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ABSTRACT

Modelling Financial Incentives To Get Unemployed Back To Work*

We model how unemployment benefit sanctions – benefit reductions that are
imposed if unemployed do not comply with job search guidelines – affect
unemployment. In our analysis we find that not only micro-effects concerning
the behaviour of individual unemployed workers are relevant, but also macro-
spillover effects from the additional creation of vacancies, which originates
from the increased effectiveness of labour supply. We advocate that for a
given loss in welfare for the unemployed benefit sanctions are more effective
in reducing unemployment than an across the board reduction in the
replacement rate.

JEL Classification: H55, J65, J68
Keywords: unemployment benefits, financial incentives, sanctions

Jan Boone
Jan C van Ours
Department of Economics
Tilburg University
Warandelaan 2
PO Box 90153
5000 LE Tilburg
THE NETHERLANDS
Tel: (31 13) 466 2416
Fax: (31 13) 466 3042
Email: j.boone@kub.nl
            vanours@kub.nl

* The authors want to thank Jim Albrecht, Zvi Eckstein, Peter Fredriksson,
Bertil Holmlund, Susan Vroman, participants of the December 1999 Labour
Search Workshop at the Tinbergen Institute, participants of the September
1999 European Symposium in Labour Economics in Ammersee and
especially Lans Bovenberg for useful comments

Submitted 22 December 1999



NON-TECHNICAL SUMMARY

Unemployment and especially long-term unemployment is high in many
OECD-countries. The main problem is that workers stay unemployed for too
long. The lack of financial incentives for unemployed workers to get back to
work may be an important explanation for this phenomenon.

Because of this, many OECD countries are moving towards more active
labour market policies, including policies that use benefit sanctions to increase
the willingness of unemployed to work.

In this Paper we model the effects of financial incentives to get unemployed
back to work. We focus on benefit sanctions. Within the framework of a
Mortensen-Pissarides type of macro model of the labour market we analyse
the effects of benefit reductions that are imposed if unemployed do not comply
with job search guidelines. Although there is micro-evidence of the effects of
financial incentives on the transition from unemployment to employment, the
implications of a system of benefit sanctions for total unemployment are not
clear. There are several issues that cannot be studied in a micro context:

• Changes in the structure of the system: all unemployed face the same
structure, so it is difficult to find out what the effects are if the parameters of
the system (penalty, sanction rate) are changed.

• The ex ante effect of a benefit system: the mere possibility that
unemployed workers may get a sanction affects their search behaviour
even before a sanction actually is imposed.

• Crowding-out effects: if all unemployed increase their search intensity the
effect for an individual unemployed is substantially smaller than in the case
that only a few unemployed increase their search intensity.

• Macro-spillover effects: if unemployed search more intensively it is
worthwhile for employers to open more vacancies, which will reduce
unemployment.

• Tax effects: if unemployment goes down taxes or social security
contributions will be reduced, which will stimulate economic activities and
further reduce unemployment.

The macro model that we build allows us to identify and quantify each of these
effects. In our model we assume that unemployed behave rationally.
Conditional on the unemployment benefits, the sanction rate, the wage when
employed and the time preference, unemployed choose an optimal level of
search intensity. There is an ex ante and an ex post effect of benefit



sanctions. The ex ante effect refers to the optimal search intensity of workers,
which is higher than it would be if workers did not face the possibility of getting
a sanction imposed. The ex post effect refers to the effect on search of having
lower benefits once a sanction is imposed. In the labour market of our model,
we assume that wages are determined by negotiations between workers and
employers. Vacancies are created under the assumption of free entry, that is
until the value for the firm of posting a vacancy equals zero. The flows from
unemployment to employment are determined by a matching process in the
labour market.

In our simulations we start with parameter values that are in line with the
Dutch labour market of the early 1990s. Then, we investigate to what extent
labour market indicators change as benefits are reduced or a system of
benefit sanctions is introduced. We find that a lowering of the replacement
rate lowers the unemployment rate. However, we also show that a system of
benefit sanctions can increase welfare beyond the level where any change of
replacement rate can bring the economy. The ex ante effect turns out to be at
least as important as the ex post effect. The split-up between the two depends
to a large extent on the parameters of the sanction process. With a low value
of the sanction parameter the possibility of getting a sanction imposed is small
and the search of the unemployed will not be affected very much. The main
effect is after the sanction is imposed. So, in this case the ex post effect
dominates. With a high value of the sanction parameter the unemployed will
try to reduce the sanction rate by increasing their search intensity. Then, the
main effect is the ex ante effect. It is even possible that the ex post effect is
very small, which in micro research could lead to the erroneous conclusion
that sanctions do not have an effect. Nevertheless they do, but the main effect
is in the threat of a penalty, not because a penalty is imposed. Furthermore,
we find that the micro effect and the macro spillover effects are the two main
components causing the changes in unemployment. The crowding out effect
and the tax effects are rather small. This last observation also implies that
from the reduction in tax rate that goes with the system of benefit sanctions it
is possible to finance the monitoring costs without this having a big
counterbalancing effect.

All in all, we advocate that when financial incentives for unemployed are to be
increased the introduction of a system of sanctions is a good alternative for a
reduction of the level of benefits. The intuition is that an across the board
reduction in the replacement rate increases search and lowers unemployment
by making the unemployed worse off. With risk-averse workers this is a costly
way to reduce unemployment in terms of overall welfare. Introducing
sanctions stimulates search partly through making the unemployed worse off
and partly through the entitlement effect. That is, unemployed agents without
a sanction search harder to avoid the sanction. Also, unemployed agents with
a sanction search harder to find a job, because when they lose that job they



will be entitled again to the full unemployment benefits (without a penalty).
This entitlement effect makes sanctions more effective in reducing
unemployment for a given loss in welfare for the unemployed than an across
the board reduction in the replacement rate.



Prgholqj Ilqdqfldo Lqfhqwlyhv wr Jhw

Xqhpsor|hg Edfn wr Zrun

Mdq Errqh�

Mdq F1 ydq Rxuv
|

Ghfhpehu 4</ 4<<<

Devwudfw

Zh prgho krz xqhpsor|phqw ehqh�w vdqfwlrqv 0 ehqh�w uhgxfwlrqv wkdw

duh lpsrvhg li xqhpsor|hg gr qrw frpso| zlwk mre vhdufk jxlgholqhv 0 di0

ihfw xqhpsor|phqw1 Lq rxu dqdo|vlv zh �qg wkdw qrw rqo| plfur h�hfwv

frqfhuqlqj wkh ehkdylru ri lqglylgxdo xqhpsor|hg zrunhuv duh uhohydqw/

exw dovr pdfur0vslooryhu h�hfwv iurp wkh dgglwlrqdo fuhdwlrq ri ydfdqflhv/

zklfk ruljlqdwhv iurp wkh lqfuhdvhg h�hfwlyhqhvv ri oderu vxsso|1 Zh dg0

yrfdwh wkdw iru d jlyhq orvv lq zhoiduh iru wkh xqhpsor|hg ehqh�w vdqfwlrqv

duh pruh h�hfwlyh lq uhgxflqj xqhpsor|phqw wkdq dq dfurvv wkh erdug

uhgxfwlrq lq wkh uhsodfhphqw udwh1

MHO frghv= K88/ M98/ M9;

Nh|zrugv= xqhpsor|phqw ehqh�wv/ �qdqfldo lqfhqwlyhv/ vdqfwlrqv1

Wkh dxwkruv zdqw wr wkdqn Mlp Doeuhfkw/ ]yl Hfnvwhlq/ Shwhu Iuhgulnvvrq/

Ehuwlo Kropoxqg/ Vxvdq Yurpdq/ sduwlflsdqwv ri wkh Ghfhpehu 4<<< Oderu

VhdufkZrunvkrs dw wkh Wlqehujhq Lqvwlwxwh/ sduwlflsdqwv ri wkh Vhswhpehu

4<<< Hxurshdq V|psrvlxp lq Oderu Hfrqrplfv lq Dpphuvhh dqg hvsh0

fldoo| Odqv Eryhqehuj iru xvhixo frpphqwv1

�Ghsduwphqw ri Hfrqrplfv/ Wloexuj Xqlyhuvlw|/ FhqwHU dqg FSE Qhwkhuodqgv Exuhdx iru

Hfrqrplf Srolf| Dqdo|vlv> hpdlo= M1ErrqhCnxe1qo1
|Ghsduwphqw ri Hfrqrplfv/ Wloexuj Xqlyhuvlw|/ FhqwHU/ Lqvwlwxwh iru Oderu Vwxglhv +RVD,/

L]D dqg FHSU> hpdlo= ydqrxuvCnxe1qo1

Dgguhvv= Ghsduwphqw ri Hfrqrplfv/ Wloexuj Xqlyhuvlw|/ S1R1 Er{ <3486/ QO�8333 OH Wloexuj/

Wkh Qhwkhuodqgv1



4 Lqwurgxfwlrq

Xqhpsor|phqw dqg hvshfldoo| orqj0whup xqhpsor|phqw lv kljk lq pd| RHFG0

frxqwulhv1 Wkh pdlq sureohp lv wkdw zrunhuv vwd| xqhpsor|hg iru wrr orqj +vhh

iru h{dpsoh Od|dug/ Qlfnhoo dqg Mdfnpdq +4<<4, dqg Ehdq +4<<7,,1 Wkh odfn ri

�qdqfldo lqfhqwlyhv iru xqhpsor|hg zrunhuv wr jhw edfn wr zrun pd| dq lpsruwdqw

h{sodqdwlrq ri wklv skhqrphqrq1

Dffruglqj wr Qlfnhoo +4<<:, xqhpsor|phqw lv kljk lq frxqwulhv wkdw kdyh

uhdvrqdeo| jhqhurxv xqhpsor|phqw ehqh�wv zlwk yhu| orqj shulrgv ri hqwlwohphqw

dqg olwwoh lq wkh zd| ri dfwlyh srolflhv wr sxvk xqhpsor|hg lqwr zrun41 Wkh

Qhwkhuodqgv dqg wkh Xqlwhg Nlqjgrp duh dprqj wkh ihz Hxurshdq frxqwulhv

zkhuh xqhpsor|phqw zhqw grzq vxevwdqwldoo| lq uhfhqw |hduv51 Dffruglqj wr

Qlfnhoo dqg Ydq Rxuv +4<<</ 5333, rqh ri wkh uhdvrqv zk| wkh oderu pdunhw

shuirupdqfh lq wkh Qhwkhuodqgv dqg wkh XN lv vr pxfk ehwwhu wkdq lq wkh uhvw ri

Hxursh lv wkh uhvwuxfwxulqj ri wkh ehqh�w v|vwhp wr vwuhqjwkhq �qdqfldo lqfhqwlyhv

iru xqhpsor|hg zrunhuv1

Dffruglqj wr Omxqjtylvw dqg Vdujhqw +4<<8, wkh xqhpsor|phqw udwh lq Vzh0

ghq zdv orz iru pdq| ghfdghv ghvslwh kljk xqhpsor|phqw ehqh�wv ehfdxvh ri

d srolf| ri lqwhqvlyh frqwuro wr suhyhqw dexvh1 Omxqjtylvw dqg Vdujhqw +4<<;,

dgyrfdwh wkdw zlwkrxw vwulfw srolflhv wr prqlwru vhdufk ehkdylru ri xqhpsor|hg

zhoiduh vwdwhv duh qrw urexvw ehfdxvh kljk xqhpsor|phqw ehqh�wv suhyhqw udslg

dgmxvwphqw ri wkh hfrqrp| lq fdvh ri qhjdwlyh pdfurhfrqrplf vkrfnv1

Pdq| RHFG frxqwulhv duh prylqj wrzdugv pruh dfwlyh oderu pdunhw srolflhv1

Wkhuh duh vhyhudo srolflhv wr vwlpxodwh orqj0whup xqhpsor|hg wr jhw edfn wr zrun1

Wkhvh srolflhv duh uhodwhg wr wkh orvv ri vnloov h{shulhqfhg e| xqhpsor|hg/ wr wkh

wudqvsduhqf| ri wkh oderu pdunhw ru wr �qdqfldo lqfhqwlyhv1 Iuhtxhqwo| xvhg srol0

flhv duh hgxfdwlrq/ wudlqlqj dqg whpsrudu| zrun surmhfwv wr lqfuhdvh wkh delolw|

ri xqhpsor|hg wr zrun/ mre vhdufk surjudpv wr khos xqhpsor|hg �qg ydfdqw vorwv

dqg v|vwhpv ri erqxvhv dqg ehqh�w vdqfwlrqv wr lqfuhdvh wkh zloolqjqhvv ri xqhp0

sor|hg wr zrun1 Dv zh zloo looxvwudwh lq wkh qh{w vhfwlrq/ lq vrph RHFG frxqwulhv

4Kljk xqhpsor|phqw lv dvvrfldwhg zlwk sduwlfxodu w|shv ri xqlrql}dwlrq dqg zdjh edujdlq0

lqj/ zlwk kljk wd{hv rq oderu dqg zlwk srru hgxfdwlrqdo vwdqgdugv dw wkh erwwrp hqg ri wkh

oderu pdunhw +Qlfnhoo +4<<:,,1
5Lq wkh Qhwkhuodqgv wkh dyhudjh xqhpsor|phqw udwh lq 4<<; zdv 713(/ zkloh lq 4<<7 lw zdv

zlwk :18( derxw wzlfh dv odujh1 Wkhuh lv vwloo d vhulrxv sureohp lq wkh Qhwkhuodqgv frqfhuq0

lqj wkh qxpehuv ri zrunhuv froohfwlqj glvdelolw| ehqh�wv +;0< ( ri wkh srsxodwlrq djhg 49097

|hduv,1 Dowkrxjk wklv lv d odujh dprxqw lw kdv qrw lqfuhdvhg gxulqj wkh 4<<3v/ vr wkh ghfolqh

lq xqhpsor|phqw lv qrw ehfdxvh ri d vkliw wrzdugv pruh zrunhuv froohfwlqj glvdelolw| ehqh�wv1

Wkh xqhpsor|phqw udwh lq wkh XN zhqw grzq iurp 4318( lq 4<<6 wr 915( lq 4<<;1
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wkh odwwhu w|sh ri srolf| lv qrw xvhg yhu| riwhq dowkrxjk lq rwkhu frxqwulhv lw lv

xvhg iuhtxhqwo|1 Dv wkh srsxodwlrq lq RHFG frxqwulhv djhv dqg wkh oderu pdu0

nhw ehfrphv wljkw/ ehqh�w vdqfwlrqv pd| ehfrph dwwudfwlyh iurp d srolwlfdo srlqw

ri ylhz1 Lqghhg/ prqlwrulqj ri wkh vhdufk lqwhqvlw| ri xqhpsor|hg zrunhuv pd|

eh wkh prvw gluhfw zd| wr dgguhvv wkh prudo kd}dug sureohpv dvvrfldwhg zlwk

xqhpsor|phqw lqvxudqfh dqg wr uhfrqfloh h!flhqf| dqg htxlw|1

Lq wklv sdshu zh prgho wkh h�hfwv ri �qdqfldo lqfhqwlyhv wr jhw xqhpsor|hg

edfn wr zrun1 Zh irfxv rq ehqh�w vdqfwlrqv1 Zlwklq wkh iudphzrun ri d

Pruwhqvhq0Slvvdulghv w|sh ri pdfur prgho ri wkh oderu pdunhw6 zh dqdo|}h wkh

h�hfwv ri ehqh�w uhgxfwlrqv wkdw duh lpsrvhg li xqhpsor|hg gr qrw frpso| zlwk

mre vhdufk jxlgholqhv1 Dowkrxjk wkhuh lv plfur0hylghqfh ri wkh h�hfwv ri �qdqfldo

lqfhqwlyhv rq wkh wudqvlwlrq iurp xqhpsor|phqw wr hpsor|phqw7/ wkh lpsolfdwlrqv

ri d v|vwhp ri ehqh�w vdqfwlrqv iru wrwdo xqhpsor|phqw duh qrw fohdu1 Wkhuh duh

vhyhudo lvvxhv wkdw fdqqrw eh vwxglhg lq d plfur frqwh{w=

0 Fkdqjhv lq wkh vwuxfwxuh ri wkh v|vwhp= doo xqhpsor|hg idfh wkh vdph vwuxf0

wxuh/ vr lw lv gl!fxow wr �qg rxw zkdw wkh h�hfwv duh li wkh sdudphwhuv ri wkh

v|vwhp +shqdow|/ vdqfwlrq udwh, duh fkdqjhg1

0 Wkh h{ dqwh h�hfw ri d ehqh�w v|vwhp= wkh phuh srvvlelolw| wkdw xqhpsor|hg

zrunhuv pd| jhw d vdqfwlrq d�hfwv wkhlu vhdufk ehkdylru hyhq ehiruh d vdqfwlrq

dfwxdoo| lv lpsrvhg1

0 Furzglqj0rxw h�hfwv= li doo xqhpsor|hg lqfuhdvh wkhlu vhdufk lqwhqvlw| wkh

h�hfw iru dq lqglylgxdo xqhpsor|hg lv vxevwdqwldoo| vpdoohu wkdq lq wkh fdvh wkdw

rqo| d ihz xqhpsor|hg lqfuhdvh wkhlu vhdufk lqwhqvlw|1

0 Pdfur0vslooryhu h�hfwv= li xqhpsor|hg vhdufk pruh lqwhqvlyho| lw lv zruwk0

zkloh iru hpsor|huv wr rshq pruh ydfdqflhv/ zklfk zloo uhgxfh xqhpsor|phqw1

0 Wd{ h�hfwv= li xqhpsor|phqw jrhv grzq wd{hv ru vrfldo vhfxulw| frqwulex0

wlrqv zloo eh uhgxfhg/ zklfk zloo vwlpxodwh hfrqrplf dfwlylwlhv dqg ixuwkhu uhgxfh

xqhpsor|phqw1

Wkh pdfur prgho wkdw zh exlog/ doorzv xv wr lghqwli| dqg txdqwli| hdfk ri wkhvh

h�hfwv1

Lq wkh fxuuhqw sdshu rxu pdlq lqwhuhvw lv lq wkh uhodwlrqvkls ehwzhhq wrwdo

xqhpsor|phqw dqg erwk wkh lqwhqvlw| zlwk zklfk xqhpsor|hg duh vdqfwlrqhg

dqg wkh dprxqw e| zklfk ehqh�wv duh uhgxfhg1 Dowkrxjk rxu sdshu lv uhodwhg

wr zrun rq wkh rswlpdo wlph vwuxfwxuh ri xqhpsor|phqw ehqh�wv/ wklv lv qrw rxu

6Vhh Pruwhqvhq dqg Slvvdulghv +4<<<, iru d jhqhudo ryhuylhz1
7Vhh Dwnlqvrq dqg Plfnohzuljkw +4<<4, iru dq ryhuylhz ri wkh h�hfwv ri ehqh�wv dqg Deeulqj

hw do1 +4<<:, dqg Ydq ghq Ehuj hw do1 +4<<;, iru hylghqfh rq wkh plfur h�hfw ri ehqh�w vdqfwlrqv1

Zh glvfxvv wkhvh vwxglhv lq pruh ghwdlo ehorz1
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pdlq lvvxh1 Rxu pdlq phvvdjh lv wkdw wkhuh lv d ydulhw| ri zd|v lq zklfk �qdqfldo

lqfhqwlyhv pd| eh xvhg wr jhw xqhpsor|hg lqwr mrev1 Ilqdqfldo lqfhqwlyhv fdq eh

lqfuhdvhg e| orzhulqj ehqh�wv ru e| lqwurgxflqj d v|vwhp ri ehqh�w vdqfwlrqv1

Zh dgyrfdwh wkdw zkhq �qdqfldo lqfhqwlyhv iru xqhpsor|hg duh wr eh lqfuhdvhg/

wkh lqwurgxfwlrq ri d v|vwhp ri vdqfwlrqv lv d jrrg dowhuqdwlyh wr orzhulqj wkh

ohyho ri ehqh�wv lq jhqhudo1

Wkh lqwxlwlrq lv wkdw dq dfurvv wkh erdug uhgxfwlrq lq wkh uhsodfhphqw udwh

lqfuhdvhv vhdufk dqg orzhuv xqhpsor|phqw e| pdnlqj wkh xqhpsor|hg zruvh r�1

Zlwk ulvn dyhuvh zrunhuv wklv lv d frvwo| zd| wr uhgxfh xqhpsor|phqw lq whupv ri

ryhudoo zhoiduh1 Lqwurgxflqj vdqfwlrqv vwlpxodwhv vhdufk sduwo| wkurxjk pdnlqj

wkh xqhpsor|hg zruvh r� dqg sduwo| wkurxjk wkh hqwlwohphqw h�hfw1 Wkdw lv/

xqhpsor|hg djhqwv zlwkrxw d vdqfwlrq vhdufk kdughu wr dyrlg wkh vdqfwlrq1 Dovr/

xqhpsor|hg djhqwv zlwk d vdqfwlrq vhdufk kdughu wr �qg d mre/ ehfdxvh zkhq

wkh| orvh wkdw mre wkh| zloo eh hqwlwohg djdlq wr wkh ixoo xqhpsor|phqw ehqh�wv

+zlwkrxw d shqdow|,1 Wklv hqwlwohphqw h�hfw pdnhv vdqfwlrqv pruh h�hfwlyh lq

uhgxflqj xqhpsor|phqw iru d jlyhq orvv lq zhoiduh iru wkh xqhpsor|hg wkdq dq

dfurvv wkh erdug uhgxfwlrq lq wkh uhsodfhphqw udwh1

Wkh sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5 zh jlyh dq ryhuylhz ri suhylrxv

uhvhdufk uhodwhg wr rxu vwxg|1 Lq Vhfwlrq 6 zh prgho lqglylgxdo vhdufk ehkdylru

dqg wkh zd| wklv lv d�hfwhg e| ehqh�w vdqfwlrqv1 Lq Vhfwlrq 7 zh glvfxvv wkh

uhodwlrqvkls ehwzhhq lqglylgxdo vhdufk ehkdylru dqg wkh oderu pdunhw1 Lq Vhfwlrq

8 zh suhvhqw uhvxowv ri vlpxodwlrqv lq zklfk zh fkdqjh wkh vwuxfwxuh ri �qdqfldo

lqfhqwlyhv1 Vhfwlrq 9 frqfoxghv1 Wkh surriv ri wkh uhvxowv fdq eh irxqg lq wkh

dsshqgl{1

5 Ilqdqfldo lqfhqwlyhv dqg wkh oderu pdunhw

514 Ehqh�w vdqfwlrqv lq RHFG frxqwulhv

Zrunhuv wkdw froohfw xqhpsor|phqw ehqh�wv kdyh wr frpso| zlwk dgplqlvwudwlyh

uxohv1 Lq pdq| frxqwulhv wr uhpdlq holjleoh iru xqhpsor|phqw ehqh�wv/ zrunhuv

kdyh wr eh dydlodeoh wr vwduw zrun dw vkruw qrwlfh/ wkh| kdyh wr surylgh surri ri

mre vhdufk h�ruwv +h1j1 uhfhqw mre dssolfdwlrqv,/ wkh| duh qrw doorzhg wr uhmhfw

mre r�huv wrr hdvlo| dqg wkh| kdyh wr dwwhqg lqwhuylhzv dqg wudlqlqj frxuvhv dv

uhtxluhg e| wkh sxeolf hpsor|phqw vhuylfhv81 Wkhvh holjlelolw| fulwhuld pd| eh

8Wkhvh holjlelolw| fulwhuld uhihu wr ehkdylru gxulqj ehqh�w shulrgv1 Dsduw iurp wkdw/ pdq|

frxqwulhv dovr kdyh fulwhuld zlwk uhvshfw wr wkh ehkdylru ehiruh ehqh�wv vwduwv/ hvshfldoo| zlwk

uhvshfw wr h�ruwv wr suhyhqw mre orvv1
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hqirufhg e| lpsrvlqj ehqh�w vdqfwlrqv1

