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ON SUBSIDISING AUTO-COMMUTING

Abstract

Evidence suggests that a considerable proportion of peak period trips are
made for purposes other than commuting to or from work.given the different
degrees of Hicksian complementarity with the labour market, optimal tax
theory suggests that, in a second-best world, different trip purposes should
be taxed at different rates. This paper explores this issue and argues for a
uniform congestion toll (independent of trip-purpose) combined with a
subsidy to auto-commuters. A numerical model suggests that while, in the
absence of congestion tolls, commuting subsidies are welfare decreasing, an
optimal pricing scheme entails auto-commuters receiving a subsidy of nearly
50 percent of the uniform road toll.
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Wkhuh lv d frpprq shufhswlrq/ uh hfwhg lq wkh wudqvsruwdwlrq hfrqrplfv olwhud0

wxuh/ wkdw prvw wulsv gxulqj wkh wudglwlrqdo *uxvk krxu* duh pdgh iru wkh sxusrvh

ri jhwwlqj wr 0 ru uhwxuqlqj iurp 0 wkh zrunsodfh1 Wklv shufhswlrq vhhpv wr eh

dw rggv zlwk uhfhqw gdwd1

Iru lqvwdqfh/ Iljxuh 4 suhvhqwv vxuyh| hylghqfh iurp wkh Xqlwhg Vwdwhv4 1

Zrun wulsv frpsulvh durxqg d phuh 6:( ri doo wulsv gxulqj wkh wzr uxvk krxu

shulrgv5 1 Wkh prvw lpsruwdqw qrq0zrun wudyho sxusrvhv vhhp wr eh vkrsslqj/

idplo| dqg shuvrqdo prwlyhv/ dqg uhfuhdwlrqdo wudyho1

Wkh hylghqfh lv qrw frq�qhg wr wkh Xqlwhg Vwdwhv1 D vlplodu w|sh ri vxuyh|

frqgxfwhg lq Orqgrq vxjjhvwv wkdw durxqg 93( ri wulsv lq wkh pruqlqj shdn

duh zrun uhodwhg dqg d phuh 83( lq wkh hyhqlqj shdn6 +OUF/ ^59`,1

Lw pljkw vhhp wkdw wkhuh lv olwwoh uhdvrq iru hfrqrplvwv wr eh frqfhuqhg zlwk

wkh prwlydwlrq iru wudyho1 Wkhru| whdfkhv wkdw/ dw ohdvw zkhq jryhuqphqw kdv d

ixoo vhw ri lqvwuxphqwv/ xuedq urdg wroov vkrxog uh hfw pdujlqdo h{whuqdo frvwv1

Wkhvh frvwv/ lq wxuq/ duh lqghshqghqw ri wuls0sxusrvh +vhh/ iru h{dpsoh/ Zdowhuv

^73`> Ylfnuh| ^6<`> Nudxv hw do1 ^58`> Duqrww/ gh Sdopd dqg Olqgvh| ^4`> Vpdoo

dqg Nd}lpl ^6:`,1

Exw lq uhdolw| jryhuqphqw grhv qrw kdyh d ixoo vhw ri lqvwuxphqwv= uhyhqxhv

pxvw eh udlvhg yld glvwruwlrqdu| wd{hv1 Wd{hv rq oderxu vxsso| fkdudfwhulvh

prvw lqgxvwuldolvhg hfrqrplhv1 Lq wkh suhvhqfh ri d oderxu vxsso| wd{/ wklv sdshu

4D frs| ri wkh 4<<8 Qdwlrqdo Shuvrqdo Wudyho Vxuyh| +QSWV, ^6;` uhvxowv fdq eh grzqordghg

iurp= kwws=22zzz1ewv1jryw2qwgd2qswv1 Iljxuh 4 ri wklv sdshu lv d uhsurgxfwlrq ri QSWV

Iljxuh 45 +ss147,1
5Qrwh wkdw wkh QSWV uhsruw ^6;` glvfxvvhv d srvvleoh eldv lq wkh qxpehu ri uhsruwhg

frppxwlqj wulsv gxh wr wuls0fkdlqlqj= d vkrsslqj wuls pdgh gxulqj wkh uhwxuq frppxwh iurp

zrun lv fdwhjrulvhg dv d vkrsslqj wuls +udwkhu wkdq d frppxwh wuls,1 Ixuwkhu frpphqwv duh

pdgh rq wuls0fkdlqlqj lq wkh frqfoxglqj vhfwlrq ri wklv sdshu1
6Wkh vxuyh| vxjjhvwv wkdw lq wkh pruqlqj shdn +3:133043133,/ 7<( ri wulsv duh zrun wulsv/

43( duh hpsor|hu*v exvlqhvv wulsv/ 44( duh hgxfdwlrq wulsv/ 9( duh vkrsslqj wulsv/ ;( duh

hvfruw wulsv dqg jhqhudo *rwkhu wulsv* pdnh xs wkh uhpdlqlqj 49(1 Wkh uhvshfwlyh �jxuhv iru

wkh hyhqlqj shdn +4913304<133, duh= 69(/43(/8(/45(/9( dqg 63(1
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Iljxuh 4= Wlph sur�oh ri frppxwlqj wulsv

vkrzv wkdw rswlpdo urdg wroov duh lghdoo| gl�huhqwldwhg ehwzhhq wuls sxusrvhv1

Frppxwlqj wulsv duh fkdujhg dw d orzhu udwh wkdq qrq0frppxwlqj/ ru ohlvxuh/

wulsv1 Jlyhq wkh gl!fxowlhv ri lpsohphqwlqj d urdg wroo edvhg rq wuls sxusrvh/

wklv sdshu dujxhv iru d xqlirup frqjhvwlrq fkdujh +lghqwlfdo iru gl�huhqw wuls0

sxusrvhv, soxv d vxevlg| wr frppxwlqj wudyho1 Wklv lq wxuq fdvwv d qhz oljkw rq

dq rog ghedwh frqfhuqlqj wkh phulwv ri vxevlglvlqj frppxwlqj= d srolf| frpprq

lq vhyhudo Hxurshdq frxqwulhv lqfoxglqj Jhupdq| dqg Vfdqglqdyld1

Wkh orjlf iru wklv vwuxfwxuh ri sulflqj lv vwudljkwiruzdug1 Frqvlghu wkh zhoiduh

lpsdfw ri udlvlqj wkh sulfh ri d frpprglw| jrrg deryh pdujlqdo frvw/ jlyhq

glvwruwlrqdu| wd{hv rq oderxu1 Fohduo| wkhuh lv d glvwruwlrq lqwurgxfhg rq wkh

frpprglw| jrrg pdunhw +d glvwruwlrqdu| wuldqjoh,1 Krzhyhu/ dv vwuhvvhg e|

Kduehujhu ^57`/ wkh zhoiduh frvw pxvw dovr lqfoxgh wkh frvw ri h{dfhuedwlqj suh0

h{lvwlqj glvwruwlrqv rq rwkhu pdunhwv= lq wklv fdvh/ wkh oderxu pdunhw1 Lqfuhdvlqj

wkh sulfh ri wkh frpprglw| uhvxowv lq d fkdqjh lq ghpdqg iru ohlvxuh1 Wkh zhoiduh

orvv rq wkh ohlvxuh pdunhw lv d uhfwdqjoh= wkh suh0h{lvwlqj glvwruwlrq +wkh pdujlqdo

wd{ udwh, pxowlsolhg e| wkh fkdqjh lq ghpdqg1

Frqvlghu fkdqjlqj wkh sulfh ri hlwkhu frppxwlqj wudqvsruw ru ohlvxuh wudqv0
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sruw1 Wkh pdjqlwxgh ri wkh uhdfwlrq rq wkh ohlvxuh pdunhw zloo gl�hu ehwzhhq wkh

wzr wudqvsruw pdunhwv1 Wr wkh h{whqw wkdw wkh frpshqvdwhg furvv0sulfh hodvwlf0

lw| ri ohlvxuh gl�huv ehwzhhq wudqvsruw pdunhwv/ vr/ fhwhulv sdulexv/ wkh pdujlqdo

zhoiduh frvw +iurp h{dfhuedwlqj suh0h{lvwlqj glvwruwlrqv rq wkh oderxu pdunhw,

ydulhv ehwzhhq pdunhwv1 Wkh rswlpdo wd{ uxoh dffrxqwv iru wklv yduldwlrq1

Wklv srlqw lv zhoo0nqrzq dqg irupv wkh edvlv ri wkh uxoh wkdw h!flhqw frp0

prglw| wd{hv duh vhw lq ixqfwlrq ri wkh ghjuhh ri frpsohphqwdulw| ehwzhhq wkh

jrrg dqg wkh ohlvxuh pdunhw1 +Fruohww dqg Kdjxh ^48`> Gldprqg dqg Pluuohhv

^4<` s1596> Dwnlqvrq dqg Vwljolw} ^7` Fk 45> P|ohv ^5<` s1457,1 Lq wkh suhvhqfh ri

h{whuqdolwlhv/ wkh vdph uhdvrqlqj kdv ehhq xvhg wr vkrz wkdw wdnlqj dffrxqw ri

suh0h{lvwlqj wd{ glvwruwlrqv ohdgv wr prgl�fdwlrqv ri vlpsoh Sljrxyldq dqdo|vlv

+vhh Vdqgpr ^68`> Eryhqehuj dqg gh Prrlm ^;`> Eryhqehuj dqg ydq ghu Sorhj

^43`> Eryhqehuj dqg Jrxoghu ^<`> dqg Sduu| ^63`,1

Wklv sdshu xvhv dq dssurdfk ghyhorshg lq Eryhqehuj dqg ydq ghu Sorhj ^43`

wr dqdo|vh rswlpdo xuedq urdg wroov jlyhq gl�hulqj wuls sxusrvhv lq d glvwruwhg

hfrqrp|1 Wzr rwkhu sdshuv kdyh dovr ghdow zlwk wd{dwlrq ri wudqvsruw lq d

zruog zlwk glvwruwlrqdu| wd{hv1 Pd|huhv dqg Surrvw ^5;` ghulyh rswlpdo wd{

uxohv iru shuvrqdo wudqvsruw pdunhwv dqg iuhljkw dfwlylwlhv lq wkh suhvhqfh ri

urdg frqjhvwlrq1 Wkh dxwkruv dvvxph d vlqjoh wuls sxusrvh/ dqg wkxv gr qrw

lqyhvwljdwh wkh lvvxh ri wkh uhodwlyh wd{dwlrq ri gl�huhqw wuls sxusrvhv1 Sduu|

dqg Ehqwr ^65` frqvlghu d pdujlqdo wd{ uhirup h{huflvh lq d prgho zlwk d vlqjoh0

wuls sxusrvh +frppxwlqj,1 Wkh prgho uhvxowv ghulyhg ehorz duh frpsduhg wr

erwk wkhvh frqwulexwlrqv1

Dowkrxjk wkh ghvludelolw| ri wd{ ghgxfwlrqv lq jhqhudo kdv ehhq frqvlghuhg7 /

olwwoh dwwhqwlrq kdv ehhq sdlg wr wkh fdvh ri frppxwlqj h{shqvhv1 Rqh h{fhswlrq

7Wkh glvfxvvlrq ri wd{0ghgxfwlrq kdv wudglwlrqdoo| rffxuhg dv d sduw ri d zlghu ghedwh rq wkh

ghvludelolw| ri xvlqj lqgluhfw wd{hv lq wkh suhvhqfh ri d qrq0olqhdu gluhfw wd{= vhh Dwnlqvrq dqg

Vwljolw} ^7` +Fk147, iru d glvfxvvlrq ri wkh fdvh ri ghgxfwlqj phglfdo dqg krxvlqj h{shqvhv iurp

wkh lqfrph wd{ edvh1 Wkh vwdqgdug uhvxow hphujlqj iurp wklv dqdo|vlv lv wkdw wd{ ghgxfwlrqv

duh kdug wr mxvwli| li wkh frpprglw| pdunhw lv zhdno| vhsdudeoh iurp wkh ohlvxuh pdunhw +dqg

dq rswlpdo qrq0olqhdu lqfrph wd{ lv lq sodfh,1 Wklv sdshu fdq eh vhhq dv lpsolflwo| h{dplqlqj

wkh fdvh iru wd{ ghgxfwlrqv lq wkh suhvhqfh ri d olqhdu zdjh wd{ zlwk lghqwlfdo lqglylgxdov1

