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Devwudfw

Wkh ?vfdo wkhru| vd|v wkdw wkh sulfh ohyho lv ghwhuplqhg e| wkh udwlr ri qrplqdo ghew
wr wkh suhvhqw ydoxh ri uhdo sulpdu| vxusoxvhv1 L dqdo|}h orqj0whup ghew dqg rswlpdo
srolf| lq wkh ?vfdo wkhru|1 L ?qg wkdw wkh pdwxulw| vwuxfwxuh ri wkh ghew pdwwhuv1
Iru h{dpsoh/ lw ghwhuplqhv zkhwkhu qhzv ri ixwxuh gh?flwv lpsolhv fxuuhqw lq dwlrq ru
ixwxuh lq dwlrq1 Zkhq orqj whup ghew lv suhvhqw/ wkh jryhuqphqw fdq wudgh fxuuhqw
lq dwlrq iru ixwxuh lq dwlrq e| ghew rshudwlrqv> wklv wudghr> lv qrw suhvhqw li wkh
jryhuqphqw uroov ryhu vkruw whup ghew1 L vroyh iru rswlpdo ghew srolflhv wr plqlpl}h
wkh yduldqfh ri lq dwlrq1 L ?qg fdvhv lq zklfk orqj0whup ghew khosv wr vwdelol}h
lq dwlrq/ dqg L ?qg wkdw wkh rswlpdo lq dwlrq0vwdelol}lqj srolf| surgxfhv wlph vhulhv
wkdw duh vxusulvlqjo| vlplodu wr X1V1 vxusoxv dqg ghew wlph vhulhv1



4 Lqwurgxfwlrq

Wkh ?vfdo wkhru| vwdwhv wkdw wkh sulfh ohyho lv ghwhuplqhg e| wkh jryhuqphqw exgjhw
frqvwudlqw/

qrplqdo ghew
sulfh ohyho

' suhvhqw ydoxh ri uhdo vxusoxvhv1 +4,

Wkh ?vfdo wkhru| lv ghyhorshg e| Ohhshu +4<<4,/ Vlpv +4<<7, Zrrgirug +4<<8/ 4<<9,
dqg Gxsru +4<<:, zlwk rqh0shulrg ghew1 Frfkudqh +4<<;, uhylhzv wkh ?vfdo wkhru|
dqg dujxhv iru lwv sodxvlelolw|1

Dw khduw/ wkh ?vfdo wkhru| uhfrjql}hv wkdw hyhq dssduhqwo| xqedfnhg ?dw prqh| lv
lq wkh hqg ydoxhg e| lwv edfnlqj iurp uhdo jryhuqphqw uhvrxufhv udwkhu wkdq e| d olt0
xlglw| ydoxh lq h{fkdqjh1 Lq wkh ?vfdo wkhru|/ prqh| dqg qrplqdo ghew duh hvvhqwldoo|
ydoxhg dv htxlw| fodlpv rq wkh jryhuqphqw1 Zhoo0xqghuvwrrg edfnlqj uhjlphv vxfk
dv fuhgleoh frpprglw| vwdqgdugv dqg fxuuhqf| erdugv duh wudqvsduhqw lqvwdqfhv ri
wkh ?vfdo wkhru|> wkh wkhru| dujxhv wkdw wkhlu sulfh ghwhuplqdwlrq phfkdqlvpv dsso|
pruh eurdgo|1 Dv lq wkhvh fdvhv/ ?vfdo sulfh ohyho ghwhuplqdwlrq lv lppxqh wr sulydwh
qrwh lvvxh dqg ?qdqfldo lqqrydwlrq lq wudqvdfwlrqv whfkqrorjlhv1 Wklv idfw pdnhv lw
dq dwwudfwlyh srvlwlyh dqg qrupdwlyh wkhru| iru wkh fxuuhqw vlwxdwlrq9urxjko| vwdeoh
sulfhv dqg surgljlrxv ?qdqfldo lqqrydwlrq1

Lq wklv sdshu/ L h{whqg wkh ?vfdo wkhru| wr lqfoxgh orqj0whup ghew1 Zkhq orqj0
whup ghew lv suhvhqw/ wkh qrplqdo ydoxh ri wkh ghew rq wkh ohiw kdqg vlgh ri +4, lv qrw
?{hg> lw ghshqgv rq qrplqdo erqg sulfhv zklfk lq wxuq ghshqg rq h{shfwhg ixwxuh
sulfh ohyhov1 Wr vhh zk| wklv idfw pljkw pdwwhu/ vxssrvh wkdw wkhuh lv edg qhzv
derxw ixwxuh vxusoxvhv vr wkh uljkw kdqg vlgh ri +4, ghfolqhv1 Li wkhuh lv qr orqj0whup
ghew/ wkh qrplqdo ydoxh ri jryhuqphqw ghew lv ?{hg/ vr wkh sulfh ohyho pxvw ulvh wr
uh0htxloleudwh +4,1 Krzhyhu/ li orqj whup erqgv duh rxwvwdqglqj/ wkhlu uhodwlyh sulfh
dqg wkxv wkh qxphudwru ri wkh ohiw kdqg vlgh pljkw idoo lqvwhdg1 Orzhu erqg sulfhv
fruuhvsrqg wr h{shfwdwlrqv ri kljkhu ixwxuh sulfh ohyhov/ vr orqj whup ghew fdq lpso|
wkdw edg qhzv derxw ixwxuh vxusoxvhv uhvxowv lq ixwxuh udwkhu wkdq fxuuhqw lq dwlrq1

Wr dqdo|}h lvvxhv ri wklv vruw/ L vroyh htxdwlrqv olnh +4, iru wkh sulfh ohyho dw
hdfk gdwh/ zlwk vxusoxvhv dqg ghew rq wkh uljkw kdqg vlgh1 L xvh wkh vroxwlrqv wr
xqghuvwdqg wkh reylrxv frpsdudwlyh vwdwlfv h{huflvhv= 4, Krz grhv wkh sulfh ohyho
uhdfw wr fxuuhqw dqg ixwxuh vxusoxvhv/ kroglqj ghew frqvwdqwB 5, Krz grhv wkh sulfh
ohyho uhdfw wr fxuuhqw dqg ixwxuh ghew kroglqj vxusoxvhv frqvwdqwB Dqvzhuv wr wkh ?uvw
txhvwlrq duh sduwlfxoduo| xvhixo lq wklqnlqj derxw klvwrulfdo hyhqwv vxfk dv fxuuhqf|
fudvkhv ru wkh hqgv ri k|shulq dwlrqv1 Wkh vhfrqg txhvwlrq vwduwv xv wklqnlqj derxw
zkdw dowhuqdwlyh rxwfrphv frxog kdyh ehhq lq vxfk vlwxdwlrqv1

Lq dqvzhu wr wkh ?uvw txhvwlrq/ L ?qg wkdw wkh h>hfwv ri vxusoxvhv rq wkh sulfh
ohyho ghshqg rq ghew srolf|= Fxuuhqw dqg h{shfwdwlrqv ri ixwxuh vwdwh0frqwlqjhqw ghew
vdohv dqg uhghpswlrqv pdwwhu dv zhoo dv wkh pdwxulw| vwuxfwxuh ri rxwvwdqglqj ghew1
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Wkh h>hfwv duh riwhq vxusulvlqjo| gl>huhqw wkdq wkrvh lq wkh vkruw0whup ghew fdvh1
Iru h{dpsoh/ zkhq ghew srolf| frqvlvwv ri sd|lqj r> dq rxwvwdqglqj shushwxlw|/ wkh
sulfh ohyho dw hdfk gdwh lv ghwhuplqhg rqo| e| wkh vxusoxv dw wkdw gdwh1 Sdvw ru ixwxuh
vxusoxvhv kdyh qr dgglwlrqdo h>hfw rq wkh sulfh ohyho dw doo1

Lq dqvzhu wr wkh vhfrqg txhvwlrq/ L ?qg wkdw wkh h>hfwv ri ghew rq wkh sulfh ohyho
dovr ghshqg rq wkh pdwxulw| vwuxfwxuh dqg h{shfwdwlrqv ri ixwxuh ghew srolf|1 Iru
h{dpsoh/ vxssrvh wkdw wkh jryhuqphqw vhoov vrph dgglwlrqdo qrplqdo ghew1 Li qr orqj0
whup ghew lv rxwvwdqglqj/ wkh jryhuqphqw idfhv d xqlw0hodvwlf ghpdqg fxuyh1 Erqgv
duh qrplqdo fodlpv wr wkh vdph uhdo uhvrxufhv/ vr erqg sulfhv idoo rqh0iru0rqh zlwk wkh
qxpehu vrog> uhdo uhyhqxh iurp erqg vdohv dqg wkh sulfh ohyho wrgd| duh xqd>hfwhg
e| wkh qxpehu vrog1 Krzhyhu/ li wkhuh duh orqj0whup erqgv rxwvwdqglqj/ vhoolqj h{wud
ghew gloxwhv wkh h{lvwlqj orqj whup erqgv dv fodlpv wr wkh ?{hg vwuhdp ri ixwxuh uhdo
uhvrxufhv1 Wkhuhiruh/ xqh{shfwhg ghew vdohv fdq udlvh uhyhqxh wrgd| dqg orzhu wrgd|*v
sulfh ohyho/ hyhq zlwk qr fkdqjh lq fxuuhqw ru ixwxuh vxusoxvhv1

Qh{w/ L frqvlghu zkdw ghew dqg vxusoxv srolflhv rswlpdoo| vprrwk lq dwlrq/ sd|lqj
sduwlfxodu dwwhqwlrq wr prwlydwlrqv iru orqj0whup ghew1 Wkh wkuhh hohphqwv ri wkh
jryhuqphqw*v srolf| fkrlfh duh wkh dyhudjh pdwxulw| vwuxfwxuh/ wkh fkrlfh ri vwdwh0
frqwlqjhqw ghew vdohv dqg uhghpswlrqv lq uhvsrqvh wr ?vfdo vkrfnv/ dqg d olplwhg
frqwuro ri wkh vxusoxv1 L dgg hdfk hohphqw lq wxuq dqg dqdo|}h wkh uhvxowv lq whupv ri
wkh deryh frpsdudwlyh vwdwlfv1

L vwduw e| dqdo|}lqj rswlpdo sdvvlyh srolf|/ lq zklfk wkh jryhuqphqw ghwhuplqhv
rqo| wkh vwhdg| vwdwh ohyho ri ghew dqg lwv pdwxulw| vwuxfwxuh/ dqg wkh jryhuqphqw grhv
qrw dgmxvw ghew lq uhvsrqvh wr vxusoxv vkrfnv1 L ?qg wkdw vkruw pdwxulw| vwuxfwxuhv
duh suhihuuhg zkhq wkh suhvhqw ydoxh ri wkh vxusoxv ydulhv e| ohvv wkdq wkh vxusoxv
lwvhoi> zkloh orqj pdwxulw| vwuxfwxuhv duh suhihuuhg zkhq vxusoxvhv exlog xs iroorzlqj
d vkrfn vr wkdw wkh suhvhqw ydoxh ydulhv e| pruh wkdq wkh vxusoxv lwvhoi1 Wklv ?qglqj
lv d qdwxudo uhvxow ri wkh frpsdudwlyh vwdwlfv= wkh sulfh ohyho uhvsrqgv wr wkh suhvhqw
ydoxh ri vxusoxvhv zlwk d vkruw pdwxulw| vwuxfwxuh/ zkloh wkh sulfh ohyho uhvsrqgv wr
wkh vxusoxv dw hdfk gdwh zlwk d orqj pdwxulw| vwuxfwxuh1

L wkhq dqdo|}h rswlpdo dfwlyh srolf|/ lq zklfk wkh jryhuqphqw dovr fkdqjhv wkh
dprxqw dqg pdwxulw| vwuxfwxuh lq uhvsrqvh wr vxusoxv vkrfnv1 Qrz wkhuh lv d vhfrqg
prwlydwlrq iru orqj0whup ghew1 Li orqj whup ghew lv rxwvwdqglqj/ wkh jryhuqphqw
fdq vprrwk lq dwlrq e| rffdvlrqdoo| dqg xqh{shfwhgo| ghydoxlqj orqj0whup erqgv/
wudglqj d orzhu sulfh ohyho wrgd| iru d kljkhu sulfh ohyho lq wkh ixwxuh1 Wklv dfwlrq
fdq vprrwk lq dwlrq diwhu d vkrfn kdv klw1 L vwxg| d txdqwlwdwlyh h{dpsoh lq zklfk
wkh rswlpdo sdvvlyh srolf| frqvlvwv ri vkruw0whup ghew/ exw wkh rswlpdo dfwlyh srolf|
lqfoxghv orqj0whup ghew vr wkdw wkh jryhuqphqw fdq vprrwk lq dwlrq e| vxfk h{0srvw
ghydoxdwlrqv1

L wkhq dgg d olplwhg frqwuro ryhu wkh orqj0whup vxusoxv lq rughu wr ehwwhu prgho
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wkh vlwxdwlrq idfhg e| wkh X1V1 jryhuqphqw1 Dfwxdo srolf| doprvw dozd|v frqvlvwv
ri vlpxowdqhrxv fkdqjhv lq ghew dqg vxusoxvhv= Orz vxusoxvhv duh ?qdqfhg e| h{wud
qrplqdo ghew vdohv dqg h{wud qrplqdo ghew vdohv doprvw dozd|v frph zlwk lpsolflw ru
h{solflw surplvhv wr lqfuhdvh ixwxuh vxusoxvhv1

Wklv rswlpdo srolf| dqdo|vlv vroyhv vrph hpslulfdo sx}}ohv1 D vlpsohplqghg dssol0
fdwlrq ri +4, dqg lwv frpsdudwlyh0vwdwlf suhglfwlrqv iru wkh h>hfwv ri vxusoxv dqg ghew
vkrfnv vhhpv glvdvwurxv iru wkh ?vfdo wkhru| lq X1V1 gdwd1 Krzhyhu/ li zh uhjdug wkh
X1V1 jryhuqphqw dv vroylqj vxfk dq rswlpdo srolf| sureohp/ dgdswlqj ghew dqg ?vfdo
srolf| wr ghihqg sulfh ohyho vwdelolw| lq wkh idfh ri vxusoxv vkrfnv udwkhu wkdq fdxvlqj
sulfh ohyho glvwxuedqfhv e| h{rjhqrxv vxusoxv dqg ghew pryhphqwv/ zh h{sodlq pdq|
ri wkh lqlwldoo| sx}}olqj ihdwxuhv ri wkh gdwd1

Iru h{dpsoh/ htxdwlrq +4, vxjjhvwv wkdw wkh sulfh ohyho vkrxog pryh wrjhwkhu zlwk
wrwdo ghew1 Rq wkh uhdvrqdeoh dvvxpswlrq wkdw wkh suhvhqw ydoxh ri wkh vxusoxv lv
kljkhu zkhq wkh vxusoxv lwvhoi lv kljk/ lw dovr vxjjhvwv wkdw wkh sulfh ohyho vkrxog pryh
lqyhuvho| zlwk wkh vxusoxv dqg wkdw wkh uhdo ydoxh ri wkh ghew vkrxog pryh wrjhwkhu
zlwk wkh vxusoxv1 Exw qrqh ri wkhvh sdwwhuqv lv dq hyhq ydjxho| sodxvleoh ghvfulswlrq
ri X1V1 gdwd1 Iljxuh 4 suhvhqwv wkh sulpdu| Ihghudo vxusoxv2frqvxpswlrq udwlr dqg
FSL lq dwlrq1 Li dq|wklqj wkhuh lv d voljkw srvlwlyh fruuhodwlrq ehwzhhq vxusoxv dqg
lq dwlrq ru sulfh ohyho jurzwk dw exvlqhvv f|foh iuhtxhqflhv1 +Wklv gdwd lv suhvhqwhg
lq pruh ghwdlo lq Frfkudqh 4<<;1 Glylglqj e| frqvxpswlrq jlyhv d pruh sodxvleo|
vwdwlrqdu| vhulhv/ dqg wkh wkhru| dgdswv hdvlo| wr wklv wudqvirupdwlrq1, Iljxuh 5
suhvhqwv wkh vxusoxv2frqvxpswlrq udwlr wrjhwkhu zlwk wkh ohyho dqg gl>huhqfh lq wrwdo
uhdo ydoxh ri wkh ghew1 Frpsdulqj wkh wzr ?jxuhv/ zh fdq vhh wkdw wkhuh lv olwwoh
fruuhodwlrq ehwzhhq wkh ohyho ri ghew dqg wkh sulfh ohyho/ lq dwlrq/ ru wkh vxusoxv/
dv ghew pryhv pxfk pruh vorzo| wkdq dq| ri wkh rwkhu vhulhv1 Wkh vxusoxv lv qlfho|
qhjdwlyho| fruuhodwhg zlwk fkdqjhv lq ghew1 Shukdsv xqvxusulvlqjo|/ kljk vxusoxvhv
sd| grzq wkh ghew1

E| frqwudvw/ L ?qg wkdw wkh rswlpdo srolflhv surgxfh wlph vhulhv wkdw duh vlplodu
wr wkhvh X1V1 wlph vhulhv lq pdq| glphqvlrqv1 Iru h{dpsoh/ wkh rswlpdo srolflhv
jhqhudwh d qhjdwlyh fruuhodwlrq ehwzhhq vxusoxvhv dqg ghew jurzwk/ dv lq wkh gdwd1
Wkh jryhuqphqw vprrwkv wkh h>hfwv ri d qhjdwlyh vxusoxv vkrfn e| lvvxlqj orqj0whup
ghew/ dqg e| surplvlqj wr udlvh ixwxuh vxusoxvhv1

