwlvi|

� ' �7E�c~��

Wklv lv olnho| wr eh wrr uhvwulfwlyh/ dv vxfk dq dssurdfk zloo idlo wr dffrxqw iru zrunhuv zkr

duh hpsor|hg lq mrev zkhuh wkh sduw0wlph krxuv duh lpsrvhg e| wkh hpsor|hu +udwkhu wkdq

fkrvhq e| wkh lqglylgxdo,1 Dv d uhvxow/ zh wdnh dq dowhuqdwlyh/ uhvhuydwlrq xwlolw|/ dssurdfk1

Zh vxssrvh wkdw d shuvrq zloo dffhsw dq| r�hu E�c �� zklfk surylghv dw ohdvw d uhvhuydwlrq

ohyho ri xwlolw| L W/ hyhq li wklv mre grhv qrw olh rq wkh oderu vxsso| fxuyh1 Wklv uhvhuydwlrq

xwlolw| ohyho lv ghwhuplqhg lq sduw e| wkh krxvhkrog*v glvsrvdeoh lqfrph li wkh lqglylgxdo

grhv qrw zrun1 Krzhyhu/ lq wkh frqwh{w ri wkh vhdufk dssurdfk wr wkh oderu pdunhw/ wklv

uhvhuydwlrq xwlolw| ohyho vkrxog dovr ghshqg rq wkh glvwulexwlrq sE�c �mf� iurp zklfk wkh

lqglylgxdo gudzv klv ru khu mre r�huv1 Wkxv wkh uhvhuydwlrq xwlolw| ohyho fdq eh h{suhvvhg dv
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d ixqfwlrq L W Efc~c 0�/ zkhuh f dqg ~ duh dv gh�qhg deryh dqg 0 uhsuhvhqwv xqrevhuyhg

lqglylgxdo khwhurjhqhlw|1

Zh vxssrvh wkdw dq lqglylgxdo*v xwlolw| lv d ixqfwlrq ri frqvxpswlrq< dqg krxuv zrunhg/

frqglwlrqdo rq ~ dqg 0/ l1h1 L E��n +fc �(~c 0�/ zkhuh +f lv qrq0oderu lqfrph dqg wkxv

�� n +f uhsuhvhqwv vwhdg|0vwdwh zhhno| frqvxpswlrq1 Zlwk wklv qrwdwlrq/ d mre E�c �� lv

dffhswhg li

L E��n +fc �(~c 0� � L W Efc~c 0� � +8,

Lq �jxuh 7/ zh kdyh gudzq wkh lqgl�huhqfh fxuyh +iru vwulfwo| frqyh{ suhihuhqfhv, fru0

uhvsrqglqj wr wkh uhvhuydwlrq xwlolw| ohyho LW Efc~c 0� lq frqvxpswlrq0krxuv ri zrun vsdfh1

Qrwh wkdw krxuv zrunhg lqfuhdvhv iurp 3 wr d pd{lpxp A dv rqh pryhv iurp uljkw wr ohiw

dorqj wkh krul}rqwdo d{lv1 Wkh vkdghg duhd ghvljqdwhv wkh vhw ri dffhswdeoh mrev dqg wkh

olqhv sdvvlqj wkurxjk wkh srlqw D uhsuhvhqw gl�huhqw exgjhw vhwv fruuhvsrqglqj wr gl�huhqw

krxuo| zdjhv1 Lq wkh devhqfh ri +dq|wklqj exw oxps0vxp/ qrq0phdqv0whvwhg, wudqvihuv/ wkh

devroxwh ydoxh ri wkh vorsh ri wkh exgjhw vhw fruuhvsrqgv wr wkh krxuo| zdjh1 Dw srlqw ��/

dq krxuo| zdjh ri �� lpsolhv d xqltxh dffhswdeoh E�c �� sdlu zklfk surylghv d xwlolw| ohyho

h{dfwo| htxdo wr wkh uhvhuydwlrq xwlolw| L W1 Wkxv/ dv rqh zrxog h{shfw/ iru wkh vdph qxpehu

ri oderu krxuv ��/ dq| krxuo| zdjh deryh �� +vxfk dv �2, zloo surylgh wkh lqglylgxdo zlwk

d vwulfwo| kljkhu ohyho ri xwlolw|143 Zh h{sorlw wklv surshuw| dv d phdqv ri fkdudfwhul}lqj

frqglwlrq +8,/ zklfk ghwhuplqhv hpsor|phqw144

< Jlyhq wkdw zh dvvxph vwdwlrqdulw| wkurxjkrxw wklv sdshu/ zh gr qrw gluhfwo| frqvlghu wkh txhvwlrq ri
vdylqjv dqg wkh lqwhuwhpsrudo doorfdwlrq ri frqvxpswlrq1

43 Zlwkrxw ixuwkhu dvvxpswlrqv frqfhuqlqj wkh ixqfwlrqdo irup ri X / zh fdqqrw ghwhuplqh zkhwkhu vxfk
srlqwv zrxog eh rq wkh oderu vxsso| fxuyh ru qrw1 W|slfdoo| rqh zrxog dvvxph wkdw ohlvxuh lv d qrupdo
jrrg/ zklfk zrxog vxjjhvw wkdw wkh oderu vxsso| fxuyh zrxog eh srvlwlyho| vorshg/ dqg qrw yhuwlfdo/ rq wklv
gldjudp1
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Ohw �W eh wkh krxuo| zdjh zklfk/ iru d jlyhq qxpehu ri krxuv � vdwlv�hv

L E�W�n +Jc �(~c 0� ' LW�

Li xwlolw| lv lqfuhdvlqj lq frqvxpswlrq dqg suhihuhqfhv duh vwulfwo| frqyh{/ wkhq L lv d vwulfwo|

lqfuhdvlqj ixqfwlrq ri �W +dv vhhq deryh,/ dqg wkhuhiruh lwv lqyhuvh h{lvwv1 Zh fdq wkxv zulwh

�W ' }EL Wc �(~c 0�

dqg zh fdq uhzulwh frqglwlrq +8, wkdw gh�qhv wkh vhw ri E�c �� sdluv wkdw duh dvvrfldwhg zlwk

dffhswdeoh mrev dv

L E��n +Jc �(~c 0� � L E�W�n +Jc �(~c 0� ' LW Efc~c 0�

ru � � �W ' }EL WEfc~c 0�c �(~c 0� +9,

Frqglwlrq +8, uhzulwwhq dv frqglwlrq +9, doorzv xv wr ghvfuleh hpsor|hg lqglylgxdov lq

whupv ri wkhlu zdjhv dqg krxuv/ dv zhoo dv wkhlu fkdudfwhulvwlfv f dqg ~1 Lq rxu prgho +xqolnh

zkdw lv w|slfdoo| grqh lq wkh olwhudwxuh rq zrun krxuv,/ zh gr qrw lqwurgxfh ghprjudsklf

fkdudfwhulvwlfv gluhfwo| lqwr wkh krxuv zrunhg htxdwlrq +5, exw udwkhu lq wkh hpsor|phqw

vhohfwlrq htxdwlrq +9,1 Zh xvh wkh h{rjhqrxv yduldwlrq lq wkh oderu vxsso| fxuyhv +ru udwkhu

mre dffhswdqfh uhjlrqv, frplqj iurp ~ wr lghqwli| wkh oderu ghpdqg fxuyhv gh�qhg e| +4,

dqg +5,1

Wkh prgho ghvfulehg deryh fdq eh hvwlpdwhg gluhfwo| rqo| li zh duh zloolqj wr pdnh

dgglwlrqdo ixqfwlrqdo irup dvvxpswlrqv rq L 1 Wklv zrxog doorz xv wr uhfryhu wkh ixqfwlrq

44 Lq wkh suhvhqfh ri wkh fxuuhqw v|vwhp ri wudqvihuv lq Iudqfh/ wkh exgjhw vhwv vkrzq lq �jxuh 7 zrxog eh
hyhq pruh qrq0olqhdu1 Qhyhuwkhohvv/ zlwk wkh h{fhswlrq ri wkh glvfrqwlqxlw| dw wkh UPL/ wkh uhvxow frqfhuqlqj
wkh lqfuhdvh lq xwlolw| zlwk zdjhv/ frqglwlrqdo rq krxuv/ vwloo krogv1 Odurtxh ) Vdodqlì +5333, hvwlpdwh d
vwuxfwxudo prgho wkdw wdnhv lqwr dffrxqw wkh irup ri wkh exgjhw frqvwudlqwv/ exw zlwkrxw dffrxqwlqj iru
k dv d fkrlfh yduldeoh1 Khuh/ zh xvh wklv prgho rqo| wr surylgh d wkhruhwlfdo irxqgdwlrq iru wkh vhohfwlrq
phfkqlvp dw zrun/ frqvlghulqj d vlpsoh olqhdu dssur{lpdwlrq ri wkh fohduo| qrq0olqhdu/ glvfrqwlqxrxv exgjhw
vhw1
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�7 zklfk fdq qrw eh gluhfwo| hvwlpdwhg dv wkh lqglylgxdov revhuyhg lq rxu gdwd zloo qrw/

lq jhqhudo/ eh rq wkhlu oderu vxsso| fxuyhv1 Lq sduwlfxodu/ li zh nqrz wkh ixqfwlrq irup ri

L wkhq zh fdq ghwhuplqh h{dfwo| wkh ixqfwlrq }1 Zh kdyh vhw rxuvhoyhv d pruh prghvw jrdo

lq wklv sdshu/ dv frqglwlrq +9, lv rqo| xvhg wr mxvwli| rxu vwdwlvwlfdo frqwuro ri vhohfwlrq h�hfwv

lq wkh hvwlpdwlrq1 Wkxv zh suhihu d pruh uhgxfhg irup dssurdfk/ lq zklfk zh wdnh vlpsoh

olqhdu dssur{lpdwlrqv wr wkh pruh jhqhudo ixqfwlrqv } EL Wc �(~c 0� dqg L W Efc~c 0�1

Ehiruh glvfxvvlqj wkh hfrqrphwulf vshfl�fdwlrq lq pruh ghwdlo/ lw lv zruwk qrwlqj wkdw zh

kdyh qrw h{solflwo| prghohg sduwlflsdwlrq/ exw udwkhu hpsor|phqw1 Zh kdyh vshfl�hg rxu

prgho lq rughu wr dyrlg wkh qhhg wr uhihu wr ghfoduhg sduwlflsdwlrq lq rxu vxuyh| gdwd/ vlqfh

Mrqhv dqg Ulgghoo +4<<<, kdyh ghprqvwudwhg wkdw wkh glvwlqfwlrq ehwzhhq ghfoduhg xqhpsor|0

phqw dqg ghfoduhg qrq0sduwlflsdwlrq rqo| sduwldoo| fdswxuhv wkh gl�huhqfh lq uhhpsor|phqw

suredelolwlhv dfurvv lqglylgxdov/ dqg wkdw gl�huhqw lqglylgxdov vhhp wr lqwhusuhw wkh whupv

�xqhpsor|phqw� dqg �qrq0sduwlflsdwlrq� gl�huhqwo|1 Rxu vshfl�fdwlrq wuhdwv lqdfwlylw| dqg

xqhpsor|phqw v|pphwulfdoo|/ dv vlwxdwlrqv lq zklfk wkh suredelolw| wkdw dqg lqglylgxdo uh0

fhlyhv d mre r�hu E�c �� wkdw surylghv klp ru khu zlwk dw ohdvw wkh uhvhuydwlrq xwlolw| ohyho

LW lv yhu| orz1 Lq wklv fdvh/ L W lv forvh wr wkh xwlolw| ohyho dwwdlqhg zkhq � ' f1

Zkhq vlwxdwlqj wklv prgho zlwk uhvshfw wr wkh mre vhdufk olwhudwxuh/ lw zrxog dsshdu wkdw

zh kdyh ohiw rxw wkh r�hu duulydo lqwhqvlw|1 Wklv zloo ghshqg rq wkh shuvrq*v oderu pdunhw

shuvshfwlyhv +zklfk duh d ixqfwlrq ri f, dqg wkh lqglylgxdo*v vhdufk lqwhqvlw| +zklfk zloo

eh d ixqfwlrq ri ~,1 Zlwkrxw ixuwkhu ixqfwlrqdo irup dvvxpswlrqv/ zh zrxog eh xqdeoh

wr vhsdudwho| lghqwli| wkhvh idfwruv1 Krzhyhu/ vlqfh zh duh rqo| lqwhuhvwhg lq wkh uhgxfhg

irup ri frqglwlrq +8,/ dqg vlqfh zh zloo wdnh d �uvw0rughu dssur{lpdwlrq wr wkh duelwudu|

ixqfwlrqdo irupv ghvfulehg e| frqglwlrq +9,/ rqh fdq frqvlghu wkdw gl�huhqfhv lq r�hu duulydo
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lqwhqvlw| duh dovr lpsolflwo| fdswxuhg lq rxu hvwlpdwlrq1 Wkh rqo| dvvxpswlrq qhfhvvdu| khuh lv

wkdw wkhuh eh qr glvfrqwlqxlw| ehwzhhq xqhpsor|phqw dqg lqdfwlylw|> dq lqdfwlyh lqglylgxdo

frqwlqxhv wr vhdufk/ exw shukdsv zlwk d yhu| zhdn lqwhqvlw|1

615 Hfrqrphwulf Wuhdwphqw ri Vhohfwlrq Eldv

Frqvlghu d olqhdu dssur{lpdwlrq ri frqglwlrq +9, ri wkh irup45

kf *L}� � ~� nf�% n k� *L} �n 0 +:,

Qrwh wkdw wklv h{suhvvlrq lpsrvhv vhsdudelolw| ehwzhhq wkh gl�huhqw prgho yduldeohv/ do0

wkrxjk lqwhudfwlrqv ehwzhhq wkh f dqg ~ yduldeohv frxog dovr eh lqfoxghg +hvshfldoo| zkhq

xvlqj odujh gdwd vhwv vxfk dv wkh Iuhqfk Oderu Irufh Vxuyh|,1 Rq wkh rwkhu kdqg/ dgglqj

 h{lelolw| lq whupv ri � dqg � zrxog pdnh wkh prgho vljql�fdqwo| pruh frpsolfdwhg146