Wdeoh 4 jlyhv dq ryhuylhz ri vdqfwlrq udwhv9/ uhsodfhphqw udwhv dqg xqhp0

sor|phqw udwhv dfurvv d qxpehu ri RHFG frxqwulhv1 Wkh vdqfwlrq udwhv udqjh

iurp yhu| orz lq Vzhghq wr txlwh kljk lq wkh Qhwkhuodqgv dqg Vzlw}huodqg1 Wkh

Vzhglvk v|vwhp lv vrphwlphv frqvlghuhg dv rqh zkhuh wkhuh lv suhvvxuh rq wkh xq0

hpsor|hg/ lqfoxglqj srvvleoh ghqldo ri ehqh�w/ wr erwk orrn iru zrun dqg dffhsw

vxlwdeoh mre r�huv1 Qhyhuwkhohvv/ Emùunoxqg dqg Kropoxqg +4<<4, uhsruw wkdw wkh

|hduo| ehqh�w ghqldov dprxqw wr qr pruh wkdq dssur{lpdwho| 4 dqg 5 shufhqw ri

doo zkr uhfhlyh xqhpsor|phqw frpshqvdwlrq gxulqj d |hdu1 Dv vkrzq lq Wdeoh

4/ lq uhfhqw |hduv lw zdv hyhq ohvv wkdq wkdw1 Vr/ zkhuhdv wkh Vzhglvk v|vwhp lv

nqrzq iru lwv dfwlydwlqj oderu pdunhw srolf|/ lq whupv ri ehqh�w vdqfwlrqv wkh|

duh wkh ohdvw vwulfw ri doo wkh RHFG frxqwulhv uhsuhvhqwhg lq Wdeoh 4/ dqg wkh|

kdyh wkh kljkhvw uhsodfhphqw udwhv1 Wkh Gxwfk dqg Vzlvv v|vwhpv vhhp wr eh wkh

prvw vwulfw lq whupv ri vdqfwlrq udwhv/ exw wkh| kdyh uhodwlyho| kljk uhsodfhphqw

udwhv1 Lq wkh XV kljk vdqfwlrq udwhv duh frpelqhg zlwk orz uhsodfhphqw udwhv1

Wkh vdqfwlrq udwhv rqo| jlyh d urxjk dssur{lpdwlrq ri wkh vdqfwlrq v|vwhpv1

Lw lv qrw rqo| wkh shufhqwdjh ri ehqh�w uhflslhqwv wkdw jhw d vdqfwlrq lpsrvhg wkdw

lv lpsruwdqw1 Dovr wkh vwulfwqhvv ri oderu pdunhw holjlelolw| fulwhuld dqg wkh w|sh

ri fulwhuld wkdw pdwwhu1 Lq Ghqpdun dqg Ilqodqg iru h{dpsoh fulwhuld zlwk uhvshfw

wr mre vhdufk lqwhqvlw| duh qrw hqirufhg yhu| vwulfwo|/ exw wkhvh frxqwulhv kdyh yhu|

vwulfw uxohv iru |rxqj zrunhuv zkhq lw frphv wr wdujhwhg oderu pdunhw surjudpv1

Lq Vzlw}huodqg wkh uxohv zlwk uhvshfw wr zkdw w|sh ri mre dq xqhpsor|hg zrunhu

vkrxog dffhsw duh qrw yhu| vwulfw/ phdqlqj wkdw xqhpsor|hg duh doorzhg wr uhixvh

mre r�huv rxwvlgh wkhlu gluhfw vshfldol}dwlrq/ exw wkh Vzlvv duh yhu| vwulfw rq wkh

vhdufk surfhvv1 Olnh lq wkh XN/ lq Vzlw}huodqg wkhuh duh h{solflw jxlgholqhv derxw

wkh uhsruwlqj surfhvv dqg wkh plqlpxp dffhswdeoh iuhtxhqf| ri mre dssolfdwlrqv

ru rwkhu dfwv ri mre vhdufk +vhh Juxee +4<<<, iru ixuwkhu ghwdlov,1

Ghvslwh doo wkh yduldwlrq lq vdqfwlrq v|vwhpv/ wkh vdqfwlrq udwhv gr jlyh vrph

lqglfdwlrq derxw wkh vwulfwqhvv ri wkh zd| holjlelolw| fulwhuld duh hqirufhg1 Wdeoh

4 dovr vkrzv wkdw wkhuh lv d odujh yduldwlrq lq xqhpsor|phqw udwhv/ iurp d orz

7( lq wkh Qhwkhuodqgv wr d kljk 4417( lq Ilqodqg1 Doo lq doo/ wkhuh vhhpv wr eh d

srvlwlyh uhodwlrqvkls ehwzhhq wkh uhsodfhphqw udwh dqg xqhpsor|phqw dqg wkhuh

vhhpv wr eh d qhjdwlyh uhodwlrqvkls ehwzhhq wkh vdqfwlrq udwh dqg xqhpsor|phqw1

9Wkhvh uhihu wr vdqfwlrqv ehfdxvh ri ehkdylru gxulqj ehqh�w shulrgv1 Wkh vdqfwlrq udwh

lv gh�qhg dv vdqfwlrqv gxulqj ehqh�w shulrgv dv d shufhqwdjh ri wkh dyhudjh vwrfn ri ehqh�w

fodlpv1 Dsduw iurp wkdw wkhuh duh vdqfwlrqv iru h{dpsoh ehfdxvh ri odfn ri h�ruw wr suhyhqw mre

orvv +yroxqwdu| xqhpsor|phqw,1 Lq whupv ri wkh  rz ri lqlwldo ehqh�w fodlpv wkhvh vdqfwlrqv

udqjh iurp 617( lq Ilqodqg wr 4618( lq wkh XV1 Vhh Juxee +4<<<, iru ghwdlov rq wkh v|vwhp ri

ehqh�w vdqfwlrqv lq ydulrxv frxqwulhv1
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Ri frxuvh wkh qxpehu ri revhuydwlrqv lv wrr vpdoo wr pdnh vwurqj vwdwhphqwv

derxw wkhvh w|shv ri uhodwlrqvklsv/ exw wkh| duh lq olqh zlwk wkh revhuydwlrqv lq

Qlfnhoo dqg Ydq Rxuv +4<<</ 5333, wkdw uhgxfhg ehqh�wv dqg vwulfwhu zrun whvwv

duh lpsruwdqw hohphqwv ri wkh ghfolqh lq xqhpsor|phqw lq erwk wkh XN dqg wkh

Qhwkhuodqgv1

Iru wkh Qhwkhuodqgv zh kdyh lqirupdwlrq derxw wkh ghyhorsphqw lq wkh vdqf0

wlrq udwh vlqfh 4<;:1 Wklv ghyhorsphqw/ wrjhwkhu zlwk wkh ghyhorsphqw lq wkh

xqhpsor|phqw udwh duh vkrzq lq Iljxuh 41 Lq wkh hduo| 4<;3v wkh xqhpsor|phqw

udwh lq wkh Qhwkhuodqgv lqfuhdvhg iurp 8( wr 45( lq wkh wlph vsdq ri d frxsoh ri

|hduv1 Ehfdxvh ri wklv/ lw zdv ghflghg wr uhvwuxfwxuh wkh v|vwhp ri vrfldo vhfxulw|1

Zkhuhdv lqfrph vxssruw kdg dozd|v ehhq wkh sulpdu| dlp ri vrfldo vhfxulw|/ iurp

wkhq rq wkhuh zdv dq lqfuhdvlqj lqwhuhvw lq vwlpxodwlqj uh0hpsor|phqw ri ehqh�w

uhflslhqwv1 Lq 4<;: wkhuh zdv d pdmru uhvwuxfwxulqj ri xqhpsor|phqw ehqh�wv/

vlfnqhvv ehqh�wv/ glvdelolw| ehqh�wv dqg zhoiduh ehqh�wv1 Wkh xqhpsor|phqw

ehqh�w uhsodfhphqw udwhv zhuh orzhuhg iurp ;3 wr :3( dqg holjlelolw| uxohv zhuh

wljkwhqhg1 Ixuwkhupruh/ d v|vwhp ri ehqh�w vdqfwlrqv zdv lqwurgxfhg1 Lq wkh

�uvw |hdu/ 4<;:/ derxw 5:/333 xqhpsor|phqw ehqh�w vdqfwlrqv zhuh lpsrvhg/ ri

zklfk 45/333 zhuh ehfdxvh ri odfn ri h�ruw wr nhhs d mre1 Wkh 48/333 ehqh�w

vdqfwlrqv ehfdxvh ri qrq0frpsoldqfh zlwk vhdufk uxohv lpsolhg d vdqfwlrq udwh ri

derxw 43(1 Ryhu wkh |hduv wkh vdqfwlrq udwh lqfuhdvhg wr derxw 48( lq 4<<81

Lq Dxjxvw 4<<9 d qhz odz rq ehqh�w vdqfwlrqv zdv lqwurgxfhg/ zklfk fdxvhg d

ixuwkhu lqfuhdvh ri wkh vdqfwlrq udwh wr derxw 68( lq 4<<::1 Iljxuh 4 dovr vkrzv

wkdw wkh xqhpsor|phqw udwh ghfuhdvhg iurp :18( wr 7( lq wkh shulrg 4<<704<<;1

Iurp uhfhqw plfur vwxglhv rq wkh h�hfw ri ehqh�w vdqfwlrqv lq wkh Gxwfk

oderu pdunhw zh nqrz wkdw d uhgxfwlrq ri xqhpsor|phqw ehqh�wv pd| kdyh d

vxevwdqwldo h�hfw rq wkh rxw rz iurp xqhpsor|phqw wr d mre1 Deeulqj/ Ydq ghq

Ehuj dqg Ydq Rxuv +4<<:, vwxg| wkh h�hfw ri �qdqfldo lqfhqwlyhv e| frpsdulqj

wkh xqhpsor|phqw gxudwlrq ri lqglylgxdov wkdw kdyh idfhg d ehqh�w uhgxfwlrq

zlwk vlplodu lqglylgxdov wkdw kdyh qrw ehhq shqdol}hg1 Wkh| �qg wkdw ehqh�w

vdqfwlrqv kdyh d srvlwlyh h�hfw rq lqglylgxdo wudqvlwlrq udwhv iurp xqhpsor|phqw

wr d mre1 Wkh mre �qglqj udwhv grxeoh diwhu d vdqfwlrq kdv ehhq lpsrvhg1 Ydq ghq

Ehuj/ Ydq ghu Noddxz dqg Ydq Rxuv +4<<;, shuirup d vlplodu vwxg| iru zhoiduh

uhflslhqwv lq wkh flw| ri Urwwhugdp1 Dowkrxjk wklv jurxs ri xqhpsor|hg kdv d

oderu pdunhw srvlwlrq wkdw lv riwhq frqvlghuhg wr eh yhu| zhdn wkh| wrr �qg wkdw

ehqh�w vdqfwlrqv vwlpxodwh wkh wudqvlwlrqv iurp zhoiduh wr zrun1 Djdlq/ wkh mre

�qglqj udwh grxeohv dw wkh lpsrvlwlrq ri d vdqfwlrq1

:Lq whupv ri wkh lq rz ri ehqh�w uhflslhqwv wkh vdqfwlrq udwh frqfhuqlqj odfn ri h�ruw wr

suhyhqw mre orvv  xfwxdwhg exw zdv qhyhu kljkhu wkdq 918(1
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Dvkhqihowhu hw do1 +4<<<, suhvhqw dq dqdo|vlv ri d �hog h{shulphqw wr lq0

yhvwljdwh zkhwkhu vwulfwhu hqirufhphqw dqg yhul�fdwlrq ri zrun vhdufk ehkdylru

ghfuhdvhv xqhpsor|phqw fodlpv dqg ehqh�wv sdlg1 Li xqhpsor|hg zrunhuv idlohg

wr phhw wkh vhdufk uhtxluhphqwv wkh| zrxog kdyh orvw wkhlu ehqh�w +whpsrudu| ru

shupdqhqw,1 Dvkhqihowhu hw do1 +4<<<, edvlfdoo| lqyhvwljdwh zkhwkhu wkhuh lv dq h{

dqwh h�hfw ri ehqh�w vdqfwlrqv;1 Wkh| �qg qr vxfk h�hfw dqg frqfoxgh wkdw wkh

hqirufhphqw ri vdqfwlrqv lv qrw zruwk wkh frvw1 Lq d vwxg| iru 8 X1V1 vwdwhv Exujhvv

+4<<5, �qg wkdw xvxdo qrq0frpsoldqfh zlwk xqhpsor|phqw0lqvxudqfh mre0vhdufk

uhjxodwlrqv lv xvxdoo| yhu| orz zlwk dq dyhudjh qrq0frpsoldqfh udwh ri 5(1 Krz0

hyhu/ li prqlwrulqj lv lqwhqvl�hg wkh uhdo qrq0frpsoldqfh udwh wxuqv rxw wr eh lq

wkh qhljkerukrrg ri 53(1

515 Uhodwhg vwxglhv

Rxu sdshu suhvhqwv d pdfur prgho ri wkh oderu pdunhw lq zklfk xqhpsor|hg duh

prqlwruhg wr suhyhqw dqg sxqlvk dexvh ri ehqh�wv +vhh Kropoxqg +4<<:, iru d

vxuyh| ri oderu pdunhw rulhqwhg vwxglhv ri xqhpsor|phqw lqvxudqfh,1 Xqhpsor|hg

zrunhuv uhfhlyh d ehqh�w dw wkh vwduw ri wkhlu xqhpsor|phqw vshoo1 Zh dvvxph

wkdw wkh| fkrrvh dq rswlpdo vhdufk lqwhqvlw| frqglwlrqdo rq vhdufk frvwv/ wkh

oderu pdunhw vlwxdwlrq dqg wkh suredelolw| wkdw wkh| jhw d ehqh�w uhgxfwlrq li

wkhlu vhdufk lqwhqvlw| lv wrr orz1 Vr/ zrunhuv zlwk wrr orz d vhdufk lqwhqvlw|

idfh d vwrfkdvwlf uhgxfwlrq ri wkhlu ehqh�w1 Wkh ehqh�w ohyho lv frqvwdqw ryhu

wkh gxudwlrq ri xqhpsor|phqw xqohvv d vdqfwlrq lv lpsrvhg1 Li d vdqfwlrq lv

lpsrvhg wkh ehqh�w ohyho lv uhgxfhg exw lv djdlq frqvwdqw ryhu wkh uhpdlqlqj

xqhpsor|phqw vshoo1 Rxu prgho lv uhodwhg wr d ydulhw| ri suhylrxv vwxglhv1

Iuhgulnvvrq dqg Kropoxqg +4<<;, iru h{dpsoh dqdo|}h wkh h�hfw ri d ehqh�w

uhgxfwlrq lq d vlplodu zd|1 Krzhyhu/ lq wkhlu prgho wkh| zdqw wr lqyhvwljdwh

wkh h�hfw ri dq lqvwlwxwlrqdo uhgxfwlrq ri xqhpsor|phqw ehqh�wv diwhu d vshfl�f

gxudwlrq1 Wkh| prgho d vwrfkdvwlf uhgxfwlrq ri wkh ehqh�w ohyho dv d sudfwlfdo

vroxwlrq wr dyrlg sureohpv uhodwhg wr qrq0vwdwlrqdu| vhdufk lq fdvh wkh gdwh ri

wkh uhgxfwlrq lv �{hg lq dgydqfh1

Lq wkh prgho e| Omxqjtylvw dqg Vdujhqw +4<<8, wkh jryhuqphqw h{huflvhv frq0

wuro ryhu xqhpsor|hg zrunhuv e| vwdwlqj d cvxlwdeoh* zdjh1 Wklv lv d zdjh wkuhvk0

rog ohyho zklfk/ li r�huhg dqg uhixvhg/ wuljjhuv uhixvdo ri xqhpsor|phqw frpshq0

vdwlrq wr dq xqhpsor|hg zrunhu1 Wkh jryhuqphqw lv dvvxphg wr kdyh d vwrfkdvwlf

;Eodfn hw do1 +4<<;, lv d uhodwhg vwxg| lq wkh vhqvh wkdw khuh wrr dq h{ dqwh h�hfw lv

lqyhvwljdwhg1 Lq wklv fdvh lw lv derxw pdqgdwru| hpsor|phqw dqg wudlqlqj surjudpv1 Wkh vwxg|

�qgv wkdw vrph xqhpsor|hg zrunhuv wkdw duh lqiruphg derxw wkhvh pdqgdwru| surjudpv ohdyh

xqhpsor|phqw ehiruh wkh| kdyh wr hqwhu wkhvh surjudpv1 Vr/ wkh| gr �qg dq h{ dqwh h�hfw1

:



prqlwrulqj whfkqrorj|1 Dw orz fkdqfhv ri hvfdslqj ghwhfwlrq/ wkh lqyroxqwdulo|

xqhpsor|hg +holjleoh iru xqhpsor|phqw frpshqvdwlrq, zrunhuv fkrrvh qrw wr

wdnh dq| ulvnv dqg dffhsw doo zdjh r�huv juhdwhu wkdq ru htxdo wr wkh vxlwdeoh

zdjh1 Li wkh suredelolw| ri dyrlglqj ghwhfwlrq ulvhv wkh lqyroxqwdulo| xqhpsor|hg

zrunhu zloo vxffhvvlyho| ehfrph fkrrvlhu lq wkhlu ghflvlrq wr dffhsw d zdjh ri0

ihu1 Dffruglqj wr wkh prgho/ wkh jryhuqphqw*v frqwuro ryhu wkh xqhpsor|hg kdv

ehhq d pdmru idfwru lq wkh h{fhswlrqdoo| orz udwh ri xqhpsor|phqw lq Vzhghq

sulru wr wkh fulvlv1 Gluhfw frqwurov kdyh ehhq xvhg wr frxqwhudfw wkh glvwruwhg

lqfhqwlyhv iurp d jhqhurxv xqhpsor|phqw frpshqvdwlrq1 Lq d vlwxdwlrq ri yhu|

kljk xqhpsor|phqw wkhvh jryhuqphqw frqwurov duh ohvv h�hfwlyh1 Wkh lghd wkdw

kljk xqhpsor|phqw udwhv duh dvvrfldwhg zlwk olplwhg jryhuqphqw hqirufhphqw

delolwlhv lv lqfrusrudwhg e| ohwwlqj wkh sdudphwhu wkdw uhsuhvhqwv wkh suredelolw|

ri ghwhfwlrq wr eh d qhjdwlyh ixqfwlrq ri wkh xqhpsor|phqw udwh1 Wkdw lv/ iru

jlyhq jryhuqphqw h{shqglwxuhv rq rshudwlqj xqhpsor|phqw djhqflhv/ d kljkhu

xqhpsor|phqw udwh lv dvvrfldwhg zlwk orzhu prqlwrulqj suredelolw|1

Lq Omxqjtylvw dqg Vdujhqw +4<<;, d jhqhudo htxloleulxp vhdufk prgho lv iru0

pxodwhg lq zklfk zrunhuv* vnloov ghsuhfldwh gxulqj xqhpsor|phqw vshoov/ dqg

xqhpsor|phqw ehqh�wv duh ghwhuplqhg e| zrunhuv* sdvw hduqlqjv1 Wkh vwrfkdvwlf

ghsuhfldwlrq ri vnloov gxulqj xqhpsor|phqw lv wzlfh dv idvw dv wkh dffxpxodwlrq ri

vnloov1 Erwk sdshuv e| Omxqjtylvw dqg Vdujhqw +4<<8/ 4<<;, irupxodwh d srolf| ri

ehqh�w vdqfwlrqv edvhg rq jryhuqphqw vwlsxodwhg vxlwdeoh zdjhv1 Li xqhpsor|hg

zrunhuv uhmhfw d zdjh r�hu wkdw h{fhhgv vxfk d vxlwdeoh zdjh dqg wklv ehkdylru

lv revhuyhg/ wkhq wkh| orrvh wkhlu ehqh�wv1

Rxu sdshu lv dovr uhodwhg wr uhvhdufk rq wkh rswlpdo vwuxfwxuh ri xqhpsor|0

phqw ehqh�wv1 Rqh ri wkh lvvxhv khuh lv krz wkh ehqh�wv vkrxog ydu| ryhu wkh

gxudwlrq ri wkh xqhpsor|phqw vshoo1 Lq wkh prgho ri Vkdyhoo dqg Zhlvv +4<:<, wkh

jryhuqphqw rswlpl}hv wkh zhoiduh ri wkh xqhpsor|hg xqghu d exgjhw uhvwulfwlrq1

Wkh| vkrz wkdw li xqhpsor|hg kdyh qr frqwuro ryhu wkhlu mre �qglqj udwh lw lv

rswlpdo wr kdyh d frqvwdqw ehqh�w1 Li xqhpsor|hg fdq frqwuro wkh mre �qglqj udwh

wkurxjk wkhlu vhdufk dfwlylwlhv/ lw lv rswlpdo wr kdyh ehqh�wv ghfolqh ryhu wkh gx0

udwlrq ri xqhpsor|phqw1 Krshqkd|q dqg Qlfrolql +4<<:, kdyh d vlplodu prgho lq

zklfk wkh| lqwurgxfh d zdjh wd{ wkdw lv lpsrvhg diwhu xqhpsor|hg hqwhu d mre1 Lq

wkhlu prgho ehqh�wv vkrxog ghfolqh ryhu wkh gxudwlrq ri xqhpsor|phqw/ zkloh wkh

zdjh wd{ vkrxog lqfuhdvh zlwk wkh gxudwlrq ri wkh xqhpsor|phqw vshoo1 Gdylgvrq

dqg Zrrgexu| +4<<:, kdyh d prgho lq zklfk xqhpsor|hg fkrrvh d vhdufk lqwhq0

vlw| wkdw pd{lpl}hv wkhlu olihwlph lqfrph1 Wkh| frqvlghu d oderu pdunhw lq zklfk

wkhuh duh erwk xqhpsor|hg zrunhuv zlwk ehqh�wv dqg xqhpsor|hg zlwkrxw ehqh0

�wv1 Wkh odwwhu jurxs ri xqhpsor|hg kdv h{kdxvwhg hqwlwohphqw wr xqhpsor|phqw

;



ehqh�wv ehfdxvh wkhvh zhuh olplwhg lq gxudwlrq1 Vlqfh wkhuh duh wzr jurxsv ri xq0

hpsor|hg wkdw frpshwh iru mrev wkhuh duh vsloo0ryhu h�hfwv1 Xqhpsor|hg zlwkrxw

d ehqh�w kdyh d kljkhu mre �qglqj udwh li wkh ehqh�w ohyho lv lqfuhdvhg vlqfh wklv

zloo lqgxfh zrunhuv zlwk ehqh�wv wr uhgxfh wkhlu vhdufk lqwhqvlw|1 Lq wkh prgho ri