7



lv d uhfhqw sdshu e| Zuhgh ^74`1 Kh h{dplqhv wkh h�hfw ri frppxwlqj vxevlglhv

zkhq frqvxphuv fkrrvh erwk zkhuh wr olyh dqg zkhuh wr zrun1 Wkh rswlpdo

vxevlg| ghshqgv vwurqjo| rq wkh dvvxpswlrqv pdgh derxw prelolw|1 Krzhyhu/

wkh dqdo|vlv dvvxphv d �{hg oderxu vxsso| dqg d frqvwdqw frppxwh wlph wr

zrun +l1h1 wkhuh lv qr urdg frqjhvwlrq,1

Lq frqwudvw wr Zuhgh*v dqdo|vlv/ wklv sdshu devwudfwv iurp lvvxhv ri krxvhkrog

dqg zrunhu prelolw| dqg lqvwhdg irfxvhv rq wkh lpsdfw ri vxevlglhv rq oderxu

vxsso|1 Ixuwkhupruh/ frppxwlqj lv vxemhfw wr frqjhvwlrq 0 d sulrul/ d vljql�fdqw

uhdvrq qrw wr vxevlglvh dxwr0frppxwlqj1 Dq dqdo|wlfdo prgho lv suhvhqwhg lq

vhfwlrq 5/ zklfk ghulyhv wkh edvlf rswlpdo vwuxfwxuh ri urdg wroov rq frppxwlqj

dqg qrq0frppxwlqj wudyho jlyhq d glvwruwlrqdu| oderxu wd{1

Vhfwlrq 6 lqwurgxfhv d qxphulfdo vlpxodwlrq prgho/ zklfk lv xvhg wr lqyhv0

wljdwh wkh lpsdfw ri frppxwlqj vxevlglhv1 Wkh prgho uhvxowv +vhfwlrq 7, vkrz

wkdw/ iru wkh ehqfkpdun vfhqdulr/ dxwr0frppxwlqj uhfhlyhv dq rswlpdo vxevlg|

ri qhduo| 83 shufhqw ri wkh rswlpdo xqlirup urdg wroo1 Vrph srvlwlyh vxevlg|

lv vkrzq wr eh rswlpdo +lq wkh suhvhqfh ri d xqlirup frqjhvwlrq wroo, xqghu d

zlgh ydulhw| ri dvvxpswlrqv rq nh| sdudphwhuv/ wkrxjk dq| ohyho ri vxevlg| lv

zhoiduh ghfuhdvlqj lq wkh devhqfh ri urdg wroov1 Frqfoxglqj uhpdunv duh gudzq

wrjhwkhu lq vhfwlrq 81

� �
� ������
	�� �����

L dvvxph dq hfrqrp| zlwk d �{hg qxpehu ri lghqwlfdo shrsoh/ Q 1 Hdfk shuvrq

fkrrvhv krz pxfk oderxu wr vxsso| +wkxv uhtxlulqj d frppxwh wuls e| fdu ri d

�{hg glvwdqfh/ gF,/ dqg fkrrvhv ehwzhhq wzr sulydwh frqvxpswlrq jrrgv= d qrq0

frppxwh wuls/ E +ri �{hg glvwdqfh/ gE, dqg d frpsrvlwh frpprglw| jrrg/ D1

Wkh prgho fdswxuhv d vlqjoh prgh ri wudqvsruw dqg wzr gl�huhqw wuls sxusrvhv=

d frppxwlqj wuls dqg qrq0frppxwlqj wuls1

Dvvxplqj d vlqjoh prgh ri wudqvsruw pd| eh d jrrg dssur{lpdwlrq wr vrph

xuedq hfrqrplhv 0 hylghqfh iru wkh XV vxjjhvwv wkdw ryhu <3( ri frppxwlqj

8



wulsv duh pdgh e| sulydwh fdu +Jrugrq dqg Ulfkdugvrq ^55`,8 1 Wklv dvvxpswlrq lv

uhod{hg lq wkh qxphulfdo prgho lqwurgxfhg ehorz1 Lq rughu wr vlpsoli| wkh prgho/

L irfxv rqo| rq frqjhvwlrq h{whuqdolwlhv 0 rwkhu h{whuqdolwlhv dvvrfldwhg zlwk dxwr

xvh +h1j1 dlu srooxwlrq/ qrlvh, fdq eh lqfoxghg lq d vwudljkwiruzdug pdqqhu +vhh

Fdowkurs dqg Surrvw ^45` iru d uhylhz ri urdg wudqvsruw h{whuqdolwlhv,1

Lq rughu wr vxsso| d gd|*v oderxu lqsxw/ hdfk lqglylgxdo pxvw iruhjr ohlvxuh

wlph frqvlvwlqj ri d �{hg qxpehu ri krxuv dw zrun/ wz/ soxv wkh wlph uhtxluhg

wr frppxwh wr dqg iurp zrun1 Wr hdvh qrwdwlrq/ L vhw wz @ 41 Hdfk lqglylgxdo

fkrrvhv wkh qxpehu ri gd|v ri oderxu wr vxsso|/ O1 Vwulfw frpsohphqwdulw| lv

dvvxphg ehwzhhq wkh qxpehu ri gd|*v oderxu vxsso| dqg frppxwh wulsv/ F/ vxfk

wkdw F @ �O1 Khqfhiruwk gO @ �gF 1 Wr hdvh h{srvlwlrq/ L dvvxph � @ 41 Wkh

wrwdo yroxph ri wud!f shu wlph shulrg lv jlyhq e|Q +gEE . gOO,1 Dv lv frpprq

lq wkh frqjhvwlrq olwhudwxuh/ wkh dyhudjh +vfdohg, wlph uhtxluhg shu xqlw glvwdqfh

wudyhoohg/ !/ lv dq lqfuhdvlqj ixqfwlrq ri wrwdo wud!f yroxph= ! ^Q+gEE . gOO,`
9

zlwk !3 ^�` A 31 D vwdwlf uhsuhvhqwdwlrq ri frqjhvwlrq lv fkrvhq wr vlpsoli| pdwwhuv

0 vhh Duqrww hw do1 ^4` iru d g|qdplf prgho ri frqjhvwlrq1 Wr vlpsoli| qrwdwlrq/

dqg zlwkrxw orvv ri jhqhudolw|/ L dvvxph khqfhiruwk wkdw gO @ gE @ 41

Sxuh ohlvxuh wlph/ Y / lv jlyhq dv wkh wlph uhpdlqlqj shu shulrg diwhu zrunlqj

wlph/ frppxwlqj wlph dqg qrq0frppxwlqj wudqvsruw wlph kdyh ehhq vxewudfwhg

iurp wkh wrwdo wlph hqgrzphqw/ ghqrwhg W 1 Khqfh=

Y @ W � O� ! ^�` +O.E,

Frqvxphu suhihuhqfhv duh uhsuhvhqwhg e| d xwlolw| ixqfwlrq=

X @ x ^Y>D>E>[` +4,

8Vhh Wdeoh 471 Wkh 4<<3 Qdwlrqzlgh Shuvrqdo Wudyho Vxuyh| uhvxowv vkrz wkdw <415( ri

wulsv pdgh lq wkh frxuvh ri *hduqlqj d olylqj* duh pdgh e| sulydwh wudqvsruw1 Wklv frpsduhv

wr ;:14( lq 4<;:1
9Khqfhiruwk/ vtxduh eudfnhwv frqwdlq wkh dujxphqwv ri d ixqfwlrq1

9



zkhuh [ lv wkh txdqwlw| ri wkh sxeolf jrrg frqvxphg1 Wkh xwlolw| ixqfwlrq lv

dvvxphg wr eh txdvl0frqfdyh dqg wzlfh gl�huhqwldeoh1 Wkh �uvw0rughu ghulydwlyh

ri wkh xwlolw| ixqfwlrq zlwk uhvshfw wr dujxphqw m lv jlyhq e| xm 1

Dvvxplqj wkdw surgxfhuv idfh d olqhdu frqvwdqw0uhwxuqv wr vfdoh whfkqrorj|

lq zklfk rxwsxw lv sursruwlrqdo wr hpsor|phqw/ wkh pdwhuldo edodqfh frqglwlrq

iru wkh hfrqrp| lv jlyhq e|=

�QO @ �dQD. �eQE . �fQF . �{[ +5,

Iru jrrgD dqg[/ xqlwv duh dgmxvwhg vxfk wkdw �d @ �{ @ 41 Wkh surgxfwlrq

sulfh ri jrrg D dfwv dv wkh qxphudluh1 L dvvxph �e @ �f � u/ zklfk hqvxuhv wkdw

wkh uhvrxufh frvw ri d vlqjoh xqlw ri glvwdqfh wudyhoohg lq d fdu lv lqghshqghqw ri

wuls sxusrvh1

��� �
� 	��������� �	�����

Pd{lplvlqj +4, vxemhfw wr +5, jlyhv wkh iroorzlqj vhw ri frqglwlrqv=

xE

xD
@ u . zv +!. !3Q +O.E,, +6,

xY

xD
@ zv +7,

Qx[

xD
@ 4 +8,

zkhuh zv lv gh�qhg dv wkh pdujlqdo vrfldo rssruwxqlw| frvw ri ohlvxuh=

zv @
� � u

4 . !. !3Q +O.E,
+9,

dqg lv jlyhq e| wkh uhwxuq wr oderxu shu gd| +qhw ri frppxwlqj frvwv, glylghg

e| wkh wlph lqsxw wr vrflhw| uhtxluhg iru d gd|*v zrun1 Wrwdo wlph frvwv lqfoxgh

wkh wlph vxssolhg e| wkh gulyhu erwk dw zrun dqg gxulqj wkh frppxwh wuls soxv

wkh wlph orvvhv lpsrvhg rq doo rwkhu gulyhuv iurp wkh pdujlqdo lqfuhdvh lq dyhudjh

wlph shu xqlw glvwdqfh gulyhq1 Dw wkh rswlpxp/ wkh pdujlqdo udwh ri vxevwlwxwlrq

:



ehwzhhq ohlvxuh dqg jrrg D +h{suhvvlrq 7, lv htxdo wr wkh uhohydqw pdujlqdo udwh

ri wudqvirupdwlrq 0 wkh vrfldo rssruwxqlw| frvw ri ohlvxuh frqvxpswlrq1

Wkh pdujlqdo udwh ri wudqvirupdwlrq ehwzhhq jrrgv E dqg D +h{suhvvlrq 6,

htxdov wkh uhvrxufh frvw ri d wuls +u, soxv wkh vrfldo rssruwxqlw| frvw ri wkh wlph

uhtxluhg iru pdnlqj wkh wuls1 Wklv wlph orvv uh hfwv erwk wkh orvv wr wkh gulyhu

gluhfwo| iurp pdnlqj dq h{wud wuls soxv wkh wlph orvvhv wr doo rwkhu gulyhuv yld

wkh ghfuhdvh lq dyhudjh vshhg1

Ilqdoo|/ wkh rswlpdo frqglwlrq iru wkh surylvlrq ri wkh sxeolf jrrg +h{suhvvlrq

8, lv wkh xvxdo Vdpxhovrqldq uxoh= wkh pdujlqdo xwlolw| iurp dq h{wud xqlw ri wkh

sulydwh jrrg D wr dq lqglylgxdo htxdov wkh pdujlqdo xwlolw| wr doo lqglylgxdov

iurp dq h{wud xqlw ri wkh sxeolf jrrg [1

��� �
� ��������� ������ �	�����

Xvlqj wkh uhodwlrqvkls ehwzhhq frppxwlqj dqg oderxu vxsso|/ wkh frqvxphu

exgjhw frqvwudlqw fdq eh zulwwhq dv=

W . SOO @ SEE .D +:,

lq zklfk SE @ u +4 . wE,/ SO @ � +4� wO,�u / W lv d oxps0vxp wudqvihu dqg

wkh frqvxphu sulfh ri jrrg D lv qrupdolvhg wr 41 Dq dg0ydoruhp wd{ shu xqlw

glvwdqfh gulyhq lv lqwurgxfhg/ wE1 L dovr dvvxph dq dg ydoruhp wd{ shu krxu

ri oderxu vxsso|/ wO1 Wkh uhodwlrqvkls ehwzhhq wkh oderxu vxsso| wd{ dqg d

frppxwlqj wroo lv hoderudwhg xsrq ehorz1 Frqvxphuv duh dvvxphg wr pd{lplvh

+4, vxemhfw wr d exgjhw frqvwudlqw +:, wdnlqj wkh vshhg ri wudyho dv sdudphwulf1

Dw wkh rswlpxp/ frqvxphuv ghpdqg jrrgv dqg vxsso| oderxu vxfk wkdw=

xE

xD
@ SE . zs! +;,

xY

xD
@ zs +<,

zkhuh zs lv gh�qhg dv wkh pdujlqdo sulydwh rssruwxqlw| frvw ri ohlvxuh=

;