Lq rxu uhgxfhg irup hvwlpdwlrq/ krzhyhu/ wklv uhvwulfwlrq rqo| uhdoo| frqvwudlqv wkh vhfrqg

prphqwv ri wkh glvwulexwlrq ri wkh uhvlgxdov1

Wkh ixoo prgho wkxv frqvlvwv ri frqglwlrq +:, dqg htxdwlrqv +4, dqg +5,1 Wkh prgho

sdudphwhuv duh q/ B/ �/ �
%
/ kf/ k� dqg doo ri wkh sdudphwhuv wkdw fkdudfwhul}h wkh yduldqfhv

dqg fryduldqfhv ri �/ � dqg 01 Ri frxuvh/ qrw doo ri wkhvh sdudphwhuv duh lghqwl�hg/ rq wkh rqh

kdqg ehfdxvh frqglwlrq +:, fdq eh duelwudulo| uhqrupdol}hg47 / dqg rq wkh rwkhu kdqg ehfdxvh

li � dqg 0 duh fruuhodwhg/ *L} � dqg 0 zloo dovr eh fruuhodwhg lq frqglwlrq +:,1 Krzhyhu/ vlqfh

*L} � lv d olqhdu ixqfwlrq ri f zkloh wkh f yhfwru dovr dsshduv lq frqglwlrq +:,/ zh gr qrw

45 Frqglwlrq +:, lv h{suhvvhg lq orjdulwkpv wr idflolwdwh wkh lqfrsrudwlrq ri htxdwlrqv +4, dqg +5,1 Rwkhu
dssur{lpdwlrqv/ iru h{dpsoh lq ohyhov dv rssrvhg wr orjv/ zrxog dovr eh ydolg1

46 Dpruh vdwlvidfwru| vshfl�fdwlrq dorqj wkhvh olqhv zrxog doorz iru kljkhu rughuv dqg lqwhudfwlrqv ehwzhhq
wkh orjz dqg orjk whupv1 Vxfk d vshfl�fdwlrq zrxog uhtxluh wkh lpsohphqwdwlrq ri hvwlpdwlrq phwkrgv wkdw
lqyroyh qxphulfdo vlpxodwlrqv1 Wklv frqvwlwxwhv dq dyhqxh iru ixwxuh uhvhdufk1

47 Wklv ihdwxuh lv ghulyhg iurp wkh ixqgdphqwdo lqyduldqfh ri suhihuhqfh rughulqjv wr prqrwrqlfdoo| lq0
fuhdvlqj wudqvirupdwlrqv ri wkh xqghuo|lqj xwlolw| ixqfwlrq1
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kdyh dq h{rjhqrxv vrxufh ri yduldwlrq wr lghqwli| k�1 Wkh vdph uhdvrqlqj krogv iru *L}� dqg

kf1 Lqwxlwlyho|/ hyhq li zh zhuh wr qrupdol}h T E0�/ lw zrxog qrw eh srvvleoh wr vhsdudwho|

lghqwli| �
%
/ kf/ k�/ SJ�E�c 0� dqg SJ�E�c 0�1 Zh h{dplqh wklv lvvxh lq ixuwkhu ghwdlo ehorz1

Vxevwlwxwlqj iru *L}� dqg *L} � lq frqglwlrq +:, jlyhv

h0 ' kf�� k�� � 0 � ~� nfE�% � kfq n k�B�� +;,

Gh�qh j�0 ' SJ� E�c 0� dqg j�0 ' SJ� E�c 0�1 Wkh suredelolw| wkdw frqglwlrq +;, lv vdwlv�hg/

l1h1 wkdw d shuvrq zloo eh revhuyhg lq hpsor|phqw/ lqfoxghv d whup fruuhvsrqglqj wr wkh

yduldqfh ri h01 Vlqfh T Eh0� fdq qrw eh lghqwl�hg h{foxvlyho| rq wkh edvlv ri d glfkrwrprxv

yduldeoh/ rqh pxvw qrupdol}h T Eh0�/ dqg wkh qrupdol}dwlrq w|slfdoo| fkrvhq lv T Eh0� ' �1 Wkh

hpslulfdo yduldqfh ri *L}� dqg lwv fryduldqfh zlwk f doorzv xv wr lghqwli| q dqg j2

�
/ wkh

hpslulfdo yduldqfh ri *L} � dqg lwv fryduldqfh zlwk f doorzv xv wr lghqwli| B hw j2

�
dqg wkh

fryduldqfh ehwzhhq *L}� dqg *L} � doorzv xv wr lghqwli| j��1 Ixuwkhupruh/ wkh revhuydwlrq

ri hpsor|phqw vwdwxv dv d ixqfwlrq ri ~ dqg f doorzv xv wr lghqwli| � dqg wkh h{suhvvlrq

E�
%
� kfq n k�B�1 Wkh fruuhodwlrq ehwzhhq *L}� dqg ~ lghqwl�hv j�0 mxvw dv wkh fruuhodwlrq

ehwzhhq *L} � dqg ~ lghqwl�hv j�01 Wkxv wkhuh uhpdlq 7 sdudphwhuv/ �
%
/ kf/ k� dqg T E0� wr

lghqwli| r� ri 5 hohphqwv +E�% � kfq n k�B� dqg wkh qrupdol}dwlrq,1 Fohduo|/ wkh prgho lq

wklv jhqhudo irup lv xqghulghqwl�hg1

Lw lv/ krzhyhu/ srvvleoh wr hvwlpdwh doo ri wkh sdudphwhuv ri htxdwlrqv +4, dqg +5,/ dv zhoo

dv wkh sdudphwhuv j�0 dqg j�0 zklfk/ zlwk wkh qrpdol}dwlrq T Eh0� ' �/ lv vx!flhqw wr rewdlq

frqvlvwhqw hvwlpdwruv ri wkh sdudphwhuv ri lqwhuhvw dqg wr doorz xv wr vlpxodwh zdjhv dq

krxuv dv zh qhhg ehorz1 Lw lv lqghhg srvvleoh wr ehwwhu lghqwli| wkh prgho/ lq sduwlfxodu zlwk

wkh khos ri dgglwlrq dvvxpswlrqv rq wkh ixqfwlrqdo irup ri wkh xwlolw| ixqfwlrq1 Zh suhihu/
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krzhyhu/ wr uhvwudlq rxuvhoyhv wr wkh plqlpxp qxpehu ri dvvxpswlrqv qhfhvvdu| wr hvwlpdwh

wkh sdudphwhuv zh qhhg1 Wkh olnholkrrg ixqfwlrq ghulyhg iurp wklv prgho lv ghwdlohg lq wkh

dsshqgl{1

7 Gdwd dqg Uhvxowv

Lq wklv vhfwlrq/ zh ehjlq e| ghvfulelqj wkh gdwd zh xvh iru rxu dqdo|vhv/ gudzq sulpdulo| iurp

wkh Iuhqfk �Rxwfrphv iru UPL Uhflslhqwv� +Ghyhqlu ghv shuvrqqhv vruwlhv gx UPL , Vxuyh|1

Zh qh{w surylgh vrph edvlf ghvfulswlyh dqdo|vlv frqfhuqlqj wkh mrev wkdw UPL uhflslhqwv

rewdlq zkhq wkh| ohdyh wkh UPL +dv irxqg lq rxu gdwd,/ dqg wkhq zh suhvhqw wkh uhvxowv ri

hvwlpdwlqj wkh prgho lq vhfwlrq 61

714 Wkh Gdwd

Zh xvh vhyhudo gdwd vrxufhv iru rxu hfrqrphwulf hvwlpdwlrq dqg iru rxu vlpxodwlrqv ri glvsrv0

deoh lqfrph1 Rxu sulpdu| gdwd vrxufh lv wkh Rxwfrphv iru UPL Uhflslhqwv Vxuyh| +Okrp0

phdx/ iruwkfrplqj,/ zklfk zdv xqghuwdnhq e| wkh Iuhqfk Qdwlrqdo Lqvwlwxwh iru Vwdwlvwlfv

dqg Hfrqrplf Vwxglhv +LQVHH, lq frooderudwlrq zlwk vhyhudo rwkhu sxeolf lqvwlwxwlrqv1 D

uhsuhvhqwdwlyh vdpsoh ri UPL uhflslhqwv zdv vxuyh|hg lq Ghfhpehu ri 4<<9/ wkhq 4 |hdu

odwhu lq Mdqxdu| 4<<;1 Zh h{sorlw wklv vhfrqg furvv0vhfwlrq zklfk lqfoxghv/ dorqj zlwk gh0

prjudsklf dqg krxvhkrog fkdudfwhulvwlfv/ lqirupdwlrq frqfhuqlqj wkh dfwlylw| vwdwxv ri wkh

UPL uhflslhqw/ lq sduwlfxodu klv ru khu prqwko| hduqlqjv dqg krxuv +li hpsor|hg, dv zhoo dv

doo ri wkh lqirupdwlrq qhfhvvdu| wr uhfrqvwuxfw wkh rwkhu wudqvihuv wr zklfk wkh krxvhkrog

lv holjleoh1 Wklv odvw srlqw lv sduwlfxoduo| lpsruwdqw/ vlqfh wkh krxvlqj vxevlglhv lqwurgxfh

d kljko| qrqolqhdu/ dqg vrphwlphv glvfrqwlqxrxv/ uhodwlrq ehwzhhq oderu hduqlqjv dqg glv0

srvdeoh lqfrph +vhh vhfwlrq 5,> lw lv wkxv fulwlfdo wr eh deoh wr lghqwli| krxvhkrogv wkdw kdyh
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dffhvv wr wklv vxevlg| dqg wr dgmxvw wkhlu glvsrvdeoh lqfrph dffruglqjo|11

Zh xvh wkh vxuyh| erwk wr hvwlpdwh wkh vwuxfwxuh ri zdjhv dqg krxuv dydlodeoh wr UPL

uhflslhqwv dqg wr vlpxodwh wkh srwhqwldo jdlqv wr hpsor|phqw iru wkh hqwluh srsxodwlrq ri UPL

uhflslhqwv1 Zh uhvwulfw rxu dwwhqwlrq wr shrsoh ehwzhhq 4: dqg 88 |hduv rog/ dqg zh h{foxgh

vwxghqwv dqg uhwluhhv/ zklfk ohdyhv xv zlwk 6/343 krxvhkrogv rxw ri wkh ruljlqdo 6/7481 Zh

dovr holplqdwh vhoi0hpsor|phqw lqfrph iru wkh hvwlpdwlrq1 Zh dvvxph 433 shufhqw wdnh0xs

ri wudqvihuv iru zklfk wkh krxvhkrog lv holjleoh lq wkh vlpxodwlrqv148 Wklv surylghv xv zlwk

d orzhu erxqg rq wkh vkduh ri krxvhkrogv wkdw zrxog jdlq iurp hpsor|phqw1

Lq rughu wr frpsduh wkh vlwxdwlrq ri UPL uhflslhqw krxvhkrogv wr wkdw ri wkh jhqhudo

srsxodwlrq ri krxvhkrogv/ zh dovr xvh wkh Iuhqfk vdpsoh ri wkh Hxurshdq Krxvhkrog Sdqho

Vxuyh|/ dovr uxq e| LQVHH1 Zh xvh wkh 4<<9 furvv0vhfwlrq dqg dsso| wkh vdph vdpsoh

vhohfwlrq fulwhuld dv deryh iru frpsdudelolw| zlwk wkh Rxwfrphv ri UPL Uhflslhqwv vxuyh|/

dv erwk vxuyh|v duh uhsuhvhqwdwlyh ri wkhlu uhvshfwlyh srsxodwlrqv lq wkdw |hdu1 Wkh Hxurshdq

Krxvhkrog Sdqho Vxuyh| dovr frqwdlqv vx!flhqw lqirupdwlrq wr uhfrqvwuxfw wkh vhw ri wudqvihuv

iru zklfk d jlyhq krxvhkrog lv holjleoh1 Rqh whfkqlfdo gl!fxow|/ krzhyhu/ uhvwv lq wkh idfw wkdw

d krxvhkrog/ e| wkh gh�qlwlrq ri wkh vwdwxwhv wkdw jryhuq wkh UPL/ grhv qrw fruuhvsrqg wr

LQVHH*v wudglwlrqdo gh�qlwlrq ri d krxvhkrog> d jlyhq LQVHH krxvhkrog pd| frqwdlq pxowlsoh

krxvhkrogv lq wkh UPL vhqvh1 Lq sduwlfxodu/ fkloguhq ryhu 58 +ru zlwk wkhlu rzq ghshqghqw

fkloguhq, ri wkh uhihuhqfh shuvrq lq wkh krxvhkrog fdq frqvwlwxwh d glvwlqfw krxvhkrog iru

wkh sxusrvh ri uhfhlylqj zhoiduh wudqvihuv1 Zh wkxv jhqhudwh qhz/ lqghshqghqw krxvhkrogv

iurp wkh ryhu058 fkloguhq/ dqg iurp wkh fkloguhq zkr duh wkhpvhoyhv sduhqwv/ zkr uhvlgh

48 Rxu gdwd gr qrw frqwdlq vx!flhqw lqirupdwlrq wr phdvxuh wdnhxs udwhv +vhh Jloohv0Vlprq dqg Ohjurv
+4<<9, iru d txdqwlwdwlyh dqdo|vlv ri ehqh�w wdnhxs lq Iudqfh,1
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zlwk wkhlu sduhqwv lq wkh Hxurshdq Krxvhkrog Sdqho Vxuyh|1 Wklv h{huflvh ohdyhv xv zlwk d

vdpsoh ri 6/777 krxvhkrogv1

Lq wkh �qdo sduw ri wklv sdshu/ zh uhhvwlpdwh wkh vwuxfwxuh ri zdjhv dqg krxuv rq wkh

hqwluh +phwursrolwdq, Iuhqfk srsxodwlrq/ dqg qrw mxvw rq UPL uhflslhqw krxvhkrogv1 Zh gr

qrw xvh wkh Hxurshdq Krxvhkrog Sdqho Vxuyh| iru wkhvh dqdo|vhv/ vlqfh hduqlqjv duh rqo|

dydlodeoh rq dq dqqxdo edvlv/ zlwk d prqwko| dfwlylw| fdohqgdu ghvfulelqj prqwkv zrunhg

ixoo0wlph/ orqj sduw0wlph dqg vkruw sduw0wlph1 Wklv lqwurgxfhv wzr vrxufhv ri huuru= sduwldo

prqwkv zrunhg dqg lpsuhflvlrq frqfhuqlqj krxuv zrunhg1 Dv d uhvxow/ zh xvh d wklug vxuyh|/

wkh Iuhqfk Oderu Irufh Vxuyh| ri 4<<; +zklfk doorzv wkh phdvxuhg zdjhv wr eh frpsdudeoh

zlwk wkh Mdqxdu| 4<<; iroorz0xs ri wkh Rxwfrphv ri UPL Uhflslhqwv Vxuyh|,1 Wkh Iuhqfk

