
Prgl�fdwlrqv ri wkh Edodvvd0Vdpxhovrq

Prgho= Wkh H�hfwv ri Edodqfhg Jurzwk dqg

Fdslwdo Dffxpxodwlrq

Wdl}r Prwrqlvkl
�

Mxqh 4<<<

Devwudfw

Zh ghyhors prgl�hg yhuvlrqv ri wkh Edodvvd0Vdpxhovrq prgho1

Wkh h�hfwv ri edodqfhg surgxfwlylw| jurzwk dqg fdslwdo dffxpxod0

wlrq lv vwuhvvhg1 Hpslulfdo hvwlpdwhv xvlqj 4<:304<<3 vhfwrudo gdwd iru

wkh RHFG vkrz wkdw rxu prgl�hg prghov duh pruh vxlwhg wr wkh gdwd

wkdq wkh frpprqo|0xvhg Edodvvd0Vdpxhovrq prgho1

Nh|zrugv= Uhdo H{fkdqjh Udwh> Surgxfwlylw| Jurzwk> Fdslwdo Df0

fxpxodwlrq> Vhfwrudo Lq dwlrq

MHO fodvvl�fdwlrq= I69> I74> I76

4 Lqwurgxfwlrq

Wklv sdshu h{soruhv wkh ghwhuplqdqwv ri wkh uhodwlyh sulfh ri qrq0wudgdeohv
wr wudgdeohv1 Lw lv riwhq srlqwhg rxw wkdw lq xqghuvwdqglqj wkh  xfwxdwlrqv lq
uhdo h{fkdqjh udwhv/ wkh fkdqjhv lq wkh uhodwlyh sulfh ri qrq0wudgdeohv pxvw

�Idfxow| ri Hfrqrplfv/ Qdjdvdnl Xqlyhuvlw|1 70504 Ndwdixfkl/ Qdjdvdnl/ ;830;839/
Mdsdq1 prwrCqhw1qdjdvdnl0x1df1ms Who2Id{= ;40<80;53096331 L zrxog olnh wr wkdqn
Ndwvxklwr Lzdl/ Pdvdklur Ndzdl/ Ixnxqdul Nlpxud/ M|rml Wrnxl/ Nd}xr Xhgd/ Klurvkl
\rvklndzd/ dqg vhplqdu sduwlflsdqwv dw wkh Xqlyhuvlw| ri Wrn|r Pdfurhfrqrplfv Zrun0
vkrs/ wkh Wrn|r Phwursrolwdq Xqlyhuvlw| Zrunvkrs/ wkh Mdsdqhvh Hfrqrplf Dvvrfldwlrq
dqqxdo phhwlqjv +4<<;,/ dqg wkh Mdsdq Vrflhw| ri Prqhwdu| Hfrqrplfv dqqxdo phhwlqjv
+4<<;, iru khosixo frpphqwv1
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sod| dq lpsruwdqw uroh1 D erg| ri hpslulfdo vwxglhv kdv wulhg wr h{sodlq
wkh  xfwxdwlrqv/ irfxvlqj rq vxsso| vlgh idfwruv14 Wkh prvw frpprqo| xvhg
iudphzrun wr hydoxdwh wkh h�hfw ri vxsso| vlgh idfwruv lv gxh wr Kduurg +4<6<,/
Edodvvd +4<97, dqg Vdpxhovrq +4<97,1 Wkh| dujxh wkdw kljk surgxfwlylw|
jurzwk ri wkh wudgdeohv vhfwru frpsduhg wr wkh qrq0wudgdeohv vhfwru ohdgv
wr d ulvh lq wkh uhodwlyh sulfh ri qrq0wudgdeohv/ dqg wkdw wklv sxwv xszdug
suhvvxuh rq d frxqwu|*v uhdo h{fkdqjh udwh1

Wkh frpprqo|0xvhg iudphzrun lq hpslulfdo vwxglhv edvhg rq wkh Edodvvd0
Vdpxhovrq prgho dvvxph wkdw wkh uhqwdo udwh ri fdslwdo lv h{rjhqrxv dqg wkh
zdjh udwh lv hqgrjhqrxv1 Krzhyhu/ wkhuh duh rwkhu hpslulfdo vwxglhv zklfk
vkrz wkdw wkh lqwhuqdwlrqdo fdslwdo prelolw| lv qrw shuihfw15 Li wklv lv wuxh/
lw lv qrw dssursuldwh wr dvvxph wkdw wkh uhqwdo udwh ri fdslwdo lv h{rjhqrxv1
Lq dgglwlrq/ lw lv riwhq srlqwhg rxw wkdw wkh zdjh udwh lv vwlfn|/ hvshfldoo| lq
wkh vkruw uxq1 Lq wklv fdvh/ lw lv qrw dssursuldwh wr dvvxph wkdw wkh zdjh
udwh lv hqgrjhqrxv1 Zh vhh lq wkh iroorzlqj vhfwlrqv wkdw prgl�fdwlrqv ri
wkh frpprqo|0xvhg Edodvvd0Vdpxhovrq prgho hqdeoh xv wr dqdo|}h wkh fdvh
ri lpshuihfw lqwhuqdwlrqdo �qdqfldo pdunhwv dqg2ru vwlfn| zdjh udwh1