zs @
SO

4 . !
+43,

Wkh qxphudwru jlyhv wkh qhw sulydwh uhwxuq iurp vxsso|lqj dq dgglwlrqdo

gd|*v oderxu vxsso|1 Wkh ghqrplqdwru jlyhv wkh sulydwh wlph xvhg lq vxsso|lqj

dq dgglwlrqdo gd|*v oderxu1

Wkh uhohydqw pdujlqdo wudqvirupdwlrq udwh ehwzhhq ohlvxuh dqg wkh qxphudluh

jrrg +h{suhvvlrq <, htxdov wkh pdujlqdo sulydwh rssruwxqlw| frvw ri ohlvxuh1 Wkh

sulydwh frvw ri frqvxplqj d xqlw ri jrrg E frpsulvhv ri wkh frqvxphu sulfh/

SE/ soxv wlph uhtxluhg wr pdnh d wuls/ zklfk lv ydoxhg dw wkh pdujlqdo sulydwh

rssruwxqlw| frvw ri wlph pxowlsolhg e| wkh sulydwh orvv lq wlph/ !1 Lq rughu wr

doljq sulydwh lqfhqwlyhv zlwk vrfldoo| rswlpdo lqfhqwlyhv/ wkh jryhuqphqw xvhv

wkh wzr dydlodeoh wd{ udwhv wr htxdwh wkh htxdwlrqv ; dqg < zlwk htxdwlrqv 6

dqg 71 Wklv jlyhv=

uw�E @ �w�O @ zv!
3Q +O.E, +44,

Lq d �uvw ehvw zruog/ wkh rswlpdo wd{ rq erwk jrrg E dqg oderxu vxsso|

uh hfw wkh pdujlqdo h{whuqdo frvw ri wudqvsruw1 E| frqvwuxfwlrq/ wkh pdujlqdo

h{whuqdo frqjhvwlrq frvw ri d frppxwlqj wuls dqg d qrq0frppxwlqj/ ru ohlvxuh

wuls/ lv lghqwlfdo1 Wkh rswlpdo wd{ sdlg rq hlwkhu w|sh ri wuls htxdov wkh +vrfldo,

ydoxh ri wlph/ zv/ pxowlsolhg e| wkh pdujlqdo wlph orvvhv lpsrvhg rq rwkhu

gulyhuv/ !3Q +O.E,1

Wkh prgho lv forvhg e| ghulylqj wkh rswlpdo ohyho ri sxeolf jrrg iurp htxd0

wlrq +8, dqg ghwhuplqlqj wkh ohyho ri W qhfhvvdu| wr �qdqfh wklv h{shqglwxuh

qhw ri h{whuqdolw| uhyhqxhv1

��� �
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Dvvxph wkdw W @ 31 Wkh jryhuqphqw pxvw uhvruw wr glvwruwlrqdu| wd{hv dv

oxps0vxp wd{hv duh qr orqjhu dydlodeoh1 Iru dq| uhtxluhg ohyho ri wkh sxeolf

<



jrrg/ wkh jryhuqphqw*v pd{lplvdwlrq sureohp fdq eh zulwwhq dv d ixqfwlrq ri

wkh wzr wd{ lqvwuxphqwv dydlodeoh= wO dqg wE1 Dqqh{ 4 vkrzv wkdw wkh vhw ri

�uvw rughu frqglwlrqv wr wkh jryhuqphqw*v pd{lplvdwlrq sureohp lv jlyhq e|=
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zkhuh � lv wkh pdujlqdo sulydwh xwlolw| ri lqfrph dqg � lv wkh pdujlqdo

glvxwlolw| iurp udlvlqj dq dgglwlrqdo xqlw ri jryhuqphqw uhyhqxh1 Iroorzlqj

Eryhqehuj dqg ydq ghu Sorhj ^43`/ wkh whup *qhw vrfldo Sljrxyldq wd{ * lv xvhg

wr uhihu wr=

wlS @
�l
xD

4

�
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lq zklfk � jlyhv wkh pdujlqdo frvw ri sxeolf ixqgv +� @ �@� dqg lv ghulyhg

ixuwkhu lq htxdwlrq +55, ehorz, dqg=
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zkhuh/ wkh ihhgedfn h�hfw/ �/ lv jlyhq e|=
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Li wkhuh duh qr h{whuqdolwlhv suhvhqw +l1h1 wES @ wOS @ 3,/ h{suhvvlrqv 45

dqg 46 uhgxfhv wr wkh vwdqgdug �uvw0rughu frqglwlrqv wr dq rswlpdo wd{ sureohp

+f1i1 Dwnlqvrq dqg Vwljolw}/ ^7` Fk145/ ru Dxhuedfk ^9`,1 Lq wkh suhvhqfh ri

frqjhvwlrq h{whuqdolwlhv/ wkh vrfldo frqwulexwlrq lq whupv ri jryhuqphqw uhyhqxhv

ri dgglwlrqdo ghpdqg iurp jrrg E ru vxsso| ri oderxu lv phdvxuhg dv wkh qhw

h�hfw ri d srvlwlyh dqg d qhjdwlyh frqwulexwlrq1 Lqfuhdvlqj ghpdqg iru qrq0zrun

wulsv ru oderxu vxsso| errvwv wkh wd{ edvh +dqg wkxv idflolwdwhv wkh surylvlrq
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ri sxeolf jrrgv,1 Krzhyhu lw dovr lqfuhdvhv frqjhvwlrq ohyhov1 Wkh qhw vrfldo

frqwulexwlrq lv phdvxuhg dv wkh gl�huhqfh ehwzhhq wkhvh wzr whupv1

E| frqvwuxfwlrq/ wkh qhw0vrfldo Sljrxyldq wd{ +shu nlorphwuh gulyhq, lv lghq0

wlfdo ehwzhhq gl�huhqw wuls sxusrvhv1 Wklv lv vhhq lq htxdwlrq 47 dqg 491 Qrwh

wkdw wkh qhw0vrfldo Sljrxyldq wd{ idoov/ fhwhulv sdulexv/ dv d ixqfwlrq ri wkh

pdujlqdo frvw ri sxeolf ixqgv �1 Wklv srlqw lv zhoo0nqrzq +vhh Eryhqehuj ^:`>

Vdqgpr ^68`,1 Wkh jryhuqphqw xvhv wd{hv iru wzr gl�hulqj sxusrvhv= udlvlqj

uhyhqxhv dqg lqwhuqdolvlqj hqylurqphqwdo h{whuqdolwlhv1 Wkh kljkhu wkh � lq wkh

hfrqrp|/ wkh pruh wkh rswlpdo wd{ v|vwhp irfxvhv rq jhqhudwlqj uhyhqxhv dqg

ohvv rq lqwhuqdolvlqj wkh h{whuqdolw|1 Lqghhg/ wkh vrfldo frvw ri wkh h{whuqdolw|/

phdvxuhg lq sxeolf uhyhqxh whupv/ idoov1

Dqqh{ 4 vkrzv wkdw/ e| h{sorlwlqj wkh Voxwvn| pdwul{/ h{suhvvlrqv 45 dqg

46 fdq eh uhzulwwhq wr jlyh hdfk xqnqrzq wd{ udwh dv dq lpsolflw ixqfwlrq ri wkh

frpshqvdwhg furvv0 dqg rzq0sulfh hodvwlflwlhv ri ghpdqg ri wkh wzr jrrgv=
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zkhuh wkh pdujlqdo vrfldo xwlolw| ri lqfrph/ �
3

/ lv jlyhq e|=
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Lq wkh devhqfh ri h{whuqdo frvwv/ lw fdq eh vkrzq wkdw wkh pdujlqdo glvxwlolw|

ri �qdqflqj sxeolf vshqglqj +�, h{fhhgv wkh pdujlqdo vrfldo xwlolw| ri sulydwh

lqfrph +�3, li sxeolf uhyhqxhv duh srvlwlyh +f1i1 Dxhuedfk ^9` ss1445,1 Wklv lv

dvvxphg wr krog khqfhiruwk1 H{suhvvlrq 4: fdq eh vroyhg iru wkh wzr xqnqrzq

wd{ udwhv1 Ghqrwlqj �@�3 e| �3/ wkh rswlpdo wd{ udwh rq oderxu vxsso| lv jlyhq

e|=
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Wkh oderxu wd{ frpsulvhv ri d uhyhqxh0udlvlqj frpsrqhqw +wkh *Udpvh|*

frpsrqhqw, soxv d fruuhfwlyh frpsrqhqw +wkh *Sljrxyldq* frpsrqhqw,1 Wklv

dffrugv zlwk wkh edvlf sulqflsoh ri *dgglwlylw|* 0 wkh qhw vrfldo Sljrxyldq gdpdjh

iurp d frpprglw| hqwhuv wkh wd{ irupxod iru wkdw frpprglw| dorqh dqg lq

dq dgglwlyh pdqqhu +Vdqgpr ^68`,: 1 Wkh qhjdwlyh vhpl0gh�qlwh surshuw| ri

wkh Voxwvn| pdwul{ lpsolhv wkdw %EO%OE � %EE%OO A 31 Khqfh wkh Udpvh|

frpsrqhqw lv srvlwlyh li %OE�%EE A 31 Wkh rswlpdo wd{ udwh rq qrq0frppxwlqj

wudqvsruw lv=

�E @ +�O � �OS ,
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Lq dffrugdqfh zlwk dgglwlylw|/ wklv h{suhvvlrq frpsulvhv ri d Udpvh| frpsr0

qhqw soxv d Sljrxyldq frpsrqhqw1 Wkh vljq ri wkh Udpvh| frpsrqhqw ghshqgv

rq wkh uhodwlyh Klfnvldq frpsohphqwdulw| zlwk wkh ohlvxuh pdunhw ehwzhhq wkh

wzr frqvxpswlrq jrrgv +%DO� %EO,
; 1 Li qrq0frppxwlqj wudqvsruw lv d uhodwlyh

frpsohphqw wr ohlvxuh +%DO A %EO,/ wkh Udpvh| frpsrqhqw lv vwulfwo| srvlwlyh1

Rqo| li %DO @ %EO zrxog wkh Udpvh| frpsrqhqw idoo wr }hur rq jrrg E< 1

: Lq d pruh jhqhudo prgho/ zlwk qrq0lghqwlfdo lqglylgxdov/ Fuhphu hw do1 ^47` vkrz wkdw

wkh dgglwlylw| surshuw| euhdnv grzq li wkh jryhuqphqw lv frqvwudlqhg wr xvh olqhdu frpprglw|

wd{hv +exw fdq xvh d qrq0olqhdu lqfrph wd{,1
; L dvvxph wkdw 0�� : f1
<Wkh suhvhqfh ri frqjhvwlrq lq wkh sulfh ri jrrg � lpsolhv wkdw zh zrxog qrw h{shfw

frqvxphu suhihuhqfhv wr eh zhdno| vhsdudeoh iurp ohlvxuh1 Iru h{dpsoh/ doorz xwlolw| wr eh

dgglwlyh lq lwv frpsrqhqwv1 Khqfh � ' E�3u3�d_uun _��o�n�n�1 Lw lv lpphgldwh wkdw
YE Cx
CE

* Cx
CD

�
Yu

�' f1

Qrwh wkdw/ dv glvfxvvhg e| Dxhuedfk/ ^8`/ lq d vlqjoh frqvxphu prgho +zlwkrxw d sroo wd{,

zhdn vhsdudelolw| ri frpprglwlhv iurp ohlvxuh dorqh grhv qrw lpso| wkdw 0�u ' 0�u qru

lv lw qhfhvvdu|1 Lw lv krzhyhu d vx!flhqw frqglwlrq jlyhq dq dgglwlrqdo uhvwulfwlrq/ qdpho|

wkdw suhihuhqfhv duh krprwkhwlf zlwk uhvshfw wr frpprglwlhv1 Lq d pdq| shuvrq hfrqrp|/