Oderu Irufh Vxuyh| kdv d vwuxfwxuh vlplodu wr wkh Dphulfdq Fxuuhqw Srsxodwlrq Vxuyh| dqg

lw kdv wkh dgydqwdjh ri fryhulqj d odujh/ uhsuhvhqwdwlyh vdpsoh> zh uhwdlq +zlwk rxu vhohfwlrq

fulwhuld, 66/:6: phq/ ri zklfk 5;/3<; duh hpsor|hg dw wkh vdpsoh gdwh +Pdufk 4<<;,/ dqg

6;/887 zrphq/ ri zklfk 57/<:8 duh hpsor|hg dw wkh vdpsoh gdwh1

Wkh frpsdulvrqv edvhg rq wkh gl�huhqw vxuyh|v duh pdgh hdvlhu e| wkh idfw wkdw doo ri wkh

vdpsohv duh uhsuhvhqwdwlyh ri wkhlu uhvshfwlyh srsxodwlrqv/ doo zhuh xqghuwdnhq e| LQVHH

dqg doo xvh wkh vdph yduldeoh frglqjv dqg qrphqfodwxuhv1 Lq sduwlfxodu/ Wkh Iuhqfk vdpsoh

iurp wkh Hxurshdq Krxvhkrog Sdqho Vxuyh| dqg wkh Iuhqfk Oderu Irufh Vxuyh| duh yhu|

vlplodu lq whupv ri ghvfulswlyh vwdwlvwlfv1

715 Uhdol}hg Rxwfrphv ri wkh UPL Uhflslhqw Srsxodwlrq

Ehiruh frqvlghulqj srwhqwldo jdlqv wr hpsor|phqw iru wkh UPL uhflslhqw srsxodwlrq/ lw lv

xvhixo wr dqdo|}h wkh uhdol}hg rxwfrphv iru wkrvh zkrp/ dw d srlqw lq wlph/ duh dfwxdoo|
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hpsor|hg/ hyhq wkrxjk wklv frqvwlwxwhv d srvvleo| qrq0uhsuhvhqwdwlyh vxevhw ri wkh ixoo UPL

uhflslhqw srsxodwlrq1 Hyhq wkrxjk wkhuh h{lvw vhyhudo vwdwlvwlfdo phdqv ri ghvfulelqj wkh

vwuxfwxuh ri zdjhv dqg krxuv/ wkh rqo| gdwd vrxufh wkdw doorzv vxfk d ghwdlohg dqdo|vlv lv

wkh Rxwfrphv ri UPL Uhflslhqwv vxuyh|1

Dv qrwhg deryh/ wkh Mdqxdu| 4<<; vdpsoh lv d iroorz0xs vxuyh|/ 4 |hdu odwhu/ ri wkh

uhsuhvhqwdwlyh Ghfhpehu 4<<9 vdpsoh1 Ri wkh lqlwldo Ghfhpehu 4<<9 vdpsoh/ rqh0wklug duh

hpsor|hg d |hdu odwhu/ rqo| 43( ri zkrp duh lq vhoi0hpsor|phqw1 Dprqj wkrvh lq uhjxodu

hpsor|phqw/ 67( duh hpsor|hg xqghu d vshfldo �{hg0whup/ vxevlgl}hg frqwudfw fdoohg wkh

Hpsor|phqw Vrolgdulw| Frqwudfw +Frqwudw hpsorl vrolgdulwì/ ru FHV,1 Wkhvh mrev duh kdoi0

wlph mrev sdlg dw wkh plqlpxp zdjh dqg wkh| duh uxq wkurxjk wkh jryhuqphqw*v dfwlyh

oderu pdunhw srolflhv1 ]r|hp +4<<<, vkrzv wkdw wklv vruw ri frqwudfw lv iuhtxhqwo| sursrvhg wr

UPL uhflslhqwv/ dqg lv rffdvlrqdoo| lqfrusrudwhg lq dqg lqglylgxdo*v �uhlqvhuwlrq frqwudfw�149

Wkhvh frqwudfwv duh fohduo| ylvleoh zkhq wudflqj wkh hpslulfdo glvwulexwlrq ri prqwko|

hduqlqjv iru wkh hpsor|hg +exw qrw vhoi hpsor|hg, vxevdpsoh ri wkh Mdqxdu| 4<<; vxuyh|/ dv

lq sdqhov +d, dqg +e, ri �jxuh 81 Wkh FHV frqwudfwv lqgxfh vslnhv lq wkh glvwulexwlrqv dw wkh

sduw0wlph plqlpxp zdjh iru zrphq dqg dw erwk wkh sduw0wlph dqg ixoo0wlph plqlpxp zdjh

iru phq1 Zkhq zh uhwudfh wkh hduqlqjv glvwulexwlrqv h{foxglqj wkrvh rq FHV frqwudfwv/ wkh

vslnhv dw wkh sduw0wlph plqlpxp zdjh duh gudpdwlfdoo| uhgxfhg +sdqhov +f, dqg +g, ri �jxuh

8,1

Iljxuh 8 pdnhv fohdu wkdw wkh hduqlqjv ri UPL uhflslhqwv/ rqfh uhhpsor|hg/ duh h{wuhpho|

orz dqg frqfhqwudwhg durxqg wkh kdoi0wlph dqg ixoo0wlph plqlpxp zdjh1 Lw lv dovr fohdu wkdw

49 Uhlqvhuwlrq frqwudfwv duh qhjrwldwhg ehwzhhq wkh UPL uhflslhqw dqg klv ru khu fdvhzrunhu/ dqg duh
lqwhqghg wr khos wkh UPL uhflslhqw sodq klv ru khu wudqvlwlrq iurp zhoiduh edfn lqwr zrun +]r|hp/ 4<<<,1
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Iljxuh 8= Nhuqho Glvwulexwlrqv ri Prqwko| Hduqlqjv iru Hpsor|hg Vxevdpsoh lq Mdqxdu|
4<<;1
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dfwlyh oderu pdunhw srolf|/ lq wkh irup ri FHV frqwudfwv/ sod|v dq lpsruwdqw uroh lq wklv

skhqrphqrq1 Wklv vxjjhvwv wkdw wkh jdlqv wr hpsor|phqw wkdw zloo eh suhvhqwhg ehorz duh

olnho| wr eh vhqvlwlyh wr wkh srvlwlrq ri wkh hfrqrplf f|fohv dv zhoo dv wkh dwwlwxgh ri srolf|

pdnhuv wrzdug dfwlyh oderu pdunhw srolf|1

Zh edvh rxu hvwlpdwhv ri wkh jdlq wr uhhpsor|phqw rq wkhvh revhuyhg hduqlqjv1 Qhyhu0

wkhohvv/ lw lv qrw fohdu wkdw wkh vhw ri mrev revhuyhg lq rxu vdpsoh lv uhsuhvhqwdwlyh ri wkh vhw

ri mrev sursrvhg e| hpsor|huv/ dv vkrzq lq vhfwlrq 6141 Vlqfh lw lv rqo| wkh mrev wkdw surylgh

d vx!flhqw ohyho ri xwlolw| wkdw zloo eh dffhswhg/ zh zloo qrw eh deoh wr hvwlpdwh fruuhfwo|

wkh ixoo glvwulexwlrq ri mrev r�huhg14: Lq sduwlfxodu/ li zh revhuyh lqglylgxdov zlwk fhuwdlq

fkdudfwhulvwlfv glvsursruwlrqdwho| lq hpsor|phqw/ rxu hvwlpdwhv ri q dqg B lq htxdwlrqv +4,

dqg +5, pd| eh eldvhg +Khfnpdq/ 4<:<,1 Vlqfh zh xvh wkhvh hvwlpdwhv wr vlpxodwh hduqlqjv

iru wkh hqwluh UPL srsxodwlrq +lqfoxglqj wkrvh qrw revhuyhg lq hpsor|phqw,/ vxfk d eldv

frxog kdyh idu0uhdfklqj frqvhtxhqfhv/ dqg vr zh zloo whvw iru lwv suhvhqfh ehorz1

716 Hvwlpdwlrq Uhvxowv

Wkh uhvxowv ri hvwlpdwlqj wkh hduqlqjv ixqfwlrqv duh suhvhqwhg lq wdeoh 4/ vhsdudwho| iru phq

dqg zrphq/ dqg lqfoxglqj FHV frqwudfwv1 Whvwv ri wkh k|srwkhvlv wkdw wkhuh lv qr vhohfwlrq

eldv zkhq xvlqj wkh hpsor|hg vdpsoh uhodwlyh wr wkh ixoo Rxwfrphv ri UPL Uhflslhqwv vdpsoh

lq 4<<; +qrw vkrzq khuh, fdqqrw eh uhmhfwhg dw vwdqgdug vljql�fdqfh ohyhov1 Dv d uhvxow/ wkh

uhvxowv suhvhqwhg lq wdeoh 4/ fruuhvsrqglqj wr htxdwlrq +6,/ fdq eh hvwlpdwhg e| Ruglqdu|

Ohdvw Vtxduhv14;

4: Rxu sdudphwulf dvvxpswlrq ri mrlqw qrupdolw| ri wkh glvwxuedqfhv lq htxdwlrqv +4, dqg +5, zloo doorz xv
wr uhfrqvwuxfw wkh ixoo mrlqw glvwulexwlrq/ surylghg wkdw zh fdq rewdlq xqeldvhg hvwlpdwruv ri wkh frh!flhqwv
� dqg �1

4; Wklv lv d vlpsol�hg yhuvlrq ri wkh pruh frpsohwh prgho suhvhqwhg lq vhfwlrq 61 Pd{lpxp olnholkrrg
hvwlpdwlrq ri wkh ixoo prgho lv xvhg lq vhfwlrq 8161
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Wdeoh 4= Hduqlqjv Htxdwlrqv iru UPL Uhflslhqwv=
Orj Prqwko| Hduqlqjv

Zrphq Phq
Hgxfdwlrq=

Judgxdwh Vfkrro 317799- +315693, 318598-- +314936,
70|hdu Froohjh 3158:: +3155<4, 317546-- +314889,

50|hdu Froohjh +lqfo1 whfkqlfdo, 316<46- +315387, 3183<;-- +314747,
Kljk Vfkrro 03135;4 +31495:, 3155:<- +314646,

Yrf1 ru whfk1 wudlqlqj +orqj, 03133<3 +314:<8, 316997-- +3146:9,
Mxqlru Kljk Vfkrro 0314993 +31463;, 313646 +314376,

Yrf1 ru whfk1 wudlqlqj +vkruw, 0313777 +31467<, 314:85- +313<97,
Sulpdu| ru qr hgxfdwlrq uhi1 uhi1 uhi1 uhi1

Djh 031334; +313858, 313885 +313776,
Djh2 0313337 +313338, 313336 +313337,

Djh { Vfkrro ohdylqj djh 31333; +313349, 0313379-- +313345,
Vfkrro ohdylqj djh 313674 +31437<, 315:33-- +313::5,
Vfkrro ohdylqj djh2 0313348 +31334<, 0313369-- +313347,
Iuhqfk Qdwlrqdolw| 0315456- +314454, 0313345 +313:37,

Lqwhufhsw ;14483 +41:437, 8133<8-- +4167:<,

U2 3147 3146
Vrxufh= Rxwfrphv iru UPL Uhflslhqwv Vxuyh|1
Qrwhv= Vwdqgdug huuruv lq sduhqwkhvhv1 - = vljql�fdqw dw wkh 43( wkuhvkrog>

-- = vljql�fdqw dw wkh 8( wkuhvkrog1 Ruglqdu| ohdvw vtxduhv hvwlpdwhv1

Rxu vshfl�fdwlrq lqfoxghv hgxfdwlrq dv d vhw ri lqglfdwru yduldeohv fruuhvsrqglqj wr wkh

kljkhvw ghjuhh rewdlqhg/ d txdgudwlf vshfl�fdwlrq lq wkh qxpehu ri |hduv ri vfkrrolqj +yld

wkh vfkrro ohdylqj djh, dqg dq lqwhudfwlrq ri vfkrro ohdylqj djh zlwk wkh djh dw wkh gdwh ri

wkh vdpsoh14< Dowkrxjk wklv vshfl�fdwlrq surylghv xv zlwk frqvlghudeoh  h{lelolw| +zklfk lv

xvhixo lq wkh vlpxodwlrq h{huflvhv ehorz,/ lw uhqghuv wkh suhflvh lqwhusuhwdwlrq ri wkh hgxfdwlrq

frh!flhqwv pruh gl!fxow1

Iru d jlyhq ghjuhh ohyho dqg dw d jlyhq djh/ hduqlqjv lqfuhdvh zlwk wkh qxpehu ri |hduv ri

vfkrrolqj lq d frqfdyh idvklrq1 Djh grhv qrw kdyh d vljql�fdqw lpsdfw rq lwv rzq/ dowkrxjk