Lq wkh Edodvvd0Vdpxhovrq iudphzrun/ gl�huhqwldo surgxfwlylw| jurzwk eh0
wzhhq wudgdeohv dqg qrq0wudgdeohv sod|v dq lpsruwdqw uroh1 Rxu hpslulfdo
dqdo|vhv dovr vxssruw wklv ylhz1 Zkdw zh zdqw wr hpskdvl}h lq wklv sdshu
lv/ krzhyhu/ edodqfhg jurzwk h�hfw dqg fdslwdo dffxpxodwlrq h�hfw1 Wkrvh
h�hfwv duh ryhuorrnhg ru qrw ixoo| h{sorlwhg lq rwkhu vwxglhv1 Rxu wkhruhw0
lfdo dqdo|vhv vkrz wkdw wkh h�hfwv ri edodqfhg jurzwk fkdqjh zlwk wkh dv0
vxpswlrqv derxw wkh idfwru sulfhv1 Lq dgglwlrq/ lw lv suryhg wkdw fdslwdo
dffxpxodwlrq fdq eh dqrwkhu lpsruwdqw ghwhuplqdqw ri wkh uhodwlyh sulfh ri
qrq0wudgdeohv1

Rxu wkhruhwlfdo dqdo|vlv derxw fdslwdo dffxpxodwlrq h�hfw lv edvhg rq wkh
lqvljkwv ri Nudylv dqg Olsvh| +4<;6, dqg Ekdjzdwl +4<;7,1 Wkh| dujxh wkdw li
lqwhuqdwlrqdo fdslwdo prelolw| lv lpshuihfw dqg wkh zdjh udwh lv  h{leoh/ idfwru
hqgrzphqwv d�hfw wkh uhodwlyh sulfh ri qrq0wudgdeohv wr wudgdeohv wkurxjk
wkh uhodwlyh sulfh ri fdslwdo dqg oderu1

Wkh prgl�hg prghov duh yhu| vlpsoh dqg fdq eh hdvlo| h{dplqhg hpslu0
lfdoo|1 Rxu hvwlpdwhv xvlqj 4<:304<<3 vhfwrudo gdwd iru 47 RHFG frxqwulhv
vkrz wkdw wkh frpprqo|0xvhg iudphzrun lv qrw vxlwhg wr wkh gdwd erwk lq
wkh vkruw uxq dqg lq wkh orqj uxq/ dqg wkdw rxu prgl�fdwlrqv duh vxssruwhg1

4Iru h{dpsoh/ Kvlhk +4<;5,/ \rvklndzd +4<<3,/ Juhjrulr hw do1 +4<<7,1
5Vhh/ iru h{dpsoh/ Ihogvwhlq dqg Krulrnd +4<;3,1

5



Wklv sdshu surfhhgv dv iroorzv= Vhfwlrq 5 suhvhqwv wkh Edodvvd0Vdpxhovrq
prgho dqg wkhq lqwurgxfhv prgl�fdwlrqv wr wkh prgho1 Vhfwlrq 6 frpsduhv
wkuhh prghov hpslulfdoo|1 Vhfwlrq 7 frqfoxghv1

5 Edvlf Prghov

514 Wkh Edodvvd0Vdpxhovrq prgho

Lq wklv vxevhfwlrq zh suhvhqw d iudphzrun gxh wr Kduurg +4<6<,/ Edodvvd
+4<97,/ dqg Vdpxhovrq +4<97, wkdw zdv xvhg wr xqghuvwdqg wkh ghwhuplqdqwv
ri uhdo h{fkdqjh udwhv lq pdq| h{lvwlqj vwxglhv1 Zh vhh ehorz wkdw wkh lq d0
wlrq udwhv ri wudgdeoh dqg qrq0wudgdeoh jrrgv duh ghwhuplqhg e| wkh surgxf0
wlylw| ri wkh wudgdeoh dqg qrq0wudgdeoh jrrgv vhfwruv/ xqghu wkh dvvxpswlrq
ri d vpdoo hfrqrp| dqg shuihfw lqwhuqdwlrqdo fdslwdo prelolw|1 Ghpdqg idf0
wruv gr qrw d�hfw dq| ri wkh sulfhv ri wkh hfrqrp|1 Wkh frqvwdqw uhwxuqv wr
vfdoh surgxfwlrq whfkqrorjlhv iru wkh wzr vhfwruv duh vshfl�hg dv iroorzv=

tA ' �Au
wA
A g�3wA

A +4,

dqg
t� ' ��u

w�
� g�3w�

� c +5,

zkhuh wkh vxevfulswv A dqg � ghqrwh wudgdeoh dqg qrq0wudgdeoh jrrgv/ dqg
t / �/ u dqg g duh rxwsxw/ surgxfwlylw|/ oderu dqg fdslwdo/ uhvshfwlyho|1
Xqghu wkh dvvxpswlrq ri shuihfw frpshwlwlrq dqg shuihfw idfwru prelolw|
dfurvv vhfwruv/ wkh iroorzlqj frqglwlrqv iru sur�w pd{lpl}dwlrq ri �upv duh
vdwlv�hg1

o ' E� � wA ��A&
3wA
A c +6,

o ' �� E�� w� ���&
3w�
� c +7,

� ' wA�A&
�3wA
A c +8,

� ' ��w���&
�3w�
� c +9,

zkhuh o lv wkh uhqwdo udwh ri fdslwdo/ � lv wkh zdjh udwh/ & lv wkh fdslwdo0oderu
udwlr dqg �� lv wkh uhodwlyh sulfh ri qrq0wudgdeohv wr wudgdeohv1 Zh wdnh wkh