Ghdwrq ^4:` vkrzv wkdw zhdn0vhsdudelolw| ehwzhhq jrrgv dqg ohlvxuh soxv sdudooho olqhdu Hqjho

fxuyhv iru jrrgv lq whupv ri lqfrph lv d vx!flhqw frqglwlrq iru gl�huhqwldwhg frpprglw| wd{

wr eh xqqhfhvvdu| +jlyhq dq rswlpdo olqhdu lqfrph wd{,1 Ilqdoo|/ wkh prvw zhoo0nqrzq uhvxow

lv wkdw ri Dwnlqvrq dqg Vwljolw} ^6`= jlyhq dq rswlpdo qrq0olqhdu lqfrph wd{ vfkhgxoh/ zhdn

vhsdudelolw| dorqh lv d vx!flhqw frqglwlrq iru xqlirup frpprglw| wd{dwlrq1
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Li oxps vxp lqvwuxphqwv duh dydlodeoh/ dqg khqfh wkh pdujlqdo frvw ri sxeolf

ixqgv htxdov 4/ wkh rswlpdo wd{hv rq erwk pdunhwv froodsvh lqwr wkh �uvw0ehvw

h{suhvvlrqv +44,1

H{suhvvlrq 53 lv hvvhqwldoo| d vshfldo fdvh ri wkh rswlpdo wd{ uxoh ghulyhg

lq Pd|huhv dqg Surrvw ^5;` +vhh wkhlu htxdwlrq 55,1 Wkhlu prgho lv lq vhyhudo

dvshfwv pruh jhqhudo wkdq wkdw vwxglhg khuh= lw doorzv iru qrq0lghqwlfdo lqgl0

ylgxdov/ dq dgglwlrqdo wd{ lqvwuxphqw 0 d sroo0wd{/ dqg d surgxfwlrq vhfwru wkdw

uhtxluhv iuhljkw wudqvsruw dv dq lqsxw1 Krzhyhu/ wkh dxwkruv rqo| frqvlghu d

vlqjoh djjuhjdwh wuls sxusrvh1 Wkh rswlpdo wd{ rq urdg wudqvsruw frqvlvwv ri d

Udpvh| frpsrqhqw soxv d qhw0vrfldo Sljrxyldq wd{1 Wkh qhw0vrfldo Sljrxyldq

wd{ frqwdlqv doo ri wkh frpsrqhqwv ri h{suhvvlrq 47/ dowkrxjk lq dgglwlrq wkh

lpsdfw ri frqjhvwlrq rq surgxfwlylw| lv dffrxqwhg iru1 Wkh Udpvh| frpsrqhqw

ri wkhlu rswlpdo wd{ h{suhvvlrq uh hfw wkh suhvhqfh ri wkh +rswlpdo, sroo0wd{ dqg

wkh qrupdolvhg sulfh ri oderxu1 Wkh Udpvh| whupv suhvhqwhg gr qrw jlyh dq|

lqvljkw dv wr wkh lpsruwdqfh ri wkh uhodwlyh uhodwlrqvkls wr wkh oderxu pdunhw1

Wklv srlqw zloo eh uhwxuqhg wr lq wkh qh{w vhfwlrq/ zkhq rswlpdo urdg wroov duh

lqyhvwljdwhg1

Wkh jryhuqphqw*v pd{lplvdwlrq sureohp fdq dovr eh xvhg wr ghwhuplqh wkh

rswlpdo surylvlrq ri wkh sxeolf jrrg/ [1 Wkh rswlpdo frqglwlrq fdq eh zulwwhq

dv43 =
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Dv lv zhoo nqrzq/ lq d zruog ri glvwruwlrqdu| wd{hv/ wkh pdujlqdo udwh ri

wudqvirupdwlrq ehwzhhq sulydwh dqg sxeolf jrrgv glyhujhv iurp wkh Vdpxhovr0

qldq pdujlqdo udwh ri vxevwlwxwlrq +Dwnlqvrq dqg Vwhuq ^5`,1 Iluvwo|/ udlvlqj

jryhuqphqw surylvlrq ri wkh sxeolf jrrg pd| uhgxfh wkh ryhudoo glvwruwlrqdu|

43Wkh ghulydwlrq lv rewdlqhg dv iroorzv1 Gl�huhqwldwh wkh jryhuqphqw*v pd{lplvdwlrq sure0

ohp +jlyhq lq Dqqh{ 4 htxdwlrq ^59`, zlwk uhvshfw wr d fkdqjh lq wkh sxeolf jrrg f1 Xvh wkh

�uvw0rughu frqglwlrq ri wkh frqvxphu*v sureohp wr holplqdwh whupv1 Uhzulwh wkh wrwdo ghulyd0

wlyhv lq whupv ri sduwldo ghulydwlyhv +l1h1 lqfrusrudwlqj d ihhgedfn whup,1 Vxevwlwxwlrq ri wkh

sduwldo ghulydwlyh h{suhvvlrqv soxv vrph whglrxv pdqlsxodwlrqv jlyh wkh h{suhvvlrq vkrzq1
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wd{ exughq e| errvwlqj wkh frqvxpswlrq ri wd{hg jrrgv1 Krzhyhu/ rqo| wkh

Udpvh| frpsrqhqw ri wd{hv lv vrfldoo| uhohydqw 0 wkh uhyhqxhv iurp wkh Sljrx0

yldq wd{ frpshqvdwh iru lqfuhdvhg frqjhvwlrq1 Vhfrqgo|/ d kljkhu pdujlqdo frvw

ri sxeolf ixqgv/ fhwhulv sdulexv/ dfwv wr uhgxfh wkh rswlpdo surylvlrq ri wkh sxeolf

jrrg +dvvxplqj wkdw [ lv d qrupdo jrrg,1

Wkh �uvw rughu frqglwlrq iru d fkdqjh lq wkh sulfh ri oderxu fdq eh xvhg wr

vroyh iru wkh pdujlqdo frvw ri sxeolf ixqgv lq wklv prgho44 / zkhuh wkh gdvk deryh

wkh hodvwlflw| h{suhvvlrqv ghqrwhv wkdw wkh hodvwlflwlhv duh lq xqfrpshqvdwhg

whupv l1h1 fkdqjhv lq Pduvkdooldq ghpdqgv duh uhohydqw1
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+55,

zkhuh �E ghqrwhv wkh vkduh ri sulydwh h{shqglwxuhv rq jrrgE1 Wkh pdujlqdo

frvw ri sxeolf ixqgv lv juhdwhu wkdq xqlw| li wkh �qdqflqj ri dgglwlrqdo sxeolf

jrrgv uhgxfhv wkh h{lvwlqj Udpvh| wd{ edvh1 Dv glvfxvvhg e| Eryhqehuj dqg

ydq ghu Sorhj ^43`/ wklv lv wkh fdvh li d srvlwlyh oderxu wd{ frlqflghv zlwk dq

xszdug vorslqj Pduvkdooldq oderxu vxsso| fxuyh +%3

OO A 3, ru li wkh qhw0vrfldo

Sljrxyldq wd{ rq qrq0frppxwlqj wudqvsruw lv srvlwlyh +�E A �ES , dqg sulydwh

ghpdqg iru qrq0frppxwlqj wudqvsruw idoov dv wkh wd{ rq oderxu vxsso| lqfuhdvhv
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@
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Wkh dqdo|wlfdo prgho ghulyhv wzr rswlpdo wd{ udwhv ryhu wkuhh jrrgv1 Dowkrxjk

olplwhg/ wkh dgydqwdjh ri wklv dssurdfk lv wkdw lw h{solflwo| ghprqvwudwhv wkh

uhodwlrqvkls ehwzhhq wkh rswlpdo Udpvh| wd{ udwh rq d frpprglw| dqg wkh

ghjuhh ri Klfnvldq frpsohphqwdulw| wr wkh oderxu pdunhw1 Wkh rswlpdo urdg

wroo shu wuls iru qrq0frppxwlqj wudqvsruw �E fdq eh zulwwhq dv=

44Vroyh wkh �uvw rughu frqglwlrq iru wkh wd{ rq oderxu vxsso| +htxdwlrq 46, iru >*b1 Glylglqj

wkurxjk e| oderxu vxsso| u dqg pdqlsxodwlqj whupv jlyhv wkh h{suhvvlrq vkrzq1
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Wkh urdg wroo frqwdlqv wzr frpsrqhqwv= wkh �uvw whup rq wkh uljkw0kdqg

vlgh fruuhfwv iru wkh glvwruwlrqdu| frvwv ri wkh oderxu vxsso| wd{ +htxlydohqw wr

d xqlirup frpprglw| wd{,/ zkloh wkh vhfrqg whup fruuhfwv iru wkh h{whuqdo frvw

ri urdg xvh +yld wkh qhw0vrfldo Sljrxyldq wd{,1 Wklv w|sh ri uhvxow lq sulqfl0

soh h{whqgv wr d yhfwru ri gl�huhqw wuls0sxusrvh pdunhwv1 Rswlpdo urdg wroov

zrxog gl�hu ehwzhhq gl�huhqw wudqvsruw wuls sxusrvhv dffruglqj wr wkhlu uhod0

wlyh frpsohphqwdulw| wr wkh oderxu pdunhw/ luuhvshfwlyh wr h{whuqdo frvwv1 Dv

glvfxvvhg deryh/ wkh rswlpdo urdg wroo rq qrq0frppxwlqj wudqvsruw lv vlplodu

wr wkdw ghulyhg lq Pd|huhv dqg Surrvw ^5;`/ h{fhsw wkdw wkh Udpvh| frpsrqhqw

ri wkh xuedq urdg wroo lv qrw jlyhq lq whupv ri wkh uhodwlyh frpsohphqwdulw| wr

wkh oderxu pdunhw1

Wkh prgho dovr ghulyhv wkh rswlpdo oderxu vxsso| wd{1 Wkh pdlq glvdg0

ydqwdjh ri wklv dssurdfk lv wkdw lw grhv qrw xqltxho| ghwhuplqh wkh rswlpdo

frppxwlqj urdg wroo= dq| frpelqdwlrq ri frppxwlqj wroo soxv d oderxu wd{ wkdw

vxpphg wr wkh rswlpdo ohyho +jlyhq e| htxdwlrq 4<, zrxog eh vx!flhqw wr gh0

fhqwudolvh wkh vrfldo rswlpxp1 Krzhyhu/ lw lv qdwxudo wr lqwhusuhw wkh qhw0vrfldo

Sljrxyldq frpsrqhqw ri wkh rswlpdo wd{ vwuxfwxuh dv wkdw fruuhvsrqglqj wr wkh

srolf| ghedwh ryhu wkh xvh ri urdg0wroov wr lqwhuqdolvh wkh h{whuqdo frvw ri urdg

xvh1 Khqfh 0 duelwdulo| 0 L dvvxph wkdw wkh uhohydqw wd{ udwh rq frppxwlqj

wudqvsruw lv jlyhq e|=

�F @ �wO @
4

�

��O

xD
@

4

�

u�E

xD
+57,

zkhuh wkh htxlydohqfh ehwzhhq wkh odvw wzr whupv iroorzv iurp wkh dvvxps0

wlrq ri lghqwlfdo pdujlqdo h{whuqdo frvwv fdswxuhg lq htxdwlrq 481 Lw iroorzv wkdw

�F ? �E li qrq0frppxwlqj wudqvsruw lv wkh uhodwlyh Klfnvldq frpsohphqw wr wkh

ohlvxuh pdunhw1

Wkh rswlpdo wroo rq frppxwlqj wudqvsruw +lq wkh suhvhqfh ri d oderxu vxsso|
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wd{, lv ghulyhg lq Sduu| dqg Ehqwr ^65`1 Wkh| h{dplqh d pdujlqdo wd{ uhirup

sureohp lq d prgho zlwk wzr frppxwlqj prghv +dq xqfrqjhvwhg prgh/ udlo/ dqg

d frqjhvwhg urdg,1 Pdujlqdo zhoiduh jdlqv iurp udlvlqj wkh urdg wroo duh srvlwlyh

xs xqwlo wkh srlqw wkdw wkh wroo htxdov pdujlqdo h{whuqdo frqjhvwlrq frvw1 Wklv

uhvxow frqwudvwv zlwk wkh qhw0vrfldo Sljrxyldq wd{ +htxdwlrq 57, irxqg lq wklv

sdshu1

Rswlpdo sulflqj ri xuedq urdg xvh lq wklv prgho lv uh hfwhg lq htxdwlrqv 56

dqg 571 Fohduo| wklv fdq eh lpsohphqwhg yld gl�huhqwldwhg urdg wroov1 Krzhyhu/

dq dowhuqdwlyh phdqv ri dfklhylqj wkh vdph sulflqj vwuxfwxuh lv d xqlirup urdg

wroo/ htxdo wr wkh rswlpdo wroo iru qrq0frppxwlqj wudqvsruw +htxdwlrq 56, soxv

d vxevlg| wr frppxwlqj wudqvsruw htxdo wr �E � �F 1 Jlyhq wkdw dgplqlvwud0

wlyh v|vwhpv duh lq sodfh lq vhyhudo frxqwulhv wr vxevlglvh frppxwlqj h{shqvhv/

soxv wkh dgplqlvwudwlyh frpsoh{lwlhv ri d gl�huhqwldwhg wroolqj v|vwhp/ wkh prvw

sudfwlfdo phdqv ri lpsohphqwlqj rswlpdo urdg wroov zrxog dsshdu wr eh d xql0

irup frqjhvwlrq wroo +lqghshqghqw ri wuls sxusrvh, soxv d frppxwlqj vxevlg|1

Qrwh wkdw lq d prgho zlwk wzr wuls sxusrvhv/ wklv vfkhph uhvxowv lq rswlpdo

sulfhv1 Krzhyhu/ zhuh wkh prgho wr frqwdlq d yhfwru ri wuls sxusrvhv/ hdfk zlwk

d ydu|lqj uhodwlrqvkls wr wkh ohlvxuh pdunhw/ vxfk d vfkhph zrxog eh lpshuihfw1

� �
� �
�����
�� �����

Wkh rswlpdo wd{ uxohv duh looxvwudwhg zlwk d qxphulfdo prgho1 Wkh prgho lv qrw

ghvljqhg wr surylgh ghwdlohg flw|0vshfl�f uhvxowv/ exw udwkhu wr ghprqvwudwh wkh

zhoiduh jdlqv iurp d vxevlg| wr dxwr0frppxwlqj wudqvsruw lq wkh suhvhqfh ri

d xqlirup frqjhvwlrq wroo1 Wkh qxphulfdo prgho dvvxphv wkh suhvhqfh ri wzr

prghv ri wudqvsruw +frqjhvwhg dxwr dqg xqfrqjhvwhg udlo, dqg wzr wuls sxusrvhv

+frppxwh dqg qrq0frppxwh,1 Wkh lqghwhuplqdqf| lq wkh oderxu vxsso| wd{ lq

wkh dqdo|wlfdo prgho lv uhvroyhg e| vlpxodwlqj ydulrxv frqjhvwlrq wroov dqg dxwr0