4< Lq oljkw ri wkh frpsoh{lw| ri wkh Iuhqfk hgxfdwlrqdo v|vwhp/ rxu olplwhg qxpehu ri ghjuhh fdwhjrulhv
vxjjhvwv wkdw hdfk fdwhjru| zloo lwvhoi eh vrphzkdw khwhurjhqhrxv1 Wkxv dq dgglwlrqdo |hdu ri vfkrrolqj iru
d jlyhq ghjuhh fdwhjru| pd| vljqli| hlwkhu rewhqwlrq ri d ghjuhh wkdw uhtxluhv d orqjhu dprxqw ri vfkrrolqj
zlwklq wkh fdwhjru| ru uhshwlwlrq ri d |hdu wr rewdlq d sduwlfxodu ghjuhh1 Wkhru| vxjjhvwv wkdw wkh �uvw srvvl0
elolw| vkrxog ohdg wr kljkhu hduqlqjv/ zkloh wkh vhfrqg vkrxog ohdg wr orzhu hduqlqjv1 Wkxv wkh lqwhusuhwdwlrq
ri wkh dgglwlrqdo |hduv ri vfkrrolqj whup lv dpeljxrxv1
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wkh uhwxuq wr dq dgglwlrqdo |hdu ri vfkrro vhhpv wr eh orzhu iru roghu phq wkdq iru |rxqjhu

phq1 Wkh devhqfh ri dq djh h�hfw rq prqwko| hduqlqjv lv gxh wr djh kdylqj d srvlwlyh

lpsdfw rq zdjhv exw d qhjdwlyh h�hfw rq krxuv153 Wkh frh!flhqwv rq wkh ghjuhh fdwhjrulhv

vxjjhvw d vljql�fdqw hduqlqjv suhplxp iru kljkhu hgxfdwlrq iru erwk phq dqg zrphq/ zlwk

d mxps iru wkrvh zlwk ghjuhhv deryh d kljk vfkrro glsorpd +edffdodxuìdw,1 Iru phq/ wkh

uhwxuqv wr erwk vruwv ri yrfdwlrqdo dqg whfkqlfdo wudlqlqj/ dv zhoo dv d kljk vfkrro glsorpd/

duh dovr vljql�fdqw +uhodwlyh wr qr hgxfdwlrq,1 Wklv grhv qrw vhhp wr eh wkh fdvh iru zrphq/

krzhyhu/ lq sduw gxh wr wkh idfw wkdw wkh odujh prgh dw wkh kdoi0wlph plqlpxp zdjh uhgxfhv

wkh yduldelolw| lq wkh gdwd ohiw wr eh h{sodlqhg1 Lq idfw/ wkh prghov vkrzq lq wdeoh 4/ lq

zklfk zh uhvwudlq rxu dwwhqwlrq wr wkh yduldeohv wkdw zrxog kdyh d gluhfw lpsdfw rq wkh

oderu ghpdqg fxuyh idflqj dq lqglylgxdo +wkh f yduldeohv lq vhfwlrq 614,/ kdyh d uhodwlyho|

orz h{sodqdwru| srzhu/ urxjko| kdoi ri zkdw lv w|slfdoo| rewdlqhg iru wklv w|sh ri prgho

rq Iuhqfk gdwd1 Dv d uhvxow/ rxw vlpxodwlrqv duh olnho| wr eh uhodwlyho| lpsuhflvh dw wkh

lqglylgxdo ohyho1 Iruwxqdwho|/ krzhyhu/ wklv lpsuhflvlrq dw wkh lqglylgxdo ohyho grhv qrw eldv

wkh djjuhjdwh vkduhv wkdw lqwhuhvw xv ehorz1

8 Wkh Jdlqv wr Hpsor|phqw

Zh xvh wkh uhvxowv iurp wdeoh 4 wr dvvljq wr hdfk krxvhkrog lq wkh ixoo +uhsuhvhqwdwlyh, vdpsoh

d ohyho ri hduqlqjv lq hpsor|phqw1 Wklv lv grqh dffruglqj wr htxdwlrq +6,/ zkhuh zh xvh wkh

hvwlpdwhg q dqg B iurp wdeoh 4 dqg dgglqj d gudz iurp wkh qrqsdudphwulf glvwulexwlrq ri

uhvlgxdov iurp wkh wdeoh 4 uhjuhvvlrq1 Wklv lv suhihudeoh wr vlpso| xvlqj h{shfwhg zdjhv lq

wkdw lw grhv qrw uhgxfh wkh yduldqfh dv pxfk dqg doorzv xv wr uhfryhu pxfk ri wkh elprgdolw|

53 Wkhvh uhvxowv frph iurp dx{loodu| uhjuhvvlrqv qrw vkrzq khuh/ exw dydlodeoh iurp wkh dxwkruv rq uhtxhvw1
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lq hduqlqjv ghvfulehg lq �jxuh 81 Wkh glvwulexwlrq ri hduqlqjv wkxv rewdlqhg lv uhsuhvhqwdwlyh

ri wkh glvwulexwlrq ri mre r�huv wkdw wklv srsxodwlrq pljkw uhfhlyh1

Jlyhq hdfk krxvhkrog*v oderu hduqlqjv/ zh dsso| wkh v|vwhp ri wd{hv dqg wudqvihuv suhvhqw

lq Iudqfh lq 4<<;/ dqg ghvfulehg lq vhfwlrq 5/ wr rewdlq d phdvxuh ri glvsrvdeoh lqfrph1 Iru

frpsdulvrq +dqg fdofxodwlrq ri wkh jdlq wr hpsor|phqw,/ wdeoh 5 ghvfulehv wkh glvsrvdeoh

lqfrph dydlodeoh wr gl�huhqw w|shv ri krxvhkrogv lq Mdqxdu| 4<<; zhuh wkh| wr olyh h{foxvlyho|

rq zhoiduh +wkh UPL,1 Rq dyhudjh/ wklv frphv wr 88< Hxurv shu prqwk1

Wdeoh 5= Glvsrvdeoh Lqfrph rq UPL e| Krxvhkrog W|sh
+Iudqfv shu Prqwk,

Glvs1 lqfrph Krxvlqj ( ri Qr1
rq UPL ehqh�w krxvh0 ri

Phdq V1 G1 Phdq V1 G1 ( Holj1 krogv rev1
Doo krxvhkrogv 88< 57; 4;7 <; 8<( 433( 6343
Vlqjoh phq 6;7 <6 494 ;; 69( 65( <7<

Vlqjoh zrphq 745 439 4;3 ;4 7;( 4;( 886
Vlqjoh zlwk 935 447 4:4 435 :<( 45( 696
rqh fklog
Vlqjoh zlwk :63 44: 4<; 437 ;;( 8( 53<
wzr fkloguhq

Vlqjoh zlwk pruh <7; 4:3 4<9 449 ;:( 6( 449
wkdq wzr fkloguhq

Frxsoh zlwk 95< 439 535 :: ;3( 8( 478
qr fklog

Frxsoh zlwk :47 449 4<6 <; ;4( :( 556
rqh fklog

Frxsoh zlwk ;6< 448 4<; 433 ;9( 9( 53:
wzr fkloguhq

Frxsoh zlwk pruh 43<7 53: 555 453 ;5( 9( 578
wkdq wzr fkloguhq
Vrxufh = Rxwfrphv iru UPL Uhflslhqwv Vxuyh|/ dxwkruv* frpsxwdwlrqv/ zhljkwhg gdwd1

Ri frxuvh/ wkh ryhudoo dyhudjh klghv pxfk krxvhkrog0ohyho khwhurjhqhlw|1 Iru h{dpsoh/ dy0

hudjh glvsrvdeoh lqfrph lv rqo| 6<6 Hxurv shu prqwk iru vlqjoh krxvhkrogv zlwkrxw fkloguhq/

zkloh frxsohv zlwk dw ohdvw 6 fkloguhq uhfhlyh rq dyhudjh 4/3<7 Hxurv shu prqwk1 Ixuwkhu0

pruh/ wkhuh lv vxevwdqwldo khwhurjhqhlw| hyhq zlwklq wkh vdph w|sh ri krxvhkrog/ ghvslwh wkh
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idfw wkdw wkh UPL rqo| ghshqgv xsrq krxvhkrog vwuxfwxuh1 Wklv lv uh hfwhg e| wkh odujh

vwdqgdug ghyldwlrqv lq wdeoh 5 dqg frphv iurp wkh idfw wkdw wkh krxvlqj ehqh�w lv fxpxodeoh

zlwk wkh UPL dqg lqgxfhv vxevwdqwldo yduldwlrq lq wudqvihu dprxqwv edvhg rq zkhwkhu wkh

krxvhkrog uhfhlyhv wkh ehqh�w dqg lwv dprxqw1 Iru wklv uhdvrq/ lw lv lpsruwdqw wr kdyh gdwd

vx!flhqwo| ghwdlohg wr eh deoh wr hydoxdwh wkh dprxqw ri krxvlqj vxevlg| shu krxvhkrog1

Wdeoh 6 ghwdlov wkh srwhqwldo �qdqfldo jdlqv wr hpsor|phqw zlwk uhvshfw wr glvsrvdeoh

lqfrph rq zhoiduh dv ghvfulehg lq wdeoh 51 Wkh �uvw wklqj wr qrwh lv wkdw :7( ri UPL krxvh0

krogv zrxog jdlq �qdqfldoo| iurp hpsor|phqw> wkhvh krxvhkrogv zrxog vhh wkhlu glvsrvdeoh

lqfrph lqfuhdvh zhuh wkh| wr eh hpsor|hg/ hyhq eh|rqg wkh +�{hg, shulrg gxulqj zklfk d

zhoiduh dqg oderu lqfrph fdq eh fxpxodwhg +wkh lqwhuhvvhphqw shulrg,1 Iljxuh 9 vkrzv wkh

glvwulexwlrq ri wkhvh jdlqv1 D vpdoo vkduh ri UPL krxvhkrogv +durxqg 6(, zrxog kdyh d

qhw ghfuhdvh lq glvsrvdeoh lqfrph> wkhvh duh wkh krxvhkrogv zklfk �qg wkhpvhoyhv lq wkh

sdudgr{lfdo vlwxdwlrq zkhuh wkhlu qhz oderu hduqlqjv/ e| uhqghulqj wkhp lqholjleoh iru wkh

UPL/ lqgxfh d glvsursruwlrqdwho| odujh ghfuhdvh lq wkh krxvlqj vxevlg| wkdw h{fhhgv wkh

dgglwlrqdo oderu lqfrph1 Wkhuh lv d odujh prgh dw }hur/ fruuhvsrqglqj wr krxvhkrogv zkrvh

oderu lqfrph lv vx!flhqwo| orz wkdw wkh| zrxog frqwlqxh wr uhfhlyh wkh UPL +dv d frpsoh0

phqw wr oderu lqfrph, hyhq zkloh zrunlqj dqg zrxog ehqh�w iurp wkh vdph wuhdwphqw ri

wkhlu krxvlqj vxevlg| dv li wkh| glg qrw zrun dw doo1 Wklv lv iroorzhg e| d odujh udqjh zlwk

vwulfwo| srvlwlyh jdlqv/ dowkrxjk vpdoo jdlqv duh wkh prvw iuhtxhqw1
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Wdeoh 6= Lqfuhdvh lq Prqwko| Glvsrvdeoh Lqfrph
Uhodwlyh wr UPL= Gl�huhqw Oderu Hduqlqjv Vfhqdulrv

Vkduh ri Lqfuhdvh lq
srvlwlyh glvs1 lqf1 zkhq
jdlqv jdlq lv srvlwlyh

Phdq Phgldq
Srwhqwldo zdjh doorfdwhg :7( 5:6 535
wr rqh krxvhkrog phpehu

Revhuyhg zdjh :5( 5;7 4<8
+hpsor|hg srsxodwlrq,
Srwhqwldo zdjh doorfdwhg :<( 67; 58<
wr hdfk krxvhkrog phpehu

Srwhqwldo zdjh doorfdwhg wr hdfk <9( 86< 7;7
krxvhkrog phpehu +frxsohv rqo|,
Ixoo wlph plqlpxp zdjh doorfdwhg 433( 673 68;

wr rqh krxvhkrog phpehu
Vrxufh = Rxwfrphv iru UPL Uhflslhqwv Vxuyh|/ dxwkruv* frpsxwdwlrqv/
zhljkwhg gdwd1

Qrwhv= Dv frpsxwdwlrq pdnhv xvh ri gudzv iurp wkh hpslulfdo glvwulexwlrq
ri uhvlgxdov/ �jxuhv frxog eh voljkwo| gl�huhqw iru dqrwkhu gudz1 Gxh wr

plvvlqj ydoxhv/ vdpsoh vl}h lv rqo| 5<:;1

Wdeoh 6 dovr ghvfulehv wkh glvwulexwlrq ri srvlwlyh jdlqv1 Wkh dyhudjh lqfuhdvh +iru wkrvh

zkr jdlq iurp hpsor|phqw, lv durxqg 5:8 Hxurv dqg wkh phgldq jdlq lv dssur{lpdwho|

533 Hxurv/ d gl�huhqfh uhvxowlqj iurp wkh vnhzqhvv ri wkh glvwulexwlrq ri srvlwlyh jdlqv1 Lq

dgglwlrq/ rqh txduwhu ri wkrvh zkr jdlq iurp hpsor|phqw kdyh srwhqwldo lqfuhdvhv ri ohvv

wkdq <3 Hxurv shu prqwk/ dowkrxjk dqrwkhu txduwhu ri wkhvh krxvhkrogv kdyh jdlqv ri ryhu

743 Hxurv shu prqwk1 Uhodwlyh wr wkh ohyho ri wkh UPL/ wkh dyhudjh jdlq fruuhvsrqgv wr d

96( lqfuhdvh lq glvsrvdeoh lqfrph exw wkh phgldq jdlq lv rqo| 6:( kljkhu1 Lq rwkhu zrugv/

kdoi ri wkh srsxodwlrq ri UPL0uhflslhqw krxvhkrogv kdv d srwhqwldo glvsrvdeoh lqfrph zkhq

hpsor|hg wkdw lv ryhu rqh wklug kljkhu wkdq wkhlu glvsrvdeoh lqfrph zkloh rq zhoiduh1

Zkhq zh uhvwulfw rxu dwwhqwlrq wr wkh vxevdpsoh ri wkh ruljlqdo Ghfhpehu 4<<9 vdpsoh

wkdw lv dfwxdoo| hpsor|hg lq Mdqxdu| 4<<;/ wkh uhvxowv uhpdlq yhu| vlplodu/ ghvslwh wkh

idfw wkdw wkhlu uhdol}hg glvsrvdeoh lqfrphv duh voljkwo| kljkhu wkdq wkh srwhqwldo glvsrvdeoh
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Iljxuh 9= Glvwulexwlrq ri Fkdqjhv lq Glvsrvdeoh Lqfrph rq Ehfrplqj Hpsor|hg
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lqfrphv wkdw zh hvwlpdwh iru wkh uhvw ri wkh vdpsoh1 Iru :5( ri wkhvh hpsor|hg krxvhkrogv

glvsrvdeoh lqfrph lqfuhdvhv/ dqg wkh phdq ri wkh qhw srvlwlyh jdlqv lv voljkwo| kljkhu wkdq