L forvh wkh sdshu e| uhwxuqlqj wr vroxwlrqv ri htxdwlrqv olnh +4, iru wkh sulfh ohyho
jlyhq wkh vhtxhqfh ri vxusoxvhv dqg ghew srolf|1 Doo ri wkh dqdo|vlv ghvfulehg vr idu
xvhv d frqyhqlhqw olqhdu dssur{lpdwlrq1 L ghulyh d vroxwlrq wkdw lv jhqhudo dqg h{dfw/
wkrxjk dojheudlfdoo| fxpehuvrph/ dqg L frpsduh lw wr wkh dssur{lpdwh vroxwlrq1
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Iljxuh 4= Ihghudo sulpldu| vxusoxv 2 qrqgxudeoh . vhuylfhv frqvxpswlrq dqg FSL lq dwlrq1

Iljxuh 5= Vxusoxv2frqvxpswlrq udwlr/ uhdo ydoxh ri wkh ghew 2 frqvxpswlrq dqg gl>huhqfh
ri uhdo ydoxh2frqvxpswlrq1

5 Gh?qlwlrqv dqg lghqwlwlhv

Ohw î|Eæä ghqrwh wkh idfh ydoxh ri }hur0frxsrq qrplqdo erqgv rxwvwdqglqj dw wkh hqg
ri shulrg | wkdw frph gxh lq shulrg æ1 Ohw '|Eæä ghqrwh wkh qrplqdo sulfh dw wlph
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| ri d erqg wkdw pdwxuhv dw wlph æ1 Ri frxuvh/ '|E|ä ' � dqg î|Eæä ' f iru æ é |1 Ohw
R| ghqrwh wkh sulfh ohyho dqg ohw r| ghqrwh wkh uhdo sulpdu| vxusoxv/ l1h1 wd{ froohfwlrqv
ohvv jryhuqphqw sxufkdvhv1

L vlpsoli| wkh dqdo|vlv e| dvvxplqj wkdw wkh h{shfwhg uhdo udwh ri uhwxuq rq jry0
huqphqw ghew lv htxdo wr d frqvwdqw o dfurvv wlph dqg pdwxulw|/ dqg L ghqrwh wkh
fruuhvsrqglqj glvfrxqw idfwru q ' �*o1 Erqg sulfhv duh wkhuhiruh htxdo wr

'|E|n æä ' q
æ.|

#
R|
R|næ

$
é +5,

L dovr vlpsoli| wkh dqdo|vlv e| dvvxplqj d iulfwlrqohvv hfrqrp| lq zklfk qr fdvk lv
khog ryhuqljkw1 Wkh hfrqrp| qhhg qrw eh 3fdvkohvv/4 wudqvdfwlrqv pd| eh idflolwdwhg
e| prqh| fuhdwhg hdfk pruqlqj dqg uhwluhg hdfk qljkw udwkhu wkdq e| gluhfw h{fkdqjh
ri pdwxulqj erqgv/ dqg dq| dprxqw ri sulydwh prqh|/ erqgv/ edqnqrwhv/ fkhfnlqj
dffrxqwv hwf1 pd| eh fuhdwhg zlwk qr h>hfw rq wkh jryhuqphqw exgjhw frqvwudlqw
dqg khqfh qr h>hfw rq wkh sulfh ohyho1 Vlqfh wkh prghov duh iulfwlrqohvv/ vwdqgdug
Prgljoldql0Ploohu wkhruhpv e| zklfk wkh pdwxulw| vwuxfwxuh ri wkh ghew lv luuhohydqw
iru uhdo txdqwlwlhv vwloo dsso|1 Khuh L vwxg| wkh h>hfwv ri wkh pdwxulw| vwuxfwxuh rq
wkh qrplqdo sulfh ohyho/ dqg vxfk h>hfwv fdq rffxu hyhq lq d iulfwlrqohvv hfrqrp|1

Wkh hqwluh dqdo|vlv  rzv iurp wzr htxlydohqw lghqwlwlhv1 Wkh  rz lghqwlw| vd|v
wkdw wkh vxusoxv pxvw htxdo erqg uhghpswlrqv soxv qhw uhsxufkdvhv/
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zkloh wkh suhvhqw ydoxh lghqwlw| vd|v wkdw wkh uhdo ydoxh ri rxwvwdqglqj ghew htxdov
wkh suhvhqw ydoxh ri uhdo vxusoxvhv
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Wkh dsshqgl{ suhvhqwv d ghulydwlrq ri wkhvh htxdwlrqv1 L xvh zklfkhyhu irup lv pruh
frqyhqlhqw iru d jlyhq dssolfdwlrq1 Wkh frqwhqw ri htxdwlrqv +6, dqg +7, lv dq df0
frxqwlqj lghqwlw| soxv wkh dvvxpswlrq ri frqvwdqw h{shfwhg uhdo uhwxuqv1 Odfnlqj d
ehwwhu zrug/ L fdoo wkhp 3lghqwlwlhv14

D vroxwlrq lv wkh vhtxhqfh ri sulfhv iR|j wkdw vroyhv hlwkhu +6, ru +7, dw hdfk gdwh
dqg vwdwh/ iru d jlyhq vhtxhqfh ri ghew srolflhv iî|E|n æäj dqg vxusoxvhv ir|j1 Lq
vlpsoh whupv/ d vroxwlrq lv dq htxdwlrq zlwk R| rq wkh ohiw dqg rwkhu txdqwlwlhv duh rq
wkh uljkw1 Ehfdxvh sulfhv pxowlso| txdqwlwlhv lq +6,0+7,/ vxfk vroxwlrqv duh qrw wulyldo
wr ?qg1
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6 Wkh h>hfw ri vxusoxvhv rq wkh sulfh ohyho

Lq vhyhudo vshfldo fdvhv ri wkh ghew srolf|/ zh fdq ?qg sulfh0ohyho vroxwlrqv hdvlo| dqg
gluhfwo|1 Wkhvh fdvhv dovr doorz xv wr fkdudfwhul}h wkh h>hfw ri vxusoxvhv rq wkh sulfh
ohyho/ kroglqj ghew frqvwdqw1

614 Rqh shulrg ghew

Vxssrvh wkdw wkh jryhuqphqw rqo| lvvxhv rqh shulrg ghew/ uroohg ryhu hyhu| shulrg1
Wklv lv wkh vwdqgdug fdvh dqdo|}hg lq wkh ?vfdo wkhru|/ iru h{dpsoh Zrrgirug +4<<8,1
Doo whupv î|3�E| n æä rwkhu wkdq î|3�E|ä duh }hur1 Wkhq/ wkh suhvhqw ydoxh lghqwlw|/
+7,/ vshfldol}hv wr d vroxwlrq gluhfwo|/

R| '
î|3�E|ä

.|
S"
æ'f q

ær|næ é
+8,

Zlwk rqh shulrg ghew/ ixwxuh gh?flwv d>hfw wkh sulfh ohyho wrgd|1 Wkh sulfh ohyho
wrgd| uhvsrqgv rqo| wr wkh suhvhqw ydoxh ri vxusoxvhv1

Zkloh wklv fdvh lv idploldu wr ?vfdo0wkhru| uhdghuv/ lw lv qrw jhqhudoo| wuxh wkdw wkh
suhvhqw ydoxh lghqwlw| lv dovr d vroxwlrq1 Lq jhqhudo/ wkhuh duh dgglwlrqdo erqgv rq wkh
ohiw kdqg vlgh ri +7, dqg khqfh whupv lq R|næ1

615 Qr qhz ghew

Vxssrvh lqvwhdg wkdw d ixoo pdwxulw| vwuxfwxuh lv rxwvwdqglqj dw wlph 3/ dqg wkh
jryhuqphqw qhlwkhu lvvxhv ghew qru uhwluhv ghew ehiruh lw lv gxh1 Iru h{dpsoh/ wkh
jryhuqphqw frxog sd| r> d shushwxlw|1 Lq wklv fdvh/ ghew gxh dw | lv frqvwdqw ryhu
wlph/ î|3�E|ä ' î|32E|ä ' îfE|äé Wkh  rz lghqwlw| +6, lv qrz dovr d vroxwlrq/

R| '
î|3�E|ä
r|

é +9,

Qrz/ sulfhv duh ghwhuplqhg e| erqgv wkdw idoo gxh dw hdfk gdwh glylghg e| wkdw
gdwh*v vxusoxv1 Vkrfnv wr ixwxuh gh?flwv kdyh qr lq xhqfh dw doo rq wkh fxuuhqw sulfh
ohyho1 Lqvwhdg/ orqj0whup erqg sulfhv/ uh hfwlqj ixwxuh lq dwlrq/ hqwluho| devrue wkh
vkrfnv wr wkh suhvhqw ydoxh ri vxusoxvhv1 Wr vhh wklv idfw/ dsso| +9, dw |n æ> d vkrfn
wr h{shfwhg r|næ fkdqjhv h{shfwhg �*R|næ dqg wkxv fkdqjhv erqg sulfhv '|E| n æä '
qæ.|
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616 n0shulrg ghew

Dv dq lqwhuphgldwh h{dpsoh/ vxssrvh wkdw hdfk shulrg wkh jryhuqphqw lvvxhv î|E|n&ä
n0shulrg glvfrxqw erqgv hdfk shulrg/ dqg wkhq ohwv wkhp pdwxuh1 Zlwk wklv ghew
srolf|/ î|E| n &ä ' î|n�E| n &ä ' ü ü ü ' î|n&3�E| n &äé Wkh  rz lghqwlw| +6, wkhq
ehfrphv

î|3&E|ä
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Wklv lv d n0shulrg gl>huhqfh htxdwlrq/ zlwk vroxwlrq
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Wkh sulfh ohyho lv vwloo ghwhuplqhg e| d vruw ri suhvhqw ydoxh/ exw rqo| hyhu| &wk
whup pdwwhuv$ Iru h{dpsoh/ li wkh jryhuqphqw lvvxhv 8 |hdu ghew/ wkhq h{shfwdwlrqv
ri vxusoxvhv lq |hduv 8/ 43/ 48/ hwf1 pdwwhu wr wrgd|*v +3, sulfh ohyho/ exw vxusoxvhv lq
|hduv 7/ 9 hwf1 gr qrw pdwwhu1 Dv & $ � zh uhfryhu wkh rqh shulrg ghew vroxwlrq +8,
lq zklfk doo ixwxuh gh?flwv pdwwhu1 Dv & $4c zh uhfryhu wkh fdvh +9, lq zklfk rqo|
wrgd|*v vxusoxv pdwwhuv wr wrgd|*v sulfh ohyho1

617 Jhrphwulf pdwxulw| vwuxfwxuh

D jhrphwulf sdwwhuq jlyhv d wudfwdeoh dqg uhdvrqdeo| uhdolvwlf zd| wr dqdo|}h d ulfk
pdwxulw| vwuxfwxuh1 Vxssrvh wkdw wkh dprxqw ri ghew rxwvwdqglqj dw wkh ehjlqqlqj
ri | +hqg ri |ý �, wkdw zloo pdwxuh dw |n æ ghfolqhv dw d udwh èæ=

î|3�E|n æä ' î|næ3�E|n æäèæ é +:,

Htxlydohqwo|/ wkh iudfwlrq ri ghew wkdw pdwxuhv dw gdwh |c vrog dw gdwh | ý æc lv ?{hg
dfurvv wlph/

î|E|n æäýî|3�E|n æä
î|næ3�E|n æä

' èæ3�E�ý èä( æ è �é +;,

Wr ghulyh d vroxwlrq iru wklv ghew srolf|/ soxj +:, lqwr wkh suhvhqw ydoxh lghqwlw|
+7,/ dqg soxj +;, lqwr wkh  rz lghqwlw| +6,1 Dgglqj wkh ?uvw dqg è*E�ý èä wlphv wkh
vhfrqg htxdwlrqv dqg vroylqj iru R| zh rewdlq wkh vroxwlrq/
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Wklv h{dpsoh dovr qhvwv wkh rqh shulrg ghew fdvh dqg wkh qr0fkdqjh0lq0ghew fdvh
dv è ydulhv iurp f wr �1 Iru è ' fc wkhuh lv rqo| rqh shulrg ghew/ dqg sulfh lv
ghwhuplqhg e| wkh suhvhqw ydoxh ri vxusoxvhv1 Iru è ' �/ sulfh lv ghwhuplqhg rqo| e|
wkh vxusoxv dw hdfk gdwh1

:



7 Dq dssur{lpdwh vroxwlrq

Wr hydoxdwh pruh frpsolfdwhg h{dpsohv/ dqg wr vwxg| wkh h>hfwv rq wkh sulfh ohyho
ri fkdqjlqj ghew srolf|/ zh qhhg wr ?qg sulfh vroxwlrqv lq d pruh jhqhudo vhwwlqj1
Vhfwlrq ; ehorz suhvhqwv dq h{dfw jhqhudo vroxwlrq/ exw lw lv dojheudlfdoo| frpsoh{/ lw
klghv pxfk ri wkh lqwxlwlrq/ dqg lw grhv qrw doorz xv wr xvh vwdqgdug olqhdu wlph0vhulhv
whfkqltxhv1 Wkhuhiruh/ L vwduw zlwk d olqhdul}hg vroxwlrq derxw d vwhdg| vwdwh zlwk d
jhrphwulf pdwxulw| vwuxfwxuh1

Ghqrwh vwhdg| vwdwhv e|

R| ' Rc î|3�E|n æä ' îèæc r| ' ré +43,

Hydoxdwlqj +7, dw wkh vwhdg| vwdwh |lhogv d uhvwulfwlrq ehwzhhq vwhdg| vwdwh sdudphwhuv/

Rr

î
'
�ý q
�ý qèé +44,

Ghqrwh e| ì%| wkh sursruwlrqdo ghyldwlrq ri hdfk yduldeoh %| iurp wkh vwhdg| vwdwh/
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+Lw wxuqv rxw wr eh pruh frqyhqlhqw wr vfdoh ghew e| î udwkhu wkdq îèæ é, Gl>huhqwl0
dwlqj wkh suhvhqw ydoxh lghqwlw| +7, derxw wkh vwhdg| vwdwh dqg xvlqj +44, wkhq jlyhv
wkh dssur{lpdwh suhvhqw ydoxh lghqwlw|1
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Frpsdulqj wklv htxdwlrq zlwk lwv h{dfw frxqwhusduw +7,/ zh vhh wkdw wkh dssur{lpdwlrq
xvhv wkh vwhdg| vwdwh sulfh ohyho wr ydoxh rxwvwdqglqj ghew udwkhu wkdq wkh dfwxdo
sulfh ohyhov/ khqfh whupv qæ ìî|3�E| n æä dsshdu lq sodfh ri qæ.| E�*R|næäî|3�E| n æä1
Lw dovr xvhv wkh vwhdg| vwdwh pdwxulw| vwuxfwxuh îèæ udwkhu wkdq wkh dfwxdo pdwxulw|
vwuxfwxuh î|3�E|n æä wr fdswxuh wkh wudgh0r> ehwzhhq fxuuhqw dqg ixwxuh sulfh ohyhov1
Dv xvxdo/ olqhdul}lqj d surgxfw jlyhv wkh vwhdg| vwdwh ri hdfk whup wlphv wkh ghyldwlrq
ri wkh rwkhu dqg ljqruhv whupv lq zklfk ghyldwlrqv duh pxowlsolhg e| hdfk rwkhu1

Vlqfh wkh zhljkwv èæ duh jhrphwulf/ lwhudwlqj +46, iruzdug wr vroyh iru ìR| lv hdv|/
dqg jlyhv wkh dssur{lpdwh sulfh vroxwlrq/
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Wkh dsshqgl{ jlyhv vrph pruh ghwdlov ri wklv lwhudwlrq1

Lq +47,/ zh vhh djdlq krz wkh jhrphwulf pdwxulw| vwuxfwxuh qhvwv vkruw dqg orqj
whup ghew fdvhv1 Li è ' fc sulfh lv sursruwlrqdo wr wkh suhvhqw ydoxh ri wkh vxusoxv> li
è ' �/ sulfh lv sursruwlrqdo wr wkh vxusoxv dw hdfk gdwh1

Wkh jhrphwulf vwhdg| vwdwh lv glvwlqfw iurp wkh jhrphwulf pdwxulw| vwuxfwxuh vwxg0
lhg deryh1 Lq wkh suhylrxv fdvh/ wkh pdwxulw| vwuxfwxuh lv dozd|v h{dfwo| jhrphwulf1
Lq wklv fdvh/ ghew ri ydulrxv pdwxulwlhv fdq zdqghu dzd| iurp wkh jhrphwulf vwhdg|
vwdwh/ dqg zh fdq hydoxdwh wkh h>hfw rq wkh sulfh ohyho ri vxfk zdqghulqj1

8 Wkh h>hfwv ri ghew srolf|

Wklv dssur{lpdwh vroxwlrq +47, doorzv xv wr dqvzhu/ zkdw duh wkh h>hfwv ri ghew
fkdqjhv/ kroglqj vxusoxvhv frqvwdqwB