frppxwlqj vxevlg| frpelqdwlrqv iru jlyhq ohyhov ri wd{hv rq oderxu vxsso| dqg

udlo xvh1

Wkh prgho lv frqvwuxfwhg xvlqj PSVJH2JDPV dqg lv vlplodu wr wkdw gh0
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yhorshg e| Wrp Uxwkhuirug45 dqg Sduu| dqg Ehqwr ^66`1 D frs| ri wkh frgh lv

dydlodeoh iurp wkh dxwkru rq uhtxhvw1

��� ����� ����	����

Hdfk frqvxphu pd{lplvhv wkh iroorzlqj qhvwhg FHV ixqfwlrq=

X ^Y>D>E` @

+
D
�
X�

4

�
X . Y

�
X�

4

�
X .E

�
X�

4

�
X

, �
X

�
X
�4

lq zklfk wkh djjuhjdwh qxpehu ri qrq0frppxwh wulsv/ E/ lv jlyhq e| d frp0

srvlwh frpprglw| ri dxwr wulsv/ ED dqg udlo wulsv/ EU1

E ^ED> EU` @

+
ED

�
E�

4

�
E .E

�
E�

4

�
E

U

, �
E

�
E�

4

Wkh frpsrvlwh jrrg/ D/ lv surgxfhg dv d Ohrqwlhi ixqfwlrq ri oderxu vxsso|/

O/ dqg d frpsrvlwh frppxwlqj jrrg F=

F ^FD> FU` @

+
FD

�
O�

4

�
O . F

�
O�

4

�
O

U

, �
O

�
O�

4

zklfk lq wxuq lv d FHV ixqfwlrq ri frppxwlqj wulsv e| dxwr/ FD dqg wulsv

e| udlo/ FU1

Wkh exgjhw frqvwudlqw ri wkh frqvxphu lv jlyhq e|=

D. u+4 . wD,+FD .ED, . sWU+FU .EU, @ �+4� wO,O. vuFD . W

zkhuh sWU jlyhv wkh surgxfwlrq sulfh ri d udlo wuls1 Wkuhh wd{ udwhv h{lvw=

d xqlirup frqjhvwlrq wroo dw udwh wD/ d wd{ rq oderxu vxsso| wO/ dqg d vxevlg|

45Wkh prgho lv frqvwuxfwhg xvlqj PSVJH1 Vhh iru wkh ruljlqdo yhuvlrq gh0

yhorshg e| Wrp Uxwkhuirug dw kwws=22ureohv1frorudgr1hgx2�wrpuxwk2frqjhvw dqg

zzz1u�1ruj�2�sduu|2Olqnv2wudqvs61kwp iru wkh yhuvlrq ghyhorshg e| Sduu| dqg Ehqwr1

4:



sdlg wr dxwr0frppxwlqj dw udwh v1 Iru vlpsolflw|/ lw lv dvvxphg wkdw qr wd{hv

duh vhw rq udlo wulsv1 Ilqdoo|/ wkhuh h{lvwv d oxps0vxp wudqvihu W 46 1

Wkh jryhuqphqw exgjhw frqvwudlqw lv jlyhq e|=

Q+�wOO. uwD+FD .ED,� uvFD, @ QW +58,

��� ���
����
��

Iroorzlqj Sduu| dqg Ehqwr ^66`/ wkh iroorzlqj ixqfwlrqdo irup lv dgrswhg wr

prgho wuls wlph +wkh lqyhuvh ri wuls vshhg, dv d ixqfwlrq ri wud!f yroxph=

! @ !3

+
4 . �

�
+FD .ED,

FDS

�n,

zkhuh FDS lv d phdvxuh ri urdg fdsdflw| dqg ! lv wkh wlph uhtxluhg iru d

mrxuqh| xqghu iuhh rz +l1h1 qrq frqjhvwhg, wudyho frqglwlrqv1 Wklv vshfl�fdwlrq

lv nqrzq dv wkh *Exuhdx ri Sxeolf Urdgv irupxod* dqg kdv wkh dsshdolqj surshuw|

wkdw wkh pdujlqdo h{whuqdo wlph ghod| lv n wlphv wkh dyhudjh ghod|1 Iroorzlqj

frpprq sudfwlfh/ wkh ydoxhv ri � @ 3=48 dqg n @ 7 kdyh ehhq dgrswhg 0 vhh

Vpdoo ^69` ss19<0:5 iru d glvfxvvlrq ri wkh hpslulfdo hylghqfh1

61514 Wudqvsruwdwlrq Sdudphwhuv

E| dvvxpswlrq qr wd{hv +ru vxevlglhv, duh ohylhg rq wudqvsruw pdunhwv lq wkh

ehqfkpdun +v @ wD @ 3/ zkhuh wkh xsshu edu lqglfdwhv ehqfkpdun ydoxhv ri

sdudphwhuv,1

Iroorzlqj Sduu| dqg Ehqwr ^66`/ L fkrrvh +FD .ED,@FDS vxfk wkdw shdn0

shulrg vshhg rq wkh iuhhzd| lv lqlwldoo| rqh0kdoi ri wkh iuhh  rz vshhg1

46 Lw lv fohdu wkdw lq wklv irupxodwlrq wkh oxps0vxp lqvwuxphqw fdq eh xvhg wr udlvh uhyhqxhv

h!flhqwo|/ ohdylqj rqo| d Sljrxyldq fruuhfwlyh uroh iru frqjhvwlrq wroov1 Krzhyhu/ wkh prgho

lv ehlqj xvhg wr vlpxodwh wkh h�hfw ri wkh oderxu wd{ rq frqjhvwlrq wroov= wkh oxps0vxp

lqvwuxphqw lv uhtxluhg wr uhwxuq wd{ uhyhqxhv edfn wr frqvxphuv 0 sxeolf jrrg surylvlrq lv qrw

h{solflwo| prghoohg1

4;



Ehqfkpdun jhqhudolvhg wudqvsruw h{shqglwxuhv duh dvvxphg wr htxdo whq shu0

fhqw ri JGS1 H{shqglwxuhv duh dvvxphg wr eh vsolw htxdoo| ehwzhhq ohlvxuh dqg

frppxwlqj wulsv/ zklfk dffrugv zlwk wkh hpslulfdo hylghqfh iru shdn0shulrg

 rzv lq Orqgrq1 Wklv dvvxpswlrq lv dovr wkh vxemhfw wr vhqvlwlylw| dqdo|vlv1

Ixuwkhu/ lw lv dvvxphg wkdw h{shqglwxuhv rq hdfk wuls sxusrvh duh htxdoo| vsolw

ehwzhhq wkh wzr prghv1

Wlph h{shqglwxuhv frpsulvh 83( ri jhqhudolvhg h{shqglwxuhv iru dxwr wulsv

dqg 9:( ri udlo wulsv= wklv dffrugv zlwk hylghqfh iru Hxurshdq flwlhv xvhg lq wkh

WUHQHQ prghov +vhh Fdowkurs hw do1 ^46` dqg Surrvw dqg Ydq Ghqghu ^67`,1

Wkh prgho uhvxowv duh gulyhq wr d odujh h{whqw e| wkh fkrlfh ri wkh ydulrxv

hodvwlflwlhv ri vxevwlwxwlrq ehwzhhq prghv +�E dqg �O, lq wkh ghpdqg vwuxfwxuh1

Wkhvh sdudphwhu ydoxhv duh fkrvhq vxfk wkdw wkh rzq0sulfh hodvwlflw| ri ohlvxuh

dxwr ghpdqg htxdov �3=691 Wklv dsshduv wr eh lq dffrugdqfh zlwk wkh jhqhudo

olwhudwxuh +vhh Fdowkurs hw do1 ^46` Dqqh{ D> Jrrgzlq ^54` dqg Vpdoo ^69`,1

61515 Oderxu pdunhw sdudphwhuv

Wkh +dyhudjh dqg pdujlqdo, ehqfkpdun oderxu wd{ udwh lv vhw dw 3=6; +l1h1wO @

3=6;,1 Wklv lv vlplodu wr rwkhu vwxglhv +vhh Oxfdv ^5:`/ Sduu| dqg Ehqwr ^65`,1

Wkh oderxu vxsso| hodvwlflw| lv odujho| ghwhuplqhg e| wkh fkrlfh ri �X 1 Wklv

sdudphwhu lv fkrvhq vxfk wkdw wkh +sduwldo, xqfrpshqvdwhg hodvwlflw| ri oderxu

vxsso| htxdov 3=5361 Vhqvlwlylw| dqdo|vlv lv xvhg wr lqyhvwljdwh wkh lpsdfw rq

uhvxowv ri dowhuqdwlyh dvvxpswlrqv derxw wklv sdudphwhu1

� �
�����
�� �������

Wkh prgho lv xvhg wr frpsxwh zhoiduh ohyhov xqghu d ydulhw| ri dvvxpswlrqv

frqfhuqlqj wkh xqlirup frqjhvwlrq wroo +wD, dqg wkh vxevlg| wr dxwr0frppxwlqj

wulsv +v,1 Lw lv dvvxphg wkdw wkh uhdo ydoxh ri wkh ehqfkpdun wudqvihu +W , wr wkh

frqvxphu lv khog frqvwdqw +uhfdoo htxdwlrq 58,1 Wklv lpsolhv wkdw dq| lqfuhdvh

lq jryhuqphqw uhyhqxh uhvxowlqj iurp wkh urdg wroov +qhw ri vxevlg| wr dxwr0

frppxwhuv,
�
wD A wD @ 3> v A v @ 3

�
lv xvhg wr uhgxfh h{lvwlqj oderxu wd{hv

4<
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Iljxuh 5= Rswlpdo vxevlg| udwhv wr dxwr0frppxwlqj

�
wO ? wO

�
1

Iljxuh 5 vxppdulvhv wkh prgho uhvxowv1 Wkh krul}rqwdo d{lv jlyhv wkh udwh ri

wkh xqlirup frqjhvwlrq wroo +XFW,1 Wkh yhuwlfdo d{lv phdvxuhv hlwkhu d zhoiduh

lqgh{ phdvxuh ru wkh udwh ri vxevlg| wr dxwr0frppxwlqj wulsv1 Wkh �uvw fxuyh ri

lqwhuhvw jlyhv wkh rswlpdo vxevlg| udwh wr dxwr0frppxwlqj iru dq| jlyhq xqlirup

frqjhvwlrq wroo1 Wklv fxuyh lv ulvlqj= wkh kljkhu wkh ohyho ri wkh xqlirup wroo/ wkh

kljkhu wkh rswlpdo vxevlg| wr dxwr0frppxwlqj1 Wkxv/ li wkh xqlirup frqjhvwlrq

wroo udwh lv 3=7/ dq rswlpdo frppxwlqj vxevlg| zrxog uhlpexuvh mxvw ryhu 63(

ri wkh wroo ihh1

Dowkrxjk qrw vkrzq rq Iljxuh 5/ wkh prgho uhvxowv vkrz wkdw/ lq wkh devhqfh

ri d xqlirup frqjhvwlrq wroo/ dq| srvlwlyh frppxwlqj vxevlg| lv zhoiduh uhgxflqj1

Pruhryhu/ wklv lv wkh fdvh iru dq| xqlirup frqjhvwlrq wroo ehorz wkh udwh ri 3=571