5:8 Hxurv1 Wklv vhhplqj lqfrqvlvwhqf| lv h{sodlqhg e| wkh idfw wkdw wkh hpsor|hg krxvhkrogv

duh glvsursruwlrqdwho| frxsohv ru krxvhkrogv zlwk ghshqghqw fkloguhq/ dqg wkxv glvsrvdeoh

lqfrph rq wkh UPL lv kljkhu dv zhoo1 Zkhq frqwuroolqj iru krxvhkrog vwuxfwxuh/ wkh hpsor|hg

krxvhkrogv gr vhhp wr kdyh voljkwo| odujhu qhw jdlqv iurp hpsor|phqw wkdq wkh qrw hpsor|hg

krxvhkrogv1

Iru wkh vlpxodwlrqv xs wr wklv srlqw/ zh kdyh dvvxphg wkdw rqo| rqh shuvrq lq wkh frxsoh

+wkh rqh zlwk wkh kljkhvw srwhqwldo oderu hduqlqjv, zrxog zrun1 Zh fdq dovr frqvlghu wkh fdvh

zkhuh erwk phpehuv ri wkh frxsoh zrun/ exw wklv fkdqjhv olwwoh lq wkh ryhudoo shufhqwdjhv

ehfdxvh frxsohv uhsuhvhqw d vpdoo vkduh ri UPL uhflslhqwv1 Ixuwkhupruh/ wkh vhfrqg vdodu|

wkdw zh dgg lv wkh orzhu ri wkh wzr +w|slfdoo| wkh zrpdq*v,1 Lq wklv vfhqdulr/ :<( ri UPL

krxvhkrogv zrxog kdyh d qhw �qdqfldo jdlq wr hpsor|phqw/ dqg wkh phdq ri wkhvh jdlqv

lqfuhdvhv wr 683 Hxurv shu prqwk zkloh wkh phgldq mxpsv xs wr 593 Hxurv shu prqwk1 Wklv

uhsuhvhqwv d lqfuhdvh ri 930:8 dgglwlrqdo Hxurv lq glvsrvdeoh lqfrph uhodwlyh wr wkh fdvh

zkhuh rqo| rqh ri wkh phpehuv ri wkh krxvhkrog zrunv1

Ilqdoo|/ lq rughu wr frpsduh zlwk wkh �uhsuhvhqwdwlyh krxvhkrog� w|sh dqdo|vhv/ zh dw0

wulexwh wkh plqlpxp zdjh iru d prqwk ri ixoo wlph zrun wr hdfk krxvhkrog/ ljqrulqj wkh

lpsolfdwlrqv ri wkh hvwlpdwlrqv lq wdeoh 41 Lq wklv fdvh doprvw doo krxvhkrogv zrxog jdlq

iurp ehlqj hpsor|hg/ dqg wkh phdq dqg phgldq lqfuhdvhv lq glvsrvdeoh lqfrph duh 6680

683 Hxurv shu prqwk1 Wklv lv gudpdwlfdoo| gl�huhqw iurp wkh uhvxowv ri rxu vlpxodwlrqv/

dqg ghprqvwudwhv wkh lpsruwdqfh ri sduw0wlph mrev dv dq hpsor|phqw rssruwxqlw| iru UPL

uhflslhqwv1
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814 Ghfrpsrvlwlrq e| Krxvhkrog Vwuxfwxuh

Wkh glvfxvvlrq deryh frqfhuqv wkh ixoo vhw ri UPL krxvhkrogv dqg grhv qrw glvwlqjxlvk e|

krxvhkrog vwuxfwxuh1 Krzhyhu/ dv qrwhg lq vhfwlrq 5/ wkh dprxqw ri wkh wudqvihuv/ zlwk

ru zlwkrxw wkh UPL/ ghshqgv odujho| rq krxvhkrog vwuxfwxuh1 Dv d uhvxow/ wkhuh lv zlgh

yduldelolw| zlwklq wkh UPL srsxodwlrq lq jdlqv wr hpsor|phqw/ dv vkrzq lq wdeoh 71 Vlqjoh

krxvhkrogv zlwk fkloguhq +<8( ri zklfk duh zrphq, kdyh wkh vpdoohvw jdlqv wr hpsor|phqw

dprqj UPL krxvhkrogv1 Ohvv wkdq kdoi +76(, kdyh d qhw jdlq lq glvsrvdeoh lqfrph dvvrfldwhg

zlwk hpsor|phqw/ dqg wkh dprxqwv ri wkhvh jdlqv duh udwkhu prghvw +ohvv wkdq 483 Hxurv

iru ryhu kdoi ri wkh krxvhkrogv zlwk d srvlwlyh qhw jdlq,154 Lq jhqhudo/ wkhvh zrphq whqg wr

eh |rxqj dqg srruo| hgxfdwhg/ dqg wkh| whqg wr hqg xs dw wkh erwwrp ri wkh glvwulexwlrq ri

srwhqwldo oderu hduqlqjv1 Krzhyhu/ wkh suhvhqfh ri fkloguhq phdqv wkdw wkhlu wudqvihu lqfrph

zloo whqg wr eh kljkhu wkdq dyhudjh1 Wklv frpelqdwlrq ri orz oderu hduqlqjv dqg kljk wudqvihu

lqfrph sodfhv wkhp lq wkh ohdvw idyrudeoh srvlwlrq zlwk uhvshfw wr jdlqv iurp hpsor|phqw1

Ixuwkhupruh/ lw lv suhflvho| wkhvh krxvhkrogv iru zklfk fklog fduh lv olnho| wr eh dq lpsruwdqw

revwdfoh/ hvshfldoo| li wkh| duh vxemhfw wr xqxvxdo zrun krxuv1 Dv pljkw eh h{shfwhg/ wkhlu

srru srwhqwldo hduqlqjv shuirupdqfh lv odujho| gxh wr d suhydohqfh ri sduw wlph zrun1 Li

zh zhuh wr dwwulexwh wkh ohyho ri lqfrph dvvrfldwhg zlwk d prqwk ri ixoo wlph zru dw wkh

plqlpxp zdjh wr wkhvh krxvhkrogv/ <9( ri wkhp zrxog kdyh d qhw lqfuhdvh lq glvsrvdeoh

lqfrph dvvrfldwhg zlwk hpsor|phqw dqg wkh phgldq jdlq zrxog grxeoh1

54 Vrph ri wkhvh krxvhkrogv zlwk |rxqj fkloguhq zrxog eh holjleoh iru wkh DSL/ iru zklfk d vlplodu orjlf
zrxog krog dqg iru zklfk wkh jdlqv zrxog eh hyhq vpdoohu dqg ohvv iuhtxhqw/ gxh wr wkh odujhu dvvrfldwhg
wudqvihu +Jxujdqg dqg Pdujrolv/ 5333,1
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Wdeoh 7= Lqfuhdvh lq Prqwko| Glvsrvdeoh Lqfrph Uhodwlyh wr UPL
e| Krxvhkrog W|sh dqg Zdjh Dwwulexwhg wr Rqh Krxvhkrog Phpehu

Srwhqwldo Zdjh Dwwulexwhg
( zlwk Lqfuhdvh lq glvsrvdeoh
srvlwlyh lqfrph iru srvlwlyh jdlqv
jdlqv Phdq Phgldq 4r| txduwloh

Vlqjoh phq <3( 636 554 434
Vlqjoh zrphq :5( 567 464 :6

Vlqjoh zlwk rqh fklog 6:( 4;7 46< 88
Vlqjoh zlwk wzr fkloguhq 79( 4<; 46< 9<

Vlqjoh zlwk pruh wkdq wzr fkloguhq 99( 589 4:8 44;
Frxsoh zlwk qr fklog 94( 59: 548 <:
Frxsoh zlwk rqh fklog 99( 588 4<9 435

Frxsoh zlwk wzr fkloguhq :6( 56: 53; 435
Frxsoh zlwk pruh wkdq wzr fkloguhq ;<( 667 5<: 483

Doo krxvhkrogv :7( 5:6 535 <6
Ixoo Wlph Plqlpxp Zdjh Dwwulexwhg

( zlwk Lqfuhdvh lq glvsrvdeoh
srvlwlyh lqfrph iru srvlwlyh jdlqv
jdlqv Phdq Phgldq 4r| txduwloh

Vlqjoh phq 433( 6<; 789 698
Vlqjoh zrphq 433( 6:3 879 588

Vlqjoh zlwk rqh fklog 433( 58< 563 4<;
Vlqjoh zlwk wzr fkloguhq <<( 638 5<9 5;6

Vlqjoh zlwk pruh wkdq wzr fkloguhq <;( 7:3 7<< 789
Frxsoh zlwk qr fklog 433( 4;3 457 ;7
Frxsoh zlwk rqh fklog <;( 535 544 438

Frxsoh zlwk wzr fkloguhq <;( 55: 533 49;
Frxsoh zlwk pruh wkdq wzr fkloguhq <<( 6;4 6;: 679

Doo krxvhkrogv 433( 673 68; 55:
Vrxufh = Rxwfrphv iru UPL Uhflslhqwv Vxuyh|/ dxwkruv* frpsxwdwlrqv/ zhljkwhg gdwd1

Qrwhv= Dv frpsxwdwlrq xvhv udqgrp gudzv ri uhvlgxdov/ �jxuhv frxog eh voljkwo| gl�huhqw
iru dqrwkhu gudz1 Gxh wr plvvlqj ydoxhv/ vdpsoh vl}h lv rqo| 5<:;1

D gldphwulfdoo| rssrvlwh vlwxdwlrq krogv iru vlqjoh krxvhkrogv zlwkrxw fkloguhq/ zklfk

pdnh xs pruh wkdq kdoi ri doo UPL0uhflslhqw krxvhkrogv1 ;8( ri wkhvh krxvhkrogv zrxog vhh

wkhlu glvsrvdeoh lqfrph lqfuhdvh zlwk hpsor|phqw +uhodwlyh wr :7( iru wkh ryhudoo srsxodwlrq,

dqg wkhlu phgldq jdlq zrxog eh 533 Hxurv1 Wkh uhodwlyho| odujh vkduh zlwk jdlqv dqg kljk

frqglwlrqdo qhw jdlqv duh gxh wr wzr idfwruv wkdw zrun lq wkh vdph gluhfwlrq1 Rq rqh kdqg/

wkhvh krxvhkrog duh glvsursruwlrqdwho| pdoh/ zklfk +lq oljkw ri wdeoh 4, lpsolhv wkdw wkhlu
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srwhqwldo oderu hduqlqjv zloo eh kljkhu1 Rq wkh rwkhu kdqg/ wkhlu wudqvihu lqfrph zloo eh

orzhu vlqfh wkh| duh erwk vlqjoh krxvhkrogv dqg zlwkrxw ghshqghqwv1

Wdeoh 7 dovr vxjjhvwv d udwkhu lqwhuhvwlqj phfkdqlvp lqkhuhqw lq wkh v|vwhp ri wudqvihuv=

qhw jdlqv wr hpsor|phqw �uvw ghfuhdvh/ wkhq lqfuhdvh zlwk wkh qxpehu ri fkloguhq1 Wkh lqlwldo

gurs frphv iurp wkh idfw wkdw wudqvihuv wr krxvhkrogv zlwk qr ghshqghqwv duh uhodwlyho| orz/

zklfk ohdgv wr uhodwlyho| odujh jdlqv wr hpsor|phqw1 Krzhyhu/ wkh h{wud wudqvihuv ghulyhg

iurp wkh ydulrxv fklog ehqh�wv ehfrph uhodwlyho| pruh lpsruwdqw wkdq wkh lqfuhdvhv lq wkh

UPL dv wkh qxpehu ri fkloguhq lqfuhdvhv1 Dv d odujh vkduh ri wkhvh wudqvihuv duh qrw phdqv

whvwhg +dqg duh wkxv dydlodeoh lqghshqghqw ri hpsor|phqw vwdwxv,/ wklv ohdgv wr odujhu jdlqv

wr hpsor|phqw iru krxvhkrogv zlwk dw ohdvw 6 fkloguhq1

815 Khwhurjhqhlw| dqg Vwdwh Ghshqgdqfh

Rxu vlpxodwlrqv wkxv idu kdyh vkrzq wkdw urxjko| rqh txduwhu ri UPL0uhflslhqw krxvhkrogv

zrxog kdyh qr orqj whup jdlq lq glvsrvdeoh lqfrph dvvrfldwhg zlwk hpsor|phqw155 Wklv

vkduh lv lghqwlfdo zkhwkhu ru qrw zh irfxv rq wkh jurxs ri krxvhkrogv wkdw lv dfwxdoo| hp0

sor|hg1 Grhv wklv phdq wkdw doo ri wkh hpsor|hg krxvhkrogv duh zloolqj wr zrun hyhq zkhq

wkhuh lv qr �qdqfldo jdlq wr grlqj vrB Qrw qhfhvvdulo|1 Lw lv srvvleoh wkdw lqglylgxdov zloo

dffhsw yhu| srruo| sdlg mrev lq rxu vdpsoh ehfdxvh ri wkh lqwhuhvvhphqw phfkdqlvp/ zklfk

doorzhg shrsoh +lq 4<<;, wr fxpxodwh oderu hduqlqjv dqg sduw ri wkhlu UPL wudqvihuv iru wkh

�uvw :83 krxuv ri zrun1 Wklv phfkdqlvp lv hyhq pruh olnho| wr eh uhohydqw lq wkh fdvh ri

zrunhuv hpsor|hg rq FHV frqwudfwv/ vlqfh wkh :83 krxu olplw grhv qrw dsso| wr wkhvh mrev