Gdylgvrq dqg Zrrgexu| wkhuh lv dq lqyhuvh uhodwlrqvkls ehwzhhq wkh pd{lpxp

ehqh�w gxudwlrq dqg wkh uhsodfhphqw udwh= li wkh pd{lpxp gxudwlrq lv ohvv wkdq

65 zhhnv/ wkh rswlpdo uhsodfhphqw udwh lv odujhu wkdq rqh1 D �qdo h{dpsoh ri

d vwxg| wkdw frqvlghuv wkh rswlpdo vwuxfwxuh ri xqhpsor|phqw ehqh�wv lv Fdkxf

dqg Ohkpdqq +4<<:,1 Lq wkhlu prgho zdjh qhjrwldwlrqv duh lpsruwdqw1 Li ehqh�wv

zrxog ghfolqh ryhu wkh gxudwlrq ri wkh xqhpsor|phqw vshoo wkh edujdlqlqj srzhu

ri wkh vkruw whup xqhpsor|hg dqg ri wkh lqvlghuv zrxog lqfuhdvh/ zklfk zrxog

ohdg wr kljkhu zdjhv dqg dq lqfuhdvh lq xqhpsor|phqw1 Lw lv wkhuhiruh rswlpdo wr

kdyh frqvwdqw xqhpsor|phqw ehqh�wv1

Wkh lpsdfw ri xqhpsor|phqw ehqh�wv rq wkh h{lwv rxw ri xqhpsor|phqw kdv

dovr ehhq wkh wrslf ri d orw ri hpslulfdo uhvhdufk edvhg rq plfur gdwd1 Xvxdoo|/

wklv uhvhdufk lv irfxvhg rq d frpsdulvrq ri xqhpsor|phqw gxudwlrqv ri lqglylgx0

dov zlwk gl�huhqw ohyhov ri xqhpsor|phqw ehqh�wv +vhh Ghylqh dqg Nlhihu +4<<4,

iru dq ryhuylhz,1 Wkhuh lv d zlgh ydulhw| lq wkh fkdudfwhulvwlfv ri wkh vwxglhv

shuiruphg1 Vrph vwxglhv ghdo zlwk wkh ehqh�w ohyho/ rwkhu vwxglhv dovr lqfoxgh

wkh gxudwlrq ri wkh ehqh�wv/ wkh glvwlqfwlrq ehwzhhq xqhpsor|phqw ehqh�wv dqg

xqhpsor|phqw dvvlvwdqfh/ wkh gl�huhqfh lq ehkdylru ehwzhhq xqhpsor|hg wkdw

froohfw ehqh�wv dqg rwkhuv wkdw gr qrw/ hwfhwhud1 Vrph vwxglhv rqo| frqvlghu

h{lwv rxw ri xqhpsor|phqw/ zkloh rwkhu vwxglhv wdnh wkh ghvwlqdwlrq ri wkh h{lw

lqwr dffrxqw1 D orw ri wkh vwxglhv frqfoxgh wkdw wkhuh lv d prghvw h�hfw ri ehq0

h�wv rq xqhpsor|phqw gxudwlrqv/ exw wkh uhvxowv duh qrw urexvw +Dwnlqvrq dqg

Plfnohzuljkw +4<<4,/ Ghylqh dqg Nlhihu +4<<6,,1 Dowhuqdwlyho|/ wkh h�hfw ri �qdq0

fldo lqfhqwlyhv lv vwxglhg e| phdqv ri vrfldo h{shulphqwv1 Ph|hu +4<<8, jlyhv dq

ryhuylhz ri hydoxdwlrqv ri xqhpsor|phqw lqvxudqfh uhirupv lq wkh Xqlwhg Vwdwhv/

pdq| ri zklfk kdyh kdg dq h{shulphqwdo qdwxuh1 Wkh xqhpsor|phqw lqvxudqfh

h{shulphqwv pdlqo| frqfhuq fdvk erqxvhv dqg mre vhdufk surjudpv1 Iurp wkh

erqxv h{shulphqwv lw dsshduv wkdw hfrqrplf lqfhqwlyhv gr d�hfw wkh vshhg zlwk

zklfk xqhpsor|hg zrunhuv ohdyh xqhpsor|phqw/ l1h1 uhgxfh wkh gxudwlrq ri xq0

hpsor|phqw1<

Ehqh�w vdqfwlrqv duh dvvxphg wr eh h�hfwlyh ehfdxvh ri wkh �qdqfldo lqfhqwlyh

<H{shulphqwv lq zklfk xqhpsor|hg zrunhuv duh h{srvhg wr gl�huhqw uhjlphv ri mre vhdufk

prqlwrulqj dovr vkrz wkdw lqwhqvlyh prqlwrulqj kdv srvlwlyh h�hfwv= lw uhgxfhv wkh uhfhlsw ri

xqhpsor|phqw ehqh�wv/ lqfuhdvhv hduqlqjv diwhu xqhpsor|phqw dqg kdv ehqh�wv wkdw h{fhhg

frvwv1
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uhodwhg wr wkhp1 Lw qrw fohdu wkdw wklv lv wkh rqo| zd| lq zklfk wkh| zrun1 Lq

d vwxg| rq xqhpsor|phqw lq Wkh Qhwkhuodqgv/ Jruwhu hq Ndoe +4<<9, �qg wkdw

mxvw e| jlylqj dwwhqwlrq wr xqhpsor|hg zrunhuv hpsor|phqw r!fhv vwlpxodwh

wkhp wr �qg d mre pruh txlfno|431 Growrq dqg R*Qhloo +4<<9, �qg h�hfwv ri wkh

vr0fdoohg Uhvwduw h{shulphqwv lq wkh XN/ zkhuh xqhpsor|phqw ehqh�w fodlpdqwv

zhuh reoljhg wr dwwhqg phhwlqjv zlwk d frxqvhooru wr uhfhlyh dgylfh rq iru h{dp0

soh vhdufk ehkdylru dqg wudlqlqj frxuvhv1 Lq wkh Eulwlvk Uhvwduw h{shulphqw/ d

udqgrp vdpsoh ri lqglylgxdov zkr kdg ehhq xqhpsor|hg iru h{dfwo| vl{ prqwkv

zhuh dvvljqhg wr d frqwuro jurxs dqg h{fxvhg iurp uhfhlylqj wkh 48058 plqxwhv

lqwhuylhz dqg frxqvholqj vhvvlrq qrupdoo| uhtxluhg dw wkdw wlph1 E| frqwudvw/

wkh wuhdwphqwv ulvnhg orvlqj wkhlu ehqh�wv li wkh| idlohg wr dwwhqg wkh lqwhuylhz ru

ghprqvwudwh wkdw wkh| zhuh dydlodeoh iru zrun1 Diwhu rqh |hdu/ wkrvh dvvljqhg wr

wkh frqwuro jurxs kdg hpsor|phqw udwhv wkdw zhuh 7 shufhqwdjh srlqwv orzhu wkdq

wkrvh lq wkh wuhdwphqw jurxs/ dqg iru pdohv wklv lpsdfw shuvlvwhg iru dw ohdvw �yh

|hduv1 Growrq dqg R*Qhloo frqfoxgh wkdw vxfk lqwhuyhqwlrqlvw jryhuqphqw srolf|

fdq ohdg wr d vxevwdqwldo uhgxfwlrq lq wlph vshqw xqhpsor|hg1 Iurp sv|fkrorjl0

fdo uhvhdufk lw dsshduv wkdw zhoiduh iudxg lv qrw rqo| ghwhuplqhg e| wkh h{shfwhg

sxqlvkphqw exw dovr e| wkh qdwxuh ri wkh lqglylgxdov1 Vrph shrsoh gr qrw hqwhu

zhoiduh ehfdxvh ri wkh vrfldo vwljpd dwwdfkhg wr lw +\dqly +4<<:,,1 Wkhuhiruh/ wkh

h�hfw ri d vdqfwlrq frxog dovr eh uhodwhg wr d vwljpd frpsrqhqw1 Lq rxu prgho zh

rplw wkrvh qrq0shfxqldu| h�hfwv dqg dvvxph wkdw d vdqfwlrq zrunv wkurxjk wkh

�qdqfldo vwlpxoxv1 Dorqj wkh olqh ri Ehfnhu +4<9;, zh dvvxph wkdw zkhwkhu ru

qrw dq xqhpsor|hg frpsolhv zlwk mre vhdufk jxlgholqhv ghshqgv rq wkh edodqfh ri

ehqh�wv dqg frvwv ri vxfk d ehkdylru1 Wklv phdqv wkdw xqhpsor|hg zloo frpso|

li wkh sxqlvkphqw lv vhyhuh ru wkh h{shfwhg suredelolw| ri ehlqj fdxjkw lv kljk1

Dv lqglfdwhg lq wkh lqwurgxfwlrq zh duh hvshfldoo| lqwhuhvwhg lq h�hfwv wkdw jr

eh|rqg wkh h�hfwv phdvxuhg lq plfur0vwxglhv1 Wkh wudglwlrqdo hydoxdwlrq olwhud0

wxuh xvxdoo| gh�qhv wkh h�hfw ri sduwlflsdwlrq wr eh wkh h�hfw ri wkh surjudp rq

sduwlflsdqwv h{solflwo| hquroohg lq wkh surjudp1 Wkhvh duh cgluhfw h�hfwv*1 Wkh|

h{foxgh wkh h�hfwv ri d surjudp wkdw gr qrw  rz iurp gluhfw sduwlflsdwlrq/ nqrzq

dv wkh clqgluhfw h�hfwv*1 Lq hydoxdwlrq vwxglhv xvxdoo| lqgluhfw h�hfwv duh ljqruhg1

Zkhwkhu wklv lv ydolg uhtxluhv frqvwuxfwlqj d prgho ri wkh oderu pdunhw1 H{0

dpsohv duh Gdylgvrq dqg Zrrgexu| +4<<6/ 4<<8, zkr zlwklq wkh iudphzrun ri

d Pruwhqvhq0Slvvdulghv prgho suhvhqw dq dwwhpsw wr dqdo|}h wkh lqgluhfw h�hfwv

ri dq xqhpsor|phqw erqxv surjudp1 Wkh| dvvxph wkdw sulfhv dqg zdjhv duh

43Qrwh wkdw Ydq ghq Ehuj dqg Ydq ghu Noddxz +4<<<, frqfoxgh iurp dq dqdo|vlv ri gdwd

iurp d �hog h{shulphqw wkdw frxqvholqj dqg prqlwrulqj dorqh lv qrw vx!flhqw wr lq xhqfh wkh

mre �qglqj udwh ri Gxwfk xqhpsor|hg zrunhuv1
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�{hg dqg frqvlghu wkh h�hfwv ri wkh erqxv surjudp rq wkh vhdufk ehkdylru ri

sduwlflsdqwv dqg qrqsduwlflsdqwv1 Wkh uhhpsor|phqw erqxv vfkhph dffhohudwhv

wkh udwh dw zklfk xqhpsor|hg shuvrqv r�huhg wkh erqxv �qg mre1 Wkh erqxv lv

sdlg wr fxuuhqwo| xqhpsor|hg holjleoh shuvrqv zlwk vshoov ehorz d wkuhvkrog ohyho

zkr �qg mrev zlwklq d vshfl�hg wlph iudph1 Ehfdxvh ri wkh hqkdqfhg vhdufk e|

wkrvh zlwk wkh vxevlg|/ wkh udwh ri mre dftxlvlwlrq ghfolqhv iru wkrvh fxuuhqwo|

lqholjleoh iru wkh erqxv1 Gdylgvrq dqg Zrrgexu| hvwlpdwh wkdw 63093 shufhqw ri

wkh jurvv hpsor|phqw h�hfw ri wkh erqxv surjudp lv r�vhw e| glvsodfhphqw ri

zrunhuv lqholjleoh iru xqhpsor|phqw lqvxudqfh1

Lq d prgho zlwk  h{leoh vnloo sulfhv/ Khfnpdq/ Orfkqhu dqg Wdehu +4<<;, frq0

vlghu wkh h�hfwv ri fkdqjhv lq wxlwlrq rq vfkrrolqj dqg hduqlqjv/ dffrxqwlqj iru

jhqhudo htxloleulxp h�hfwv rq sduwlflsdqwv dqg qrqsduwlflsdqwv1 Wkh| vkrz wkdw

frqyhqwlrqdo sudfwlfhv lq wkh hgxfdwlrqdo hydoxdwlrq olwhudwxuh ohdg wr hvwlpdwhv

ri hquroophqw uhvsrqvhv wkdw duh whq wlphv odujhu wkdq wkh orqj0uxq jhqhudo htxl0

oleulxp h�hfwv1 Qhzo| wudlqhg zrunhuv pd| glvsodfh suhylrxvo| wudlqhg zrunhuv

li zdjhv duh lq h{leoh/ dv wkh| duh lq pdq| Hxurshdq frxqwulhv1 Iru vrph wudlq0

lqj surjudpv lq Hxursh/ vxevwdqwldo glvsodfhphqw h�hfwv kdyh ehhq hvwlpdwhg1

Fdopiruv +4<<7, suhvhqwv d frpsuhkhqvlyh uhylhz ri wkh lvvxhv wkdw dulvh lq hydo0

xdwlqj dfwlyh oderu pdunhw surjudpv lq wkh frqwh{w ri d prghuq hfrqrp|1 Kh

glvwlqjxlvkhv d qxpehu ri lqgluhfw h�hfwv1 Iluvw wkhuh duh glvsodfhphqw h�hfwv

vlqfh mrev fuhdwhg e| rqh surjudp duh dw wkh h{shqvh ri rwkhu mrev1 Wkhq wkhuh

duh ghdgzhljkw h�hfwv ehfdxvh oderu pdunhw surjudpv vxevlgl}h klulqj wkdw zrxog

kdyh rffxuuhg dq|zd| lq wkh devhqfh ri wkh surjudp1 Wkhuh duh dovr vxevwlwx0

wlrq h�hfwv ehfdxvh mrev fuhdwhg iru d fhuwdlq fdwhjru| ri zrunhuv uhsodfh mrev iru

rwkhu fdwhjrulhv ehfdxvh uhodwlyh zdjh frvwv kdyh fkdqjhg1 Ilqdoo|/ wkhuh duh wkh

h�hfwv ri wd{dwlrq uhtxluhg wr �qdqfh wkh surjudpv rq wkh ehkdylru ri hyhu|rqh

lq vrflhw|1 D fhqwudo frqfoxvlrq lv wkdw wkh hvwlpdwhv ri surjudp lpsdfw iurp wkh

plfurhfrqrplf wuhdwphqw olwhudwxuh surylgh lqfrpsohwh lqirupdwlrq derxw wkh

ixoo lpsdfwv ri oderu pdunhw srolflhv1

6 Lqglylgxdo vhdufk ehkdylru dqg ehqh�w vdqf0

wlrqv

Rxu prgho fdswxuhv wkh lghd wkdw wkh jryhuqphqw pd| zdqw wr sxqlvk wkh odfn

ri vhdufk h�ruw ri xqhpsor|hg lq rughu wr jlyh wkhp d kljkhu lqfhqwlyh wr �qg
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d mre144 Wkh vfkhph zrunv dv iroorzv1 Rqfh d zrunhu ehfrphv xqhpsor|hg/ kh

uhfhlyhv dq xqhpsor|phqw ehqh�w wkdw lv frqvwdqw ryhu wkh xqhpsor|phqw vshoo

xqohvv kh jhwv d vdqfwlrq lpsrvhg1 Li kh lv irxqg wr eh vhdufklqj wrr olwwoh kh lv

sxqlvkhg zlwk d vdqfwlrq/ wkdw lv d shupdqhqw uhgxfwlrq lq wkh xqhpsor|phqw

ehqh�w ohyho kh uhfhlyhv1 Zh dvvxph wkdw d zrunhu fdq rqo| eh sxqlvkhg rqfh1

Wklv lv lq olqh zlwk wkh hpslulfdo revhuydwlrq wkdw pxowlsoh vdqfwlrqv duh d uduh

hyhqw +Deeulqj/ Ydq ghq Ehuj dqg Ydq Rxuv +4<<:,,1

Ohw K
�
' K� ghqrwh wkh xqhpsor|phqw ehqh�w ohyho ri vrphrqh zlwkrxw d

vdqfwlrq1 Wkh ehqh�w ohyho ri vrphrqh wkdw kdv ehhq frqiurqwhg zlwk d sxqlwlyh

ehqh�w uhgxfwlrq htxdov KR ' E�� R� K�� Ohw T
�
ghqrwh wkh ydoxh ri ehlqj xq0

hpsor|hg zlwkrxw ehlqj vdqfwlrqhg> TR wkh ydoxh ri ehlqj vdqfwlrqhg dqg Te wkh

ydoxh ri ehlqj hpsor|hg1

D zrunhu fdq lqyhvw vhdufk wlph +ru lqwhqvlw|, r 5 dfc �o wr �qg d mre1 Wkh

glvxwlolw| ri vhdufklqj iru d wlph r htxdov �Er�/ zlwk �Ef� ' fc � �Ef� ' fc� �Er� :

fc � ��Er� : fc � ���Er� : f dqg *�4
r<� �

�Er� ' n4� Lq wkh vlpxodwlrqv ehorz/ zh xvh

wkh iroorzlqj vhdufk frvw ixqfwlrq

�Er� '
� � E�� r��3V

� � V

� r +4,

zlwk f 	 V 	 �1 Wkh Srlvvrq duulydo udwh ri d qhz mre lv htxdo wr >r iru wkh

xqhpsor|hg erwk zlwk dqg zlwkrxw d vdqfwlrq1 Dv h{sodlqhg lq wkh pdfur sduw

ehorz/ > lv lqfuhdvlqj lq wkh qxpehu ri ydfdqflhv1 Wkdw lv/ wkh pruh ydfdqflhv

duh srvwhg/ wkh kljkhu wkh uhwxuq wr vhdufk r1

Wkh vdqfwlrq v|vwhp lv prghohg lq wkh iroorzlqj zd|1 Zh zdqw wr fdswxuh

wkh lghd wkdw prqlwrulqj vhdufk lqwhqvlw| lv qrw vwudljkwiruzdug1 Wkdw lv/ dq|

vhdufk prqlwrulqj v|vwhp lv olnho| wr eh lpshuihfw lq wkh vhqvh wkdw/ rq wkh rqh

kdqg/ djhqwv zkr vhdufk dw wkh vrfldoo| rswlpdo ohyho fdq eh sxqlvkhg zlwk d

vdqfwlrq/ zkloh/ rq wkh rwkhu kdqg/ djhqwv zkr gr qrw vhdufk hqrxjk fdq jhw

dzd| zlwk lw xqsxqlvkhg1 Wkh srlqw lv wkdw lw lv kdug wr phdvxuh dq djhqw*v

vhdufk lqwhqvlw| lq sudfwlfh1 Krzhyhu/ lw lv uhdvrqdeoh wr dvvxph wkdw wkh kljkhu

dq djhqw*v vhdufk lqwhqvlw| wkh orzhu wkh suredelolw| wkdw kh zloo eh sxqlvkhg1

Prgholqj wkh suredelolw| ri ehlqj vdqfwlrqhg dv d Srlvvrq duulydo udwh bEj � r�

44Zh vwduw iurp wkh revhuydwlrq wkdw lq RHFG frxqwulhv wkh jryhuqphqw surylghv xqhpsor|0

phqw lqvxudqfh1 Lq sulqflsoh/ lw pd| eh srvvleoh +ru hyhq ehwwhu, wkdw xqhpsor|phqw lqvxudqfh

lv surylghg e| sulydwh �upv ru wkdw lqglylgxdov vdyh prqh| lq wkh fdslwdo pdunhw wr lqvxuh

wkhpvhoyhv djdlqvw hpsor|phqw orvv1 Rxu prgho vkhgv qr oljkw rq zkr vkrxog surylgh wkh

lqvxudqfh1 Exw dv orqj dv djhqwv vkduh wkh ulvn ri xqhpsor|phqw wkurxjk lqvxudqfh/ wkh prudo

kd}dug sureohp zlwk uhvshfw wr vhdufk lqwhqvlw| h{lvwv1 Wr uhgxfh wklv prudo kd}dug sureohp

rqh fdq uhgxfh wkh uhsodfhphqw udwh ru lqwurgxfh vdqfwlrqv1
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zlwk b : f dqg j � � fdswxuhv wkhvh lghdv lq d vlpsoh zd|1 Ixuwkhu/ qrwh wkdw

lq wkh fdvh zlwk bc R : f/ wdnlqj wkh olplw j �$ n4 pdnhv wkh vdqfwlrq v|vwhp

htxlydohqw wr dq dfurvv wkh erdug uhgxfwlrq lq wkh uhsodfhphqw udwh1 D surshuw|

wkdw zloo eh xvhg ehorz1

Iru vlpsolflw| zh dvvxph wkdw doo mrev r�hu wkh vdph zdjh � qhw ri wd{hv dqg

wkdw � : K� : f vxfk wkdw hdfk zrunhu zkr �qgv d mre dffhswv lw1 Xqhpsor|hg

kdyh rqo| rqh lqvwuxphqw ri vhdufk/ wkhlu vhdufk lqwhqvlw|1 Zh frxog lqwurgxfh d

vhfrqg lqvwuxphqw ri vhdufk/ wkh uhvhuydwlrq zdjh/ e| dvvxplqj d glvwulexwlrq ri

zdjhv1 Wkhq wkh xqhpsor|hg frxog dovr ghwhuplqh wkh rswlpdo uhvhuydwlrq zdjh1

Krzhyhu wkh edvlf uhvxowv ri rxu prgho zrxog qrw fkdqjh wr d odujh h{whqw1

Wkh �up dqg wkh zrunhu edujdlq derxw wkh zdjh udwh1 D pdwfkhg �up0

zrunhu frpelqdwlrq surgxfhv + xqlwv ri +qrq0vwrudeoh, rxwsxw zklfk duh vrog dw

+qxphudluh, sulfh �1 Wkhuh lv dq h{rjhqrxv udwh ri mre vhsdudwlrq B dqg zrunhuv

dqg �upv glvfrxqw wkh ixwxuh dw udwh 4�

Djhqwv ydoxh prqh| lqfrph � zlwk d frqfdyh iholflw| ixqfwlrq �
�3l

�3l
zlwk l � f�

Wkh fdvh l ' f fruuhvsrqgv wr ulvn qhxwudolw|/ zkloh wkh djhqwv duh ulvn dyhuvh iru

l : f1 Wklv ulvn0dyhuvlrq dvvxpswlrq lv qhhghg ehfdxvh rwkhuzlvh wkh rswlpdo

xqhpsor|phqw ehqh�w ohyho lv }hur dqg wkhuh lv qr qhhg wr dqdo|}h wkh h�hfwv ri

vdqfwlrqv1 Qrwh wkdw gxh wr wkh frqfdylw| ri wkh iholflw| ixqfwlrq/ djhqwv rq d

orz lqfrph kdyh d eljjhu lqfhqwlyh wr lqfuhdvh wklv lqfrph wkdq djhqwv rq d kljk

lqfrph +wkdw lv/ ghfuhdvlqj pdujlqdo xwlolw| ri lqfrph,1 Ilqdoo|/ zh dvvxph wkdw

�upv duh ulvn qhxwudo1

Zh ghqrwh wkh ydoxh iru wkh zrunhu ri ehlqj hpsor|hg +xqhpsor|hg, e| Te

+T�, dqg wkh ydoxh iru wkh �up ri hpsor|lqj d zrunhu +srvwlqj d ydfdqf|, e| ae

+a
�
,1 Wkhq wkhvh ydoxhv vdwlvi| wkh iroorzlqj Ehoopdq htxdwlrqv=

4T
e
'