Wkh srvvlelolw| ri vxevlglvlqj dxwr0frppxwlqj d�hfwv wkh rswlpdo xqlirup

frqjhvwlrq wroo1 Lq wkh devhqfh ri frppxwlqj vxevlglhv/ prgho uhvxowv vkrz wkdw

wkh rswlpdo xqlirup frqjhvwlrq wroo lv 3=751 Krzhyhu/ wkh vhfrqg fxuyh vkrzq

rq Iljxuh 5 lqglfdwhv wkdw zhoiduh lv orfdoo| ulvlqj lq wkh xqlirup frqjhvwlrq wroo/
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zkhq frpelqhg zlwk dq +rswlpdo, frppxwlqj vxevlg|1 Wkh rswlpdo frpelqdwlrq

ri lqvwuxphqwv lv d xqlirup frqjhvwlrq wroo htxdo wr 3=88 shufhqw ri wkh uhvrxufh

frvw ri d wuls soxv d vxevlg| wr dxwr0frppxwlqj htxdo rqh0kdoi ri wkh frqjhvwlrq

ihh +3=5:8,1

Wkhvh prgho uhvxowv dffrug zlwk wkh lqwxlwlrq ri wkh dqdo|wlfdo prgho1 H{0

suhvvlrq 56 vkrzv wkdw/ lq wkh rswlpxp/ urdg wroov duh gl�huhqwldwhg ehwzhhq

gl�huhqw sxusrvhv lq dffrugdqfh zlwk wkh frpshqvdwhg furvv0sulfh hodvwlflwlhv

zlwk wkh ohlvxuh pdunhw1 Wkh prgho uhvxowv ghprqvwudwh wkdw/ iru wkh ehqfk0

pdun vfhqdulr/ rswlpdo urdg wroov rq frppxwlqj wudyho duh qhduo| 83( orzhu

wkdq rq qrq0frppxwlqj wulsv1 Wklv sulfh vwuxfwxuh lv ghfhqwudolvhg wkurxjk d

xqlirup frqjhvwlrq wroo soxv d wroo0uhlpexuvhphqw wr dxwr0frppxwhuv1

Wkh dqdo|wlfdo prgho lv qrw zhoo0vxlwhg wr vkrzlqj wkh rswlpdo xqlirup frq0

jhvwlrq wroo +lq wkh devhqfh ri frppxwlqj0vxevlglhv,1 Lqwxlwlyho|/ wkh rswlpdo wroo

lv d zhljkwhg dyhudjh ri wkh rswlpdo frppxwlqj0 dqg qrq0frppxwlqj wroo/ zkhuh

wkh zhljkwv ghshqg rq/ dprqjvw rwkhu idfwruv/ lqlwldo ghpdqg ohyhov dqg ghpdqg

uhdfwlrqv1 Wkh ehqfkpdun uhvxowv lqglfdwh wkdw wkh rswlpdo xqlirup urdg wroo lv

3=75/ frpsduhg wr wkh rswlpdo gl�huhqwldwhg wroov ri 3=88 +qrq0frppxwlqj, dqg

3=5:8 +frppxwlqj,1

Wdeoh 4 vkrzv wkh shufhqwdjh fkdqjh lq wudqvsruw ghpdqg ohyhov lq prylqj

iurp wkh ehqfkpdun wr wkh rswlpdo vhw ri wd{hv1

Wdeoh 4= shufhqwdjh fkdqjh lq ghpdqg

pdunhw ( fkdqjh

zrunbdxwr �6

zrunbudlo .6=8

ohlvxuhbdxwr �45=4

ohlvxuhbudlo .8=;

Lw lv dovr fohdu iurp wklv wdeoh wkdw oderxu vxsso| lqfuhdvhv +e| durxqg 3158

shufhqw,1 Shdn shulrg vshhg lqfuhdvh e| 91< shufhqw1
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Li frqjhvwlrq wroo uhyhqxhv +qhw ri dq| vxevlg|, duh qrw xvhg wr uhgxfh oderxu

wd{hv/ wkh qhw zhoiduh frvw ri wkh wroo lqfuhdvhv1 Lq whupv ri htxdwlrq 58/ dq|

lqfuhdvh lq frqjhvwlrq wroo uhyhqxhv +qhw ri vxevlglhv wr frppxwlqj, duh uhwxuqhg

wr wkh frqvxphu yld W udwkhu wkdq wkurxjk uhgxfhg oderxu wd{hv= khqfh � @

� 1 Wkh uhgxfwlrq lq uhdo zdjh iurp wkh lqfuhdvhg wroo surgxfhv d zhoiduh orvv

rq wkh +glvwruwhg, ohlvxuh pdunhw 0 wkh vr0fdoohg *wd{0lqwhudfwlrq* h�hfw1 Xvlqj

wkh uhyhqxhv wr uhgxfh oderxu wd{hv dfwv wr uhgxfh wkh qhw glvwruwlrq rq wkh

ohlvxuh pdunhw 0 wkh wd{0lqwhudfwlrq h�hfw lv dw ohdvw sduwldoo| r�vhw e| d uhyhqxh

uhf|folqj h�hfw +vhh Jrxoghu hw do1 ^56` iru pruh rq wklv,1 Idlolqj wr wdnh

dgydqwdjh ri wkh uhyhqxh0uhf|folqj h�hfw dfwv wr lqfuhdvh wkh pdujlqdo frvw ri

sxeolf ixqgv lq wkh prgho1 H{suhvvlrq 47 vxjjhvwv wkdw/ lq wklv fdvh/ wkh qhw0

vrfldo Sljrxyldq wroo pd| idoo1

Iljxuh 6 frq�upv wkdw wklv lv wkh fdvh lq wkh prgho1 Vrfldo zhoiduh lv pd{0

lplvhg zlwk d xqlirup frqjhvwlrq wd{ vhw dw dssur{lpdwho| 3=7/ dffrpsdqlhg e|

d frppxwlqj vxevlg| ri 9;( ri wkh xqlirup wroo1 Wkh rswlpdo frppxwlqj wroo

udwh +htxdwlrq 57, lv dssur{lpdwho| 3=65 � 3=7 @ 3=45;1 Wklv lv frpsdudeoh wr

wkh fdvh lq zklfk frqjhvwlrq wroov duh xvhg wr uhgxfh oderxu wd{hv= lq wkh vhfwlrq

deryh wkh rswlpdo frppxwlqj wroo zdv htxdo wr 3=8 � 3=88 @ 3=5:81

E| xvlqj wkh uhyhqxhv iurp frqjhvwlrq wroov ohvv h!flhqwo|/ lw ehfrphv/ dw

wkh pdujlq/ ohvv ehqh�fldo wr vkliw gulyhuv wr pruh h!flhqw prghv ri wudyho1 Wr

gr vr ulvnv orvlqj uhyhqxhv dw wkh pdujlq/ zklfk duh qrz pruh kljko| ydoxhg1

Li d orzhu wlhu ri jryhuqphqw vhwv wkh urdg wroo wkdq wkdw uhvsrqvleoh iru oderxu

wd{hv/ lw vhhpv sodxvleoh wkdw frqjhvwlrq uhyhqxhv zloo qrw eh xvhg h!flhqwo|1

Lq wklv fdvh/ wkh ehqfkpdun prgho vfhqdulr vxjjhvw wkdw xqlirup wroo vkrxog

eh orzhu wkdq wkh| zrxog rwkhuzlvh eh/ dqg wkh rswlpdo udwh ri vxevlg| rq

frppxwlqj wudyho lv kljkhu wkdq rwkhuzlvh1

Dqrwkhu vwulnlqj prgho uhvxow frqfhuqv wkh rswlpdo xqlirup frqjhvwlrq wroo

lq wkh devhqfh ri d vxevlg| wr dxwr0frppxwlqj= 3=5;1 Wklv qdwxudoo| gl�huv iurp

wkh 3=7 rswlpdo udwh lq wkh suhvhqfh ri wkh vxevlg|1
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Iljxuh 6= Vxevlg| wr dxwr0frppxwh +uhyhqxhv uhwxuqhg oxps0vxp,

Wdeoh 5 frqwdlqv wkh htxlydohqw lqirupdwlrq wr Wdeoh 5= fkdqjhv lq ghpdqgv

lq prylqj iurp wkh ehqfkpdun wr wkh qhz rswlpxp +l1h1 jlyhq oxps0vxp uhwxuq

ri uhyhqxhv,1

Wdeoh 5= shufhqwdjh fkdqjh lq ghpdqg

pdunhw ( fkdqjh

zrunbdxwr �3=:

zrunbudlo .3=;

ohlvxuhbdxwr �<=7

ohlvxuhbudlo .7=8

Oderxu vxsso| kdugo| ulvhv1 Vshhg rq wkh frqjhvwhg urdg ulvhv e| 718 shufhqw1

��� ����
�
 
�� ������
�

Wklv vhfwlrq whvwv wkh h{whqg wr zklfk wkh w|shv ri uhvxowv ghulyhg iru wkh ehqfk0

pdun prgho frqwlqxh wr krog xqghu d zlgh ydulhw| ri dvvxpswlrqv frqfhuqlqj
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nh| sdudphwhuv1

71514 Wudqvsruw hodvwlflwlhv

D fuxfldo sdudphwhu lq ghwhuplqlqj wkh pdjqlwxgh ri rswlpdo frqjhvwlrq ihhv

lv wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq prghv1 Wkh ehqfkpdun fdvh zdv fdol0

eudwhg wr dq rzq0sulfh hodvwlflw| ri �3=691 Dq dssur{lpdwh vsdq ri hodvwlflwlhv

uhsruwhg lq wkh olwhudwxuh pljkw eh wdnhq wr eh 03=5 wr 03=91 Wdeoh 6 vkrzv wkh uh0

vxowv xqghu wkuhh gl�huhqw vfhqdulrv/ hdfk dvvxplqj wkdw wkh frqjhvwlrq uhyhqxhv

duh uhf|fohg yld orzhu oderxu wd{hv1 VFbORZ lv fdoleudwhg wr dq hodvwlflw| ri

�3=5> VFbEQN uhshdwv wkh ehqfkpdun uhvxowv> dqg/ VFbKLJK lv fdoleudwhg wr

dq hodvwlflw| ri �3=91

Wdeoh 6= wudqvsruw hodvwlflwlhv

XFW ( vxevlg| wr dxwr0frppxwh

VFbORZ 3=9< 3=:4

VFbEQN 3=88 3=8

VFbKLJK 3=76 3=68

Wkh ohyho ri wkh zhoiduh pd{lplvlqj frpelqdwlrq ri d xqlirup frqjhvwlrq wroo

+XFW, dqg frppxwlqj vxevlg| ydu| vljql�fdqwo| lq ixqfwlrq ri wkh hodvwlflw| ri

prgh0ghpdqg1 Wkh vhfrqg froxpq ri wkh wdeoh vkrzv wkdw wkh rswlpdo xqlirup

wroo idoov dv wkh devroxwh ydoxh ri wkh hodvwlflw| lv lqfuhdvhg1

Wkh wklug froxpq vkrzv wkdw wkh rswlpdo ohyho ri vxevlg| wr frppxwlqj dovr

idoov lq ixqfwlrq ri wkh hodvwlflw|1 Vlpsoh fdofxodwlrqv vkrz wkdw wkh h�hfwlyh wd{

udwh rq dxwr0frppxwlqj ulvhv lq ixqfwlrq ri wkh devroxwh ydoxh ri wkh hodvwlflw|1

Iru lqvwdqfh/ xqghu VFbORZ/ wkh h�hfwlyh wd{ udwh rq dxwr0frppxwlqj lv

+4 � 3=:4, � 3=9< @ 3=51 Lq frqwudvw/ iru VFbKLJK/ wkh htxlydohqw wd{ udwh

lv +4� 3=68, � 3=76 @ 3=5;1

71515 Hodvwlflw| ri oderxu vxsso|

Wkh ehqfkpdun fdvh zdv fdoleudwhg wr d +sduwldo, xqfrpshqvdwhg oderxu vxsso|

hodvwlflw| ri dssur{lpdwho| 3=51 Dq dssur{lpdwh vsdq ri hodvwlflwlhv uhsruwhg
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lq wkh olwhudwxuh pljkw eh wdnhq wr eh 3=4 wr 3=61 Wdeoh 7 vkrzv wkh uhvxowv

xqghu wkuhh gl�huhqw vfhqdulrv/ hdfk dvvxplqj wkdw wkh frqjhvwlrq uhyhqxhv duh

uhf|fohg yld orzhu oderxu wd{hv1 VFbORZ lv fdoleudwhg wr dq hodvwlflw| ri 3=4>

VFbEQN uhshdwv wkh ehqfkpdun uhvxowv> dqg/ VFbKLJK lv fdoleudwhg wr dq

hodvwlflw| ri 3=61

Wdeoh 7= hodvwlflw| ri oderxu vxsso|

XFW ( vxevlg| wr dxwr0frppxwh

VFbORZ 3=78 3=66

VFbEQN 3=88 3=83

VFbKLJK 3=98 3=8:

Wkh kljkhu wkh oderxu vxsso| hodvwlflw|/ wkh odujhu wkh uhdfwlrq rq oderxu

vxsso| iurp d fkdqjh lq wkh uhdo zdjh +yld wkh frppxwlqj wroo,1 Lw lv wkhuhiruh

qrw vxusulvlqj wkdw wkh h�hfwlyh wroo rq dxwr0frppxwlqj lv vpdoohu iru kljkhu

hodvwlflwlhv +h1j1 VFbKLJK @ +4� 3=8:, � 3=98 @ 3=5;> VFbORZ @ +4� 3=66, �

3=78 @ 3=6,1 Wkh vdph orjlf dssolhv lq uhyhuvh iru wkh h�hfw ri dq lqfuhdvh lq wkh

sulfh ri ohlvxuh wudyho1

" ���	���
�� �������

D vljql�fdqw sursruwlrq ri shdn shulrg urdg xvh lv qrw uhodwhg wr frppxwlqj

wr0 ru iurp wkh zrunsodfh1 Lw kdv ehhq vkrzq wkdw/ lq wkh suhvhqfh ri glvwru0

wlrqdu| wd{hv rq oderxu vxsso|/ dq rswlpdo wroolqj v|vwhp zrxog vhw orzhu wroov

rq frppxwlqj wulsv wkdq qrq0frppxwlqj wulsv1 Wuls sxusrvh lv qrw/ krzhyhu/

revhuydeoh wr wkh jryhuqphqw gluhfwo|1 Wklv jlyhv d udwlrqdoh wr d frpelqdwlrq

ri d xqlirup frqjhvwlrq wroo +sdlg e| doo dxwr0wulsv uhjdugohvv ri wuls prwlyh,

soxv d vxevlg| wr dxwr0frppxwhuv1

Wkh qxphulfdo prgho vxjjhvwv wkdw dv pxfk dv 83 shufhqw ri wkh urdg wroo

vkrxog eh uhlpexuvhg wr frppxwhuv1 Pruhryhu/ xqghu d zlgh udqjh ri dvvxps0

wlrqv derxw nh| sdudphwhu ydoxhv/ vrph srvlwlyh ohyho ri vxevlg| lv zhoiduh lp0

surylqj1 Dqrwkhu yhu| jhqhudo uhvxow wr hphujh iurp wkh prgho lv wkdw lq doo
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prgho yhuvlrqv/ d vxevlg| wr dxwr0frppxwlqj lv zhoiduh ghfuhdvlqj lq wkh de0

vhqfh ri d urdg wroo1 Wklv fdvwv grxew rq wkh fxuuhqw srolf| ri vhyhudo Hxurshdq

frxqwulhv ri uhlpexuvlqj wudyho h{shqvhv lq vslwh ri wkh devhqfh ri urdg wroolqj1

Zklovw ghprqvwudwlqj wkh jhqhudo fdvh iru frppxwlqj vxevlglhv/ vhyhudo

fdyhdwv vkrxog eh eruqh lq plqg ehiruh dsso|lqj vxfk uhvxowv1

Vwdqgdug hfrqrplf ghpdqg wkhru| grhv qrw ghdo h{solflwo| zlwk dq lpsru0

wdqw uhdo0zruog skhqrphqd= wuls0fkdlqlqj/ zkhuhe| shrsoh frpelqh vhyhudo df0

wlylwlhv rq rqh wuls dzd| iurp krph1 D pruh vdwlvidfwru| irupxodwlrq pljkw

eh wr doorz xwlolw| wr eh d ixqfwlrq ri ohqjwk ri wlph vshqg lq ydulrxv dfwlylwlhv

+dqg jrrgv frqvxphg gxulqj wkdw dfwlylw|,1 Wkh dfwlylwlhv rqo| rffxu dw fhu0

wdlq sodfhv dqg dw fhuwdlq wlphv1 Wklv +qrq0frqyh{, fkrlfh vhw lv *pd{lplvhg*

zlwk uhvshfw wr d exgjhw frqvwudlqw dqg d wlph frqvwudlqw1 Wkh vfkhgxolqj ri

dfwlylwlhv ehfrphv hqgrjhqrxv1 Wklv w|sh ri dssurdfk pd| khos h{sodlq zk| d

frqvxphu pd| mxps iurp zrunlqj dw D dqg vkrsslqj qhdue| dw E/ wr zrunlqj

dw ] dqg vkrsslqj dw \1

Wklv lv uhohydqw wr wkh �qglqjv ri wklv sdshu1 Vkrxog d gulyhu wkdw ghflghv

wr jr vkrsslqj rq wkh zd| krph iurp zrun eh wd{hg gl�huhqwo| iurp vrphrqh

zkr surfhhgv gluhfwo| krph/ fkdqjhv klv forwkhv/ dqg wkhq jrhv vkrsslqjB Wkh

vlpsohu +dqg vwdqgdug, irupxodwlrq hpsor|hg deryh grhv qrw jlyh pxfk lqvljkw

lqwr wklv sureohp1

Vhfrqgo|/ wkh olqn ehwzhhq frppxwlqj ehkdylrxu dqg oderxu vxsso| lv nhsw

vlpsoh1 Li oderxu vxsso| fkdqjhv wdnh wkh irup ri d �{hg qxpehu ri zrunhuv

vxsso|lqj h{wud krxuv shu gd|/ wkhuh duh yhu| gl�huhqw lpsolfdwlrqv iru frqjhv0

wlrq ohyhov wkdq li zrunhuv ghflgh wr zrun dq h{wud gd| shu zhhn ru qrq0zrunhuv

duh lqgxfhg lqwr wkh zrunirufh1 Lq dgglwlrq/ dw ohdvw ryhu wkh orqj whup/ fkdqj0

lqj wkh uhodwlyh sulfh ri frppxwlqj pd| hqfrxudjh vrph w|shv ri hpsor|hhv wr

zrun0dw0krph udwkhu wkdq frppxwh1

Wklugo|/ wkh prgho kdv devwudfwhg iurp lvvxhv ri htxlw|1 Krzhyhu/ wklv lv

fohduo| dq lpsruwdqw udwlrqdoh iru uhyhqxh udlvlqj +lq dgglwlrq wr sxeolf jrrg

surylvlrq dv prghoohg,1 Ixuwkhupruh/ wkh pdqqhu lq zklfk uhyhqxhv duh uhwxuqhg

pd| eh vhqvlwlyh wr ghjuhh ri lqfrph lqhtxdolw| dyhuvlrq lq wkh vrfldo zhoiduh
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ixqfwlrq 0 vhh Pd|huhv dqg Surrvw ^5;` iru d pruh ghwdlohg lqyhvwljdwlrq ri wklv

lvvxh1

Irxuwko|/ wkh sdshu grhv qrw frqvlghu jhrjudsklfdo vsdfh1 Dv uhylhzhg lq wkh

Lqwurgxfwlrq deryh/ wkh fdvh iru frppxwlqj vxevlglhv ghshqgv lq sduw rq wkh

glvwruwlrq wr krxvhkrog orfdwlrq dqg zrun ghflvlrqv1 D pruh vdwlvidfwru| prgho

zrxog lqwhjudwh erwk txdqwlw| dqg orfdwlrq ri oderxu zlwk uhvlghqwldo fkrlfh1

Ilqdoo|/ wkh qxphulfdo prgho lv udwkhu jhqhudo1 Pruh ghwdlohg prghoolqj lv

uhtxluhg wr h{dplqh wkh lpsdfwv ri dfwxdo +ru sursrvhg, srolf| phdvxuhv1

# $���% �& ���
 ��
���

#�� '%!����
��� �� ��� ��

Wkh Odjudqjldq wr wkh jryhuqphqw pd{lplvdwlrq sureohp fdq eh zulwwhq dv=

@ ^wO> wE` @x ^Y>D>E>[` +59,

. �++�+4� wO,� u,O�D� +4 . wE,uE,

. �+�OwO . wEuE �[@Q,

Wdnlqj wkh �uvw rughu frqglwlrqv ri wklv sureohp zlwk uhvshfw wr wkh wzr

wd{ udwhv/ dqg vxevwlwxwlqj iurp wkh �uvw0rughu frqglwlrqv ri wkh frqvxphu*v

pd{lplvdwlrq sureohp +htxdwlrqv ; dqg <,/ jlyhv wkh iroorzlqj wzr h{suhvvlrqv=

�E � �

�
E . uwE
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gSE
. �wO
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3
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gO
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�
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Lq rughu wr ghulyh rswlpdo wd{ h{suhvvlrqv/ wkh �uvw rughu frqglwlrqv qhhg wr

eh h{suhvvhg lq whupv ri sduwldo udwkhu wkdq wrwdo ghulydwlyhv1 Iru h{dpsoh/ wkh

wrwdo h�hfw rq oderxu vxsso| iurp dq lqfuhdvh lq wkh sulfh ri jrrg E lv=
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Vlplodu h{suhvvlrqv fdq eh ghulyhg iru rwkhu h�hfwv1 Vroylqj wzr htxdwlrqv

+gO@gSE dqg gE@gSE, iru wkh wzr xqnqrzqv/ jlyhv=

gE

gSE
@

CE

CSE
. �!
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CE
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lq zklfk wkh ihhgedfn whup � lv gh�qhg lq htxdwlrq 491 V|pphwulf h{suhv0

vlrqv fdq eh ghulyhg iru wkh h�hfw ri dq lqfuhdvh lq wkh zdjh udwh1 Wkhvh whupv

fdq wkhq eh vxevwlwxwhg lqwr wkh �uvw0rughu frqglwlrqv jlyhq lq 5:1 Urxwlqh

pdqlsxodwlrqv wkhq jlyhv wkh uhtxluhg h{suhvvlrqv 45 dqg 461

#�� '%!����
�� �(

Xvlqj wkh Voxwvn| ghfrpsrvlwlrqv +CL@CSE, @ VlE�+CL@CW ,E dqg +CL@CSO, @

VlO . +CL@CW ,O47 / zkhuh V uhsuhvhqwv wkh Voxwvn| pdwul{/ h{suhvvlrqv 45 dqg

46 fdq eh uh0zulwwhq dv=

3
C +wE � wES ,

�+wO � wOS ,

4
D
@ �

�
�� �3

�

�3C VEE VOE

VEO VOO

4
D

�43
C E

�O

4
D +5;,

47Wklv lv d vwdqgdug uhvxow iurp d prgho zlwk d wlph frqvwudlqw lq zklfk ohlvxuh lv mxvw wkh

uhpdlqghu diwhu oderxu vxsso| lv vxewudfwhg iurp wkh wlph hqgrzphqw1 Pdujlqdoo| lqfuhdvlqj

wkh zdjh kdv wzr lqfrph h�hfwv= �uvwo|/ wkh frvw ixqfwlrq lqfuhdvhv e| dq dprxqw htxdo wr

wkh ghpdqg iru ohlvxuh +wkh frqyhqwlrqdo lqfrph h�hfw/ qhjdwlyh li ohlvxuh lv d qrupdo jrrg,>

vhfrqgo|/ lw dovr lqfuhdvhv wkh ixoo0lqfrph dydlodeoh wr wkh frqvxphu e| dq dprxqw htxdo wr

wkh hqgrzphqw ri wlph +wkh uh0ydoxdwlrq ri wlph h�hfw/ dozd|v srvlwlyh,1 Wkh qhw fkdqjh lq

lqfrph lv srvlwlyh dqg htxdo wr wkh wlph hqgrzphqw plqxv ohlvxuh/ l1h1 oderxu vxsso|1 Vhh

glvfxvvlrq lq Ghdwrq dqg Pxhooedxhu ^4;` ss1<3 0 dqg qrwh wkh plvwdnh lq Yduldq ^B` ss14791

Wklv prgho frqwdlqv d pruh hoderudwh wlph frqvwudlqw lqfoxglqj wudyho wlphv1 Krzhyhu wkh

ghulydwh ri wkh frvw ixqfwlrq +wkh fkdqjh lq lqfrph iru wkh frqyhqwlrqdo lqfrph h�hfw, lv jlyhq

e| ohlvxuh soxv wudyho wlph1 Wkxv wkh qhw h�hfw uhpdlqv mxvw oderxu vxsso|1
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lq zklfk wkh pdujlqdo vrfldo xwlolw| ri lqfrph lv gh�qhg lq htxdwlrq 4;1

