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Gh0lqgxvwuldol}dwlrq dqg Wudgh

Dqwrqlr Vslolpehujr�

Lqwhuqdwlrqdo Prqhwdu| Ixqg

Iluvw Yhuvlrq= Rfwrehu 56/ 4<<8

Wklv yhuvlrq= Rfwrehu 4/ 4<<:

Devwudfw

Wklv sdshu h{whqgv wkh Gruqexvfk0Ilvkhu0Vdpxhovrq +4<::, prgho
wr h{sodlq gh0lqgxvwuldol}dwlrq dqg wudgh> wklv h{whqvlrq iroorzv Edx0
pro*v +4<9:, lqwxlwlrq rq wkh vhuylfh vhfwru dqg jurzwk1 Zh vkrz wkdw
wudgh lpsuryhv zhoiduh wkurxjk wkh h{sorlwdwlrq ri wkh frpsdudwlyh
dgydqwdjhv exw dffhohudwhv wkh vkliw wrzdug vhuylfh vorzlqj grzq wkh
udwh ri jurzwk1 Wudgh fdq ghfuhdvh zhoiduh li pdqxidfwxulqj dfwlylwlhv
zlwk ohduqlqj0e|0grlqj pryh deurdg1 Lq wklv fdvh/ vrph h{shulhqfh lv
orvw dqg doo frxqwulhv orvh1

M1H1O1 qxpehu= I43/ R47

� Wkh dxwkru zurwh wklv sdshu ehiruh mrlqlqj wkh Lqwhuqdwlrqdo Prqhwdu| Ixqg1 Wkh
ylhzv h{suhvvhg lq wklv sdshu duh qrw qhfhvvdulo| wkrvh ri wkh LPI ru lwv erdug ri gluhfwruv1 L
zlvk wr wkdqn Rolylhu Eodqfkdug/ Vwdqoh| Ilvfkhu/ Sdxo Nuxjpdq/ Huqhvwr Vwhlq/ Doz|q \rxqj/
dqg wzr dqrq|prxv uhihuhhv iru khosixo frpphqwv> dq| huuruv duh plqh1 Sohdvh dgguhvv dq|
fruuhvsrqghqfh wr= Dqwrqlr Vslolpehujr1 Uhvhdufk Ghsduwphqw LPI :33 4<wk Vwuhhw QZ 0
Zdvklqjwrq GF 5333;1 H0pdlo= dvslolpehujrClpi1ruj



41 Lqwurgxfwlrq

Wkh uhodwlrqvkls ehwzhhq gh0lqgxvwuldol}dwlrq dqg wkh h{sdqvlrq ri wudgh lq doo

wkh lqgxvwuldol}hg hfrqrplhv kdyh lqwhuhvwhg hfrqrplvwv iru d orqj wlph> wkh dlp

ri wklv sdshu lv wr vkrz krz dq h{whqvlrq ri wkh vwdqgdug Ulfdugldq prgho zlwk d

frqwlqxxp ri jrrgv fdq h{sodlq wkh uhodwlrqvkls ehwzhhq gh0lqgxvwuldol}dwlrq dqg

wudgh/ dqg wkh zhoiduh frqvhtxhqfhv ri wkhvh vwuxfwxudo fkdqjhv1

Wkh pdqxidfwxulqj vhfwru kdv ehhq frqwudfwlqj dqg wkh vhuylfh vhfwru h{sdqg0

lqj lq doo wkh lqgxvwuldol}hg hfrqrplhv lq wkh uhfhqw ghfdghv14 Lq wkh XV/ wkh

vkduhv ri hpsor|phqw lq pdqxidfwxulqj dqg ri pdqxidfwxulqj surgxfwv ryhu wr0

wdo surgxfwlrq erwk uhdfkhg d shdn lq �bSS> wkh devroxwh qxpehu ri zrunhuv lq

pdqxidfwxulqj uhdfkhg d shdn lq �b.b/ vhh wdeoh �1

4Wkh frqfhsw ri vhuylfh lqgxvwu| kdv d orqj wudglwlrq lq hfrqrplfv jrlqj edfn wr Vplwk +iru
wkh klvwru| ri vhuylfhv lq hfrqrplfv vhh Ghodxqd| dqg Jdguh|/ 4<<5,1 Lq wklv sdshu/ L xvh wkh
gh�qlwlrq ri wkh cPLW glfwlrqdu| ri hfrqrplfv* zkhuh vhuylfhv duh gh�qhg dv xqwdjleoh jrrgv
zklfk duh cfrqvxphg* dw wkh srlqw ri surgxfwlrq dqg zklfk duh xvxdoo| qrq0wudqvihudeoh1
Iru d uhylhz ri wkh fxuuhqw wuhqg wrzdug vhuylfhv lq ghyhorshg dqg ghyhorslqj frxqwulhv/ vhh

Zlhf}ruhfn/ 4<<81
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Wdeoh 4= Wkh ghfolqh ri pdqxidfwxulqj
Frxqwu| +d, +e, +f,
Zhvw Jhupdq| 6919 +4<:3, 6619 +4<9<, 4<:3
Iudqfh 5:15 +4<:7, 591: +4<:7, 4<:7
Lwdo| 5;14 +4<:7, 6519 +4<;3, 4<;3
Qhwkhuodqgv 5:1< +4<95, 5419 +4<:6, 4<98
Ehojlxp 6416 +4<97, 5916 +4<:6, 4<98
Xqlwhg Nlqjgrp 6614 +4<93, 6318 +4<9<, 4<94
Xqlwhg Vwdwhv 5914 +4<99, 581< +4<99, 4<:<
Mdsdq 5:16 +4<:6, 6817 +4<;3, 4<:6
Qrwh= eudfnhwv vkrz wkh |hdu zkhq wkh shdn zdv uhdol}hg1
+d, Vkduh ri pdqxidfwxulqj lq hpsor|phqw lq wkh shdn |hdu1
+e, Vkduh ri pdqxidfwxulqj lq surgxfwlrq lq wkh shdn |hdu1
+f, \hdu ri shdn hpsor|phqw lq pdqxidfwxulqj1
Vrxufh= Shwlw +4<;9,1

Qrzdgd|v/ lq Dxvwudold/ Fdqdgd/ Vzhghq/ Xqlwhg Nlqjgrp/ dqg Xqlwhg Vwdwhv/

vhuylfhv dffrxqw iru pruh wkdq .f ( ri wrwdo hpsor|phqw +RHFG vwdwlvwlfv, dqg

wkh wuhqg lv frqwlqxlqj1 Hfrqrplvwv kdyh ehhq glvfxvvlqj wkh fdxvhv ri wklv vwuxf0

wxudo pryhphqw wrzdug d vhuylfh hfrqrp| iru d orqj wlph1 Wkh frqfoxvlrq ri wklv

orqj0odvwlqj lqyhvwljdwlrq lv wkdw wkh ghpdqg iru vhuylfhv lv lqhodvwlf wr sulfh vr

wkdw wkh lqfuhdvh ri wkh uhodwlyh sulfh ri vhuylfhv kdv lqfuhdvhg wkh vkduh ri lq0

frph vshqw rq vhuylfhv1 Vxpphuv +�bHD,/ xvlqj wkh gdwd iurp wkh Nudylv0Khvwrq0

Vxpphu wdeohv/ kdv hvwlpdwhg wkh ghpdqg iru vhuylfhv lq d furvv0vhfwlrq dqdo|vlv

iru �e frxqwulhv>5 kh kdv irxqg wkdw sulfh hodvwlflw| ri vhuylfhv lv yhu| orz dqg qrw