�
�3l

� � l
n BET� � Te� +5,

4a
e
' + � E� n � �� � �

@
n BEa

�
� a

e
� +6,

4a
�
' �Sn

>Ew�

w
Ea

e
� a

�
� +7,

zkhuh wrwdo wd{hv sdlg e| wkh �up htxdo ��n �@/ wkh +shu shulrg, frvw ri srvwlqj

d ydfdqf| htxdov S dqg w ghqrwhv oderu pdunhw wljkwqhvv1 Wklv yduldeoh w lv

hqgrjhql}hg lq wkh pdfur sduw ri wkh prgho1 Khuh rqh vkrxog qrwh wkdw wkh

suredelolw| wkdw d �up lv pdwfkhg zlwk d zrunhu/ >Ew�
w
/ lv ghfuhdvlqj lq oderu

pdunhw wljkwqhvv w1

Htxdwlrq +5, vd|v wkdw wkh ydoxh ri ehlqj hpsor|hg iru d zrunhu htxdov wkh

xwlolw| iurp wkh zdjh kh uhfhlyhv hdfk shulrg soxv wkh suredelolw| B wkdw wkh pdwfk

lv glvvroyhg lq zklfk fdvh kh ehfrphv xqhpsor|hg dqg uhfhlyhv T
�
lqvwhdg ri T

e
1
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Htxdwlrq +6, jlyhv wkh ydoxh iru d �up ri hpsor|lqj d zrunhu1 Wklv htxdov wkh

ydoxh ri rxwsxw + plqxv wrwdo zdjh frvwv E� n � �� n � @ soxv wkh suredelolw| B

wkdw wkh pdwfk lv glvvroyhg dqg wkh �up kdv wr srvw d ydfdqf|1 Wkh ydoxh iru wkh

�up ri srvwlqj d ydfdqf| lv jlyhq e| htxdwlrq +7,1 Lw htxdov plqxv wkh frvw ri

srvwlqj d ydfdqf| S soxv wkh suredelolw| wkdw wkh �up lv pdwfkhg zlwk d zrunhu/

lq zklfk fdvh lw uhfhlyhv a
e
lqvwhdg ri a

�
1 Zh dvvxph iuhh hqwu| lqwr wkh mre

fuhdwlrq exvlqhvv/ wkdw lv a� ' f�

Wr ghwhuplqh wkh zdjh/ zh xvh wkh Qdvk edujdlqlqj vroxwlrq1 Wkh edujdlqlqj

srzhu ri wkh �up lv ghqrwhg e| q 5 kfc �l dqg wkh edujdlqlqj srzhu ri wkh zrunhu

e| E�� q�1 Wkhq wkh qhw zdjh � vroyhv

4@ 
�

3
C

�
�3l

�3l

4 n B
n

B

4n B
T� � T�

4
D

�3q #
+ � E� n ��� � � @

4 n B
n

B

4n B
a� � a�

$q

Dvvxph wkdw wkh xqhpsor|phqw ehqh�w ohyho K
�
' K� lv gh�qhg rq wkh hfrqrp|

zlgh dyhudjh zdjh �1 Wkhq dq lqglylgxdo zrunhu*v fkrlfh ri zdjh � grhv qrw d�hfw

wkh xqhpsor|phqw ehqh�w ohyho kh zloo uhfhlyh zkhq kh ehfrphv xqhpsor|hg1

Wkdw lv/ YT�

Y�
' f lq wkh Qdvk edujdlqlqj ixqfwlrq1 Wkh �uvw rughu frqglwlrq iru

� fdq qrz eh zulwwhq dv

qE� n ��

#
�

�3l

�� l
� 4T�

$
' E� � q��3lE+ � E� n � �� � �

@
�

ru htxlydohqwo|

�
�3l

�� l
'

q

�� E� � q�l
4T� n

�� q

�� E�� q�l

+ � � @

� n �
�3l

Wkh kljkhu wkh zrunhu*v edujdlqlqj srzhu +wkh orzhu q, wkh kljkhu klv vkduh

ri wkh diwhu0wd{ vxusoxv +3�@

�n�
1 Lq fdvh wkh zrunhuv kdyh ixoo edujdlqlqj srzhu

+q ' f, wkh zdjh lv htxdo wr wkh wrwdo diwhu wd{ vxusoxv1 Lq fdvh wkh hpsor|huv

kdyh ixoo edujdlqlqj srzhu +q ' �, wkh zdjh lv vxfk wkdw wkh xwlolw| ghulyhg iurp

lw htxdov wkh glvfrxqwhg ydoxh ri xqhpsor|phqw +�
�3l

�3l
' 4T�,1 Dv wkh zrunhu

ehfrphv pruh ulvn dyhuvh +l lqfuhdvhv, wkh zdjh ghfuhdvhv1 Wklv lv d zhoo nqrzq

surshuw| ri wkh Qdvk edujdlqlqj rxwfrph1

Xvlqj wkh iuhh hqwu| frqglwlrq iru �upv/ a� ' f/ wkh zdjh lv ghwhuplqhg e|

�
�3l

�� l
' 4T

�
n

�� q

qE� n ��
E4 n B�

wS

>Ew�
�3l +8,

zklfk iru jlyhq w dqg 4T� jlyhv d xqltxh vroxwlrq lq �1 Gxh wr wkh iuhh hqwu|

frqglwlrq lqwr ydfdqf| fuhdwlrq/ wkh wrwdo vxusoxv d zrunhu dqg �up fdq glylgh

lv wkh vhdufk frvw iru wkh �up wS

>Ew�
1
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Dv qrwhg deryh/ lq wklv vhfwlrq zh wdnh wkh pdfur yduldeoh w dv jlyhq dqg khqfh

zulwh > lqvwhdg ri >Ew�� Qrz rqh fdq ghulyh wkh iroorzlqj Ehoopdq htxdwlrqv iru

wkh djhqwv/ zkhuh TR ghqrwhv wkh ydoxh iru dq djhqw zlwk d shqdow|1

4T� ' 4@ 

f$r$�

%
EK���3l

�� l
� �Er� n >r ETe � T�� n bEj � r� ETR � T��

&
+9,

4TR ' 4@ 
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dE� � R� K�o�3l
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e
� TR�
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�
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�3l

E� n � �

wS

>

$
+;,

Wkh ydoxh ri xqhpsor|phqw lq htxdwlrq +9, frqvlvwv ri wkuhh sduwv= wkh  rz ri

xwlolw| gxulqj xqhpsor|phqw +xwlolw| ri ehqh�wv plqxv vhdufk frvwv,/ wkh h{shfwhg

 rz ri dgglwlrqdo lqfrph zkhq d mre lv irxqg dqg wkh h{shfwhg +qhjdwlyh, lqfrph

fkdqjh zkhq d vdqfwlrq lv lpsrvhg1 Zh prgho djhqw*v ulvn dyhuvlrq rq prqh| lq0

frph rqo|1 Wkdw lv/ djhqwv fdqqrw frpshqvdwh orz prqh| lqfrph zlwk orz vhdufk

frvwv1 Khqfh/ wkh glvxwlolw| ri wkh shqdow|0orwwhu| fdqqrw eh glyhuvl�hg dzd| e|

dgmxvwlqj vhdufk lqwhqvlw|/ zklfk zrxog eh srvvleoh li xwlolw| zhuh iru lqvwdqfh

vshfl�hg dv
E K�

�n�Er��
�3l

�3l
1 Wkh ydoxh ri xqhpsor|phqw diwhu d vdqfwlrq lv lpsrvhg

lv jlyhq lq htxdwlrq +:, dqg frqvlvwv ri wzr sduwv= wkh  rz ri xwlolw| gxulqj xq0

hpsor|phqw/ zklfk lv qrz orzhu ehfdxvh ri wkh shqdow|/ dqg wkh h{shfwhg  rz

ri dgglwlrqdo lqfrph diwhu d mre lv irxqg1 Wkh ydoxh ri hpsor|phqw lq htxdwlrq

+;, htxdov wkh ydoxh ri ehlqj xqhpsor|hg soxv d cvkduh* ri wkh vxusoxv wS

>
1

Lq wkh Qdvk edujdlqlqj ixqfwlrq zh gr qrw glvwlqjxlvk ehwzhhq xqhpsor|hg

djhqwv zlwk dqg zlwkrxw d vdqfwlrq1 Wklv lv gxh wr wkh iroorzlqj uhqhjrwldwlrq

surri dujxphqw1 Li dq xqhpsor|hg djhqw zlwk d vdqfwlrq edujdlqv ryhu wkh zdjh

zlwk d �up/ klv idoo edfn srvlwlrq lv TR1 Exw rqfh kh lv kluhg e| wkh �up/ klv idoo

edfn srvlwlrq lv T� dqg kh zloo uhqhjrwldwh klv zdjh lpphgldwho|1 Erwk wkh �up

dqg wkh zrunhu uhdol}h wklv/ khqfh wkh zdjh lv ghwhuplqhg e| T� iru erwk w|shv

ri xqhpsor|hg djhqwv1 Dv rxu pdlq uhvxow lv wkdw vdqfwlrqv duh pruh h�hfwlyh

lq udlvlqj hpsor|phqw wkdq dfurvv wkh erdug uhgxfwlrqv lq wkh uhsodfhphqw udwh/

uhod{lqj wklv dvvxpswlrq pdnhv rxu dujxphqw vwurqjhu1 Lq sduwlfxodu/ li wkh zdjh

ri dq xqhpsor|hg zrunhu zlwk d vdqfwlrq lv edujdlqhg zlwk TR dv idoo edfn srvlwlrq/

wkh zdjh lv orzhu wkdq zlwk T� dv idoo edfn srvlwlrq1 Khqfh/ pruh ydfdqflhv duh

fuhdwhg1 Wklv ehqh�fldo h�hfw ri vdqfwlrqv rq zdjhv lv qrw frqvlghuhg ehorz1

Wkh iroorzlqj uhvxow lv xvhixo iru ixwxuh ghulydwlrqv/ dv lw jlyhv d vwulfw orzhu

erxqg rq TR1 Wkh rwkhu lqhtxdolwlhv duh lqwxlwlyh1 Hpsor|phqw |lhogv wkh kljkhvw
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xwlolw|/ wkhq ehlqj xqhpsor|hg zlwkrxw d vdqfwlrq dqg �qdoo| ehlqj xqhpsor|hg

zlwk d vdqfwlrq1

Ohppd 4 Vxssrvh >c wc bc S : f / Kc R 5 kfc �l/ � 5 dfc �o dqg q 5 kfc �l wkhq

4Te : 4T� : 4TR :
dE�3R�K�o�3l

�3l
�

Wkh qh{w uhvxow vkrzv wkh frqglwlrqv xqghu zklfk xqhpsor|hg djhqwv zlwkrxw

d shqdow| vhdufk kdughu wkdq djhqwv zlwk d shqdow|1 Ohw r� ghqrwh wkh rswlpdo

vhdufk lqwhqvlw| lq htxdwlrq +9, dqg rR wkh rswlpdo vhdufk lqwhqvlw| lq htxdwlrq

+:,1

Ohppd 5 Li b ' > wkhq rR ' r�c li b : > wkhq rR 	 r� dqg li b 	 > wkhq

rR : r��

Wkh lqwxlwlrq iru wklv uhvxow lv dv iroorzv1 Wkhuh duh wzr h�hfwv sxoolqj lq rs0

srvlwh gluhfwlrqv1 Rq wkh rqh kdqg/ gxh wr wkh shqdow| R xqhpsor|hg djhqwv zlwk

d shqdow| vhdufk kdughu ehfdxvh wkhlu vlwxdwlrq lv zruvh wkdq wkdw ri xqhpsor|hg

djhqwv zlwkrxw d shqdow|/ TR 	 T�� Rq wkh rwkhu kdqg/ djhqwv zlwkrxw d shqdow|

vhdufk kdughu ehfdxvh wkh| zdqw wr dyrlg wkh shqdow|/ zkloh iru shqdol}hg djhqwv

wkhuh lv qr ixuwkhu shqdow|1 Lq wklv prgho/ wkhvh wzr h�hfwv h{dfwo| r�vhw hdfk

rwkhu lq fdvh > ' b�

Wkh gl�huhqfh ehwzhhq rR dqg r� lv uhihuuhg wr dv wkh h{ srvw h�hfw145 Wkdw

lv/ lw phdvxuhv wkh lqfuhdvh lq vhdufk lqwhqvlw| ri dq xqhpsor|hg zrunhu diwhu d

vdqfwlrq lv lpsrvhg1 Khqfh/ wkh h{ srvw h�hfw lv srvlwlyh li b 	 >1 Qrwh wkdw wkh

vljq ri wkh h{ srvw h�hfw grhv qrw ghshqg rq wkh vl}h ri wkh shqdow| R1

Dv ghvfulehg lq wkh lqwurgxfwlrq/ iurp hpslulfdo uhvhdufk zh nqrz wkdw wkh mre

�qglqj udwh lv vxevwdqwldoo| odujhu wkdq wkh vdqfwlrq udwh +wkh udwlr lv vrphwklqj

olnh 53,1 Wklv phdqv wkdw >r  bEj � r�1 Vr wkh vlwxdwlrq wkdw > ' b rqo| lv d

olnho| vlwxdwlrq lq fdvh r lv odujh/ vr wkdw zrunhuv vhdufk forvh wr wkhlu pd{lpxp

fdsdflw|1 Li wklv lv qrw wkh fdvh wkdq wkh prvw olnho| vlwxdwlrq lv rqh lq zklfk

> : b lpso|lqj wkdw rR : r�/ xqhpsor|hg vhdufk pruh lqwhqvlyho| diwhu d ehqh�w

vdqfwlrq kdv ehhq lpsrvhg1

Wkh qh{w ohppd fkdudfwhul}hv wkh vroxwlrq wr wkh Ehoopdq htxdwlrqv +9,0+;,

deryh lq whupv ri ET� � TR� dqg ��

Ohppd 6 Vroylqj wkh Ehoopdq htxdwlrqv +9,0+;, erlov grzq wr vroylqj wkh iro0

orzlqj htxdwlrqv lq % dqg �

45Uhfdoo wkdw wkh h{ dqwh h�hfw lv gh�qhg dv wkh gl�huhqfh ehwzhhq vx zlwk d vdqfwlrq v|vwhp

dqg vx ehiruh d vdqfwlrq v|vwhp lv lqwurgxfhg1
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zkhuh % � T
�
� TR1 Iru dq| jlyhq vhw ri sdudphwhuv 4cbc Kc Sc qc wc > dqg R

wkhvh wzr htxdwlrqv kdyh d xqltxh vroxwlrq E	%c 	�� � Ixuwkhu/ wkh rswlpdo vhdufk

lqwhqvlwlhv duh jlyhq e|

� �E	r
�
� '

�� q

q

	�3l

� n �
wSn b	% +44,

� �E	rR� '
�� q

q

	�3l

� n �
wSn >	% +45,

Qrz zh fdq fkdudfwhul}h wkh h�hfwv ri Rc bc K dqg j rq wkh vhdufk lqwhqvlwlhv r�
dqg rR/ iru jlyhq w dqg jlyhq wd{hv � c �@ zklfk duh hqgrjhql}hg odwhu rq1 Wkhvh

zh lqwhusuhw dv wkh h�hfwv revhuyhg lq wkh plfur vwxglhv glvfxvvhg lq vhfwlrq

51 Dv wkhvh vwxglhv dqdo|}h vpdoo vfdoh ehqh�w vdqfwlrq h{shulphqwv/ lw lv qrw

xquhdvrqdeoh wr dvvxph wkdw lq wkhvh fdvhv pdfur yduldeohv olnh wc � dqg � @ zhuh

xqd�hfwhg1 Ixuwkhu/ zh dqdo|}h wkh h�hfw ri dq h{rjhqrxv ulvh lq w1 Wkh h�hfw

ri w rq � lv qhhghg ehorz wr suryh wkh h{lvwhqfh ri dq htxloleulxp1

Hdfk ri wkh sdudphwhuv d�hfw wkh vhdufk lqwhqvlwlhv gluhfwo| dqg lqgluhfwo| yld

wkh zdjh udwh +�, dqg wkh gl�huhqfh ehwzhhq ydoxh ri ehlqj xqhpsor|hg zlwkrxw

dqg zlwk d vdqfwlrq +%,1 D ulvh lq % fdxvhv erwk vhdufk lqwhqvlwlhv wr jr xs=

r� ulvhv wr dyrlg wkh orvv % dqg rR ulvhv wr uhfrxs wkh orvv %1 Wkh odwwhu kdv

ehhq lghqwl�hg e| Pruwhqvhq +4<::, dv wkh hqwlwohphqw h�hfw iru wkh fdvh zkhuh

R ' �1 Lq Pruwhqvhq*v sdshu d ulvh lq wkh ehqh�w ohyho udlvhv mre vhdufk e| qrq0

lqvxuhg djhqwv1 Wklv lv gxh wr wkh idfw wkdw d ulvh lq K pdnhv hpsor|phqw pruh

dwwudfwlyh uhodwlyh wr qrq0lqvxuhg xqhpsor|phqw/ ehfdxvh d vshoo ri hpsor|phqw

lv d suhuhtxlvlwh iru ehqh�w holjlelolw|1 Zlwk d voljkw dexvh ri whuplqrorj|/ zh

uhihu wr d ulvh lq % zklfk whqgv wr udlvh vhdufk dv wkh hqwlwohphqw h�hfw1

Wkh h�hfw ri wkh zdjh udwh rq vhdufk rqo| dsshduv li zrunhuv duh ulvn dyhuvh

+l : f,1 Dv � idoov/ wkh pdujlqdo xwlolw| ri lqfrph lq wkh xqhpsor|hg vwdwh

4:



zlwkrxw dqg zlwk d vdqfwlrq +EK��3l
dqg EE�� R�K��3l uhvshfwlyho|, ulvhv1 Wkdw

lv/ djhqwv ydoxh d ulvh lq lqfrph pruh dqg wkxv vhdufk kdughu wr �qg d mre146

Ohppd 7 Wkh iroorzlqj frpsdudwlyh vwdwlfv krog iru wkh v|vwhp ri htxdwlrqv

+<,0+45,/ zkhuh w lv wuhdwhg dv dq h{rjhqrxv yduldeoh1
_r�
_R

: fc
_rR

_R
: f>

_r�
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: fc
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+
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	 f li l ' f/
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_rR

_w
: f dqg
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_w
: f1

Wkh h�hfw ri dq lqfuhdvh lq wkh shqdow| rq erwk vhdufk lqwhqvlwlhv lv lqwxlwlyho|

fohdu1 Li wkh shqdow| lqfuhdvhv/ wkh h{shfwhg orvv lq lqfrph gxh wr d vdqfwlrq

lqfuhdvhv dv zhoo +wkh h{ dqwh h�hfw,1 Wklv vwlpxodwhv xqhpsor|hg wr lqfuhdvh

wkhlu vhdufk lqwhqvlw|1 Li wkh shqdow| lqfuhdvhv/ wkh ydoxh ri ehlqj xqhpsor|hg0

zlwk0vdqfwlrq ghfuhdvhv uhodwlyh wr wkh ydoxh ri hpsor|phqw1 Wklv vwlpxodwhv wkh

xqhpsor|hg wr lqfuhdvh vhdufk lqwhqvlw| diwhu d vdqfwlrq lv lpsrvhg1 Ixuwkhu/ wkh

lqfuhdvh lq wkh shqdow| uhgxfhv wkh zdjh udwh e| ghfuhdvlqj wkh zrunhu*v rxwvlgh

rswlrq +T
�
, lq zdjh edujdlqlqj1 Li zrunhuv duh ulvn dyhuvh +l : f,/ wklv idoo lq �

lqfuhdvhv wkh pdujlqdo xwlolw| ri xqhpsor|hg zrunhuv zlwk dqg zlwkrxw d vdqfwlrq1

Wklv ixuwkhu vwlpxodwhv vhdufk e| wkh xqhpsor|hg1

Wkh h�hfw ri dq lqfuhdvh lq wkh vdqfwlrq udwh rq vhdufk ghshqgv rq zkhwkhu

ru qrw d vdqfwlrq kdv ehhq lpsrvhg1 Li qr vdqfwlrq kdv ehhq lpsrvhg wkhq dq

lqfuhdvh lq wkh vdqfwlrq udwh pdnhv d ulvh lq vhdufk pruh h�hfwlyh lq dyrlglqj wkh

vdqfwlrq1 Khqfh/ r� ulvhv1 Wklv lv vwuhqjwkhqhg e| wkh h�hfw wkdw d ulvh lq b +iru

jlyhq shqdow| R : f, uhgxfhv T
�
dqg khqfh � +yld zdjh edujdlqlqj,1 Wklv udlvhv

wkh pdujlqdo xwlolw| ri lqfrph dqg khqfh xqhpsor|hg zrunhuv zlwkrxw d vdqfwlrq

vhdufk kdughu1 Wkhvh wzr h�hfwv rxwzhljk wkh idoo lq % fdxvhg e| wkh ulvh lq b1

Krzhyhu/ rqfh d vdqfwlrq kdv ehhq lpsrvhg/ wkh vdqfwlrq udwh b kdv qr gluhfw

h�hfw rq vhdufk rR1 Lqvwhdg/ wkh uhgxfwlrq lq % fdxvhv djhqwv wr vhdufk ohvv/ vlqfh

wkhuh lv ohvv wr jdlq e| �qglqj zrun1 Wklv h�hfw rxwzhljkv wkh idoo lq �1 Khqfh/

xqhpsor|hg zrunhuv zlwk d vdqfwlrq vhdufk ohvv dv b lv lqfuhdvhg1

Wkh h�hfw ri K rq erwk vhdufk lqwhqvlwlhv lv dpeljxrxv/ gxh wr wkh iroorzlqj

wzr h�hfwv1 Rq wkh rqh kdqg/ d ulvh lq K udlvhv wkh gl�huhqfh lq ydoxh ehwzhhq

ehlqj xqhpsor|hg zlwkrxw dqg zlwk d vdqfwlrq +%,/ ehfdxvh wklv gl�huhqfh lv

46Lq wkh qh{w vhfwlrq/ � lv hqgrjhqlvhg1 Wkhq vxfk d idoo lq z pdnhv lw pruh dwwudfwlyh iru

