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ABSTRACT

Strategic Monetary Policy with Non-Atomistic Wage-Setters:
 Some Evidence*

Most monetary policy analyses assume an atomistic private sector, thereby
ignoring strategic interactions between policy and wage-setting decisions. Yet,
non-atomistic wage-setters are a key feature of several industrialized
economies. We study the economic consequences of non-atomistic agents
and show that this qualifies previous results on the effects and desirability of
conservative central bankers. In particular, the central bank aversion to
inflation may have a permanent effect on structural employment, while no
such effect emerges with atomistic agents. This prediction is consistent with
evidence that unemployment is positively associated with conservatism in
countries where wage-setting is non-atomistic but not in the countries where
wage-setting is decentralized.
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NON-TECHNICAL SUMMARY

This Paper uses a microfounded framework to analyse the robustness of the
strategic monetary policy literature with respect to one of its maintained
assumptions: atomistic private agents. By focusing on the latter case, the
existing literature overlooks potential strategic interactions between monetary
policy and wage-setting decisions. Considering that large wage-setters exist in
several industrialized countries, it is of interest to understand how traditional
results on the effects of central bank conservatism are modified when this fact
is taken into account. It is of particular interest in continental Europe, where
monetary reforms, assigning explicit price-stability mandates to the central
bank, were implemented in the presence of large labour unions.

We present a monetary policy game where several features of previous widely
used models are related to agents’ preferences, technology and market
structure. Workers have monopoly power, due to imperfect labour
substitutability, and are organized into coalitions, called unions, which set
nominal wages on behalf of their members. The model parametrizes the
number of unions, so that atomistic agents are embedded as a special case.
Our aim is positive: we focus on time-consistent monetary policy, assuming
the central bank has a given degree of conservatism, to analyse how the latter
affects equilibrium outcomes.

Our results challenge a basic tenet of the reduced form strategic monetary
policy literature, namely that equilibrium real variables are invariant to
conservatism. We show that if wage-setters are non-atomistic, more
conservatism may either increase or decrease equilibrium unemployment,
depending on certain structural features of the economy. Intuitively, a large
union understands that an increase in its own nominal wages, taking as given
the nominal wages of the other unions, leads to an increase in inflation and
hence to a reduction in the other unions’ real wages. This reduction makes the
other unions’ labour cheaper (triggering labour substitution) and changes the
economy’s overall production. Both effects influence the labour demand faced
by the union and, therefore, its employment choices. Crucially, conservatism
determines the magnitude of both effects (as perceived by an individual union)
since it affects the inflation effect of a given nominal wage rise. The
conventional result that equilibrium employment is unrelated to conservatism
is obtained as a limiting case when wage-setters are atomistic.

We investigate the model hypothesis using panel data from 14 OECD
countries over 1965–95. Our strategy is to take a benchmark unemployment
equation and to integrate it with a measure of conservatism (namely, a
measure of expected inflation). Based on the model, we expect structural
unemployment to be related to such measure only if the labour market is non-
atomistic. We group countries according to their labour market structure and



study whether the correlation between unemployment and conservatism
varies across groups, after controlling for the other variables of our benchmark
specification. The estimates reveal (conditional) correlations between
structural unemployment and our proxy of conservatism which are consistent
with the model hypothesis: unemployment is positively associated with
conservatism in a group of continental European countries featuring non-
atomistic wage-setters. No significant relation appears where wage-setting is
decentralized.

This finding suggests that ignoring the role of non-atomistic wage-setters may
yield imprecise predictions on the real effects of conservatism. Thus,
normative analyses of conservatism which overlook such real effects may be
biased.



41 Lqwurgxfwlrq

Vsdzqhg e| wkh vhplqdo frqwulexwlrqv ri N|godqg dqg Suhvfrww +4<::, dqg Eduur

dqg Jrugrq +4<;6,/ vwudwhjlf prqhwdu| srolf| prghov kdyh ehhq xvhg h{whqvlyho|

wr vwxg| wkh pdfurhfrqrplf h�hfwv ri wkh fhqwudo edqn dyhuvlrq wr lq dwlrq +�frq0

vhuydwlvp�, dqg ghulyh lpsolfdwlrqv iru srolf| ghohjdwlrq wr lqghshqghqw fhqwudo

edqnv14 Zkloh prvw vwxglhv lq wklv olwhudwxuh dgrsw wkh uhgxfhg irup dssurdfk ri

wkh ruljlqdo frqwulexwlrqv/ pruh uhfhqw dqdo|vhv/ h1j1 Luhodqg +4<<:, dqg Zrrg0

irug +4<<<,/ jurxqg wkh hfrqrplfv ri vwudwhjlf prqhwdu| srolf| lq prghov zlwk

h{solflw plfurirxqgdwlrqv1 Wkh uhvxowv ri wklv olqh ri uhvhdufk surylgh lpsruwdqw

qhz lqvljkwv lqwr wkh urexvwqhvv ri wkh ruljlqdo lghdv dqg doorz zhoiduh dqdo|vlv

wr eh edvhg h{solflwo| xsrq djhqwv* xwlolw| ixqfwlrqv +h1j1 Doedqhvl/ Fkdul dqg

Fkulvwldqr/ 5333/ 5334> Ghgrod/ 5333> Nlqj dqg Zropdq/ 4<<<> Qhlvv/ 4<<<,1

Lq wkh vslulw ri wklv qhz uhvhdufk surjudp/ wklv sdshu xvhv d plfurirxqghg

iudphzrun wr dqdo|}h wkh urexvwqhvv ri wkh vwudwhjlf prqhwdu| srolf| olwhudwxuh

zlwk uhvshfw wr rqh ri lwv pdlqwdlqhg dvvxpswlrqv= dwrplvwlf sulydwh djhqwv1 E|

irfxvlqj rq wkh odwwhu fdvh/ wkh h{lvwlqj olwhudwxuh ryhuorrnv srwhqwldo vwudwhjlf

lqwhudfwlrqv ehwzhhq prqhwdu| srolf| dqg zdjh0vhwwlqj ghflvlrqv1 Frqvlghulqj

wkdw odujh zdjh vhwwhuv h{lvw lq vhyhudo lqgxvwuldol}hg frxqwulhv/ lw lv ri lqwhuhvw

wr xqghuvwdqg krz wudglwlrqdo uhvxowv rq wkh h�hfwv ri fhqwudo edqn frqvhuydwlvp

duh prgl�hg zkhq wklv idfw lv wdnhq lqwr dffrxqw1 Lw lv ri sduwlfxodu lqwhuhvw lq

frqwlqhqwdo Hxursh/ zkhuh prqhwdu| uhirupv/ dvvljqlqj wkh fhqwudo edqn h{solflw

sulfh0vwdelolw| pdqgdwhv/ zhuh lpsohphqwhg lq wkh suhvhqfh ri odujh oderu xqlrqv15

Zh suhvhqw d prqhwdu| srolf| jdph zkhuh vhyhudo ihdwxuhv ri suhylrxv zlgho|0

xvhg prghov duh uhodwhg wr djhqwv* suhihuhqfhv/ whfkqrorj| dqg pdunhw vwuxfwxuh1

Zrunhuv kdyh prqrsro| srzhu/ gxh wr lpshuihfw oderu vxevwlwxwdelolw|/ dqg duh

rujdql}hg lqwr frdolwlrqv/ fdoohg xqlrqv/ zklfk vhw qrplqdo zdjhv rq ehkdoi ri wkhlu

phpehuv1 Wkh prgho sdudphwul}hv wkh qxpehu ri xqlrqv/ vr wkdw dwrplvwlf djhqwv

4Wkh uhvxowv ri d uhfhqw vxuyh| frqgxfwhg e| Dodq Eolqghu +5333, dprqj wkh khdgv ri ;7
fhqwudo edqnv dqg derxw 83 QEHUpdfurhfrqrplvwv r�hu uhpdundeoh hylghqfh rq wkh lpsruwdqfh
wkdw erwk srolf| pdnhuv dqg dfdghplfv dwwulexwh wr wkh lghdv/ irupdol}hg e| wkhvh prghov/ ri
fhqwudo edqn fuhglelolw|/ frqvhuydwlvp dqg lqghshqghqfh1

5Lq wkh sdvw ghfdgh/ prqhwdu| uhirupv dvvljqlqj h{solflw dqwl0lq dwlrq pdqgdwhv zhuh lp0
sohphqwhg lq Fdqdgd/ Qhz ]hdodqg/ wkh Xqlwhg Nlqjgrp dqg wkh 45 frxqwulhv ri wkh hxur
duhd1 Fxnlhupdq +4<<;, uhsruwv wkdw vlqfh 4<;</ wzhqw|0�yh frxqwulhv kdyh xsjudghg wkh ohjdo
lqghshqghqfh ri wkhlu fhqwudo edqnv/ frpsduhg wr rqo| wzr lq wkh suhylrxv iruw| |hduv1
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duh hpehgghg dv d vshfldo fdvh1 Rxu dlp lv srvlwlyh= zh irfxv rq wlph0frqvlvwhqw

prqhwdu| srolf|/ dvvxplqj wkh fhqwudo edqn kdv d jlyhq ghjuhh ri frqvhuydwlvp/

wr dqdo|}h krz wkh odwwhu d�hfwv htxloleulxp rxwfrphv1

Rxu uhvxowv fkdoohqjh d edvlf whqhw ri wkh uhgxfhg0irup vwudwhjlf prqhwdu| sro0

lf| olwhudwxuh/ qdpho| wkdw htxloleulxp uhdo yduldeohv duh lqyduldqw wr frqvhuydwlvp1

Zh vkrz wkdw li zdjh vhwwhuv duh qrq0dwrplvwlf/ pruh frqvhuydwlvp pd| hlwkhu lq0

fuhdvh ru ghfuhdvh htxloleulxp xqhpsor|phqw/ ghshqglqj rq fhuwdlq vwuxfwxudo

ihdwxuhv ri wkh hfrqrp|1 Lqwxlwlyho|/ d odujh xqlrq xqghuvwdqgv wkdw dq lqfuhdvh

lq lwv rzq qrplqdo zdjhv/ wdnlqj dv jlyhq wkh qrplqdo zdjhv ri wkh rwkhu xqlrqv/

ohdgv wr dq lqfuhdvh lq lq dwlrq dqg khqfh wr d uhgxfwlrq lq wkh rwkhu xqlrqv* uhdo

zdjhv1 Wklv uhgxfwlrq pdnhv wkh rwkhu xqlrqv* oderu fkhdshu +wuljjhulqj oderu

vxevwlwxwlrq, dqg fkdqjhv wkh hfrqrp|*v ryhudoo surgxfwlrq1 Erwk h�hfwv lq x0

hqfh wkh oderu ghpdqg idfhg e| wkh xqlrq dqg/ wkhuhiruh/ lwv hpsor|phqw fkrlfhv1

Fuxfldoo|/ frqvhuydwlvp ghwhuplqhv wkh pdjqlwxgh ri erwk h�hfwv +dv shufhlyhg e|

dq lqglylgxdo xqlrq, vlqfh lw d�hfwv wkh lq dwlrq h�hfw ri d jlyhq qrplqdo zdjh

ulvh1 Wkh frqyhqwlrqdo uhvxow wkdw htxloleulxp hpsor|phqw lv xquhodwhg wr frqvhu0

ydwlvp lv rewdlqhg dv d olplwlqj fdvh zkhq zdjh vhwwhuv duh dwrplvwlf1 Suholplqdu|

hylghqfh iurp 47 lqgxvwuldol}hg hfrqrplhv vxjjhvwv wkdw xqhpsor|phqw lv srvl0

wlyho| dvvrfldwhg zlwk frqvhuydwlvp lq frxqwulhv zlwk odujh oderu xqlrqv exw qrw

lq frxqwulhv zkhuh zdjh vhwwlqj lv ghfhqwudol}hg1

Wkh lvvxhv glvfxvvhg lq wklv sdshu duh forvho| uhodwhg wr Vrvnlfh dqg Lyhuvhq

+5333, dqg Frulfhool/ Fxnlhupdq dqg Gdopd}}r +4<<<,/ zkr dqdo|}h wkh uhdo hi0

ihfwv ri gl�huhqw prqhwdu| srolf| uxohv lq wkh suhvhqfh ri odujh zdjh vhwwhuv1 Lq

frpsdulvrq wr Vrvnlfh dqg Lyhuvhq/ zkr vwxg| wkh h�hfwv ri frqvhuydwlvp e| frq0

vlghulqj gl�huhqw fhqwudo edqn lqvwuxphqw uxohv/ zh ghulyh fhqwudo edqn srolf|

iurp h{solflw wdujhwv dqg hfrqrplf frqvwudlqwv +iroorzlqj wkh �wdujhwlqj uxoh�

dssurdfk glvfxvvhg lq Vyhqvvrq/ 4<<< dqg Vyhqvvrq dqg Zrrgirug/ 4<<<,1 Wklv

dssurdfk doorzv xv wr eh wudqvsduhqw derxw zkdw srolf| wdujhwv duh frqvlvwhqw zlwk

d jlyhq srolf| uxoh xqghu wkh uhvwulfwlrq wkdw srolf| lv wlph0frqvlvwhqw1 Lq whupv

ri wkhlu lpsolfdwlrqv/ rqh pdlq gl�huhqfh ehwzhhq wkhvh prghov dqg rxuv frqfhuqv

wkh wkhruhwlfdo suhglfwlrqv derxw wkh uhdo h�hfwv ri frqvhuydwlvp1 Wkh prghov ri

Vrvnlfh dqg Lyhuvhq dqg Frulfhool hw do1 vxjjhvw wkdw pruh frqvhuydwlvp udlvhv hp0

sor|phqw xqdpeljxrxvo|1 E| frqwudvw/ lq rxu prgho frqvhuydwlvp jhqhudwhv wzr

rssrvhg hpsor|phqw h�hfwv/ vr wkdw wkh �qdo h�hfw lv d sulrul dpeljxrxv1 Wkh
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hylghqfh vxjjhvwv wkdw wkh hpsor|phqw0ghfuhdvlqj h�hfw ri frqvhuydwlvp/ lghqwl0