5Wkh frxqwulhv duh= Pdodzl/ Nhqld/ Lqgld/ Sdnlvwdq/ Vul Odqnd/ ]dpeld/ Wkdlodqg/ Sklols0
slqhv/ Nruhd/ Pdod|vld/ Frorpeld/ Mdpdlfd/ V|uld/ Eud}lo/ Urpdqld/ Ph{lfr/ \xjrvodyld/ Ludq/
Xuxjxd|/ Luhodqg/ Kxqjdu|/ Srodqg/ Lwdo|/ Vsdlq/ X1N1/ Mdsdq/ Dxvwuld/ Qhwkhuodqgv/ Ehojlxp/
Iudqfh/ Ox{hperxuj/ Ghqpdun/ Jhupdq|/ dqg wkh Xqlwhg Vwdwhv1 Wkh |hdu xvhg lv 4<:81
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vljql�fdqwo| gl�huhqw iurp f/ zkloh wkh lqfrph hodvwlflw| lv durxqg �16

Wkh jurzlqj lpsruwdqfh ri vhuylfhv lq wkh lqgxvwuldol}hg hfrqrplhv kdv dovr

gudzq wkh dwwhqwlrq wr wkh lvvxh ri wkh surgxfwlylw| lq wkh vhuylfh vhfwru1 Vhyhudo

vwxglhv kdyh irxqg wkdw vhuylfhv kdyh h{shulhqfhg d orzhu surgxfwlylw| jurzwk

wkdq rwkhu lqgxvwulhv1 Ixfkv +�bSH, hvwlpdwhv wkdw wkh dyhudjh surgxfwlylw| jds

iru wkh shulrg �b2b� �bSD zdv derxw ��� shufhqw iru wkh Xqlwhg Vwdwhv/ Nhqgulfn

+vhh Lqpdq/ �bHD, �qgv wkdw wklv jds zdv ��b iru wkh shulrg �beH� �bH�/ Ehuqdug

dqg Mrqhv +�bbS,/ xvlqj gl�huhqw phdvxuhv ri surgxfwlylw|/ �qg d jds ri ��2 shufhqw

iru �e �.�( frxqwulhv lq wkh shulrg �b.f � �bH.1 Wkh rxwsxw phdvxuhphqw

ri vhuylfh vhfwruv lv txlwh sureohpdwlf1 Julolfkhv +�bb2, dqdo|}hv vhyhudo vhuylfh

vhfwruv vhsdudwho| dqg �qgv wkdw surgxfwlylw| frxog eh xqghu0hvwlpdwhg lq vrph

vhuylfh vhfwruv1 Lq wkh suhvhqw sdshu/ zh gr qrw lqyhvwljdwh wklv lvvxh dqg zh exlog

rq wkh frqfoxvlrq ri wkh vwxglhv phqwlrqhg ehiruh wkdw vhuylfhv kdyh rq dyhudjh d

orzhu surgxfwlylw| wkdq pdqxidfwxulqj1

Wkh wzr vw|ol}hg idfwv rq wkh jurzlqj lpsruwdqfh ri vhuylfhv dqg rq wkhlu

vpdoohu surgxfwlylw| jurzwk duh wkh vwduwlqj srlqw ri wkh dqdo|vlv ri Edxpro1 Klv

vhplqdo sdshu derxw xqedodqfhg jurzwk +�bS., h{sodlqv krz d vhfwru zlwk ohvvhu

6Wkhvh uhvxowv uhmhfw wkh dowhuqdwlyh k|srwkhvlv wkdw wkh ghpdqg iru vhuylfhv lv qrq0
krprwkhwlf vr wkdw dq lqfuhdvlqj lqfrph zrxog eh uhvsrqvleoh iru wkh lqfuhdvlqj vkduh ri vhuylfhv1
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surgxfwlylw| jurzwk lqfuhdvlqjo| gulyhv grzq wkh jurzwk ri wkh zkroh hfrqrp|>

wkh rqo| qhfhvvdu| frqglwlrq lv wkdw wkh ghpdqg iru wkh surgxfwv ri wkdw vhfwru eh

lqhodvwlf wr sulfh1 Wkh uhdvrqlqj lv= whfkqrorjlfdo surjuhvv/ zklfk lv vxssrvhg wr eh

eljjhu lq pdqxidfwxulqj wkdq lq vhuylfhv/ orzhuv wkh uhodwlyh frvw ri pdqxidfwxulqj

jrrgv> wkh frqvxphuv zloo frqvxph pruh vhuylfhv/ zklfk duh lqhodvwlf wr sulfh1

Zlwk wlph/ wkh surfhvv gulyhv pruh zrunhuv wr wkh vhuylfh vhfwru dqg wkh jurzwk

ri wkh hfrqrp|/ zklfk lv vlpso| d zhljkwhg dyhudjh ri wkh wzr vhfwruv/ zloo vorz

grzq1 Wklv lghd/ glvfxvvhg e| Edxpro doprvw wkluw| |hduv djr/ zkhq wkh vkliw

wrzdug vhuylfhv zdv mxvw ehjlqqlqj/ vhhpv wr kdyh ehfrph uhdolw| iru wkh prvw

ghyhorshg hfrqrplhv1

Wkh jhqhudo sxeolf dqg srolwlfldqv duh yhu| frqfhuqhg derxw wkh gdqjhuv ri gh0

lqgxvwuldol}dwlrq1 Wudgh zlwk srru frxqwulhv lv riwhq frqvlghuhg dv d idfwru wkdw

dffhohudwhv gh0lqgxvwuldol}dwlrq lq wkh ulfk frxqwulhv ehfdxvh wkh zdjh gl�huhqwldo

ehwzhhq ulfk dqg srru frxqwulhv zrxog lqgxfh qdwlrqdo pdqxidfwxulqj lqgxvwulhv

wr pryh ryhuvhdv1 Iroorzlqj wklv lghd/ vrph hfrqrplf klvwruldqv kdyh dvfulehg

Eulwdlq*v uhodwlyh hfrqrplf ghfolqh diwhu zruog zdu LL wr wkh orvv ri pdqxidfwxulqj

lqgxvwulhv +vhh Urzwkruq dqg Zhoov/ �bH.,1 Wkh ghedwh lv riwhq shsshuhg zlwk

frqvlghudwlrqv derxw �lqwhuqdwlrqdo frpshwlwlyhqhvv�= orvlqj wkh pdqxidfwxulqj

vhfwru phdqv ohvv jurzwk lq wkh orqj uxq ru ghshqghqfh rq iruhljq lpsruwv iru
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vwudwhjlf vhfwruv1

Wkh sxusrvh ri wklv sdshu lv wr ghyhors d prgho lq zklfk wkh olqnv ehwzhhq

wkh orqj0whup pryhphqw wrzdug d vhuylfh hfrqrp| dqg wkh h�hfwv ri lqwhuqdwlrqdo

wudgh +dqg frqvhtxhqw vshfldol}dwlrq, duh frqvlghuhg h{solflwo|1 Wudgh/ wkurxjk

frpsdudwlyh dgydqwdjhv/ orzhuv wkh sulfh ri wudghdeoh jrrgv +odujho| pdqxidfwxu0

lqj jrrgv, dqg lqfuhdvhv wkh uhdo lqfrph ri wkh wudglqj sduwqhuv1 Li wkh ghpdqg

iru vhuylfhv lv lqhodvwlf wr sulfh/ wkh vkduh ri lqfrph vshqw lq vhuylfhv lqfuhdvhv1