6



sulfh ri wudgdeohv dv d qxphudluh1 Wkh uhqwdo udwh ri fdslwdo lv ghwhuplqhg
lq zruog pdunhwv dqg lv h{rjhqrxv gxh wr wkh dvvxpswlrq ri d vpdoo rshq
hfrqrp|1 Oderu lv dvvxphg wr eh lppreloh dfurvv erughuv/ dqg zdjh udwhv
duh ghwhuplqhg lq wkh oderu pdunhwv ri hdfk frxqwu|1

E| orj0gl�huhqwldwlqj +6,0+9,/ zh kdyh wkh fhqwudo htxdwlrq ri wkh *Jhq0
hudol}hg* yhuvlrq ri wkh Edodvvd0Vdpxhovrq prgho1

e�� ' E e�A �
e�� � n

w� � wA

wA

e�A +:,

zkhuheghqrwhv wkh udwh ri fkdqjh1 +:, lpsolhv wkdw wkh uhodwlyh sulfh ri qrq0
wudgdeohv lv ghwhuplqhg e| wkh surgxfwlylw| fkdqjhv ri wkh wudgdeohv dqg qrq0
wudgdeohv vhfwruv1 Zh fdoo wklv frpprqo|0xvhg Edodvvd0Vdpxhovrq prgho dv
wkh *JEV4 prgho* lq wkh iroorzlqj1 Dv Iurrw dqg Urjr� +4<<8, srlqwhg rxw/
wkh ghwhuplqdqwv ri e�� duh qrw rqo| wkh surgxfwlylw| jurzwk gl�huhqwldo ri
wkh wudgdeohv dqg qrq0wudgdeohv vhfwruv/ exw dovr wkh edodqfhg surgxfwlylw|
jurzwk ri wkh wzr vhfwruv1 Lw vkrxog eh qrwhg wkdw h{lvwlqj hpslulfdo vwxglhv
+h1j1/ Juhjrulr hw do1 4<<7, gr qrw glvwlqjxlvk wkh wzr h�hfwv dqg hydoxdwh
rqo| wkh pl{hg h�hfw1

Wkh h�hfw ri edodqfhg surgxfwlylw| jurzwk lv gxh wr wkh dvvxpswlrq ri
dq h{rjhqrxv uhqwdo udwh ri fdslwdo1 Xqghu wkh dvvxpswlrq/ edodqfhg jurzwk
ohdgv wr d ulvh lq wkh zdjh udwh rqo|/ zkloh lw grhv qrw d�hfw wkh uhqwdo udwh
ri fdslwdo1 Zkhq wkh qrq0wudgdeohv vhfwru lv pruh oderu lqwhqvlyh wkdq wkh
wudgdeohv vhfwru/ wkh ulvh lq wkh zdjh udwh sxvkhv xs wkh uhodwlyh sulfh ri
qrq0wudgdeohv1 Zh fdoo wklv edodqfhg surgxfwlylw| jurzwk h�hfw dv wkh *EJ
h�hfw* lq wkh iroorzlqj1

Wkh dvvxpswlrq ri dq h{rjhqrxv uhqwdo udwh ri fdslwdo lv/ krzhyhu/ qrw
uhdolvwlf zkhq zh frqvlghu dfwxdo iulfwlrqv lq �qdqfldo wudqvdfwlrqv dfurvv
erughuv1 Li lqwhuqdwlrqdo �qdqfldo pdunhwv duh lpshuihfw dqg wkh uhqwdo udwh
ri fdslwdo lv qrw htxdol}hg wr wkh ydoxh lq zruog pdunhwv/ lw lv ghwhuplqhg lq
wkh fdslwdo pdunhwv ri hdfk frxqwu|1 Dv iru wkh zdjh udwh/ zh dvvxp lq wkh
JEV4 prgho wkdw lw lv hqgrjhqrxv1 Lw lv riwhq srlqwhg rxw/ krzhyhu/ wkdw
wkh zdjh udwh lv vwlfn|/ hvshfldoo| lq wkh vkruw uxq1 Lq wklv fdvh/ lw lv qrw
dssursuldwh wr dvvxph wkdw wkh zdjh udwh lv hqgrjhqrxv1 Lq vxp/ lw vhhpv
uhdvrqdeoh wr dvvxph wkdw wkh uhqwdo udwh ri fdslwdo lv hqgrjhqrxv dqg wkh
zdjh lv h{rjhqrxv/ frqwudu| wr wkh JEV4 prgho1 Xqghu wkrvh dvvxpswlrqv/
lw lv vwudljkwiruzdug wr vkrz iurp +6,0+9, wkh iroorzlqj htxdwlrq1
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e�� ' E e�A �
e�� ��

w� � wA

� � wA

e�A +;,

Sohdvh qrwh wkdw wkh EJ h�hfw lv qhjdwlyh lq +;,/ zkloh lw lv srvlwlyh
lq +:,1 Xqghu hqgrjhqrxv uhqwdo udwh ri fdslwdo dqg h{rjhqrxv zdjh udwh/
edodqfhg surgxfwlylw| jurzwk ohdgv wr d ulvh lq wkh uhqwdo udwh ri fdslwdo rqo|/
zklfk sxvkhv grzq wkh uhodwlyh sulfh ri qrq0wudgdeohv1 Wkxv wkh EJ h�hfw
lv qhjdwlyh lq +;, zkloh lw lv srvlwlyh lq +:,1 Wkh h�hfw ri wkh surgxfwlylw|
jurzwk gl�huhqwldo lv wkh vdph lq wkh wzr htxdwlrqv1 Zh fdoo wkh Edodvvd0
Vdpxhovrqprgho xqghu hqgrjhqrxv uhqwdo udwh ri fdslwdo dqg h{rjhqrxv zdjh
udwh uhsuhvhqwhg e| +;, dv wkh *JEV5* prgho lq wkh iroorzlqj1

Wkh dvvxpswlrq lq wkh JEV5 prgho wkdw wkh zdjh udwh lv wrwdoo| h{0
rjhqrxv lv/ krzhyhu/ qrw uhdolvwlf/ hvshfldoo| lq wkh orqj uxq1 Lq wkh qh{w
vxevhfwlrq zh zloo dqdo|}h wkh fdvh wkdw erwk ri wkh zdjh udwh dqg wkh uhqwdo
udwh ri fdslwdo lv hqgrjhqrxv lqwurgxflqj lqvljkwv gxh wr Nudylv dqg Olsvh|
+4<;6, dqg Ekdjzdwl +4<;7,16

515 Wkh Nudylv0Olsvh|0Ekdjzdwl h�hfw

Li lqwhuqdwlrqdo �qdqfldo pdunhwv duh qrw shuihfw dqg wkh uhqwdo udwh ri fdslwdo
lq d frxqwu| lv qrw ghwhuplqhg lq zruog pdunhwv/ lw lv ghwhuplqhg lq wkh
grphvwlf �qdqfldo pdunhwv1 Wkh zdjh udwh lv dovr ghwhuplqhg lq wkh grphvwlf
oderu pdunhwv xqghu wkh dvvxpswlrq wkdw oderu lv lppreloh dfurvv erughuv
dqg wkh zdjh udwh lv  h{leoh1 Wkhq wkh uhqwdo udwh ri fdslwdo dqg wkh zdjh udwh
duh ghwhuplqhg hqgrjhqrxvo| lq hdfk frxqwu|1 Nudylv dqg Olsvh| +4<;6, dqg
Ekdjzdwl +4<;7, dujxh wkdw li lqwhuqdwlrqdo �qdqfldo pdunhwv duh lpshuihfw
dqg wkh zdjh udwh lv  h{leoh/ idfwru hqgrzphqwv d�hfw wkh uhodwlyh sulfh ri
qrq0wudgdeohv1 Lq wklv vxevhfwlrq/ zh lqwurgxfh wkhlu lqvljkw lqwr wkh Edodvvd0
Vdpxhovrq prgho1

Zkhq wkh uhqwdo udwh ri fdslwdo dqg wkh zdjh udwh lv hqgrjhqrxv/ vxsso|
vlgh frqglwlrqv +6,0+9, gr qrw slq grzq wkh lq dwlrq udwh ri wkh uhodwlyh sulfh
ri qrq0wudgdeohv1 Zh vshfli| wkh ghpdqg vlgh ri wkh hfrqrp| e| wkh iroorzlqj
shulrg xwlolw| ixqfwlrq ri d uhsuhvhqwdwlyh djhqw1

LE�A c �� � ' �k
A�

�3k
� c +<,

6Juhjrulr dqg Zroi +4<<7, dqdo|}h xqghu wkh dvvxpswlrq wkdw fdslwdo lv lppreloh erwk
lqwhuqdwlrqdoo| dqg lqwhuvhfwrudoo|1
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zkhuh �A dqg �� ghqrwh wkh frqvxpswlrq ri wudgdeohv dqg qrq0wudgdeohv1
Wr frqvlghu lpshuihfw lqwhuqdwlrqdo �qdqfldo pdunhwv/ zh dvvxph iru vlp0

solflw| wkdw wkhuh duh qr lqwhuqdwlrqdo �qdqfldo wudqvdfwlrqv1 Wkxv wkh uhqwdo
udwh ri fdslwdo lv ghwhuplqhg e| wkh fdslwdo pdunhwv ri hdfk frxqwu|1 Frxq0
wulhv fdq h{sruw ru lpsruw wudgdeoh jrrgv/ exw wkh| fdqqrw kdyh fxuuhqw
dffrxqw gh�flwv ru vxusoxvhv ri wudgdeohv gxh wr wkh qrq0h{lvwhqfh ri lqwhuqd0
wlrqdo �qdqfldo pdunhwv1 Wkh fxuuhqw dffrxqw ri qrq0wudgdeohv lv dovr htxdo wr
}hur e| dvvxpswlrq1 Wkhuhiruh/ wkh g|qdplf rswlpl}dwlrq ri d uhsuhvhqwdwlyh
djhqw frlqflghv zlwk klv shulrg0e|0shulrg rswlpl}dwlrq1

