
Wkh Odujh Dxglw Ilup Ihh Suhplxp= D Fdvh ri

Vhohfwlylw| EldvB�

M1 F1 Luhodqg dqg F1 V1 Ohqqr{

Glvfxvvlrq Sdshu Qr 332839

Devwudfw

Diwhu frqwuroolqj iru folhqw fkdudfwhulvwlfv/ h{lvwlqj vwxglhv uhsruw wkdw

odujh dxglw �upv hduq vljql�fdqwo| kljkhu ihhv wkdq vpdoo dxglw �upv1 Krz0

hyhu/ wkhvh vwxglhv wuhdw dxglwru fkrlfh dv h{rjhqrxv1 Lq frqwudvw/ wklv sdshu

wdnhv lqwr dffrxqw wkh idfw wkdw frpsdqlhv duh qrw udqgrpo| dvvljqhg wr

dxglw �upv1 Zh �qg wkdw wkh h�hfwv ri dxglwru vhohfwlrq eldv rq dxglw ihhv

duh vwdwlvwlfdoo| vljql�fdqw1 Wkh uhvxowv lqglfdwh wkdw wkh suhplxp hduqhg

e| odujh dxglw �upv lv pruh wkdq wzlfh dv odujh zkhq vhohfwlylw| lv wdnhq

lqwr dffrxqw1

�

Dgguhvv= Hfrqrplfv Ghsw1/ ; Zrrgodqg Ug1/ Eulvwro Xqlyhuvlw|/ Eulvwro/ EV; 4WQ1



Wkh Odujh Dxglw Ilup Ihh Suhplxp=

D Fdvh ri Vhohfwlylw| EldvB

DEVWUDFW= Diwhu frqwuroolqj iru folhqw fkdudfwhulvwlfv/ h{lvwlqj vwxglhv uh0

sruw wkdw odujh dxglw �upv hduq vljql�fdqwo| kljkhu ihhv wkdq vpdoo dxglw �upv1

Krzhyhu/ wkhvh vwxglhv wuhdw dxglwru fkrlfh dv h{rjhqrxv1 Lq frqwudvw/ wklv sdshu

wdnhv lqwr dffrxqw wkh idfw wkdw frpsdqlhv duh qrw udqgrpo| dvvljqhg wr dxglw

�upv1 Zh �qg wkdw wkh h�hfwv ri dxglwru vhohfwlrq eldv rq dxglw ihhv duh vwdwlv0

wlfdoo| vljql�fdqw1 Wkh uhvxowv lqglfdwh wkdw wkh suhplxp hduqhg e| odujh dxglw

�upv lv pruh wkdq wzlfh dv odujh zkhq vhohfwlylw| lv wdnhq lqwr dffrxqw1
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41 Lqwurgxfwlrq

Wkhuh kdyh ehhq vhyhudo hpslulfdo vwxglhv ri wkh ghwhuplqdqwv ri dxglw ihhv/ pdq|

ri zklfk lqfoxgh dprqj wkh h{sodqdwru| yduldeohv d gxpp| iru dxglw �up vl}h

+Fkdq hw do1/ 4<<6> Srqj dqg Zklwwlqjwrq/ 4<<7> Fudvzhoo hw do1/ 4<<8> Vlpxqlf

dqg Vwhlq/ 4<;:> Ehdww|/ 4<;<,1 Dv wkh frh!flhqw rq dxglwru vl}h lv vljql�fdqwo|

srvlwlyh/ wkhvh vwxglhv frqfoxgh wkdw odujh dxglw �upv duh deoh wr fkdujh kljkhu

ihhv wkdq vpdoo dxglw �upv1 Lq d frpshwlwlyh dxglw pdunhw/ vxfk ihh gl�huhqwldov

uhsuhvhqw d uhwxuq wr kljkhu txdolw|1
�

Krzhyhu/ vlqfh frpsdqlhv duh qrw udqgrpo| dvvljqhg wr dxglw �upv/ lw lv lqydolg

wr wuhdw wkh dxglwru vl}h gxpp| dv h{rjhqrxv dv kdv ehhq fxvwrpdu| lq dxglw

ihh vwxglhv1 Zklovw zh revhuyh wkh ihhv wkdw frpsdqlhv duh fkdujhg diwhu wkh|

kdyh fkrvhq wkhlu dxglwru/ zh gr qrw revhuyh wkh ihhv wkdw wkh| zrxog kdyh ehhq

fkdujhg/ kdg wkh| pdgh wkh dowhuqdwlyh fkrlfh1 Wklv vhoi0vhohfwlrq pd| uhvxow lq

eldv li d fruuhfwlrq lv qrw pdgh1 Wklv sdshu h{dplqhv dxglw ihhv zlwklq d wzr0

vwdjh vhohfwlrq prgho lq rughu wr fruuhfw iru vhohfwlrq h�hfwv1 Lq wkh �uvw vwdjh/

�

Lq dgglwlrq wr dxglw ihh vwxglhv/ wkhuh lv rwkhu hylghqfh zklfk vxssruwv wkh ylhz wkdw odujh
dxglwruv vxsso| kljkhu txdolw| dxglwv1 Iru h{dpsoh/ wkh vwrfn pdunhw uhdfwv pruh idyrxudeo|
zkhq d frpsdq| vzlwfkhv wr d odujh dxglwru udwkhu wkdq wr d vpdoo dxglwru +Qlfkrov dqg Vplwk/
4<;6> Iluwk dqg Vplwk/ 4<<5,/ odujh dxglw �upv jlyh pruh dffxudwh vljqdov ri �qdqfldo glvwuhvv lq
wkhlu dxglw rslqlrqv +Ohqqr{/ 4<<<,/ frpsdqlhv zlwk kljkhu djhqf| frvwv duh pruh olnho| wr kluh
odujh dxglw �upv +Iudqflv dqg Zlovrq/ 4<;;> Mrkqvrq dqg O|v/ 4<<3> GhIrqg/ 4<<5> Iluwk dqg
Vplwk/ 4<<5,/ dqg frpsdqlhv lqyroyhg lq lqlwldo sxeolf r�hulqjv h{shulhqfh ohvv xqghu0sulflqj
zkhq wkh| kluh odujh dxglw �upv +Edoyhuv hw do1/ 4<;;> Iluwk dqg Vplwk/ 4<<5,1
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zh prgho wkh lqlwldo dxglwru fkrlfh dqg lq wkh vhfrqg vwdjh zh hydoxdwh wkh h�hfwv

rq ihhv ri dxglwru vl}h dqg vhohfwlrq eldv1 Zh �qg wkdw wkh hvwlpdwhg odujh dxglw

�up ihh suhplxp lv pruh wkdq wzlfh dv odujh zkhq dxglwru vhohfwlrq lv dffrxqwhg

iru1

Erwk wkhru| dqg hpslulfdo uhvhdufk vxjjhvw wkdw lw lv dssursuldwh wr wuhdw

dxglwru fkrlfh dv hqgrjhqrxv/ dv zh gr lq wklv sdshu1 Wlwpdq dqg Wuxhpdq

+4<;9, dqg Gdwdu hw do1 +4<<4, suhvhqw vljqdoolqj prghov lq zklfk lw lv pruh frvwo|

wr kluh dffxudwh dxglwruv wkdq lqdffxudwh dxglwruv1 Wkh| vkrz wkdw pdqdjhuv zlwk

idyrxudeoh sulydwh lqirupdwlrq suhihu pruh dffxudwh dxglwruv ghvslwh wkh kljkhu

frvw1 Hpslulfdo vwxglhv ri dxglwru fkrlfh vwduw iurp wkh suhplvh wkdw kljk djhqf|

frvwv lqfuhdvh wkh ghpdqg iru dxglw dffxudf| dqg wkdw odujh dxglw �upv kdyh

pruh lqfhqwlyh wr surylgh dffxudwh dxglwv1 Wkhvh vwxglhv frq�up wkh ylhz wkdw

frpsdqlhv zlwk kljk djhqf| frvwv duh pruh olnho| wr kluh odujh dxglwruv dowkrxjk

wkh pdlq ghwhuplqdqw ri dxglwru fkrlfh lq wkhvh vwxglhv lv frpsdq| vl}h +Iudqflv

dqg Zlovrq/ 4<;;> Mrkqvrq dqg O|v/ 4<<3> GhIrqg/ 4<<5> Iluwk dqg Vplwk/ 4<<5,1

Wkh hqgrjhqrxv wuhdwphqw ri dxglwru fkrlfh lq wkhvh sdshuv frqwudvwv zlwk lwv

h{rjhqrxv wuhdwphqw lq h{wdqw dxglw ihh uhvhdufk1

Vhfwlrq 5 ghvfulehv wkh dxglwru vhohfwlrq dqg dxglw ihh prghov hpsor|hg lq wklv

sdshu dqg ghwdlov wkh hfrqrphwulf phwkrgrorj|1 Vhfwlrq 6 rxwolqhv wkh gdwd dqg
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Vhfwlrq 7 hydoxdwhv wkh lpsdfw rq dxglw ihhv ri dxglw �up vl}h dqg vhohfwlylw| eldv1