Wklv h�hfw ohdgv wr d vorzhu udwh ri jurzwk/ dv lq Edxpro +�bS.,1

Wkh sdshu lv vwuxfwxuhg lq wkh iroorzlqj zd|1 Vhfwlrq 5 h{whqgv d prgho ri

forvhg hfrqrp| ä od Edxpro wr dq rshq hfrqrp| lq zklfk frxqwulhv wudgh ehfdxvh

wkh whfkqrorj| xvhg lq wkhlu wudghdeoh vhfwruv lv gl�huhqw> vhfwlrq 6 h{whqgv wkh

prgho wr frqvlghu ohduqlqj e| grlqj> vhfwlrq 7 frqfoxghv1

51 Prgho

Zh edvh rxu prgho rq dq h{whqvlrq ri wkh vwdqgdug Ulfdugldq prgho zlwk d frqwlq0

xxp ri jrrgv dv lq Gruqexvfk0Ilvfkhu0Vdpxhovrq +G0I0V,/ �b..1 Wkh Ulfdugldq

dssurdfk surylghv d frqyhqlhqw zd| wr dqdo|}h whfkqrorjlfdo surjuhvv ehfdxvh

wkhuh lv mxvw rqh idfwru ri surgxfwlrq dqg whfkqrorjlfdo surjuhvv fdq eh vshfl0
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�hg lq d qhxwudo zd| zlwkrxw frpplwwlqj wr oderu ru fdslwdo0vdylqj whfkqrorjlfdo

surjuhvv1

Rxu pdlq ghsduwxuh iurp wkh vwdqgdug prgho lv wkh xvh ri d ��.�7� xwlolw|

ixqfwlrq wr lqwurgxfh qrq0wudghg jrrgv1 Wkh prwlydwlrq iru lqwurgxflqj qrq0

wudghg jrrgv lq wudgh prghov lv zhoo nqrzq +vhh wkh cVfdqglqdyldq prghov* lq

Gruqexvfk/ �bHf,= wkhuh duh vkhowhuhg jrrgv wkdw kdyh kljk wudqvsruwdwlrq frvwv

vxfk wkdw wudgh lv lpsrvvleoh> wkhuh duh vhuylfhv +kdlufxwwlqj/ krxvlqj/ uhwdlolqj/

hwf1, wkdw w|slfdoo| fdqqrw eh wudghg lqwhuqdwlrqdoo|> dqg/ �qdoo|/ wkhuh duh surg0

xfwv wkdw duh surwhfwhg e| dq h{solflw frpphufldo srolf| +l1h1 surklelwlyh wdul�v rq

pdq| duwlfohv,1 Iru vdnh ri vlpsolflw|/ zh lghqwli| qrq0wudghg jrrgv zlwk vhuylfhv1

Wkh prwlydwlrq iru xvlqj d ��.�7� xwlolw| ixqfwlrq lv wkdw hpslulfdo hylghqfh

vkrzv wkdw vhuylfhv duh lqhodvwlf wr sulfh> d Free0Grxjodv xwlolw| ixqfwlrq zrxog

lpso| d xqlwduldq hodvwlflw|1

5141 Forvhg hfrqrp|

Vxssrvh dq hfrqrp| zlwk d frqvwdqw srsxodwlrq qrupdol}hg wr � dqg zlwk frqwlq0

xrxv wlph1 Wkhuh duh wzr jurxsv ri jrrgv= vhuylfhv/ zklfk duh qrq0wudghdeoh/ dqg

pdqxidfwxuhg jrrgv/ zklfk duh wudghdeoh>7 qhlwkhu w|sh ri jrrgv fdq eh vwruhg1

7Wklv lv d vlpsoli|lqj k|srwkhvlv ehfdxvh wkhuh duh pdq| vhuylfhv wkdw duh dfwxdoo| wudghg
dqg vrph pdqxidfwxuhg jrrgv zklfk duh qrw wudghg1
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Vhuylfhv duh krprjhqhrxv jrrgv dqg duh lqglfdwhg e| 7|1 Pdqxidfwxuhg jrrgv

duh qrw krprjhqhrxv dqg �| lv wkh xwlolw| frplqj iurp wkh frqvxpswlrq ri pdq0

xidfwxuhg jrrgv1

Doo wkh lqglylgxdov vkduh wkh vdph xwlolw| ixqfwlrq dqg duh hqgrzhg zlwk d

xqlw ri oderu shu shulrg/ zklfk wkh| vhoo lqhodvwlfdoo|1 Wkh zhoiduh ixqfwlrq ri wkh

uhsuhvhqwdwlyh djhqw dw wlph | lv `|=

`| �
]
"

f
L|e

3#|g|

zkhuh # lv wkh glvfrxqw udwh dqg L| lv wkh xwlolw| ixqfwlrq zlwk wzr wlhuv1 Dw wkh

�uvw ohyho/ wkhuh lv d ��.�7� xwlolw| ixqfwlrq wkdw kdv dv dujxphqwv qrq0wudghg

jrrgv +7|, dqg wkh xwlolw| iurp wudghg jrrgv +�|,=

L| � E�4
| n 74

| �
�

4 1 +514,

Zh dvvxph wkdw wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq pdqxidfwxulqj dqg vhuylfhv

�
�

43�

�
lv ohvv wkdq � lq devroxwh ydoxh/ ru/ htxlydohqwo|/ wkdw 4 	 f/ dorqj zlwk wkh

hpslulfdo hylghqfh phqwlrqhg ehiruh1

Wkh vhfrqg wlhu ri wkh xwlolw| ixqfwlrq lv jlyhq e| wkh vxe0xwlolw| ixqfwlrq iru

;



�|=

�| � e
U
�

f
q5 *?E65|�g51 +515,

Zkhuh 65| uhsuhvhqwv wkh txdqwlw| ri jrrgv 5 frqvxphg dw wlph |/ dqg wkh jrrgv

duh lqgh{hg e| 5 +zlwk f � 5 � �,1 Wkh ixqfwlrq qE5� kdv wkh iroorzlqj surshuwlhv=

� U �
f q5 _5 ' �/

� q5 : f1

Wkh lqgh{ ri sulfhv iru wkh pdqxidfwxulqj vhfwru lv gh�qhg lq wklv zd|=8

R6| � ge
U
�

f
q5 *?ER5|�g5 +516,

zkhuh g lv d frqvwdqw htxdo wr e3
U
�

f
q5 *?Eq5�g51

Wkh vxsso| vlgh lv txlwh vlpsoh ehfdxvh erwk nlqgv ri jrrgv duh surgxfhg xvlqj

mxvw oderu lq �{hg sursruwlrq=

7| ' ur| 65| ' @5|u5|1 +517,

Zkhuh ur| lv wkh oderu irufh hpsor|hg lq vhuylfhv dqg u5| lv wkh oderu irufh xvhg

lq wkh surgxfwlrq ri wkh jrrgv 51 Zh gh�qh u| dv wkh dprxqw ri oderu irufh zklfk

8Wkh ghulydwlrq ri wkh sulfh lqgh{ lv lq Dsshqgl{ D1

<



lv hpsor|hg lq pdqxidfwxulqj lq htxloleulxp
�
� U �

f u5|g5
�
1 Qrwh wkdw E�� u|� lv

wkh dprxqw ri oderu irufh hpsor|hg lq vhuylfhv lq htxloleulxp/ jlyhq wkdw wkh wrwdo

srsxodwlrq lv qrupdol}hg wr �1 Lq erwk vhfwruv wkhuh lv shuihfw frpshwlwlrq dqg

frqvwdqw uhwxuq wr vfdoh/ vr sulfhv duh htxdo wr wkhlu pdujlqdo dqg dyhudjh frvwv1