Lq dgglwlrq wr +<,/ zklfk dvvxphv xqlw hodvwlflw| ri vxevwlwxwlrq/ zh dv0
vxph wkdw wkh dprxqw ri lqyhvwphqw dqg jryhuqphqw h{shqglwxuh duh d frq0
vwdqw sruwlrq ri wudgdeohv dqg qrq0wudgdeohv1 Xqghu wkrvh dvvxpswlrqv/ wkh
udwlr ri wudgdeohv wr qrq0wudgdeohv lq surgxfwlrq ri d frxqwu| ehfrphv dozd|v
frqvwdqw1

tA

��t�
' ESJ?r|�� +43,

Pdunhw fohdulqj frqglwlrqv iru oderu dqg fdslwdo duh

uA n u� ' uc +44,

gA ng� ' gc +45,

zkhuh u dqg g duh wkh dprxqw ri oderu dqg fdslwdo lq wkh hfrqrp|1
Iurp +4,0+9, dqg +43,0+45, zh rewdlq wkh iroorzlqj htxdwlrq1

e�� ' E e�A �
e�� � n Ew� � wA �e& +46,

zkhuh & lv wkh fdslwdo0oderu udwlr ri wkh hfrqrp|1 Wklv lv wkh fhqwudo htxdwlrq
ri rxu prgl�hg yhuvlrq ri wkh Edodvvd0Vdpxhovrq prgho xvlqj fdslwdo dffx0
pxodwlrq +khuhdiwhu wkh *PEV prgho*,1 Wkh uhvxow lpsolhv wkdw wkh uhodwlyh
sulfh ri qrq0wudgdeohv duh d�hfwhg qrw rqo| e| surgxfwlylw| gl�huhqwldov/ exw
dovr e| fdslwdo dffxpxodwlrq1 Wkh vhfrqg whup lq wkh uljkw kdqg vlgh ri +46,
fruuhvsrqgv wr wkh lqvljkwv ri Nudylv dqg Olsvh| +4<;6, dqg Ekdjzdwl +4<;7,1
Wkhuhiruh/ zh uhihu wr wkh h�hfw ri fdslwdo dffxpxodwlrq rq wkh uhodwlyh sulfh
ri qrq0wudgdeohv dv wkh *NOE h�hfw* lq wkh iroorzlqj1 Wkh uhodwlyh sulfh ri
qrq0wudgdeohv lv jryhuqhg hqwluho| e| wkh surgxfwlrq vlgh ri wkh hfrqrp|/
hyhq xqghu wkh dvvxpswlrq ri dq hqgrjhqrxv fdslwdo uhqwdo udwh1
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Ohw xv frpsduh wkh JEV4 prgho/ wkh JEV5 prgho/ dqg wkh PEV prgho/
zklfk fruuhvsrqg wr +:,/ +;, dqg +46,/ uhvshfwlyho|1 Wkh �uvw whupv lq wkh
wkuhh htxdwlrqv duh wkh vdph/ l1h1/ wkh kljkhu surgxfwlylw| jurzwk lq wkh
wudgdeohv vhfwru uhodwlyh wr wkh qrq0wudgdeohv vhfwru ohdgv wr d ulvh lq wkh
uhodwlyh sulfh ri qrq0wudgdeohv lq doo ri wkh wkuhh prghov1

Wkh gl�huhqfh ehwzhhq wkh JEV prghov dqg wkh PEV prgho frphv iurp
wkh vhfrqg whupv lq +:,/ +;, dqg +46,1 Lq wkh PEV prgho/ wkhuh lv qr EJ
h�hfw1 Edodqfhg surgxfwlylw| jurzwk grhv qrw d�hfw wkh uhodwlyh sulfh ri
fdslwdo dqg oderu/ dqg wkh uhodwlyh sulfh ri qrq0wudgdeohv grhv qrw fkdqjh
hlwkhu1 Rq wkh rwkhu kdqg/ wkhuh lv wkh NOE h�hfw lq wkh PEV prgho1 D
kljkhu & ohdgv wr d idoo lq wkh uhodwlyh sulfh ri fdslwdo/ dqg wklv sulfh fkdqjh
sxvkhv xs wkh uhodwlyh sulfh ri oderu lqwhqvlyh jrrgv/ qdpho|/ qrq0wudgdeohv1
Wklv h�hfw lv uhsuhvhqwhg e| wkh vhfrqg whup lq +46,1 Wkh gl�huhqfh ehwzhhq
wkh JEV4 prgho dqg wkh JEV5 prgho lv wkh vljq ri wkh EJ h�hfw1 Lw lv
srvlwlyh lq wkh JEV4 prgho zkloh lw lv qhjdwlyh lq wkh JEV5 prgho1 Wdeoh 4
+d, vxppdul}hv wkh ixqfwlrqv ri wkh wkuhh prghov1