51 Prgho Vshfl�fdwlrq

5141 Dq ryhuylhz

Suhylrxv vwxglhv h{dplqlqj wkh ghwhuplqdqwv ri dxglw ihhv +�8 � , dvvxph d prgho

ri wkh irup

�8 � ' q � n q
�

� f � n q
�
� ~ � n q � �L( � n � � +514,

Frqvlvwhqw zlwk suhylrxv vwxglhv zh gh�qh dq dxglw �up dv ehlqj odujh +�L( � ' �,

li lw ehorqjv wr rqh ri wkh Elj Ilyh dqg zh gh�qh doo rwkhu dxglw �upv dv vpdoo

+�L( � ' f,1
�
Lq frqwudvw wr htxdwlrq +514,/ wkh pdlq �qglqj ri wklv sdshu lv

wkdw lw lv lqydolg wr wuhdw wkh dxglwru vl}h gxpp| dv h{rjhqrxv1 Lq sduwlfxodu/ eq �

xqghuhvwlpdwhv wkh wuxh vl}h ri wkh odujh dxglw �up ihh suhplxp1 Wkh uhpdlq0

lqj h{sodqdwru| yduldeohv +f � dqg ~ � , lq htxdwlrq +514, fdswxuh rwkhu folhqw dqg

�
Wkh Elj Ilyh dxglw �upv duh NSPJ/ SulfhzdwhukrxvhFrrshuv/ Ghorlwwh Wrxfkh/ Duwkxu

Dqghuvhq dqg Huqvw dqg \rxqj1 Lq xquhsruwhg uhvxowv/ zh gr qrw �qg wkdw phglxp0vl}hg
dxglw �upv fkdujh kljkhu ihhv wkdq vpdoo orfdo dxglw �upv1 Dq dxglw �up lv fdwhjrulvhg dv
phglxp0vl}hg li lw dxglwv dw ohdvw �yh olvwhg frpsdqlhv exw grhv qrw ehorqj wr wkh Elj Ilyh1 Wkh
phglxp0vl}hg dxglw �upv lq rxu vdpsoh duh Ednhu Wloo|/ EGR Vwr| Kd|zdug/ Elqghu Kdpo|q/
Judqw Wkruqwrq/ Sdqqhoo Nhuu Iruvwhu/ Urevrq Ukrghv/ Nlgvrqv Lpsh|/ Kdfnhu \rxqj/ Kruzdwk
Fodunh Zklwhkloo/ Prruh Vwhskhqv dqg Prruhv Urzodqg1
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dxglwru fkdudfwhulvwlfv wkdw d�hfw ihhv1

Zh iroorz wkh wzr0vwhs dssurdfk rxwolqhg lq Pdggdod +4<;6,1 Zh �uvw hvwlpdwh

dq dxglwru fkrlfh prgho dqg wkhq xvh wkh hvwlpdwlrq uhvxowv wr frqwuro iru wkh

h�hfwv ri vhohfwlrq eldv rq dxglw ihhv1 Wkh dxglwru fkrlfh surelw prgho lv

�L(
�

� ' � � n �
�

� f � n �
�
� t � n � � +515,

zkhuh

�L( � ' � li �L(
�

� : f

�L( � ' f rwkhuzlvh1

Lq frpsdulqj htxdwlrqv +514, dqg +515,/ qrwh wkdw wkh f � yduldeohv d�hfw erwk

dxglw ihhv dqg wkh fkrlfh ri dxglw �up1 Lq frqwudvw/ wkh ~ � dqg t � yduldeohv d�hfw

rqo| dxglw ihhv dqg dxglwru fkrlfh/ uhvshfwlyho|1 Wr vlpsoli| qrwdwlrq/ wkh dxglwru

fkrlfh htxdwlrq +515, lv zulwwhq dv

�L(
�

� ' � � n �
�

� f � n �
�
� t � n � � � �

�
` � n � � +516,

zkhuh �
�
' d� � G �

�
� G �

�
� o dqg ` � ' d� G f � G t � o1

Wkh dxglw ihh prghov iru odujh dqg vpdoo dxglw �upv duh
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�8 � � ' q � � n q
�

� � f � n q
�

� � ~ � n � � � +517,

�8 � � ' q � � n q
�
� � f � n q

�
� � ~ � n � � � +518,

zkhuh �8 � � dqg �8 � � duh wkh ihhv sd|deoh e| frpsdq| � wr odujh ru vpdoo dxglw

�upv/ uhvshfwlyho|1 Uhfdoo wkdw rqo| rqh ri �8 � � dqg �8 � � lv revhuyhg iru hdfk

frpsdq| �/ ghshqglqj rq zkhwkhu wkh frpsdq| fkrrvhv d odujh ru d vpdoo dxglwru1

Rxu vhohfwlylw| fruuhfwlrqv +glvfxvvhg ehorz, frqwuro iru wkh idfw wkdw zh gr qrw

revhuyh wkh ihhv wkdw frpsdqlhv zrxog kdyh sdlg li wkh| kdg fkrvhq dxglw �upv

ri dowhuqdwlyh vl}h1

Qrwh dovr wkdw/ xqolnh htxdwlrq +514, +dqg prvw suhylrxv vwxglhv,/ htxdwlrqv

+517, dqg +518, gr qrw lpsrvh wkh uhvwulfwlrq wkdw wkh frh!flhqwv rq wkh f � dqg

~ � yduldeohv duh wkh vdph iru odujh dqg vpdoo dxglw �upv +l1h1 zh gr qrw lpsrvh

wkh uhvwulfwlrq wkdw q
�

� � ' q
�
� � dqg q

�
� � ' q

�
� � ,1

�

Iurp htxdwlrqv +517, dqg +518,/ rxu hvwlpdwh ri wkh odujh dxglw �up ihh suh0

plxp lv eq � � � eq � � 1 Xqghu wkh k|srwkhvlv wkdw odujh dxglw �upv duh deoh wr fkdujh

�
Dq h{fhswlrq lv Srqj dqg Zklwwlqjwrq +4<<7, zkr frqwuro iru frh!flhqw gl�huhqfhv e|

lqfoxglqj lqwhudfwlrq whupv ehwzhhq wkh dxglwru vl}h gxpp| dqg wkh rwkhu h{sodqdwru| yduldeohv
+[ � dqg ] � ,1 Krzhyhu/ Srqj dqg Zklwwlqjwrq +4<<7, gr qrw frqwuro iru dxglwru vhohfwlrq eldv1

:



kljkhu ihhv wkdq vpdoo dxglw �upv/ wkh lqwhufhsw lq htxdwlrq +517, lv eljjhu wkdq

wkh lqwhufhsw lq htxdwlrq +518, +l1h1 eq � � : eq � � ,1

Zh dvvxph wkdw wkh huuru whupv � � � / � � � dqg � � kdyh d wulyduldwh qrupdo glvwul0

exwlrq/ zlwk phdq yhfwru }hur dqg fryduldqfh pdwul{

l '

5
999999997

j
�
� j � � j � �

j � � j
�
� j � �

j � � j � � j
�

�

6
::::::::8

Wr vkrz zk| vlpsoh uhjuhvvlrqv pd| uhvxow lq vhohfwlylw| eldv/ zh wdnh frqgl0

wlrqdo h{shfwdwlrqv ri htxdwlrqv +517, dqg +518,

.d�8 � � m �L( � ' �o ' q � � n q
�

� � f � n q
�

� � ~ � n .d� � � m �L( � ' �o

.d�8 � � m �L( � ' fo ' q � � n q
�
� � f � n q

�
� � ~ � n .d� � � m �L( � ' fo�

Li dxglwru fkrlfh lv v|vwhpdwlfdoo| fruuhodwhg zlwk dxglw ihhv/ wkh frqglwlrqdo

phdqv iru dxglw ihhv dqg huuru whupv duh qrw htxdo wr wkhlu xqfrqglwlrqdo phdqv

;