Wkh ?uvw ghew whup lq +47, phdqv wkdw dq lqfuhdvh lq ghew dw gdwh | ý �/ î|3�/
wkdw lv uhsxufkdvhg dw | +vr wkdw î| grhv qrw dovr fkdqjh, pryhv wkh sulfh ohyho R| rqh
iru rqh1 Zlwk rqh0shulrg ghew wklv h>hfw lv vlpsoh= pruh ghew dv d fodlp wr wkh vdph
?{hg uhvrxufhv pxvw uhvxow lq d kljkhu sulfh ohyho1 Wkh vroxwlrq vkrzv wkdw pruh orqj0
whup ghew dw wlph |ý� dovr udlvhv wkh sulfh ohyho dw wlph |/ hyhq wkrxjk wkh ghew grhv
qrw frph gxh xqwlo odwhu1 Zrunlqj wkurxjk wkh gh?qlwlrqv ri î|3� dqg ìî|3�E|n æä/ li
pdwxulw| æ ghew î|3�E|næä lqfuhdvhv 4( uhodwlyh wr wrwdo vwhdg| vwdwh ghew

S
& q

&è&î/
wkh sulfh ohyho ulvhv e| qæ*E�ý qèäshufhqwdjh srlqwv1 Wkxv/ wkh h>hfw ri ghew rq wkh
sulfh ohyho lv dwwhqxdwhg iru orqjhu whup ghew dqg dv wkh pdwxulw| vwuxfwxuh vkruwhqv1

Wkh vhfrqg ghew whup lq +47, phdqv wkdw dq lqfuhdvh lq ghew dw gdwh |/ î|/ fdq
ghfuhdvh wkh sulfh ohyho dw wlph |/ exw rqo| li vrph orqj0whup ghew lv rxwvwdqglqj/ l1h1
li è : f1 Li wkh jryhuqphqw mxvw uroov ryhu vkruw0whup ghew/ wklv h>hfw grhv qrw h{lvw1
Qhz orqj0whup ghew gloxwhv rxwvwdqglqj orqj0whup ghew dv d fodlp wr ?{hg uhvrxufhv1
Wkh pruh orqj0whup ghew lv fxuuhqwo| rxwvwdqglqj/ wkh ohvv wkh gloxwlrq/ dqg khqfh
wkh pruh uhyhqxh wkh jryhuqphqw fdq udlvh iru hdfk groodu ri h{wud orqj0whup erqg
vdohv1 Lq wxuq/ wkh pruh uhdo uhyhqxh udlvhg/ wkh juhdwhu wkh lpsdfw rq wkh sulfh ohyho1

Lq prvw fdvhv wkh jryhuqphqw grhv qrw vhoo orqj0whup ghew dqg wkhq uhsxufkdvh lw
rqh shulrg odwhu1 Udwkhu lw vhoov dgglwlrqdo orqj whup ghew dqg wkhq ohwv lw pdwxuh1 Wr
fdofxodwh wkh h>hfwv ri vxfk d srolf|/ vxssrvh wkdw dw wlph f wkh jryhuqphqw vhoov dq
dgglwlrqdo 43 |hdu erqg/ vwduwlqj iurp d jhrphwulf vwhdg| vwdwh pdwxulw| vwuxfwxuh/
dqg wkhq ohwv wkdw erqg pdwxuh1 Wklv phdqv ìîfE�fä ' ìî�E�fä ' ìî2E�fä ' ééé '
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ìîbE�fä ' �1 Xvlqj +47,/ wkh uhvxowlqj sulfh sdwk lv
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Iljxuh 6 sorwv wklv sulfh sdwk1 Dw gdwh f/ zh rqo| kdyh wkh vhfrqg/ qhjdwlyh ghew
whup lq +47,> wkh sulfh ohyho lv uhgxfhg li wkhuh lv orqj whup ghew rxwvwdqglqj1 Dw
wlph �f/ zh rqo| kdyh wkh ?uvw/ srvlwlyh whup lq +47,/ vr wkh sulfh ohyho ulvhv e| 413
iru dq| pdwxulw| vwuxfwxuh1 Rqh pruh erqg pxvw eh uhghhphg iurp wkh vdph vhw ri
uhvrxufhv1 Lq wkh lqwhuphgldwh gdwhv/ erwk whupv lq +47, duh suhvhqw1 Zlwk orqj whup
ghew/ wkh| fdqfho vr wkhuh lv qr lqwhuphgldwh h>hfw rq wkh sulfh ohyho1 Zlwk vkruwhu
whup ghew/ wkh sulfh ohyho lqfuhdvhv doo wkh zd| rxw wr shulrg 431

Iljxuh 6= H>hfw rq wkh sulfh ohyho ri dq lqfuhdvh lq 43 shulrg ghew dw wlph 3 wkdw lv doorzhg
wr pdwxuh/ vwduwlqj lq d vwhdg| vwdwh zlwk d jhrphwulf pdwxulw| vwuxfwxuh1

814 Srvwsrqlqj lq dwlrq

Dv zh kdyh vhhq/ dgglwlrqdo vdohv ri orqj whup ghew fdq orzhu wkh sulfh ohyho wrgd|
zkloh udlvlqj lw lq wkh ixwxuh/ zkhq vrph orqj whup ghew lv rxwvwdqglqj/ hyhq zlwk qr
fkdqjh lq vxusoxvhv1

Wr zkdw h{whqw fdq wkh jryhuqphqw d>hfw wkh sulfh ohyho wrgd| wkurxjk xqh{0
shfwhg erqg vdohvB Iru h{dpsoh/ fdq lw frpsohwho| r>vhw vxusoxv vkrfnvB Wkh suhvhqw

43



ydoxh lghqwlw| +7, dqvzhuv wkhvh txhvwlrqv gluhfwo| dqg h{dfwo| Uhzulwlqj wkh lghqwlw|
voljkwo|/
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Zh fdq uhdg wklv htxdwlrq dv 3exgjhw frqvwudlqw4 iru dfklhydeoh h{shfwhg lqyhuvh
sulfh ohyhov1 Wkh pdwxulw| vwuxfwxuh ri rxwvwdqglqj ghew î|3�E|n æä jlyhv wkh udwhv dw
zklfk wkh jryhuqphqw fdq wudgh r> wkh sulfh ohyho wrgd| iru sulfh ohyhov lq wkh ixwxuh1

Wkh jryhuqphqw fdq dozd|v udlvh ixwxuh sulfhv e| vhoolqj pruh ghew> wkh lvvxh lv
zkhwkhu vxfk vdohv d>hfw wrgd|*v sulfhv1 Zlwk rxwvwdqglqj orqj0pdwxulw| ghew/ whupv
î|3�E| n æäc æ è � lq +48, duh suhvhqw/ vr wkdw udlvlqj ixwxuh sulfh ohyhov +e| vhoolqj
pruh orqj whup ghew, fdq orzhu wrgd|*v sulfh ohyho1 Li rqo| rqh shulrg erqgv duh
rxwvwdqglqj/ wkhvh whupv duh devhqw vr wkhuh lv qrwklqj wkh jryhuqphqw fdq gr zlwk
ghew srolf| wr d>hfw sulfhv wrgd|1

Ixuwkhupruh/ wkhuh lv d ghew srolf| 8 d fkrlfh ri iî|E| n ðäc î|n�E| n ðäééé( ð '
�c 2c ééé4j wkdw dfklhyhv dq| vhw ri sulfh sdwkv frqvlvwhqw zlwk wkh frqvwudlqw +48,1 Wr
yhuli| wklv idfw/ zh fdq frqvwuxfw d srolf| wkdw zrunv iru d jlyhq sulfh sdwk1 Lw lv qrw
xqltxh1 Ohw wkh jryhuqphqw dgmxvw lwv pdwxulw| vwuxfwxuh rqfh/ ghwhuplqlqj î|E|n æä
dqg wkhq pdnlqj qr ixuwkhu fkdqjhv1 Ixwxuh sulfh ohyhov duh jlyhq e| wkh vroxwlrq
+9,/ dqg wdnlqj h{shfwdwlrqv dw wlph |/

.|

#
r|næ

î|næ3�E|n æä

$
' .|

#
�

R|næ

$
é

Wkhuhiruh/ li wkh jryhuqphqw vhwv
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wkh ghvluhg sdwk ri ixwxuh sulfh ohyhov i.| E�*R|næäj uhvxowv1 Wkhq +48, surgxfhv wkh
sulfh ohyho dw wlph |1

Wkh frqyhuvh vwdwhphqw lv dovr wuxh1 Li wkhuh lv qr æ shulrg ghew rxwvwdqglqj dw wlph
|/ wkhq wkhuh lv qr ghew srolf| 8 qr fkrlfh ri iî|n�E|nðäc î|n2E|nðäééé( ð ' �c 2c ééé4j9
e| zklfk wkh jryhuqphqw fdq orzhu wkh sulfh ohyho dw wlph | lq h{fkdqjh iru udlvlqj
wkh sulfh ohyho dw wlph |n æé

Fdq wkh jryhuqphqw jr vr idu dv wr dwwdlq d frqvwdqw sulfh ohyho lq wkh idfh ri
vxusoxv vkrfnv e| dssursuldwho| ex|lqj dqg vhoolqj erqgvB Wkh frqvwudlqw +48, vkrzv
wkdw wklv pxfk lv qrw srvvleoh/ ehfdxvh ghew dw wlph |pxvw eh lq wkh wlph | lqirupdwlrq
vhw1 Wdnh lqqrydwlrqv ri htxdwlrq +48,/ uhvxowlqj lq
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D frqvwdqw sulfh ohyho lpsolhv E.| ý .|3�ä
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}hur dqg wkh ohiw vlgh lv qrw/ vr wklv fdqqrw eh d vroxwlrq1 Wklv frqfoxvlrq krogv lq
frqwlqxrxv wlph yhuvlrqv ri wkh prgho dv zhoo1

815 Frpsohwh pdunhwv dqg frpprglw| vwdqgdugv

Zlwk vwdwh0frqwlqjhqw ghew/ wkh jryhuqphqw fdq dwwdlq d frqvwdqw sulfh ohyho yld
ghew srolf| dorqh ghvslwh vxusoxv vkrfnv1 Iru h{dpsoh/ vxssrvh wkdw wkh jryhuqphqw
kdv lvvxhg vwdwh0frqwlqjhqw ghew dw wlph 3 dqg hqjdjhv lq qr ixuwkhu ghew vdohv ru
uhsxufkdvhv1 Ohw îEj|ä ghqrwh wkh dprxqw +srvlwlyh ru qhjdwlyh, ri qrplqdo ghew
wkdw frphv gxh dw gdwh | lq vwdwh j|1 Vlploduo|/ ohw rEj|ä ghqrwh wkh uhdo vxusoxv dw
wlph | lq vwdwh j|1 Wkh exgjhw lghqwlw| dw hdfk gdwh lv wkhq vlpso|

REj|ärEj|ä ' îEj|äé

Lq wklv fdvh/ wkh jryhuqphqw fdq dwwdlq dq| vwrfkdvwlf surfhvv iru sulfhv/ lqfoxglqj d
frqvwdqw sulfh ohyho/ e| fkrrvlqj wkh dssursuldwh vwdwh0frqwlqjhqw ghew vwuxfwxuh1

D frqvwdqw sulfh ohyho lv qrw srvvleoh zlwk qrq0vwdwh0frqwlqjhqw ghew/ hyhq zkhq
zh doorz g|qdplf wudglqj dqg orqj0whup ghew1 Wkhuhiruh/ wkrxjk g|qdplf wudglqj
ri orqj whup ghew doorzv d juhdwhu duud| ri vwdwh0frqwlqjhqflhv wkdq vkruw whup ghew/
lw grhv qrw dwwdlq wkh frpsohwh0pdunhwv olplw1 Lq wklv sdshu/ L irfxv rq qrq0vwdwh0
frqwlqjhqw qrplqdo ghew ehfdxvh wkdw lv wkh qhduo| xqlyhuvdo vwuxfwxuh ri qrplqdo
jryhuqphqw ghew1

Vlploduo|/ li wkh jryhuqphqw ?qdqfhg lwv gh?flwv zlwk lqgh{hg ghew/ li h{solflw
ghidxow udwkhu wkdq lq dwlrq zhuh wkh kdelwxdo phfkdqlvp iru dgmxvwlqj wkh ydoxh ri
wkh ghew wr wkh ydoxh ri vxusoxvhv/ ru li jryhuqphqw ghew zdv qrw xvhg dv qxphudluh/
wkhq wkh ?vfdo wkhru| zrxog kdyh olwwoh wr vd| derxw wkh sulfh ohyho1 Lw lv uhohydqw
ehfdxvh jryhuqphqwv lvvxh +doprvw, ghidxow0iuhh qrplqdo ghew1

Frpprglw| vwdqgdugv duh dq lqvwdqfh ri wkh ?vfdo wkhru| ri wkh sulfh ohyho/ dqg
wkh| fdq jlyh d frqvwdqw sulfh ohyho dv zhoo1 Krz lv wklv frqvlvwhqw zlwk wkh deryh
vwdwhphqwB Frpprglw| vwdqgdugv gr hqgrjhql}h jryhuqphqw ghew/ vlqfh shrsoh fdq
wudgh jrrgv iru ghew iuhho|/ exw wklv lv qrw krz wkh| ghwhuplqh d frqvwdqw sulfh
ohyho1 Frpprglw| vwdqgdugv duh dovr d frpplwphqw ghylfh iru vxusoxvhv1 Li wkhuh lv d
wudqvlwru| dgyhuvh vxusoxv vkrfn/ lq rughu wr pdlqwdlq wkh frpprglw| vwdqgdug iruhyhu
wkh jryhuqphqw pxvw fkdqjh srolf| vr wkdw wkh suhvhqw ydoxh ri ixwxuh vxusoxvhv lv
xqfkdqjhg1
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9 Rswlpdo ghew srolf|

Zh kdyh vhhq wkdw ghew srolf| fdq d>hfw fxuuhqw dqg ixwxuh lq dwlrq1 Qrz L h{dplqh
rswlpdo srolflhv wkdw vprrwk lq dwlrq1 L surfhhg lq wkuhh vwdjhv= Iluvw/ L ?qg dq
rswlpdo sdvvlyh ghew srolf|/ l1h1 dq rswlpdo vwhdg| vwdwh pdwxulw| vwuxfwxuh/ jlyhq
wkdw wkh jryhuqphqw grhv qrw dgmxvw ghew h{0srvw lq uhvsrqvh wr vkrfnv1 Wkhq/ L
doorz wkh jryhuqphqw wr dgglwlrqdoo| sxuvxh dfwlyh ghew srolf|/ dgmxvwlqj wkh ohyho
ri ghew ri ydulrxv pdwxulwlhv lq rughu wr r>vhw vxusoxv vkrfnv1 Ilqdoo|/ L doorz wkh
jryhuqphqw wr frqwuro sduw ri wkh vxusoxv dv zhoo1

Zh fdq dqwlflsdwh wkh txdolwdwlyh uhvxowv1 Dv zh kdyh vhhq/ vkruwhu pdwxulw|
vwuxfwxuhv uhodwh wrgd|*v sulfh wr pdq| ohdgv ri wkh vxusoxv> vxfk d pdwxulw| vwuxfwxuh
vprrwkv lq dwlrq li vxusoxvhv kdyh d wudqvlwru| frpsrqhqw1 Orqj pdwxulw| vwuxfwxuhv
uhodwh wrgd|*v sulfh wr ihzhu ohdgv ri wkh vxusoxv1 Wkhuhiruh/ d sdvvlyh srolf| zlwk d
orqj pdwxulw| vwuxfwxuh vprrwkv lq dwlrq ehwwhu wkdq d sdvvlyh srolf| zlwk d vkruw
pdwxulw| vwuxfwxuh zkhq vxusoxvhv exlog iroorzlqj d vkrfn vr wkdw wkh suhvhqw ydoxh
lv pruh yrodwloh wkdq wkh dfwxdo ydoxh/ dqg ylfh yhuvd1 Orqj pdwxulw| vwuxfwxuhv dovr
pdnh dfwlyh ghew srolf| srvvleoh/ vr wkdw wkh jryhuqphqw fdq vprrwk d vxusoxv vkrfn
dv lw kdsshqv e| vhoolqj pruh orqj0whup ghew1 Wklv idfw zhljkv lq idyru ri d orqj
pdwxulw| vwuxfwxuh/ hyhq zkhq vkruw whup ghew lv wkh rswlpdo sdvvlyh srolf|1

914 Vwdwhphqw ri wkh sureohp

Jlyhq d vwrfkdvwlf surfhvv iru wkh vxusoxv ir|j c wkh jryhuqphqw slfnv wkh sdudphwhuv
jryhuqlqj wkh vwhdg| vwdwh pdwxulw| vwuxfwxuh è/ î dqg d ghew srolf|

q
ìî|E|n æä

r
wr

plqlpl}h wkh yduldqfh ri lq dwlrq/

6ð? dñ@o EìR| ý ìR|3�äo +49,

jlyhq wkdw sulfhv duh jhqhudwhg e| wkh vroxwlrq +47,1 Wkh vwhdg| vwdwh pdwxulw|
sdudphwhu è pxvw uhvshfw wkh uhvwulfwlrq f ÷ è ÷ � dqg wkh ghew fkrlfh ìî|E| n &ä
pxvw eh lq wkh wlph | lqirupdwlrq vhw/ dqg pxvw eh d vwdwlrqdu| +qrw h{sorvlyh,
surfhvv1 +Wkh qrwdwlrq lv gh?qhg lq +43,0+45d,1,