�hg e| rxu prgho dqg devhqw lq suhylrxv rqhv/ lv pruh uhohydqw lq sudfwlfh wkdq

wkh hpsor|phqw0lqfuhdvlqj h�hfw ghvfulehg e| suhylrxv frqwulexwlrqv1

Wkh sdshu lv rujdql}hg dv iroorzv1 Wkh wkhruhwlfdo iudphzrun lv suhvhqwhg

lq wkh qh{w Vhfwlrq1 Htxloleulxp rxwfrphv xqghu glvfuhwlrqdu| prqhwdu| srolf|

duh ghulyhg lq Vhfwlrq 61 Wkh hpsor|phqw h�hfwv ri frqvhuydwlvp duh dqdo|}hg

lq Vhfwlrq 71 Vhfwlrq 8 uhylhzv vrph hpslulfdo hylghqfh1 Wklv lv iroorzhg e|

frqfoxglqj uhpdunv1

51 Wkh Prgho

Zh frqvlghu dq hfrqrp| lq zklfk d vlqjoh frqvxpswlrq jrrg fdq eh surgxfhg

xvlqj frpsohphqwdu|/ lpshuihfwo| vxevwlwxwdeoh/ oderu lqsxwv1 Wkh hfrqrp| ihd0

wxuhv d sur�w0pd{lpl}lqj frpshwlwlyh uhsuhvhqwdwlyh �up dqg d frqwlqxxp ri

v|pphwulf zrunhuv +lqgh{hg e| � dqg duudqjhg lq wkh xqlw lqwhuydo, zkr vxsso|

oderu/ uhfhlyh glylghqgv iurp wkh �up/ dqg frqvxph1 Zrunhuv duh rujdql}hg lq

? � � xqlrqv/ lqgh{hg e| �/ hdfk ri zklfk kdv d vhw ri phpehuv ri phdvxuh ?3�

rq zkrvh ehkdoi lw vhwv qrplqdo zdjhv1

D wzr0vwdjh jdph lv frqvlghuhg1 Lq wkh �uvw vwdjh xqlrqv fkrrvh wkh qrp0

lqdo zdjhv ri wkhlu phpehuv vlpxowdqhrxvo|/ nqrzlqj wkh vxevhtxhqw uhdfwlrq

ri prqhwdu| srolf|1 Wkh Qdvk htxloleulxp ri wklv zdjh0vhwwlqj jdph |lhogv wkh

hfrqrp|0zlgh jurzwk lq qrplqdo zdjhv1 Diwhu revhuylqj wklv rxwfrph/ prqhwdu|

srolf| ghwhuplqhv lq dwlrq lq wkh vhfrqg vwdjh1 Ilqdoo|/ hpsor|phqw dqg rxwsxw

duh fkrvhq e| wkh �upv diwhu revhuylqj qrplqdo zdjhv dqg wkh udwh ri lq dwlrq1

Wkh jdph lv vroyhg e| edfnzdug lqgxfwlrq1 Wr suhvhqw wkh dujxphqw lq d sduvl0

prqlrxv dqg wudqvsduhqw zd| zh irfxv rq d rqh0shulrg prgho1 Dq h{whqvlrq wr d

g|qdplf iudphzrun lv suhvhqwhg lq Dsshqgl{ G1 Lw lv vkrzq wkdw wkh htxloleulxp

rxwfrphv frqvlghuhg khuh hphujh iurp vxfk prgho dv wkh vwdwlrqdu| htxloleulxp

rxwfrphv lq wkh olplwlqj fdvh ri d fdvkohvv hfrqrp|1

5141 Wkh Ilup

Wkh uhsuhvhqwdwlyh �up lv sulfh wdnhu lq erwk wkh rxwsxw dqg wkh lqsxw pdu0

nhwv1 Wkh �up surgxfhv rxwsxw +t , xvlqj gl�huhqwldwhg oderu lqsxwv/ zlwk wkh

6
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lv wkh djjuhjdwh uhdo zdjh1

5151 Zrunhuv dqg Xqlrqv

Zrunhuv hduq zdjh lqfrph dqg glylghqgv dqg ghulyh xwlolw| iurp frqvxpswlrq

dqg ohlvxuh1 Zrunhu �*v xwlolw| lv

L
�

� *L}�
�

� �

2
E*L}u

�

�2 c � : k +516,

zkhuh � lv d suhihuhqfh sdudphwhu dqg �
�

lv frqvxpswlrq16 Wkh uhsuhvhqwdwlyh

xqlrq pd{lpl}hv wkh xwlolw| ri lwv phpehuv +ri pdvv �*?,

T
�

� ?

]
�M�

L
�

_�� +517,

Zkhq wkh qxpehu ri xqlrqv jrhv wr lq�qlw| hdfk xqlrq frlqflghv zlwk d zrunhu

+wkh dwrplvwlf fdvh,1 Lw lv k|srwkhvl}hg wkdw xqlrqv/ qr pdwwhu krz odujh/ wdnh

glylghqgv +(
�

, dv jlyhq zkhq vhwwlqj zdjhv17 Wkh uhsuhvhqwdwlyh zrunhu*v exgjhw

frqvwudlqw wkxv lv

�
�

' `
�

u
�

n(
�

' k
�

�3k

�
`

�

`

��3j

`3

k

�3k n(
�

� +518,

6Wkh dvvxpswlrq � A � hqvxuhv wkdw wkh xwlolw| ixqfwlrq lv frqfdyh lq ohlvxuh1
7Wkh srvvlelolw| wkdw frqvhuydwlvp lq xhqfhv hpsor|phqw grhv qrw ghshqg rq wklv dvvxpswlrq

dv vkrzq lq Vhfwlrq : ri Olssl +5333,1
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Ohw xv h{suhvv wkh uhdo zdjh ri zrunhu � dv `
�

� �n/�

�nZ

/ zkhuh Z lv wkh lq dwlrq

udwh dqg /
�

lv wkh shufhqw lqfuhdvh lq wkh qrplqdo zdjh ri zrunhu �18 Lw lv dvvxphg

wkurxjkrxw wkh sdshu wkdw wkh vwudwhjlf fkrlfh yduldeoh ri xqlrq � lv wkh qrplqdo

zdjh jurzwk ri lwv phpehuv/ /
�

+l1h1 /
�

' /
�

( doo � 5 �,1 Djjuhjdwh qrplqdo zdjh

jurzwk +/, lv

� n / �
�]

�

f

E� n /
�

��3j_�

� �

�3j

+519,

zklfk lpsolhv wkdw lq d v|pphwulf htxloleulxp xqlrq � shufhlyhv wkdw lwv qrplqdo

zdjh jurzwk lqfuhdvhv djjuhjdwh qrplqdo zdjh jurzwk e| d idfwru ri �*?/ lq gluhfw

sursruwlrq wr lwv vl}h1

5161 Prqhwdu| Srolf|= D Wdujhwlqj Uxoh

Lq wkh prgho/ prqhwdu| srolf| dprxqwv wr wkh fkrlfh ri lq dwlrq +d qxphudluh,/

dv lq prvw prghov lq wkh Eduur0Jrugrq wudglwlrq +dq h{whqvlrq wr d prgho zlwk

d prqhwdu| vhfwru lv dqdo|}hg lq Dsshqgl{ G,1 Zh iroorz Vyhqvvrq +4<<<, dqg

Vyhqvvrq dqg Zrrgirug +4<<<, dqg ghvfuleh prqhwdu| srolf| e| phdqv ri d wdu0

jhwlqj uxoh/ qdpho|=

l �
]

�

f

L
�

_�� U

2
Z2c U � f� +51:,

Li U ' f/ wkh prqhwdu| uxoh |lhoghg e| +51:, frlqflghv zlwk wkh rqh wkdw zrxog eh

iroorzhg e| d ehqhyrohqw sodqqhu zkr fduhv derxw wkh djhqwv zhoiduh1 Li U : f/

wkhq wkh fhqwudo edqn lv lq dwlrq dyhuvh ru/ zh zloo vd|/ frqvhuydwlyh1 Qrwh wkdw lq

wklv fdvh wkh wdujhwlqj uxoh reh|hg e| wkh fhqwudo edqn grhv qrw frlqflgh zlwk wkh

ehqhyrohqw0sodqqhu uxoh1 Zh xvh wkh sdudphwhu U wr vwxg| wkh h�hfwv ri gl�huhqw

ghjuhhv ri frqvhuydwlvp ri prqhwdu| srolf| rq htxloleulxp rxwfrphv1 D uhvxow

wkdw zloo eh glvfxvvhg lq Vhfwlrq 714 lv wkdw/ zlwklq wkh frqwh{w ri wkh prgho/

wkhuh duh lqvwdqfhv lq zklfk wkh djhqwv duh ehwwhu r� li wkh wdujhwlqj uxoh iroorzhg

e| wkh fhqwudo edqn grhv qrw frlqflgh zlwk wkh djhqwv* suhihuhqfhv +l1h1 wkh rswlpdo

wdujhwlqj uxoh pd| ihdwxuh U : f,1 Lw lv dvvxphg wkdw wkh fhqwudo edqn/ ehlqj d

8Wkh suhylrxv shulrg uhdo zdjh lv qrupdol}hg wr xqlw| zlwkrxw orvv ri jhqhudolw|1

8



odujh djhqw/ grhv qrw wdnh (
�

dv jlyhq1 Wkhuhiruh lw idfhv wkh exgjhw frqvwudlqw

�
�

'

%
k

�

�3k

�
`

�

`

��3j

n E�� k�k
k

�3k

&
`3

k

�3k 1 +51;,

61 Htxloleulxp

6141 Wlph0Frqvlvwhqw Prqhwdu| Srolf|

Wkh fhqwudo edqn rswlpl}lqj ehkdylru |lhogv wkh uhdfwlrq ixqfwlrq +Dsshqgl{ D,

Z '
� E/ �` JR|� n � E�� k� j

U
�

f

E/
�

� /�_�

E�� k�2 U n �
+614,

zkhuh ` JR| �`
�

' *L}k� k

�

E��k� +iru doo �*v, ghqrwhv wkh uhdo zdjh frqvlvwhqw

zlwk wkh vrfldoo| h!flhqw hpsor|phqw ohyho +*L}u ' k

�

,19

Htxdwlrq +614, fdswxuhv wkh lqfhqwlyh sureohp idfhg e| wkh fhqwudo edqn= lq

d v|pphwulf htxloleulxp +zkhuh /
�

' / iru doo �, li qrplqdo zdjhv duh frqvlvwhqw

zlwk wkh h!flhqw hpsor|phqw dw }hur lq dwlrq +l1h1 / ' ` JR|, wkhq lw lv rswlpdo

iru wkh fhqwudo edqn qrw wr lq dwh1 Exw li qrplqdo zdjhv duh deryh` JR|/ wkhq wkh

fhqwudo edqn kdv dq lqfhqwlyh wr lq dwh lq rughu wr uhgxfh uhdo zdjhv dqg eulqj

hpsor|phqw forvhu wr lwv rswlpdo ohyho1 Qdwxudoo|/ krz pxfk lq dwlrq lv surgxfhg

ghshqgv rq fhqwudo edqn frqvhuydwlvp +U,1

Nh| wr wkh qrq0dwrplvwlf fdvh lv wkdw d odujh xqlrq xqghuvwdqgv wkdw lwv qrp0

lqdo zdjh jurzwk udlvhv lq dwlrq/ dffruglqj wr +614,1 Wkh lpsdfw h�hfw ri /
�

rq

lq dwlrq zkhq wkh qrplqdo zdjhv ri rwkhu xqlrqv +/
3�
, duh wdnhq dv jlyhq lv

_Z

_/
�

����
/
3�

'
�

?
�
E�� k�2 U n �

� � rEUc ?� 5 dfc �o � +615,

zklfk zh odeho r�: Wklv h�hfw ghshqgv rq wkh vl}h ri wkh xqlrq dqg fhqwudo edqn

frqvhuydwlvp1 Dq dwrplvwlf xqlrq +? $ 4, shufhlyhv lwv lpsdfw rq lq dwlrq lv

9Wklv lv wkh +orj, hpsor|phqw wkdw htxdwhv wkh frqvxpswlrq2ohlvxuh pdujlqdo udwh ri vxevwl0
wxwlrq +� orjO, wr wkh whfkqlfdo udwh ri wudqvirupdwlrq +4@�,1 Lw lv rewdlqhg dv wkh frppdqg
rswlpxp fkrvhq e| d ehqhyrohqw sodqqhu pd{lpl}lqj +516, vxemhfw wr +515, dqg +518,1

:Htxdwlrq +615, jlyhv wkh lpsdfw h�hfw dw d v|pphwulf htxloleulxp +zkhuh wkh whup
g

g$m

kU
4

3
+$

l
� $,gl

l
lv htxdo wr }hur,1
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}hur1 D qrq0dwrplvwlf xqlrq/ lqvwhdg/ shufhlyhv lw wr eh srvlwlyh dqg ghfuhdvlqj

lq fhqwudo edqn frqvhuydwlvp1

6151 Zdjh Vhwwlqj

Wkh �uvw rughu frqglwlrq ri d w|slfdo xqlrq � xqghu vlpxowdqhrxv qrplqdo zdjh

vhwwlqj lpsolhv +Dsshqgl{ E,

k E�� #� n �# *L}u
�

' f +616,

zkhuh # �r wkh uhdo zdjh hodvwlflw| ri oderu ghpdqg/; jlyhq e| +Dsshqgl{ F,

# � � _ *L}u
�

_ *L}`
�

����
/
3�

'
�

E�� k�
n

�
j � �

E�� k�

�
E�� k�2U n �
?