Wkh pdqxidfwxulqj vhfwru h{shulhqfhv h{rjhqrxv whfkqrorjlfdo surjuhvv wkdw

lv htxdo iru hdfk pdqxidfwxuhg jrrg=

�@5|
@5|

' }6 : f f � 5 � �1 +518,

Wkh vhuylfh vhfwru grhv qrw h{shulhqfh whfkqrorjlfdo surjuhvv1 Wklv vlpsol�fd0

wlrq lv frqyhqlhqw exw qrw qhfhvvdu|> wkh rqo| lpsruwdqw frqglwlrq iru wkh uhvxowv

lv wkdw wkh pdqxidfwxulqj vhfwru kdv d udwh ri whfkqrorjlfdo jurzwk juhdwhu wkdq

wkdw ri wkh vhuylfh vhfwru1

514141 Htxloleulxp lq d forvhg hfrqrp|

Wkh vxsso| vlgh ghwhuplqhv wkh uhodwlyh sulfhv ri pdqxidfwxuhg jrrgv dqg vhuylfhv/

jlyhq wkh �{hg frh!flhqwv ri surgxfwlrq dqg shuihfw frpshwlwlrq1 Wkh zdjhv duh

qrupdol}hg wr �/ vr wkdw wkh sulfh ri vhuylfhv lv �/ dqg wkh sulfh ri wkh ydulhw| 5

ri pdqxidfwxuhg jrrgv lv �
@5|
1

Wkh ghpdqg vlgh ghwhuplqhv wkh txdqwlwlhv surgxfhg> zh xvh wkh lqgh{ ri
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sulfhv ri wkh pdqxidfwxuhg jrrgv gh�qhg lq ht1 516 wr �qg wkh txdqwlwlhv gh0

pdqghg1 Pd{lpl}lqj ht1 514 |lhogv wkh iroorzlqj frqglwlrq=

�
�|

7|

�43�

' R6|1 +519,

Vxevwlwxwlqj lq wkh exgjhw frqvwudlqw +� ' R6|�| n 7|, |lhogv wkh wrwdo ghpdqg

iru wkh pdqxidfwxuhg jrrgv=

�| '
�

R6| n ER6|�
�

�34

+51:,

Wkh ghpdqg iru vhuylfhv/ zklfk lv htxlydohqw wr wkh oderu irufh lq vhuylfhv/ lv=

7| '
�

� n ER6|�
4

43�

+51;,

Zh gh�qh wkh udwh ri jurzwk ri wkh hfrqrp| dv wkh udwh ri jurzwk ri wkh lqfrph

dw frqvwdqw sulfhv=

}| �
��|R6| n �7|
�|R6| n 7|

+51<,
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Vxevwlwxwlqj lq wkh irupxod deryh |lhogv=9

}| ' }6u|1 +5143,

Wkh udwh ri jurzwk ri wkh forvhg hfrqrp| vorzv grzq dv ohvv shrsoh zrun lq wkh

pdqxidfwxulqj vhfwru1

Vxevwlwxwlqj ht1 51: dqg ht1 51; lq ht1 514 |lhogv wkh lqgluhfw xwlolw| ixqfwlrq=

L| '
�
� n R

4

43�

6|

� �34

4

+5144,

Wkh xwlolw| ixqfwlrq lv erxqghg ehwzhhq f/ zkhq wkh uhodwlyh sulfh ri pdqxidfwxuhg

jrrgv lv kljk/ dqg �/ zkhq wkh uhodwlyh sulfh ri pdqxidfwxuhg jrrgv lv orz1 Wkh

lqvwdqwdqhrxv xwlolw| ixqfwlrq lv lqfuhdvlqj prqrwrqlfdoo| zlwk wlph ehfdxvh R6|

ghfuhdvhv1 Iljxuh F14 lq wkh dsshqgl{ vkrzv wkh hyroxwlrq ri xwlolw| ryhu wlph1

5151 Rshq hfrqrp|

Lq wklv vhfwlrq/ zh lqwurgxfh wudgh ehwzhhq wzr frxqwulhv/ Qruwk dqg Vrxwk> zh

xvh dq dvwhulvn wr ghqrwh wkh yduldeohv zklfk uhihu wr wkh iruhljq hfrqrp|/ wkh

Vrxwk1 Wkh wzr frxqwulhv vkduh wkh vdph suhihuhqfhv +4 ' 4W dqg q5 ' qW5, dqg

9Wkh ghulydwlrq lv lq Dsshqgl{ E1
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kdyh wkh vdph whfkqrorj| iru vhuylfhv exw kdyh gl�huhqw frpsdudwlyh dgydqwdjhv

lq pdqxidfwxulqj jrrgv +@5| 9' @W5|,1 Zh dovr doorz iru wkh wzr frxqwulhv wr kdyh

gl�huhqw srsxodwlrqv= wkh srsxodwlrq ri wkh Qruwk lv qrupdol}hg wr �/ zkloh wkh

srsxodwlrq ri wkh Vrxwk lv &1 Dv ehiruh/ u| lv wkh qxpehu ri zrunhuv hpsor|hg

lq wkh pdqxidfwxulqj vhfwru dw krph1 uW| lv wkh udwlr ri zrunhuv hpsor|hg lq wkh

pdqxidfwxulqj vhfwru ryhu wrwdo zrunhuv deurdg/ vr wkdw uW| & lv wkh qxpehu ri

zrunhuv hpsor|hg lq wkh pdqxidfwxulqj vhfwru deurdg1

Wkh htxloleulxp zlwk wudgh lv jlyhq e| wzr frqglwlrqv= �uvw/ surgxfwlrq pxvw

eh vsolw dffruglqj wr frpsdudwlyh dgydqwdjhv> vhfrqg/ wudgh pxvw eh edodqfhg1

Wkhvh wzr frqglwlrqv ghwhuplqh wkh udqjh ri jrrgv surgxfhg lq wkh Qruwk dqg lq

wkh Vrxwk/ dqg wkh uhodwlyh zdjhv ehwzhhq Qruwk dqg Vrxwk1 Zh gh�qh /| dv wkh

zdjh ri wkh Vrxwk lq whupv ri wkh zdjh lq wkh Qruwk
�
/| '

�W

|

�|

�
1 Qrwh wkdw /| lv

dovr wkh udwlr ehwzhhq wkh zdjhv vlqfh wkh zdjh dw krph lv qrupdol}hg wr �1

Zh jlyh d frxsoh ri xvhixo gh�qlwlrqv ehiruh �qglqj wkh htxloleulxp frqgl0

wlrqv1 Zh frqyhqlhqwo| udqn wkh pdqxidfwxulqj jrrgv lq rughu ri glplqlvklqj

krph frxqwu| frpsdudwlyh dgydqwdjh> wkh uhodwlyh xqlw oderu uhtxluhphqw lv=

�E5� � @W5|
@5|

+5145,
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zlwk Y�E5�
Y5

: f1 Li @5|
�|

	 @W5|
�W

|

/ ru /| 	 � E5�/ wkh jrrg 5 lv surgxfhg lq wkh Vrxwk>

wkh fxuyh /| ' �E5� gh�qhv wkh uhodwlyhv zdjhv wkdw pdnh lw lqgl�huhqw wr surgxfh

wkh jrrg 5 lq wkh Qruwk ru lq wkh Vrxwk> wklv fxuyh jlyhv xv wkh �uvw htxloleulxp

frqglwlrq dv vkrzq lq Iljxuh F15 lq wkh dsshqgl{1 Li erwk frxqwulhv kdyh wkh vdph

udwh ri whfkqrorjlfdo surjuhvv lq wkh pdqxidfwxulqj vhfwru/ �E5� grhv qrw fkdqjh

ryhu wlph1

Zh gh�qh iE75|� dv wkh iudfwlrq ri wkh h{shqglwxuh lq pdqxidfwxulqj vshqw rq

jrrgv lq wkh lqwhuydo dfc 75|o= iE75|� � U 75|
f q5 g51 Wkh frqglwlrq iru edodqfhg wudgh