Wdeoh 4 +e, vkrzv wkh gl�huhqfh lq dvvxpswlrq derxw idfwru sulfhv1 Wkh
JEV4 prgho dqg wkh JEV5 prgho dvvxph wkdw rqh ri wkh wzr idfwru sulfhv
lv h{rjhqrxv/ zkloh wkh| duh erwk hqgrjhqrxv lq wkh PEV prgho1

H{lvwlqj hpslulfdo vwxglhv hydoxdwh rqo| wkh pl{hg h�hfw ri wkh �uvw dqg
wkh vhfrqg whupv ri wkh uljkw kdqg vlgh ri +:,1 Pruhryhu/ wkhvh vwxglhv gr qrw
wdnh lqwr dffrxqw wkh qhjdwlyh EJ h�hfw dqg wkh NOE h�hfw1 Lq wklv sdshu
zh zdqw wr ghwhuplqh zklfk ri wkh wkuhh prghov/ JEV4/ JEV5/ ru PEV/
lv wkh prvw dssursuldwh rqh iru h{sodlqlqj fkdqjhv lq wkh uhodwlyh sulfh ri
qrq0wudgdeohv1 Lq wkh qh{w vhfwlrq/ zh dqvzhu wklv txhvwlrq xvlqj hpslulfdo
dqdo|vhv1

6 Hpslulfdo Dqdo|vhv

Rxu uhjuhvvlrq dqdo|vhv xvh gdwd iurp wkh Lqwhuqdwlrqdo Vhfwrudo Gdwd Edvh
+LVGE, frpsulvlqj 47 RHFG frxqwulhv17 Zh rewdlq gdwd rq wrwdo idfwru
surgxfwlylw| dqg rq wkh lq dwlrq udwh iru wkh wudgdeohv dqg wkh qrq0wudgdeohv
vhfwruv iurp 4<:304<<31 Jurvv fdslwdo vwrfn ri doo lqgxvwulhv lv hpsor|hg wr
fdofxodwh fdslwdo0oderu udwlr1 Wkh LVGE lv dxjphqwhg e| gdwd rq srsxodwlrq

7Dxvwudold/ Ehojlxp/ Fdqdgd/ Ghqpdun/ Ilqodqg/ Iudqfh/ Jhupdq| +Zhvw,/ Lwdo|/
Mdsdq/ Qhwkhuodqgv/ Qruzd|/ Vzhghq/ wkh Xqlwhg Nlqjgrp/ dqg wkh Xqlwhg Vwdwhv1

:



wdnhq iurp Shqq Zruog Wdeohv 819 wr fdofxodwh shu0fdslwd rxwsxw/ zklfk zh
hpsor| lq wkh vhfrqg kdoi ri wklv vhfwlrq1

Zh glylgh frpprglwlhv lqwr wudgdeohv dqg qrq0wudgdeohv/ lq olqh zlwk
Juhjrulr hw do1 +4<<7,/ h{fhsw iru wkh h{foxvlrq ri wkh *djulfxowxuh/ kxqwlqj/
iruhvwu| dqg �vklqj* lqgxvwulhv iurp wkh wudgdeohv vhfwru/ dqg *uhdo hvwdwh
dqg exvlqhvv vhuylfhv* iurp wkh qrq0wudgdeohv vhfwru1 Wklv lv ehfdxvh wkhvh
lqgxvwulhv duh kljko| odqg0lqwhqvlyh dqg gr qrw frqirup wr wkh vshfl�fdwlrqv
ri wkh JEV4/ JEV5/ dqg PEV prghov1

Zh frqvlghu wkh frpelqdwlrq ri +:,/ +;, dqg +46,1
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dqg vxevfulsw � dqg � lqglfdwh frxqwu| dqg |hdu1 �C�c �C2c dqg gu� fru0
uhvsrqg wr wkh JEV4 prgho/ JEV5 prgho/ dqg wkh PEV prgho/ uhvshfwlyho|1
Zh hvwlpdwh wkh sdudphwhuv xvlqj sdqho gdwd iurp 47 frxqwulhv iru wkh sh0
ulrg ri 4<:304<<31 Zh �uvw hvwlpdwh xvlqj VXU zlwk frpprq frh!flhqwv
dfurvv frxqwulhv1 Wr vhh wkh orqj0uxq h�hfwv/ wkh hvwlpdwlrq lv dovr h{hfxwhg
iru dyhudjh ydoxhv ryhu wkh vdpsoh shulrg1

Wkh vkruw0uxq hvwlpdwlrqv xvlqj +47, duh suhvhqwhg lq Wdeoh 51 Uhjuhv0
vlrq 9 lv hvwlpdwhg xqghu wkh frqvwudlqw wkdw q

�
' q

2
c zklfk lv lpsolflwo|

dvvxphg lq rwkhu h{lvwlqj vwxglhv/ iru h{dpsoh/ lq Juhjrulr hw do1 +4<<7,1
Wkh hvwlpdwhg frh!flhqwv rq E e�A �

e�� � duh frqvlvwhqw zlwk rxu wkhruhwlfdo
dqdo|vhv dqg duh vwdwlvwlfdoo| vljql�fdqw lq doo uhjuhvvlrqv1 Wkh frh!flhqwv rq
wkh EJ h�hfw ghqrwhg e| q