?3�

E�� k�2U n �
5 E�c4��

+617,

Htxdwlrq +616, lqglfdwhv wkdw dq lqfuhdvh lq wkh zdjhv ri xqlrq � kdv wzr rssrvlqj

h�hfwv rq wkh xwlolw| ri zrunhuv= rq rqh kdqg/ lw ghfuhdvhv xwlolw| vlqfh lw uhgxfhv

frqvxpswlrq +wkh �uvw whup lq +616,,1 Rq wkh rwkhu kdqg/ lw lqfuhdvhv xwlolw| vlqfh

lw udlvhv ohlvxuh1 Htxdwlrq +616, vkrzv wkdw wkh xqlrq wudghv r� wkhvh pdujlqdo

frvwv dqg ehqh�wv dffruglqj wr lwv frqvxpswlrq2ohlvxuh suhihuhqfhv +�,1

6161 Htxloleulxp Rxwfrphv xqghu Glvfuhwlrqdu| Srolf|

Vlqfh xqlrqv duh lghqwlfdo/ zh irfxv rq d v|pphwulf htxloleulxp +zkhuh u
�

' u

iru doo � ' �c ���c ?�1< Htxloleulxp hpsor|phqw lv wkxv rewdlqhg iurp +616, dv

*L}u '
k

�

�
�� �

#

�
5 Efc ��� +618,

Hpsor|phqw lv lqfuhdvlqj lq wkh hodvwlflw| ri oderu ghpdqg/ #143 Qrwh wkdw li

wkh oderu ghpdqg hodvwlflw| lv �qlwh +# 	4, zrunhuv kdyh pdunhw srzhu/ gxh wr

wkh lpshuihfw vxevwlwxwdelolw| ri oderu lqsxwv1 Frpsdulqj +616, zlwk wkh h!flhqw

hpsor|phqw +Vhfwlrq 517, uhyhdov wkdw wkh prqrsrolvwlf qdwxuh ri wkh oderu pdunhw

ohdgv wr d vxerswlpdo hpsor|phqw ohyho/ dv lq Eodqfkdug dqg Nl|rwdnl +4<;:,1

;Wkh pdsslqj iurp qrplqdo wr uhdo zdjh jurzwk reh|v g orjZm

g$m

@ 4� v +Dsshqgl{ E,1
<Khuh zh glvuhjdug wkh srvvlelolw| ri dq dv|pphwulf htxloleulxp1

43Wkh +v|pphwulf, htxloleulxp rxwsxw dqg frqvxpswlrq ohyhov duh orj \ @ orjF @ � orjO=

:



Lw vkrxog eh vwuhvvhg wkdw qrq0dwrplvwlf xqlrqv duh qrw d qhfhvvdu| lqjuhglhqw

iru prqrsrolvwlf srzhu wr h{lvw> iru lqvwdqfh/ lq wkh fdvh ri prqrsrolvwlf frpsh0

wlwlrq +? $ 4, hdfk zrunhu kdv pdunhw srzhu dqg htxloleulxp rxwsxw uhpdlqv

lqh!flhqw144 Zkdw lv nh| wr odujh xqlrqv/ krzhyhu/ lv wkdw frqvhuydwlvp pd|

lq xhqfh wkhlu prqrsrolvwlf srzhu1 Wklv lv wkh wrslf ri wkh qh{w Vhfwlrq1

Htxdwlrqv +D14, dqg +618, |lhog wkh htxloleulxp udwh ri lq dwlrq

Z '
k

E�� k�U

�
�

#

�
� +619,

Htxdwlrq +619, vkrzv wkdw li hpsor|phqw lv ehorz wkh h!flhqw ohyho/ wkh fhqwudo

edqn*v lqfhqwlyh wr uhgxfh uhdo zdjhv ohdgv wr lq dwlrq1

71 Uhdo H�hfwv ri Frqvhuydwlvp

D qryho ihdwxuh ri wkh prgho lv wkdw frqvhuydwlvp d�hfwv wkh uhdo zdjh hodvwlflw|

ri oderu ghpdqg1 Ohw xv ehjlq e| frqvlghulqj wkh lpsdfw h�hfw ri wkh uhdo zdjhv

ri xqlrq � rq wkh djjuhjdwh uhdo zdjh +Dsshqgl{ F,

_`

_`
�

����
/
3�

'
�

?
� E?� ��r

?E�� r�
: f� +714,

Wkh lpsdfw lv jlyhq e| d gluhfw h�hfw/ �*?/ sursruwlrqdo wr wkh xqlrq vl}h/ dqg e|

dq lqgluhfw h�hfw/ E?3��r

?E�3r�

1 Wkh odwwhu rffxuv ehfdxvh wkh lqfuhdvh lq lq dwlrq/ fdxvhg

e| �*v kljkhu zdjhv/ uhgxfhv wkh rwkhu xqlrqv* uhdo zdjhv e| udlvlqj lq dwlrq145

Qrwh wkdw wklv lpsdfw lv lqfuhdvlqj lq fhqwudo edqn frqvhuydwlvp= wkh odujhu lv U/

wkh vpdoohu lv wkh lq dwlrq lqfuhdvh +r,1 Wkhuhiruh wkh shufhlyhg lpsdfw h�hfw lv

odujhu vlqfh wkh rwkhu xqlrqv* uhdo zdjhv duh uhgxfhg e| d vpdoohu dprxqw146

44Qrwh iurp +617, wkdw lq wklv fdvh �$ �=
45D xqlw lqfuhdvh lq wkh uhdo zdjh fruuhvsrqgv wr d qrplqdo zdjh lqfuhdvh ri 4

4�v
zklfk udlvhv

lq dwlrq e| v

4�v
xqlwv1 Khqfh wkh djjuhjdwh uhdo zdjh uhgxfwlrq lv jlyhq e| wkh idoo ri wkh rwkhu

xqlrqv* zdjhv +� v

4�v
, wlphv wkhlu djjuhjdwh vkduh +q�4

q
,1

46Wklv fdq eh vhhq irupdoo| e| vxevwlwxwlqj +615, lqwr +714, wr jhw gZ

gZm

���
$
�m

@

4

q

�
4� �

q

q�4
+4��,5L.�

�
A 31 Li 4 ? q ? 4/ wklv h{suhvvlrq lv lqfuhdvlqj lq L/ rwkhuzlvh lw lv

frqvwdqw1

;



Wkh uhdo zdjh hodvwlflw| gh�qlwlrq dqg htxdwlrq +515, |lhog

# � � _ *L}u
�

_ *L}`
�

����
/
3�

'
�

E�� k�

�
_ *L}`

_ *L}`
�

����
/
3�

�
n j

#
_ *L}

`�

`

_ *L}`
�

����
/
3�

$
� +715,

Htxdwlrq +715, vkrzv wkdw wkh hpsor|phqw h�hfw ri kljkhu uhdo zdjhv/ dv shufhlyhg

e| xqlrq �c ghshqgv rq wkh lpsdfw ri `
�

rq wkh djjuhjdwh uhdo zdjh +` , dqg

wkh uhodwlyh zdjh whup +`�

`

,1 Wkh iruphu lpsdfw fdq eh odehoohg wkh �dgyhuvh

rxwsxw� h�hfw> wklv lv gxh wr wkh idfw wkdw dq lqfuhdvh lq`
�

lqfuhdvhv` / orzhulqj

rxwsxw dqg khqfh ghfuhdvlqj djjuhjdwh oderu ghpdqg +htxdwlrq 515,1 Wkh odwwhu

fdq eh odehoohg wkh �dgyhuvh frpshwlwlyhqhvv� h�hfw> wklv lv gxh wr wkh idfw wkdw d

kljkhu`
�

lqfuhdvhv wkh zdjhv ri xqlrq � uhodwlyh wr wkh zdjhv ri wkh rwkhu xqlrqv/

lqgxflqj �upv wr vxevwlwxwh dzd| iurp xqlrq � �v oderu ydulhwlhv1

Nh| wr wkh hpsor|phqw h�hfw ri prqhwdu| srolf| lv wkdw erwk wkh �dgyhuvh

rxwsxw� dqg wkh �dgyhuvh frpshwlwlyhqhvv� h�hfw ghshqg rq frqvhuydwlvp1 D

juhdwhu U kdv wzr rssrvhg h�hfwv= �uvw/ lw lqfuhdvhv wkh lpsdfw ri `
�

rq wkh

djjuhjdwh uhdo zdjh> wklv udlvhv oderu ghpdqg hodvwlflw| +#, ehfdxvh lw lqfuhdvhv

wkh vl}h ri wkh �dgyhuvh rxwsxw� h�hfw1 Vhfrqg/ lw ghfuhdvhv wkh lpsdfw ri `
�

rq `�

`

> wklv orzhuv oderu ghpdqg hodvwlflw| ehfdxvh lw pdnhv hdfk xqlrq shufhlyh

wkdw d xqlw lqfuhdvh lq `
�

lv dvvrfldwhg zlwk d vpdoohu �dgyhuvh frpshwlwlyhqhvv�

h�hfw1

Khqfh wkh wrwdo h�hfw ri frqvhuydwlvp rq wkh oderu ghpdqg hodvwlflw| lv srvlwlyh

li wkh lqfuhdvhg �dgyhuvh rxwsxw� h�hfw grplqdwhv wkh uhgxfhg �dgyhuvh frpshw0

lwlyhqhvv� h�hfw> wklv kdsshqv li jE� � k� 	 �147 Wkh sduwldo ghulydwlyh ri +617,

zlwk uhvshfw wr U vkrzv wklv irupdoo|=

_#

_U
' �

�
?� �

?

�
djE�� k�� �o �E�� k�

?
�
E�� k�2 U n ?3�

?

�
�
2

+716,

zklfk ohdgv xv wr

Uhpdun 4 +l, Li � 	 ? 	 4c wkh lpsdfw ri frqvhuydwlvp rq oderu ghpdqg

hodvwlflw|/ _#

_U

/ lv srvlwlyh zkhq jE��k� 	 �> lw lv qhjdwlyh zkhq jE��k� : �1

47Vlqfh 4

4��
lv wkh oderu ghpdqg hodvwlflw| zlwk uhvshfw wr wkh djjuhjdwh uhdo zdjh dqg � lv

wkh hodvwlflw| zlwk uhvshfw wr wkh uhodwlyh zdjh1

<



+ll, Li � 	 ? 	4c wkh devroxwh ydoxh ri _#

_U

lv ghfuhdvlqj lq ?1 +lll, Li hlwkhu

? ' � ru ?$4c wkh lpsdfw lv qlo1

Surri1 Li � 	 ? 	 4c wkh vljq ri +716, lv srvlwlyh iru jE� � k� 	 �c qhjdwlyh

rwkhuzlvh> pruhryhu wkh sduwldo ghulydwlyh ri +716, zlwk uhvshfw wr ? lv qhjdwlyh1

Wklv suryhv +�, dqg +��,1 Zkhq rqh ri wkh frqglwlrqv vshfl�hg xqghu +���, krogv/

wkh ghulydwlyh lv htxdo wr }hur1 Wklv suryhv +���,1

Wkh dvvxpswlrqv wkdw zdjhv duh qhjrwldwhg lq qrplqdo whupv dqg lq dq xqfr0

ruglqdwhg pdqqhu duh lpsruwdqw iru wklv uhvxow1 Erwk dvvxpswlrq kdyh d  dyru ri

uhdolvp iru vhyhudo Hxurshdq frxqwulhv lq zklfk qr ixoo lqgh{dwlrq h{lvwv dqg zdjh

vhwwlqj lv grqh e| odujh xqlrqv lq dq xqfrruglqdwhg pdqqhu +RHFG/ 4<<:,1 Lw lv

ehfdxvh hdfk xqlrq wdnhv rwkhu xqlrqv* qrplqdo zdjhv dv jlyhq zkhq fkrrvlqj lwv

rzq zdjhv wkdw frqvhuydwlvp kdv uhdo h�hfwv1 Wkh uhvxow zrxog qrw krog li wkh

xqlrqv* vwudwhjlf fkrlfh yduldeoh zdv wkh uhdo zdjh ru li wkh xqlrqv* qrplqdo zdjh

vwudwhjlhv zhuh frruglqdwhg lq vxfk d zd| wkdw doo xqlrq*v qrplqdo zdjhv ydulhg

sursruwlrqdwho|1

7141 Frqvhuydwlvp dqg Hpsor|phqw

Uhpdun 4 dqg wkh sduwldo ghulydwlyh ri +618, zlwk uhvshfw wr U |lhog=

Sursrvlwlrq 41 +l, Li � 	 ? 	 4/ wkh lpsdfw ri frqvhuydwlvp rq hpsor|phqw/
_ *L}u