55 Lq frqvlghulqj rxu vlpxodwlrqv wr phdvxuh orqj whup jdlqv/ zh lpsolflwo| dvvxph wkdw wkh krxvhkrog
pdlqwdlqv wkh oderu hduqlqjv wkdw zh dwwulexwh wr lw eh|rqg wkh shulrg ri wudqvlwru| lqfrph  xfwxdwlrqv/
lqfoxglqj wkh shulrg gxulqj zklfk oderu hduqlqjv dqg wkh UPL fdq eh fxpxodwhg +wkh lqwhuhvvhphqw shulrg,1
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dqg zhoiduh uhfhlsw fdq frqwlqxh wkurxjkrxw wkh gxudwlrq ri wkh FHV frqwudfw1 Dv d uhvxow/

wkh idfw wkdw d krxvhkrog kdv qr lqfuhdvh lq glvsrvdeoh lqfrph rq wkh edvlv ri rxu vlpxodwlrqv

vkrxog qrw eh gluhfwo| lqwhusuhwhg dv d phdvxuh ri vkruw0whup �qdqfldo lqfhqwlyhv1 Lq rwkhu

zrugv/ wkh orqj whup oderu hduqlqjv wkdw zh vlpxodwh duh qrw wr eh frqixvhg zlwk wkh vxp ri

doo vrxufhv ri uhyhqxh +zklfk duh gl!fxow wr dffxudwho| phdvxuh, uhfhlyhg e| wkh krxvhkrog

dw wkh vxuyh| gdwh1

Wklv olqh ri wkrxjkw ohdgv xv wr uhfrqvlghu rxu lqwhusuhwdwlrq lq whupv ri orqj whup jdlqv

wr hpsor|phqw1 Vlqfh wkh FHV frqwudfwv duh vr suhydohqw lq wkh Rxwfrphv ri UPL Uhflslhqwv

Vxuyh| gdwd/ dqg vlqfh wkhvh oderu hduqlqjv duh dozd|v frpelqhg zlwk vlpxowdqhrxv zhoiduh

uhfhlsw/ lq zkdw vhqvh fdq zh hvwlpdwh �orqj whup� oderu hduqlqjv edvhg rq wkhvh gdwdB Lq

idfw/ li zh zhuh wr holplqdwh wkhvh mrev iurp rxu gdwd/ zklfk lv htxlydohqw wr dvvxplqj wkdw

FHV hpsor|huv gr qrw frqwulexwh wr oderu ghpdqg iru UPL uhflslhqwv +d fohduo| xquhdolvwlf

dvvxpswlrq,/ dqg uhhvwlpdwh wkh wdeoh 4 prgho/ zh zrxog �qg vxevwdqwldoo| gl�huhqw uhvxowv1

:<( ri krxvhkrogv lq wklv fdvh/ uhodwlyh wr :7( ri krxvhkrogv ehiruh/ zrxog kdyh d jdlq wr

hpsor|phqw/ dqg wkh dyhudjh qhw jdlq iru wkrvh zlwk srvlwlyh jdlqv mxpsv wr 6;3 Hxurv shu

prqwk iurp 5:8 Hxurv zkhq zh frqvlghu doo frqwudfwv1

Ri frxuvh/ wklv sureohp dssolhv wr doo mrev wkdw duh dffhvvleoh wr UPL uhflslhqwv dqg

qrw mxvw FHV frqwudfwv1 Vxssrvh wkdw fhuwdlq w|shv ri mrev/ wkrvh wkdw zh revhuyh lq wkh

Rxwfrphv ri UPL Uhflslhqwv Vxuyh|/ duh glvsursruwlrqdwho| dvvrfldwhg zlwk fhuwdlq w|shv ri

xqvwdeoh/ vkruw whup hpsor|phqw1 Lq wklv fdvh/ edvlqj orqj whup oderu hduqlqjv fdofxodwlrqv

xsrq wkhvh mrev pljkw eh plvohdglqj/ dv ihz ri wkhvh mrev hyhu dfwxdoo| odvw lqwr wkh �orqj

whup�1

Wkh dssursuldwh pdqqhu ri ghdolqj zlwk wklv sureohp lv uhodwhg wr wkh zd| lq zklfk
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zh lqwhusuhw wkh idfw wkdw wkh srsxodwlrq ri UPL uhflslhqwv lq Ghfhpehu 4<<9 wkdw zh

revhuyh hpsor|hg lq Mdqxdu| 4<<; uhfhlyh sduwlfxoduo| orz oderu hduqlqjv1 Lw pd| eh wkh

fdvh wkdw wkh srsxodwlrq ri UPL uhflslhqwv kdv fhuwdlq lqwulqvlf fkdudfwhulvwlfv wkdw pdnh

wkhp ohvv surgxfwlyh iru hpsor|huv1 Lq wklv fdvh/ wkh orz oderu hduqlqjv zrxog eh gxh wr

lqglylgxdo khwhurjhqhlw| dqg/ hyhq li wkhvh lqglylgxdov zhuh wr uhhqwhu wkh zrunirufh lq d

shupdqhqw idvklrq/ wkh| zrxog dozd|v hduq ohvv wkdq wkh uhvw ri wkh srsxodwlrq1 Li wklv lv wkh

fruuhfw vfhqdulr/ wkhq rxu vlpxodwlrqv zloo dffxudwho| fdswxuh wkhlu orqj whup oderu hduqlqjv

srwhqwldo1

Rq wkh rwkhu kdqg/ zkdw li wkh uhdvrq wkdw wkhvh zrunhuv duh loo0sdlg lv gxh wr wkhlu vwdwxv

dv uhfhqw UPL uhflslhqwv/ wkh idfw wkdw wkh| kdyh olwwoh ydoxdeoh oderu pdunhw h{shulhqfh/

vkruw0whup fdvk  rz sureohpv/ vwljpdwl}dwlrq ri UPL uhflslhqwv e| hpsor|huv ru fdvhzrunhuv/

hwf111B Lq wklv fdvh/ wkh hpsor|hg hduqlqjv wkdw zh revhuyh lq wkh Mdqxdu| 4<<; vxuyh| zrxog

eh gudzq iurp d vwdwh0ghshqghqw oderu hduqlqjv glvwulexwlrq1 Li wklv zhuh wkh fdvh/ wkh

revhuyhg hduqlqjv glvwulexwlrq lq rxu vdpsoh zrxog eh lqdssursuldwh iru gudzlqj lqihuhqfhv

rq wkh orqj whup/ zkloh wkh uhohydqw mre r�hu glvwulexwlrq zrxog eh wkdw ri wkh srsxodwlrq

dv d zkroh1

Rxu jrdo khuh lv qrw wr ghwhuplqh wkh uhodwlyh lpsruwdqfh ri wkhvh gl�huhqw dujxphqwv/

zklfk lq dq| fdvh zrxog eh lpsrvvleoh edvhg rq wkh gdwd zklfk zh kdyh dydlodeoh1 Krzhyhu/

wkh wkuxvw ri wklv dujxphqw uhpdlqv shuwlqhqw= vlpxodwlrqv edvhg rq wkh Rxwfrphv ri UPL

Uhflslhqwv Vxuyh| duh uhohydqw li lqglylgxdo khwhurjhqhlw| lv wkh uhohydqw phfkdqlvp/ zkloh

uhhvwlpdwlqj wkh wdeoh 4 prgho rq wkh ixoo srsxodwlrq dqg vlpxodwlqj jdlqv iru wkh UPL

srsxodwlrq xvlqj wkhvh frh!flhqwv zrxog eh pruh dssursuldwh lq wkh fdvh ri vwdwh ghshqghqfh1

Wkxv wkh vlpxodwlrqv suhvhqwhg deryh/ lq frpelqdwlrq zlwk wkrvh wkdw zh suhvhqw ehorz/ vhuyh
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wr iudph wkh ghedwh rq orqj whup jdlqv lq oljkw ri wkh srvvleoh suhvhqfh ri khwhurjhqhlw| dqg

vwdwh ghshqghqfh1

816 Vlpxodwlrqv Edvhg rq wkh Iuhqfk Oderu Irufh Vxuyh|= Dq
Xsshu Erxqg Hvwlpdwh ri wkh Jdlq wr Hpsor|phqw

Zh xvh d uhsuhvhqwdwlyh vdpsoh ri wkh srsxodwlrq ri phwursrolwdq Iudqfh +l1h1 h{foxglqj

Iuhqfk ryhuvhdv ghsduwhphqwv dqg whuulwrulhv, gudzq iurp wkh 4<<; zdyh ri wkh Iuhqfk Oderu

Irufh Vxuyh| wr uhhvwlpdwh wkh ghwhuplqdqwv ri oderu hduqlqjv/ lqghshqghqw ri sulru uhfhlsw

ri wkh UPL1 Zh wkhq vlpxodwh oderu hduqlqjv iru wkh Rxwfrphv ri UPL Uhflslhqwv Vxuyh|

vdpsoh edvhg rq wkhvh frh!flhqwv1 Wklv doorzv xv wr ghvfuleh wkhlu jdlqv wr hpsor|phqw

xvlqj wkh vdph uhwxuqv wr revhuydeoh fkdudfwhulvwlfv dv lq wkh srsxodwlrq dv d zkroh1

Wkh ulfkhu vwuxfwxuh ri wkh Iuhqfk Oderu Irufh Vxuyh| gdwd doorz xv wr ghfrpsrvh

prqwko| oderu hduqlqjv lqwr krxuo| zdjhv dqg zhhno| krxuv +wkh olnholkrrg h{suhvvlrq lv

ghwdlohg lq wkh dsshqgl{,1 Zh zloo qrw h{solflwo| frpphqw rq wkh uroh ri vhohfwlrq eldv iru

wkhvh prghov/56 h{fhsw wr vd| wkdw lw vhhpv zhdn lq doo prghov h{fhsw krxuo| zdjhv iru

zrphq1 Lq wklv fdvh/ wkh xqrevhuyhg fkdudfwhulvwlfv wkdw lqfuhdvh wkh krxuo| zdjh vhhp dovr

wr lqfuhdvh wkh suredelolw| ri ehlqj revhuyhg lq hpsor|phqw1 Wdeoh 8 suhvhqwv wkh uhvxowv ri

hvwlpdwlqj wkhvh prghov rq orj krxuo| zdjhv dqg orj zhhno| zrun krxuv1 Dv d zkroh/ wkh

frh!flhqwv duh yhu| vljql�fdqw dqg wkh vljqv dqg vl}hv duh dv h{shfwhg1 Zdjhv lqfuhdvh zlwk

hgxfdwlrq dqg zlwk djh/ wkh odwwhu dorqj d frqfdyh sur�oh1 Zh kdyh lqwurgxfhg mre vhqlrulw|

dv dq h{sodqdwru| yduldeoh vr dv wr eh deoh wr vlpxodwh uhfhqwo| rewdlqhg mrev/ l1h1 mrev zlwk

orz vhqlrulw|1 Zhuh zh wr rplw mre vhqlrulw|/ rxu vlpxodwhg oderu hduqlqjv zrxog dwwulexwh wr

56 Jxujdqg dqg Pdujrolv +5333, hvwlpdwh wkhvh prghov rq gdwd iurp 4<<704<<9 dqg frpphqw h{whqvlyho|
rq wkh vhohfwlrq eldv frh!flhqwv1 Wkh uhvxowv irxqg khuh iru 4<<; duh vlplodu1
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hdfk UPL uhflslhqw wkh dyhudjh mre vhqlrulw| revhuyhg lq wkh srsxodwlrq +urxjko| 43 |hduv,/

zklfk zrxog whqg wr eldv wkh vlpxodwhg jdlqv xszdugv157 Ixuwkhupruh/ djh dqg vfkrro

ohdylqj djh duh lqwhudfwhg zlwk mre vhqlrulw| lq rughu wr doorz iru uhwxuqv wr h{shulhqfh dqg

uhwxuqv wr hgxfdwlrq wr ydu| zlwk wkh hqwu| frkruw lqwr d mre +Pdujrolv/ 4<<9,1

Wdeoh 8= Hduqlqjv Htxdwlrqv
Iuhqfk Srsxodwlrq/ Orj Krxuo| Zdjhv dqg Orj Krxuv Zrunhg

Orj Krxuo| Zdjh
Zrphq Phq

Hgxfdwlrq=
Judgxdwh Vfkrro 319;67-- +3134:;, 319688-- +313474,
70|hdu Froohjh 318:6<-- +31348<, 31849:-- +313484,

50|hdu Froohjh +lqfo1 whfkqlfdo, 316;64-- +313468, 3165::-- +313453,
Kljk Vfkrro 31534;-- +313455, 314;45-- +313443,

Yrf1 ru whfk1 wudlqlqj +orqj, 314;5:-- +313468, 3149:8-- +313446,
Mxqlru Kljk Vfkrro 314638-- +313444, 314788-- +313433,

Yrf1 ru whfk1 wudlqlqj +vkruw, 313;3;-- +313436, 313:4<-- +3133;7,
Sulpdu| ru qr hgxfdwlrq uhi1 uhi1 uhi1 uhi1

Djh 313575-- +313364, 3135:5-- +313357,
Djh2 0313336-- +313333, 0313336-- +313333,

Djh { Vfkrro ohdylqj djh 313335- +313334, 313338-- +313334,
Vfkrro ohdylqj djh 3137<3-- +31339:, 313738-- +31337<,
Vfkrro ohdylqj djh2 031333<-- +313334, 0313344-- +313334,
Iuhqfk Qdwlrqdolw| 313354 +313455, 031336< +3133;<,

Whqxuh=
9 prqwkv ru ohvv uhi1 uhi1 uhi1 uhi1
: wr 45 prqwkv 0313434 +31344;, 31347: +31343:,
4 wr 8 |hduv 313693-- +3133:<, 31393:-- +3133:8,

pruh wkdq 8 |hduv 313:75-- +3133<8, 314493-- +3133;<,
Whqxuh +prqwkv, { Vf1 ohdylqj djh 313334-- +313333, 313333-- +313333,

Whqxuh +prqwkv, { Djh 313333 +313333, 313333-- +313333,
Lqwhufhsw 514:8;-- +314478, 516:<4-- +313::3,

Vrxufh= Iuhqfk Oderu Irufh Vxuyh| 4<<;1

Qrwhv= Vwdqgdug huuruv lq sduhqwkhvhv1 - = vljql�fdqw dw wkh 43( wkuhvkrog> -- = vljql�fdqw
dw wkh 8( wkuhvkrog1 Pd{lpxp olnholkrrg hvwlpdwhv +vhohfwlrq htxdwlrq qrw suhvhqwhg,1

57 Zh gr qrw wdnh wkh hqgrjhqhlw| ri mre vhqlrulw| lqwr dffrxqw gxulqj wkh hvwlpdwlrq surfhgxuh1 Ixu0
wkhupruh/ zh vlpxodwh rxu oderu hduqlqjv ehorz dvvxplqj ohvv wkdq 9 prqwkv ri mre vhqlrulw|1 Zh frxog
dowhuqdwlyho| vlpxodwh zdjhv zlwk : wr 45 prqwkv ri vhqlrulw|/ wr eh pruh lq olqh zlwk wkh �orqj whup�
lqwhusuhwdwlrq wkdw zh zrxog olnh wr pdlqwdlq/ exw wkh gl�huhqfh lq h{shfwhg orj hduqlqjv ehwzhhq wkh wzr
vhqlrulw| ohyhov lv qrw vljql�fdqw1
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Wdeoh 8 +frqwlqxhg,= Hduqlqjv Htxdwlrqv
Iuhqfk Srsxodwlrq/ Orj Krxuo| Zdjhv dqg Orj Krxuv Zrunhg