L vwdwh wkh remhfwlyh dqg frqvwudlqwv lq whupv ri vwhdg| vwdwhv dqg ghyldwlrqv derxw
wkh vwhdg| vwdwh/ vlqfh L xvh wkh dssur{lpdwh sulfh vroxwlrq wr vroyh wkh sureohpv1
Lq rughu wr xvh wkh dssur{lpdwh vroxwlrq/ L frqvwudlq wkh jryhuqphqw*v fkrlfh wr d
jhrphwulf vwhdg| vwdwh1

Vprrwklqj wkh yrodwlolw| ri lq dwlrq lv d uhdvrqdeoh fkdudfwhul}dwlrq ri fhqwudo
edqn remhfwlyhv1 Lq wklv prgho/ wkh ohyho ri lq dwlrq lv duelwudu| dqg vr lw lv qrw lq0
whuhvwlqj wr dgg lw wr wkh remhfwlyh1 L iroorz d orqj wudglwlrq lq prqhwdu| hfrqrplfv/
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iru h{dpsoh Vdujhqw dqg Zdoodfh +4<:8,/ dqg gr qrw ghod| ru frpsolfdwh wkh dqdo|0
vlv e| mxvwli|lqj wkh lq dwlrq0vprrwklqj remhfwlyh iurp zhoiduh pd{lpl}dwlrq lq dq
hfrqrp| zlwk vshfl?f iulfwlrqv1 Prgholqj 3lq dwlrq4 dv wkh gl>huhqfh ri sursruwlrqdo
ghyldwlrqv iurp wkh vwhdg| vwdwh dv lq +49, udwkhu wkdq wkh udwlr ri sulfh ohyhov lv dq
dqdo|wlfdoo| frqyhqlhqw vlpsol?fdwlrq1

Wkh phwkrgv dgdsw hdvlo| wr rwkhu remhfwlyhv1 Iru h{dpsoh/ rqh fdq plqlpl}h
wkh yduldqfh ri wkh sulfh ohyho/ zklfk pd| ghvfuleh suhzdu ru jrog0vwdqgdug srolf|1
Dowhuqdwlyho|/ rqh fdq plqlpl}h wkh yduldqfh ri xqh{shfwhg lq dwlrq 4ð? ñ@oEìR| ý
.|3�ìR|äc prwlydwhg e| wkh Oxfdv +4<:5/ 4<:6, zruog lq zklfk rqo| xqh{shfwhg prqh|
kdv uhdo h>hfwv1

915 Sdvvlyh srolf|

L vwduw e| dqdo|}lqj sdvvlyh srolflhv= Wkh jryhuqphqw fkrrvhv rqo| d vwhdg| vwdwh pd0
wxulw| vwuxfwxuh/ jryhuqhg e| wkh sdudphwhuv îc è/ lq rughu wr plqlpl}h wkh yduldqfh
ri lq dwlrq jlyhq wkdw sulfhv duh jhqhudwhg e| +47,1 L fdofxodwh uhvxowv iru dq DU+5,
vxusoxv surfhvv/

ìr| ' Eb� n b2äìr|3� ý Eb�b2äìr|32 n 0|é

Iljxuh 7 suhvhqwv wkh rswlpdo vwhdg| vwdwh pdwxulw| sdudphwhu è dv d ixqfwlrq ri
wkh wzr urrwv b� dqg b21Wkh fdofxodwlrq lv ghwdlohg lq wkh dsshqgl{1 Wkh ryhudoo ohyho
ri ghew î vlpso| jryhuqv wkh vwhdg| vwdwh sulfh ohyho R/ dqg vr lv luuhohydqw wr wkh
lq dwlrq0vprrwklqj remhfwlyh1

Iru hyhu| vwdwlrqdu| DU+4, +rqh urrw htxdo wr }hur/ wkh rwkhu vwulfwo| ohvv wkdq
rqh, wkh rswlpdo pdwxulw| lv vkruw/ è ' f1 Lq wkhvh fdvhv wkh yduldqfh ri wkh suhvhqw
ydoxh ri wkh vxusoxv lv vpdoohu wkdq wkh yduldqfh ri wkh vxusoxv/ vr vkruw whup ghew
vprrwkv lq dwlrq e| pdnlqj wkh sulfh ohyho htxdo wr wkh vprrwkhu vhulhv1 Wzr odujh
urrwv b surgxfh kxps0vkdshg lpsxovh uhvsrqvh ixqfwlrqv wkdw frqwlqxh wr ulvh diwhu
dq lqlwldo vkrfn/ dqg iru zklfk wkh suhvhqw ydoxh ydulhv e| pruh wkdq wkh vhulhv lwvhoi1
Lq wklv uhjlrq/ wkh orqjhvw srvvleoh pdwxulw| ghew è ' � lv suhihuuhg/ ehfdxvh orqj
whup ghew pdnhv wkh sulfh ohyho sursruwlrqdo wr wkh vxusoxv dw hdfk gdwh1

Prvw lqwhuhvwlqjo|/ wkhuh lv d uhjlrq zlwk wzr uhdvrqdeo| odujh urrwv b� dqg b2 iru
zklfk d pdwxulw| vwuxfwxuh zlwk è lqwhuphgldwh ehwzhhq f dqg � lv rswlpdo1 Wklv fdvh
lv qrw lpsodxvleoh/ dv pdq| pdfurhfrqrplf wlph vhulhv kdyh kxps0vkdshg lpsxovh0
uhvsrqvh sdwwhuqv zlwk urrwv urxjko| wkrvh ri wklv uhjlrq1
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Iljxuh 7= Rswlpdo jhrphwulf pdwxulw| è ri sdvvlyh ghew srolflhv wkdw plqlpl}hv wkh yduldqfh
ri lq dwlrq/ dv d ixqfwlrq ri wkh wzr urrwv ri wkh DU+5, vxusoxv surfhvv1 q ' fébD1

916 Dfwlyh srolf|

Wr vwxg| dfwlyh srolflhv/ L ixuwkhu vshfldol}h wr dq DU+4, vxusoxv surfhvv

ìr| ' 4ìr|3� n 0|

Wkh phwkrgv jhqhudol}h wr duelwudu| surfhvvhv exw wklv fdvh zloo surylgh hqrxjk lqwhu0
hvwlqj ehkdylru/ dqg pruh wkdq hqrxjk dojheudlf frpsoh{lw|1 Wkh sureohp lv qrz wr
fkrrvh è 5 dfc �oc iî|j wr plqlpl}h ñ@oEìR|ý ìR|3�ä/ jlyhq wkdw/ xvlqj wkh DU+4, vxusoxv
lq +47,/ ìR| lv jhqhudwhg e|

ìR| ' ý&Eèäìr| nî|3� ý èqî| +4:,

zkhuh

&Eèä ì E�ý qäE�ý qè4ä
E�ý q4äE�ý qèä é

Wkh vroxwlrq wr wklv sureohp/ ghulyhg lq wkh dsshqgl{/ lv wkh iroorzlqj srolf|=

è ' � +4;,

E�ý uä E�ý quäî| ' Eýò n quä r|c

zkhuh
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Qrwh iurp +4;, wkdw ghew î| ghshqgv rq wkh zkroh klvwru| ri rc ghvslwh wkh DU+4,
vwuxfwxuh1

Qrwh wkdw d orqj pdwxulw| vwuxfwxuh è ' � lv lq idfw rswlpdo lq wklv fdvh/ hyhq
wkrxjk è ' f ru vkruw whup ghew lv wkh rswlpdo sdvvlyh srolf| iru dq DU+4, vxusoxv1
Orqj whup ghew pdnhv dfwlyh ghew srolf| srvvleoh/ dqg wkh delolw| wr r>vhw vkrfnv
dv wkh| frph e| gloxwlqj dqg ghydoxlqj rxwvwdqglqj orqj0whup ghew grplqdwhv wkh
sdvvlyh lq dwlrq0vprrwklqj surshuwlhv ri d vkruw pdwxulw| vwuxfwxuh1

Wkh dfwlyh srolf| ixqgdphqwdoo| wudqvirupv wkh sulfh ohyho surfhvv1 Zkloh wkh
sulfh ohyho zrxog iroorz wkh vxusoxv DU+4, zlwk d sdvvlyh srolf|/ qrz lq dwlrq iroorzv
dq DU+4,/

E�ý uäìR| ' ý E�ý q
2ä

E�ý 4qä
E�ý qä
E�ý quä0|

E| pdnlqj wkh sulfh ohyho qrqvwdwlrqdu|/ lq dwlrq fdq eh vprrwkhg1

Li wkh jryhuqphqw plqlpl}hv wkh yduldqfh ri wkh sulfh ohyho udwkhu wkdq wkdw ri
lq dwlrq/ rswlpdo ghew srolf| surgxfhv duwl?fldo wlph vhulhv uhplqlvfhqw ri suhzdu ru
jrog0vwdqgdug wlph vhulhv1 Lq sodfh ri d xqlw urrw sulfh ohyho dqg vprrwk lq dwlrq/ wklv
remhfwlyh surgxfhv d sulfh ohyho zlwk orz dxwrfruuhodwlrq/ dqg lq dwlrq wkdw ydulhv d
juhdw ghdo1 Wkxv/ wkh vkliw lq wkh fkdudfwhu ri lq dwlrq lq wkh X1V1 ehwzhhq wkh suhzdu
dqg srvwzdu shulrg fdq eh xqghuvwrrg dv d vkliw iurp d sulfh0ohyho wdujhwlqj remhfwlyh
wr dq lq dwlrq vprrwklqj remhfwlyh1

Iljxuh 8= Duwl?fldo gdwd iurp rswlpdo dfwlyh ghew srolf| zlwk dq DU+4, vxusoxv1

Iljxuh 8 suhvhqwv duwl?fldo wlph vhulhv iru ghew jurzwk/ vxusoxv dqg sulfh ohyho iru
wklv prgho1 Ghew kdv d xqlw urrw/ zkloh lq dwlrq dqg wkh vxusoxv duh vwdwlrqdu|1 Dv
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lq wkh gdwd/ wkhuh lv qr ylvleoh fruuhodwlrq ehwzhhq ghew ru wkh vxusoxv dqg wkh sulfh
ohyho1 Dv lq wkh gdwd/ qrplqdo ghew jurzwk lv qhjdwlyho| fruuhodwhg zlwk wkh vxusoxv1

Iljxuh 9= Duwl?fldo lq dwlrq gdwd1 3Dfwlyh4 jlyhv lq dwlrq iurp wkh rswlpdo dfwlyh ghew
srolf| zlwk dq DU+4, vxusoxv1 3Sdvvlyh/ orqj whup ghew4 jlyhv lq dwlrq zlwk wkh orqj
+è ' �, pdwxulw| vwuxfwxuh ri wkh rswlpdo dfwlyh srolf|/ exw xvhv rqo| d sdvvlyh srolf|> ghew
lv dozd|v htxdo wr wkh vwhdg| vwdwh ydoxh1 3Sdvvlyh/ vkruw whup ghew4 jlyhv lq dwlrq zlwk
vkruw whup ghew +è ' f,/ zklfk lv wkh rswlpdo sdvvlyh srolf| iru dq DU+4, vxusoxv1

Iljxuh 9 frqwudvwv lq dwlrq iurp wkh rswlpdo dfwlyh srolf| zlwk wkh lq dwlrq wkdw
zrxog uhvxow iurp d sdvvlyh srolf| zlwk orqj whup ghew +è ' �, dqg iurp wkh rswlpdo
sdvvlyh srolf|/ zklfk xvhv vkruw whup ghew +è ' fä1 Zlwk hlwkhu sdvvlyh srolf|/
wkh sulfh ohyho lv shuihfwo| fruuhodwhg zlwk wkh vxusoxv/ dqg vr lq dwlrq lv shuihfwo|
fruuhodwhg zlwk vxusoxv jurzwk1 Frpsdulqj dfwlyh dqg sdvvlyh srolf| zlwk orqj whup
ghew/ zh vhh wkdw dfwlyh srolf| gudpdwlfdoo| vprrwkv lq dwlrq1 Dfwlyh srolf| dovr
surgxfhv lq dwlrq vprrwkhu wkdq wkh rswlpdo sdvvlyh srolf|/ zklfk xvhv vkruw0whup
ghew1

Iroorzlqj d qhjdwlyh vxusoxv vkrfn/ wkh jryhuqphqw vhoov dgglwlrqdo orqj whup
ghew1 Wklv dfwlrq orzhuv wkh sulfh ohyho dw wkh prphqw ri wkh vkrfn/ exw udlvhv wkh
sulfh ohyho lq wkh ixwxuh1 Wkh uhvxow lv d vprrwkhu sdwk ri lq dwlrq dw wkh frvw ri d
pruh yrodwloh 8 d xqlw urrw lq idfw 8 sulfh ohyho1

Krzhyhu/ wkh vxusoxv lv vwloo srvlwlyho| fruuhodwhg zlwk wkh uhdo ydoxh ri wkh ghew
lq wklv prgho/ dv lw pxvw lq dq| DU+4, vxusoxv prgho1 Wr pdwfk wkh idfw lq wkh gdwd
wkdw erwk uhdo dqg qrplqdo ghew jurzwk duh qhjdwlyho| fruuhodwhg zlwk wkh vxusoxv/ L
frqvlghu vxusoxv srolf| ehorz1

4:



: Rswlpdo vxusoxv dqg ghew srolf|

Vr idu/ L kdyh h{dplqhg wkh sulfh ohyho h>hfwv ri fkdqjlqj vxusoxvhv zlwk frqvwdqw
ru h{rjhqrxv ghew/ dqg wkhq L kdyh h{dplqhg wkh h>hfwv ri fkdqjlqj ghew zlwk frq0
vwdqw ru h{rjhqrxv vxusoxvhv1 Wkhvh duh qdwxudo sodfhv wr vwduw dqdo|}lqj wkh orjlfdo
srvvlelolwlhv lpsolhg e| wkh ?vfdo wkhru|/ exw qhlwkhu lv d uhdolvwlf ghvfulswlrqv ri df0
wxdo ghew srolf|1 Jryhuqphqwv kdyh dw ohdvw vrph frqwuro ryhu wkh vxusoxv dv zhoo dv
qrplqdo ghew/ dqg d uhdolvwlf srolf| rswlpl}dwlrq h{huflvh vkrxog uhfrjql}h wklv idfw1
Prvw lpsruwdqwo|/ wkh ydvw pdmrulw| ri ghew vdohv frph wrjhwkhu zlwk dq lpsolflw ru
h{solflw surplvh wr lqfuhdvh ixwxuh vxusoxvhv1

D vhfrqg dqg uhodwhg lvvxh lv wkdw wkh DU+4, ru DU+5, vxusoxv surfhvvhv lqyhv0
wljdwhg deryh/ wkrxjk wkh| duh qdwxudo h{dpsohv dqg sodxvleoh ghvfulswlrqv ri wkh
xqlyduldwh ehkdylru ri wkh X1V1 uhdo sulpdu| vxusoxv/ ohdg wr d frpsohwho| frxqwhu0
idfwxdo ghvfulswlrq ri wkh mrlqw ehkdylru ri vxusoxv dqg ghew1 Vlpsoh DU vxusoxv
surfhvvhv lpso| wkdw wkh ydoxh ri wkh ghew vkrxog eh srvlwlyho| fruuhodwhg zlwk vxu0
soxvhv1 Kljkhu fxuuhqw vxusoxvhv phdq d kljkhu suhvhqw ydoxh ri ixwxuh vxusoxvhv dqg
khqfh d kljkhu ydoxh ri wkh ghew1 Lq wkh gdwd/ dv vkrzq lq Iljxuh 5/ kljk vxusoxvhv
duh xqvxusulvlqjo| dvvrfldwhg zlwk ghfolqlqj uhdo ghew1 Fxpe| Fdq}rqhul dqg Gled
+4<<;, xvh wkhvh frxqwhuidfwxdo suhglfwlrqv ri DU+4, vxusoxv surfhvvhv wr uhmhfw wkh
?vfdo wkhru|1

Wr pdnh wklv srlqw suhflvho|/ ghqrwh wkh uhdo ydoxh ri wkh ghew ñ|1 Wkh suhvhqw
ydoxh lghqwlw| +7, vd|v wkdw wkh uhdo ydoxh ri wkh ghew 8 ri dq| pdwxulw| vwuxfwxuh 8
lv htxdo wr wkh suhvhqw ydoxh ri uhdo vxusoxvhv1

ñ| ' .|
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qær|næé +4<,

Zlwk dq DU+4, vxusoxv/ r| ' 4r|3�n0|/ wkh vxusoxv dqg uhdo ydoxh ri ghew duh shuihfwo|
fruuhodwhg1

ñ| '
�

�ý q4r| +53,

Wklv uhvxow lv wuxh iru dq| ghew srolf|/ lqfoxglqj wkh dfwlyh ghew srolf| dqdo|}hg
deryh1 Pruh jhqhudoo|/ dq| wlph vhulhv surfhvv lq zklfk wkh suhvhqw ydoxh rq wkh uljkw
kdqg vlgh ri +4<, pryhv srvlwlyho| zlwk wkh vhulhv lwvhoi suhglfwv wkdw vxusoxvhv vkrxog
eh srvlwlyho| fruuhodwhg zlwk ghew1