�upv wr rshq ydfdqflhv1 Khqfh/ � ulvhv zklfk vwlpxodwhv vhdufk ixuwkhu ehfdxvh gvx

g�
>
gvs

g�
A 3 dv

vkrzq lq wkh ohppd1

4;



gulyhq e| wkh vl}h ri wkh shqdow| RK�1 Wklv hqwlwohphqw h�hfw udlvhv vhdufk1 Rq

wkh rwkhu kdqg/ wkh ulvh lq K lpsuryhv wkh zrunhu*v idoo edfn srvlwlrq lq zdjh

edujdlqlqj dqg khqfh udlvhv wkh zdjh1 Wklv ulvh lq � uhgxfhv wkh pdujlqdo xwlolw|

ri lqfrph dqg khqfh wkh xqhpsor|hg vhdufk ohvv1 Li l ' f/ zrunhuv duh ulvn qhxwudo

dqg wkh odwwhu h�hfw glvdsshduv1 Lq wkdw fdvh/ wkh hqwlwohphqw h�hfw fdxvhv d ulvh

lq vhdufk lqwhqvlw|1 Krzhyhu/ li R ' f +dqg wkxv % ' f, wkh hqwlwohphqw h�hfw

glvdsshduv dqg iru l : f djhqwv vhdufk ohvv lq uhvsrqvh wr d ulvh lq K1

D ulvh lq wkh wudqvlwlrq udwh wr wkh shqdow| vwdwh j fdq eh lqwhusuhwhg lq wzr

zd|v1 Rqh lv wkdw wkh jryhuqphqw ehfrphv ohvv fduhixo lq lpsrvlqj vdqfwlrqv1 Lq

rwkhu zrugv/ wkh jryhuqphqw pdnhv pruh plvwdnhv lq vdqfwlrqlqj djhqwv zkr/ lq

idfw/ vhdufk kdug hqrxjk1 Wkh rwkhu lqwhusuhwdwlrq lv wr ylhz wkh olplw j �$ n4

dv dq dfurvv wkh erdug uhgxfwlrq lq wkh uhsodfhphqw udwh1 Udlvlqj j phdqv wkdw

wkh wzr vwdwhv +zlwk dqg zlwkrxw d shqdow|, ehfrph pruh dolnh/ wkdw lv % idoov1

Wklv uhgxfhv wkh hqwlwohphqw h�hfw dqg whqgv wr uhgxfh vhdufk r�1 Krzhyhu/ wkh

ulvh lq j dovr uhgxfhv wkh zdjh udwh +e| uhgxflqj T
�
, dqg khqfh lqfuhdvhv wkh

pdujlqdo xwlolw| ri lqfrph1 Wkh hqwlwohphqw h�hfw grplqdwhv li l ' f� Lq wklv

fdvh d ulvh lq j uhgxfhv r�1 Wkh ulvh lq j dozd|v uhgxfhv wkh vhdufk lqwhqvlw| ri

xqhpsor|hg zlwk d vdqfwlrq/ dv wkh hqwlwohphqw h�hfw grplqdwhv wkh h�hfw ri wkh

idoo lq �1

Ilqdoo|/ d ulvh lq w udlvhv djhqwv* vhdufk lqwhqvlwlhv wkurxjk lwv gluhfw h�hfw rq

wkh mre �qglqj udwh1 Lq d wljkw oderu pdunhw +kljk w,/ lw sd|v wr vhdufk kdug iru

d mre1 Ixuwkhu/ dv wkh oderu pdunhw ehfrphv pruh wljkw/ wkh idoo edfn srvlwlrq

ri zrunhuv lpsuryhv zkloh wkh idoo edfn srvlwlrq ri hpsor|huv ghwhulrudwhv1 Wklv

udlvhv wkh zdjh �1

7 Prgholqj wkh oderu pdunhw

Lq wklv vhfwlrq wkh pdfur yduldeoh w lv hqgrjhql}hg1 Ohw � ghqrwh wkh qxpehu ri yd0

fdqflhv fuhdwhg1 Wkhq wkh wljkwqhvv ri wkh oderupdunhw lv gh�qhg dv w � �

r���nrR�R
/

zkhuh �% ghqrwhv wkh qxpehu ri xqhpsor|hg lq vwdwh % ' �c R� Dvvxplqj wkdw wkh

pdwfklqj ixqfwlrq lv ri wkh irup 6Er
�
�
�
n rR�Rc �� ' �Er��� n rR�R�

�3#
�

#

zlwk

# 5 kfc �l/ wkh sdudphwhu > lq wkh htxdwlrqv deryh htxdov >Ew� ' 6Er���nrR�Rc��
r���nrR�R

'

�w
#

1 Wkdw lv/ > htxdov wkh suredelolw| ri d pdwfk shu xqlw ri vhdufk h�ruw1

Htxloleulxp lq wkh oderu pdunhw lv ghwhuplqhg e| ghpdqg dqg vxsso|1 Wr

ghwhuplqh wkh ghpdqg iru oderu e| �upv/ zh uhshdw wkh dvvxpswlrqv pdgh deryh1

Wkhuh lv d frvw S ri srvwlqj d ydfdqf|1 Wkh Srlvvrq duulydo udwh iru d �up wr jhw

pdwfkhg zlwk d zrunhu htxdov
6Er���nrR�Rc��

�
'

>Ew�
w
' �w

3E�3#�
� Rqfh pdwfkhg

zlwk d zrunhu wkh �up surgxfhv + xqlwv ri rxwsxw1 Wkh �up sd|v wrwdo zdjh

4<



frvwv E� n � �� n �
@
1 Dqg zlwk h{rjhqrxv suredelolw| B wkh pdwfk lv glvvroyhg1

Dv deryh/ a� ghqrwhv wkh ydoxh ri d �up srvwlqj d ydfdqf| dqg ae wkh ydoxh ri d

�up hpsor|lqj d zrunhu1 Wkhq wkh iroorzlqj Ehoopdq htxdwlrqv fdq eh ghulyhg1

4a
�
' �Sn

>Ew�

w
Ea

e
� a

�
� +46,

4a
e
' + � E� n � �� � �

@
n BEa

�
� a

e
�

Dvvxplqj iuhh hqwu| lq srvwlqj ydfdqflhv |lhogv a� ' f� Khqfh zh �qg ae '

+3E�n���3�@
4nB

� Vxevwlwxwlqj wklv lq wkh htxdwlrq iru a
�
deryh |lhogv

� '

+ � � @ � E4n B� Sw

>Ew�

�n �

+47,

zklfk zh lqwhusuhw dv wkh �up*v ghpdqg iru oderu fxuyh1

Wkh qh{w ohppd vkrzv wkdw wkh prgho khuh kdv d xqltxh vroxwlrq/ iru jlyhq

srolf| sdudphwhuv1 Wkh surri xvhv wkh idfw wkdw htxdwlrq +47, lv grzqzdug vorslqj

lq Ewc �� vsdfh/ zkloh ohppd 7 lpsolhv wkdw htxdwlrqv +<,0+45, |lhog dq xszdug

vorslqj uhodwlrq lq Ewc�� vsdfh1

Ohppd 8 Iru jlyhq srolf| sdudphwhuv � c �
@

47
c Kc bc R/ wkh htxdwlrqv +<,/ +43,/

+44,/ +45, dqg +47, kdyh d xqltxh vroxwlrq E�c %c r�c rRc w�1

Jlyhq wkh htxloleulxp ydoxhv ri r
�
c rR dqg w rqh fdq fdofxodwh wkh vwhdg| vwdwh

glvwulexwlrq ri djhqwv dfc �o ryhu wkh wkuhh vwdwhv ri ehlqj xqhpsor|hg zlwkrxw

d shqdow|/ �
�
c xqhpsor|hg zlwk d shqdow|/ �R/ dqg hpsor|hg e� Wkh iroorzlqj

ohppd vkrzv wklv vwhdg| vwdwh glvwulexwlrq1

Ohppd 9 Lq vwhdg| vwdwh

�
�
'

>Ew�rRB

{

�R '
bBEj � r��

{

e '
>Ew�rRE>Ew�r� n bEj � r���

{

zkhuh { � bBEj � r��n >Ew�rREB n >Ew�r� n bEj � r����

47Qrwh wkdw lq wkh vlpxodwlrqv/ wkh wd{hv � dqg �d dgmxvw hqgrjhqrxvo| wr nhhs wkh jryhuq0

phqw exgjhw frqvwudlqw vdwlv�hg1 Lq sulqflsoh/ wklv frxog |lhog pxowlsoh htxloleuld1 Lq sudfwlfh/

krzhyhu/ wklv grhv qrw wxuq rxw wr eh d sureohp dv wkh vlpxodwlrqv frqyhujh wr wkh vdph

htxloleulxp lqghshqghqw ri wkh lqlwldo jxhvvhv1
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Lq wkh vlpxodwlrqv/ d uhgxfwlrq lq wkh uhsodfhphqw udwh lqfuhdvhv vhdufk lqwhq0

vlw| dqg ghfuhdvhv xqhpsor|phqw exw wr d ohvvhu h{whqw dv wkh uhsodfhphqw udwh

idoov1 Wkhvh glplqlvklqj uhwxuqv lq orzhulqj wkh uhsodfhphqw udwh duh vwurqjhvw lq

vlpxodwlrqv zlwk ulvn qhxwudo zrunhuv +qrw uhsruwhg khuh, exw dovr dsshdu lq wkh

vlpxodwlrqv ehorz +zlwk ulvn dyhuvh zrunhuv, dv vkrzq lq �jxuh 61 Wklv glplq0

lvklqj uhwxuqv ihdwxuh lv rqh prwlydwlrq wr frqvlghu dq dowhuqdwlyh zd| wr uhgxfh

xqhpsor|phqw/ vxfk dv lqwurgxflqj d vdqfwlrq v|vwhp1 Wkh iroorzlqj sursrvl0

wlrq ghulyhv vx!flhqw frqglwlrqv iru wklv glplqlvklqj uhwxuqv surshuw| ri dfurvv

wkh erdug uhgxfwlrqv lq wkh uhsodfhphqw udwh1

Sursrvlwlrq : Dvvxph wkdw wkh wd{ sdudphwhuv � dqg �
@
uhpdlq frqvwdqw1 Wkhq

lq wkh vlwxdwlrq zlwkrxw vdqfwlrqv/ b ' % ' f/ lw lv wkh fdvh wkdw _��

_K
: f1

Vx!flhqw frqglwlrqv iru _
2
��

_K2
: f duh # ' l ' f dqg �

�
	 �

e
1

Qrwh wkdw wkhvh frqglwlrqv duh vx!flhqw/ qrw qhfhvvdu|/ dqg wkdw e| frqwlqxlw|

+dqg wkh idfw wkdw wkh ixqfwlrqv lqyroyhg khuh duh zhoo ehkdyhg, wkh uhvxow dovr

krogv iru l dqg # forvh wr f1 Wkh lqwxlwlrq iru wklv uhvxow vkhgv oljkw rq wkh phfk0

dqlvpv wkurxjk zklfk wkh uhsodfhphqw udwh lq wkh prgho d�hfwv xqhpsor|phqw1

Wkh lqwxlwlrq iroorzv wkh surri lq wkh dsshqgl{ e| frqvlghulqj wkh h�hfw ri K rq

�� yld �c w dqg r�1 Qrwh wkdw zlwk b ' % ' f lw lv wkh fdvh wkdw �� '
B

Bn>Ew�r�
1

Dv K lv uhgxfhg/ iru jlyhq wd{ sdudphwhuv/ wkh ydoxh ri ehlqj xqhpsor|hg idoov1

Wklv uhgxfhv zrunhuv* rxwvlgh rswlrq lq edujdlqlqj zlwk wkh �up dqg khqfh wkh

zdjh idoov1 Exw iru orzhu ydoxhv ri � d jlyhq fkdqjh lq wkh uhsodfhphqw udwh K kdv

d vpdoohu h�hfw rq wkh ohyho rq xqhpsor|phqw ehqh�wv K�1 Khqfh/ dv K lv uhgxfhg/

lwv h�hfw rq wkh zdjh � ehfrphv vpdoohu dqg vpdoohu1 Wkhuh lv rqh h�hfw zklfk

jrhv lq wkh rssrvlwh gluhfwlrq li zrunhuv duh ulvn dyhuvh1 Wkhq dv wkh uhsodfhphqw

udwh K dqg ehqh�wv K� jr wr }hur/ wkh pdujlqdo xwlolw| ri lqfrph lqfuhdvhv1 Khqfh/

d ixuwkhu uhgxfwlrq lq K ohdgv wr d elj idoo lq zrunhuv* rxwvlgh rswlrq dqg khqfh wr

d elj idoo lq wkh edujdlqhg zdjh1 Wklv fdxvhv wkh h�hfw ri K rq � wr eh eljjhu iru

orzhu ydoxhv ri K dqg �1 Li zrunhuv duh ulvn qhxwudo/ wkh odwwhu h�hfw glvdsshduv1

Wkh zd| K d�hfwv w lv yld wkh zdjh udwh �1 Orzhu � lpsolhv wkdw �upv jhw d

eljjhu sduw ri wkh vxusoxv1 Wklv lqylwhv hqwu| e| �upv dqg khqfh udlvhv w1 Vxfk

uhgxfwlrqv lq K uxq lqwr ghfuhdvlqj uhwxuqv lq whupv ri w/ ehfdxvh wkh h�hfw ri K

rq � ehfrphv vpdoohu dqg vpdoohu +li l lv forvh wr f,1 Krzhyhu/ wkhuh lv dq h�hfw

zklfk fdxvhv uhgxfwlrqv lq K wr ehfrph pruh dqg pruh h�hfwlyh lq udlvlqj w1 Wr

vhh wklv/ gl�huhqwldwh htxdwlrq +47, zlwk uhvshfw wr �/ nhhslqj � dqg �@ frqvwdqw

dqg xvlqj >Ew� ' �w
#

1 Wklv |lhogv

_w

_�
' �

w
#

�� #

�

S

� n �

4n B
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Wkxv d uhgxfwlrq lq K ghfuhdvhv � zklfk udlvhv w1 Wklv ulvh lq w lv eljjhu/ wkh

kljkhu w lv1 Lq rwkhu zrugv/ dowkrxjk wkh h�hfw ri K rq � ehfrphv vpdoohu dv K

ehfrphv vpdoohu/ wkh h�hfw rq w ehfrphv eljjhu wkh kljkhu w lv1 Wkh htxdwlrq

vkrzv wkdw wklv odwwhu h�hfw sod|v d vpdoo uroh li # lv forvh wr f1

D uhgxfwlrq lq K udlvhv wkh xqhpsor|hg djhqw*v vhdufk h�ruw/ exw ohvv vr dv

K ehfrphv vpdoohu1 Wklv lv gxh wr wkh iroorzlqj wzr revhuydwlrqv1 Iluvw/ wkh

srvlwlyh h�hfw ri K rq w ehfrphv vpdoohu dv K lv uhgxfhg1 Vhfrqg/ wkh vhdufk frvw

ixqfwlrq �E�� ihdwxuhv lqfuhdvlqj pdujlqdo frvwv1 Khqfh dv K lv uhgxfhg/ wkh djhqw

udlvhv r� exw wr d vpdoohu h{whqw dv r� ehfrphv kljkhu1 Li djhqwv duh ulvn dyhuvh/

wkhuh lv dq h�hfw zrunlqj lq wkh rssrvlwh gluhfwlrq1 Wkh vpdoohu K/ wkh vpdoohu

wkh xqhpsor|phqw ehqh�w ohyho K� dqg khqfh wkh kljkhu wkh pdujlqdo xwlolw| ri

lqfrph1 D ulvh lq wkh pdujlqdo xwlolw| ri lqfrph udlvhv zrunhuv* vhdufk h�ruwv1 Li

l lv forvh wr f/ wkh odwwhu h�hfw lv vpdoo dqg wkh h�hfw ri K rq vhdufk r
�
ehfrphv

vpdoohu dv K idoov1

Ilqdoo|/ d uhgxfwlrq lq K uhgxfhv xqhpsor|phqw dw d ghfuhdvlqj udwh1 Wklv

lv gxh wr wkh uhvxowv deryh wkdw d uhgxfwlrq lq K kdv d vpdoohu h�hfw rq w dqg

r� dv K ehfrphv vpdoohu1 Wr vhh zk| wkh frqglwlrq � 	
�

e
lv qhhghg/ uhfdoo wkdw

�
�
'

B

Bn>Ew�r�
dqg khqfh

_�
�

_E>Ew�r
�
�
' ��E� � ��

�

>Ew�r
�

Iru ydoxhv ri �� forvh wr �/ d uhgxfwlrq lq �� lqfuhdvhv wkh h�hfw ri >Ew�r� rq

xqhpsor|phqw ��1

Rqh ri wkh pdlq uhvxowv ri wklv sdshu lv wkdw shqdowlhv duh pruh h�hfwlyh

wkdq d uhgxfwlrq lq wkh uhsodfhphqw udwh lq vwlpxodwlqj hpsor|phqw e1 Lq wkh

vlpxodwlrqv wklv lv vkrzq zlwk hqgrjhqrxv wd{ udwhv wr edodqfh wkh jryhuqphqw

exgjhw frqvwudlqw1 Wkh qh{w uhvxow vkrzv wklv ihdwxuh zlwk h{rjhqrxv wd{ udwhv1

Sursrvlwlrq ; Dvvxph wkdw wkh wd{ sdudphwhuv � dqg �@ uhpdlq frqvwdqw1 Frq0

vlghu d vlwxdwlrq zlwkrxw vdqfwlrqv/ b ' f exw R : f1 Wkhq lw lv wkh fdvh wkdw=

_e

_b
:

�
�
�
_e

_K

�
�
� xqghu wkh frqglwlrq wkdw

�
�
�
_�

_b

�
�
� '

_�

_K
1

Wr xqghuvwdqg wkh uhvxow/ qrwh wkdw zh qhhg d frqglwlrq wr pdnh wkh wzr

phdvxuhv frpsdudeoh1 Wkdw lv/ li wkh idoo lq uhsodfhphqw udwh uhgxfhv � +ru

htxlydohqwo|/ e| htxdwlrq +8,/ T�, wr d idu eljjhu h{whqw wkdq wkh ulvh lq b grhv/ lw

lv fohdu wkdw wkh h�hfw ri K rq hpsor|phqw zloo eh eljjhu1 Wklv lv vr/ ehfdxvh wkh

idoo lq � lqfuhdvhv vhdufk lqwhqvlw| gluhfwo| e| htxdwlrq +44, dqg lqgluhfwo| yld d

ulvh lq w ehfdxvh pruh ydfdqflhv duh fuhdwhg lq htxloleulxp1 Vr zh frqfhqwudwh
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rq wkh fdvh zkhuh wkh uhsodfhphqw udwh lv uhgxfhg dqg b lv lqfuhdvhg wr vxfk dq

h{whqw wkdw wkh h�hfw rq � lv wkh vdph1

Wkh lqwxlwlrq iru wkh uhvxow lv wkhq dv iroorzv1 Iru jlyhq uhgxfwlrq lq �/ erwk

phdvxuhv kdyh wkh vdph gluhfw h�hfw rq r�1 Krzhyhu/ wkh wkuhdw ri d shqdow|

lqfuhdvhv r
�
pruh li b lv lqfuhdvhg wkdq li K lv uhgxfhg1 Wklv fdq eh vhhq lq

htxdwlrq +44,1 Ixuwkhu/ erwk phdvxuhv kdyh wkh vdph h�hfw rq w e| htxdwlrq

+47,1 Exw udlvlqj b kdv d ixuwkhu h�hfw ehfdxvh % � T� � TR : f dv R : f1

Ilqdoo|/ hydoxdwlqj wkh ulvh lq b durxqg b ' f lpsolhv wkdw >Ew� : b1 Khqfh lw

iroorzv iurp ohppd 5 wkdw rR : r�1 Lq zrugv/ djhqwv zlwk d vdqfwlrq vhdufk kdughu

wkdq xqhpsor|hg djhqwv zlwkrxw d vdqfwlrq +h{ srvw h�hfw,1 Dqg zrunhuv zlwkrxw

d vdqfwlrq zlwk wkh lqwurgxfwlrq ri wkh vdqfwlrq vhdufk kdughu wkdq xqhpsor|hg

djhqwv idfhg zlwk d uhgxfwlrq lq wkh uhsodfhphqw udwh1 Wkhvh hqwlwohphqw h�hfwv

fdxvh wkh hpsor|phqw h�hfw ri lqwurgxflqj vdqfwlrqv wr h{fhhg wkh hpsor|phqw

h�hfw ri uhgxflqj wkh uhsodfhphqw udwh1

Wkhvh uhvxowv frqwlqxh wr krog zkhq wd{hv duh hqgrjhql}hg dv vkrzq lq wkh

vlpxodwlrqv1 Krzhyhu/ wkhq wkhuh lv qr orqjhu dq xqdpeljxrxv dqdo|wlfdo uhvxow

ehfdxvh wkh uhgxfwlrq lq wkh uhsodfhphqw udwh pd| ohdg wr eljjhu wd{ uhgxfwlrqv

wkdq wkh lqwurgxfwlrq ri d shqdow|1

Lq whupv ri zhoiduh wkh dgydqwdjh ri d shqdow| v|vwhp ryhu d jhqhulf uhgxfwlrq

lq wkh uhsodfhphqw udwh fdq eh vhhq dv iroorzv1 D uhgxfwlrq lq wkh uhsodfhphqw

udwh vwlpxodwhv vhdufk dqg uhgxfhv xqhpsor|phqw rqo| wkurxjk pdnlqj wkh xq0

hpsor|hg zruvh r�1 Lq rwkhu zrugv/ lw zrunv dv d vwlfn1 Zlwk ulvn dyhuvh djhqwv

wklv lv frvwo| lq whupv ri zhoiduh1 Ehvlgh d vwlfn/ d shqdow| v|vwhp ihdwxuhv d fdu0

urw lq wkh irup ri wkh hqwlwohphqw h�hfw1 Xqhpsor|hg djhqwv zlwkrxw d vdqfwlrq

vhdufk kdughu wr dyrlg d vdqfwlrq dqg xqhpsor|hg djhqwv zlwk d vdqfwlrq vhdufk

kdughu wr �qg d mre/ ehfdxvh d mre hqwlwohv wkhp djdlq wr ixoo xqhpsor|phqw ehq0

h�wv +zlwkrxw d shqdow|, rqfh wkh| orvh wkh mre1 Wklv fduurw doorzv wkh shqdow|

v|vwhp wr vkruwhq wkh vwlfn/ zklfk |lhogv d zhoiduh jdlq zlwk ulvn dyhuvh zrunhuv1

Lq wkh vlpxodwlrqv ehorz/ wklv lv looxvwudwhg lq Iljxuh 81 Wklv vkrzv wkdw

zhoiduh lv ghfuhdvlqj lq j dqg frqyhujhv wr ����D dv j whqgv wr lq�qlw|1 Dv

dujxhg deryh/ wkh shqdow| v|vwhp lv htxlydohqw wr dq dfurvv wkh erdug uhgxfwlrq

lq wkh uhsodfhphqw udwh iru j �$ n41 Krzhyhu/ wkh �jxuh vkrzv wkdw zhoiduh

lq ghfuhdvlqj lq j1 Khqfh d shqdow| v|vwhp zlwk �qlwh j lv wr eh suhihuuhg deryh

d jhqhulf uhgxfwlrq lq wkh uhsodfhphqw udwh1
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8 Fkdqjlqj �qdqfldo lqfhqwlyhv