2
dqg q

�
duh vwdwlvwlfdoo| vljql�fdqw dqg qhjdwlyh

lq vljq lq uhjuhvvlrqv 4081 Wklv uhvxow lv frqvlvwhqw zlwk wkh JEV5 prgho dqg
frqwudglfwv zlwk wkh frpprqo|0xvhg JEV4 prgho1 Wkh frh!flhqw rq wkh
NOE h�hfw ghqrwhg e| q

e
lv qrw vwdwlvwlfdoo| vljql�fdqw h{fhsw iru uhjuhvvlrq

7/ dqg wkh vljq ri q
2
lv zurqj lq wkh uhjuhvvlrq1

Frpsdulqj wkh uhvxowv ri uhjuhvvlrqv 4 dqg 9 lqglfdwhv wkdw hqwdqjolqj
wkh wzr idfwruv 0 surgxfwlylw| gl�huhqwldo dqg edodqfhg surgxfwlylw| jurzwk
0 pd| plvohdg xv lqwr wkh dgrswlrq ri wkh JEV4 prgho1

;



Wr hydoxdwh wkh orqj0uxq h�hfwv/ zh dovr shuirup dqdo|vhv xvlqj dyhudjh
ydoxhv ryhu 53 |hduv1 Wkh uhvxowv ri wkh ROV hvwlpdwlrq duh suhvhqwhg lq Wdeoh
61 Wkh frh!flhqwv rq surgxfwlylw| gl�huhqwldov kdyh wkh h{shfwhg srvlwlyh
vljq dqg duh vwdwlvwlfdoo| vljql�fdqw lq doo uhjuhvvlrqv1 Frpsdulqj Wdeohv 5
dqg 6/ zh fdq vhh wkdw q

�
v duh odujhu lq wkh orqj uxq wkdq lq wkh vkruw uxq1

Wklv lpsolhv wkdw wkh h�hfw ri surgxfwlylw| gl�huhqwldo vkrzv xs judgxdoo|1
Dv iru wkh EJ h�hfw/ lw lv vwdwlvwlfdoo| vljql�fdqw lq uhjuhvvlrq 41 Wkh

srvlwlyh vljq ri q
2
lq wkh uhjuhvvlrq lv frqvlvwhqw zlwk wkh JEV4 prgho1

Rq wkh rwkhu kdqg/ wkh NOE h�hfw/ zklfk lv uhodwhg wr wkh PEV prgho/ lv
vwdwlvwlfdoo| vljql�fdqw dqg kdv srvlwlyh vljq lq doo uhjuhvvlrqv1 Wkh frpsrxqg
prgho ri wkh JEV4 prgho dqg wkh PEV prgho lv whvwhg lq uhjuhvvlrq 7/
zklfk vkrzv wkdw wkh PEV prgho grplqdwhv wkh JEV4 prgho1 Ryhu wkh
4<:3v dqg wkh 4<;3v/ fdslwdo dffxpxodwlrq frqwulexwhg wr orzhu wkh uhodwlyh
sulfh ri fdslwdo dqg wr udlvh wkh uhodwlyh sulfh ri qrq0wudgdeohv wkurxjk wkh
NOE h�hfw1 Rxu hpslulfdo hylghqfh iru wkh PEV prgho dovr lpsolhv wkdw
wkh dvvxpswlrqv ri wkh prgho/ lpshuihfw lqwhuqdwlrqdo �qdqfldo pdunhwv dqg
 h{leoh zdjh udwh/ lv dssursuldwh lq wkh orqj uxq1

Wkxv idu zh kdyh dvvxphg lq wkh PEV prgho wkdw wkh hodvwlflw| ri vxe0
vwlwxwlrq ri ghpdqg lv htxdo wr 41 Khuh zh uhod{ wklv dvvxpswlrq dqg doorz
wkh sursruwlrq ri qrq0wudgdeohv lq frqvxphuv* h{shqglwxuhv wr eh lqfuhdvlqj
zlwk uhvshfw wr wkhlu lqfrph1 Frqvhtxhqwo|/ dq lqfuhdvh lq shu fdslwd rxwsxw
ohdgv wr d ulvh lq wkh uhodwlyh sulfh ri qrq0wudgdeohv lq wkh PEV prgho1 Dv
iru wkh JEV4 prgho ru wkh JEV5 prgho/ wkh| duh qrw d�hfwhg e| wkh fkdqjh
lq wkh ghpdqg vlgh dvvxpswlrq1 Krzhyhu/ xqghu wkh dgglwlrqdo dvvxpswlrq
ri lpshuihfw idfwru prelolw| dfurvv vhfwruv/ wkh uhodwlyh sulfh ri qrq0wudgdeohv
lv d�hfwhg e| lqfrph fkdqjh lq wkh JEV prghov1 Dgglqj wklv ghpdqg vlgh
h�hfw/ zh kdyh wkh iroorzlqj htxdwlrq=
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zkhuh +�c� ghqrwhv shu fdslwd rxwsxw1
Wkh hvwlpdwlrq uhvxowv lq wkh vkruw uxq duh suhvhqwhg lq Wdeoh 7/ dqg

wkh uhvxowv lq wkh orqj uxq xvlqj dyhudjh ydoxhv ryhu wkh vdpsoh shulrg duh
lq Wdeoh 81 Uhjuhvvlrq 9 lq Wdeoh 7 lv hvwlpdwhg xqghu wkh frqvwudlqw wkdw
q
�
' q