Wkhuhiruh/ wr sodxvleo| ghvfuleh wkh mrlqw ehkdylru ri vxusoxv dqg uhdo ghew/ wkh
vxusoxv pxvw iroorz d surfhvv zkrvh ohyho lv qhjdwlyho| fruuhodwhg zlwk orqj0uxq dqg
suhvhqw ydoxhv1 Wklv vwdwhphqw kdv qrwklqj wr gr zlwk wkh ?vfdo wkhru|/ vlqfh htxdwlrq
+4<, lv hqwluho| lq uhdo whupv dqg krogv lq doo prghov/ ?vfdo ru qrw1

Rq ?uvw jodqfh surfhvvhv zlwk qhjdwlyh orqj0uxq uhvsrqvhv vhhp vwudqjh1 Rq
vhfrqg jodqfh wkh| vxjjhvw wkdw vxusoxvhv uhvsrqg wr uhdo ghew ydoxhv/ wkh 3Ulfdugldq
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uhjlph4 vshfldo fdvh wkdw lqydolgdwhv wkh ?vfdo wkhru|1 Exw rq wklug jodqfh vxfk
surfhvvhv duh d qdwxudo rxwfrph ri d ghew srolf| uxq wr vprrwk lq dwlrq lq wkh idfh
ri wudqvlwru| vxusoxv vkrfnv1

Lq d uhfhvvlrq/ wkh jryhuqphqw pxvw ?qdqfh d gh?flw1 Lw fdq gr rqh ri wkuhh wklqjv=

41 Lw fdq lq dwh dzd| h{lvwlqj ghew1 Iru h{dpsoh/ zlwk rqh0shulrg ghew zh kdyh

î|3�E|ä
R|

n .|

#
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R|n�

$
qî|E|n �ä ' r|é

Li wkh jryhuqphqw grhv qrw fkdqjh qrplqdo ghew î|E|n�ä dqg ixwxuh vxusoxvhv
r|næ/ d qhjdwlyh r| vkrfn zloo eh phw e| d ulvh lq R|/ l1h1 e| lq dwlqj dzd| wkh
uhdo ydoxh ri rxwvwdqglqj ghew1

51 Dv glvfxvvhg deryh/ li orqj0whup ghew lv rxwvwdqglqj/ wkh jryhuqphqw fdq vhoo
dgglwlrqdo orqj whup ghew zlwk qr fkdqjh lq ixwxuh vxusoxvhv> wklv dfwlrq ghydo0
xhv rxwvwdqglqj orqj whup ghew/ fdxvlqj ixwxuh udwkhu wkdq fxuuhqw lq dwlrq1

61 Wkh jryhuqphqw fdq vhoo dgglwlrqdo ghew/ zkloh surplvlqj wr lqfuhdvh ixwxuh
vxusoxvhv1 Iru h{dpsoh/ zlwk rqh0shulrg ghew/ dq lqfuhdvh lq ghew vdohv î|E|n�ä
zkloh kroglqj ixwxuh vxusoxvhv r|n� frqvwdqw uhvxowv lq dq htxlsursruwlrqdwh
lqfuhdvh lq wkh ixwxuh sulfh ohyho R|n� dqg khqfh grhv qrw udlvh dq| uhyhqxh
ru d>hfw sulfhv dw wlph |1 Exw li wkh jryhuqphqw fdq surplvh wr udlvh ixwxuh
vxusoxvhv/ wkhq lw fdq vhoo pruh ghew î|E|n�ä zlwk qr h>hfw rq R|n�> khqfh lw fdq
udlvh pruh uhyhqxh zlwkrxw lq dwlqj dzd| h{lvwlqj ghew1 Lq wklv odvw h{dpsoh d
qhjdwlyh vxusoxv vkrfn wrgd| lv iroorzhg e| dq lqfuhdvhg vxusoxv lq wkh ixwxuh1

Wkh ?uvw wzr rswlrqv ohdg wr odujh vzlqjv lq lq dwlrq1 Wkh wklug vwudwhj| ohdgv wr
pxfk ohvv yrodwloh lq dwlrq1 Khqfh/ zh h{shfw d jryhuqphqw wkdw zlvkhv wr vprrwk
lq dwlrq wr iroorz vrphwklqj olnh wkh wklug vwudwhj|1 Dqg lq idfw zh urxwlqho| wklqn
ri jryhuqphqwv r>vhwwlqj fxuuhqw ?vfdo vwulqjhqf| e| eruurzlqj/ dqg lpsolflwo| ru
h{solflwo| surplvlqj wr udlvh ixwxuh wd{hv ru fxw ixwxuh vshqglqj wr sd| r> wkh uhvxowlqj
ghew1 Wkxv/ zh urxwlqho| wklqn ri vxusoxv surfhvvhv/ zklfk/ xqghu sduwldo jryhuqphqw
frqwuro/ kdyh uhvsrqvh ixqfwlrqv zklfk uhyhuvh vljq diwhu d vkrfn1

Wkh ?uvw wzr rswlrqv dovr ohdg wr uhdo ydoxhv ri wkh ghew wkdw duh srvlwlyho| fruuh0
odwhg zlwk wkh vxusoxv1 Wkh idfw wkdw kljk vxusoxvhv vhhp wr sd| grzq wkh uhdo ydoxh
ri wkh ghew lv qrw dq dffrxqwlqj lghqwlw|> lw uhvxowv iurp wkh jryhuqphqw*v fkrlfh wr
gr vr udwkhu wkdq wr phhw vxusoxvhv zlwk lq dwlrq1

:14 D prgho ri rswlpdo ?vfdo srolf|

Khuh/ L sxuvxh d prgho wkdw fdswxuhv wkh lqwxlwlrq ri wkh odvw ihz sdudjudskv1 Iluvw/
zh pxvw ghvfuleh wkh vxusoxv surfhvv1 Wkhuh lv d f|folfdo frpsrqhqw wr wkh vxusoxv
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wkdw lv e| dqg odujh eh|rqg wkh jryhuqphqw*v frqwuro1 Lq d uhfhvvlrq/ orzhu lqfrph dw
frqvwdqw wd{ udwhv phdqv ohvv wd{ uhyhqxh/ dqg hqwlwohphqw dqg rwkhu surjudp0edvhg
vshqglqj dxwrpdwlfdoo| ulvh1 Ghqrwh wklv f|folfdo sruwlrq ri wkh vxusoxv

S| ' 4S|3� n 0| +54,

Wkh jryhuqphqw grhv frqwuro d orqj0whup frpsrqhqw ri wkh vxusoxv1 E| fkdqjlqj
wd{ udwhv dqg wkh whupv ri jryhuqphqw surjudpv/ lw dowhuv wkh ryhudoo ohyho ri wkh vxu0
soxv1 Iru jrrg rswlpdo0wd{dwlrq uhdvrqv lw grhv qrw fkdqjh wd{ udwhv dqg vshqglqj
srolflhv wr r>vhw wkh wudqvlwru|/ f|folfdoo|0lqgxfhg frpsrqhqw ri wkh vxusoxv/ iru h{0
dpsoh udlvlqj wd{ udwhv lq uhfhvvlrqv dqg orzhulqj wkhp lq errpv1 Ohw wkh frqwuroodeoh
frpsrqhqw ri wkh vxusoxv iroorz d udqgrp zdon/

5| ' 5|3� n B|é +55,

Wkh dfwxdo vxusoxv lv wkh vxp ri wkh wzr frpsrqhqwv/

ìr| ' S| n 5|é

+Wkh udqgrp zdon lv phuho| d frqyhqlhqw vlpsol?fdwlrq1 Wkh prgho zrunv lq pxfk
wkh vdph zd| li 5| iroorzv dq| surfhvv 5| ' #5|3�n B| wkdw lv pruh shuvlvwhqw wkdq S|/
#  4 vr wkdw 5| frqwurov wkh orqj0uxq vxusoxv1,

Qh{w/ zh pxvw vwdwh wkh jryhuqphqw*v sureohp1 Wkh jryhuqphqw qrz slfnv wkh
fkdqjh lq wkh frqwuroodeoh frpsrqhqw ri wkh vxusoxv B| dw hdfk gdwh1 B| pxvw eh lq wkh
wlph0w lqirupdwlrq vhw/ dqg lw pxvw qrw eh suhglfwdeoh iurp wlph | ý � lqirupdwlrq1
Wkh jryhuqphqw dovr slfnv qrplqdo ghew î| lq wkh wlph | lqirupdwlrq vhw/ vwdwlrqdu|
+qrw h{sorvlyh, dv deryh/ dqg wkh vwhdg| vwdwh pdwxulw| vwuxfwxuh è1 +Rqfh djdlq wkh
vwhdg| vwdwh ohyho ri ghew î d>hfwv rqo| wkh vwhdg| vwdwh sulfh ohyho1, Wkh jryhuqphqw
slfnv èc iB|j c iî|j wr plqlpl}h wkh yduldqfh ri lq dwlrq/ jlyhq wkdw wkh sulfh ohyho lv
ghwhuplqhg e| +47,/ zklfk vshfldol}hv jlyhq wklv vxusoxv vwuxfwxuh wr

E�ý uäìR| ' ýE�ý qäE�ý qè4ä
E�ý q4äE�ý qèäE�ý uäS| ý B| n E�ý uäEuý èqäî|é +56,

Qrz zh fdq vwxg| vroxwlrqv wr wklv sureohp1 Wkhuh duh srolflhv wkdw vhw wkh
yduldqfh ri lq dwlrq wr }hur1 Wkh jryhuqphqw pd| fkrrvh è duelwudulo| +wkh rswlpxp
srolf| lv qrw xqltxh, dqg wkhq fkrrvhv ghew dqg wkh orqj0uxq frpsrqhqw ri wkh vxusoxv
dffruglqj wr

E�ý uäî| ' ý �ý q
�ý qè

�ý 4
�ý q4S| +57,

B| ' ý �ý q
�ý q40|é +58,

Wr fkhfn wklv vroxwlrq/ soxj wkhvh fkrlfhv lqwr +56, dqg yhuli| wkdw hdfk srzhu ri u rq
wkh uljkw kdqg vlgh lv htxdo wr }hur1
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:15 Fkdudfwhu ri wkh vroxwlrq

Iurp +58,/ vkrfnv wr wkh orqj uxq vxusoxv duh qhjdwlyho| fruuhodwhg zlwk vkrfnv wr
wkh wudqvlwru| frpsrqhqw ri wkh vxusoxv1 Dv h{shfwhg/ wkh jryhuqphqw phhwv d vkruw
uxq qhjdwlyh vxusoxv vkrfn e| udlvlqj vxusoxvhv lq wkh orqj uxq1

:1514 D judsk ri duwl?fldo gdwd

Iljxuhv : dqg ; sorw vlpxodwhg wlph vhulhv iurp wkh rswlpdo srolf| v|vwhp1 Wkh
sdudphwhuv duh 4 ' féS dqg q ' fébD1 Wkh slfwxuhv duh lghqwlfdo iru dq| ydoxh ri
è 5 dfc �o1 Wkh udqgrp qxpehu gudz lv wkh vdph dfurvv wkh wzr slfwxuhv1

Lq Iljxuh : zh vhh krz wkh vxusoxv lv jhqhudwhg iurp lwv shupdqhqw dqg wudqvlwru|
frpsrqhqwv1 Wkhuh duh shulrglf uhfhvvlrqv/ lq zklfk wkh wudqvlwru| frpsrqhqw ri wkh
vxusoxv ghfolqhv/ dqg errpv lq zklfk lw ulvhv1 Wkh jryhuqphqw voljkwo| udlvhv wkh
shupdqhqw frpsrqhqw ri wkh vxusoxv lq wkh uhfhvvlrqv dqg orzhuv lw lq wkh errpv1
Wklv fkdqjh kdv olwwoh h>hfw rq wkh vkruw uxq surshuwlhv ri wkh vxusoxv/ vlqfh wkh dfwxdo
vxusoxv wudfnv wkh wudqvlwru| frpsrqhqw forvho|1 Exw lw kdv d gudpdwlf h>hfw rq wkh
orqj0uxq ru suhvhqw ydoxh surshuwlhv ri wkh vxusoxv1 Wkh orqj0uxq vxusoxv ulvhv lq
uhfhvvlrqv vr wkh jryhuqphqw fdq udlvh uhyhqxh e| vhoolqj ghew/ dqg lw idoov lq errpv
dv wkh jryhuqphqw sd|v r> ghew1

Iljxuh := Vlpxodwhg vxusoxv/ dqg lwv shupdqhqw dqg wudqvlwru| frpsrqhqwv1

Iljxuh ; suhvhqwv wkh mrlqw surshuwlhv ri wkh wrwdo vxusoxv/ ghew dqg ghew jurzwk1
Frpsdulqj Iljxuh ; wr dfwxdo gdwd lq Iljxuh 5 zh qrwlfh wkh vwulnlqj vlplodulw|1 Ghew
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lv qrw zhoo fruuhodwhg zlwk wkh vxusoxv/ dqg lw zdqghuv dw pxfk orzhu iuhtxhqf| wkdq
wkh vxusoxv> jurzwk lq ghew lv qlfho| qhjdwlyho| fruuhodwhg zlwk wkh vxusoxv1 Wkh
vlpsoh prgho wkxv dffrxqwv iru wkh lqlwldoo| sx}}olqj wlph0vhulhv ehkdylru ri ghew
dqg vxusoxv/ dqg vkrzv zk| ghvslwh d vlpsoh DU+4, lqsxw/ wkh uhvxow lv idu iurp wkh
shuihfw srvlwlyh fruuhodwlrq ri ghew dqg vxusoxv wkdw d sxuh DU+4, vxusoxv surfhvv
suhglfwv1 +Vlqfh wkh txdqwlwlhv îc r ghqrwh duh sursruwlrqdo ghyldwlrqv iurp vwhdg|
vwdwh/ Iljxuh ; suhvhqwv

÷î| ì î

Rr
î| '

�ý qè
�ý q î|é

Wklv wudqvirupdwlrq frqyhuwv wkh ghew vhulhv wr wkh vdph xqlwv 8 uhdo dqg uhodwlyh wr
wkh vxusoxv vwhdg| vwdwh 8 dv wkh vxusoxv vhulhv1 Wklv wudqvirupdwlrq dovr frpsohwho|
uhpryhv è iurp wkh wlph0vhulhv surshuwlhv ri ÷î|c ìr|1,

Iljxuh ;= Vlpxodwhg vxusoxv/ ghew dqg ghew jurzwk1

:1515 Wlph vhulhv surfhvvhv

Iru d voljkwo| pruh irupdo frpsdulvrq ri prgho dqg gdwd/ zh fdq frpsduh wkh wlph0
vhulhv surfhvv ri ghew dqg vxusoxv suhglfwhg e| wkh vlpsoh prgho wr wkrvh zh fdq
hvwlpdwh lq wkh gdwd1 Wkhq ghew dqg vxusoxv lq wkh prgho iroorz wkh mrlqw wlph vhulhv
surfhvv

E�ý 4uäE�ý uä ÷î| ' ý E�ý 4ä
E�ý q4ä0| +59,

E�ý 4uäE�ý uäìr| '
E�ý 4ä
E�ý q4äEq ý uä0| +5:,
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dqg khqfh wkh wzr vhulhv duh uhodwhg e|

ìr| ' ýEq ý uä ÷î|é +5;,

Wkhvh uhodwlrqv krog iru dq| ydoxh ri wkh vwhdg| vwdwh pdwxulw| vwuxfwxuh èé

Ri frxuvh/ lq dwlrq lv qrw frqvwdqw lq dfwxdo gdwd/ dqg wkhuh lv qr olqhdu ixqfwlrq
olqnlqj ghew dqg vxusoxv zlwk qr huuru whup1 Wkhuhiruh/ d irupdo whvw ri +59,0+5;,
uhmhfwv wkh prgho1 Qrqhwkhohvv/ zh fdq vhh wr zkdw h{whqw wklv prgho fdswxuhv ihdwxuhv
ri wkh gdwd/ dv wkh deryh judskv vxjjhvw lw grhv1

Ghew surfhvv Wdeoh 4 suhvhqwv uhjuhvvlrq hvwlpdwhv ri wkh wrwdo ghew surfhvv +59,1
Wkh Wdeoh yhul?hv wkdw dq DU+5, zlwk rqh urrw qhdu xqlw| dqg rqh urrw durxqg 318
lv dq h{fhoohqw ?w wr wklv surfhvv1

÷î|3� ÷î|32 ÷î|3ô U2 GZ
÷î| ' 4175 0317< 31<6 5149
w0vwdw1 +<14, +0615,
÷î| ' 415< 03147 03156 31<6 41<7
w0vwdw1 +91<<, +03176, +04158,

{ ÷î|3� { ÷î|32 U2 GZ
{ ÷î| ' 3179 314; 5139
w0vwdw1 +51<3,
{ ÷î| ' 3169 314; 314; 41<4
w0vwdw1 +41<7, +31<9,

Wdeoh 41 Dxwruhjuhvvlrqv ri wrwdo ghew2frqvxpswlrq udwlr/ 4<9304<<91

Ghew0vxusoxv uhodwlrq Htxdwlrq +5;, lv frqvlvwhqw zlwk wkh ?qglqj lq wkh gdwd
wkdw wkh vxusoxv lv vwurqjo| qhjdwlyho| fruuhodwhg zlwk fkdqjhv lq wkh wrwdo ydoxh ri
wkh ghew/ dqg jlyhq wkh ghew surfhvv +59,/ srruo| fruuhodwhg zlwk wkh ohyho ri wkh wrwdo
ydoxh ri wkh ghew1 Wr txdqwli| wklv uhodwlrq/ Wdeoh 5 suhvhqwv d uhjuhvvlrq ri vxusoxv
rq ghew1