_U

/ lv srvlwlyh zkhq jE� � k� 	 � +l1h1 zkhq wkh �dgyhuvh rxwsxw� h�hfw ri

dq lqfuhdvh lq `
�

grplqdwhv wkh �dgyhuvh frpshwlwlyhqhvv� h�hfw,> lw lv qhjdwlyh

zkhq jE�� k� : �1

+ll, Li � 	 ? 	4/ wkh devroxwh ydoxh ri _ *L}u

_U

lv ghfuhdvlqj lq ?1

+lll, Li hlwkhu ? ' � ru ?$4/ wkh lpsdfw lv qlo1

Sursrvlwlrq 4 vxppdul}hv rxu pdlq �qglqj= frqvhuydwlvp lq xhqfhv wkh zdjh

vhwwlqj ehkdylru ri qrq0dwrplvwlf xqlrqv wkhuhe| d�hfwlqj hpsor|phqw +Sduw �,1

Wkh vljq ri wklv hpsor|phqw h�hfw ghshqgv rq wkh vshfl�f ydoxhv dvvxphg e| wzr

whfkqrorjlfdo sdudphwhuv/ oderu vxevwlwxwlrq hodvwlflw| +j, dqg uhwxuqv wr vfdoh

+k,1 Iru lqvwdqfh/ pruh frqvhuydwlvp uhgxfhv wkh oderu ghpdqg hodvwlflw|/ orzhu0

lqj hpsor|phqw/ li wkh �dgyhuvh frpshwlwlyhqhvv� h�hfw grplqdwhv wkh �dgyhuvh

rxwsxw� h�hfw1 Wklv kdsshqv iru vx!flhqwo| kljk ydoxhv ri j1 Qrwh wkdw wklv dovr

rffxuv li xqlrqv duh �p|rslf�/ lq wkh vhqvh wkdw wkh| gr qrw lqwhuqdol}h wkh h�hfwv

43



ri zdjhv rq wrwdo surgxfwlrq/ vlqfh lq wklv fdvh rqo| dq �dgyhuvh frpshwlwlyhqhvv�

h�hfw rshudwhv1

Wkh uhvxow lq Sursrvlwlrq 4 uhodwhv wr wkh �qglqjv ri Vrvnlfh dqg Lyhuvhq +5333,/

zkr vwxg| dq hfrqrp| zlwk qrq0dwrplvwlf zdjh vhwwhuv1 Lq wkhlu prgho wkh srolf|

uxoh kdv dq hpsor|phqw h�hfw/ dqdorjrxv wr wkh �dgyhuvh rxwsxw� h�hfw ghvfulehg

deryh/ exw wkhuh lv qr �dgyhuvh frpshwlwlrq� h�hfw148 Wkhuhiruh/ d pruh frqvhu0

ydwlyh prqhwdu| uxoh lqfuhdvhv hpsor|phqw xqdpeljxrxvo|1 Khuh/ lqvwhdg/ wkh

mrlqw suhvhqfh ri wzr rssrvlwh h�hfwv pdnhv wkh �qdo hpsor|phqw frqvhtxhqfhv ri

frqvhuydwlvp dpeljxrxv1 D suholplqdu| dwwhpsw wr eulqj vrph hylghqfh wr ehdu

rq wklv lvvxh lv suhvhqwhg lq wkh qh{w vhfwlrq1

Wkh vhfrqg sduw ri Sursrvlwlrq 4 hvwdeolvkhv wkdw +wkh devroxwh ydoxh ri, wklv

h�hfw lv ghfuhdvlqj lq wkh qxpehu ri xqlrqv1 Wklv vxjjhvwv wkdw wkh uhdo h�hfwv

lghqwl�hg deryh vkrxog eh hdvlhu wr ghwhfw lq frxqwulhv zkhuh zdjh vhwwlqj lv

fkdudfwhul}hg e| odujh xqlrqv1 Frqyhqwlrqdo �qhxwudolw|� uhvxowv duh rewdlqhg dv

d vshfldo fdvh zkhq xqlrqv duh dwrplvwlf +? $ 4, ru lq wkh h{wuhph fdvh ri d

vlqjoh doo0hqfrpsdvvlqj xqlrq +? ' �,/ vlqfh lq qhlwkhu fdvh xqlrqv shufhlyh wkh|

fdq d�hfw wkh uhdo zdjhv ri wkh rwkhu xqlrqv1

Wkh uhvxow lq Sursrvlwlrq 4 kdv d vwudljkwiruzdug lpsolfdwlrq iru qrupdwlyh

dqdo|vhv ri rswlpdo frqvhuydwlvp +h1j1 Urjr�/ 4<;8,1 Qrwh/ iru h{dpsoh/ wkdw

zlwklq wkh frqwh{w ri rxu prgho/ wkh djhqwv* zhoiduh fdq eh lpsuryhg e| dq ds0

sursuldwh ghohjdwlrq vfkhph= zkhq pruh frqvhuydwlvp udlvhv hpsor|phqw +fdvh �,

wkh dssrlqwphqw ri d fhqwudo edqn wkdw rqo| fduhv derxw lq dwlrq plqlpl}hv wkh

xqlrqv* prqrsro| srzhu1 Qr vxfk lqvljkw zrxog hphujh iurp d prgho lq zklfk

wkh uhdo h�hfwv ri frqvhuydwlvp duh ljqruhg1 Zkloh dq ryhudoo dvvhvvphqw ri rs0

wlpdo frqvhuydwlvp uhtxluhv lqwurgxflqj zhoiduh frvwv ri lq dwlrq � dv grqh e|

Doedqhvl/ Fkdul dqg Fkulvwldqr +5333,/ Nlqj dqg Zropdq +4<<<,/ Luhodqg +4<<:,

dqg Zrrgirug +4<<<, lq prghov zlwk dwrplvwlf djhqwv � wkh h{dpsoh vxjjhvwv

wkdw ryhuorrnlqj wkh uroh ri qrq0dwrplvwlf djhqwv/ dqg khqfh wkh uhdo h�hfwv ri

frqvhuydwlvp/ pd| |lhog d eldvhg dvvhvvphqw rq wkh ghvludelolw| ri frqvhuydwlyh

fhqwudo edqnhuv1

48Rqh prghoolqj gl�huhqfh ehwzhhq wkh wzr sdshuv lv wkdw Vrvnlfh dqg Lyhuvhq +5333, vwxg|
wkh h�hfwv ri frqvhuydwlvp e| frqvlghulqj gl�huhqw fhqwudo edqn lqvwuxphqw uxohv +srolf| uhdfwlrq
ixqfwlrqv,1 Khuh/ lqvwhdg/ wkh fhqwudo edqn srolf| ixqfwlrq +614, zdv ghulyhg iurp wkh wdujhwlqj
uxoh +51:,1 Rxu dssurdfk doorzv xv wr eh h{solflw derxw zkdw srolf| wdujhwv duh frqvlvwhqw zlwk
d jlyhq srolf| uxoh xqghu wkh uhvwulfwlrq wkdw srolf| lv wlph0frqvlvwhqw1
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81 Vrph Hylghqfh

Wklv vhfwlrq surylghv vrph �uvw0urxqg hylghqfh rq wkh prgho k|srwkhvlv1 Rxu

vwudwhj| lv wr wdnh d ehqfkpdun xqhpsor|phqw htxdwlrq dqg wr lqwhjudwh lw zlwk

d phdvxuh ri frqvhuydwlvp1 Edvhg rq Sursrvlwlrq 4/ zh h{shfw vwuxfwxudo xqhp0

sor|phqw wr eh uhodwhg wr vxfk phdvxuh rqo| li wkh oderu pdunhw lv qrq0dwrplvwlf149

Wkhuhiruh/ zh jurxs frxqwulhv dffruglqj wr wkhlu oderu pdunhw vwuxfwxuh dqg vwxg|

zkhwkhu wkh fruuhodwlrq ehwzhhq xqhpsor|phqw dqg frqvhuydwlvp ydulhv dfurvv

jurxsv/ diwhu frqwuroolqj iru wkh rwkhu yduldeohv ri rxu ehqfkpdun vshfl�fdwlrq1

D sdqho ri 47 RHFG frxqwulhv ryhu 4<980<8 lv xvhg wr h{sorlw wkh wlph0vhulhv

glphqvlrq ri wkh gdwd +e| uhprylqj frxqwu| phdqv,14:

8141 D ehqfkpdun

Rxu ehqfkpdun xqhpsor|phqw htxdwlrq/ gudzlqj rq Eodqfkdug dqgZroihuv +5333,/

Gdyhul dqg Wdehoolql +5333, dqg Qlfnhoo +4<<:,/ lv

�
�|

' K
f�
n M

�E�c��
!
�|E�c��

n K
2|
E_

|

� }
�

� n K
�
Z
�|

n 0
�|

+814,

zkhuh � lv d frxqwu| lqgh{/ | d shulrg lqgh{/ � d phdvxuh ri vwuxfwxudo xqhp0

sor|phqw dqg 0
�|

dq xqrevhuyhg udqgrp glvwxuedqfh1 Iroorzlqj wkhvh dxwkruv/

�vwuxfwxudo� phdvxuhv duh frqvwuxfwhg xvlqj �yh0|hdu +ru whq0|hdu, dyhudjhv ri

dqqxdo revhuydwlrqv wr vprrwk rxw f|folfdo  xfwxdwlrqv14; Wkh frh!flhqw K
f�
lv d

�{hg h�hfw zklfk/ e| uhprylqj frxqwu| � phdq/ frqwurov iru wlph0lqyduldqw frxq0

wu| vshfl�f idfwruv +uhvxowv iurp dq dowhuqdwlyh vshfl�fdwlrq zkhuh frxqwu| h�hfwv

duh uhpryhg xvlqj gdwd lq �uvw gl�huhqfhv duh suhvhqwhg lq htxdwlrq ^6*`,1 Wkh hv0

wlpdwhv wkhuhiruh uh hfw wkh wlph0vhulhv +dv rssrvhg wr furvv0frxqwu|, fruuhodwlrq

lq wkh gdwd1 !
�|

lv d yhfwru ri � wlph0ydu|lqj frqwurov +xqhpsor|phqw ehqh�wv/

dq hpsor|phqw surwhfwlrq lqgh{ dqg d phdvxuh ri oderu lqfrph wd{, xvhg e|

49Htxloleulxp xqhpsor|phqw +X, lv wkh gl�huhqfh ehwzhhq wkh lqglylgxdo oderu vxsso|
+orjOv @ �

�
, dqg htxloleulxp hpsor|phqw +618,/ l1h1 X @ �

�

4

�
1 Wkhuhiruh wkh lpsdfw ri frqvhu0

ydwlvp rq xqhpsor|phqw kdv d vljq rssrvlwh wr wkdw rq hpsor|phqw1
4:Wkh vdph hpslulfdo vwudwhj| dqg d vlplodu sdqho gdwd duh xvhg e| Dohvlqd dqg Shurwwl

+4<<:, dqg Gdyhul dqg Wdehoolql +5333, wr vwxg| zkhwkhu wd{ h�hfwv gl�hu dfurvv frxqwu| jurxsv
fkdudfwhul}hg e| d gl�huhqwldo oderu xqlrqv* suhvhqfh1

4;Wklv |lhogv 9 +ru 6, revhuydwlrqv shu frxqwu|1
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Gdyhul dqg Wdehoolql +5333, dqg Qlfnhoo +4<<:,14< Wkh yduldeoh E_
|

}
�

� lv wkh lq0

whudfwlrq ri shulrg gxpplhv +_
|

, zlwk d wlph0lqyduldqw phdvxuh ri oderu pdunhw

uljlglwlhv +}
�

c khuh wkh dyhudjh gxudwlrq ri xqhpsor|phqw ehqh�wv,1 Eodqfkdug

dqg Zroihuv +5333, lqwurgxfh vxfk yduldeoh edvhg rq wkh lghd wkdw frpprq xq0

revhuydeoh vkrfnv +fdswxuhg e| wkh shulrg gxpplhv, kdyh juhdwhu xqhpsor|phqw

h�hfwv lq wkh frxqwulhv zlwk d pruh uljlg oderu pdunhw1 Ilqdoo|/ lq dwlrq +Z
�|

,

lv lqwurgxfhg/ iroorzlqj Qlfnhoo +4<<:, zkr vxjjhvwv wkdw vwuxfwxudo fkdqjhv lq

lq dwlrq pd| fdswxuh orqj0whup yduldwlrqv lq wkh vwdqfh ri pdfurhfrqrplf srolf|1

Zhljkwhg ohdvw vtxduh hvwlpdwhv ri htxdwlrq +814,/ edvhg rq 80|hdu dyhudjhv

iurp 47 RHFG frxqwulhv ryhu 4<980<8 dsshdu lq htxdwlrq +4, ri Wdeoh 814153

Frqvlghulqj wkh srvvleoh hqgrjhqhlw| ri wkh h{sodqdwru| yduldeohv wzr vwdjh ohdvw

vtxduhv hvwlpdwhv/ ghqrwhg e| d sulph/ duh dovr suhvhqwhg xvlqj wkh suhylrxv

shulrg ydoxhv ri wkh oderu pdunhw yduldeohv/ d ohjdo lqgh{ ri fhqwudo edqn lqgh0

shqghqfh dqg wkh suhylrxv shulrg jurzwk udwh ri d qduurz prqhwdu| djjuhjdwh dv

lqvwuxphqwv1 Htxdwlrq +4*, surylghv rxu ehqfkpdun= wkhuh lv vrph hylghqfh wkdw

wkh vwuxfwxudo xqhpsor|phqw udwh lv srvlwlyho| dvvrfldwhg zlwk oderu wd{dwlrq dqg

qhjdwlyho| dvvrfldwhg zlwk wkh hpsor|phqw surwhfwlrq lqgh{154 Wkh frh!flhqwv ri

wkh lqwhudfwlrq whupv sursrvhg e| Eodqfkdug dqg Zroihuv duh kljko| vljql�fdqw1

Wkh lq dwlrq frh!flhqw lv qrw vljql�fdqwo| gl�huhqw iurp }hur/ vxjjhvwlqj wkdw

vwuxfwxudo xqhpsor|phqw dqg lq dwlrq duh xquhodwhg1

8151 D suholplqdu| orrn dw wkh prgho k|srwkhvlv

Wr lqwhjudwh rxu k|srwkhvlv lqwr wkh deryh iudphzrun d wlph0ydu|lqj phdvxuh ri

frqvhuydwlvp +U, lv qhhghg1 Xqiruwxqdwho|/ lqirupdwlrq derxw frqvhuydwlvp lv qrw

uhdglo| dydlodeoh1 Zh dwwhpsw wr ghdo zlwk wklv sureohp h{sorlwlqj wkh prgho

4<Wkh oderu pdunhw yduldeohv duh iurp Gdyhul dqg Wdehoolql +5333,1 Wkh xqhpsor|phqw ehqh�w
lv wkh RHFG vxppdu| phdvxuh ri hqwlwohphqw ehqh�wv> wkh hpsor|phqw surwhfwlrq lqgh{ lv d
phdvxuh ri klulqj dqg �ulqj frvwv> oderu wd{dwlrq lv wkh dyhudjh h�hfwlyh wd{ udwh rq oderu
lqfrph1