lv wkdw wkh grphvwlf ghpdqg iru lpsruwv ri pdqxidfwxuhg jrrgv lv htxdo wr wkh

iruhljq ghpdqg iru pdqxidfwxuhg jrrgv surgxfhg dw krph1 Qrwh wkdw wkh lqfrph

vshqw rq pdqxidfwxulqj jrrgv lv htxdo wr wkh lqfrph hduqhg e| wkh zrunhuv hp0

sor|hg lq wklv vhfwru1: Wklv frqvlghudwlrq doorzv d vlpsol�fdwlrq ehfdxvh wkh wrwdo

h{shqglwxuh lq pdqxidfwxulqj lv htxdo wr wkh sd|uroo ri pdqxidfwxulqj zrunhuv

zklfk lv u| dw krph dqg /uW|& deurdg1 Wkh edodqfhg wudgh frqglwlrq lv=

d�� iE75|�ou| ' iE75|�/|u
W

|&1 +5146,

:Wklv lv qrw d k|srwkhvlv/ lw lv udwkhu d frqvhtxhqfh ri wkh idfw wkdw wkhuh lv mxvw rqh idfwru
ri surgxfwlrq dqg wkhuh duh qr sur�wv> wkhuhiruh/ doo wkh h{shqglwxuh rq pdqxidfwxulqj jrrgv
pxvw eh htxdo wr wkh sd|uroo ri wkh zrunhuv hpsor|hg lq pdqxidfwxulqj
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Wklv htxdwlrq grhv qrw lpso| d prqrwrqrxv uhodwlrq ehwzhhq iE75|� dqg /|

ehfdxvh u| dqg uW| duh qrw frqvwdqw dv / dqg iE75|� fkdqjh/ lq frqwudvw zlwk

Gruqexvfk0Ilvfkhu0Vdpxhovrq/ �b..1 Lq idfw/ dq lqfuhdvh lq /| lpsolhv d ulvh ri wkh

uhodwlyh sulfh ri pdqxidfwxuhg jrrgv lq whupv ri vhuylfhv dw krph dqg d ghfuhdvh

ri wkh uhodwlyh sulfh ri pdqxidfwxuhg jrrgv lq whupv ri vhuylfhv deurdg> vlqfh wkh

ghpdqg ri pdqxidfwxuhg jrrgv lv lqhodvwlf wr sulfh/ wkh vkduh ri h{shqglwxuh rq

pdqxidfwxulqj jrrgv lqfuhdvhv dw krph dqg ghfuhdvhv deurdg1 Iru vx!flhqwo|

orz wkh hodvwlflw| ri ghpdqg/ lw lv srvvleoh wkdw wkh edodqfhg wudgh fxuyh +jlyhq

lpsolflwo| e| ht1 5146, lv xszdugv vorslqj> zh dvvxph wkdw wkh Pduvkdoo0Ohuqhu

frqglwlrqv duh vdwlv�hg dqg wkdw wkh fxuyh lv prqrwrqlfdoo| grzqzdugv vorslqj1

Wkh lqwhuvhfwlrq ri wkh wzr fxuyhv /| ' �E5� dqg /| '
k
�3iE75|�
iE75|�

l
u|
uW|

�
&
jlyhv wkh

htxloleulxp ydoxhv ri 75| dqg /| +Iljxuh F15 lq wkh dsshqgl{,1 Jlyhq wkdw doo wkh

jrrgv lq wkh lqwhuydo dfc 75|o duh surgxfhg dw krph dqg doo wkh jrrgv lq wkh lqwhuydo

d75|c �o duh surgxfhg deurdg/ wkh sulfhv ri wkh pdqxidfwxuhg jrrgv diwhu wudgh lq

whupv ri grphvwlf zdjhv duh=

7R5| '

;AAA?
AAA=

�
@|5

5 5 dfc 75|o

/|
@|5

5 5 d75|c �o1
+5147,
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Wkh sulfh ohyho dw krph iru wkh pdqxidfwxuhg jrrgv diwhu wudgh +7R6|, lv=

7R6| ' ge
U
�

f
qE5� *?E7R5�g5 +5148,

' g

#
e
U
75|

f
3qE5� *?E@5|�g5 � e

U
�

75|
3qE5� *?E

@W
5|
/|

�g5

$
1 +5149,

Wkh udwlr ehwzhhq wkh sulfh diwhu wudgh +7R6|, dqg wkh sulfh ehiruh wudgh +R6|, lv=

7R6|

R6|

'
e
3

U
�

75|
qE5� *?E

@W
5|
/

�g5

e
3

U
�

75|
qE5� *?E@5|�g5

' e
U
�

75|
qE5�E*?@5|3*?

@W
5|
/

�g5
	 � +514:,

ehfdxvh
�

�
@W5|

/|

�
lv vpdoohu wkdq

�
�
@5|

�
lq wkh lqwhuydo d75|c �o1

Wkh oderu xvhg lq wkh pdqxidfwxulqj vhfwru dw krph lv=;

7u| '
�

� n 7R
4

�34

6|

1 +514;,

Wkh oderu irufh lq wkh pdqxidfwxulqj vhuylfh lv ohvv diwhu wudgh +7u| 	 u|, ehfdxvh

ri wkh k|srwkhvlv rq wkh hodvwlflw| ri wkh xwlolw| ixqfwlrq +4 	 f, dqg wkh idfw wkdw

R6| : 7R6|1

Wkh gh0lqgxvwuldol}dwlrq lq wkh forvhg hfrqrp| kdsshqv ehfdxvh whfkqrorjlfdo

;Wkh ghulydwlrq iru wkh oderu xvhg lq pdqxidfwxulqj lq wudgh lv dqdorjrxv wr wkh ghulydwlrq
xvhg iru wkh forvhg hfrqrp|1
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surjuhvv pdnhv pdqxidfwxuhg jrrgv fkhds> jlyhq wkdw ghpdqg lv lqhodvwlf wr sulfh/

wkdw lqfuhdvhv wkh vkduh ri lqfrph vshqw rq vhuylfhv1 Lq wkh rshq hfrqrp|/ wudgh

pdnhv d udqjh ri pdqxidfwxuhg jrrgv hyhq fkhdshu ehfdxvh ri wkh h{sorlwdwlrq ri

frpsdudwlyh dgydqwdjhv1 Qrwh wkdw wkh vkliw ri ghpdqg iurp pdqxidfwxulqj wr

vhuylfhv lv gxh wr wkh fkdqjh lq uhodwlyh sulfhv dqg qrw wr wkh qrq0krprwkhwlflw|

ri wkh ghpdqg1 Wkdw lv lq olqh zlwk wkh hpslulfdo uhvxowv ghvfulehg e| Vxpphu/

�bHD1

Wkh h�hfw ri wudgh zrxog eh hyhq eljjhu li wkh hodvwlflw| ri vxevwlwxwlrq zlwklq

wkh pdqxidfwxuhg jrrgv vhfwru zhuh pruh wkdq �> lq wklv fdvh wkh sulfh lqgh{

ri pdqxidfwxuhg jrrgv zrxog ghfuhdvh ixuwkhu dqg wkh vkduh ri lqfrph vshqw rq

vhuylfhv zrxog lqfuhdvh hyhq pruh1

Wkh udwh ri lqfrph jurzwk dw wkh rshqlqj ri wudgh lv orzhuhg lpphgldwho|

e| wkh fkdqjhv lq uhodwlyh sulfhv ehwzhhq pdqxidfwxuhg jrrgv dqg vhuylfhv/ dqg

wkh uhdoorfdwlrq ri wkh oderu irufh wr vhuylfhv> lwv hyroxwlrq diwhuzdugv lv pruh