÷î| ÷î|3� U2 GZ
r| ' 03177 317; 3194 5148
w0vwdw1 +09198, +:167,

Wdeoh 51 Uhjuhvvlrq ri vxusoxv2frqvxpswlrq udwlr rq wrwdo ghew 4<9304<<91

Wkh uhodwlyh ydoxhv ri wkh frh!flhqwv rq fxuuhqw dqg odjjhg ghew frqirup wr wkh
suhglfwlrq ri +5;,1 Wkh devroxwh ydoxhv duh derxw d kdoi wrr vpdoo1 Wkhuh lv ri frxuvh
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qr huuru lq +5;,/ zkloh wkhuh lv dq huuru lq wkh dfwxdo gdwd1 Wkh gdwd iru Wdeoh 5 reh|
wkh lghqwlw|

r| ' o| ÷î|3� ý ÷î|

zkhuh o| lv wkh jurvv h{0srvw uhdo uhwxuq rq wkh jryhuqphqw erqg sruwirolr ohvv wkh
frqvxpswlrq jurzwk udwh1 Wkhuhiruh/ wkh huuru whup lq wkh uhjuhvvlrq lv odujho| wkh
uhdo uhwxuq rq jryhuqphqw erqgv1 Wkdw uhwxuq zdv orz lq wkh ?uvw kdoi ri wkh vdpsoh/
zkhq wkh vxusoxv dqg uljkw kdqg vlgh ri +5;, zdv kljk/ dqg kljk lq wkh odwwhu sduw ri
wkh vdpsoh zkhq wkh vxusoxv dqg uljkw kdqg vlgh ri +5;, zdv orz1 Wkhuh lv d ghfdgh0
orqj pryhphqw lq wkh huuru whup/ fruuhodwhg zlwk wkh uljkw kdqg yduldeoh1 Wklv idfw
orzhuv erwk frh!flhqwv exw grhv qrw d>hfw wkhlu uhodwlyh ydoxhv1

Vxusoxv surfhvv Wkh vxusoxv2frqvxpswlrq udwlr lv zhoo0 prghohg dv dq DU+4,/ ru
dw prvw dq DU+5,1 Wdeoh 6 suhvhqwv dxwruhjuhvvlrqv1 Wkh dxwrfruuhodwlrq ixqfwlrq
dovr kdv d fodvvlf DU+4, vkdsh/ zlwk dw prvw d vpdoo vhfrqgdu| kxps zlwk w0vwdwlvwlfv
durxqg 4181

r|3� r|32 GZ
r| ' 3189
w0vwdw1 +61<6, 4195
r| ' 31:5 03156
w0vwdw1 +7155, +04168, 41<<

Wdeoh 61 Dxwruhjuhvvlrqv ri wkh vxusoxv2frqvxpswlrq udwlr

Htxdwlrq +5:, uhsuhvhqwv wkh hyroxwlrq ri r| iurp vkrfnv wr wkh elyduldwh ir|c î|j
v|vwhp1 Krzhyhu/ vlqfh q ÷ � wkh prylqj dyhudjh whup lv qrw lqyhuwleoh1 Khqfh/ wklv
lv qrw wkh xqlyduldwh Zrog uhsuhvhqwdwlrq dv zrxog eh uhfryhuhg e| dxwruhjuhvvlrqv
ru xqlyduldwh DUPD hvwlpdwlrq1 Wkh xqlyduldwh Zrog uhsuhvhqwdwlrq lv4

E�ý uäìr| '
#
�ý qu
�ý 4u

$
#|( #| ' ìr| ý åoJæEìr|mìr|3�c ìr|32éééäé +5<,

Iljxuh < sorwv wkh xqlyduldwh +uhvsrqvh wr #, dqg pxowlyduldwh +uhvsrqvh wr 0,
uhvsrqvh ixqfwlrqv1 Wkh xqlyduldwh uhvsrqvh ixqfwlrq lv yhu| forvh wr dq DU+4,=

4Wr ?qg wkh xqlyduldwh uhsuhvhqwdwlrq/ zulwh wkh vshfwudo ghqvlw| ri +5:,

V+4ýO,�vw+}, @

ë
4ý ã
4ý ñã

ê5
ñ5
+4ý 4

ñ },+4ý 4
ñ }

ý4,

+4ý ã}, +4ý ã}ý4, â
5
%

@

ë
4ý ã
4ý ñã

ê5
+4ý ñ}ý4,+4ý ñ},
+4ý ã}, +4ý ã}ý4,â

5
% =

Wkh urrwv ri wkh odvw h{suhvvlrq duh doo vwdwlrqdu|/ vr wklv fruuhvsrqgv wr wkh Zrog uhsuhvhqwdwlrq1
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q ä fébD vr wkh xqlw urrw rq wkh ohiw kdqg vlgh qhduo| fdqfhov wkh prylqj dyhudjh urrw
rq wkh uljkw kdqg vlgh/ ohdylqj rqo| wkh dxwruhjuhvvlyh urrw E�ý4uä1 Dw orqj krul}rqv/
wkh xqlyduldwh uhvsrqvh ixqfwlrq vwrsv ghfd|lqj dw d srvlwlyh ydoxh E�ý qä *E�ý 4ä '
fé �2D vr lw lv lq idfw hyhq pruh shuvlvwhqw wkdq dq DU+4,1 D uhvhdufkhu h{dplqlqj
wkh xqlyduldwh surshuwlhv ri r| iurp wklv prgho zrxog xqgrxewhgo| vwrs dw dq DU+4,>
prvw gldjqrvwlfv duh qrw fdsdeoh ri qrwlflqj wkh orqj0uxq glyhujhqfh iurp dq DU+4,
lpsolhg e| wkh qhdu0fdqfholqj ri urrwv1 Wkxv/ wkh xqlyduldwh vxusoxv surfhvv lv eurdgo|
frqvlvwhqw zlwk wkh gdwd1

Iljxuh <= Uhvsrqvh ri wkh vxusoxv wr xqlyduldwh Zrog uhsuhvhqwdwlrq vkrfnv #| dqg wr
ixqgdphqwdo/ pxowlyduldwh vkrfnv 0|1 Sdudphwhuv duh q ' fébDc 4 ' féSé

D vxewoh wuds iru hpslulflvwv Iljxuh < uhplqgv xv ri d yhu| vxewoh wuds iru
hpslulflvwv1 Zkdw frxog eh pruh qdwxudo lq hydoxdwlqj wkh ?vfdo wkhru| wkdq wr
?w d vxusoxv surfhvv/ wdnh lwv h{shfwhg suhvhqw ydoxh/ dqg wkhq whvw zkhwkhu wkh
uhdo ydoxh ri wkh ghew grhv lqghhg fruuhvsrqg wr wkh hvwlpdwhg suhvhqw ydoxh ri wkh
vxusoxvB D uhdghu ri Kdqvhq/ Urehugv dqg Vdujhqw +4<<4, douhdg| nqrzv wkdw rqh
fdqqrw iroorz wklv surfhgxuh> suhvhqw ydoxhv lq vxfk d whvw pxvw eh fdofxodwhg iurp wkh
mrlqw ghew0vxusoxv surfhvv/ ehfdxvh wkh xqlyduldwh vxusoxv prgho fdqqrw uhyhdo djhqw*v
lqirupdwlrq vhwv1 Ixuwkhupruh/ zh kdyh douhdg| vhhq lq +5<, wkdw wkh vkrfn wr djhqwv*
lqirupdwlrq vhwv fdqqrw eh uhfryhuhg iurp fxuuhqw dqg sdvw vxusoxvhv1 Iljxuh < vkrzv
zkdw zloo jr zurqj li zh wu| wr wdnh suhvhqw ydoxhv xvlqj wkh xqlyduldwh surfhvv= Wkh
xqlyduldwh uhvsrqvh lv dozd|v srvlwlyh/ zkloh wkh wuxh uhvsrqvh ixqfwlrq wr vkrfnv wr
djhqwv* lqirupdwlrq lv hyhqwxdoo| qhjdwlyh1 Wkxv 3suhvhqw ydoxhv4 fdofxodwhg iurp
uhvsrqvhv wr wkh xqlyduldwh vkrfn pryh srvlwlyho| zlwk wkh vxusoxv lwvhoi/ zkloh wkh
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wuxh suhvhqw ydoxh pryhv qhjdwlyho| zlwk vxusoxvhv1

Wr jlyh d ehwwhu ihho iru wklv sureohp/ Iljxuh 43 sorwv vlpxodwhg vxusoxv wlph vhulhv
dorqj zlwk wkh wuxh ydoxh ri wkh ghew/ wkh ydoxh suhglfwhg e| dq DU+4, dqg wkh ydoxh
suhglfwhg iurp wkh fruuhfw xqlyduldwh surfhvv1Wkh wuxh ydoxh ri wkh ghew lv htxdo wr
wkh wuxh suhvhqw ydoxh ri wkh vxusoxv/ ñ| ' .|

S"
æ'f q

ær|næ dv lq suhylrxv sorwv1 Wkh
DU+4, ghew suhglfwlrq xvhv wkh DU+4, prgho r| ' 4r|3� n 0| wr fdofxodwh wkh suhvhqw
ydoxh

ñ
ø-E�ä
| ' .|

"[
æ'f

qær|næ ' r|*E�ý q4äé

Dv wkh judsk vkrzv/ wklv fdofxodwlrq suhglfwv d ydoxh ri wkh ghew wkdw lv shuihfwo|
fruuhodwhg zlwk wkh vxusoxv/ dqg qrwklqj dw doo olnh wkh wuxh ydoxh ri wkh ghew1 Wkh
xqlyduldwh ghew suhglfwlrq xvhv wkh wuxh xqlyduldwh vxusoxv surfhvv +5<, udwkhu wkdq
wkh DU+4, dssur{lpdwlrq wr fdofxodwh wkh suhvhqw ydoxh ri wkh vxusoxv/5

ñxqlyduldwh| ì .
3C "[
æ'f

qær|næ

ññññññ r|c r|3�c r|32c ééé
4D ' E� n qä

E�ý q4ä

í
�ý q �n4

�nq
u
ì

E�ý quä r| +64,

Wklv suhglfwlrq iru wkh ydoxh ri wkh ghew lv djdlq srvlwlyho| fruuhodwhg zlwk wkh vxusoxv
dqg kdv qr uhvhpeodqfh wr wkh wuxh ghew surfhvv1

Lq vxp/ d uhvhdufkhu zkr ?w d xqlyduldwh vxusoxv prgho dqg frpsduhg lwv suhvhqw
ydoxh wr wkh ydoxh ri wkh ghew/ xvlqj gdwd iurp wklv duwl?fldo hfrqrp|/ zrxog uhmhfw
wkh suhvhqw ydoxh lghqwlw|1 Kh zrxog prvw olnho| ?w dq DU+4,/ frplqj wr wkh gudpdw0
lfdoo| frxqwhuidfwxdo suhglfwlrq wkdw ghew dqg vxusoxv vkrxog eh shuihfwo| fruuhodwhg1
Zlwk d orw ri gdwd dqg phprulhv ri wkh xqlw urrw ghedwhv kh pljkw ?w wkh fruuhfw xql0
yduldwh surfhvv/ exw kh zrxog vwloo frph wr d gudpdwlfdoo| frxqwhuidfwxdo suhglfwlrq
iru ghew1 Dv lq wkh dqdo|vlv ri Kdqvhq/ Urehugv dqg Vdujhqw +4<<4,/ wkh rqo| zd| wr
fruuhfwo| ?w wkh ghew0vxusoxv surfhvv lq vxfk d zd| wkdw wkh ydoxh ri ghew htxdov wkh
suhvhqw ydoxh ri vxusoxvhv lv wr hvwlpdwh wkh mrlqw ghew0vxusoxv surfhvv1 +Dqg hyhq

5Rqh fdq ghulyh wklv irupxod e| h{suhvvlqj wkh vxusoxv dv d vxp ri wzr DU+4, frpsrqhqwv/ gulyhq
e| wkh vkrfnv ì1

vw @ fúw . }
ú
w +63,

+4ý ãO,fúw @
ñ ý ã
4ý ãñ ìw

+4ý O,}úw @
4ý ñ
4ý ñãìw

Rqh fdq fkhfn wkdw +63, jlyhv wkh vdph xqlyduldwh uhsuhvhqwdwlrq iru vw dv +5<,1 Wkhq/

yw @

ë
4

4ý ñãf
ú
w .

4

4ý ñ }
ú
w

ê
dqg rqh rewdlqv +64, e| vxevwlwxwlqj edfn iru vw iurp fúw dqg }úw 1
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Iljxuh 43= Duwl?fldo wlph vhulhv ri vxusoxv/ uhdo ghew/ dqg uhdo ghew suhglfwhg iurp wkh
suhvhqw ydoxhv ri dq DU+4, vxusoxv surfhvv dqg wkh xqlyduldwh +Zrog, vxusoxv surfhvv1

wklv surfhgxuh grhv qrw whvw wkh ?vfdo wkhru|/ vlqfh wkh suhvhqw ydoxh lghqwlw| krogv
lq erwk 3Ulfdugldq4 dqg 3qrq0Ulfdugldq4 uhjlphv/ exw wkdw*v d vhsdudwh srlqw1,

; Jhqhudo vroxwlrq

Dq h{dfw sulfh ohyho vroxwlrq iru duelwudu| ghew srolf| lv srvvleoh1 Wr ?qg vxfk d
jhqhudo vroxwlrq/ L vwduw zlwk hlwkhu wkh  rz +6, ru suhvhqw ydoxh +7, lghqwlwlhv dqg
uhfxuvlyho| vxevwlwxwh wkh vdph htxdwlrqv iru ixwxuh ydoxhv ri sulfhv R|næ1 Diwhu vrph
xjo| dojheud wkdw lv uhohjdwhg wr wkh dsshqgl{/ wkh uhvxow lv

R| '
î|3�E|ä

.|
kS"

æ'f q
æ`|cæ r|næ

l é +65,

Wr gh?qh wkh ` whupv/ ?uvw ghqrwh wkh iudfwlrq ri pdwxulw| æ ghew lvvxhg dw wlph |
e|

ø|E|n æä ì î|E|n æäýî|3�E|n æä
î|næ3�E|n æä

( æ ' �c 2c ééé +66,

Wkhq/ wkh ` duh gh?qhg uhfxuvlyho| e|

`|cf ' � +67,

`|c� ' ø|E|n �ä
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`|c2 ' ø|n�E|n 2ä`|c� nø|E|n 2ä

`|cô ' ø|n2E|n ôä`|c2 nø|n�E|n ôä`|c� nø|E|n ôä

`|cæ '
æ3�[
&'f

ø|n&E|n æä`|c&é

Wr jhw vrph vhqvh ri zkdw wklv phdqv/ zulwh rxw wkh ?uvw wzr whupv ri wkh jhqhudo
vroxwlrq/

î|3�E|ä
R|

' .|

%
r| n q

#
�ý î|3�E|n �ä

î|E|n �ä

$
r|n�n +68,

nq2
+
�ý

%
î|3�E|n �ä
î|E|n �ä

#
�ý î|E|n 2ä

î|n�E|n 2ä

$
n
î|3�E|n 2ä
î|n�E|n 2ä

&,
r|n2 n ééé

&

Wkh zhljkwv `|cæ fdswxuh wkh h>hfwv ri ghew srolf|9wkh fxuuhqw dqg ixwxuh pdwxulw|
vwuxfwxuh ri wkh ghew9rq wkh uhodwlrq ehwzhhq wkh sulfh ohyho dqg wkh vhtxhqfh ri
vxusoxvhv1 Wklv jhqhudo vroxwlrq gholyhuv wkh vdph dqvzhu dv wkh vshfldo fdvhv zklfk L
vroyhg gluhfwo| deryh1 Krzhyhu/ wkhlu dojheudlf frpsoh{lw| prwlydwhv wkh dssur{lpdwh
vroxwlrqv iru pdq| dssolfdwlrqv1

;14 Olqhdul}dwlrq derxw d qrq0jhrphwulf vwhdg| vwdwh

Deryh/ L olqhdul}hg wkh suhvhqw ydoxh lghqwlw| durxqg d jhrphwulf vwhdg| vwdwh pd0
wxulw| vwuxfwxuh wr ghulyh dq dssur{lpdwh vroxwlrq1 Rqh fdq dovr olqhdul}h derxw dq
duelwudu| vwhdg| vwdwh pdwxulw| vwuxfwxuh1 Wkh whupv ri wklv olqhdul}dwlrq duh do0
jheudlfdoo| frpsoh{/ dv lq wkh jhqhudo vroxwlrq1 Krzhyhu/ wkhvh whupv qhhg rqo| eh
hydoxdwhg rqfh lq gh?qlqj wkh vwhdg| vwdwh/ dqg wkh dssur{lpdwh vroxwlrq lv wkhq d
frqyhqlhqw olqhdu ixqfwlrq ri vxusoxv dqg ghew srolf|1

Ghqrwh wkh vwhdg| vwdwh pdwxulw| vwuxfwxuh e|

î|3�E|n æä ' îèæé

Hydoxdwlqj +7, dw wkh vwhdg| vwdwh |lhogv

Rr

î
' E�ý qä

"[
æ'f

qæèæ ì 1 +69,

zklfk gh?qhv wkh v|pero 11 Ghqrwh e| ìî wkh ghyldwlrq ri ghew iurp wkh vwhdg| vwdwh
î/