Gh�qlqj %ln � SnVln@L dv wkh frpshqvdwhg hodvwlflw| ri ghpdqg iru frpprglw|

l zlwk uhvshfw wr wkh sulfh ri frpprglw| n dqg xvlqj Voxwvn| v|pphwu| +%OE @

�%EO +SEE@SOO,,/ h{suhvvlrq 5; fdq eh zulwwhq dv h{suhvvlrq 4:1

��)����	��

^4` Duqrww/ U1/ D1gh Sdopd dqg U1Olqgvh|/ 4<<6/ D vwuxfwxudo prgho ri shdn0

shulrg frqjhvwlrq= d wud!f prgho zlwk hodvwlf ghpdqg/ Dphulfdq Hfrqrplf

Uhylhz/ ;6+4,/ ss149404:<1

^5` Dwnlqvrq/ D1E1 dqg Q1K1Vwhuq/ 4<:7/ Sljrx/ Wd{dwlrq dqg Sxeolf Jrrgv/

Uhylhz ri Hfrqrplf Vwxglhv/ [OL+4,/ ss144<045;1

^6` Dwnlqvrq/ D1E1 dqg M1H1Vwljolw}/ 4<:9/ Wkh ghvljq ri wd{ vwuxfwxuh= gluhfw

yhuvxv lqgluhfw wd{dwlrq/ Mrxuqdo ri Sxelf Hfrqrplfv/ 9/ ss1880:81

^7` Dwnlqvrq/ D1E1 dqg M1H1Vwljolw}/ 4<;3/ Ohfwxuhv rq sxeolf hfrqrplfv/

PfJudz0Kloo/ Orqgrq1

^8` Dxhuedfk/ D1M1/ 4<:</ D eulhi qrwh rq d qrq0h{lvwhqw wkhruhp derxw wkh

rswlpdolw| ri xqlirup wd{dwlrq/ Hfrqrplf Ohwwhuv/ 6/ ss17<0851

^9` Dxhuedfk/ D1M1/ 4<;8/ Wkh wkhru| ri h{fhvv exughq dqg rswlpdo wd{dwlrq/

lq= D1M1Dxhuedfk dqg P1Ihogvwhlq/ hgv1/ Kdqgerrn ri sxeolf hfrqrplfv/ yro

4/ Qruwk0Kroodqg/ Dpvwhugdp/ ss194045:1

^:` Eryhqehuj/ D1O1/ 4<<</ Juhhq Wd{ Uhirupv dqg wkh Grxeoh Glylghqg= dq

xsgdwhg uhdghu*v jxlgh/ Lqwhuqdwlrqdo Wd{ dqg Sxeolf Ilqdqfh/ 9/ 75407761

^;` Eryhqehuj/ D1O dqg U1gh Prrlm/ 4<<7/ Hqylurqphqwdo Ohylhv dqg Glvwru0

wlrqdu| Wd{dwlrq/ Dphulfdq Hfrqrplf Uhylhz/ Yro <7/ Qr 7/ ss143;8043;<1

^<` Eryhqehuj/ D1O dqg O1K1Jrxoghu/ 4<<9/ Rswlpdo Hqylurqphqwdo Wd{dwlrq

lq wkh Suhvhqfh ri Rwkhu Wd{hv= Jhqhudo0Htxloleulxp Dqdo|vhv/ Dphulfdq

Hfrqrplf Uhylhz/ Yro ;9/ Qr 7/ ss1<;7043331
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^43` Eryhqehuj/ D1O1 dqg I1ydq ghu Sorhj/ 4<<7/ Hqylurqphqwdo Srolf|/ Sxeolf

Ilqdqfh dqg wkh Oderxu Pdunhw lq d Vhfrqg0Ehvw Zruog/ Mrxuqdo ri Sxeolf

Hfrqrplfv/ Yro 88+6,/ ss167<06<31

^44` Fdowkurs/ H1/ 5334/ Hvvd|v lq xuedq wudqvsruw hfrqrplfv/ N1X1Ohxyhq1

^45` Fdowkurs/ H1 dqg V1Surrvw/ 4<<;/ Urdg wudqvsruw h{whuqdolwlhv/ Hqylurq0

phqwdo dqg Uhvrxufh Hfrqrplfv/ 44/ ss1 668067;1

^46` Fdowkurs/ H1/ V1Surrvw dqg N1Ydq Ghqghu/ 5333/ Sdunlqj Srolflhv dqg Urdg

Sulflqj/ Xuedq Vwxglhv/ 6:+4,/ ss1960:91

^47` Fuhphu/ K/ I1Jdkydul dqg Q1Odgrx{/ 4<<</ H{whuqdolwlhv dqg Rswlpdo Wd{0

dwlrq/ Mrxuqdo ri Sxeolf Hfrqrplfv/ :3/ ss167606971

^48` Fruohww/ Z1M1 dqg G1F1Kdjxh/ 4<86/ Frpsohphqwdulw| dqg wkh h{fhvv exu0

ghq ri wd{dwlrq/ Uhylhz ri Hfrqrplf Vwxglhv/ Yro 54/ ss1 540631

^49` Gdowrq/ W1U1 dqg H1Vdgnd/ 4<:</ D pdq|0jrrg Fruohww dqg Kdjxh wd{ uxoh/

Hfrqrplf Ohwwhuv/ 7/ ss149<04:51

^4:` Ghdwrq/ D1/ 4<:</ Rswlpdoo| xqlirup frpprglw| wd{hv/ Hfrqrplf Ohwwhuv/

5/ ss168:06941

^4;` Ghdwrq/ D1 dqg M1Pxhooedxhu/ 4<;3/ Hfrqrplfv dqg Frqvxphu Ehkdylrxu/

Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1

^4<` Gldprqg/ S1D1 dqg M1D1Pluuohhv/ 4<:4/ Rswlpdo wd{dwlrq dqg sxeolf sur0

gxfwlrq LL/ Dphulfdq Hfrqrplf Uhylhz/ ss159405:;1

^53` Ixfkv/ Y1U1/ D1E1Nuxhjhu dqg M1P1Srwhued/ 4<<;/ Hfrqrplvw*v ylhzv derxw

sdudphwhuv/ ydoxhv dqg srolflhv=vxuyh| uhvxowv lq oderu dqg sxeolf hfr0

qrplfv/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/ 69/ ss146;:047581

^54` Jrrgzlq/ S1E1/ 4<<5/ D uhylhz ri qhz ghpdqg hodvwlflwlhv zlwk vshfldo

uhihuhqfh wr vkruw dqg orqj uxq h�hfwv ri sulfh fkdqjhv/ Mrxuqdo ri Wudqvsruw

Hfrqrplfv dqg Srolf|/ 5:/ ss1488049<1
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^55` Jrugrq/ S1/ dqg K1Z1Ulfkdugvrq/ 4<<7/ Frqjhvwlrq Wuhqgv lq Phwursrolwdq

Duhdv/ fkdswhu lq Fxuelqj Julgorfn 0 Shdn0Shulrg Ihhv wr Uholhyh Wud!f

Frqjhvwlrq/ Yro 5/ Qdwlrqdo Uhvhdufk Frxqflo/ Qdwlrqdo Dfdghp| Suhvv/

Zdvklqjwrq1

^56` Jrxoghu/ O1K1/ L1Sduu| dqg G1Exuwudz/ 4<<:/ Uhyhqxh0udlvlqj yhuvxv rwkhu

dssurdfkhv wr hqylurqphqwdo surwhfwlrq= wkh fulwlfdo vljql�fdqfh ri suh0

h{lvwlqj wd{ glvwruwlrqv/ UDQG Mrxuqdo ri Hfrqrplfv/ 5;+7,/ ss1:3;0:641

^57` Kduehujhu/ D1F1/ 4<:7/ Wd{dwlrq dqg Zhoiduh/ Xqlyhuvlw| ri Fklfdjr Suhvv/

Fklfdjr1

^58` Nudxv/ P/ K1Prkulqj dqg W1Slqirog/ 4<:9/ Wkh Zhoiduh Frvwv ri Qrqrswl0

pxp Sulflqj dqg Lqyhvwphqw Srolflhv iru Iuhhzd| Wudqvsruwdwlrq/ Dphul0

fdq Hfrqrplf Uhylhz/ Yro 99/ ss186507:1

^59` Orqgrq Uhvhdufk Fhqwuh +OUF,/ 4<<7/ Wudyho lq Orqgrq= Orqgrq Duhd

Wud!f Vxuyh| 4<<41 KPVR/ Orqgrq

^5:` Oxfdv/ U1H1/ 4<<3/ Vxsso|0vlgh Hfrqrplfv= Dq dqdo|wlfdo uhylhz/ R{irug

Hfrqrplf Sdshuv/ 75/ ss15<606491

^5;` Pd|huhv/ L1/ dqg Surrvw/ V1/ 4<<:/ Rswlpdo Wd{ dqg Sxeolf Lqyhvwphqw Uxohv

iru Frqjhvwlrq W|sh ri H{whuqdolwlhv/ Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv/

Yro <</ ss159405:<1

^5<` P|ohv/ J1G1/ 4<<8/ Sxeolf Hfrqrplfv/ Fdpeulgjh Xqlyhuvlw| Suhvv1

^63` Sduu|/ L1/ 4<<8/ Srooxwlrq wd{hv dqg Uhyhqxh Uhf|folqj/ Mrxuqdo ri Hqyl0

urqphqwdo Hfrqrplfv dqg Pdqdjhphqw/ 5</ ss1970::1

^64` Sduu|/ L1/ 5333/ Frpsdulqj wkh h!flhqf| ri dowhuqdwlyh srolflhv iru uhgxflqj

wud!f frqjhvwlrq/ Uhvrxufhv iru wkh Ixwxuh Glvfxvvlrq Sdshu 3305;1

^65` Sduu|/ L1 dqg D1Ehqwr/ 4<<</ Uhyhqxh Uhf|folqj dqg wkh Zhoiduh H�hfwv ri

Urdg Sulflqj/ iruwkfrplqj lq Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv1
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^66` Sduu|/ L1 dqg D1 Ehqwr/ 5333/ Hvwlpdwlqj wkh zhoiduh h�hfw ri frqjhvwlrq

wd{hv= wkh fulwlfdo lpsruwdqfh ri rwkhu glvwruwlrqv zlwklq wkh wudqvsruw v|v0

whp/ Uhvrxufhv iru wkh Ixwxuh Glvfxvvlrq Sdshu 330841

^67` Surrvw/ V1 dqg N1Ydq Ghqghu/ Wkh zhoiduh lpsdfwv ri dowhuqdwlyh srolflhv

wr dgguhvv dwprvskhulf srooxwlrq lq xuedq urdg wudqvsruw/ Uhjlrqdo Vflhqfh

dqg Xuedq Hfrqrplfv/ iruwkfrplqj1

^68` Vdqgpr/ D1/ 4<:8/ Rswlpdo Wd{dwlrq lq wkh Suhvhqfh ri H{whuqdolwlhv/

Vzhglvk Mrxuqdo ri Hfrqrplfv/ ss1;90<;1

^69` Vpdoo/ N1D1/ 4<<5/ Xuedq Wudqvsruw Hfrqrplfv/ Kduzrrg Dfdghplf Sxe0

olvkhuv= Fkxu/ Vzlw}huodqg1

^6:` Vpdoo/ N1D1 dqg F1Nd}lpl/ 4<<8/ Rq wkh Frvwv ri Dlu Srooxwlrq iurp Prwru

Yhklfohv/ Mrxuqdo ri Wudqvsruw Hfrqrplfv dqg Srolf|/ Yro 5</ ss1:065

^6;` X1V1 Ihghudo Kljkzd| Dgplqlvwudwlrq/ Rxu Qdwlrq*v Wudyho= 4<<8 QSWV

Hduo| Uhvxowv Uhsruw/ Zdvklqjwrq1

^6<` Ylfnuh|/ Z1/ 4<96/ Sulflqj lq Xuedq dqg Vxexuedq Wudqvsruw/ Dphulfdq

Hfrqrplf Uhylhz/ Yro 85/ ss17850981

^73` Zdowhuv/ D1/ 4<94/ Wkh Wkhru| dqg Phdvxuhphqw ri Sulydwh dqg Vrfldo Frvw

ri Kljkzd| Frqjhvwlrq/ Hfrqrphwulfd/ Yro 5</ ss19:90<<1

^74` Zuhgh/ P1/ 5334/ Vkrxog frppxwlqj h{shqvhv eh wd{ ghgxfwleohB D zhoiduh

dqdo|vlv/ Mrxuqdo ri Xuedq Hfrqrplfv/ 7</ ss1;30<<1
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