.d�8 � � m �L( � ' �o 9' .d�8 � � o +, .d� � � m �L( � ' �o 9' .d� � � o � f

.d�8 � � m �L( � ' fo 9' .d�8 � � o +, .d� � � m �L( � ' fo 9' .d� � � o � f�

Hvwlpdwlqj htxdwlrqv +517, dqg +518, zlwkrxw frqwuroolqj iru dxglwru vhohfwlrq

uhvxowv lq d eldvhg hvwlpdwh ri wkh odujh dxglw �up ihh suhplxp +eq � � � eq � � , li

.dEE� � � m �L( � ' ��� E� � � m �L( � ' f��Eq � � � q � � �o 9' f�

Zh frqwuro iru wkh h�hfwv ri vhohfwlrq eldv lq wkh vhfrqg vwdjh e| hvwlpdwlqj

wkh iroorzlqj ihh prghov iru odujh dqg vpdoo dxglw �upv

�8 � � ' q � � n q
�

� � f � n q
�

� � ~ � n j � � b � � n e � � +519,

�8 � � ' q � � n q
�
� � f � n q

�
� � ~ � n j � � b � � n e � � +51:,
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zkhuh

j � � b � � � j � �

�E�
�
` � �

xE�
�
` � �

' .d� � � m �L( � ' �o

j � � b � � � j � �

�E�
�
` � �

�� xE�
�
` � �

' .d� � � m �L( � ' fo

j � � �
j

�
� � j � �

j �
c j � � �

j
�
� � j � �

j �
c dqg j

�
� � T @oE� � � � � � � ��

Wkh ixqfwlrqv � dqg x duh wkh vwdqgdug qrupdo suredelolw| ghqvlw| ixqfwlrq

dqg wkh fxpxodwlyh glvwulexwlrq ixqfwlrq/ uhvshfwlyho|1 Wkh nh| gl�huhqfh ehwzhhq

htxdwlrqv +517,0+518, dqg htxdwlrqv +519,0+51:, lv wkdw wkh odwwhu lqfoxgh lqyhuvh

Ploov udwlrv +b � � dqg b � � , lq rughu wr frqwuro iru vhohfwlylw| eldv1

Lq wkh �uvw vwdjh/ wkh lqyhuvh Ploov udwlrv duh hvwlpdwhg xvlqj wkh uhvxowv iurp

htxdwlrq +516, dqg lq wkh vhfrqg vwdjh/ wkh| duh lqfoxghg lq htxdwlrqv +519, dqg

+51:,1 Dv d uhvxow/ wkh frqglwlrqdo dqg xqfrqglwlrqdo h{shfwhg huuru whupv lq

htxdwlrqv +519, dqg +51:, duh htxdo wr }hur

.de � � m �L( � ' �o ' .de � � o ' .de � � m �L( � ' fo ' .de � � o ' f�

Wkh hvwlpdwhg odujh dxglw �up ihh suhplxp +eq � � � eq � � , lq htxdwlrqv +519, dqg

+51:, lv xqeldvhg vlqfh
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.dEEe � � m �L( � ' ��� Ee � � m �L( � ' f��Eq � � � q � � �o ' f�

5151 Wkh H{sodqdwru| Yduldeohv +f � / t � dqg ~ � ,

Wkh h{sodqdwru| yduldeohv +f � / t � dqg ~ � , xvhg lq wkh dxglwru fkrlfh dqg dxglw

ihh prghov duh gh�qhg lq Wdeoh 4 dqg duh glvfxvvhg ehorz1

^Lqvhuw Wdeoh 4 khuh`

515141 Yduldeohv +f � , lqfoxghg lq erwk wkh Dxglwru Fkrlfh dqg Dxglw

Ihh Prghov

Frqvlvwhqw zlwk suhylrxv vwxglhv/ zh k|srwkhvl}h wkdw dxglwhh vl}h/ frpsoh{lw|

dqg ulvn d�hfw erwk ihhv dqg wkh fkrlfh ri dxglw �up +h1j1/ Srqj dqg Zklwwlqjwrq/

4<<7,1 Wkhuh duh d qxpehu ri gl�huhqw phdvxuhv ri vl}h wkdw pd| eh xvhg1 Suh0

ylrxv vwxglhv xvh hlwkhu dvvhwv +h1j1/ Fudvzhoo hw do1/ 4<<8, ru vdohv wxuqryhu +h1j1/

Fkdq hw do1/ 4<<6, ru erwk +Srqj dqg Zklwwlqjwrq/ 4<<7,1 Zh xvh erwk dvvhwv

+�77 � , dqg vdohv +7� � ,/ dv hdfk uhsuhvhqwv d gl�huhqw glphqvlrq ri vl}h +Srqj dqg

Zklwwlqjwrq/ 4<<7,1 Ihhv olnho| uh hfw erwk wxuqryhu dqg dvvhwv dv dxglw zrun lq0

yroyhv wkh h{dplqdwlrq ri erwk wudqvdfwlrqv gxulqj wkh |hdu +uhsruwhg lq wkh sur�w
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dqg orvv dffrxqw dqg fdvk  rz vwdwhphqw, dqg |hdu0hqg edodqfhv +uhsruwhg lq wkh

edodqfh vkhhw,1 Zh h{shfw wr �qg wkdw odujh frpsdqlhv kluh odujh dxglw �upv pruh

riwhq wkdq vpdoo dxglw �upv dqg wkdw odujh frpsdqlhv sd| kljkhu ihhv1

D pruh frpsoh{ ru pruh ulvn| dxglwhh uhtxluhv pruh dxglw zrun1 Ulvn dqg

frpsoh{lw| duh lq vrph zd|v forvho| olqnhg/ dv d pruh frpsoh{ dxglwhh zloo fhwhulv

sdulexv srvh pruh ulvn wkdq d ohvv frpsoh{ dxglwhh/ dowkrxjk ulvn pd| dovr dulvh

iurp rwkhu txduwhuv1
�

Djdlq/ wkhuh duh vhyhudo gl�huhqw glphqvlrqv ri frpsoh{lw|

dqg ulvn wkdw pd| eh phdvxuhg1 Rqh phdvxuh ri frpsoh{lw| lv wkh qxpehu ri

gl�huhqw duhdv ri exvlqhvv wkdw wkh dxglwhh lv lqyroyhg lq1 Wklv lv fdswxuhg lq rxu

prgho e| wkh qxpehu ri gl�huhqw pdlq VLF +Vwdqgdug Lqgxvwu| Fodvvl�fdwlrq,

frghv +7U� � ,1 Wkh h{lvwhqfh ri vxevlgldu| frpsdqlhv zloo lqfuhdvh frpsoh{lw| dv

frqvrolgdwhg dffrxqwv pxvw eh dxglwhg1 Khqfh/ zh lqfoxgh dprqj rxu h{sodqd0

wru| yduldeohv wkh qxpehu ri vxevlgldu| frpsdqlhv orfdwhg lq wkh XN +(7 � , dqg

ryhuvhdv +�7 � ,1 Zh h{shfw wr �qg wkdw pruh frpsoh{ frpsdqlhv duh pruh olnho|

wr kluh odujh dxglw �upv dqg duh pruh olnho| wr sd| kljkhu ihhv1

Jhdulqj +C � , lv lqfoxghg dv d ulvn phdvxuh/ dv frpsdqlhv riwhq idlo wkurxjk fdvk

 rz sureohpv ru vx�hu uhvwulfwlyh erqg fryhqdqwv1 Sur�wdelolw| lv dqrwkhu phdvxuh

ri dxglwhh ulvn1 Dv lq suhylrxv vwxglhv/ zh gh�qh d orvv gxpp| +u�77 � , htxdo wr