ìî|3�E|n æä '
î|3�E|n æäý èæî

î
é
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Qrz zh fdq gl>huhqwldwh wkh suhvhqw ydoxh lghqwlw| +7, wr jlyh

"[
æ'f

qæèæ.|ìR|næ ' ý1
"[
æ'f

qæ.|ìr|næ n
"[
æ'f

qæ ìî|3�E|n æäé +6:,

Wkh gl>huhqfh ehwzhhq +6:, dqg lwv frxqwhusduw +46, zlwk d jhrphwulf vwhdg|
vwdwh lv wkdw wkh whupv lq h{shfwhg ixwxuh sulfhv qr orqjhu kdyh d jhrphwulf sdwwhuq
uhsuhvhqwdeoh e| wkh rshudwru E�ýqèu3�ä3�1 Wkhuhiruh/ lwhudwlqj +46, iruzdug lv qrw
sohdvdqw1 L vxevwlwxwh wkh vdph htxdwlrq dw | n �c | n 2 hwf1/ dqg wkhq frqghqvh wkh
uhvxowlqj pdvv ri dojheud1 Wkh uhvxow/ suhvhqwhg lq wkh dsshqgl{/ lv

ìR| ä ý1
"[
æ'f

qæ`æ .|ìr|næ ý
"[
æ'f

qæ(æ3� î|3�næ +6;,

zkhuh/ dv deryh/

î|3� ì
"[
æ'f

qæ ìî|3�E|n æäé

Wkh `æ fdq eh lqwhusuhwhg dv wkh vwhdg| vwdwh ohyho ri wkh jhqhudo0vroxwlrq zhljkwv
`|cæc

`f ' �

`� ' ø�

`2 ' ø�`� nø2

`æ '
æ3�[
&'f

øæ3&`&(

dqg wkh øæ fdq eh lqwhusuhwhg dv wkh vwhdg| vwdwh ohyho ri wkh whupv ø|E|n æä lq wkh
jhqhudo vroxwlrq/

øæ ì èæ3� ý èæ ( +6<,

dqg wkh ( frh!flhqwv duh jhqhudwhg iurp è dv wkh ` duh jhqhudwhg iurp wkh øc

(3� ' ý� +73,

(f ' è�

(� ' ø�(f nø2(3�
(2 ' ø�(� nø2(f nøô(3�

(& '
&n�[
ð'�

øð(&3ðé

Ghvslwh wkh dsshdolqj uhfxuvlyh vwuxfwxuh ri wkh ` dqg ( whupv/ L dp qrw deoh
wr ?qg dwwudfwlyh forvhg irup +qrq0uhfxuvlyh, gh?qlwlrqv1 Krzhyhu/ wkh| rqo| qhhg
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wr eh hydoxdwhg rqfh/ lq gh?qlqj wkh vwhdg| vwdwh/ zkhuh lq wkh jhqhudo vroxwlrq wkh|
qhhg wr eh hydoxdwhg dw hdfk gdwh dqg vwdwh +ehiruh wdnlqj h{shfwdwlrqv,1

Wkh ( frh!flhqwv jlyh wkh h>hfw rq wkh sulfh ohyho dw wlph | ri d erqg vdoh dw |n æ
wkdw lv wkhq uhsxufkdvhg dw | n æ n �1 +Uhsxufkdvhg/ ehfdxvh rwkhuzlvh î|næn�E| n
&ä zrxog lqfuhdvh dv zhoo dv î|næE| n &äé, Lq sulqflsoh wkhuhiruh/ ( vkrxog kdyh d
& vxevfulsw dv zhoo/ exw lw wxuqv rxw wkdw wkh dqvzhu lv wkh vdph iru doo &1

Qrwh wkdw (32c(3ôééé ' fé Wkxv/ ghvslwh wkh idfw wkdw shulrg & ghew lv vrog
+dqg wkhq uhsxufkdvhg,/ wkhuh lv qr h>hfw rq sulfhv sdvw shulrg 4 zkhq wkh ghew lv
uhsxufkdvhg1 Rqfh djdlq/ wkh zkroh ghew srolf| pdwwhuv iru wkh sulfh ohyho/ lqfoxglqj
h{shfwhg ixwxuh uhsxufkdvhv1

Wkh frpsdudwlyh vwdwlfv ghulyhg deryh iru wkh jhrphwulf fdvh jr wkurxjk1 (3� '
ý� ÷ fc vr vhoolqj d olwwoh pruh ghew wrgd| +shulrg }hur, dqg wkhq ex|lqj lw edfn
wrpruurz +shulrg 4, udlvhv wkh sulfh ohyho wrpruurz1 Vlqfh (f ' è� è f/ vhoolqj
d olwwoh pruh ghew wrgd| fdq orzhu sulfhv wrgd| +wlph 3,/ exw rqo| li wkhuh lv vrph
orqj whup ghew rxwvwdqglqj9 li è� 9' fé Lqwhuhvwlqjo|/ zkhwkhu vhoolqj d olwwoh h{wud
& shulrg ghew d>hfwv sulfhv wrgd| ghshqgv rq wkh suhvhqfh ri rxwvwdqglqj wlph � ghew/
qrw wlph & ghew1

Lq jhqhudo/ wkh whupv (�c (2ééé duh suhvhqw/ vr sulfhv dw | fdq eh d>hfwhg e| doo
ixwxuh h{shfwhg ghew fkdqjhv1 Wkhvh whupv doo vshfldol}h wr }hur zlwk wkh jhrphwulf
vwhdg| vwdwh/ lq zklfk fdvh wkh sulfh ohyho dw | lv rqo| d>hfwhg e| î|3� dqg î|1 Wr
vhh wkh h>hfw/ wkhq/ zh qhhg dq h{dpsoh lq zklfk wkh pdwxulw| vwuxfwxuh lv idu iurp
jhrphwulf1 Vxssrvh wkdw wkh vwhdg| vwdwh pdwxulw| vwuxfwxuh lv è� ' �c è2 ' èô '
ééé ' féD1 Wkh jryhuqphqw frpelqhv vrph vkruw whup ghew ru prqh| zlwk vrph
h{wuhpho| orqj whup ghew/ iru h{dpsoh d shushwxlw|1 Iljxuh 44 sorwv wkh uhvsrqvh
ri sulfhv wr dq dqwlflsdwhg ghew vdoh dw wlph 3/ zklfk lv wkhq uhsxufkdvhg dw wlph
4/ iru wklv fdvh1 Doo wkh lqwhuhvwlqj g|qdplfv ehiruh wlph 3 zrxog eh devhqw zlwk d
jhrphwulf vwhdg| vwdwh1

< Frqfoxvlrq

L vwduwhg e| dqdo|}lqj wkh frpsdudwlyh vwdwlfv ri wkh ?vfdo wkhru| 8 wkh h>hfw ri
fkdqjlqj vxusoxvhv zlwk wkh ghew khog frqvwdqw/ dqg wkh h>hfw ri fkdqjlqj ghew zlwk
wkh vxusoxv khog frqvwdqw 8 zkloh doorzlqj iru orqj0whup ghew1 Wkhvh frpsdudwlyh
vwdwlfv duh txlwh gl>huhqw iurp wkh vwdqgdug fdvh zlwk rqo| vkruw0whup ghew1 Ghshqg0
lqj rq wkh pdwxulw| vwuxfwxuh dqg ghew srolf| 8 h{shfwdwlrqv ri ixwxuh ghew vdohv dqg
uhsxufkdvhv 8 wrgd|*v sulfh ohyho fdq eh ghwhuplqhg e| wkh suhvhqw ydoxh ri doo ixwxuh
vxusoxvhv/ e| wrgd|*v vxusoxv dorqh/ ru e| d ulfk ydulhw| ri lqwhuphgldwh fdvhv1 Li dqg
rqo| li orqj0whup ghew lv rxwvwdqglqj/ d ghew vdoh fdq ghsuhvv wkh sulfh ohyho wrgd| e|
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Iljxuh 44= Sulfh sdwk lq uhvsrqvh wr dq dqwlflsdwhg ghew vdoh dw wlph 3/ zklfk lv wkhq
uhsxufkdvhg dw wlph 41 Wkh vwhdg| vwdwh pdwxulw| vwuxfwxuh lv è� ' �c è2 ' èô ' ééé '
féDcdqg q ' fébD1

ghydoxlqj rxwvwdqglqj ghew1

Wkhq/ L frqvlghuhg wkh txhvwlrq ri rswlpdo ghew dqg vxusoxv srolf| lq sxuvxlw ri
vwdeloh lq dwlrq1 L irxqg wkdw orqj0whup ghew fdq eh xvhixo zkhq wkh suhvhqw ydoxh
ri vxusoxvhv ydulhv e| pruh wkdq vxusoxvhv wkhpvhoyhv1 Shukdsv pruh lpsruwdqwo|/
orqj whup ghew doorzv wkh jryhuqphqw wr r>vhw vxusoxv vkrfnv dv wkh| frph1 Lq wklv
fdvh/ dqg hvshfldoo| zkhq wkh jryhuqphqw fdq fkrrvh wkh orqj0whup vxusoxv dv zhoo/
wkh rswlpdo srolf| surgxfhv duwl?fldo wlph0vhulhv wkdw glvsod| pdq| lqlwldoo| sx}}olqj
surshuwlhv ri dfwxdo wlph vhulhv1

Wkh rswlpdo srolflhv wkdw L vwxg| khuh gr qrw shuihfwo| ghvfuleh X1V1 wlph vhulhv1
Wkhlu sulpdu| idlolqj lv wkdw wkh| duh wrr vxffhvvixo= wkh| surgxfh pxfk ohvv yduldwlrq
ri lq dwlrq wkdq zh revhuyh1 Wkh rswlpdo dfwlyh ghew soxv vxusoxv srolf| uhgxfhv wkh
yduldqfh ri lq dwlrq wr }hur1 Wkh rswlpdo dfwlyh ghew srolf| ohdyhv vrph lq dwlrq
yduldwlrq/ exw lw lv pxfk vpdoohu +uhodwlyh wr yduldwlrq lq wkh vxusoxv, wkdq zh revhuyh
lq X1V1 gdwd/ dqg lw kdv wkh zurqj fruuhodwlrq zlwk wkh vxusoxv1

Rqh fdq iroorz wzr sdwkv wr uhvroylqj wklv lvvxh/ erwk zlwk orqj klvwrulhv lq wkh
rswlpdo prqhwdu| srolf| olwhudwxuh1 Hlwkhu wkh sureohp lv kdughu wkdq wkh prgho
vshfl?hv/ ru lq dwlrq zdv vlpso| d plvwdnh1

Wkh ?uvw sdwk vxjjhvwv wkdw zh dgg ixuwkhu frpsolfdwlrqv wr wkh prghov/ vr wkdw
rswlpdo srolf| surgxfhv juhdwhu yduldwlrq lq lq dwlrq1 Prvw reylrxvo|/ rqh frxog
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dgg sulfh vwlfnlqhvv ru vrph rwkhu iulfwlrq1 Vxfk iulfwlrqv zrxog uhylyh wkh lq dwlrq0
rxwsxw wudgh0r>v wkdw zhuh d fhqwudo sduw ri fodvvlfdo prqhwdu| srolf| dqdo|vhv vxfk dv
Vdujhqw dqg Zdoodfh +4<:8,/ dqg wkh| zrxog jhqhudwh d vhulrxv zhoiduh pd{lpl}dwlrq
sureohp lq wkh prghuq jhqhudo htxloleulxp wudglwlrq1 Zrrgirug +4<<9, kdv dqdo|}hg
?vfdo prghov zlwk vxfk iulfwlrqv/ dqg wkh rswlpdo srolf| h{huflvhv duh zdlwlqj wr eh
vroyhg1

Dowhuqdwlyho|/ shukdsv lq dwlrq zdv vlpso| d plvwdnh dqg zh vkrxog dgyrfdwh
ehwwhu srolf|1 Lq d ?vfdo wkhru| frqwh{w krzhyhu/ wkh uhtxluhg srolflhv duh qrw dv vlpsoh
dv n0shufhqw uxohv1 Fxuuhqw srolf| douhdg| grhv d juhdw ghdo ri sulfh vwdelol}dwlrq lq
wkh idfh ri vxusoxv vkrfnv1 Iru h{dpsoh d n0shufhqw ghew jurzwk uxoh dqg dq DU+4,
vxusoxv surfhvv ohdgv wr sulfhv wkdw kdyh wkh vdph sursruwlrqdo yduldqfh dv grhv wkh
vxusoxv1 Wkh vxusoxv2frqvxpswlrq udwlr kdv/ e| Iljxuh 5/ d vwdqgdug ghyldwlrq ri
derxw 5 shufhqwdjh srlqwv durxqg dq dyhudjh ydoxh ri ohvv wkdq rqh shufhqw1 Khqfh/
d n0shufhqw ghew uxoh zrxog ohdg wr lq dwlrq zlwk 433( ru pruh vwdqgdug ghyldwlrq$
Iru wklv uhdvrq/ fkdqjlqj wr dq h{solflw udwkhu wkdq lpsolflw frpprglw| vwdqgdug
pd| eh d pruh sudfwlfdo lqvwlwxwlrqdo urxwh wr lpsohphqwlqj dq rswlpdo ghew dqg
?vfdo srolf| wkdq wu|lqj wr pruh forvho| lpsohphqw frpsoh{ vwdwh0frqwlqjhqw ghew
dqg vxusoxv fkrlfhv1

Vrph lqwhuhvwlqj ehkdylru lv fhuwdlqo| plvvhg e| wkh dssur{lpdwh vroxwlrqv L xvh
khuh1 Iru h{dpsoh/ lq wkh dssur{lpdwh vroxwlrqv rqo| wkh vxpvî|3� '

S"
&'f q

& ìî|3�E|n
&ä pdwwhu wr wkh sulfh ohyho1 Lq d jhqhudo vroxwlrq/ gholehudwh vwdwh0frqwlqjhqw ohqjwk0
hqlqj dqg vkruwhqlqj ri wkh pdwxulw| vwuxfwxuh fdq d>hfw wkh wlph0vhulhv surfhvv ri
lq dwlrq1 Krzhyhu/ rqh pxvw dqdo|}h wkh pxfk pruh frpsoh{ jhqhudo vroxwlrqv lq
rughu wr dgguhvv wklv lqwhuhvwlqj txhvwlrq1

Ilqdoo|/ L lqwurgxfhg d yhu| vlpsolvwlf vwdwlvwlfdo prgho lq zklfk wkh 3orqj0uxq4
vxusoxv iroorzv d udqgrp zdon1 Wkh qdwxudo gluhfwlrq iru dq h{whqvlrq ri d ?vfdo
wkhru| ri wkh sulfh ohyho lv wr lqfoxgh wkh wkhru| ri rswlpdo wd{dwlrq1 Wkh surshuwlhv
ri wkh orqj0whup dqg vkruw0whup vxusoxv vkrxog eh dqdo|}hg lq d uhdo hfrqrplf prgho
zlwk glvwruwlrqdu| wd{dwlrq1

43 Uhihuhqfhv

Gxsru/ Eloo/ 4<<:/ 3H{fkdqjh Udwhv dqg Edqn Qrwhv= Wkh Ilvfdo Wkhru| ri wkh Sulfh
Ohyho4 Pdqxvfulsw/ Xqlyhuvlw| ri Shqqv|oydqld1

Fdq}rqhul/ Pdwwkhz E1/ Urehuw H1 Fxpe|/ Ehk}dg W1 Gled/ 4<<:/ 3Lv wkh sulfh
ohyho ghwhuplqhg e| wkh qhhgv ri ?vfdo vroyhqf|B4 Zrunlqj sdshu/ Jhrujhwrzq
Xqlyhuvlw|1

Frfkudqh/ Mrkq K1/ 4<<;/ 3D Iulfwlrqohvv Ylhz ri X1V1 Lq dwlrq/4 Iruwkfrplqj
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QEHU Pdfurhfrqrplfv Dqqxdo/ dqg QEHU Zrunlqj sdshu 99791

Kdqvhq/ Oduv Shwhu/ Zlooldp Urehugv dqg Wkrpdv M1 Vdujhqw/ 4<<4/ 4Wlph Vh0
ulhv Lpsolfdwlrqv ri Suhvhqw0Ydoxh Exgjhw Edodqfh dqg ri Pduwlqjdoh Prghov
ri Frqvxpswlrq dqg Wd{hv/4 Udwlrqdo H{shfwdwlrqv Hfrqrphwulfv/ Zhvwylhz
Suhvv/ 45404941

Ohhshu/ Hulf/ 4<<8/ 3Htxloleuld Xqghu cDfwlyh* dqg cSdvvlyh* Prqhwdu| Srolflhv/4
Mrxuqdo ri Prqhwdu| Hfrqrplfv 5:/ 45<047:1

Oxfdv/ Urehuw H1 Mu1/ 4<:5/ 3H{shfwdwlrqv dqg wkh Qhxwudolw| ri Prqh|/4 Mrxuqdo ri
Hfrqrplf Wkhru| 7/ 43604571

Oxfdv/ Urehuw H1 Mu1/ 4<:6/ 3Vrph Lqwhuqdwlrqdo Hylghqfh rq Rxwsxw0Lq dwlrq Wudgh0
R>v/4 Dphulfdq Hfrqrplf Uhylhz 96/ 65906671