814 Ehqh�w uhgxfwlrqv dqg d ehqh�w vdqfwlrq v|vwhp

Lq wklv vhfwlrq zh suhvhqw dqg glvfxvv dowhuqdwlyh zd|v wr lqfuhdvh �qdqfldo lqfhq0

wlyhv iru xqhpsor|hg wr �qg mrev1 Lq rxu edvholqh prgho zh xvh sdudphwhu ydoxhv

wkdw duh lq olqh zlwk wkh Gxwfk oderu pdunhw ri wkh hduo| 4<<3v1 Wkh fkdudfwhu0

lvwlfv ri wklv Gxwfk oderu pdunhw duh zhoo lq olqh zlwk wkrvh ri rwkhu Hxurshdq

frxqwulhv lq wkh vdph wlph shulrg1 Wkhq/ zh lqyhvwljdwh wr zkdw h{whqw oderu

pdunhw lqglfdwruv fkdqjh dv ehqh�wv duh uhgxfhg ru d v|vwhp ri ehqh�w vdqfwlrqv

lv lqwurgxfhg1

Dowkrxjk rxu prgho lv lq frqwlqxrxv wlph/ rxu sdudphwhuv duh vhw wr ydoxhv

wkdw uh hfw d txduwhuo| wlph glphqvlrq1 Wkh sdudphwhu ydoxhv lq rxu edvholqh

prgho duh wkh iroorzlqj=

Glvfrxqw udwh= 4 ' f�f2D

Uhsodfhphqw udwh= K ' f�.f

Vdqfwlrq surfhvv= b ' f�f

Shqdow|= R ' f�f

Vhdufk frvw ixqfwlrq= V ' f�D

Pdwfklqj ixqfwlrq= # ' f�Dc� ' ��f

Zdjh qhjrwldwlrqv= q ' f�D

Surgxfwlrq= + ' �

Ydfdqf| frvwv= S ' 2

Mre ghvwuxfwlrq udwh= B ' f�fe

Ulvn dyhuvlrq= l ' 2

Wd{ shu pdwfk= �@ ' f

Wkh ydoxh ri wkh glvfrxqw udwh 4 lv vhw wr 31358/ zklfk lv 43( rq dq dqqxdo edvlv

dqg lv txlwh frpprq lq wkhvh w|shv ri h{huflvhv1 Wkh ydoxh ri wkh uhsodfhphqw

udwh K lv dffruglqj wr wkh r!fldo uxoh lq wkh 4<<3v wkdw xqhpsor|phqw ehqh�wv

duh :3( ri wkh suhylrxv zdjh +vhh dovr Wdeoh 4 dqg wkh vwxg| e| Pduwlq +4<<9,,1

Wkh h�hfwlyh uhsodfhphqw udwh iru lqglylgxdo xqhpsor|hg pd| eh kljkhu ru orzhu

wkdq :3(1 Vlqfh wkhuh lv d vr fdoohg vrfldo plqlpxp ehqh�w wkh uhsodfhphqw

udwh lv kljkhu zkhq zrunhuv kdyh kdg dq lqfrph forvh wr wkh plqlpxp zdjh1

Ehfdxvh wkhuh lv dovr d pd{lpxp ehqh�w zrunhuv wkdw kdyh suhylrxvo| hduqhg d

kljk zdjh kdyh d uhsodfhphqw udwh orzhu wkdq :3(1 Lq rxu edvholqh prgho zh

dvvxph wkdw wkhuh lv qr v|vwhp ri ehqh�w vdqfwlrqv vr erwk sdudphwhuv ri wkh

vdqfwlrq surfhvv +b dqg R, duh vhw wr }hur1 Wkh sdudphwhu V ri wkh vhdufk frvw

ixqfwlrq lq htxdwlrq +4, lv vhw wr 3181 Zh kdyh wulhg d udqjh ri ydoxhv/ exw dv

orqj dv wklv sdudphwhu lv qrw wrr forvh wr hlwkhu 3 ru 4 wkh vlpxodwlrq uhvxowv gr
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qrw fkdqjh d orw1 Wkh sdudphwhu # ri wkh pdwfklqj ixqfwlrq lv vhw wr lwv xvxdo

ydoxh ri 318/ zklfk lpsolhv wkdw xqhpsor|phqw dqg ydfdqflhv kdyh d vlplodu h�hfw

rq wkh  rz ri �oohg ydfdqflhv481 Wkh sdudphwhu � ri wkh pdwfklqj ixqfwlrq lv

vhw wr eh htxdo wr 41 Wklv ydoxh zdv fkrvhq lq rughu wr kdyh dq xqhpsor|phqw

gxudwlrq wkdw lv dssur{lpdwho| lq olqh zlwk uhdolw|1 Wkh sdudphwhu q ri wkh

zdjh qhjrwldwlrq surfhvv lv vhw htxdo wr 3181 Qrw rqo| lv wklv d yhu| frpprq

dvvxpswlrq/ lw dovr lpsolhv wkdw wkh sdudphwhu ri wkh zdjh qhjrwldwlrq surfhvv lv

htxdo wr wkh sdudphwhu ri wkh pdwfklqj ixqfwlrq vr wkdw wkh h!flhqf| frqglwlrq

ri Krvlrv +4<<3, lv ixo�oohg1 Wkh ydoxh ri surgxfwlrq + lv vhw wr 4/ vr wkh ydoxh

ri uhodwhg yduldeohv olnh zdjhv dqg wd{hv duh qrupdol}hg1 Wkh ydfdqf| frvwv S duh

vhw wr 5/ lpso|lqj wkdw lq hyhu| shulrg wkh frvwv iru kdylqj d ydfdqf| duh wzlfh

wkh ydoxh ri surgxfwlrq1 Ri frxuvh/ wkh wrwdo frvw ri d ydfdqf| dovr ghshqg rq

wkh dyhudjh ydfdqf| gxudwlrq1 Ixuwkhupruh/ wkh mre ghvwuxfwlrq udwh B lv vhw wr

3137/ zklfk lpsolhv wkdw rq dq dqqxdo edvlv 49( ri wkh mrev duh ghvwur|hg1 Wklv

qxpehu lv lq olqh zlwk wkh qxpehu ri zrunhuv wkdw vwduw rq d qhz mre hdfk |hdu1

Wkh sdudphwhu iru ulvn dyhuvlrq l lv vhw wr eh htxdo wr 51 Lq frpelqdwlrq zlwk

wkh rwkhu sdudphwhuv wklv ohdgv wr d pd{lpdo ydoxh iru T� dw d uhsodfhphqw udwh

ri derxw 31:3 +vhh Iljxuh 5,491 Ilqdoo|/ zh fkrrvh wkh wd{ sdudphwhu �
@
' f1 Dv

vkrzq lq Errqh dqg Eryhqehuj +4<<<, wklv lv rswlpdo lq vhdufk prghov zkhuh wkh

Krvlrv frqglwlrq lv vdwlv�hg dqg zkhuh ydfdqf| frvwv S duh frqvwdqw1 Lq sduwlfxodu/

S grhv qrw ghshqg rq wkh qxpehu ri ydfdqflhv srvwhg/ �1 Wkh pdujlqdo zdjh wd{

� lv dgmxvwhg hqgrjhqrxvo| lq wkh vlpxodwlrqv wr vdwlvi| wkh jryhuqphqw exgjhw

frqvwudlqw

e�� ' �
�
K� n �RKE�� R�� +48,

zkhuh rq wkh ohiw kdqg vlgh duh wkh wrwdo zdjh wd{ uhyhqxhv dqg rq wkh uljkw kdqg

vlgh wkh wrwdo jryhuqphqw h{shqglwxuhv rq xqhpsor|phqw ehqh�wv14:

Wkh vlpxodwlrq uhvxowv ri rxu edvholqh0prgho duh vkrzq lq wkh �uvw froxpq

ri Wdeoh 51 Wkh| lqglfdwh wkdw zlwk wkhvh sdudphwhu ydoxhv zh jhw d uhdvrqdeoh

48Eurhuvpd dqg Ydq Rxuv +4<<<, jlyh dq ryhuylhz ri uhfhqw hpslulfdo vwxglhv rq wkh pdwfklqj

ixqfwlrq1 Wkh| �qg wkdw d ydoxh ri � ri 318 lv d uhdvrqdeoh dssur{lpdwlrq1
49Wkh iurp d zhoiduh srlqw ri ylhz rswlpdo uhsodfhphqw udwh lv forvho| uhodwhg wr wkh ghjuhh

ri ulvn dyhuvlrq1 Zh h{shulphqwhg zlwk d udqjh ri ydoxhv iurp � @ 3=8 wr � @ 8=31 Dw wkh orzhu

erxqg wkh rswlpdo uhsodfhphqw udwh lv 3193/ dw wkh xsshu erxqg lw lv 31:<1 Zkhq � @ 5=3 zh

�qg dq rswlpdo uhsodfhphqw udwh ri 31:41
4:Zh kdyh dovr orrnhg dw wkh fdvh zlwk h{rjhqrxv jryhuqphqw vshqglqj j A 3/ exw lqwurgxflqj

wklv grhv qrw d�hfw wkh uhvxowv1 Ixuwkhu/ rqh fdq dujxh wkdw vhwwlqj xs dq djhqf| zklfk prqlwruv

djhqwv* vhdufk lqwhqvlw| +dv uhtxluhg xqghu d vdqfwlrq v|vwhp, lqgxfhv jryhuqphqw vshqglqj dv

zhoo1 Zh frph edfn wr wklv srlqw ehorz1
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dssur{lpdwlrq ri wkh Gxwfk oderu pdunhw ri wkh hduo| 4<<3v1 Wkh xqhpsor|0

phqw udwh lv ;1:( dqg wkh ydfdqf| udwh lv 514(4;1 Lw lv fohdu iurp Wdeoh 5 wkdw

xqhpsor|hg frxog vhdufk kdughu vlqfh wkhlu vhdufk lqwhqvlw| lv derxw :3( exw ds0

sduhqwo| wkhuh lv qr uhdvrq iru wkhp gr vr14< Wrwdo zhoiduh lqfuhdvhv zlwk vhdufk

lqwhqvlw| wr uhdfk d pd{lpxp dw 31<4/ dv vkrzq lq Iljxuh 71 Frpsdulqj wklv

rswlpxp zlwk wkh uhdo vhdufk lqwhqvlw| lq wkh �uvw froxpq ri Wdeoh 5 lw lv reylrxv

wkdw xqhpsor|hg zrunhuv kdyh d vhdufk lqwhqvlw| wkdw lv idu ehorz wkh rswlpxp

iurp d zhoiduh srlqw ri ylhz1

Wkhuh duh wzr zd|v lq zklfk zh fdq fkdqjh wkh lqfhqwlyhv iru xqhpsor|hg

zrunhuv wr vhdufk kdughu iru d mre vrrqhu= orzhulqj wkh uhsodfhphqw udwh dqg

lqwurgxflqj d v|vwhp ri ehqh�w vdqfwlrqv1 Orzhulqj wkh uhsodfhphqw udwh lv wkh

prvw iuhtxhqwo| xvhg phdvxuh wr lqfuhdvh lqfhqwlyhv1 Iljxuh 5 lqglfdwhv krz

fkdqjhv lq wkh uhsodfhphqw udwh d�hfw vwhdg| vwdwh zhoiduh53 dqg T
�
/ wkh ydoxh ri

ehlqj xqhpsor|hg1 Dv lv lqglfdwhg T� kdv d pd{lpxp dw d uhsodfhphqw udwh ri

derxw 31:3/ zkloh wrwdo zhoiduh lv dw lwv pd{lpxp ohyho dw d uhsodfhphqw udwh ri

derxw 31961 Li wkh uhsodfhphqw udwh jhwv yhu| kljk erwk wrwdo zhoiduh dqg T� gurs

vxevwdqwldoo|1 Lw lv reylrxv wkdw vwduwlqj iurp d uhsodfhphqw udwh ri 31:3 zkhuh

zh kdyh d pd{lpxp ydoxh ri T
�
wrwdo zhoiduh fdq eh lqfuhdvhg e| uhgxflqj wkh

uhsodfhphqw udwh1 Zh uhwxuq wr wklv ehorz1

Iljxuh 6 vkrzv zkdw kdsshqv wr vhdufk lqwhqvlw| dqg wkh xqhpsor|phqw udwh

li zh ydu| wkh uhsodfhphqw udwh1 Zh nqrz wkdw orzhulqj wkh uhsodfhphqw udwh

lqfuhdvhv vhdufk lqwhqvlw| dqg uhgxfhv xqhpsor|phqw +vhh sursrvlwlrq :,1 Dw

kljkhu uhsodfhphqw udwhv vhdufk lqwhqvlw| r� ehfrphv yhu| orz dqg xqhpsor|phqw

kljk1 Ixuwkhu/ sursrvlwlrq : lpsolhv wkdw uhgxflqj wkh uhsodfhphqw udwh uhgxfhv

xqhpsor|phqw wr d vpdoohu h{whqw dv wkh uhsodfhphqw udwh idoov/ dv vkrzq lq

Iljxuh 61

Qrz wkdw zh kdyh vkrzq wkh uhodwlrqvkls ehwzhhq wkh uhsodfhphqw udwh dqg

4;Wkh dyhudjh ydfdqf| gxudwlrq lv derxw ; zhhnv/ vr wkdw wkh frvw shu ydfdqf| duh derxw 4151

wklv phdqv wkdw wkh frvw ri d ydfdqf| duh derxw 415 txduwhuv ri surgxfwlrq ydoxh1
4<Xqghu wkhvh frqglwlrqv wkh qhw zdjh lv htxdo wr 31;:1 Wdnlqj wkh wd{hv lqwr dffrxqw wklv

phdqv wkdw wkh zdjh frvwv duh htxdo wr 31<7/ zklfk lv txlwh kljk frpsduhg wr wkh ydoxh ri

surgxfwlrq1 Wkh pdlq uhdvrq iru wklv lv wkdw doo wkdw hpsor|huv qhhg wr fryhu lq wkh surgxfwlrq

surfhvv lv wkh zdjh frvwv dqg wkh ydoxh ri rshqlqj d ydfdqf|1 Vkrxog zh kdyh lqfoxghg fdslwdo

lq wkh surgxfwlrq surfhvv wkh hpsor|huv zrxog qhhg d odujhu vkduh ri wkh ydoxh ri surgxfwlrq

lq rughu wr fryhu iru wkh lqyhvwphqw lq fdslwdo1 Krzhyhu/ wkh edvlf uhvxowv ri rxu vlpxodwlrqv

zrxog qrw fkdqjh ehfdxvh ri wklv1
53Zhoiduh Z lv gh�qhg dv= x

x
Y
x
. xsYs . h+Yh . Mh, . yMy/ zkhuh My @ 3 e| wkh iuhh hqwu|

frqglwlrq1 Ehfdxvh ri wkh ydoxh ri wkh ulvn dyhuvlrq sdudphwhu Z> Yx dqg Ys duh qhjdwlyh

qxpehuv1 Iru uhdvrqv ri suhvhqwdwlrq zh dgghg 48 wr wkh vlpxodwhg ydoxhv ri Z dqg Yx dqg

Ys= Vlqfh Z / Yx dqg Ys duh lqglfhv wklv grhv qrw d�hfw wkh qdwxuh ri wkh vlpxodwlrq uhvxowv1
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vrph hfrqrplf lqglfdwruv zh zloo vkrz zkdw kdsshqv wr doo uhohydqw oderu pdunhw

yduldeohv li zh vwduw fkdqjlqj wkh �qdqfldo lqfhqwlyhv1 Iluvw/ zh zloo fkdqjh wkh

uhsodfhphqw udwh dqg wkhq zh zloo vkrz zkdw kdsshqv li d v|vwhp ri ehqh�w

vdqfwlrqv lv lqwurgxfhg1

Wkh vhfrqg froxpq ri Wdeoh 5 vkrzv iru doo uhohydqw lqglfdwruv zkdw kdsshqv

li wkh uhsodfhphqw udwh lv lqfuhdvhg wr 31;1 Wklv ydoxh ri wkh uhsodfhphqw udwh zdv

frpprq iru wkh Qhwkhuodqgv lq wkh hduo| 4<;3v dqg zdv fkdqjhg wr 31: lq 4<;:1

Dv vkrzq/ vhdufk lqwhqvlw| jrhv grzq wr 3191 Xqhpsor|phqw jrhv xs wr 45( dqg

wkh ydfdqf| udwh jrhv grzq wr 41:(1 Wkh kljk xqhpsor|phqw udwh lv lq olqh zlwk

wkh Gxwfk oderu pdunhw ri wkh hduo| 4<;3v +vhh Ydq Rxuv +4<<4, iru dq ryhuylhz ri

wkh Gxwfk oderu pdunhw fkdudfwhulvwlfv ri wkh hduo| 4<;3v,1 Ixuwkhupruh/ ehfdxvh

ri lqfuhdvlqj xqhpsor|phqw ehqh�w h{shqglwxuhv/ wd{hv jr xs dqg qhw zdjhv jr

grzq1 Ryhudoo zhoiduh jrhv grzq dqg hyhq wkh ydoxh ri ehlqj xqhpsor|hg lv orzhu

zlwk wkh kljkhu uhsodfhphqw udwh1

Wkh wklug froxpq ri Wdeoh 5 jlyhv wkh h�hfwv ri d uhgxfwlrq ri wkh uhsodfhphqw

udwh wr 3196/ wkh ydoxh wkdw lv rswlpdo iurp d zhoiduh srlqw ri ylhz1 Dv lv dovr fohdu

iurp Iljxuh 5 wkh ydoxh ri ehlqj xqhpsor|hg lv orzhu zlwk wklv orzhu uhsodfhphqw

udwh1 Vhdufk lqwhqvlw| jrhv xs dqg xqhpsor|phqw jrhv grzq wr :16(/ zkloh

wkh ydfdqf| udwh jrhv xs wr 517(1 Vr/ rqh fdq lqfuhdvh zhoiduh dqg uhgxfh

xqhpsor|phqw e| orzhulqj wkh uhsodfhphqw udwh1 Exw zlwk ulvn dyhuvh zrunhuv

wklv jhqhulf uhgxfwlrq lq wkh uhsodfhphqw udwh lv udwkhu frvwo| lq whupv ri wkh

ydoxh ri ehlqj xqhpsor|hg T
�
1

Wkh irxuwk froxpq ri Wdeoh 5 vkrzv wkh h�hfwv ri lqwurgxflqj d v|vwhp ri

ehqh�w vdqfwlrqv1 Wkh v|vwhp lv lqwurgxfhg e| vhwwlqj wkh vdqfwlrq sdudphwhu b

htxdo wr 3183 dqg wkh shqdow| R htxdo wr 314541 Wkh vdqfwlrq sdudphwhu kdv wr

eh frpelqhg zlwk wkh vhdufk lqwhqvlw| wr �qg wkh h�hfwlyh vdqfwlrq udwh1 Li/ iru

h{dpsoh dv lq wkh irxuwk froxpq ri Wdeoh 5/ wkh vhdufk lqwhqvlw| r
�
' 31:9/ wkhq

wkh h�hfwlyh vdqfwlrq udwh lv htxdo wr +4031:9,-3183 @ 3145/ lpso|lqj d vdqfwlrq

udwh ri 45( shu txduwhu1 Krzhyhu/ vlqfh dyhudjh xqhpsor|phqw gxudwlrq lv derxw

515 txduwhuv/ wkh vkduh ri xqhpsor|hg zrunhuv wkdw jhw d ehqh�w vdqfwlrq lpsrvhg

lv qrw yhu| odujh1 Dv lqglfdwhg lq Wdeoh 5 wkh vkduh ri xqhpsor|hg zlwk d ehqh�w

vdqfwlrq lv derxw 53(/ zklfk lv hyhq vrphzkdw orz frpsduhg wr vrph qxpehuv

suhvhqwhg lq vhfwlrq 51 Wkh vhdufk lqwhqvlw| ehiruh d vdqfwlrq lv lpsrvhg jrhv

xs iurp 31:4 wr 31:9/ vr wkh h{ dqwh h�hfw ri d ehqh�w vdqfwlrq fdxvhv wkh vhdufk

lqwhqvlw| wr lqfuhdvh zlwk :(1 Wkh vhdufk lqwhqvlw| diwhu d vdqfwlrq lv lpsrvhg

jrhv xs iurp 31:9 wr 31::/ vr wkh h{ srvw h�hfw dovr lqfuhdvhv wkh vhdufk lqwhqvlw|

54Zh ljqruh iru wkh prphqw wkh prqlwrulqj frvwv ri wkh v|vwhp ri ehqh�w vdqfwlrqv1 Zh

glvfxvv wklv lvvxh lq pruh ghwdlo lq wkh qh{w vxevhfwlrq1
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zlwk 416(1 Lq rwkhu zrugv/ wkh h{ srvw h�hfw lv vxevwdqwldoo| vpdoohu wkdq wkh h{

dqwh h�hfw1

Froxpq 8 jlyhv wkh vlpxodwlrq uhvxowv iru d gl�huhqw frpelqdwlrq ri b dqg R1

Li wkh shqdow| lv lqfuhdvhg iurp 314 wr 318 wkh xqhpsor|phqw udwh jrhv grzq wr

916(1 Qrz/ vhdufk lqwhqvlw| jrhv xs wr 31<4 lq wkh suh0vdqfwlrq shulrg dqg wr 31<6

diwhu d vdqfwlrq kdv ehhq lpsrvhg1 Ehfdxvh ri wkh vhyhulw| ri wkh vdqfwlrq wkh

vhdufk lqwhqvlw| lv vr kljk wkdw wkh vkduh ri zrunhuv zlwk d ehqh�w vdqfwlrq uhgxfhv

vxevwdqwldoo|/ wr :(1 Qrz wkh h{ dqwh h�hfw fdxvhv dq lqfuhdvh lq vhdufk lqwhqvlw|

ri doprvw 63(/ zkloh wkh h{ srvw h�hfw lv derxw 5(1 Djdlq wklv h{ srvw h�hfw lv

udwkhu vpdoo frpsduhg wr wkh h�hfw irxqg lq plfur0hfrqrphwulf uhvhdufk +vhh iru

h{dpsoh Deeulqj/ Ydq ghq Ehuj dqg Ydq Rxuv +4<<:,,1 Wklv grhv qrw kdyh wr gr

zlwk wkh idfw wkdw lq uhdolw| pdq| ri wkh xqhpsor|hg zrunhuv wkdw jhw d ehqh�w

vdqfwlrq lpsrvhg kdyh d kljk uhsodfhphqw udwh551 D pruh ydolg h{sodqdwlrq

iru wkh gl�huhqfh ehwzhhq uhdolw| dqg vlpxodwlrqv lv wkdw lq uhdolw| xqhpsor|hg

zrunhuv xqghuhvwlpdwh wkh suredelolw| wkdw wkh| jhw d ehqh�w vdqfwlrq lpsrvhg1

Wkhuhiruh/ lq froxpqv 9 dqg : ri Wdeoh 5 zh suhvhqwv vlpxodwlrq uhvxowv zlwk d

shqdow| ri 318 exw d vpdoohu b� Qrz/ iurp froxpq 9 lw lv fohdu wkdw iru b@314/ r�
lv orzhu wkdq ehiruh/ zkloh rR kdv wkh vdph ydoxh1 Wklv lpsolhv wkdw wkh h{ dqwh

h�hfw lv vpdoohu dqg wkh h{ srvw h�hfw lv odujhu1 Iurp froxpq : lw dsshduv wkdw

iru dq hyhq vpdoohu b ri 3134 zh �qg wkdw r� lv 31:5/ zkloh rR lv 31<61 Lq rwkhu

zrugv/ wkh h{ dqwh h�hfw lv 417(/ zkloh wkh h{ srvw h�hfw lv doprvw 63(1 Lq wklv

odvw vlpxodwlrq zh �qg wkdw kdugo| dq|rqh jhwv d vdqfwlrq lpsrvhg1 Dv vkrzq

lq ohppd 5/ zh �qg d vl}hdeoh h{ srvw h�hfw rqo| zkhq b lv vpdoo +frpsduhg wr

>,/ exw wkhq qrw pdq| xqhpsor|hg jhw shqdol}hg1 Wkh frpelqdwlrq ri d odujh h{

srvw h�hfw dqg d vl}deoh iudfwlrq ri xqhpsor|hg zlwk d ehqh�w vdqfwlrq frxog eh

fdxvhg e| wkh plvshufhswlrq ri wkh xqhpsor|hg wkdw b lv vpdoo1

Zkdw lv vwulnlqj lv wkdw ryhudoo zhoiduh lq wklv v|vwhp zlwk ehqh�w vdqfwlrqv lv

kljkhu wkdq wkh zhoiduh frqqhfwhg wr wkh rswlpdo uhsodfhphqw udwh zlwkrxw ehqh�w

vdqfwlrqv1 Dssduhqwo|/ zlwk d v|vwhp ri ehqh�w vdqfwlrqv zhoiduh fdq eh lqfuhdvhg

eh|rqg wkh ohyho zkhuh dq| fkdqjh ri uhsodfhphqw udwh fdq eulqj wkh hfrqrp|1

Iurp d pdwkhpdwlfdo srlqw ri ylhz/ wklv lv qrw vxusulvlqj1 Ehfdxvh lqwurgxflqj d

vdqfwlrq v|vwhp jlyhv wkh jryhuqphqw pruh lqvwuxphqwv +bc j dqg R, ehvlgh wkh

uhsodfhphqw udwh K/ rqh zrxog h{shfw d ulvh lq zhoiduh1 Zkdw lv lqwhuhvwlqj lv wkh