�

Rqh h{dpsoh zrxog eh wkh lqwhjulw| ri pdqdjhphqw1
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rqh li wkh frpsdq| pdgh d orvv lq wkh sdvw wkuhh |hduv1 Zh k|srwkhvl}h wkdw wkhvh

ulvn yduldeohv duh srvlwlyho| dvvrfldwhg zlwk dxglw ihhv1 Rq wkh rwkhu kdqg/ wkh

k|srwkhvl}hg uhodwlrqvkls ehwzhhq dxglwru fkrlfh dqg folhqw ulvn lv dpeljxrxv1

Pruh ulvn| frpsdqlhv pd| suhihu wr kluh odujh dxglw �upv lq rughu wr uhgxfh

djhqf| frvwv +Iudqflv dqg Zlovrq/ 4<;;> GhIrqg/ 4<<5,1 Rq wkh rwkhu kdqg/ odujh

dxglw �upv pd| eh uhoxfwdqw wr dffhsw kljk0ulvn folhqwv ehfdxvh ri wkh srwhqwldo

gdpdjh wr wkhlu uhsxwdwlrqv ru ehfdxvh ri wkh wkuhdw ri olwljdwlrq +Nulvkqdq dqg

Nulvkqdq/ 4<<:,1

Zh dovr lqfoxgh d gxpp| +�L7t � , iru wkh vr0fdoohg cexv| shulrg* ri dffrxqwlqj

�upv/ qdpho| |hdu0hqgv zklfk idoo ehwzhhq 4 Ghfhpehu dqg 64 Pdufk lqfoxvlyh1

515151 Yduldeohv +t � , lqfoxghg lq wkh Dxglwru Fkrlfh Prgho rqo|

Lq rughu wr lghqwli| wkh h�hfwv ri vhohfwlylw| eldv +dv fdswxuhg e| wkh j � � b � � dqg

j � � b � � whupv,/ lw lv lpsruwdqw wr lqfoxgh vrph yduldeohv lq wkh dxglwru fkrlfh

prgho/ exw wr h{foxgh wkhp iurp wkh dxglw ihh prghov1 Wkh t � yduldeohv zklfk

ixo�oo wklv uroh duh gh�qhg lq Wdeoh 41

Zh k|srwkhvl}h wkdw wkh sursruwlrq ri gluhfwruv zkr duh qrq0h{hfxwlyhv +�f � ,

lv srvlwlyho| dvvrfldwhg zlwk dxglw �up vl}h iru dw ohdvw wzr uhdvrqv1 Iluvwo|/ qrq0

h{hfxwlyhv pd| kdyh d vwurqjhu suhihuhqfh iru kljk txdolw| +odujh, dxglw �upv

46



frpsduhg wr h{hfxwlyh gluhfwruv/ dv wkh| sduwo| ixo�oo d prqlwrulqj uroh1 Vhfrqgo|/

frpsdqlhv zklfk kdyh d kljk ghpdqg iru prqlwrulqj pd| eh pruh olnho| wr dssrlqw

qrq0h{hfxwlyh gluhfwruv dqg pd| eh pruh olnho| wr kluh odujh dxglw �upv1

Zh dovr k|srwkhvl}h wkdw dxglwru fkrlfh ghshqgv rq gluhfwruv* shuvrqdo d!o0

ldwlrqv zlwk dxglw �upv1 Zh h{shfw wr �qg wkdw frpsdqlhv kluh odujh +vpdoo,

dxglw �upv pruh riwhq zkhq gluhfwruv glvforvh wkdw wkh| suhylrxvo| zrunhg iru

odujh +vpdoo, dxglwruv1 Rxu d!oldwlrq yduldeohv htxdo rqh li wkh frpsdq| glvforvhv

dq d!oldwlrq zlwk d odujh +u�8 � , ru vpdoo +7�8 � , dxglw �up/ uhvshfwlyho|1 Wkh

d!oldwlrq yduldeohv +u�8 � dqg 7�8 � , duh htxdo wr }hur li wkhuh lv qr vxfk glv0

forvxuh1 Frusrudwh d!oldwlrqv zlwk dxglw �upv duh glvfxvvhg lq pruh ghwdlo lq

Vhfwlrq +614,1

515161 Yduldeoh +~ � , lqfoxghg lq wkh Dxglw Ihh Prghov rqo|

Zh lqfoxgh dq dxglw r!fh orfdwlrq yduldeoh lq wkh dxglw ihh prghov exw h{foxgh

lw iurp wkh dxglwru fkrlfh prgho1 Wkh orfdwlrq yduldeoh +u�� � , htxdov rqh li

wkh dxglw r!fh lv orfdwhg lq Orqgrq dqg }hur rwkhuzlvh1 Zh h{shfw wr �qg wkdw

Orqgrq r!fhv kdyh kljkhu frvwv dqg wkhuhiruh fkdujh kljkhu dxglw ihhv frpsduhg

wr dxglw r!fhv orfdwhg rxwvlgh ri Orqgrq1
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61 Gdwd

6141 Gdwd vrxufhv

Rxu vwxg| lv edvhg xsrq dq lqlwldo furvv0vhfwlrqdo vdpsoh ri 4876 olvwhg XN frpsd0

qlhv zklfk �oh dqqxdo uhvxowv iru wkh shulrg 4<<:0<;1 Wkh SulfhzdwhukrxvhFrrshuv

Frusrudwh Uhjlvwhu +SFU, lv xvhg wr lghqwli| frpsdq| dxglwruv/ dxglw r!fh orfd0

wlrqv/ frpsdq| gluhfwruv dqg wkhlu d!oldwlrqv zlwk dxglw �upv1 Wkh SFU surylghv

lqirupdwlrq rq gluhfwruv* fduhhu klvwrulhv dqg wkhlu surihvvlrqdo txdol�fdwlrqv1

Lq ghflglqj zkhwkhu frpsdqlhv duh d!oldwhg zlwk dxglw �upv/ zh dwwhpsw wr

lghqwli| iru hdfk frpsdq|/ wkh gluhfwru zkr kdv wkh vwurqjhvw erdugurrp lq xhqfh

ryhu dxglw dssrlqwphqwv1 Zh jhqhudoo| dvvxph wkdw �qdqfh gluhfwruv duh prvw

lq xhqwldo dv wkh| kdyh uhjxodu frqwdfw zlwk dxglw �upv1 Li d �qdqfh gluhfwru

glvforvhv wkdw kh2vkh suhylrxvo| zrunhg iru d odujh +vpdoo, dxglw �up/ zh h{shfw

wkdw wkh frpsdq| zloo eh pruh olnho| wr kluh d odujh +vpdoo, dxglw �up1 Zh vkrxog

qrwh wkdw vrph gluhfwruv glvforvh sdvw hpsor|phqwv zlwk erwk odujh dqg vpdoo

dxglw �upv1 Lq vxfk fdvhv/ zh dvvxph wkdw wkh d!oldwlrq lv zlwk wkh prvw uhfhqw

dxglw �up1

Lq dssur{lpdwho| 43( ri vdpsoh frpsdqlhv/ �qdqfh gluhfwruv duh qrw lghqwl0

�hg1 Lq vxfk fdvhv zh dgrsw wkh iroorzlqj uxohv iru fkrrvlqj wkh prvw lq xhqwldo
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gluhfwru=

+d, Zh fkrrvh wkh frpsdq| vhfuhwdu|/ li +l, wkh frpsdq| vhfuhwdu| lv d txdol�hg

dffrxqwdqw/ ru +ll, qhlwkhu wkh frpsdq| vhfuhwdu| qru wkh FHR qru wkh Fkdlupdq

duh txdol�hg dffrxqwdqwv1 Zh udqn wkh frpsdq| vhfuhwdu| deryh wkh FHR dqg

Fkdlupdq lq whupv ri lq xhqfh/ ehfdxvh wkh srvwv ri frpsdq| vhfuhwdu| dqg �0

qdqfh gluhfwru duh riwhq fduulhg rxw e| wkh vdph shuvrq1

+e, Zh fkrrvh wkh FHR/ li +l, wkh FHR lv d txdol�hg dffrxqwdqw dqg wkh

frpsdq| vhfuhwdu| lv hlwkhu qrw txdol�hg ru qrw lghqwl�hg/ ru +ll, qhlwkhu wkh

FHR qru Fkdlupdq duh txdol�hg dffrxqwdqwv dqg wkh frpsdq| vhfuhwdu| lv qrw

lghqwl�hg1

+f, Zh fkrrvh wkh frpsdq| fkdlupdq/ li +l, wkh fkdlupdq lv d txdol�hg dffrxq0

wdqw dqg qhlwkhu wkh FHR qru frpsdq| vhfuhwdu| duh txdol�hg/ ru +ll, qhlwkhu wkh

FHR qru frpsdq| vhfuhwdu| duh lghqwl�hg1

Wkhvh uxohv hqdeoh xv wr lghqwli| dq lq xhqwldo gluhfwru iru hdfk frpsdq|1

Dqrwkhu lvvxh lv wkdw gluhfwruv iuhtxhqwo| gr qrw glvforvh ixoo fduhhu klvwrulhv lq

wkh SFU1 Lw lv olnho| wkdw vrph gluhfwruv suhylrxvo| zrunhg iru dxglw �upv exw gr

qrw glvforvh wklv/ shukdsv ehfdxvh wkh hpsor|phqw zdv d orqj wlph djr ru ehfdxvh

lw zdv iru d uhodwlyho| vkruw shulrg1 Zh gr qrw eholhyh wkdw wklv odfn ri glvforvxuh

suhvhqwv d vhulrxv sureohp vlqfh gluhfwruv pd| glvforvh sdvw dxglw hpsor|phqwv
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pruh uhdglo| zkhq shuvrqdo d!oldwlrqv duh sduwlfxoduo| vwurqj1
�

Lqirupdwlrq rq VLF frghv dqg vxevlgldulhv lv froohfwhg iurp H{who1 Gdwd rq

dxglw ihhv/ dvvhwv/ vdohv/ sur�wv/ jhdulqj dqg gluhfwruv +h{hfxwlyh ru qrq0h{hfxwlyh,

duh froohfwhg iurp Gdwdvwuhdp1 Ehfdxvh ri plvvlqj Gdwdvwuhdp gdwd iru 54: frp0

sdqlhv/ wkh �qdo vdpsoh frqvlvwv ri 4659 revhuydwlrqv1

6151 Ghvfulswlyh vwdwlvwlfv

Ghvfulswlyh vwdwlvwlfv iru wkh ghshqghqw dqg h{sodqdwru| yduldeohv duh uhsruwhg lq

Wdeoh 51 Dxglw ihhv +�8 � , udqjh iurp dplqlpxp ri Â5/333 wr d uhsruwhg pd{lpxp

ri Â<19p/ zlwk phdq dqg phgldq ydoxhv ri Â576/333 dqg Â:6/333/ uhvshfwlyho|1

Odujh dxglw �upv +�L( � , duh fkrvhq e| :9( ri wkh frpsdqlhv lq rxu vdpsoh dqg

76( ri frpsdqlhv duh dxglwhg e| r!fhv orfdwhg lq Orqgrq +u�� � ,1

^Lqvhuw Wdeoh 5 khuh`

Wkh phdq ydoxhv iru dvvhwv +�77 � , dqg vdohv +7� � , duh Â676p dqg Â84<p/

uhvshfwlyho|1 Wkh phdqv iru wkhvh vl}h yduldeohv duh pxfk odujhu wkdq wkhlu phgldqv

�

Wkhvh d!oldwlrq yduldeohv duh dgplwwhgo| duelwudu| dqg pd| eh phdvxuhg zlwk vrph huuru1
Vlqfh zh kdyh qr uhdvrq wr eholhyh wkdw phdvxuhphqw huuru lv fruuhodwhg zlwk dxglwru fkrlfh/ zh
gr qrw ihho wkdw eldv lv olnho| wr eh d sureohp1 D srwhqwldoo| pruh lpsruwdqw sureohp lv wkdw
phdvxuhphqw huuru pd| lqfuhdvh frh!flhqw vwdqgdug huuruv1 Krzhyhu/ rxu d!oldwlrq yduldeohv
kdyh vwdwlvwlfdoo| vljql�fdqw h�hfwv rq dxglwru fkrlfh zklfk vxjjhvwv wkdw odfn ri suhflvlrq lv qrw
d sureohp1
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+Â5;p dqg Â94p/ uhvshfwlyho|, zklfk uh hfwv wkh idfw wkdw wkhuh duh pdq| vpdoo

olvwhg frpsdqlhv dqg uhodwlyho| ihz odujh frpsdqlhv1 Wkh qxpehu ri pdlq VLF

frghv +7U� � , udqjhv iurp rqh wr whq dqg wkhuh lv dovr d frqvlghudeoh udqjh lq wkh

qxpehu ri grphvwlf +(7 � , dqg ryhuvhdv vxevlgldulhv +�7 � ,1

Rqo| 55( ri frpsdqlhv pdnh dffrxqwlqj orvvhv +u�77 � , lq rqh ru pruh ri wkh

sdvw wkuhh |hduv dqg wkhuh lv frqvlghudeoh yduldwlrq lq jhdulqj ohyhov +C � ,1 Qhduo|

kdoi ri wkh frpsdqlhv +7;(, kdyh |hdu0hqgv zklfk idoo gxulqj wkh irxu0prqwk exv|

shulrg +�L7t � ,1 Wkh dyhudjh sursruwlrq ri gluhfwruv zkr duh qrq0h{hfxwlyhv

+�f � , lv 63( dqg udqjhv iurp }hur wr ;3(1

D!oldwlrqv zlwk odujh dxglw �upv +u�8 � , duh glvforvhg e| 58( ri lq xhqwldo

gluhfwruv dqg d!oldwlrqv zlwk vpdoo dxglw �upv +7�8 � , duh glvforvhg e| d ixuwkhu

8(1 Wkh uhpdlqlqj :3( hlwkhu glg qrw suhylrxvo| zrun iru dxglw �upv ru gr

qrw glvforvh sdvw dxglw hpsor|phqwv1 Dv h{sodlqhg deryh/ wkhvh gluhfwruv duh

fdwhjrul}hg dv kdylqj qr d!oldwlrq zlwk hlwkhu odujh ru vpdoo dxglw �upv1

6161 Udqn Wudqvirupdwlrqv

Wkh phdqv dqg phgldqv uhsruwhg lq Wdeoh 5 uhyhdo wkdw wkh dxglw ihh +�8 � ,/

frpsdq| vl}h +�77 � dqg 7� � ,/ frpsoh{lw| +7U� � / (7 � dqg �7 � , dqg jhdulqj +C � ,

yduldeohv duh kljko| vnhzhg1 Wzr vwdwlvwlfdo sureohpv idfhg e| suhylrxv dxglw ihh
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vwxglhv duh vnhzqhvv dqg rxwo|lqj revhuydwlrqv1 Uhvhdufkhuv kdyh frqwuroohg iru

wkh iruphu sureohp e| shuiruplqj orjdulwkplf dqg vtxduh urrw wudqvirupdwlrqv

+Iudqflv dqg Vlprq/ 4<;:/ Vlprq dqg Iudqflv/ 4<;;/ Fkdq hw do1/ 4<<6/ Fudvzhoo

hw do1/ 4<<8,1 Rxwo|lqj revhuydwlrqv kdyh jhqhudoo| ehhq frqiurqwhg e| wulpplqj

ru wuxqfdwlqj vdpsoh glvwulexwlrqv1

Pruh uhfhqwo|/ Ndqh dqg Phdgh +4<<;, kdyh vkrzq wkdw udqn wudqvirupdwlrqv

shuirup ehwwhu lq uhvroylqj erwk wkhvh sureohpv1 Wkh surfhgxuh lqyroyhv uhsodflqj

hdfk revhuydwlrq zlwk lwv udqn zlwklq wkh vdpsoh dqg wkhq glylglqj hdfk revhuyd0

wlrq e| Q.4 +zkhuh Q lv wkh qxpehu ri revhuydwlrqv,1 Wkxv/ wkh udqnhg yduldeohv

duh xqlirupo| glvwulexwhg ehwzhhq }hur dqg rqh1 Iroorzlqj wklv dssurdfk/ zh

uhsodfh wkh dxglw ihh +�8 � ,/ frpsdq| vl}h +�77 � dqg 7� � ,/ frpsoh{lw| +7U� � /

(7 � dqg �7 � , dqg jhdulqj +C � , yduldeohv zlwk wkhlu udqn0wudqviruphg htxlydohqwv

+�8- � / �77- � / 7�- � / 7U�- � / (7- � / �7- � dqg C- � / uhvshfwlyho|,1

Wkh ghvfulswlyh vwdwlvwlfv iru wkh udqn0wudqviruphg dqg rwkhu yduldeohv +u�77 � /