53Furvv0vhfwlrq zhljkwv duh xvhg wr fruuhfw iru khwhurvfkhgdvwlf +frxqwu|0vshfl�f, glvwxu0
edqfhv1 Vlplodu uhvxowv duh rewdlqhg xvlqj Zklwh*v Khwhurvnhgdvwlflw|0frqvlvwhqw vwdqgdug huuruv1
Wkh frxqwulhv duh= Dxvwudold/ Ehojlxp/ Fdqdgd/ Ilqodqg/ Iudqfh/ Jhupdq|/ Lwdo|/ Mdsdq/ wkh
Qhwkhuodqgv/ Qruzd|/ Vsdlq/ Vzhghq/ wkh Xqlwhg Nlqjgrp dqg wkh Xqlwhg Vwdwhv1 Erughuolqh
<8 shu fhqw ydoxhv ri wkh Kdxvpdq whvw iru �{hg yhuvxv udqgrp h�hfwv ohdg xv wr suhihu wkh
iruphu +ohvv h!flhqw exw pruh urexvw, vshfl�fdwlrq lq doo htxdwlrqv1

54Wkh h{shfwhg vljq ri wkh hpsor|phqw surwhfwlrq lqgh{ lv dpeljxrxv dv hpsor|phqw surwhf0
wlrq uhgxfhv erwk wkh klulqj dqg wkh �ulqj udwh +vhh h1j1 Ehuwrod/ 4<<<,1
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uhvwulfwlrq wkdw lq dwlrq dqg frqvhuydwlvp duh lqyhuvho| uhodwhg155 Wklv vxjjhvwv

wkdw lq dwlrq yduldwlrqv rffxuuhg lq hdfk frxqwu| ryhu wkh vdpsoh shulrg frqwdlq

lqirupdwlrq rq xqghuo|lqj fkdqjhv lq frqvhuydwlvp156 D fohdu uhyhuvh fdxvdwlrq

sureohp dsshduv vlqfh lq dwlrq lv lwvhoi hqgrjhqrxv dqg lw pd| fkdqjh/ iru jlyhq

frqvhuydwlvp/ gxh wr h{rjhqrxv fkdqjhv lq vwuxfwxudo xqhpsor|phqw +vhh +619,,1

Wklv sureohp lv wdfnohg xvlqj d ohjdo lqgh{ ri fhqwudo edqn lqghshqghqfh dqg wkh

suhylrxv shulrg prqh| jurzwk udwh dv lqvwuxphqwv iru lq dwlrq1 Qrwh wkdw wkh

phdvxuh ri frqvhuydwlvp wkxv frqvwuxfwhg fdq eh wkrxjkw ri dv d phdvxuh ri h{0

shfwhg lq dwlrq/ edvhg rq wkh lqirupdwlrq dydlodeoh lq wkh suhylrxv shulrg1 Lw lv

wkhuhiruh qrw d�hfwhg e| shulrg | vkrfnv dqg lwv srvvleoh fruuhodwlrq zlwk xqhp0

sor|phqw fdqqrw eh lqwhusuhwhg dv wkh +shuvlvwhqw, h�hfw ri dq lq dwlrq vxusulvh1

Wkxv/ rxu prgho k|srwkhvlv lv wkdw wkh fruuhodwlrq ehwzhhq xqhpsor|phqw dqg

frqvhuydwlvp lv }hur lq wkh frxqwulhv zlwk dq dwrplvwlf oderu pdunhw dqg pd| eh

qrq0}hur hovhzkhuh/ wkdw lv+
K
��

' f li ?
�

' � ru ?
�

$4
K
��

U f li j T �

�3k

dqg � 	 ?
�

	4
Dvvxplqj pruhryhu wkdw frxqwulhv kdyh wkh vdph whfkqrorj| lpsrvhv d frp0

prq vljq wr wkh fruuhodwlrq ehwzhhq xqhpsor|phqw dqg frqvhuydwlvp zkhq lw lv

qrq0}hur157 Wkhuhiruh htxdwlrq +814, lv hvwlpdwhg uhvwulfwlqj wkh K
��
frh!flhqwv wr

eh htxdo zlwklq frxqwu| jurxsv= zh iroorz Gdyhul dqg Wdehoolql +5333, dqg gh�qh

wkuhh frxqwu| jurxsv dffruglqj wr zkhwkhu zdjh vhwwlqj rffxuv suhgrplqdqwo| dw

wkh �up2hqwhusulvh ohyho +DQJOR,/ wkh lqgxvwu| ohyho +HXFRQ, dqg wkh qdwlrqdo

ohyho +QRUGLF,158 Lw vhhpv uhdvrqdeoh wr vxssrvh wkdw wkh w|slfdo zdjh vhwwhu

55Wklv dsshduv iurp wkh ghulydwlyh ri htxdwlrq +619, zlwk uhvshfw wr L +g�
gL

@
�+�,^�.L g�

gL
`

+4��,+L�,
5 ? 3,1

56Wkdw frqvhuydwlvp pd| kdyh fkdqjhg ryhu wkh sdvw ghfdghv lv frqvlvwhqw zlwk wkh hylghqfh
rq fhqwudo edqn uhirupv +wrzdugv pruh lqghshqghqfh, dqg wkh dgrswlrq ri irupdo lq dwlrq
wdujhwlqj e| vhyhudo frxqwulhv gxulqj wkh sdvw wzr ghfdghv +h1j1 Fxnlhupdq/ 4<<;,1 Lw lv dovr
frqvlvwhqw zlwk wkh hylghqfh ri Fodulgd/ Jdol dqg Jhuwohu +5333, rq wkh lqfuhdvhg zhljkw dwwdfkhg
wr lq dwlrq e| wkh uhdfwlrq ixqfwlrq ri wkh Ihghudo Uhvhuyh1 Vrph dxwkruv/ krzhyhu/ lqwhusuhw
wkh uhfhqw lq dwlrq klvwru| zlwkrxw dsshdolqj wr vkliwlqj frqvhuydwlvp +h1j1 Doedqhvl/ Fkdul dqg
Fkulvwldqr/ 5333> Vdujhqw/ 4<<<,1

57Qrwh wkdw wklv dvvxpswlrq uhgxfhv wkh olnholkrrg wr �qg d vwdwlvwlfdoo| vljql�fdqw fruuhodwlrq
ehwzhhq xqhpsor|phqw dqg frqvhuydwlvp vlqfh/ li lw lv qrw yhul�hg lq wkh gdwd/ h�hfwv zlwk
gl�huhqw vljq pljkw r�vhw hdfk rwkhu1

58Wkh DQJOR jurxs lqfoxghv Dxvwudold/ Fdqdgd/ Mdsdq/ wkh Xqlwhg Nlqjgrp dqg wkh Xqlwhg
Vwdwhv> wkh HXFRQ jurxs lqfoxghv Ehojlxp/ Iudqfh/ Jhupdq|/ Lwdo|/ wkh Qhwkhuodqgv dqg Vsdlq>
wkh QRUGLF jurxs lqfoxghv Ilqodqg/ Qruzd| dqg Vzhghq1 Uhsodflqj wklv fodvvl�fdwlrq zlwk
wkh rqh xvhg e| Dohvlqd dqg Shurwwl +4<<:, ru e| Qlfnhoo +4<<:, grhv qrw dowhu wkh uhvxowv

47



vl}h lqfuhdvhv dorqj wkh DQJOR0HXFRQ0QRUGLF fodvvl�fdwlrq1 Wkh DQJOR

jurxs/ zkhuh zdjh vhwwlqj lv prvwo| grqh dw wkh �up2hqwhusulvh ohyho/ surylghv

rxu fdqglgdwh iru wkh �dwrplvwlf� oderu pdunhw1 Qrq0dwrplvwlf zdjh vhwwhuv duh

lqvwhdg h{shfwhg wr rshudwh lq wkh HXFRQ dqg QRUGLF jurxsv1 Wkhvh duh glv0

wlqjxlvkhg ehfdxvh/ lq sulqflsoh/ wkh vpdoohu qxpehu ri xqlrqv lq wkh QRUGLF

frxqwulhv +dqg wkh h{lvwhqfh ri vrph irup ri zdjh0vhwwlqj frruglqdwlrq, pd| sur{|

wkh fdvh ri d vlqjoh xqlrq/ lq zklfk wkh uhdo h�hfwv ri frqvhuydwlvp gr qrw dulvh159

Wkh lqvwuxphqwdo yduldeohv hvwlpdwhv ri d vshfl�fdwlrq zlwk jurxs0vshfl�f K
�

frh!flhqwv duh uhsruwhg lq htxdwlrq +5*, ri Wdeoh 814/ edvhg rq 80|hdu dyhudjhg

gdwd1 Wkh fruuhodwlrq ehwzhhq xqhpsor|phqw dqg frqvhuydwlvp +wkh h{rjhqrxv

dqwlflsdwhg lq dwlrq frpsrqhqw, uhpdlqv lqvljql�fdqw lq wkh frxqwulhv ri wkh DQ0

JOR dqg wkh QRUGLF jurxs1 Lqvwhdg/ hylghqfh ri d vwdwlvwlfdoo| vljql�fdqw

qhjdwlyh fruuhodwlrq hphujhv iru wkh HXFRQ frxqwulhv1 Wkh oderu pdunhw frq0

wurov pdlqwdlq vljql�fdqfh dqg pdjqlwxghv dqdorjrxv wr wkrvh ghwhfwhg lq wkh

ehqfkpdun vshfl�fdwlrq1 Qrwh dovr wkdw wkh lq dwlrq frh!flhqwv rewdlqhg iurp

l1y1 hvwlpdwlrq duh odujhu +lq devroxwh ydoxh, wkdq wkh rqhv rewdlqhg iurp wkh

fruuhvsrqglqj hvwlpdwhv lq htxdwlrq +5,/ dv rqh zrxog h{shfw rq wkh edvlv ri wkh

prgho15: Wkh vdph sdwwhuq ri hvwlpdwhv lv rewdlqhg lq htxdwlrq +6*,/ zkhuh wkh

prgho lv hvwlpdwhg lq �uvw gl�huhqfhv1

Wr fkhfn iru wkh srvvlelolw| wkdw wkh hvwlpdwhv edvhg rq 80|hdu gdwd pd| vwloo

eh gulyhq e| f|folfdo frpsrqhqwv/ wkh vdph htxdwlrq zdv hvwlpdwhg xvlqj 430|hdu

dyhudjhg gdwd +wklv kdoyhv wkh qxpehu ri revhuydwlrqv,1 Wkh uhvxowv/ suhvhqwhg lq

htxdwlrq +7*,/ uhyhdo wkh vdph sdwwhuq ri wkh K
�
frh!flhqwv dv lq htxdwlrq +5*, dqg

+6*,= erwk wkh frqwuro yduldeohv dqg frqvhuydwlvp pdlqwdlq vljq dqg vwdwlvwlfdo

vljql�fdqfh1

Wkhvh �qglqjv duh frqvlvwhqw zlwk wkh k|srwkhvlv wkdw frqvhuydwlvp pd| lq0

vljql�fdqwo|1
59Frxqwu| jurxslqjv duh wlph lqyduldqw1 Wklv lv txhvwlrqdeoh iru vrph frxqwulhv1 Iru lqvwdqfh

Dxvwudold dqg wkh Xqlwhg Nlqjgrp/ zkhuh wkh lpsruwdqfh ri xqlrqv kdv ghfuhdvhg/ pljkw eh
fodvvl�hg lq wkh HXFRQ jurxs xqwlo dssur{lpdwho| wkh plg ;3v dqg lq wkh DQJOR jurxs di0
whuzdugv1 Ru/ lw pljkw eh dujxhg wkdw wkh Qhwkhuodqgv ehorqj wr wkh QRUGLF jurxs1 Wkh
uhohydqfh ri wklv sureohp lv prghudwhg e| wkh idfw wkdw wkh hvwlpdwhv duh urexvw wr wkhvh dowhu0
qdwlyh fodvvl�fdwlrqv +rqh dw d wlph,1