frpsoh{ ehfdxvh lw ghshqgv rq wkh udwh ri whfkqrorjlfdo lqqrydwlrq/ dv lq wkh

forvhg hfrqrp|/ dqg rq wkh g|qdplfv ri wkh sulfh ri wkh lpsruwhg jrrgv1 Wkh

sulfh ri lpsruwv ghshqgv rq wkh uhodwlyh zdjhv/ zklfk duh ghwhuplqhg e| wkh

edodqfhg wudgh frqglwlrq +ht1 5146,1

Lq frqwudvw zlwk Gruqexvfk0Ilvfkhu0Vdpxhovrq +�b..,/ wkh udwlr ehwzhhq wkh

4:



vl}h ri wkh pdqxidfwxulqj vhfwruv dw krph dqg deurdg/
7uW|
7u|
/ lv qrw frqvwdqw1 Uhzulw0

lqj wklv udwlr xvlqj ht1 514; dqg wkh idfw wkdw wkh sulfh iru pdqxidfwxuhg jrrgv

deurdg lq whup ri iruhljq zdjhv lv 7R6|

/|
=

7uW|
7u|

'
� n 7R

4

�34

6|

� n 7R
W

4

�34

6|

'
� n E �

7R6|
�

4

43�

� n E /|
7R6|

�
4

43�

1 +514<,

Soxjjlqj 514< lq ht1 5146 |lhogv=

�� iE75|�

iE75|�
'

� n E �
7R6|

�
4

43�

� n E /|
7R6|

�
4

43�

/&1 +5153,

Vxssrvh wkh krph frxqwu| kdv kljkhu zdjhv +/| 	 �,> dv 7R6| ghfuhdvhv dv d

uhvxow ri whfkqrorjlfdo surjuhvv/ wkh udwlr
7uW|
7u|

ulvhv dqg wkh edodqfhg wudgh fxuyh

pryhv grzqzdugv1

Wkh pryhphqw ri wkh edodqfhg wudgh fxuyh fkdqjhv wkh lqlwldo htxloleulxp

+Iljxuh F16 lq wkh dsshqgl{,= wkh udqjh ri jrrgv surgxfhg grphvwlfdoo| vkulqnv

dqg wkh uhodwlyh zdjh deurdg ghfolqhv1 Zlwk wlph/ wkh pdunhw vkduh ri wkh krph

frxqwu| +iE75|�, vkulqnv dv d uhvxow ri wkh ghfolqlqj iruhljq zdjh1
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5161 Jurzwk dqg zhoiduh frqvlghudwlrqv

Wkh rshqlqj ri wudgh lv ehqh�fldo iru erwk frxqwulhv ehfdxvh wkh| kdyh lpphgldwh

vwdwlf jdlqv iurp wkh h{sorlwdwlrq ri wkh frpsdudwlyh dgydqwdjhv1 Wkh lqgluhfw

xwlolw|/ zklfk lv frpsxwhg dv lq wkh fdvh ri dxwdufk|/ lv=

L | '
�
� n 7R

4

43�

6|

��34

4

+5154,

Jlyhq wkdw 7R6| 	 R6|/ lw iroorzv wkdw L | : L| iru hyhu| |1 Iljxuh F17 vkrzv

wkh hyroxwlrq ri xwlolw| lq hlwkhu frxqwu| zlwk wudgh dqg zlwkrxw wudgh1 Jlyhq

wkdw whfkqrorjlfdo surjuhvv lv h{rjhqrxv/ erwk frxqwulhv duh ehwwhu r� zlwk wudgh/

dw dq| srlqw lq wlph1 Wkh qh{w vhfwlrq h{whqgv wkh prgho wr wkh fdvh zkhuh

whfkqrorjlfdo surjuhvv lv hqgrjhqrxv1

61 Ohduqlqj e| grlqj

Wklv vhfwlrq lqwurgxfhv g|qdplf vfdoh hfrqrplhv wkurxjk ohduqlqj e| grlqj1 Wkh

prwlydwlrq wr lqwurgxfh ohduqlqj lv wkdw hpslulfdo vwxglhv vxfk dv Ehuqdug dqg

Mrqhv +�bbSK, vkrz wkdw gl�huhqw pdqxidfwxulqj vhfwruv vkrz olwwoh hylghqfh ri

frqyhujhqfh lq surgxfwlylw| dfurvv frxqwulhv dqg frxqwulhv vhhp wr vshfldol}h dqg

wr lpsuryh surgxfwlylw| lq wkh vhfwruv lq zklfk wkh| vshfldol}h1
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Zh lqwurgxfh g|qdplf vfdoh hfrqrplhv lq wkh vdphpdqqhu dv Nuxjpdq +�bH.,1

Ohw*v �uvw gh�qh wkh lqgh{ ri fxpxodwhg h{shulhqfh g5| wkdw ghshqgv rq wkh sdvw

grphvwlf dqg iruhljq fxpxodwhg surgxfwlrqv=

g5| '
] |

3"

E65� n B6W

5��_� +614,

zkhuh f � B � � 1< Wkh sdudphwhuv @5| dqg @W5|/ zklfk gh�qh wkh surgxfwlylw| ri

d frxqwu| lq d vshfl�f vhfwru 5/ duh qr orqjhu h{rjhqrxv exw ghshqg rq wkh sdvw

fxpxodwhg surgxfwlrq=

@5| ' g"
5| dqg @W5| ' gW

5|
" +615,

zkhuh f 	 " 	 �1 Wkh g|qdplf vfdoh hfrqrplhv fkdqjh wkh frpsdudwlyh dg0

ydqwdjhv ehfdxvh wkh frxqwu| wkdw lv fxuuhqwo| surgxflqj d pdqxidfwxuhg jrrg

lqfuhdvhv lwv whfkqrorjlfdo dgydqwdjh lq wkh surgxfwlrq ri wkdw pdqxidfwxuhg jrrg1

Wkh udwh ri whfkqrorjlfdo surjuhvv lq wkh surgxfwlrq ri jrrg 5 dw krph lv jlyhq

<Iru wkh iruhljq frxqwu|/ wkh fxpxodwhg h{shulhqfh lv jlyhq e| wkh dqdorjrxv h{suhvvlrq=
N�

}w
@

U w

�4
+p�

}�
. �p}� ,g� 1
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e| gl�huhqwldwlqj @5| zlwk uhvshfw wr wlph=

�
@5| ' 0g"3�

5|

�

g5| +616,

�
@5| ' 0g"

5|

E65� n B6W

5��

g5|

+617,

}5| �
�
@5|
@5|

' 0
E65� n B6W

5��

g5|

+618,

Fxuuhqw surgxfwlrq dw krph/ 65� / dqg deurdg/ 6W

5� / lqfuhdvhv wkh whfkqrorjlfdo

surjuhvv lq wkh surgxfwlrq ri jrrg 5/ }5|/ dw krph1 Wkh frh!flhqw 0 phdvxuhv wkh

h!flhqf| ri wkh ohduqlqj surfhvv1 Iruhljq surgxfwlrq lv lqfoxghg wr wdnh fduh ri

wkh srvvleoh lqwhuqdwlrqdo vsloo0ryhu/ B phdvxuhv wkh vwuhqjwk ri wkhvh vsloo0ryhu1 Li