�L7t � / �f � / u�8 � / 7�8 � / u�� � , duh uhsruwhg lq Wdeoh 6/ zklfk sduwlwlrqv

wkh vdpsoh lqwr 4346 frpsdqlhv dxglwhg e| odujh dxglw �upv dqg 646 frpsdqlhv

dxglwhg e| vpdoo dxglw �upv1

^Lqvhuw Wdeoh 6 khuh`
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Wkh uhvxowv iru dxglw ihhv +�8- � , frq�up wkdw odujh dxglw �upv hduq vljql�0

fdqwo| kljkhu ihhv wkdq vpdoo dxglw �upv1 Wkh vl}h +�77- � dqg 7�- � , dqg frp0

soh{lw| +7U�- � / (7- � / �7- � , yduldeohv vkrz wkdw frpsdqlhv dxglwhg e| odujh

�upv duh vljql�fdqwo| odujhu dqg pruh frpsoh{ wkdq wkrvh dxglwhg e| vpdoo �upv1

Wkh orvv gxpp| +u�77 � , dqg wkh jhdulqj yduldeoh +C- � , vkrz wkdw wkh folhqwv

ri odujh dxglw �upv duh pruh sur�wdeoh dqg pruh kljko|0jhduhg frpsduhg wr wkh

folhqwv ri vpdoo dxglw �upv1

Wkh dvvrfldwlrq ehwzhhq odujh dxglw �upv dqg wkh sursruwlrq ri gluhfwruv zkr

duh qrq0h{hfxwlyhv +�f � , lv srvlwlyh dqg vljql�fdqw1 Wklv lv frqvlvwhqw zlwk wkh

ylhz wkdw dxglw dqg erdug txdolw| duh frpsohphqwdu| dqg wkdw qrq0h{hfxwlyhv

suhihu wr kluh odujh dxglw �upv1 Frpsdqlhv kluh odujh dxglw �upv pruh riwhq wkdq

vpdoo dxglw �upv zkhq lq xhqwldo gluhfwruv duh d!oldwhg zlwk odujh dxglw �upv

+u�8 � ,1 Vlploduo|/ frpsdqlhv kluh odujh dxglw �upv ohvv riwhq zkhq gluhfwruv duh

d!oldwhg zlwk vpdoo dxglw �upv +7�8 � ,1
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71 Hvwlpdwlrq uhvxowv

7141 Dq ryhuylhz

Lq wklv vhfwlrq/ zh hydoxdwh wkh h�hfwv ri dxglwru vhohfwlrq eldv dqg dxglwru vl}h rq

dxglw ihhv1 Iluvw/ zh uhsolfdwh wkh dssurdfk ri suhylrxv vwxglhv e| wuhdwlqj dxglwru

fkrlfh dv h{rjhqrxv dv lq wkh iroorzlqj prgho

�8- � ' q � n q
�

� f � n q
�
� ~ � n q � �L( � n � �

Frqvlvwhqw zlwk h{wdqw uhvhdufk/ zh �qg d vljql�fdqw srvlwlyh frh!flhqw rq wkh

dxglwru vl}h gxpp| +eq � : f,1

Qh{w/ zh hvwlpdwh dq dxglwru fkrlfh prgho dv wkh �uvw vwdjh ri rxu vhohfwlylw|

prgho

�L(
�

� ' � � n �
�

� f � n �
�
� t � n � � � �

�
` � n � �

dqg zh xvh wkh hvwlpdwlrq uhvxowv wr frqvwuxfw wkh lqyhuvh Ploov udwlrv +eb � � dqg

eb � � ,1

eb � � �
�Ee�

�
` � �

xEe�
�
` � �

dqg eb � � �
�Ee�

�
` � �

�� xEe�
�
` � �

�
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Lq wkh vhfrqg vwdjh/ zh hvwlpdwh dxglw ihh prghov iru odujh dqg vpdoo dxglw

�upv dqg hydoxdwh wkh h�hfwv ri vhohfwlrq eldv1

�8- � � ' q � � n q
�

� � f � n q
�

� � ~ � n j � �
eb � � n e � �

�8- � � ' q � � n q
�
� � f � n q

�
� � ~ � n j � �

eb � � n e � �

Zkhq zh lpsrvh wkh uhvwulfwlrq wkdw dxglwru fkrlfh lv h{rjhqrxv +j � � ' j � � ' f,/

zh �qg wkdw wkh hvwlpdwhg ihh suhplxp lv qrw vljql�fdqwo| gl�huhqw iurp wkdw

xvlqj wkh wudglwlrqdo dssurdfk +l1h1/ eq � � � eq � � � eq � : f,1

Zkhq zh doorz iru vhohfwlylw|/ zh �qg wkdw wkh hvwlpdwhg frh!flhqwv rq wkh

lqyhuvh Ploov udwlrv duh vljql�fdqwo| qhjdwlyh lq wkh odujh dxglwru prgho +ej � � 	 f,

dqg zhdno| srvlwlyh lq wkh vpdoo dxglwru prgho +ej � � � f,1 Pruh lpsruwdqwo|/

zh �qg wkdw wkh hvwlpdwhg ihh suhplxp lv vljql�fdqwo| odujhu zkhq vhohfwlylw| lv

wdnhq lqwr dffrxqw +l1h1/ eq � � � eq � � : eq � : f,1

7151 Dxglw Ihhv dqg Dxglwru Fkrlfh

Frqvlghu �uvw wkh hvwlpdwlrq uhvxowv suhvhqwhg lq Wdeoh 71 Froxpq +4, uhsol0

fdwhv wkh fxvwrpdu| dssurdfk e| lqfoxglqj wkh dxglwru vl}h gxpp| +�L( � , dv
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dq h{rjhqrxv suhglfwru ri dxglw ihhv1
�

Froxpqv +5,0+6, duh dxglwru fkrlfh surelw

prghov1
�

^Lqvhuw Wdeoh 7 khuh`

Wkh uhvxowv lq Froxpq +4, duh frqvlvwhqw zlwk wkrvh uhsruwhg lq sulru dxglw ihh

vwxglhv1 Wkh frh!flhqw rq dxglwru vl}h lv srvlwlyh +eq � ' f�fD, dqg vwdwlvwlfdoo| vlj0

ql�fdqw1 Wkhuhiruh/ odujh dxglw �upv hduq kljkhu ihhv wkdq vpdoo dxglw �upv diwhu

frqwuroolqj iru folhqw fkdudfwhulvwlfv dqg dxglw r!fh orfdwlrq1 Dv h{shfwhg/ wkhuh

lv d vljql�fdqw srvlwlyh uhodwlrqvkls ehwzhhq frpsdq| vl}h +�77- � dqg 7�- � ,

dqg dxglw ihhv1 Dxglw ihhv duh vljql�fdqwo| dvvrfldwhg zlwk folhqw frpsoh{lw| dv

phdvxuhg e| wkh qxpehu ri VLF frghv +7U� � , dqg wkh qxpehu ri grphvwlf +(7- � ,

dqg ryhuvhdv +�7- � , vxevlgldulhv1 Kljk0ulvn frpsdqlhv duh fkdujhg kljkhu ihhv/

dv vkrzq e| wkh vljql�fdqw srvlwlyh frh!flhqwv rq wkh orvv gxpp| +u�77 � , dqg

jhdulqj +C- � ,1 Dxglw ihhv duh dovr kljkhu gxulqj wkh exv| vhdvrq +�L7t � , dqg

zkhq wkh dxglw r!fh lv orfdwhg lq Orqgrq +u�� � ,1

�

Lq xquhsruwhg uhvxowv/ zh �qg wkdw orjdulwkplf dqg vtxduh urrw wudqvirupdwlrqv gr qrw vdw0
lvidfwrulo| uhpryh wkh hvwlpdwlrq sureohpv dvvrfldwhg zlwk kljko| vnhzhg yduldeohv1 Lq dgglwlrq/
zh zlvk wr dyrlg wkh orvv ri lqirupdwlrq dvvrfldwhg zlwk vdpsoh wulpplqj dqg wuxqfdwlrq zkhq
ghdolqj zlwk rxwolhuv1 Frqvlvwhqw zlwk Ndqh dqg Phdgh +4<<;,/ zh �qg wkdw udqn wudqvirupd0
wlrqv uhvxow lq ehwwhu �wwlqj dxglw ihh prghov +kljkhu U

�

, dqg wkdw wkh uhvlgxdov lq wkhvh prghov
frqirup pruh forvho| wr ROV dvvxpswlrqv1 Wkh uhvlgxdov duh qrupdoo| glvwulexwhg/ vskhulfdo
dqg xqfruuhodwhg zlwk wkh h{sodqdwru| yduldeohv1

�

Wr dvvhvv wkh ydolglw| ri wkh dxglwru fkrlfh prghov/ zh jhqhudwh vlpxodwh uhvlgxdov dqg �qg
qr hylghqfh ri khwhurvfhgdvwlflw| ru rplwwhg yduldeohv sureohpv +Jrxulhurx{ hw do1/ 4<;:,1
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Lq Froxpqv +5,0+6,/ wkh frh!flhqw hvwlpdwhv iru wkh dxglwru fkrlfh prghov duh

frqvlvwhqw zlwk sulru h{shfwdwlrqv1 Wkh frh!flhqwv rq wkh frpsdq| vl}h yduldeohv

+�77- � dqg 7�- � , vkrz wkdw odujh frpsdqlhv kluh odujh dxglw �upv pruh riwhq

wkdq vpdoo dxglw �upv1 Frpsdqlhv dovr kluh odujh dxglw �upv pruh riwhq zkhq wkh|

kdyh vxevlgldulhv orfdwhg ryhuvhdv +�7- � ,1 D!oldwlrqv ehwzhhq dxglw �upv dqg

lq xhqwldo gluhfwruv +u�8 � dqg 7�8 � , duh lpsruwdqw lq h{sodlqlqj dxglwru fkrlfh1