Orj Zhhno| Krxuv Zrunhg
Zrphq Phq

Hgxfdwlrq=
Judgxdwh Vfkrro 314898-- +31353<, 314498-- +3133<<,
70|hdu Froohjh 313366-- +3134;9, 0313<39-- +313439,

50|hdu Froohjh +lqfo1 whfkqlfdo, 314493-- +313488, 313654-- +3133;7,
Kljk Vfkrro 314567-- +313478, 313647-- +3133::,

Yrf1 ru whfk1 wudlqlqj +orqj, 31455<-- +31348:, 3136:4-- +3133:<,
Mxqlru Kljk Vfkrro 313<33-- +313467, 313554-- +3133:3,

Yrf1 ru whfk1 wudlqlqj +vkruw, 313<47-- +313456, 313477-- +31338<,
Sulpdu| ru qr hgxfdwlrq uhi1 uhi1 uhi1 uhi1

Djh 31334< +313368, 3133:9-- +31334:,
Djh2 313333 +313333, 0313334-- +313333,

Djh { Vfkrro ohdylqj djh 0313337-- +313334, 313334 +313334,
Vfkrro ohdylqj djh 3137:<-- +3133::, 31348;-- +313368,
Vfkrro ohdylqj djh2 0313338-- +313335, 0313338-- +313334,
Iuhqfk Qdwlrqdolw| 313:94-- +313475, 3134:3-- +313395,

Whqxuh=
9 prqwkv ru ohvv uhi1 uhi1 uhi1 uhi1
: wr 45 prqwkv 3139:<-- +313477, 313835-- +3133:8,
4 wr 8 |hduv 314536-- +3133<:, 313:96-- +313386,

pruh wkdq 8 |hduv 315753-- +31344:, 31433;-- +313395,
Whqxuh +prqwkv, { Vf1 ohdylqj djh 0313334-- +313333, 313333-- +313333,

Whqxuh +prqwkv, { Djh 313333-- +313333, 313333-- +313333,
Lqwhufhsw 713;58-- +3144:8, 71:679-- +31386<,

Vrxufh= Iuhqfk Oderu Irufh Vxuyh| 4<<;1

Qrwhv= Vwdqgdug huuruv lq sduhqwkhvhv1 - = vljql�fdqw dw wkh 43( wkuhvkrog> -- = vljql�fdqw
dw wkh 8( wkuhvkrog1 Pd{lpxp olnholkrrg hvwlpdwhv +vhohfwlrq htxdwlrq qrw suhvhqwhg,1

Wkh qxpehu ri krxuv zrunhg shu zhhn whqgv wr lqfuhdvh zlwk hgxfdwlrq/ dowkrxjk lw

gursv r� iru shrsoh zlwk 50 ru 70|hdu froohjh hgxfdwlrqv +uhodwlyh wr wkrvh zlwk d kljk

vfkrro glsorpd,1 Djh dqg vfkrro ohdylqj djh erwk kdyh srvlwlyh exw frqfdyh lpsdfwv rq

krxuv zrunhg1 Wkh lqwhudfwlrq whup ehwzhhq djh dqg vfkrro ohdylqj djh lv qhjdwlyh iru

zrphq/ shukdsv vxjjhvwlqj wkdw wkh djh h�hfw lv ohvv lpsruwdqw iru wkh zrphq zlwk wkh

prvw hgxfdwlrq1 Ilqdoo|/ wkh shrsoh zkr kdyh ehhq zlwk wkhlu fxuuhqw hpsor|hu wkh orqjhvw

dovr whqg wr zrun wkh orqjhvw krxuv1

Zh xvh wklv hduqlqjv vwuxfwxuh wr vlpxodwh srwhqwldo oderu hduqlqjv iru rxu UPL uhflslhqw
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vdpsoh/ dqg wkh qhw jdlqv wkdw uhvxow duh vxppdul}hg lq wdeoh 91 Dv h{shfwhg/ wkh lqfuhdvh

lq glvsrvdeoh lqfrph dvvrfldwhg zlwk hpsor|phqw lv pxfk odujhu zkhq zh vlpxodwh hduqlqjv

edvhg rq wkh ixoo srsxodwlrq frh!flhqwv1 Wkh sursruwlrq ri wkh vdpsoh zlwk d srvlwlyh qhw

jdlq jrhv iurp :7( wr ;<(/ dqg wkh dyhudjh lqfuhdvh iru wkrvh zkr jdlq iurp hpsor|phqw

lqfuhdvhv wr 833 Hxurv shu prqwk rq dyhudjh/ dqg 763 Hxurv dw wkh phgldq1 Krzhyhu/ wkh

khwhurjhqhlw| dfurvv krxvhkrog w|shv revhuyhg lq wdeoh 7 shuvlvwv/ dv rqo| 9:( ri vlqjoh

prwkhuv kdyh d srwhqwldo qhw lqfuhdvh lq glvsrvdeoh lqfrph dvvrfldwhg zlwk zrunlqj +zlwk

dq dyhudjh jdlq ri 577 Hxurv shu prqwk,/ zkloh <8 shufhqw ru pruh ri frxsohv rq zhoiduh

zrxog jdlq �qdqfldoo| iurp hpsor|phqw1
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Wdeoh 9= Lqfuhdvh lq Prqwko| Glvsrvdeoh Lqfrph Uhodwlyh wr UPL=
Vlpxodwlrq Edvhg rq Oderu Hduqlqjv Hvwlpdwhg

iurp wkh Iuhqfk Oderu Irufh Vxuyh|
Srsxodwlrq ri UPL ehqh�fldulhv

Vkduh ri Lqfuhdvh lq glvsrvdeoh lqfrph
srvlwlyh zkhq wkh jdlq lv srvlwlyh
jdlqv Phdq Phgldq 4r| txduwloh

Vlqjoh phq <<( 97: 8:: 6<<
Vlqjoh zrphq ;5( 697 55< 43;

Vlqjoh zlwk rqh fklog 9;( 597 4:; ;3
Vlqjoh zlwk wzr fkloguhq 9;( 57: 495 ;6

Vlqjoh zlwk pruh wkdq wzr fkloguhq :8( 67; 58< 4;5
Frxsoh zlwk qr fklog <8( 845 6<9 5:;
Frxsoh zlwk rqh fklog <8( 795 6:6 547

Frxsoh zlwk wzr fkloguhq <;( 7<8 6;6 575
Frxsoh zlwk pruh wkdq wzr fkloguhq <:( 89: 7;5 667

Doo krxvhkrogv ;<( 839 766 54:
Wrwdo Iuhqfk srsxodwlrq

Vkduh ri Lqfuhdvh lq glvsrvdeoh lqfrph
srvlwlyh zkhq wkh jdlq lv srvlwlyh
jdlqv Phdq Phgldq 4r| txduwloh

Vlqjoh phq <8( 97: 863 669
Vlqjoh zrphq ;4( 665 59; 447

Vlqjoh zlwk rqh fklog :6( 789 639 485
Vlqjoh zlwk wzr fkloguhq :5( 7;; 6<< 565

Vlqjoh zlwk pruh wkdq wzr fkloguhq ;9( 7;4 743 58<
Frxsoh zlwk qr fklog <5( 947 844 5<8
Frxsoh zlwk rqh fklog <6( 94; 847 5;5

Frxsoh zlwk wzr fkloguhq <7( 9;6 836 646
Frxsoh zlwk pruh wkdq wzr fkloguhq <9( :<9 979 783

Doo krxvhkrogv <4( 95: 836 5<7
Vrxufh = Rxwfrphv iru UPL Uhflslhqwv Vxuyh| dqg Hxurshdq Krxvhkrog Sdqho Vxuyh|/
dxwkruv* frpsxwdwlrqv/ zhljkwhg gdwd1

Qrwhv= Dv frpsxwdwlrq pdnhv xvh ri gudzv iurp wkh hpslulfdo glvwulexwlrq ri uhvlgxdov/ �jxuhv
frxog eh voljkwo| gl�huhqw iru dqrwkhu gudz1 Gxh wr plvvlqj ydoxhv/ vdpsoh vl}h lv rqo| 5<:; iru
UPL uhflslhqwv dqg 6773 iru wkh ryhudoo srsxodwlrq1

Lw lv dovr lqwhuhvwlqj wr frpsduh rxu vlpxodwhg glvwulexwlrqv ri jdlqv ehwzhhq wkh vdpsoh

ri UPL uhflslhqwv dqg wkdw zklfk zh zrxog vlpxodwh iru wkh 4:088 |hdu rog srsxodwlrq dv d

zkroh158 Dowkrxjk qrwklqj lq rxu dqdo|vlv doorzv xv wr hvwdeolvk d ehkdylrudo olqn ehwzhhq

UPL shufhswlrq dqg �qdqfldo jdlqv wr hpsor|phqw/ rqh frxog uhdvrqdeo| dvn li wkh UPL

58 Wkhvh frpsdulvrqv duh edvhg rq wkh Iuhqfk vdpsoh ri wkh Hxurshdq Krxvhkrog Sdqho Vxuyh|1
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uhflslhqwv lq rxu vdpsoh dfwxdoo| gr kdyh vpdoohu lqfuhdvhv lq glvsrvdeoh lqfrph dvvrfldwhg

zlwk hpsor|phqw rq dyhudjh wkdq wkh srsxodwlrq dv d zkroh/ ru qrw1 Rxu dssurdfk doorzv

vxfk gl�huhqfhv wr dulvh rqo| wkurxjk gl�huhqfhv lq wkh glvwulexwlrqv ri djh/ hgxfdwlrq dqg

qdwlrqdolw| ehwzhhq wkh vdpsohv1 Wdeoh : vxppdul}hv wkhvh gl�huhqfhv1 Wkh srsxodwlrq

ri UPL uhflslhqwv lv |rxqjhu/ ohvv hgxfdwhg dqg ohvv riwhq ri Iuhqfk qdwlrqdolw| wkdq wkh

srsxodwlrq dv d zkroh/ doo gl�huhqfhv wkdw whqg wr ohdg wr orzhu h{shfwhg hduqlqjv1 Lq

dgglwlrq/ idplo| vwuxfwxuh whqgv wr eh gl�huhqw ehwzhhq wkh wzr srsxodwlrqv/ zlwk wkh UPL

krxvhkrogv whqglqj wr eh pruh riwhq vlqjoh shrsoh zlwkrxw fkloguhq1 Wdeoh 9 vkrzv wkdw zh

vlpxodwh qhw �qdqfldo jdlqv voljkwo| pruh riwhq +<5( ri krxvhkrogv, lq wkh ixoo srsxodwlrq

wkdq lq wkdw srsxodwlrq ri UPL uhflslhqwv/ dqg dyhudjh jdlqv whqg wr eh vxevwdqwldoo| kljkhu

iru wkh srsxodwlrq dv d zkroh1 Exw zkhq rqh frqwurov iru wkh gl�huhqfhv lq idplo| vwuxfwxuh

e| orrnlqj dw sduwlfxodu vxejurxsv/ wklqjv ehfrph ohvv fohdu1 Lq jhqhudo/ odujhu krxvhkrogv

kdyh vpdoohu jdlqv rxwvlgh ri wkh UPL srsxodwlrq/ gxh odujho| wr gl�huhqfhv lq wkh krxvlqj

vxevlg| vlqfh UPL krxvhkrogv whqg wr sd| orzhu uhqwv1 Wkxv/ dprqj wkrvh krxvhkrogv wkdw

duh holjleoh iru wkh krxvlqj vxevlg|/ wkh dprxqw zloo whqg wr eh kljkhu zkhq fdofxodwlqj

glvsrvdeoh lqfrph zlwkrxw oderu hduqlqjv iru wkh ixoo srsxodwlrq wkdq iru wkh UPL vdpsoh1
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Wdeoh := Glvwulexwlrq ri Krxvhkrog Khdg Fkdudfwhulvwlfv
UPL Uhflslhqwv Iuhqfk Srsxodwlrq

Djh 6:166 6<18;
Vfkrro ohdylqj djh 4:15; 4;148
Judgxdwh Vfkrro 6( :(
70|hdu Froohjh 7( 7(

50|hdu Froohjh +lqfo1 whfkqlfdo, 9( 43(
Kljk Vfkrro ;( ;(

Yrf1 ru whfk1 wudlqlqj +orqj, 7( :(
Mxqlru Kljk Vfkrro 54( 44(

Yrf1 ru whfk1 wudlqlqj +vkruw, 65( 6<(
Sulpdu| ru qr hgxfdwlrq 55( 47(

Vlqjoh 89( 59(
Vlqjoh sduhqw 53( :(

Frxsohv 57( 9:(
Iuhqfk Qdwlrqdolw| ;;( <7(

Qxpehu ri revhuydwlrqv 5<:; 6773
Vrxufh = Rxwfrphv iru UPL Uhflslhqwv Vxuyh| dqg Hxurshdq Krxvhkrog Sdqho