B ' �/ wkh fxuyh / ' � E5� grhv qrw fkdqjh ehfdxvh wkhuh lv qr frxqwu|0vshfl�f

ohduqlqj E}5| ' }W5| iru hyhu| 5�> lq wklv fdvh/ wkh dqdo|vlv lv wkh vdph dv lq wkh

suhylrxv vhfwlrq> iru wklv uhdvrq/ zh mxvw frqvlghu wkh fdvh f � B 	 �1 Li B ' f/

wkh fxuyh / ' � E5� pryhv ehfdxvh wkh whfkqrorj| hyroyhv dw gl�huhqw vshhg lq

wkh wzr frxqwulhv E}5| 9' }W5|�> wkh sdudphwhu 0 pdjql�hv wkh vshhg ri fkdqjh1 Wkh

dqdo|wlfdo wuhdwphqw ri wkh fdvh zlwk hqgrjhqrxv surgxfwlylw| jurzwk lv txlwh

frpsolfdwhg> krzhyhu/ wkh judsklfdo wuhdwphqw lv txlwh vlpsoh dqg xvhixo1

Wkh lqwurgxfwlrq ri hqgrjhqrxv surgxfwlylw| jurzwk d�hfwv fxuyh � lq �jxuh

F18= wkh vhfwlrq +fc 75|, ri wkh � fxuyh/ zklfk fruuhvsrqgv wr wkh jrrgv surgxfhg dw
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krph/ pryhv grzqzdugv/ zkloh wkh vhfwlrq +75|c �, pryhv xszdugv1 Wkh pdjqlwxgh

ri lqwhuqdwlrqdo vsloo0ryhu +B, dqg ri wkh ohduqlqj surfhvv +0, ghwhuplqh wkh vshhg

ri wklv vsolwwlqj> li B ' �/ wkh fxuyh grhv qrw fkdqjh dw doo ehfdxvh wkh frpsdudwlyh

dgydqwdjhv gr qrw fkdqjh> li B ' f/ wkh wzr slhfhv ri wkh fxuyh pryh idvw dsduw1

Wkh eljjhu 0 lv/ dqg wkh eljjhu wkh h�hfw ri ohduqlqj lv1

Lq frqwudvw zlwk Nuxjpdq +�bH.,/ dovr wkh fxuyh � pryhv ehfdxvh wkh uhodwlyh

sulfhv ri pdqxidfwxuhg jrrgv fkdqjh lq erwk frxqwulhv143 Wklv fdq fkdqjh wkh

sdwwhuq ri vshfldol}dwlrq ryhu wlph> hdfk wlph wkh sdwwhuq ri vshfldol}dwlrq fkdqjhv

wkh qrw0wudqvihudeoh h{shulhqfh lv orvw1

Wzr gl�huhqw idfwruv ghwhuplqh wkh hyroxwlrq ri wkh whupv ri wudgh= wkh

ohduqlqj0e|0grlqj zklfk fu|vwdool}hv wkh fxuuhqw sdwwhuqv +fxuyh �, dqg wkh fkdqjh

ri wkh uhodwlyh ghpdqgv iru wudghdeoh jrrgv +fxuyh �,1 Wkh zhoiduh lpsolfdwlrqv

ghshqg rq zklfk h�hfw lv suhydohqw1 Dv wkh uhodwlyh ghpdqgv iru pdqxidfwxuhg

jrrgv fkdqjh dqg wkh fxuyh ri edodqfhg wudgh pryhv/ wkh uhodwlyh zdjh ri wkh Vrxwk

pxvw jr grzq wr pdlqwdlq wkh wudgh edodqfhg144 Li wkh fxuyh � pryhv grzqzdugv

idvwhu wkdq wkh fxuyh � xszdugv/ wkh uhodwlyh zdjhv ghfuhdvh/ wkh sdwwhuq ri wudgh

43Qrwh wkdw lq Nuxjpdq +4<;:, fkdqjhv ri vshfldol}dwlrq duh gxh wr fkdqjhv lq hfrqrplf
srolf| ru wr h{rjhqrxv idfwruv vxfk dv qdwxudo uhvrxufhv/ zkloh khuh wkh| duh gxh wr dq lqwhuqdo
g|qdplf ri wkh prgho1

44$w lv wkh udwlr ehwzhhq wkh wzr qrplqdo zdjhv1 Wkh uhdo zdjhv dfwxdoo| frqyhujh/ vlqfh lq
wkh orqj uxq/ frqvxphuv lq erwk frxqwulhv vshqg dq lqfuhdvlqj vkduh ri lqfrph lq wkh vhuylfh
vhfwru zkhuh surgxfwlylw| lv wkh vdph lq wkh wzr frxqwulhv1
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vkliwv dqg wkh Vrxwk vwduwv surgxflqj vrph jrrgv wkdw zhuh suhylrxvo| surgxfhg

e| wkh Qruwk/ l1h1 75| pryhv wr wkh ohiw145 Wkh ohduqlqj wkdw zdv dffxpxodwhg lq wkh

surgxfwlrq ri wkh udqjh ri jrrgv wkdw zhuh suhylrxvo| surgxfhg lq wkh Qruwk dqg

qrz duh surgxfhg lq wkh Vrxwk/ qdpho| wkh jrrgv ehwzhhq 75�| dqg 75��| lq wkh Iljxuh

F18/ lv glvvlsdwhg1 Wkh orvv lv sursruwlrqdo wr E�� B�/ wkh iudfwlrq ri ohduqlqj e|

grlqj zklfk lv qrw wudqvihudeoh1

Wkh srvvlelolw| ri d orvv ghshqgv rq wkh vorsh ri wkh fxuyh �> li wkh lqlwldo udwlr

ri surgxfwlylw| ehwzhhq wkh wzr frxqwulhv lv doprvw wkh vdph iru gl�huhqw jrrgv/

wkh fxuyh � lv lqlwldoo| doprvw  dw dqg wkh srvvlelolw| wkdw wkh sdwwhuq ri wudgh

fkdqjhv lv kljkhu1 Frqyhuvho|/ li wkh wzr frxqwulhv kdyh zhoo gh�qhg frpsdudwlyh

dgydqwdjhv/ wkh fxuyh � lv vwhhs dqg wkh srvvlelolw| ri d fkdqjh lq wkh whupv ri

wudgh lv orzhu1

Zkhq wkh sdwwhuqv ri wudgh fkdqjh dqg vrph h{shulhqfhg lv orvw/ wkh udwh ri

jurzwk ri xwlolw| vorzv grzq frpsduhg wr wkh fdvh ri h{rjhqrxv whfkqrorjlfdo

surjuhvv1 Wklv h�hfw frxog eh vr vwurqj wkdw wkh xwlolw| lq dxwdufk| pd| eh kljkhu

wkdq wkh xwlolw| lq wudgh diwhu d fhuwdlq shulrg1 Iljxuh F19 looxvwudwhv wklv h{wuhph

fdvh e| frpsdulqj wkh hyroxwlrq ri wkh xwlolw| ri Qruwk lq wkh fdvh ri dxwdufk| dqg

lq wkh fdvh ri wudgh iurp wlph f1 Dw wlph f/ wkh xwlolw| zlwk wudgh lv kljkhu wkdq wkh