5:Wkh hqgrjhqrxv lq dwlrq uhvsrqvh wr h{rjhqrxv xqhpsor|phqw fkdqjhv fuhdwhv d srvlwlyh
fruuhodwlrq +eldv, ehwzhhq wkhvh yduldeohv1 Uhprylqj wklv eldv lv h{shfwhg wr ghfuhdvh wkh ydoxh
ri wkh hvwlpdwhg frh!flhqwv1
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 xhqfh hpsor|phqw lq wkh frxqwulhv zkhuh zdjh vhwwlqj lv grplqdwhg e| d ihz

odujh djhqwv1 Lq sduwlfxodu/ wkh qhjdwlyh fruuhodwlrq ehwzhhq vwuxfwxudo xqhpsor|0

phqw dqg lq dwlrq lv frqvlvwhqw zlwk wkh prgho suhglfwlrqv iru wkh fdvh lq zklfk

pruh frqvhuydwlvp uhgxfhv hpsor|phqw/ zklfk rffxuv li wkh vxevwlwxwlrq hodvwlf0

lw| lv vx!flhqwo| kljk +j : �

�3k

, ru zdjh vhwwhuv gr qrw lqwhuqdol}h wkh jhqhudo

htxloleulxp frqvhtxhqfhv ri wkhlu dfwlrqv +vlqfh lq wklv fdvh rqo| wkh �dgyhuvh

frpshwlwlrq� h�hfw rshudwhv/ vhh Vhfwlrq 714,1

Lq vxppdu|/ zh �qg wkdw wkh hvwlpdwhg +frqglwlrqdo, fruuhodwlrq ehwzhhq

vwuxfwxudo xqhpsor|phqw dqg rxu sur{| ri frqvhuydwlvp ydulhv dfurvv frxqwu|

jurxsv lq d zd| zklfk lv frqvlvwhqw zlwk rxu prgho k|srwkhvlv dqg zklfk lv qrw

frqvlvwhqw zlwk wkh suhglfwlrqv ri wkh vwudwhjlf prqhwdu| srolf| olwhudwxuh edvhg

rq wkh �dwrplvwlf zdjh vhwwhuv� dvvxpswlrq1 Wkhvh uhvxowv pd| udlvh txhvwlrqv rq

wkh urexvwqhvv ri wkh hvwlpdwhv dqg wkh frqvhtxhqfhv ri wkh phdvxuhphqw dqg hq0

grjhqhlw| sureohpv glvfxvvhg deryh15; Lqwhuhvwlqjo|/ dq dowhuqdwlyh frqvhuydwlvp

phdvxuh/ ghulyhg iurp Fhffkhwwl hw do1 +4<<<,/ gholyhuv wkh vdph phvvdjh ri htxd0

wlrq +5*, dqg +6*,15< Wkh qh{w vhfwlrq eulh | glvfxvvhv wkh urexvwqhvv ri wkhvh

�qglqjv dqg wkhlu uhodwlrq wr suhylrxv rqhv1

8161 Uhodwhg olwhudwxuh dqg vhqvlwlylw|

Lq frpsdulvrq wr suhylrxv hvwlpdwhv/ edvhg rq furvv0frxqwu| gdwd/ erwk vlplodulwlhv

dqg gl�huhqfhv hphujh1 Fxnlhupdq dqg Olssl +4<<<, ghwhfw d vljql�fdqw qhjdwlyh

fruuhodwlrq ehwzhhq xqhpsor|phqw dqg frqvhuydwlvp +phdvxuhg e| fhqwudo edqn

lqghshqghqfh lqglfhv, lq wkh frxqwulhv zkhuh zdjh vhwwlqj rffxuv suhgrplqdqwo|

dw wkh lqgxvwu| ohyho +vhh wkhlu Wdeoh 7,/ zklfk lv dqdorjrxv wr zkdw zh �qg lq

rxu htxdwlrqv iru wkh HXFRQ frxqwulhv1 Krzhyhu/ wkh| dovr �qg d vwdwlvwlfdoo|

vljql�fdqw srvlwlyh fruuhodwlrq iru wkh frxqwulhv zkhuh zdjh vhwwlqj lv dwrplvwlf/

zklfk grhv qrw hphujh khuh1 Vrvnlfh dqg Lyhuvhq +5333, �qg wkdw xqhpsor|phqw

lv xquhodwhg wr frqvhuydwlvp lq wkh frxqwulhv zkhuh zdjh vhwwlqj lv hlwkhu dwrplvwlf

5;Qrwh/ krzhyhu/ wkdw lq lwvhoi qrqh ri wkhvh sureohpv r�huv dq lpphgldwh dowhuqdwlyh h{sod0
qdwlrq iru wkh yduldwlrq ri wkh xqhpsor|phqw0lq dwlrq fruuhodwlrq dfurvv frxqwu| jurxsv1

5<Fhffkhwwl/ PfFrqqhoo dqg Shuh}0Txlurv +4<<<, vxjjhvw dq hfrqrphwulf phwkgrorj| wr lghq0
wli| srolf| �suhihuhqfhv�1 Dq dssur{lpdwlrq ri wkhlu phdvxuh ri fhqwudo edqn dyhuvlrq wr lq dwlrq
lv jlyhq e| wkh uhodwlyh yrodwlolw| ri rxwsxw wr lq dwlrq +edvhg rq txduwhuo| gdwd ryhu wkh uhohydqw
shulrg,1 Zkhq wklv phdvxuh lv xvhg lq wkh sodfh ri lq dwlrq lq htxdwlrq +5,/ wkh hvwlpdwhv rq
wkh h�hfwv ri frqvhuydwlvp duh hvvhqwldoo| xqfkdqjhg1

49



Wdeoh 814= Vwuxfwxudo Xqhpsor|phqw Uhjuhvvlrqv +47 Frxqwulhv> 4<980<8,

Ghshqghqw yduldeoh= Dyhudjh Xqhpsor|phqw Udwh
Hvwlpdwhg e|= JOV

@

WVOV

@cK

Revhuydwlrqv= 80|hdu dyj1 {+80|u dyj1, 430|u1 dyj1

Htxdwlrq &= d�o d2o d��o d2�o d��o de�o

Lq dwlrq
0313<

+3145,

03153

+3156,

Lq dwlrq +DQJOR,
314;

+3147,

0415;

+31<6,

314:

+3154,

03158

+3184,

Lq dwlrq +HXFRQ,
03159--

+3145,

031;9--

+3177,

03158---

+3143,

031:5--

+3164,

Lq dwlrq +QRUGLF,
0313:

+3158,

03168

+316<,

03134

+3156,

3146

+318<,

Oderu Wd{
316;---

+313<,

3178---

+313<,

3166---

+3144,

3174--

+3154,

3153--

+3144,

3178---

+3149,

Xqhpso1 Ehqh�w
03134

+3138,

03135

+3139,

03135

+3138,

03144

+3144,

3137

+313;,

03136

+313;,

Hpso1 Surwhfwlrq
0515---

+318,

0514---

+318,

0515---

+319,

0419-

+31<,

0416

+31<,

061<---

+415,

EShulrg Gxpplhv
�Ehqh�w gxudwlrq�S \HV--- \HV--- \HV--- \HV--- \HV--- \HV--

Frxqwu| GxpplhvS \HV--- \HV--- \HV--- \HV--- � \HV---

Dgm1 U2

31:: 31:< 31:6 31:8 3173 3185

ME Whvw_ 3137 313; 313< 315: 313: 31;5

Q1 Rev1
+Frxqwulhv/ Shulrgv,

;7 +47/ 9, :3 +47/8, 75 +47/6,

Qrwhv= Doo htxdwlrqv hvwlpdwhg xvlqj frxqwu| �{hg h�hfwv zlwk wkh h{fhswlrq ri ^6*`/ hvwlpdwhg
lq �uvw gl�huhqfhv1 Vwdqgdug huuruv duh lq sduhqwkhvhv +-/ --/ --- lqglfdwh vljql�fdqfh dw wkh
43/ 8 dqg 4 shu fhqw ohyho/ uhvshfwlyho|,1
dFurvv0vhfwlrq zhljkwv xvhg wr fruuhfw iru khwhurvfkhgdvwlf glvwxuedqfhv1
eWzr0vwdjh ohdvw vtxduhv xvlqj wkh suhylrxv shulrg prqh| jurzwk udwh/ d ohjdo lqgh{ ri fhqwudo
edqn lqghshqghqfh/ dqg odjjhg oderu pdunhw yduldeohv +ehqh�wv/ surwhfwlrq dqg wd{dwlrq, dv
lqvwuxphqwv1
f\HV lqglfdwhv wkdw wkh yduldeoh lv xvhg1 Wkh vwdwlvwlfdo vljql�fdqfh uhihuv wr d mrlqw Zdog whvw
rq wkh gxpp| frh!flhqwv1 Wr dyrlg shuihfw froolqhdulw| ehwzhhq wkh frxqwu| gxpplhv dqg wkh
lqwhudfwhg shulrg gxpplhv/ wkh �uvw shulrg gxpp| lv gursshg lq doo htxdwlrqv +h{fhsw ^6*` zkhuh
qr frxqwu| gxpplhv duh xvhg,1
gMdutxh0Ehud whvw iru qrupdo uhvlgxdov1 D s0ydoxh ehorz 3138 uhmhfwv wkh qxoo k|srwkhvlv ri
qrupdolw| dw wkh <8 shu fhqw frq�ghqfh ohyho1
Vrxufh= Dqqxdo revhuydwlrqv iurp Pdlq Hfrqrplf Lqglfdwruv +RHFG,> Xqhpsor|phqw Ehqh�wv/
Hpsor|phqw Surwhfwlrq/ Oderu Wd{ dqg Ehqh�w Gxudwlrq duh iurp Gdyhul dqg Wdehoolql +5333,1
Wkh lqgh{ ri fhqwudo edqn lqghshqghqfh +OYDX, lv wdnhq iurp Fxnlhupdq hw do1 +4<<5,1
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ru ixoo| fhqwudol}hg1 Wklv lv dqdorjrxv wr zkdw zh uhsruwhg deryh1 Frqwudu| wr

wklv sdshu/ wkh| �qg wkdw xqhpsor|phqw dqg frqvhuydwlvp duh qhjdwlyho| uhodwhg

lq d jurxs ri frxqwulhv zlwk dq lqwhuphgldwh fhqwudol}dwlrq ri zdjh vhwwlqj1

Dq lpsruwdqw gl�huhqfh ehwzhhq wkhvh hvwlpdwhv dqg rxuv lv wkdw wkh| duh

edvhg rq d furvv0vhfwlrq ri gdwd zkloh khuh zh irfxv rq wlph0vhulhv yduldwlrqv

+zklfk duh xvhixo li rqh vxvshfwv wkh suhvhqfh ri xqrevhuyhg +wlph0lqyduldqw,

frxqwu| ihdwxuhv,1 Zh �qg wkdw/ frpsduhg wr wkh furvv0frxqwu| hylghqfh/ wkh

sdqho hvwlpdwhv duh ohvv vhqvlwlyh wr wkh xvh ri frqwurov dqg vdpsoh vhohfwlrq1 Iru

lqvwdqfh wkh gl�huhqfhv ehwzhhq Fxnlhupdq dqg Olssl +4<<<, dqg Vrvnlfh dqg

Lyhuvhq +5333, duh pdlqo| gxh wr gl�huhqfhv lq wkh jurxslqj ri frxqwulhv dqg

wkh frqwurov xvhg1 Lqvwhdg/ lq rxu gdwd wkh fruuhodwlrq ehwzhhq xqhpsor|phqw

dqg frqvhuydwlvp +lq sduwlfxodu lwv yduldwlrq dqg vljq dfurvv frxqwu| jurxsv, lv

qrw d�hfwhg e| wkh uhprydo ri wkh shulrg0gxpplhv +_
|

}
�

,/ wkh oderu pdunhw frq0

wurov +!
�|

, dqg dowhuqdwlyh frxqwu| fodvvl�fdwlrqv +vhh irrwqrwhv 58 dqg 59,1 Lq wkh

vshfl�fdwlrq zkhuh qr oderu pdunhw frqwurov duh xvhg zh dovr h{shulphqwhg e| h{0

whqglqj wkh gdwdedvh erwk dfurvv wkh wlph +iurp 4<980<8 wr 4<930<<, dqg frxqwu|

glphqvlrqv +iurp 47 wr 4< frxqwulhv/ dgglqj Ghqpdun +wr QRUGLF,/ Dxvwuld +wr

HXFRQ, dqg Luhodqg/ Qhz ]hdodqg dqg Vzlw}huodqg +wr DQJOR,= wkh lq dwlrq

frh!flhqw iru wkh DQJOR jurxs uhpdlqhg lqvljql�fdqw zkloh iru wkh rwkhu wzr

jurxsv qhjdwlyh dqg vljql�fdqw frh!flhqwv dsshduhg1 Zh dovr hvwlpdwhg d vshfl�0

fdwlrq lq zklfk wkh oderu wd{ frh!flhqw lv doorzhg wr gl�hu dfurvv frxqwu| jurxsv/

dv lq Gdyhul dqg Wdehoolql= zh �qg wkdw wkh fruuhodwlrq lq wkh HXFRQ jurxs

lv odujhu dqg kljko| vljql�fdqw zkloh vpdoohu dqg ohvv vljql�fdqw h�hfwv hphujh

iru wkh rwkhu frxqwulhv1 Qhlwkhu wkh pdjqlwxgh qru wkh vljql�fdqfh ri wkh frq0

vhuydwlvp frh!flhqwv lv d�hfwhg/ frpsduhg wr htxdwlrq +5*, dqg +6*, �hvwlpdwhg/
uhvshfwlyho|/ lq ohyhov dqg �uvw gl�huhqfhv� e| wklv dowhuqdwlyh vshfl�fdwlrq163