Frpsdqlhv kluh odujh +vpdoo, dxglw �upv pruh riwhq zkhq gluhfwruv glvforvh sdvw

hpsor|phqwv zlwk odujh +vpdoo, dxglw �upv1 Dxglw �up vl}h lv srvlwlyho| dvvrfldwhg

zlwk wkh sursruwlrq ri gluhfwruv zkr duh qrq0h{hfxwlyhv +�f � ,1 Wklv vxjjhvwv wkdw

hlwkhu qrq0h{hfxwlyhv kdyh d vwurqjhu suhihuhqfh iru kljk txdolw| dxglwv ru wkdw

dxglw dqg erdug txdolw| duh frpsohphqwdu|1 Wkh uhpdlqlqj h{sodqdwru| yduldeohv

+7U� � / (7- � / C- � dqg �L7t � , gr qrw vljql�fdqwo| d�hfw dxglwru fkrlfh dqg duh

rplwwhg iurp Froxpq +6,1 Wkh uhvxowv lq Froxpq +6, duh xvhg wr frqvwuxfw wkh

lqyhuvh Ploov udwlrv +eb � � dqg eb � � ,/ zklfk duh qh{w xvhg wr hydoxdwh wkh h�hfwv ri

dxglwru vhohfwlrq eldv1

7161 Hydoxdwlqj wkh H�hfwv ri Vhohfwlrq Eldv rq Dxglw Ihhv1

Wdeoh 8 uhsruwv dxglw ihh prghov iru odujh dqg vpdoo dxglw �upv/ zlwk dqg zlwkrxw

frqwuroolqj iru vhohfwlylw| eldv1 Froxpqv +4,0+5, rplw wkh lqyhuvh Ploov udwlrv +eb � �
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dqg eb � � , zklovw Froxpqv +6,0+7, frqwuro iru vhohfwlylw|1 Froxpqv +4, dqg +6, duh

hvwlpdwhg iru odujh dxglw �upv/ zklovw Froxpqv +5, dqg +7, duh hvwlpdwhg iru vpdoo

dxglw �upv1 Wkhuh duh wkuhh nh| �qglqjv1

^Lqvhuw Wdeoh 8`

Iluvwo|/ wkh hvwlpdwhg odujh dxglw �up ihh suhplxp +eq � � � eq � � , lv 3139 +'

�f��2 � E�f��H�, lq Froxpqv +4, dqg +5,1 Wklv lv lqvljql�fdqwo| gl�huhqw iurp

wkh suhplxp hvwlpdwhg lq Froxpq +4, ri Wdeoh 7 +eq � ' f�fD,1 Froxpqv +6, dqg

+7, vkrz wkdw/ diwhu frqwuroolqj iru vhohfwlylw|/ wkh hvwlpdwhg ihh suhplxp lv 3149

+' �f�f� � E�f��b�,1 Wkh gl�huhqfh ehwzhhq wkhvh hvwlpdwhv +3149 dqg 3139, lv

vwdwlvwlfdoo| vljql�fdqw dw wkh 4( ohyho1 Wkh h�hfw ri vhohfwlylw| eldv rq wkh ihh

suhplxp lv dovr vljql�fdqw iurp dq hfrqrplf srlqw ri ylhz1 Hydoxdwhg dw wkh

phgldq ohyho ri dxglw ihhv/ wkh hvwlpdwhg suhplxp lv Â47/333 lq Froxpqv +4,0

+5, exw lv Â6</333 diwhu frqwuroolqj iru vhohfwlylw|1 Zh frqfoxgh wkdw wkh odujh

dxglw �up ihh suhplxp lv pruh wkdq wzlfh dv odujh zkhq rqh frqwurov iru dxglwru

vhohfwlrq eldv1

Vhfrqgo|/ wkh hvwlpdwhg h�hfwv ri vhohfwlylw| duh qhjdwlyh dqg vwdwlvwlfdoo| vlj0

ql�fdqw iru odujh dxglw �upv +ej � �
eb � � 	 f,1 Lqwxlwlyho|/ wklv phdqv wkdw frpsdqlhv

zklfk fkrrvh odujh dxglw �upv sd| orzhu ihhv wkdq udqgrpo| vhohfwhg frpsdqlhv
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zrxog sd| +.d�8 � � m �L( � ' �o 	 .d�8 � � o,1 Wkh h�hfwv ri vhohfwlylw| duh srvlwlyh

exw qrw vwdwlvwlfdoo| vljql�fdqw iru vpdoo dxglw �upv +ej � �
eb � � � f,1 Lqwxlwlyho|/ frp0

sdqlhv zklfk kluh vpdoo dxglw �upv gr qrw sd| orzhu ihhv wkdq udqgrpo| vhohfwhg

frpsdqlhv zrxog sd| +.d�8 � � m �L( � ' fo � .d�8 � � o,1

Ilqdoo|/ wkh frh!flhqw hvwlpdwhv iru wkh rwkhu h{sodqdwru| yduldeohv duh vlplodu

dfurvv Froxpqv +4,0+7, dqg duh frqvlvwhqw zlwk wkrvh uhsruwhg lq Froxpq +4, ri

Wdeoh 71 Wkh frh!flhqwv kdyh wkh vdph vljqv iru erwk odujh dqg vpdoo dxglw �upv

dqg/ lq jhqhudo/ wkhuh duh qr vljql�fdqw gl�huhqfhv ehwzhhq frh!flhqw hvwlpdwhv

+q
�

� � ' q
�
� � dqg q

�
� � ' q

�
� � ,1 Wkh rqo| h{fhswlrq lv wkh grphvwlf vxevlgldulhv

yduldeoh +(7- � ,/ zklfk kdv d vljql�fdqwo| vpdoohu lpsdfw rq wkh ihhv ri odujh

dxglw �upv +313:, wkdq rq wkh ihhv ri vpdoo dxglw �upv +314;,1 Wklv lv srvvleo|

gxh wr wkh idfw wkdw odujh dxglw �upv kdyh pruh r!fhv orfdwhg zlwklq wkh XN dqg

wkhuhiruh kdyh orzhu wudqvsruw frvwv frpsduhg wr vpdoo dxglw �upv1

81 Frqfoxvlrqv

Wklv sdshu h{dplqhv wkh ghwhuplqdqwv ri dxglw ihhv iru odujh dqg vpdoo dxglw �upv/

zkhuh wkh fkrlfh wr kluh odujh ru vpdoo �upv lv hqgrjhqrxv1 Diwhu frqwuroolqj iru

folhqw fkdudfwhulvwlfv/ h{lvwlqj vwxglhv uhsruw wkdw odujh dxglw �upv hduq vljql�0

fdqwo| kljkhu ihhv wkdq vpdoo dxglw �upv1 Krzhyhu/ h{wdqw uhvhdufk rq dxglw ihhv
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kdv wuhdwhg dxglwru fkrlfh dv h{rjhqrxv1 Lq frqwudvw/ wklv sdshu wdnhv lqwr dffrxqw

wkh idfw wkdw frpsdqlhv duh qrw udqgrpo| dvvljqhg wr dxglw �upv1

Zh �qg wkdw wkh h�hfwv ri dxglwru vhohfwlrq rq dxglw ihhv duh vwdwlvwlfdoo|

vljql�fdqw1 Wkh uhvxowv lqglfdwh wkdw wkh suhplxp hduqhg e| odujh dxglw �upv

lv pruh wkdq wzlfh dv odujh zkhq vhohfwlylw| eldv lv wdnhq lqwr dffrxqw1 Wkh

lpsruwdqfh ri vhohfwlylw| eldv vkrxog qrw eh wrr vxusulvlqj vlqfh erwk wkhru| dqg

hpslulfdo uhvhdufk wuhdw dxglwru fkrlfh dv hqgrjhqrxv1 Ryhudoo/ rxu uhvxowv lqglfdwh

wkdw suhylrxv vwxglhv vljql�fdqwo| xqghuhvwlpdwh wkh uhwxuqv dwwulexwdeoh wr kljkhu

dxglw txdolw|1
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Wdeoh 41 Yduldeoh gh�qlwlrqv1