55Zh shuiruphg d vlpxodwlrq vwduwlqj iurp d uhsodfhphqw udwh ri 31</ zklfk jhqhudwhv dq

xqhpsor|phqw udwh ri 531;( dqg d vhdufk lqwhqvlw| ri 31771 Wkh lqwurgxfwlrq ri d v|vwhp ri

ehqh�w vdqfwlrqv zlwk sdudphwhuv � @ 3=8 dqg s @ 318 orzhuv wkh xqhpsor|phqw udwh wr 4416(

+47( ri wkh xqhpsor|hg jhwv d ehqh�w vdqfwlrq lpsrvhg,/ exw v
x
@ 3=<3 dqg vs @ 3=;:/ vr lq

wklv fdvh zh �qg d qhjdwlyh h{ srvw h�hfw zkloh wkh h{ dqwh h�hfw lv yhu| odujh lqghhg1
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lqwxlwlrq wkh prgho surylghv iru zk| vdqfwlrqv fdq uhgxfh xqhpsor|phqw pruh

dqg |lhog kljkhu zhoiduh wkdq uhgxflqj wkh uhsodfhphqw udwh1

Iru lqvwdqfh/ frqvlghu wkh iroorzlqj wkrxjkw h{shulphqw1 Wkh jryhuqphqw

zdqwv wr udlvh zhoiduh e| vwlpxodwlqj vhdufk/ exw gxh wr glvwulexwlrqdo +ru rwkhu,

frqvlghudwlrqv lw grhv qrw zdqw wkh xqhpsor|hg wr orrvh wrr pxfk xwlolw|1 Lq rxu

frpsdulvrqv ri vdqfwlrq v|vwhpv zlwk jhqhulf uhgxfwlrqv lq wkh uhsodfhphqw udwh/

lw lv wkh fdvh wkdw T� lq wkh vdqfwlrq v|vwhp h{fhhgv T� zlwk wkh uhgxfwlrq lq wkh

uhsodfhphqw udwh/ zkloh TR lv vpdoohu wkdq T� zlwk wkh uhsodfhphqw udwh uhgxfwlrq1

Wkh srlqw lv wkdw rqo| d vpdoo iudfwlrq ri wkh xqhpsor|hg duh dfwxdoo| vdqfwlrqhg

zkloh doo wkh xqhpsor|hg vx�hu iurp d jhqhulf uhgxfwlrq lq K1 Rqh zd|/ doehlw d

fuxgh rqh/ wr pdnh wkhvh phdvxuhv frpsdudeoh lq whupv ri krz pxfk wkh xqhp0

sor|hg orrvh/ lv wr frqvlghu wkh dyhudjh ydoxh ri ehlqj xqhpsor|hg/ 7T �
��T�n�RTR

��n�R
1

Fohduo|/ zlwk d jhqhulf uhgxfwlrq lq K lw lv wkh fdvh wkdw 7T ' T
�
1 Wklv dyhudjh

ydoxh ri ehlqj xqhpsor|hg zlwk d vdqfwlrq v|vwhp lv orzhu wkdq lq d v|vwhp zlwk0

rxw ehqh�w vdqfwlrqv wkdw kdv wkh vdph uhsodfhphqw udwh ri 31: +frpsduh froxpqv

8 dqg 4 lq Wdeoh 5,/ exw lw kdugo| gl�huv iurp wkh ydoxh ri ehlqj xqhpsor|hg zlwk

d uhsodfhphqw udwh ri 31961 Lq froxpq ; ri Wdeoh 5 zh vkrz vlpxodwlrq uhvxowv

zkhuh zh fkrrvh wkh ohyho ri wkh uhsodfhphqw udwh htxdo wr 31976/ dw zklfk ohyho

wkh ydoxh ri ehlqj xqhpsor|hg lv wkh vdph dv 7T lq wkh vlpxodwlrqv ri wkh �iwk

froxpq1 Vr/ urxjko| vshdnlqj/ rq dyhudjh wkh xqhpsor|hg vkrxog eh lqgl�huhqw

ehwzhhq d v|vwhp zlwk ehqh�w vdqfwlrqv wkdw kdv wkh fkdudfwhulvwlfv ri wkh rqh lq

froxpq 8 ru d v|vwhp wkdw kdv qr ehqh�w vdqfwlrqv exw d orzhu uhsodfhphqw udwh1

Lw wxuqv rxw wkdw d v|vwhp zlwk ehqh�w vdqfwlrqv kdv kljkhu ryhudoo zhoiduh dqg

orzhu xqhpsor|phqw wkdq d v|vwhp zlwkrxw ehqh�w vdqfwlrqv exw d orzhu uhsodfh0

phqw udwh1 Iurp wklv shuvshfwlyh d v|vwhp zlwk ehqh�w vdqfwlrqv lv suhihudeoh1

Wkh lqwxlwlrq lv djdlq wkdw wkh vdqfwlrq v|vwhp lqwurgxfhv d fduurw lq wkh irup ri

wkh hqwlwohphqw h�hfw ehvlgh wkh vwlfn ri uhgxflqj wkh ydoxh ri ehlqj xqhpsor|hg1

Ehfdxvh djhqwv duh ulvn dyhuvh/ wkh vwlfn lv udwkhu frvwo| lq whupv ri wkh zhoiduh

ri wkh xqhpsor|hg1 Ehfdxvh d jhqhulf uhgxfwlrq lq wkh uhsodfhphqw udwh zrunv

rqo| dv d vwlfn/ wkh vdqfwlrq v|vwhp rxwshuirupv wkh uhgxfwlrq lq K lq whupv ri

zhoiduh/ vhdufk lqwhqvlw| dqg xqhpsor|phqw li erwk kdyh wkh vdph h�hfw rq wkh

dyhudjh ydoxh ri ehlqj xqhpsor|hg1 Wklv lv looxvwudwhg lq Iljxuh 8 zkhuh zh vkrz

iru wkh edvholqh prgho wkh uhodwlrqvkls ehwzhhq zhoiduh dqg j 1 Dv vkrzq zhoiduh

lv ghfuhdvlqj lq j1 Vlqfh/ dv dujxhg deryh/ wkh shqdow| v|vwhp lv htxlydohqw wr dq

dfurvv wkh erdug uhgxfwlrq lq wkh uhsodfhphqw udwh iru j �$ n4 lw lv fohdu wkdw

d shqdow| v|vwhp zlwk �qlwh j lv wr eh suhihuuhg deryh d jhqhulf uhgxfwlrq lq wkh

uhsodfhphqw udwh1
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815 Wkh dqdwrp| ri ehqh�w vdqfwlrqv

Dv lqglfdwhg deryh zh duh qrw rqo| lqwhuhvwhg lq �qglqj wkh ryhudoo h�hfwv ri

d ehqh�w vdqfwlrq v|vwhp1 Zh duh dovr lqwhuhvwhg lq wkh ydulrxv frpsrqhqwv ri

wkh lqgxfhg fkdqjh lq wkh oderu pdunhw1 Lq wklv vhfwlrq/ zh ghvfuleh wkh zd| lq

zklfk zh fdq ghulyh wkh ydulrxv frpsrqhqwv1 Zh vwduw zlwk wkh plfur h�hfwv/

wkdw lv wkh h�hfwv li qrqh ri wkh pdfur0yduldeohv fkdqjh exw rqo| wkh gluhfw h�hfw

rq lqglylgxdov* vhdufk ehkdylru lv dffrxqwhg iru561 Wr �qg wkh plfur h�hfwv ri d

srolf| fkdqjh/ zh nhhs wc � dqg � dw wkhlu edvholqh ydoxh/ dqg T
�
c r

�
c TRc rRc ��c �R

duh hqgrjhqrxv1 Wkhvh yduldeohv duh vroyhg iurp wkh iroorzlqj htxdwlrqv
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Wkh gl�huhqfh ehwzhhq wkh vroxwlrq wr wkhvh htxdwlrqv dqg wkh edvh olqh ydo0

xhv ri T
�
c r

�
c TRc rRc ��c �R lv uhsruwhg lq froxpq 4 ri Wdeohv 6 dqg 71 Wkhvh wdeohv

lghqwli| wkh gl�huhqw frpsrqhqwv ri wkh lqwurgxfwlrq ri d v|vwhp ri ehqh�w vdqf0

wlrqv1 Dv vkrzq/ wkh plfur h�hfw lv wkh pdlq h�hfw zkhq lw frphv wr wkh lqfuhdvh

lq vhdufk lqwhqvlw|1 Vlploduo|/ wkh plfur h�hfw dovr kdv d odujh h�hfw rq wkh fkdqjh

lq xqhpsor|phqw1 Dv vkrzq lq Wdeoh 7 rqo| wkh plfur h�hfw douhdg| uhgxfhv wrwdo

xqhpsor|phqw zlwk 418( srlqwv1

Wkh furzglqj rxw h�hfw lv wkh h�hfw wkdw li pruh wkdq rqh xqhpsor|hg vwduwv

vhdufklqj kdughu wkh qhw ehqh�w iru hdfk lqglylgxdo lv uhgxfhg/ wkh xqhpsor|hg

furzg hdfk rwkhu rxw1 Wr �qg wkh furzglqj rxw h�hfwv zh vroyh wkh vdph v|vwhp ri

htxdwlrqv dv xqghu plfur h�hfwv/ h{fhsw qrz zh nhhs �c� dqg � dw wkhlu edvholqh

ydoxh dqg w lv hqgrjhqrxv1 Khqfh zh vroyh iru wkh suhylrxv htxdwlrqv dqg

w '
�

r��� n rR�R

56Lq rxu qrqolqhdu prgho wkh rughu lq zklfk wkh gl�huhqw frpsrqhqwv duh ghulyhg pd| eh

lpsruwdqw/ exw zh wklqn wkdw wkh zd| zh ghdo zlwk wkh ghfrpsrvlwlrq lv d vhqvleoh rqh1
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Dv vkrzq lq Wdeohv 6 dqg 7 wkh furzglqj rxw h�hfw lv qrw yhu| lpsruwdqw1

Wkh vhdufk lqwhqvlw| lv kdugo| h�hfwhg e| wkh furzglqj rxw h�hfw/ exw ryhudoo

xqhpsor|phqw lqfuhdvhv zlwk 314( srlqw1

Wr �qg wkh pdfur vslooryhu h�hfwv zh rqo| nhhs � dw wkh edvholqh ydoxh1 Wkdw

lv/ � lv hqgrjhqrxv dqg � lv ghwhuplqhg e| +47,1 Qrz zh jhw wkh h�hfw wkdw wkh

vdqfwlrq v|vwhp uhgxfhv wkh ydoxh ri ehlqj xqhpsor|hg/ dqg khqfh wkh zdjh udwh

ehfdxvh zrunhuv* idoo edfn srvlwlrq ghwhulrudwhv lq wkh zdjh edujdlqlqj surfhvv1

Wklv uhgxfwlrq lq � uhgxfhv wkh ehqh�wv uhfhlyhg e| wkh xqhpsor|hg ehfdxvh wkh

uhsodfhphqw udwhv +K dqg E�� R�K/ uhvshfwlyho|, duh �{hg1 Khqfh T� dqg TR idoo lq

wklv *pdfur vslooryhu vwhs*1 Wklv lv sduwo| r�vhw e| wkh ulvh lq ydfdqflhv fdxvhg e|

wkh uhgxfwlrq lq zdjhv dqg khqfh ulvh lq sur�wv1 Qrwh wkdw wkh pdfur vslooryhu

h�hfwv rq vhdufk/ wljkwqhvv dqg xqhpsor|phqw duh vxevwdqwldo1 Dv lqglfdwhg lq

Wdeoh 7 wkh ydfdqf| udwh lqfuhdvhv 316(/ zklfk fdxvhv wkh xqhpsor|phqw udwh wr

jr grzq zlwk 414( srlqw1

Ilqdoo|/ wkh wd{ h�hfw lv irxqg dv wkh gl�huhqfh ehwzhhq wkh prgho lq zklfk

zh nhhs � �{hg dqg wkh prgho zkhuh � +dqg doo rwkhu hqgrjhqrxv yduldeohv, ydulhv

wr vdwlvi| wkh jryhuqphqw exgjhw frqvwudlqw +48,1 Wkh wd{ h�hfw grhv qrw wxuq

rxw wr eh yhu| lpsruwdqw1 Wklv pd| qrw vhhp yhu| qrwhzruwk| exw lw lv iurp

wkh shuvshfwlyh ri wkh prqlwrulqj frvwv ri d v|vwhp ri ehqh�w vdqfwlrqv1 Iurp

Wdeoh 7 iru h{dpsoh lw lv fohdu wkdw wkh uhgxfwlrq ri wkh wd{ udwh ri 3135 kdugo|

d�hfwv wkh rxwfrph ri wkh prgho zlwk uhvshfw wr xqhpsor|phqw udwhv ru vhdufk

lqwhqvlwlhv1 Wklv phdqv wkdw d v|vwhp ri ehqh�w vdqfwlrqv zlwk wkh fkdudfwhulvwlfv

dv lqglfdwhg lq Wdeoh 7 frxog eh �qdqfhg e| wkh ghfolqh lq wd{ udwh/ zklfk lv derxw

41;( ri wkh wrwdo ydoxh ri surgxfwlrq1 Wklv vkrxog eh vx!flhqw wr vhw xs d ghfhqw

prqlwrulqj v|vwhp571

Doo lq doo/ wkh ghfrpsrvlwlrq ri wkh h�hfwv ri wkh lqwurgxfwlrq ri d ehqh�w

vdqfwlrq v|vwhp vkrzv wkdw lw lv wkh plfur h�hfw dqg wkh pdfur vslooryhu h�hfwv

wkdw duh wkh pdlq frpsrqhqwv fdxvlqj wkh fkdqjhv lq vhdufk lqwhqvlw|/ xqhpsor|0

phqw dqg oderu pdunhw wljkwqhvv1 Wkxv wkh h�hfwv irxqg lq wkh plfur vwxglhv/

flwhg lq vhfwlrq 5/ duh dq lpsruwdqw �uvw vwhs lq hydoxdwlqj d vdqfwlrq v|vwhp exw

wkh pdfur h�hfwv vkrxog qrw eh qhjohfwhg1 Lq whupv ri vhdufk lqwhqvlw|/ xqhpsor|0

phqw dqg oderu pdunhw wljkwqhvv wkh plfur vwxglhv xqghuhvwlpdwh wkh ehqh�fldo

h�hfwv ri lqwurgxflqj vdqfwlrqv1

57Dq h{dpsoh pd| pdnh wklv fohdu1 Lq wkh Qhwkhuodqgv wkhuh duh 9 ploolrq hpsor|hg zrunhuv1

Li 41;( ri wkh ydoxh ri wkh surgxfwlrq frxog eh xvhg iru d prqlwrulqj v|vwhp/ wkhq dw wkh dyhudjh

zdjh rqh frxog �qdqfh derxw 433/333 prqlwrulqj zrunhuv1 Vxssrvh wkdw wkh xqhpsor|phqw

udwh lv derxw 43(/ wkhq wkhuh zrxog eh 983/333 xqhpsor|hg zrunhuv1 Li hdfk prqlwrulqj zrunhu

zrxog orrn diwhu 53 xqhpsor|hg +5 krxuv shu zhhn iru hyhu| xqhpsor|hg,/ wkhq rqh zrxog rqo|

qhhg 66/333 zrunhuv/ zklfk lv vxevwdqwldoo| ohvv wkdq lv dydlodeoh iurp wkh wd{ uhgxfwlrq1
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9 Frqfoxvlrqv

Xqhpsor|phqw lv kljk lq pdq| frxqwulhv wkdw kdyh uhdvrqdeo| jhqhurxv ehqh�wv

zlwk yhu| orqj shulrgv ri hqwlwohphqw1 Krzhyhu/ lw lv qrw wklv fkdudfwhulvwlf lq

lwvhoi wkdw lv lpsruwdqw1 Zkdw pdwwhuv lv wkdw wkhuh duh dfwlyh srolflhv wr prqlwru

dexvh ri ehqh�wv dqg wr sxvk xqhpsor|hg edfn lqwr zrun1 Lq wklv uhvshfw d v|v0

whp ri ehqh�w vdqfwlrqv frxog eh yhu| lpsruwdqw1 Li xqhpsor|hg zrunhuv gr qrw

frpso| zlwk holjlelolw| fulwhuld jxlgholqhv/ wkh| pd| idfh d uhgxfwlrq ri wkhlu xq0

hpsor|phqw ehqh�wv/ wkdw lv wkh| vkrxog jhw d ehqh�w vdqfwlrq1 Ehqh�w vdqfwlrqv

duh lpsrvhg pdlqo| iru wzr uhdvrqv1 Wkh �uvw uhdvrq lv sv|fkrorjlfdo1 Zrunhuv

wkdw gr qrw reh| dgplqlvwudwlyh uxohv vkrxog idfh d shqdow|1 Wkh vhfrqg dqg

prvw lpsruwdqw uhdvrq lv wkdw shqdowlhv d�hfw wkh vhdufk ehkdylru ri xqhpsor|hg

+hyhq ehiruh wkh| duh dfwxdoo| vdqfwlrqhg,1 Vlqfh shqdowlhv pdnh xqhpsor|phqw

ohvv dwwudfwlyh dqg lqwurgxfh dq hqwlwohphqw h�hfw/ zrunhuv lqfuhdvh wkhlu vhdufk

lqwhqvlw| wkhuhe| lqfuhdvlqj wkhlu mre �qglqj udwh dqg uhgxflqj xqhpsor|phqw

gxudwlrq1

Iurp plfur0vwxglhv wkhuh lv hylghqfh derxw wkh h�hfwv ri ehqh�w vdqfwlrqv

rq wkh vhdufk ehkdylru ri xqhpsor|hg zrunhuv1 Iurp wkhvh vwxglhv lw dsshduv

wkdw ehqh�w vdqfwlrqv vxevwdqwldoo| lqfuhdvh wkh wudqvlwlrq iurp xqhpsor|phqw

wr zrun1 Krzhyhu/ lq plfur0vwxglhv lw lv qrw srvvleoh wr lqyhvwljdwh wkh h�hfw

ri d v|vwhp ri ehqh�w vdqfwlrqv shu vh/ vlqfh lw lv qrw srvvleoh wr vwxg| wkh

ehkdylru ri xqhpsor|hg lq wkh devhqfh ri vxfk d v|vwhp1 Ixuwkhupruh/ lq plfur

vwxglhv lw lv qrw srvvleoh wr lqyhvwljdwh wkh h�hfw ri dq lqfuhdvh lq vdqfwlrq udwh

ru shqdow|1 Lw lv dovr qrw srvvleoh wr lqyhvwljdwh srvvleoh furzglqj h�hfwv lqgxfhg

e| wkh v|vwhp ru wkh zd| wkh lqfuhdvhg vhdufk lqwhqvlw| ri wkh xqhpsor|hg d�hfwv

wkh ydfdqf| fuhdwlrq e| hpsor|huv1 Wr vwxg| wkhvh w|shv ri h�hfwv rqh qhhgv d

pdfur0prgho1 Lq wklv sdshu zh suhvhqw d pdfur0prgho ri wkh oderu pdunhw zklfk

hqdeohv xv wr shuirup d pruh ghwdlohg dqdo|vlv ri wkh zd| ehqh�w vdqfwlrqv d�hfw

xqhpsor|phqw1

Lq rxu prgho zh dvvxph wkdw xqhpsor|hg ehkdyh udwlrqdoo|1 Frqglwlrqdo rq

wkh xqhpsor|phqw ehqh�wv/ wkh vdqfwlrq udwh/ wkh zdjh zkhq hpsor|hg dqg wkh

wlph suhihuhqfh/ xqhpsor|hg fkrrvh dq rswlpdo ohyho ri vhdufk lqwhqvlw|1 Wkhuh

lv dq h{ dqwh dqg dq h{ srvw h�hfw ri ehqh�w vdqfwlrqv1 Wkh h{ dqwh h�hfw uhihuv

wr wkh rswlpdo vhdufk lqwhqvlw| ri zrunhuv/ zklfk lv kljkhu wkdq lw zrxog eh

li zrunhuv zrxog qrw idfh wkh srvvlelolw| ri jhwwlqj d vdqfwlrq lpsrvhg1 Wkh h{

srvw h�hfw uhihuv wr wkh h�hfw rq vhdufk ri kdylqj orzhu ehqh�wv rqfh d vdqfwlrq lv

lpsrvhg1 Lq wkh oderu pdunhw ri rxu prgho/ zh dvvxph wkdw zdjhv duh ghwhuplqhg

e| qhjrwldwlrqv ehwzhhq zrunhuv dqg hpsor|huv1 Ydfdqflhv duh fuhdwhg xqghu wkh
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dvvxpswlrq ri iuhh hqwu|/ wkdw lv xqwlo wkh ydoxh iru wkh �up ri srvwlqj d ydfdqf|

htxdov }hur1 Wkh  rzv iurp xqhpsor|phqw wr hpsor|phqw duh ghwhuplqhg e| d

pdwfklqj surfhvv lq wkh oderu pdunhw1

Lq rxu vlpxodwlrqv zh vwduw zlwk sdudphwhu ydoxhv wkdw duh lq olqh zlwk wkh

Gxwfk oderu pdunhw ri wkh hduo| 4<<3v1 Wkhq/ zh lqyhvwljdwh wr zkdw h{whqw

oderu pdunhw lqglfdwruv fkdqjh dv ehqh�wv duh uhgxfhg ru d v|vwhp ri ehqh�w

vdqfwlrqv lv lqwurgxfhg1 Zh �qg wkdw d orzhulqj ri wkh uhsodfhphqw udwh orzhuv

wkh xqhpsor|phqw udwh1 Krzhyhu/ zh dovr vkrz wkdw d v|vwhp ri ehqh�w vdqfwlrqv

fdq lqfuhdvh zhoiduh eh|rqg wkh ohyho zkhuh dq| fkdqjh ri uhsodfhphqw udwh fdq

eulqj wkh hfrqrp|1 Wkh h{ dqwh h�hfw wxuqv rxw wr eh dw ohdvw dv lpsruwdqw

dv wkh h{ srvw h�hfw1 Wkh vsolw0xs ehwzhhq wkh wzr ghshqgv wr d odujh h{whqw

rq wkh sdudphwhuv ri wkh vdqfwlrq surfhvv1 Zlwk d orz ydoxh ri wkh vdqfwlrq

sdudphwhu wkh srvvlelolw| ri jhwwlqj d vdqfwlrq lpsrvhg lv vpdoo dqg wkh vhdufk

ri wkh xqhpsor|hg zloo qrw eh d�hfwhg yhu| pxfk1 Wkh pdlq h�hfw lv diwhu wkh

vdqfwlrq lv lpsrvhg1 Vr/ lq wklv fdvh wkh h{ srvw h�hfw grplqdwhv1 Zlwk d kljk

ydoxh ri wkh vdqfwlrq sdudphwhu wkh xqhpsor|hg zloo wu| wr uhgxfh wkh vdqfwlrq

udwh e| lqfuhdvlqj wkhlu vhdufk lqwhqvlw|1 Wkhq/ wkh pdlq h�hfw lv wkh h{ dqwh

h�hfw1 Lw lv hyhq srvvleoh wkdw wkh h{ srvw h�hfw lv yhu| vpdoo/ zklfk lq plfur

uhvhdufk frxog ohdg wr wkh huurqhrxv frqfoxvlrq wkdw vdqfwlrqv gr qrw kdyh dq

h�hfw1 Qhyhuwkhohvv wkh| gr exw wkh pdlq h�hfw lv lq wkh wkuhdw ri d shqdow|/

qrw ehfdxvh d shqdow| lv lpsrvhg1 Ixuwkhupruh/ zh �qg wkdw wkh plfur h�hfw

dqg wkh pdfur vslooryhu h�hfwv duh wkh wzr pdlq frpsrqhqwv fdxvlqj wkh fkdqjhv

lq xqhpsor|phqw1 Wkh furzglqj rxw h�hfw dqg wkh wd{ h�hfwv duh udwkhu vpdoo1

Wklv odvw revhuydwlrq dovr lpsolhv wkdw iurp wkh uhgxfwlrq lq wd{ udwh wkdw jrhv

zlwk wkh v|vwhp ri ehqh�w vdqfwlrqv lw lv srvvleoh wr �qdqfh wkh prqlwrulqj frvwv

zlwkrxw wklv kdylqj d elj frxqwhuedodqflqj h�hfw1

Doo lq doo/ zh dgyrfdwh wkdw zkhq �qdqfldo lqfhqwlyhv iru xqhpsor|hg duh wr

eh lqfuhdvhg wkh lqwurgxfwlrq ri d v|vwhp ri vdqfwlrqv lv d jrrg dowhuqdwlyh iru d

uhgxfwlrq ri wkh ohyho ri ehqh�wv1
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Wdeoh 4 Vdqfwlrqv/ ehqh�wv dqg xqhpsor|phqw lq RHFG frxqwulhv