91 Frqfoxglqj Uhpdunv

D frpprq uhvxow ri wkh vwudwhjlf prqhwdu| srolf| olwhudwxuh lv wkdw fkdqjhv lq

prqhwdu| srolf| frqvhuydwlvp gr qrw kdyh shupdqhqw h�hfwv rq htxloleulxp uhdo

yduldeohv1 Wklv sdshu sursrvhg d plfurirxqghg iudphzrun wr dqdo|}h wkh urexvw0

qhvv ri wklv uhvxow lq wkh suhvhqfh ri qrq0dwrplvwlf zdjh vhwwhuv1 Wkh lvvxh lv ri

63Wkh gdwdedvh dqg wkhvh dgglwlrqdo hvwlpdwhv duh dydlodeoh iurp wkh dxwkru xsrq uhtxhvw1

4;



lqwhuhvw iru vhyhudo lqgxvwuldol}hg frxqwulhv zlwk odujh zdjh vhwwhuv1

Wkh pdlq �qglqj ri rxu dqdo|vlv lv wkdw zlwk qrq0dwrplvwlf zdjh vhwwhuv wkh

htxloleulxp udwh ri xqhpsor|phqw ghshqgv rq frqvhuydwlvp1 Wklv txdol�hv d edvlf

whqhw ri wudglwlrqdo prghov/ lq zklfk prqhwdu| srolf| grhv qrw d�hfw htxloleulxp

hpsor|phqw1 Vrph suholplqdu| hylghqfh iurp 47 RHFG frxqwulhv uhyhdov fruuh0

odwlrqv wkdw duh frqvlvwhqw zlwk wkh prgho k|srwkhvlv dqg lqfrqvlvwhqw zlwk wkh

dwrplvwlf0djhqwv olwhudwxuh= xqhpsor|phqw lv srvlwlyho| dvvrfldwhg zlwk frqvhu0

ydwlvp lq d jurxs ri frqwlqhqwdo Hxurshdq frxqwulhv ihdwxulqj qrq0dwrplvwlf zdjh

vhwwhuv1 Qr vljql�fdqw uhodwlrq dsshduv zkhuh zdjh vhwwlqj lv ghfhqwudol}hg1

Wklv �qglqj vxjjhvwv wkdw ljqrulqj wkh uroh ri qrq0dwrplvwlf zdjh vhwwhuv pd|

|lhog lpsuhflvh suhglfwlrqv rq wkh uhdo h�hfwv ri frqvhuydwlvp1 Wkxv/ qrupdwlyh

dqdo|vhv ri frqvhuydwlvp zklfk ryhuorrn vxfk uhdo h�hfwv pd| eh eldvhg1 Vlqfh rxu

prgho qhjohfwv rwkhu uhohydqw dvshfwv lq wkh fkrlfh ri rswlpdo frqvhuydwlvp/ vxfk

dv wkh zhoiduh frvwv ri lq dwlrq/ wklv lpsolfdwlrq lv rqo| d zduqlqj1 Lghdoo|/ dq

dvvhvvphqw ri rswlpdo frqvhuydwlvp vkrxog lqwhjudwh qrq0dwrplvwlf djhqwv zlwklq

zhoiduh0edvhg prghov lq zklfk lq dwlrq frvwv duh h{solflwo| prghoohg/ h1j1 Luhodqg

+4<<:,/ Qhlvv +4<<<, dqg Zrrgirug +4<<<,1 Wklv fdq eh grqh/ iru lqvwdqfh/ dorqj

wkh olqhv vnhwfkhg lq Dsshqgl{ G/ zkhuh wkh prgho lv h{whqghg wr d g|qdplf

vhwwlqj dqg d prqhwdu| vhfwru lv lqwurgxfhg1 Wklv lv ohiw iru ixwxuh zrun1
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D1 Dsshqgl{= Wkh fhqwudo edqn sureohp

Wkh uhdo zdjh gh�qlwlrq dqg +519, duh xvhg wr zulwh wkh oderu ghpdqg htxdwlrq +515,
dqg wkh exgjhw frqvwudlqw +51;, lq whupv ri qrplqdo zdjhv +/

�

c /, dqg lq dwlrq +Z,1
Wklv |lhogv= *L}�

�

' M
�
� k

�3k

E/� Z� dqg *L}u
�

' M
2
� �

�3k

E/�Z�c zkhuh M
�
dqg

M
2
duh h{suhvvlrqv wkdw gr qrw ghshqg rq Z dqg wkh dssur{lpdwlrq *L}`

�

�' /
�

� Z
lv xvhg1 Wkh fhqwudo edqn vhwv Z wr pd{lpl}h +51:,� Wkh �uvw rughu frqglwlrq |lhogv wkh
uhdfwlrq ixqfwlrq

Z '
k� �

U
�

f

*L}u
�

_�

E�� k� U
� +D14,

Htxdwlrq +614, lv rewdlqhg vxevwlwxwlqj *L}u
�

�' �

�3k

*L}k� jE/
�

� /�� �

�3k

E/ � Z�
lqwr +D14, dqg uhduudqjlqj whupv1

E1 Dsshqgl{= D w|slfdo xqlrq �uvw rughu frqglwlrq

Wkh w|slfdo xqlrq � pd{lpl}hv +517, zlwk uhvshfw wr /
�

vxemhfw wr +518,/ +614, dqg wdnlqj
/
3�

dqg (
�

dv jlyhq1 Wkh �uvw rughu frqglwlrq zlwk uhvshfw wr /
�

+l1h1 /
�

iru � 5 �,
|lhogv +vlqfh qrplqdo zdjhv ri xqlrq � phpehuv duh lghqwlfdo zh fdq lqwhjudwh dfurvv
wkhp,

k

�
�� rn

_ *L}u
�

_/
�

���
/
3�

�
� � *L}u

�

�
_ *L}u

�

_/
�

���
/
3�

�
' f +E14,

zkhuh zh xvhg �

��

_��

_/�

���
/
3�

'
`�u�

��

k
_ *L}`�

_/�

n
�
_ *L}u�

_/�

���
/
3�

�l
dqg `�u�

��

' k� Glylglqj

h{suhvvlrq +E14, e| �� r +qrwh wkdw r 	 � iru doo sdudphwhuv frq�jxudwlrqv, dqg xvlqj

wkh uhdo zdjh hodvwlflw| gh�qlwlrq # � �_ *L}u�

_/�

���
/
3�

�

�3r

c |lhogv htxdwlrq +616,1

F1 Dsshqgl{= Ghulydwlrq ri wkh oderu ghpdqg hodvwlflw|

Xvlqj wkh uhdo zdjh hodvwlflw| gh�qlwlrq dqg htxdwlrq +515,/ vwudljkwiruzdug dojheud
uhyhdov wkdw dw d v|pphwulf htxloleulxp +` ' `

�

,

# � � _ *L}u
�

_ *L}`
�

���
/
3�

' j � Ej � �

�� k
�
_`

_`
�

���
/
3�

� +F14,

Ohw xv fdofxodwh

_`

_`
�

���
/
3�

'
` j

�� j

%]
�M�

E�� j�`
�

3j_� n

]
�M3�

E�� j�`
�

3j

#
_
�
�n/�

�nZ

�
_`

�

���
/
3�

$
_�

&
�

Vlqfh wkh zdjh lv wkh vdph iru wkh zrunhuv ri xqlrq � +odeho wklv `
�

, dqg dfurvv wkh
zrunhuv ri �rwkhu xqlrqv� +l1h1 doo `

�

iru zklfk � 5 ��c odeho wklv `
3�
,/ zh fdq
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lqwhjudwh dfurvv hdfk ri wkhvh jurxsv rewdlqlqj

_`

_`
�

���
/
3�

' ` j

5
7�

?
`3j

�

n
?� �

?
`3j

3�

_
�
�n/

3�

�nZ

�
_`

�

���
/
3�

6
8 � +F15,

Ohw xv xvh +615, wr fdofxodwh

_
�
�n/

3�

�nZ

�
_`

�

���
/
3�

�' `
3�

`
�

�
YE/

3�
� Z�

Y/
�

���
/
3�

�
�

�� r
'

`
3�

`
�

�
� r

�� r

�

zklfk soxjjhg lqwr +F15, dw d v|pphwulf htxloleulxp |lhogv htxdwlrq +714,1 Vxevwlwxwlqj
+714, lqwr +F14, |lhogv +617,1

G1 Dsshqgl{= D g|qdplf iudphzrun

Wklv dsshqgl{ vkrzv wkdw wkh htxloleulxp rxwfrphv ri Vhfwlrq 6 frlqflgh zlwk wkh
+vwdwlrqdu|, htxloleulxp rxwfrphv ri d g|qdplf PLX prgho lq zklfk wkh vhuylfhv ri uhdo
edodqfhv duh vpdoo uhodwlyh wr wkdw ri rwkhu dujxphqwv/ dq dvvxpswlrq riwhq frqvlghuhg
lq wkh olwhudwxuh +h1j1 Ehwwv dqg Ghyhuhx{/ 5333> Revwihog dqg Urjr�/ 5333> Zrrgirug/
4<<<,1 Lw lv dovr vkrzq wkdw frqvhuydwlvp kdv uhdo h�hfwv hyhq lq wkh pruh jhqhudo fdvh
+surylghg zdjh vhwwhuv duh qrq0dwrplvwlf,1 Ohw djhqw � suhihuhqfhv +vxshuvfulsw �, eh

L �

|

�
"[
5'|

q53|
�
*L}��

5

n � *L}
� �

5

�
5

� �

2

�
*L}u�

5

�
2

�
q 	 �(� : f +G14,

zkhuh q lv dq lqwhuwhpsrudo glvfrxqw idfwru/ �
|

lv qrplqdo prqh| edodqfhv dqg �
|

wkh
sulfh ohyho dw wlph |c dqg doo rwkhu v|perov kdyh wkh phdqlqj wkh| kdyh lq wkh pdlq wh{w
ri wkh sdshu164 Ohw wkh exgjhw frqvwudlqw ri djhqw � eh

��

|

n
��

|n�

�
|

n
� �

|

�
|

�` �

|

u�

|

n(�

|

n
��

|

�
|

E� n o
|

� n
� �

|3�

�
|

n �
|

+G15,

zkhuh �
|

ghqrwhv d erqg sd|lqj qrplqdo jurvv uhwxuq E�no
|

� dw wlph | dqg �
|

lv d oxps
vxp wudqvihu �qdqfhg wkurxjk vhljqrudjh +lq htxloleulxp � ' f dqg �|3�|3�

�|

� �
|

'
f,165 Lq olqh zlwk wkh srvlwlyh dssurdfk iroorzhg lq wkh sdshu zh srvwxodwh wkdw wkh

64Wkh wlplqj iru prqh| dvvxphg khuh +P
|

fkrvhq dw wlph w,/ iroorzlqj Revwihog dqg
Urjr� +4<<8,/ lpsolhv wkdw xqdqwlflsdwhg lq dwlrq grhv qrw d�hfw kroglqjv ri uhdo prqh|
edodqfhv1 Vxfk dq h�hfw frxog eh lqwurgxfhg dvvxplqj wkdw shulrg w prqh| edodqfhv
duh fkrvhq dw w� 4/ dv lq Qhlvv +4<<<,=

65Djhqw l rswlpl}dwlrq zlwk uhvshfw wr uhdo prqh| edodqfhv dqg frqvxpswlrq |lhogv
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fhqwudo edqn iroorzv wkh wdujhwlqj uxoh +l1h1 d pxowl0shulrg frxqwhusduw ri 51:,

l
|

�
]

�

f

L �

|

_�� U

2

"[
5'|

q53|Z2
5

+G16,

e| vhwwlqj shulrg | prqh| vxsso|/ �
|

c wdnlqj qrplqdo zdjhv dv jlyhq166 Wkh Pdunry0
Shuihfw htxloleulxp qrwlrq lv dgrswhg wr irfxv rq prqhwdu| srolf| vwudwhjlhv ghshqglqj
rqo| rq wkh vwdwh ri wkh hfrqrp| +qrw grlqj vr rshqv wkh zd| wr dq hqruprxv pxowlsolflw|
ri htxloleuld lq g|qdplf jdphv,1 Wkh fhqwudo edqn sureohp |lhogv wkh srolf| uxoh +D14,1
Xqghu wklv uxoh/ wkh qrplqdo zdjh vhwwlqj +oderu vxsso|, sureohp ri d qrq0dwrplvwlf
djhqw � |lhogv wkh �uvw rughu frqglwlrq

k E�� #��
�

�

� n Z � q

r

�� r

�
n �# *L}u

�

' f� +G17,

zkhuh r � _Z

_/�

����
/
3�

dv lq Vhfwlrq 61 Qrwh wkdw +G17, gl�huv iurp +616, gxh wr wkh

whup=
k

3�

�nZ3q

r

�3r

l
1 Wklv whup lqglfdwhv wkdw d qrq0dwrplvwlf zdjh vhwwhu xqghuvwdqgv

wkdw lq dwlrq +fdxvhg e| lwv qrplqdo zdjhv, uhgxfhv frqvxpswlrq e| orzhulqj wkh uhdo
ydoxh ri prqh| edodqfhv lqkhulwhg iurp wkh suhylrxv shulrg167 Wklv h�hfw lv qlo iru dq
dwrplvwlf zdjh vhwwhu +vlqfh r ' f,1