Yduldeohv +f � , lqfoxghg lq erwk wkh Dxglwru Fkrlfh dqg Dxglw Ihh Prghov1

�77 � Dvvhwv hpsor|hg +Â333,

7� � Vdohv wxuqryhu +Â333,

7U� � Qxpehu ri VLF frghv

(7 � Qxpehu ri grphvwlf +XN, vxevlgldulhv

�7 � Qxpehu ri ryhuvhdv vxevlgldulhv

u�77 � @ 4 li wkh frpsdq| pdgh d orvv gxulqj wkh sdvw 6 |hduv>
@ 3 rwkhuzlvh1

C �
������� �������
	���	���
� ������������������
� ��������! "���
�"�$#%����'&(��
� �)����*��+
������,-������./����������01� �
2�3

&(��
� ����4��.5�
� �76����8���9+
������,-������./����������01� ��2:,�;<���)��
2�� �
� ��3

�L7t � @ 4 li wkh |hdu0hqg lv ehwzhhq wkh 4vw Ghfhpehu dqg 64vw Pdufk>
@ 3 rwkhuzlvh1

Yduldeohv +t � , lqfoxghg lq wkh Dxglwru Fkrlfh Prgho rqo|1

�f � @
=>�
.:�����?�����
���9,@�BA9��	��9�)� C����
� ����	�������3

=>�
.:�����?�����
� ����	B�)����3

u�8 � @ 4 li wkh lq xhqwldo gluhfwru lv d!oldwhg zlwk d odujh dxglw �up>
@ 3 rwkhuzlvh1

7�8 � @ 4 li wkh lq xhqwldo gluhfwru lv d!oldwhg zlwk d vpdoo dxglw �up>
@ 3 rwkhuzlvh1

Yduldeoh +~ � , lqfoxghg lq wkh Dxglw Ihh Prghov rqo|1

u�� � @ 4 li wkh dxglw r!fh lv orfdwhg lq Orqgrq>
@ 3 rwkhuzlvh1
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Wdeoh 51 Ghvfulswlyh vwdwlvwlfv1

Yduldeoh Phdq Phgldq Plqlpxp Pd{lpxp

�8 � 576 :6 5 <933
�L( � 31:9 4 3 4
�77 � 6768;8 5;764 0468:< 75733333
7� � 84<7<< 9397: 3 89999999
7U� � 51<9 5 4 43
(7 � 81:6 7 3 86
�7 � 7158 4 3 <9
u�77 � 3155 3 3 4
C � 6616; 5:148 07885 6353
�L7t � 317; 3 3 4
�f � 3163 316 3 31;
u�8 � 3158 3 3 4
7�8 � 3138 3 3 4
u�� � 3176 3 3 4

Vhh Wdeoh 4 iru yduldeoh gh�qlwlrqv1
Wkh �8 � / �77 � dqg 7� � yduldeohv duh lq Â3331
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Wdeoh 61 Ghvfulswlyh vwdwlvwlfv iru odujh dqg vpdoo dxglw �upv1

Odujh dxglw �upv Vpdoo dxglw �upv
+�L( � ' �, +�L( � ' f,

Yduldeoh Phdq Phgldq Phdq Phgldq

�8- � 3189<5-- 31938<-- 315<<7 3157<8
�77- � 318744-- 3188;;-- 3163;4 315:56
7�- � 318:;<-- 31938;-- 316763 315<<:
7U�- � 318635- 319576-- 317;6; 31738:
(7- � 31837<-- 317<48-- 3173;6 316<9<
�7- � 318788-- 3189:;-- 31735< 31589:
u�77 � 315357-- 3 315:49 3
C- � 318375-- 317<<6-- 31777< 31759<
�L7t � 317<;8-- 3 317359 3
�f � 316394-- 3163::-- 315:35 315;8:
u�8 � 315::7-- 3 314898 3
7�8 � 313639-- 3 314355 3
u�� � 3173;:-- 3 318477 4

Revhuydwlrqv 4346 646

-- Vljql�fdqw gl�huhqfh ehwzhhq odujh dqg vpdoo dxglw �upv +4(,1
- Vljql�fdqw gl�huhqfh ehwzhhq odujh dqg vpdoo dxglw �upv +8(,1
Vhh Wdeoh 4 iru yduldeoh gh�qlwlrqv1
Wkh �8- � / �77- � / 7�- � / 7U�- � / (7- � / �7- � dqg C- � yduldeohv
duh udqn0wudqvirupdwlrqv ri �8 � / �77 � / 7� � / 7U� � / (7 � / �7 � dqg
C � / uhvshfwlyho|1
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Wdeoh 71 Dxglw Ihhv dqg Dxglwru Fkrlfh1

�8- � ' q � n q
�

� f � n q
�

� ~ � n q � �L( � n � �

�L(
�

� ' � � n �
�

� f � n �
�

� t � n � � � �
�
` � n � �

H{shfwhg +4, H{shfwhg +5, +6,
vljq �8- � vljq �L(

�

� �L(
�

�

�77- � . 3149 . 31:6 31:5
+915;,-- +5198,-- +5198,--

7�- � . 318< . 4199 417<
+541<6,-- +816:,-- +8155,--

7U�- � . 3139 . 03156 1
+71<9,-- +0416;, 1

(7- � . 313< . 0315; 1
+91<:,-- +04188, 1

�7- � . 3156 . 3186 3183
+4:1:9,-- +51;7,-- +51:5,--

u�77 � . 3137 B 316: 316:
+8155,-- +617:,-- +6183,--

C- � . 3138 B 313; 1
+71:9,-- +3185, 1

�L7t � . 3134 B 313: 1
+5166,-- 31;3 1

u�� � . 3138 1 1 1
+:1;<,-- 1 1

�L( � . 3138 1 1 1
+91;3,-- 1 1

u�8 � 1 1 . 315< 315<
1 +51:;,-- +51:9,--

7�8 � 1 1 0 03188 03189
1 +0613:,-- +06146,--

�f � 1 1 . 514: 514<
+61<<,-- +7135,--

���7A��A B 0314; B 0414< 0415:
+04;178,-- +081;8,-- +09194,--

-
�

;919( 4;1<( 4;18(
Vhh Wdeohv 4 dqg 6 iru yduldeoh gh�qlwlrqv1 Revhuydwlrqv @ 46591
-- Vljql�fdqw dw wkh 4( ohyho1 - Vljql�fdqw dw wkh 8( ohyho1

64



Wdeoh 81 Hydoxdwlqj wkh H�hfwv ri Vhohfwlrq Eldv rq Dxglw Ihhv1

�8- � � ' q � � n q
�

� � f � n q
�

� � ~ � n j � �
eb � � n e � �

�8- � � ' q � � n q
�
� � f � n q

�
� � ~ � n j � �

eb � � n e � �

H{shfwhg +4, +5, +6, +7,
vljq �8- � � �8- � � �8- � � �8- � �

�77- � . 3148 314: 3145 3148
+8168,-- +6158,-- +713:,-- +5195,--

7�- � . 3193 318: 3187 3186
+4<1:<,-- +<166,-- +481;5,-- +:193,--

7U�- � . 3138 3138 3138 3139
+7135,-- +5155,- +7153,-- +515<,-

(7- � . 313: 314; 313: 314;
+719<,-- +81<8,-- +7193,-- +81<6,--

�7- � . 3157 314< 3155 314;
+4:135,-- +81<<,-- +471::,-- +8197,--

u�77 � . 3138 3135 3137 3134
+8144,-- +418<, +6148,-- +31:;,

C- � . 3139 3138 3139 3138
+7136,-- +5193,-- +7145,-- +5195,--

�L7t � . 3135 3134 3135 3134
+516<,- +316:, +5179,- +3168,

u�� � . 3138 3137 3138 3137
+91:8,-- +61:5,-- +91<5,-- +61::,--

eb � � B 1 1 0313< 1
1 1 +06135,-- 1

eb � � B 1 1 1 3137
1 1 1 +414<,

���7A��A B 03145 0314; 03136 0314<
+0<19<,-- +0<1::,-- +031<9, +0<13;,--

Revhuydwlrqv 4346 646 4346 646
-

�
;71:( ;517( ;71;( ;518(

Vhh Wdeohv 4 dqg 6 iru yduldeoh gh�qlwlrqv1
-- Vljql�fdqw dw wkh 4( ohyho1 - Vljql�fdqw dw wkh 8( ohyho1
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