Vdqfwlrq udwh@� Uhsodfhphqw udwhK� Xqhpsor|phqw udwhS�

Ehojlxp 715 84 ;1;

Ghqpdun 716 :4 814

Ilqodqg 4316 98 4417

Jhupdq| 414 68 :1;

Qhwkhuodqgv 6913 :3 713

Vzhghq 315 :9 ;15

Vzlw}huodqg 6;18 :3 61;

XN 4316 4; 916

XV 581: 5: 718

@�
Vdqfwlrqv gxulqj e hqh� w shulrgv dv d s hufhqwdjh ri wkh dyhudjh vwrfn ri ehqh� w f od lp v/ 4<<:04<<; 1 Vrxufh = J uxee +4<<<,/

h{fhsw iru Vzhghq +Vzhglvk Oderu Pdunhw Erdug, dqg Qhwkhuodqgv +dxwkruv* fdofx odwlrqv,

K�
Jurvv uhs odfhphqw udwhv= e hqh�w hqwlwohp hqw e h iruh wd{ dv d shufhqwdjh ri suhy lrxv hduq lqjv e hiruh wd{ / vlqj oh zrunhuv lq wkh

� uvw |hdu ri wkh lu xqhpsor|phqw vs h oo/ 4<<8 +h{fhsw XV 4<<7,> vrxufh= Pduwlq +4<<9,

S�
RHFG vwdqgdug l}hg xqhpsor|phqw udwh / 4<<;1

Wdeoh 5 Vlpxodwlrq uhvxowv

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

UU
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31: 31; 3196 31: 31: 31: 31: 31976

s
@�

313 313 313 314 318 318 318 313

b
@�
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�� 9169 81;6 :157 ;17<

�R 4194 3177 3159 3133

� ;1:6 4514 :164 :1<: 915: :183 ;17< :187

w 3167 3156 3176 3169 3176 316; 316; 3175

� 5147 419< 5177 5155 5179 515; 5149 516<

� 31;: 31;7 31;: 31;: 31;; 31;: 31;: 31;:

� 313: 3144 3138 3139 3138 3139 313: 3138

` 6143 51;7 6146 6148 614< 614: 6144 6146

@�
sdudphwhu ydoxhv> rwkhu edvh olqh sdudphwhu ydoxhv vhh wh{w

K�
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Wdeoh 6 Ghfrpsrvlwlrq ri wkh h�hfwv zkhq d v|vwhp ri ehqh�w vdqf0

wlrqv lv lqwurgxfhg> b ' f�D dqg s @ 3143

plfur furzglqj vslooryhu wd{ wrwdo

r� 3137 3133 3135 03133 3138

rR 3137 03133 3135 03133 3139

T� 03137 03134 03134 313< 3136

TR 0313< 03133 03137 313< 03137

�� 05157 3135 03148 3133 0516:

�R 41;6 3135 03158 3134 4194

� 03174 3137 03173 3134 031:9

w 3 03133 3135 3133 3135

� 3 3 313; 3133 313;

� 3 3 03133 3134 3133

� 3 3 3 03134 03134

Wdeoh 7 Ghfrpsrvlwlrq ri wkh h�hfwv zkhq d v|vwhp ri ehqh�w vdqf0

wlrqv lv lqwurgxfhg> b ' f�D dqg s @ 3183

plfur furzglqj vslooryhu wd{ wrwdo

r� 3149 3133 3137 03133 3153

rR 314: 03133 3138 03133 3154

T� 0314: 03135 03138 3158 3134

TR 03187 03135 03163 3159 03193

�� 0515; 313; 0319; 03135 051<3

�R 31;5 3135 03174 3134 3177

� 04179 3143 0413< 03134 05179

w 3 03134 3143 3133 313<

� 3 3 3164 3134 3165

� 3 3 03134 3135 3134

� 3 3 3 03135 03135
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Uhihuhqfhv

Deeulqj/ M1K1/ J1M1 ydq ghq Ehuj dqg M1F1 ydq Rxuv +4<<:, Wkh h�hfw ri xqhp0

sor|phqw lqvxudqfh vdqfwlrqv rq wkh wudqvlwlrq udwh iurp xqhpsor|phqw wr

hpsor|phqw/ Zrunlqj Sdshu/ Wlqehujhq Lqvwlwxwh/ Dpvwhugdp1

Dvkhqihowhu/ R1/ G1 Dvkpruh dqg R1 Ghvfkíqhv +4<<<, Gr xqhpsor|phqw lqvxu0

dqfh uhflslhqwv dfwlyho| vhhn zrunB Udqgrpl}hg wuldov lq irxu X1V1 vwdwhv/

QEHU zrunlqj sdshu 9<;51

Dwnlqvrq/ D1E1 dqg M1 Plfnohzuljkw +4<<4, Xqhpsor|phqw Frpshqvdwlrq dqg

Oderu Pdunhw Wudqvlwlrqv= D Fulwlfdo Uhylhz/ Mrxuqdo ri Hfrqrplf Olwhud0

wxuh/ 5</49:<04:5:1

Ehfnhu/ J1V1 +4<9;, Fulph dqg sxqlvkphqw= dq hfrqrplf dssurdfk/ Mrxuqdo ri

Srolwlfdo Hfrqrp|/ :9/ 49<054:1

Ehdq/ F1U1 +4<<7, Hxurshdq xqhpsor|phqw= d vxuyh|/ Mrxuqdo ri Hfrqrplf

Olwhudwxuh 65/ 8:6�94<1

Emùunoxqg/ D1 dqg E1 Kropoxqg +4<<4, Wkh hfrqrplfv ri xqhpsor|phqw lqvxu0

dqfh= wkh fdvh ri Vzhghq/ lq= D1 Emùunoxqg/ U1 Kdyhpdq/ U1 Kroolvwhu dqg

E1 Kropoxqg +hgv1, Oderxu pdunhw srolf| dqg xqhpsor|phqw lqvxudqfh/

R{irug/ Foduhqgrq Suhvv1

Eodfn/ G1D1/ P1F1 Ehujhu/ E1M1 Qrho dqg M1D1 Vplwk +4<<;, Lv wkh wkuhdw ri

wudlqlqj pruh h�hfwlyh wkdq wudlqlqj lwvhoiB H{shulphqwdo hylghqfh iurp

XL fodlpdqw sur�olqj/ plphr1

Errqh/ M1 dqg O1 Eryhqehuj +4<<<, Rswlpdo wd{ srolf| lq vhdufk prghov/ plphr

Wloexuj Xqlyhuvlw|1

Eurhuvpd/ O1 dqg M1F1 ydq Rxuv +4<<<, Mre vhdufkhuv/ mre pdwfkhv dqg wkh

hodvwlflw| ri pdwfklqj/ Oderxu Hfrqrplfv/ 9/ ::0<61

Exujhvv/ S1O1 +4<<5, Frpsoldqfh zlwk xqhpsor|phqw0lqvxudqfh mre0vhdufk uhj0

xodwlrqv/ Mrxuqdo ri Odz dqg Hfrqrplfv/ 68/ 6:406<91

Fdkxf/ S1 dqg H1 Ohkpdqq +4<<:, Htxloleulxp xqhpsor|phqw dqg wkh wlph

vhtxhqfh ri xqhpsor|phqw ehqh�wv/ Zrunlqj Sdshu/ Xqlyhuvlwì gh Sdulv1

Fdopiruv/ O1 +4<<7,/ Dfwlyh oderu pdunhw srolf| dqg xqhpsor|phqw 0 d iudph0

zrun iru wkh dqdo|vlv ri fuxfldo ghvljq ihdwxuhv/ RHFG Hfrqrplf Vwxglhv/

55 +4,/ :07:1
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Gdylgvrq/ F1 dqg V1Zrrgexu| +4<<6,/ Wkh glvsodfhphqw h�hfw ri uhhpsor|phqw

erqxv surjudpv/ Mrxuqdo ri Oderu Hfrqrplfv/ 44/ 8:809381

Gdylgvrq/ F1 dqg V1 Zrrgexu| +4<<8,/ Zdjh vxevlglhv iru glvorfdwhg zrunhuv/

xqsxeolvkhg pdqxvfulsw/ Z1H1 Xsmrkq Lqvwlwxwh iru Hpsor|phqw Uhvhdufk/

Ndodpd}rr/ PL

Gdylgvrq/ F1 dqg V1 Zrrgexu| +4<<:, Rswlpdo xqhpsor|phqw lqvxudqfh/ Mrxu0

qdo ri Sxeolf Hfrqrplfv/ 97/ 68<06;:1

Ghylqh/ W1M1 dqg Q1P1 Nlhihu +4<<4, Hpslulfdo Oderu Hfrqrplfv= Wkh Vhdufk

Dssurdfk/ R{irug Xqlyhuvlw| Suhvv/ R{irug1

Ghylqh/ W1M1 dqg Q1P1 Nlhihu +4<<6,/ Wkh Hpslulfdo Vwdwxv ri Mre Vhdufk Wkh0

ru|/ Oderxu Hfrqrplfv/ 4/ 60571

Growrq/ S1 dqg G1 R*Qhloo +4<<9,/ Xqhpsor|phqw gxudwlrq dqg wkh uhvwduw h�hfw=

vrph h{shulphqwdo hylghqfh/ Wkh Hfrqrplf Mrxuqdo/ 439/ 6;:07331

Growrq/ S1 dqg G1 R*Qhloo +4<<9, Wkh Uhvwduw h�hfw dqg wkh uhwxuq wr ixoo0wlph

vwdeoh hpsor|phqw/ Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo Vrflhw| Vhulhv D/ 4</

5:805;;1

Iuhgulnvvrq/ S1 dqg E1 Kropoxqg +4<<;, Rswlpdo xqhpsor|phqw lqvxudqfh lq

vhdufk htxloleulxp/ Zrunlqj Sdshu/ Ghsduwphqw ri Hfrqrplfv/ Xssvdod

Xqlyhuvlw|1

Jruwhu/ F1 dqg J1U1M1 Ndoe +4<<9, Hvwlpdwlqj wkh h�hfw ri frxqvholqj dqg prq0

lwrulqj wkh xqhpsor|hg xvlqj d mre vhdufk prgho/ Mrxuqdo ri Kxpdq Uh0

vrxufhv 64/ 8<309431

Juxee/ G1 +4<<<, Pdnlqj zrun sd|= wkh uroh ri holjlelolw| fulwhuld iru xqhpsor|0

phqw ehqh�wv/ plphr/ Sdulv/ RHFG1

Khfnpdq/ M1M1/ O1 Orfkqhu dqg F1 Wdehu +4<<;, Jhqhudo htxloleulxp wuhdwphqw

h�hfw= D vwxg| ri wxlwlrq srolf|/ Dphulfdq Hfrqrplf Uhylhz/ ;;/ 6;406;91

Kropoxqg/ E1 +4<<:, Xqhpsor|phqw lqvxudqfh lq wkhru| dqg sudfwlfh/ Zrunlqj

Sdshu/ Ghsduwphqw ri Hfrqrplfv/ Xssvdod Xqlyhuvlw|1

Krshqkd|q/ K1D1 dqg M1S1 Qlfrolql +4<<:, Rswlpdo xqhpsor|phqw lqvxudqfh/

Mrxuqdo ri Srolwlfdo Hfrqrp|/ 438/ 745076;1
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Krvlrv/ M1M1 +4<<3, Rq wkh h!flhqf| ri pdwfklqj dqg uhodwhg prghov ri vhdufk

dqg xqhpsor|phqw/ Uhylhz ri Hfrqrplf Vwxglhv/ 8:/ 5:<05<;1

Od|dug/ U1/ V1 Qlfnhoo dqg U1 Mdfnpdq +4<<4, Xqhpsor|phqw= Pdfurhfrqrplf

Shuirupdqfh rq wkh Oderxu Pdunhw/ R{irug Xqlyhuvlw| Suhvv/ R{irug1

Omxqjtylvw/ O1 dqg Wk1M1 Vdujhqw +4<<8, Wkh Vzhglvk xqhpsor|phqw h{shulhqfh/

Hxurshdq Hfrqrplf Uhylhz/ 6</ 4376043:31

Omxqjtylvw/ O1 dqg Wk1M1 Vdujhqw +4<<;, Wkh Hxurshdq xqhpsor|phqw glohppd/

Mrxuqdo ri Srolwlfdo Hfrqrp|/ 439/ 84708831

Pduwlq/ M1S1 +4<<9, Phdvxuhv ri uhsodfhphqw udwhv iru wkh sxusrvh ri lqwhuqd0

wlrqdo frpsdulvrqv= d qrwh/ RHFG Hfrqrplf Vwxglhv/ 59/ <<04481

Ph|hu/ E1G1 +4<<8, Ohvvrqv iurp wkh X1V1 xqhpsor|phqw lqvxudqfh h{shulphqwv/

Mrxuqdo ri Hfrqrplf Olwhudwxuh/ 66/ <4�4641

Pruwhqvhq/ G1W1 +4<::, Xqhpsor|phqw lqvxudqfh dqg mre vhdufk ghflvlrqv/ Lq0

gxvwuldo dqg Oderu Uhodwlrqv Uhylhz/ 63/ 838084:1

Pruwhqvhq/ G1W1 dqg F1D1 Slvvdulghv +4<<<, Qhz ghyhorsphqwv lq prghov ri

vhdufk lq wkh oderu pdunhw/ lq R1 Dvkhqihowhu dqg G1 Fdug +hgv1,/ Kdqgerrn

ri Oderu Hfrqrplfv/ Yroxph 6/ Qruwk0Kroodqg/ Dpvwhugdp1

Qlfnhoo/ V1M1 +4<<:, Xqhpsor|phqw dqg oderu pdunhw uljlglwlhv= Hxursh yhuvxv

Qruwk Dphulfd/ Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ 44/ 880:71

Qlfnhoo/ V1M1 dqg M1F1 ydq Rxuv +4<<<, Zk| kdv xqhpsor|phqw lq Wkh Qhwkhu0

odqgv dqg wkh Xqlwhg Nlqjgrp idoohq vr pxfkB/ Fdqdgldq Sxeolf Srolf|/

iruwkfrplqj1

Qlfnhoo/ V1M1 dqg M1F1 ydq Rxuv +5333, Wkh Qhwkhuodqgv dqg wkh Xqlwhg Nlqj0

grp= d Hxurshdq xqhpsor|phqw pludfohB/ Hfrqrplf Srolf|/ iruwkfrplqj1

Vkdyhoo/ V1 dqg O1Zhlvv +4<:<, Wkh rswlpdo sd|phqw ri xqhpsor|phqw lqvxudqfh

ehqh�wv ryhu wlph/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;:/ 467:046961

Ydq ghq Ehuj/ J1M1/ E1 ydq ghu Noddxz dqg M1F1 ydq Rxuv +4<<;, Sxqlwlyh

vdqfwlrqv dqg wkh wudqvlwlrq udwh iurp zhoiduh wr zrun/ Glvfxvvlrq Sdshu/

FhqwHU iru Hfrqrplf Uhvhdufk/ Wloexuj1
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Ydq ghq Ehuj/ J1M1 dqg E1 ydq ghu Noddxz +4<<<, Hydoxdwlqj wkh h�hfw ri

frxqvholqj dqg prqlwrulqj rq wkh wudqvlwlrq udwh iurp xqhpsor|phqw wr

zrun/ xvlqj gdwd iurp d vrfldo h{shulphqw/ plphr/ Dpvwhugdp/ Wlqehujhq

Lqvwlwxwh1

Ydq Rxuv/ M1F1 +4<<4, Wkh h!flhqf| ri wkh Gxwfk oderu pdunhw lq pdwfklqj

xqhpsor|phqw dqg ydfdqflhv/ Gh Hfrqrplvw/ 46</ 68;06:;1

\dqly/ J1 +4<<:, Zhoiduh iudxg dqg zhoiduh vwljpd/ Mrxuqdo ri Hfrqrplf Sv|0

fkrorj|/ 4;/ 76807841
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: Dsshqgl{= Surriv ri uhvxowv

Wklv dsshqgl{ frqwdlqv wkh surriv ri wkh uhvxowv lq wkh pdlq wh{w1

Surri ri ohppd 41 E| fkrrvlqj r ' f lq htxdwlrq +:,/ rqh �qgv 4TR �
dE�3R�K�o�3l

�3l
� Ixuwkhu/ e| wkh surshuwlhv ri �Er� dqg wkh uhvxow ehorz wkdw Te : TR

rqh �qgv 4TR :
dE�3R�K�o�3l

�3l
�

Wkh lqhtxdolw| lq wkh plggoh/ T� : TRc fdq eh suryhg e| frqwudglfwlrq dv

iroorzv1 Vxssrvh qrw/ wkdw lv vxssrvh T� � TRc wkhq rqh �qgv

4T� '

EK���3l

�� l
� �Er�� n >r� ETe � T�� n bEj � r�� ETR � T��

�
EK���3l

�� l
� �ErR� n >rR ETe � T�� n bEj � rR� ETR � T��

:
dE� � R� K�o�3l

� � l
� �ErR� n >rRETe � TR� ' 4TR

zkhuh wkh �uvw lqhtxdolw| iroorzv iurp wkh idfw wkdw rR lv qrw qhfhvvdulo| wkh

rswlpdo fkrlfh ri vhdufk lqwhqvlw| iru dq xqhpsor|hg shuvrq zlwkrxw d shqdow|>

wkh vhfrqg lqhtxdolw| iroorzv iurp R : f dqg wkh lqlwldo dvvxpswlrq T
�
� TR� Wklv

vhw ri lqhtxdolwlhv frqwudglfwv wkh lqlwldo dvvxpswlrq T� � TR� Khqfh T� : TR�

Wkh �uvw lqhtxdolw| Te : T� iroorzv iurp htxdwlrq +;, zlwk f 	 q 	 �� THG

Surri ri ohppd 51 Uhzulwh htxdwlrq +9, dv

4T� '
EK���3l

� � l
n bj ETR � T�� n 4@ 

f$r$�
i��Er� n >r ETe � TR� n Eb� >� r ET� � TR�j �

Wkhq xvlqj wkh uhvxow ghulyhg deryh wkdw T� : TR dqg frpsdulqj wklv htxdwlrq

zlwk htxdwlrq +:, |lhogv wkdw rR � r
�
ghshqglqj rq zkhwkhu b ( >� THG

Surri ri ohppd 61 Iluvw/ uhzulwh htxdwlrqv +9, dqg +:,/ xvlqj htxdwlrq +;,

dv

4T� '

EK���3l

�� l
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i��Er� n >r
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� � q

q

�3l

�n �

wS

>
n >rET� � TR�j

Wkhq vxevwlwxwlqj 4T
�
iurp htxdwlrq +8,/ % � T

�
� TR/ dgglqj 4T� rq erwk vlghv

ri wkh odvw htxdwlrq dqg eulqjlqj 4TR wr wkh uljkw kdqg vlgh/ |lhogv htxdwlrqv +<,

dqg +43,1

Wkh iroorzlqj wkuhh revhuydwlrqv jxdudqwhh wkdw dq htxloleulxp h{lvwv dqg

wkdw lw lv xqltxh1 Iluvw/ htxdwlrq +<, lv grzqzdug vorslqj lq E%c �� vsdfh1 Vhfrqg/

htxdwlrq +43, lv xszdug vorslqj lq E%c�� vsdfh1 Ilqdoo|/ vlqfh dw % ' f htxdwlrq
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+<, kdv d kljkhu lqwhufhsw wkdq htxdwlrq +43,/ lw iroorzv iurp wkhvh revhuydwlrqv

wkdw dq htxloleulxp E	%c 	�� h{lvwv dqg wkdw lw lv xqltxh1 THG

Surri ri ohppd 71 Wr �qg wkh h�hfwv ri R zh gl�huhqwldwh htxdwlrqv +<,

dqg +43, zlwk uhvshfw wr �c% dqg R=
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Figure 1 UB sanction rate and unemployment rate in the 
Netherlands; 1987-1998
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Figure 2 Effect of the replacement rate on welfare and Vu
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Figure 3 Effect of the replacement rate on unemployment and Su
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Figure 4 Optimal search intensity
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Figure 5 The effect of sigma on welfare
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