Qrwh wkdw htxdwlrq +616, lv hpehgghg lq wklv prgho dv d olplwlqj fdvh iru � $ f1
Wkxv htxloleulxp hpsor|phqw frlqflghv zlwk wkdw ghvfulehg lq Vhfwlrq 6 li wkh vhuylfhv
ri uhdo prqh| edodqfhv duh vpdoo uhodwlyh wr wkdw ri frqvxpswlrq dqg ohlvxuh1 Pruhryhu/
wkh oderu ghpdqg uhdo zdjh hodvwlflw| +#, frqwlqxhv wr ghshqg rq frqvhuydwlvp lq h{dfwo|
wkh vdph zd| dv lq Vhfwlrq 71 Li � lv qrw lq�qlwhvlpdo dqg zdjh vhwwhuv duh qrq0dwrplvwlf
wkh h{dfw uhodwlrqvkls ehwzhhq hpsor|phqw dqg frqvhuydwlvp lv pruh frpsolfdwhg/ vlqfh
lq wklv fdvh wkhuh pd| eh pruh wkdq rqh vwdwlrqdu| vwhdg| vwdwh +wkh lqwhuqdo vroxwlrq
iru d vwdwlrqdu| vwhdg| vwdwh/ jlyhq e| wkh lqwhuvhfwlrq ri wkh fhqwudo edqn dqg wkh
djhqwv* uxoh/ vkrzv wkdw wzr vwdwlrqdu| vwhdg| vwdwhv pd| h{lvw/ rqh zlwk orz0lq dwlrq
dqg rqh zlwk kljk0lq dwlrq,� Iru rxu sxusrvhv khuh lw vx!fhv wr qrwh wkdw hyhq lq wklv
fdvh frqvhuydwlvp frqwlqxhv wr lq xhqfh #c dqg khqfh hpsor|phqw/ li zdjh vhwwhuv duh
qrq0dwrplvwlf1
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Uhihuhqfhv

^4` Doedqhvl/ Vwhidqld/ Y1Y1 Fkdul dqg Odzuhqfh M1 Fkulvwldqr/ 53331 �H{shfwd0
wlrq Wudsv dqg Prqhwdu| Srolf|�1Plphrjudsk/ Qruwkzhvwhuq Xqlyhuvlw|1

^5` Doedqhvl/ Vwhidqld/ Y1Y1 Fkdul dqg Odzuhqfh M1 Fkulvwldqr/ 53341 �Krz Vh0
yhuh lv wkh Wlph Lqfrqvlvwhqf| sureohp lq Prqhwdu| Srolf|B�1 QEHU Zrun0
lqj Sdshu/ Qr1 Z;46<1

^6` Dohvlqd/ Doehuwr dqg Urehuwr Shurwwl/ 4<<:1 �Wkh Zhoiduh Vwdwh dqg Frp0
shwlwlyhqhvv�1 Dphulfdq Hfrqrplf Uhylhz1 Yro1 ;:/ ss1<540<6<1

^7` Eduur/ Urehuw M1 dqg Gdylg Jrugrq/ 4<;61 �D Srvlwlyh Wkhru| ri Prqhwdu|
Srolf| lq d Qdwxudo Udwh Prgho�1 Mrxuqdo ri Srolwlfdo Hfrqrp|1 Yro1 <4/
ss18;<09431

^8` Ehuwrod/ Jlxvhssh/ 4<<<1 �Plfurhfrqrplf Shuvshfwlyhv rq Djjuhjdwh Oderu
Pdunhwv�1 Lq R1 Dvkhqihowhu dqg G1 Fdug +hgv1, Kdqgerrn ri Oderu Hfr0
qrplfv1 Yro16/ Qruwk0Kroodqg/ Dpvwhugdp1

^9` Ehwwv/ Fdurolqh dqg Plfkdho E1 Ghyhuhx{/ 53331 �Lqwhuqdwlrqdo Prqhwdu| Sro0
lf| Frruglqdwlrq dqg Frpsdwlwlyh Ghsuhfldwlrq= D Uh0hydoxdwlrq�1 Mrxuqdo
ri Prqh| Fuhglw dqg Edqnlqj1 Yro1 65/ ss1:550781

^:` Eodqfkdug/ Rolylhu M1 dqg Qrex Nl|rwdnl/ 4<;:1 �Prqrsrolvwlf Frpshwlwlrq
dqg wkh H�hfwv ri Djjuhjdwh Ghpdqg�1 Dphulfdq Hfrqrplf Uhylhz1
Yro1 ::/ ss197:0991

^;` Eodqfkdug/ Rolylhu M1 dqg Mxvwlqh Zroihuv/ 53331 �Wkh Uroh ri Vkrfnv dqg Lq0
vwlwxwlrqv lq wkh Ulvh ri Hxurshdq Xqhpsor|phqw= wkh Djjuhjdwh Hylghqfh�1
Hfrqrplf Mrxuqdo1 Yro1 443/ ss1f40f661

^<` Eolqghu/ Dodq/ 53331 �Fhqwudo0Edqn Fuhglelolw|= Zk| Gr Zh FduhB Krz Gr
Zh Exlog LwB�1 Dphulfdq Hfrqrplf Uhylhz1 Yro1 <3/ ss147540641

^43` Fhffkhwwl/ Vwhskhq J1/ Pdujduhw PfFrqqhoo dqg Jdeulho Shuh}0Txlurv/ 4<<<1
�Srolf|pdnhuv* Uhyhdohg Suhihuhqfhv dqg wkh Rxwsxw Lq dwlrq Wudghr��1
Plphrjudsk/ Ihghudo Uhvhuyh Edqn ri Qhz \run1

^44` Fodulgd/ Ulfkdug/ Mrugl Jdoð dqg Pdun Jhuwohu/ 53331 �Prqhwdu| Srolf|
Uxohv dqg Pdfurhfrqrplf Vwdelolw|= Hylghqfh dqg Vrph Wkhru|�1 Txdu0
whuo| Mrxuqdo ri Hfrqrplfv1 Yro1 448/ ss147:0;31

^45` Frulfhool/ Ideul}lr/ Doh{ Fxnlhupdq dqg Doehuwr Gdopd}}r/ 4<<<1 �Prqh0
wdu| Lqvwlwxwlrqv/ Prqrsrolvwlf Frpshwlwlrq/ Xqlrql}hg Oderu Pdunhwv dqg
Hfrqrplf Shuirupdqfh�1 Plphrjudsk/ Who Dyly Xqlyhuvlw|1
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^46` Fxnlhupdq/ Doh{/ 4<<;1 �Wkh Hfrqrplfv ri Fhqwudo Edqnlqj�1 Lq Frqwhp0
srudu| Srolf| Lvvxhv/ Surfhhglqjv ri wkh Hohyhqwk Zruog Frqjuhvv ri wkh
Lqwhuqdwlrqdo Hfrqrplf Dvvrfldwlrq/ Yroxph 8 Pdfurhfrqrplf dqg Ilqdqfh/
K1 Zroi +Hg1,/ Pdfploodq Suhvv/ Orqgrq1

^47` Fxnlhupdq/ Doh{ dqg Iudqfhvfr Olssl/ 4<<<1 �Fhqwudo Edqn Lqghshqghqfh/
Fhqwudol}dwlrq ri Zdjh Edujdlqlqj/ Lq dwlrq dqg Xqhpsor|phqw 0 Wkhru|
dqg Vrph Hylghqfh�1 Hxurshdq Hfrqrplf Uhylhz1 Yro1 76/ ss146<807671

^48` Fxnlhupdq Doh{/ VwhyhqZhee dqg Elolq Qh|dswl/ 4<<51 �Phdvxulqj wkh Lqgh0
shqghqfh ri Fhqwudo Edqnv dqg lwv H�hfw rq Srolf| Rxwfrphv�1 Wkh Zruog
Edqn Hfrqrplf Uhylhz1 Yro1 9+6,/ ss1 6860<;1

^49` Gdyhul/ Iudqfhvfr dqg Jxlgr Wdehoolql/ 53331 �Xqhpsor|phqw/ Jurzwk dqg
Wd{dwlrq lq Lqgxvwuldo Frxqwulhv�1 Hfrqrplf Srolf|1 Yro1 63/ ss17;04371

^4:` Ghgrod/ Oxfd/ 53331 �Uxohv yv1 Glvfuhwlrq lq d G|qdplf Jhqhudo Htxloleulxp
Prgho ri Prqhwdu| Srolf|�1 Plphrjudsk/ Edqn ri Lwdo|1

^4;` Luhodqg/ Shwhu/ 4<<:1 �Vxvwdlqdeoh Prqhwdu| Srolflhv�1 Mrxuqdo ri Hfr0
qrplf G|qdplfv dqg Frqwuro1 Yro155/ Qr14/ ss1;:043<1

^4<` Nlqj/ Urehuw J1 dqg Doh{dqghu Zropdq/ 4<<<1 �Zkdw vkrxog wkh Prqhwdu|
Dxwkrulw| gr zkhq Sulfhv duh Vwlfn|B�1 Lq Mrkq E1 Wd|oru +hg1, Prqhwdu|
Srolf| Uxohv1 Fklfdjr= Xqlyhuvlw| ri Fklfdjr Suhvv iru QEHU1

^53` N|godqg/ Ilqq1 H1 dqg Hgzdug Suhvfrww/ 4<::1 �Uxohv Udwkhu wkdq Glvfuh0
wlrq= Wkh Lqfrqvlvwhqf| ri Rswlpdo Sodqv�1 Mrxuqdo ri Srolwlfdo Hfrqrp|1
Yro1 ;8/ ss17:60<51

^54` Olssl/ Iudqfhvfr/ 4<<<1 �Uhylvlwlqj wkh Fdvh iru d Srsxolvw Fhqwudo Edqnhu�1
Hxurshdq Hfrqrplf Uhylhz1 Iruwkfrplqj1

^55` Olssl/ Iudqfhvfr/ 53331 �Vwudwhjlf Prqhwdu| Srolf| zlwk Qrq0Dwrplvwlf Zdjh
Vhwwhuv�1 Whpl gl Glvfxvvlrqh/ Qr1 6:71 Edqfd g*Lwdold1

^56` Qhlvv/ Ndwkhulqh V1/ 4<<<1 �Glvfuhwlrqdu| Lq dwlrq lq d Jhqhudo Htxloleulxp
Prgho�1 Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj1 Yro1 64/ ss168:0:71

^57` Qlfnhoo/ Vwhskhq/ 4<<:1 �Xqhpsor|phqw dqg Oderu Pdunhw Uljlglwlhv= Hx0
ursh Yhuvxv Qruwk Dphulfd�1 Mrxuqdo ri Hfrqrplf Shuvshfwlyhv1 Yro1
44/ Qr1 6/ ss1880:71

^58` Revwihog/ Pdxulfh dqg Nhqqhwk Urjr�/ 4<<81 �H{fkdqjh Udwh G|qdplfv
Uhgx{�1 Mrxuqdo ri Srolwlfdo Hfrqrp|1 Yro1 436/ ss19570931
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^59` Revwihog/ Pdxulfh dqg Nhqqhwk Urjr�/ 53331 �Gr Zh Uhdoo| Qhhg d Qhz
Joredo Prqhwdu| FrpsdfwB�1 Txduwhuo| Mrxuqdo ri Hfrqrplfv1 iruwk0
frplqj1

^5:` RHFG1 �Hfrqrplf Shuirupdqfh dqg wkh Vwuxfwxuh ri Froohfwlyh Edujdlqlqj�1
Hpsor|phqw Rxworrn1 Fkdswhu 61 Mxo| 4<<:/ ss1960<51

^5;` Urjr�/ Nhqqhwk/ 4<;81 �Wkh Rswlpdo Ghjuhh ri Frpplwphqw wr dq Lqwhu0
phgldwh Prqhwdu| Wdujhw�1 Txduwhuo| Mrxuqdo ri Hfrqrplfv1 Yro1 433/
ss1449<0<31

^5<` Vdujhqw/ Wkrpdv M1/ 4<<<1 Wkh Frqtxhvw ri Dphulfdq Lq dwlrq1 Sulqfhwrq
Xqlyhuvlw| Suhvv/ Sulqfhwrq QM1

^63` Vrvnlfh/ Gdylg dqg Wruehq Lyhuvhq/ 53331 �Wkh Qrqqhxwudolw| ri Prqhwdu|
Srolf| zlwk Odujh Sulfh ru Zdjh Vhwwhuv�1 Txduwhuo| Mrxuqdo ri Hfr0
qrplfv1 Yro1 448/ ss15980;71

^64` Vyhqvvrq/ Oduv R1H1/ 4<<<1 �Lq dwlrq Wdujhwlqj dv d Prqhwdu| Srolf| Uxoh�1
Mrxuqdo ri Prqhwdu| Hfrqrplfv1 Yro1 76/ ss193:0871

^65` Vyhqvvrq/ Oduv R1H1 dqg Plfkdho Zrrgirug/ 4<<<1 �Lpsohphqwlqj Rswlpdo
Srolf| wkurxjk Lq dwlrq0Iruhfdvw Wdujhwlqj�1 Plphrjudsk/ Sulqfhwrq Xql0
yhuvlw|/ QM1

^66` Zrrgirug/ Plfkdho/ 4<<<1 �Lq dwlrq Vwdelol}dwlrq dqgZhoiduh�1 Plphrjudsk/
Sulqfhwrq Xqlyhuvlw|/ QM1
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