Vdujhqw/ Wkrpdv M1 dqg Qhlo Zdoodfh/ 4<:8/ 3cUdwlrqdo* H{shfwdwlrqv/ wkh Rswl0
pdo Prqhwdu| Lqvwuxphqw/ dqg wkh Rswlpdo Prqh| Vxsso| Uxoh/4 Mrxuqdo ri
Srolwlfdo Hfrqrp|/ ;6/ 57405871

Vdujhqw/ Wkrpdv M1/ dqg Qhlo Zdoodfh/ 4<;4/ 3Vrph Xqsohdvdqw Prqhwdulvw Dulwk0
phwlf4 Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv Txduwhuo| Uhylhz Idoo 4<;4 +Uhsulqwhg
lq Udwlrqdo H{shfwdwlrqv dqg Lq dwlrq Qhz \run= KdushuFroolqv Froohjh Sxe0
olvkhuv 4<<6,1

Vlpv/ Fkulvwrskhu D1/ 4<<7/ 3D Vlpsoh Prgho iru wkh Ghwhuplqdwlrq ri wkh Sulfh
Ohyho dqg wkh Lqwhudfwlrq ri Prqhwdu| dqg Ilvfdo Srolf|/4 Hfrqrplf Wkhru| 7/
6;406<<1

Vlpv/ Fkulvwrskhu D1/ 4<<:/ 3Ilvfdo Irxqgdwlrqv ri Sulfh Vwdelolw| lq Rshq Hfrqrplhv/4
Zrunlqj Sdshu/ \doh Xqlyhuvlw|1

Zrrgirug/ Plfkdho/ 4<<8/ 3Sulfh Ohyho Ghwhuplqdf| Zlwkrxw Frqwuro ri d Prqhwdu|
Djjuhjdwh/4 Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf| 76/ 40791

Zrrgirug/ Plfkdho/ 4<<9/ 3Frqwuro ri wkh Sxeolf Ghew= D Uhtxluhphqw iru Sulfh
Vwdelolw|B4 QEHU Zrunlqj Sdshu 89;71

Zrrgirug/ Plfkdho/ 4<<:/ 3Grlqj Zlwkrxw Prqh|= Frqwuroolqj Lq dwlrq lq d Srvw0
Prqhwdu| Zruog4 QEHU Zrunlqj Sdshu 94;;1

44 Dsshqgl{

4414 Vxppdu| ri lpsruwdqw qrwdwlrq

r| ' sulpdu| +qhw ri lqwhuhvw, vxusoxv1
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R| ' sulfh ohyho1

î|Eæä ' ghew gxh dw æ rxwvwdqglqj dw wkh hqg ri shulrg |1

'|Eæä @ qrplqdo sulfh ri '4 idfh ydoxh gxh dw æ/ dv ri wlph |é

o ' frqvwdqw h{shfwhg jurvv uhdo uhwxuq rq jryhuqphqw ghew1

q ' �*o ' uhdo glvfrxqw idfwru1

ñ| ' uhdo ydoxh ri wkh ghew1

Rc rc' vwhdg| vwdwh ydoxhv ri r|c R|é

î/è vwhdg| vwdwh ghew sdudphwhuv/ î|3�E|n æä ' èæî1

ìR| ' R|*Rý �( sursruwlrqdo ghyldwlrq iurp vwhdg| vwdwh1

ìr| ' r|*rý �( sursruwlrqdo ghyldwlrq iurp vwhdg| vwdwh1
ìî|3�E|n æä ' î|3�E|n æä*î ý èæ ( sursruwlrqdo ghyldwlrq iurp vwhdg| vwdwh1

î|3� '
S"
æ'f q

æ ìî|3�E|n æäé

ñ| ì S"
æ'f q

æ.|r|næ uhdo ydoxh ri wkh ghew1

4415 Iorz dqg suhvhqw ydoxh lghqwlwlhv/ +6,0+7,1

Wr ghulyh +6,0+7,/ vwduw zlwk wkh dffrxqwlqj lghqwlw| wkdw wkh sulpdu| vxusoxv htxdov
sxufkdvhv ohvv vdohv ri erqgv/

î|3�E|äý
"[
æ'�

'|E|n æä dî|E|n æäýî|3�E|n æäo ' R|r|é +74,

Vxevwlwxwlqj frqvwdqw h{shfwhg uhdo lqwhuhvw udwhv +5, lq +74,/ zh rewdlq +6,1 Wr ghulyh
+7, gh?qh wkh uhdo ydoxh ri wkh rxwvwdqglqj ghew dv

ñ| ì
"[
æ'f

qæ.|

#
�

R|næ

$
î|3�E|n æäé

Wkhq/ +6, fdq eh uhzulwwhq
ñ| ý q.|ñ|n� ' r|é +75,

Lwhudwlqj iruzdug/ ru dsso|lqj .|E�ý qu3�ä3� wr erwk vlghv6/ zh rewdlq +7, dqg ylfh
yhuvd1

6Wklv rshudwlrq dovr uhtxluhv wkh wudqvyhuvdolw| frqglwlrq wkdw vxusoxvhv jurz pruh vorzo| wkdq
wkh h{shfwhg erqg uhwxuq1 Wklv frqglwlrq iroorzv li rqh ylhzv wkh lq?qlwh shulrg hfrqrplhv dv olplwv
ri ?qlwh hfrqrplhv/ vlqfh vxusoxvhv duh dozd|v }hur sdvw wkh odvw shulrg ri d ?qlwh hfrqrp|1 Zrrgirug
+4<<8, jlyhv dq h{whqvlyh wuhdwphqw ri zhdnhu wudqvyhuvdolw| frqglwlrqv lq wklv nlqg ri prgho1
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4416 Dssur{lpdwlrq derxw d jhrphwulf vwhdg| vwdwh/ +47,

Gh?qh

ìñ| ì
"[
æ'f

qæ.|ìr|næ é

dqg zulwh +46, lq odj rshudwru qrwdwlrq/

.|
í
�ý qèu3�

ì3�
ìR| ' ý

#
�ý q
�ý qè

$
ìñ| nî|3�

Qrz lw lv d vlpsoh pdwwhu wr vroyh iru ìR| e| dsso|lqj E�ý qèu3�ä wr erwk vlghv1 Wklv
jlyhv d vxjjhvwlyh dqg frpsdfw yhuvlrq ri wkh sulfh vroxwlrq/

ìR| ' ý
#
�ý q
�ý qè

$
Eìñ| ý qè.|ìñ|n�ä nî|3� ý qèî|é +76,

Vxevwlwxwlqj wkh gh?qlwlrq ri ìñ dqg uhduudqjlqj jlyhv +47,1

4417 Rswlpdo sdvvlyh ghew srolf|

Prgho wkh vxusoxv dv d olqhdu ixqfwlrq ri d vwdwh yhfwru %|c zklfk pd| frqwdlq odjjhg
ydoxhv ri r|/ e|

ìr| ' e
â%|é +77,

%| hyroyhv iroorzlqj d yhfwru ø-E�ä/

%| ' ø%|3� n a0|( .E00âä ' U +78,

Soxjjlqj lqwr wkh sulfh vroxwlrq +47,/ wkh sulfh ohyho lv wkhq

ìR| ' ý �ý q
�ý qèe

â EU ý qèøä EU ý qøä3�%|é

dqg wkh yduldqfh ri lq dwlrq lv jlyhq e|

j2ER| ý R|3�ä '
#
�ý q
�ý qè

$2
eâ EU ý qèøäT EU ý qèøäâ e +79,

zkhuh
T ' EU ý qøä3�P{%EU ý qøä3�â

P{% ' . dE%| ý %|3�äE%| ý %|3�äâo ' Eøý Uä
"[
æ'f

øæaa âøæâEøý Uäâ n aa âé

Vhwwlqj wr }hur wkh ghulydwlyh ri +79, zlwk uhvshfw wr è/ zh ?qg wkh rswlpdo è iurp

èq '
eâ EU ýøäT e
eâ EU ý øäT øâeé
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4418 Rswlpdo dfwlyh ghew srolf|/ +4;, 1

L irxqg wkh vroxwlrq +4;, qxphulfdoo|1 L jxhvvhg d ghew srolf| ri wkh irup

E�ý b�uä E�ý b2uäî| '
ù[
æ'f

@æìr|3æ ' @Euäìr|é

Iru jlyhq ydoxhv ri èc b�c b2c i@æj L fdofxodwhg wkh yduldqfh ri lq dwlrq e| qxphulfdo
lqwhjudwlrq lq wkh iuhtxhqf| grpdlq/

ñ@o dE�ý uäìR|o ' �

2Z

]
3Z
Z

�

�ý 24 ULtE/ä n 42sE/äsE/ä
W_/ +7:,

sE/ä ì E�ý e3ð/ä&Eèäý E�ý e3ð/ä
E�ý b�e3ð/ä

Ee3ð/ ý qèä
E�ý b2e3ð/ä@Ee

3ð/äé

L plqlpl}hg wklv h{suhvvlrq qxphulfdoo| wr ?qg wkh rswlpdo srolf| èc b�c b2c i@æj1 L
irxqg wkh irupxodv iru wkh frh!flhqwv lq +4;, e| vwdulqj dw wkh qxphulfdo ydoxhv ri
wkh rswlpdo sdudphwhuv b�c b2c èc @æ iru d odujh julg ri lqsxw sdudphwhuv ydoxhv 4c q1

Rqh lv whpswhg wr vroyh +4:, dqg vhw wkh yduldqfh ri lq dwlrq wr }hur e| wkh fkrlfh

î| '
�

èq
î|3� ý E�ý qäE�ý qè4ä

qèE�ý q4äE�ý qèä ìr|é

Wkh wurxeoh zlwk wklv lghd lv wkdw qè ÷ � vr wkh frh!flhqw rq odjjhg ghew lv juhdwhu
wkdq rqh1 Li zh vroyh wkh gl>huhqfh htxdwlrq edfnzdug/ ghew lv dq h{sorvlyh surfhvv1
Li zh vroyh lw iruzdug/ ghew wrgd| pxvw ghshqg rq ixwxuh vxusoxvhv/ l1h1 ghew wrgd|
lv qrw lq wkh lqirupdwlrq vhw wrgd|1 Wkhuhiruh/ zh pxvw lpsrvh wkh frqvwudlqw wkdw
î lv d qrq0h{sorvlyh surfhvv/ lq wkh wlph0| lqirupdwlrq vhw/ dqg zh pxvw h{shfw wkdw
frqvwudlqw wr elqg1 Lw grhv> wkh irupxodv iru yduldqfh frqwlqxh wr ghfolqh li rqh doorzv
b : �/ vr wkh vroxwlrq kdv rqh urrw dw wkh frqvwudlqhg ydoxh b ' �1 Zh suryhg deryh
wkdw lw lv qrw srvvleoh wr xvh ghew srolf| dorqh wr dfklhyh d frqvwdqw sulfh ohyho zlwk
 xfwxdwlqj vxusoxvhv/ dqg wklv glvfxvvlrq lv dqrwkhu lqvwdqfh ri wkdw idfw1

4419 Jhqhudo sulfh vroxwlrq/ +65,

Wr vlpsoli| qrwdwlrq/ ohw | ' f1 Gh?qh

ñ| '
"[
æ'f

qær|næ

dqg gh?qh d vhtxhqfh ifæj e|
ff ' �(
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f� ' ýî3�E�ä
îfE�ä

f2 ' ýî3�E2ä nf�îfE2ä
î�E2ä

fô ' ýî3�Eôä nf�îfEôä nf2î�Eôä
î2Eôä

fæ ' ý
æ3�[
&'f

î&3�Eæä
îæ3�Eæä

f&é

L vwduw zlwk wkh suhvhqw ydoxh lghqwlw| +7,/ zklfk lpsolhv

î3�Efä
Rf

' .f
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$
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dw wlph f dqg
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,

dw wlph �1 Xvh wlph 4 wr vxevwlwxwh lq wlph 3/
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Uhfrjql}lqj wkh gh?qlwlrq ri f2

î3�Efä
Rf

' .f

+
ñf n qf�ñ� n q
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#
dî3�Eôä nf�îfEôä nf2î�Eôäo
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Frqwlqxlqj lq wklv zd|/ zh kdyh

î3�Efä
Rf

' .f
"[
æ'f

qæfæñæé

Wklv h{suhvvlrq lv douhdg| d vroxwlrq1 Krzhyhu/ lw lv pruh hohjdqw wr froohfw whupv lq
ræ rq wkh uljkw kdqg vlgh/ uhvxowlqj lq

î3�Efä
Rf

' .f
q
� n E� nf�ä qr� n E� nf� nf2äq

2r2 n ééé
r

î3�Efä
Rf

' .f
"[
æ'f

qæ

3C æ[
&'f

f&

4D ræ ' "[
æ'f

qæ`æræ é

Wklv lv wkh sulfh vroxwlrq +65,1 Wkh odvw htxdolw| gh?qhv `æ1 Zh fdq ?qg d pruh
gluhfw gh?qlwlrq iru `æ udwkhu wkdq yld fæ é Surfhhglqj wkurxjk wlph/

`f ' ff ' �

`� ' � nf� '
îfE�äýî3�E�ä

îfE�ä
' øfE�ä

`2 ' � nf� nf2 '`� nf2 '
`�î�E2äýf�îfE2äýî3�E2ä

î�E2ä
'

'
`�î�E2äý E`� ý �äîfE2äýî3�E2ä

î�E2ä
' `�ø�E2ä nøfE2äé

`ô ' `2 nfô '
`2îôEôäýf2î2Eôäýf�î�EôäýîfEôä

îôEôä
'

'
`2î2Eôä n E`� ý`2äî�Eôä n E�ý`�äîfEôäýî3�Eôä

î2Eôä
'

' `2ø2Eôä n`�ø�Eôä nøfEôä

dqg vr iruwk1

441: Dssur{lpdwh vroxwlrq zlwk d qrq0jhrphwulf vwhdg| vwdwh
+6;,

Zh fdq gl>huhqwldwh wkh jhqhudo vroxwlrq +65, zlwk uhvshfw wr ghew dw wkh vwhdg| vwdwh
wr ?qg wkdw wkh dssur{lpdwlrq iru wkh r whupv lv

ìR| ä ý1
"[
æ'f

qæ`æ .|ìr|næé
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zkhuh/ djdlq 1 ' Rr*î1 Wkh kdug sduw lv wr xqudyho wkh`|cæ whupv wr ?qg wkh h>hfwv ri
_î|næE|n &äé Zh frxog surfhhg gluhfwo| e| gl>huhqwldwlqj `|cæ/ ru shuirup wkh vdph
vruw ri qrqolqhdu iruzdug lwhudwlrq rq wkh dssur{lpdwhg suhvhqw ydoxh lghqwlw|1 Lw
wxuqv rxw wr eh hdvlhvw wr wudfn wkh h>hfwv rq R| ri d vlqjoh ghew rshudwlrq _î|næE|n&ä1

Zh zdqw wr hydoxdwh wkh h>hfw ri d vpdoo fkdqjh lq îfEæäéWklv lv d vdoh ri d olwwoh
h{wud gdwh æ ghew dw wlph f/ iroorzhg e| d uhsxufkdvh ri wkdw ghew dw wlph �1 Zh vwduw
zlwk wkh uhdo wlph |  rz lghqwlw|/ +6,/ zklfk L uhshdw khuh iru frqyhqlhqfh1

r| n
[
æ'�

qæ.|

#
�

R|næ

$
dî|E|n æäýî|3�E|n æäo ' î|3�E|ä

R|
é

îfEæä grhv qrw hqwhu wklv lghqwlw|/ ru wkh jhqhudo vroxwlrq/ iru | è 2/ vr sulfhv dw
dqg sdvw gdwh 2 duh qrw d>hfwhg1 Sulfhv duh iruzdug0orrnlqj dqg vr duh d>hfwhg rqo|
e| fxuuhqw dqg ixwxuh ghew srolf|1

Dw wlph �/ wkh  rz lghqwlw| lv

r� n q.�

#
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$
dî�E2äýîfE2äo n één qæ3�.�
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$
dî�EæäýîfEæäo n ééé ' îfE�ä

R�
é

Zh wdnh wkh ghulydwlyh ri wklv lghqwlw| zlwk uhvshfw wr îfEæä/ hydoxdwhg dw wkh vwhdg|
vwdwh1 Wkh uhvxow lv

(� ì Rî

qæ3�
_ E�*R�ä

_îfEæä
' ý�é

Wkh wlph 3 frqvwudlqw lv

rf n q.f
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R�

$
dîfE�äýî3�E�äo n één qæ.f
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$
dîfEæäýî3�Eæäo n ééé ' î3�Efä
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Wdnlqj wkh ghulydwlyh zlwk uhvshfw wr îfEæä djdlq/

qî E�ý è�ä _ E�*R�ä
_îfEæä

n qæ
�

R
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_ E�*Rfä

_îfEæä

(f ' E�ý è�ä(� n � ' èé
Dw d jhqhulf wlph ý&c wkh  rz lghqwlw| lv
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[
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�

R3&nð

$
dî3&Eý& n ðäýî3&3�Eý& n ðäo ' �
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dýî3&3�Eý&äo é

Wdnlqj ghulydwlyhv zlwk uhvshfw wr îfEæä djdlq/
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ð'�

qð
_ E�*R3&nðä
_îfEæä

dèð3� ý èðo ' _ E�*R3&ä
_îfEæä

(3& '
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(3&nðøðé

Soxjjlqj wkhvh ghulydwlyhv lq/ zh rewdlq wkh olqhdul}dwlrq +6;,1
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