2
� Wdeoh 7 vkrzv wkdw wkh ghpdqg vlgh h�hfw lv vljql�fdqw dqg kdv wkh

fruuhfw vljq/ zkloh wkh hvwlpdwhg ydoxhv ri q
�
c q

2
c q

�
c dqg q

e
lq wkh wdeoh grhv

qrw fkdqjh vljql�fdqwo| iurp wkrvh ri Wdeoh 5/ h{fhsw iru wkh orz vljql�fdqfh
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ri q
e
lq uhjuhvvlrq 71 Djdlq/ wkh JEV5 prgho lv wkh prvw dssursuldwh rqh

wr h{sodlq wkh pryhphqwv ri wkh uhodwlyh sulfh ri qrq0wudgdeohv lq wkh vkruw
uxq1

Zh vhh iurp Wdeoh 7 dqg Wdeoh 8 wkdw wkh ghpdqg vlgh h�hfw lv pruh
lpsruwdqw lq wkh vkruw uxq wkdq lq wkh orqj uxq1 Hvwlpdwhv ri q

D
lq Wdeoh 8

vkrz wkdw wkh ghpdqg vlgh h�hfw lv qrw vljql�fdqw lq wkh orqj uxq/ frqwudu|
wr wkh hvwlpdwhv lq Wdeoh 71 Wkh uhvxow lv frqvlvwhqw zlwk wkrvh rewdlqhg lq
Juhjrulr hw do1 +4<<7,1 Zh fdq frqfoxgh iurp Wdeohv 6 dqg 8 wkdw wkh PEV
prgho lv wkh prvw dssursuldwh rqh wr h{sodlq wkh orqj0uxq fkdqjhv lq wkh
uhodwlyh sulfh ri qrq0wudgdeohv1

Lq vxp/ wkh JEV5 prgho lv dssursuldwh lq wkh vkruw uxq/ dqg wkh PEV
prgho lv dssursuldwh lq wkh orqj uxq1 Wkh frpprqo|0xvhg Edodvvd0Vdpxhovrq
prgho/ qdpho|/ wkh JEV4 prgho/ lv qrw vxssruwhg erwk lq wkh vkruw uxq dqg
lq wkh orqj uxq1

7 Frqfoxvlrqv

Lq wklv sdshu/ zh sursrvhgprgl�fdwlrqv wr frpprqo|0xvhg Edodvvd0Vdpxhovrq
prgho1 Wkh prgl�hg prghov vkrz wkdw wkh h�hfw ri edodqfhg jurzwk rq wkh
uhodwlyh sulfh ri qrq0wudgdeohv fdq eh srvlwlyh ru qhjdwlyh/ dqg wkdw wkh hi0
ihfw ri fdslwdo dffxpxodwlrq vkrxog eh wdnhq lqwr dffrxqw1 Rxu hpslulfdo
dqdo|vhv vxjjhvw wkdw wkh frpprqo|0xvhg Edodvvd0Vdpxhovrq prgho lv qrw
dssursuldwh1 Wkh JEV5 prgho/ zklfk dvvxphv lpshuihfw lqwhuqdwlrqdo �qdq0
fldo pdunhwv dqg uljlg zdjh udwh/ lv pruh vxlwhg wr h{sodlq wkh fkdqjhv lq wkh
uhodwlyh sulfh ri qrq0wudgdeohv lq wkh vkruw uxq1 Lq wkh orqj uxq/ wkh PEV
prgho/ zklfk dvvxphv lpshuihfw lqwhuqdwlrqdo �qdqfldo pdunhwv dqg  h{leoh
zdjh udwh/ lv vxssruwhg1

Zh glg qrw hpslulfdoo| dqdo|}h wkh h�hfw ri lq dwlrq lq wkh sulfh ri qrq0
wudgdeohv rq uhdo h{fkdqjh udwhv1 Dvhd dqg Phqgr}d +4<<7, fodlp wkdw wkh
h�hfw ri qrq0wudgdeohv jrrgv* lq dwlrq rq wkh uhdo h{fkdqjh udwh lv lqvljqli0
lfdqw1 Wkh prgl�fdwlrqv sursrvhg lq wklv sdshu hqdeohv pruh suhflvh hvwl0
pdwhv ri wkh fkdqjhv lq wkh sulfh ri qrq0wudgdeohv/ zklfk fdq eh xvhg wr
hydoxdwh wkh h�hfw ri lq dwlrq ri qrq0wudgdeohv rq uhdo h{fkdqjh udwhv1 Hvwl0
pdwlrq ri wkh gluhfw h�hfwv ri edodqfhg jurzwk dqg fdslwdo dffxpxodwlrq rq
uhdo h{fkdqjh udwhv zrxog dovr eh iuxlwixo1
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