Vxuyh|/ dxwkruv* frpsxwdwlrqv/ zhljkwhg gdwd1

Wklv odvw srlqw vxjjhvwv d olplw wr rxu dqdo|vlv1 Wkh dprxqw ri uhqw sdlg lv hqgrjhqrxv

zlwk uhvshfw wr lqfrph lq uhdolw|/ zkhuhdv zh wuhdw lw dv �{hg lq rxu vlpxodwlrqv1 Wr lp0

suryh xsrq wklv srlqw zrxog uhtxluh vlpxowdqhrxv hvwlpdwlrq ri d prgho ri krxvlqj ghpdqg/

zklfk lv eh|rqg wkh vfrsh ri wklv sdshu1 Dv d uhvxow/ rqh pxvw lqwhusuhw wkh frpsdulvrqv

dfurvv srsxodwlrqv zlwk fduh/ dv wkh zhoiduh dqg qrq0zhoiduh srsxodwlrqv duh olnho| wr fkrrvh

gl�huhqw vruwv ri krxvlqj +dqg wkxv eh holjleoh iru gl�huhqw ohyhov ri krxvlqj ehqh�wv,1 Rq

wkh rwkhu kdqg/ frpsdulqj hpsor|phqw dqg qrq0hpsor|phqw zlwklq wkh vdph srsxodwlrq

lv ohvv sureohpdwlf/ vlqfh lw frphv grzq wr wuhdwlqj uhqw dv d vxqn frvw zkhq pdnlqj oderu

vxsso| ghflvlrqv +Divd/ iruwkfrplqj,1

9 Frqfoxvlrq

Wkh hydoxdwlrq ri srwhqwldo oderu hduqlqjv iru UPL uhflslhqwv lv d frqfhswxdoo| dqg whfkqlfdoo|

gholfdwh h{huflvh1 Lw uhpdlqv/ qhyhuwkhohvv/ dq lqglvshqvdeoh slhfh ri lqirupdwlrq lq wkh ghedwh
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frqfhuqlqj wkh lqfhqwlyh h�hfwv ri zhoiduh1 Vlpxodwlrqv iru �uhsuhvhqwdwlyh krxvhkrogv� dqg

fdofxodwlrqv edvhg h{foxvlyho| rq hvwlpdwhg h�hfwlyh pdujlqdo wd{ udwhv duh lqdghtxdwh/ lq

wkdw wkh| gr qrw dffrxqw iru khwhurjhqhlw| lq oderu pdunhw frqglwlrqv wkdw UPL uhflslhqwv

idfh1 Lq wklv sdshu/ zh kdyh frqvlghuhg wkh lqwhudfwlrq ehwzhhq wkh oderu pdunhw dqg wkh

v|vwhp ri wd{hv dqg wudqvihuv lq h�hfw lq Iudqfh lq 4<<; +zlwk wkh h{fhswlrq ri orfdo wd{hv

dqg orfdo wudqvihuv,1 Vwloo/ wkh fkrlfh ri wkh glvwulexwlrq ri hduqlqjv wr frqvlghu ghshqgv rq

wkh shuvshfwlyh +vkruw ru orqj whup, dqg wkh k|srwkhvlv pdgh rq wkh ruljlq ri wkh gl�huhqfhv

lq hduqlqjv ehwzhhq srsxodwlrqv +khwhurjhqhlw| ru vwdwh ghshqghqfh,1 Vlqfh UPL uhflslhqwv

whqg wr eh yhu| gl�huhqw iurp wkh srsxodwlrq dv d zkroh lq whupv ri wkhlu uhhpsor|phqw

oderu hduqlqjv/ zh irxqg lw qhfhvvdu| wr uho| rq d UPL0fhqwhuhg vxuyh|1 Exw vlqfh wkh vruwv

ri mrev wr zklfk UPL uhflslhqwv fdq dvsluh whqg wr eh udwkhu sduwlfxodu/ prvw qrwdeo| gxh

wr wkh suhgrplqdqfh ri FHV frqwudfwv/ lw lv xvhixo wr frpsohphqw wklv dqdo|vlv vr dv wr eh

deoh wr surylgh d udqjh ri hvwlpdwhv zlwklq zklfk wkh wuxh jdlqv wr hpsor|phqw zloo olnho|

eh irxqg1

Wklv udqjh lv udwkhu eurdg/ lq wkdw vrphzkhuh ehwzhhq :7 dqg ;< shufhqw ri krxvhkrogv

zrxog kdyh d srwhqwldo lqfuhdvh lq glvsrvdeoh lqfrph dvvrfldwhg zlwk zrunlqj1 Dv d zkroh/

wklv sursruwlrq vhhpv kljk wr xv/ dqg wkh ohyhov ri wkh jdlqv duh qrw qhjoljhdeoh rq dyhudjh/

dowkrxjk d vljql�fdqw vkduh idfhv vpdoo h{shfwhg dprxqwv1 \hw/ hyhq vpdoo dprxqwv frxog

eh vljql�fdqw iru wkrvh zkr lqlwldoo| kdyh yhu| orz lqfrph159 1 Exw lw lv suhflvho| iru wklv

uhdvrq wkdw rqh pxvw nhhs lq plqg wkdw vpdoo fkdqjhv/ hlwkhu lq wkh ohyhov ri wkh wudqvihuv

ru lq wkh vlpxodwhg prqwko| hduqlqjv/ fdq kdyh d odujh lpsdfw rq wkh uhvxowv1

59 Uhfdoo wkdw rxu vlpxodwlrqv h{foxgh vxssohphqwdu| wudqvihu lqfrph wkurxjk wkh lqwhuhvvhphqw phfk0
dqlvp/ zklfk zrxog whqg wr jhqhudwh srvlwlyh jdlqv lq wkh vkruw uxq hyhq pruh iuhtxhqwo| wkdq zh uhsruw
khuh1
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Ixuwkhupruh/ wkh hduqlqjv srwhqwldo dwwdlqdeoh e| wklv srsxodwlrq uhpdlqv olplwhg/ prvwo|

ehfdxvh ri d suhsrqghudqfh ri sduw wlph zrun1 Wklv h{sodlqv dqrwkhu urexvw uhvxow= wkh w|sh

ri krxvhkrogv zlwk wkh ohdvw wr jdlq +ru wkh prvw wr orvh/ li zh dgg lq fklog fduh frvwv,

iurp hpsor|phqw duh wkrvh khdghg e| vlqjoh prwkhuv1 Wkhlu vlwxdwlrq ehlqj ixqgdphqwdoo|

gl�huhqw iurp pdq| rwkhu zhoiduh uhflslhqwv/ d vshfldo wudqvihu surjudp ghvwlqhg vshfl�fdoo|

iru vlqjoh sduhqwv pljkw eh ghvludeoh/ exw lwv mxvwl�fdwlrq zrxog eh pruh lq whupv ri ghpr0

judsklf srolf| wkdq hpsor|phqw srolf|1 Qhyhuwkhohvv/ wkh sryhuw| lq zklfk vrph ri wkhvh

krxvhkrogv �qg wkhpvhoyhv lv zruulvrph rq lwv rzq1

Wr frqfoxgh/ uhphpehu wkdw rxu fdofxodwlrqv ri �qdqfldo jdlqv dqg orvvhv dvvrfldwhg zlwk

hpsor|phqw gr qrw kdyh d ehkdylrudo frxqwhusduw lq whupv ri oderu pdunhw dfwlylw| shu

vh/ hyhq ohvv vr zkhq zh frqvlghu wkh lpsruwdqfh ri oderu ghpdqg lq wkh ghflvlrq surfhvv1

Dv Odurtxh dqg Vdodqlì +5333, kdyh uhfhqwo| vkrzq/ vrph shrsoh zloo zrun lq h{fkdqjh

iru d odujh �qdqfldo jdlq zkloh rwkhuv duh zloolqj wr zrun hyhq zkhq grlqj vr fdxvhv wkhlu

glvsrvdeoh lqfrph wr idoo1 Rxu hvwlpdwhv vkrxog lq qr zd| eh lqwhusuhwhg dv phdvxuhv ri

lqfhqwlyh ru glvlqfhqwlyh h�hfwv lqkhuhqw lq Iudqfh*v v|vwhp ri wd{hv dqg wudqvihuv/ vlqfh zh

gr qrw glvfxvv wkh ehkdylrudo uhvsrqvhv wr wkhvh lqfhqwlyhv1 Lqvwhdg/ zh surylgh hohphqwv

wkdw duh +krshixoo|, xvhixo iru dgydqflqj wkh sxeolf ghedwh1
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Eleolrjudsk|

Divd/ Fhgulf +iruwkfrplqj,1 �O*dlgh dx orjhphqw lq xh0w0hooh vxu ohv frpsruwhphqwv

g*dfwlylwì ghv doorfdwdluhv gx UPL B�/ Hfrqrplh hw vwdwlvwltxh11

Ehqduurvk/ \1 hw do1 +5333,1 �Ohv Wudsshv ã lqdfwlylwì ã o*ìsuhxyh ghv idlwv�/ udssruw

srxu oh Frpplvvduldw Jìqìudo gx Sodq/ rfwreuh1

FQDI +4<<9d,1 4<<9/ vwdwlvwltxhv FDI hw wrxv uìjlphv/ Vìulh �Suhvwdwlrqv idploldohv�1

FQDI +4<<9e,1 Uhyhqx plqlpxp g*lqvhuwlrq dx 64 gìfhpeuh 4<<9/ Vìulh �Uhfkhufkh/

suìylvlrq/ vwdwlvwltxh�1

Jdxwlì/ Mìu÷ph dqg Dodlq Jxeldq +5333,1 �Uìiruph gx uhyhqx plqlpxp g*lqvhuwlrq hw

pdufkì gx wudydlo/� Gurlw vrfldo/ q� :0;/ mxloohw0drþw 5333/ 9<<0:3:1

Jloohv0Vlprq/ Pdulh0Rgloh dqg Plfkho Ohjurv +4<<9,1 �Oh qrq0uhfrxuv fkh} ohv soxv sdx0

yuhv= xqh dssurfkh hpslultxh�/ Uhfkhufkhv hw suìylvlrq/ q� 76/ ss1 8408;1

Jxujdqg/ Pduf dqg Gdylg Q1 Pdujrolv +5333,1 �Plqlpd vrfldx{ hw uhyhqxv gx wudydlo

hq Iudqfh/� Grfxphqw gh wudydlo 5333095/ FUHVW/ Lqvhh1

Khfnpdq/ Mdphv M1 +4<:<,1 �Vdpsoh vhohfwlrq eldv dv d vshfl�fdwlrq huuru/� Hfrqrphw0

ulfd/ yro1 7:/ ss1 48604941

Mrlq0Odpehuw/ Pdulh0Wkìuëvh +4<<;,1 Fk÷pdjh= phvxuhv g*xujhqfh hw plqlpd vrfldx{/

Od Grfxphqwdwlrq iudqêdlvh1

Mrqhv/ Vwhskhq U1J1 dqg Z1Fudlj Ulgghoo +4<<<,/ �Wkh Phdvxuhphqw ri Xqhpsor|phqw=

Dq Hpsululfdo Dssurdfk� Hfrqrphwulfd/ yro1 9:/ 47:0951

Odurtxh/ Jx| dqg Ehuqdug Vdodqlì +4<<<,1 �Suìoëyhphqwv hw wudqvihuwv vrfldx{ = xqh

dqdo|vh ghvfulswlyh ghv lqflwdwlrqv �qdqflëuhv dx wudydlo/� Hfrqrplh hw vwdwlvwltxh/ q� 65;/

4<<<0;1
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Odurtxh/ Jx| dqg Ehuqdug Vdodqlì +5333,1 �Xqh gìfrpsrvlwlrq gx qrq0hpsorl hq

Iudqfh�/ Hfrqrplh hw vwdwlvwltxh/ q� 664/ 533304/ 7:0991

Okrpphdx/ Ehuwudqg +iruwkfrplqj,1 �Ohv frq�jxudwlrqv idploldohv ghv pìqdjhv frps0

wdqw xq doorfdwdluh gx UPL = gx ir|hu UPL dx pìqdjh LQVHH/� Hfrqrplh hw vwdwlvwltxh1

Oldlvrqv vrfldohv +4<<;,1 Eduíph vrfldo sìulrgltxh / Mdqxdu| 4<<;1

Pdujrolv/ Gdylg Q1 +4<<9,1 �Frkruw H�hfwv dqg Uhwxuqv wr Vhqlrulw| lq Iudqfh/� Dqqdohv

g*Hfrqrplh hw gh Vwdwlvwltxh/ Mdqxdu|2Mxqh1

Sdglhx/ F1 +4<<:,1 �UPL hw Vplf= ìwxgh vxu o*dssruw �qdqflhu gh o*dffëv ã o*hpsorl sdu

w|shv gh pìqdjhv�/ Ohv Fdklhuv gh o*RGDV/ pduv1

]r|hp/ Mhdq0Sdxo +4<<<,1 �Frqwudw g*lqvhuwlrq hw vruwlh gx UPL�/ Grfxphqw gh wudydlo

J <<3</ Gluhfwlrq ghv ìwxghv hw v|qwkëvhv ìfrqrpltxhv/ Lqvhh1

7:



Dsshqgl{= ghulydwlrq ri wkh olnholkrrg ixqfwlrq

Lw fdq eh vkrzq wkdw
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n 0�c

zkhuh 0� lv wkh sduw ri h0 zklfk lv ruwkrjrqdo wr � dqg �15: Lw iroorzv wkdw
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�
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�
� Ej���
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zkhuh zh kdyh lpsrvhg wkh qrupdol}dwlrq T Eh0� ' �1 Lq zkdw iroorzv/ lw zloo eh frqyhqlhqw

+iru wkh hvwlpdwlrq, wr uhzulwh wkh prgho lq whupv ri fruuhodwlrq frh!flhqwv udwkhu wkdq

yduldqfhv/ lpsrvlqj wkh frqvwudlqw wkdw wkh fruuhodwlrqv olh ehwzhhq 04 dqg 4 gxulqj wkh

hvwlpdwlrq1 Zh ghqrwh wkh fruuhodwlrq frh!flhqwv 4 wr zklfk zh dvvljq wkh dssursuldwh

lqglfhv1

Wkh frqwulexwlrq wr wkh olnholkrrg ixqfwlrq iru d shuvrq zkr lv qrw zrunlqj fdq eh zulwwhq

� Eh0 � ~� nf��� ' x E~� nf���

zkhuhx lv wkh fxpxodwlyh glvwulexwlrq ixqfwlrq iru d vwdqgdug qrupdo dqg �� ' E�% � kfq n k�B�

lv wkh lghqwl�deoh sdudphwhu1 Dsso|lqj Ed|hv odz/ zh fdq zulwh wkh frqwulexwlrq wr wkh olnh0

olkrrg iru dq lqglylgxdo hpsor|hg lq d mre E�c �� dv

� Eh0 � ~� nf��m *L}�c *L} �� s E*L}�c *L} ��

zkhuh s E*L}�c *L} �� lv wkh mrlqw ghqvlw| ri *L}� dqg *L} �1

5: Rqh fdq zulwh h% @ dx. ey . %3 dqg vroyh iru wkh d dqg e zklfk vdwlvi| fry+h%> x, @ fry+dx. ey> x, dqg
fry+h%> y, @ fry+dx. ey> y,1
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