45Lqwhuqdwlrqdo wudgh dovr frqwulexwhv wr jurzwk e| frqfhqwudwlqj surgxfwlrq lq rqh frxqwu|1
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xwlolw| lq dxwdufk|> krzhyhu/ wkh udwh ri jurzwk ri wkh xwlolw| zlwk wudgh frxog eh

vljql�fdqwo| orzhu li wkh sdwwhuq ri wudgh fkdqjhv dv lq Iljxuh F191 Hyhq li wkh wzr

fxuyhv furvv/ wklv grhv qrw phdq wkdw dxwdufk| grplqdwhv wudgh ehfdxvh zhoiduh

ghshqgv rq wkh glvfrxqwhg vrph ri ixwxuh lqvwdqwdqhrxv xwlolw|1 Lq wkh vkruw0

uxq/ zkhq wkh vwdwlf frpsdudwlyh dgydqwdjhv grplqdwh/ wkh xwlolw| zlwk wudgh lv

fhuwdlqo| kljkhu wkdq wkh xwlolw| lq dxwdufk|> wkh srvvleoh furvvlqj kdsshqv rqo|

diwhu d fhuwdlq wlph/ dqg wkh srvvleoh ghfuhdvh lq xwlolw| pxvw eh glvfrxqwhg zlwk

wkh glvfrxqw udwh #1 D kljkhu glvfrxqw udwh uhgxfhv wkh zhljkw ri srvvleoh ixwxuh

orvvhv1 Zh irfxvhg wkh dqdo|vlv rq wkh Qruwk/ exw dqdorjrxv frqvlghudwlrqv krog

iru wkh Qruwk1 Lq sduwlfxodu/ lw lv zruwk qrwlqj wkdw erwk frxqwulhv orvh zkhq vrph

h{shulhqfh lv orvw1

Vxppdul}lqj/ wudgh fdq kdyh qhjdwlyh h�hfwv rq zhoiduh lq wkh frqwh{w ri wklv

prgho li= �� ohduqlqj h{shulhqfh lv qrw wudqvihudeoh/ l1h1 li B lv vpdoo> 2� uhodwlyh

surgxfwlylw| gl�huhqfhv duh doprvw wkh vdph iru doo jrrgv/ l1h1 zkhuh � E5� lv

doprvw lghqwlfdo iru doo jrrgv> �� wkh hodvwlflw| ri vhuylfhv wr sulfh lv orz/ l1h1 wkh

fxuyh � vkliwv udslgo|> e� wkh glvfrxqw udwh lv yhu| orz/ l1h1 # lv vpdoo1

57



71 Vxppdu| dqg frqfoxvlrqv

Wkhprgho vkrzv krz qrq0wudghg jrrgv zlwkrxw d xqlwdu| hodvwlflw| ri vxevwlwxwlrq

+h1j1 zlwkrxw xvlqj wkh xqlwdu| hodvwlflw| lpsolflw lq wkh Free0Grxjodv ixqfwlrq,

fdq h{sodlq lpsruwdqw vw|ol}hg idfwv rq jurzwk dqg wudgh1 Wkh gdwd rq wkh ghpdqg

iru vhuylfhv mxvwli| wkh dvvxpswlrq wkdw wkh sulfh hodvwlflw| ri vhuylfhv lv txlwh orz1

Wudgh/ wkurxjk frpsdudwlyh dgydqwdjhv/ orzhuv wkh sulfh ri wudghdeoh jrrgv1

Wkh vkduh ri lqfrph vshqw rq vhuylfhv lqfuhdvhv/ jlyhq wkdw wkh ghpdqg iru vhuylfhv

lv lqhodvwlf wr sulfh1 Wklv h�hfw ohdgv wr d kljkhu ohyho ri zhoiduh dqg wr d vorzhu

udwh ri lqfrph jurzwk1 Diwhuzdugv/ wkh krph frxqwu| lqfuhdvhv wkh frqvxpswlrq

ri vhuylfhv pruh udslgo| wkdq wkh iruhljq frxqwu|> wklv vkliwv wkh edodqfhg wudgh

fxuyh dqg ghfuhdvhv wkh zdjhv deurdg uhodwlyho| wr wkh grphvwlf zdjhv1 Wklv

fuhdwhv ixuwkhu gh0lqgxvwuldol}dwlrq ehfdxvh wkh krph frxqwu| orvhv vrph erughu

lqgxvwulhv lq idyru ri wkh ohvv ghyhorshg frxqwu| dv d frqvhtxhqfh ri kljkhu zdjhv1

Wkh gh0lqgxvwuldol}dwlrq lwvhoi h�hfw grhv qrw ghfuhdvh zhoiduh li wkh whfkqrorjlfdo

surjuhvv lv h{rjhqrxv> li/ krzhyhu/ wkh whfkqrorjlfdo surjuhvv lv hqgrjhqrxv/ wkh

gh0lqgxvwuldol}dwlrq ghfuhdvhv zhoiduh ehfdxvh vrph vhfwruv zkhuh wkh krph frxq0

wu| hqmr|v dffxpxodwhg h{shulhqfh duh pryhg deurdg1 Wkh ryhudoo h�hfw ri wudgh

rq zhoiduh ghshqgv rq d ydulhw| ri vxsso| dqg ghpdqg idfwruv vxfk dv= wkh h{whqg
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wr zklfk wkh ohduqlqj h{shulhqfh lv qrw wudqvihudeoh/ uhodwlyh surgxfwlylw| gl�hu0

hqfhv duh doprvw wkh vdph iru doo jrrgv/ wkh hodvwlflw| ri vhuylfhv wr sulfh/ dqg wkh

glvfrxqw udwh1 Zh vkrxog vwuhvv wkdw wkh zhoiduh orvvhv gxh wr gh0lqgxvwuldol}dwlrq

duh ri vhfrqg rughu zlwk uhvshfw wr wkh jdlqv iurp wudgh1

Wklv sdshu vkrzv wkh ulfkqhvv ri wkh frqfoxvlrqv wkdw fdq eh rewdlqhg irup

wkh vwdqgdug G0I0V prgho e| lqwurgxflqj qrq0wudghg jrrgv lq d qrq0wulyldo zd|

exloglqj rq wkh h{lvwhqw hpslulfdo olwhudwxuh rq vhuylfhv1 Ixwxuh uhvhdufk vkrxog

irfxv rq hydoxdwlqj hpslulfdoo| wkh h{whqg/ li dq|/ ri wkhvh srvvleoh zhoiduh orvvhv1
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D1 Sulfh lqgh{

Wkh sulfh lqgh{ iru pdqxidfwxuhg jrrgv R6| lv gh�qhg e|=

lqgh{ ri sulfh ri pdqxidfwxuhg jrrgv � R6| '
.|

�|

+D14,

zkhuh �| lv wkh xwlolw| ri pdqxidfwxuhg jrrgv/ .| lv wkh h{shqglwxuh lq pdqxidf0
wxuhg jrrgv/ dqg R6| lv wkh sulfh lqgh{1 Lq wklv dsshqgl{/ zh gurs wkh vxevfulsw
iru wkh wlph vlqfh hyhu| yduldeoh lv frqwhpsrudqhrxv1

Iluvw/ zh vkrz wkdw wkh surshuw| ri wkh Free0Grxjodv wkdw wkh sursruwlrq ri
lqfrph vshqw rq d fhuwdlq jrrg lv frqvwdqw

�
q5 '

R565

.

�
krogv dovr lq wkh fdvh ri

frqwlqxxp ri jrrgv1 Zh xvh wkh �uvw rughu frqglwlrqv ri wkh xwlolw| frplqj iurp
wkh frqvxpswlrq ri pdqxidfwxuhg jrrgv
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E1 Udwh ri jurzwk

Wkh udwh ri jurzwk ri rxwsxw dw frqvwdqw sulfhv lv gh�qhg dv=
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Wkhuhiruh/ wkh udwh ri jurzwk fdq eh h{suhvvhg dv=
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F1 Iljxuhv

Iljxuh F14= xwlolw| ryhu wlph
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Iljxuh F15= vwdwlf htxloleulxp zlwk wudgh
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Iljxuh F16= g|qdplf htxloleulxp zlwk wudgh
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Iljxuh F17= xwlolw| zlwk h{rjhqrxv whfkqrorjlfdo surjuhvv
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Iljxuh F18= g|qdplf htxloleulxp zlwk hqgrjhqrxv whfkqrorjlfdo surjuhvv
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Iljxuh F19= xwlolw| zlwk hqgrjhqrxv whfkqrorjlfdo surjuhvv
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