
Rswlpdo Prqhwdu| Srolf| dqg
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lq d Vpdoo Rshq Hfrqrp|1�

Mrugl Jdoð _ Wrppdvr Prqdfhool h

Pd| 5333
+Iluvw gudiw= Rfwrehu 4<<<,

Devwudfw

Zh od| rxw d wudfwdeoh vpdoo rshq hfrqrp| yhuvlrq ri wkh fdqrqlfdo vwlfn|

sulfh prgho/ dqg xvh lw dv d iudphzrun wr vwxg| wkh surshuwlhv ri wkuhh do0

whuqdwlyh prqhwdu| uhjlphv= +d, rswlpdo prqhwdu| srolf|/ +e, d Wd|oru uxoh/

dqg +f, dq h{fkdqjh udwh shj1 Vhyhudo lqwhuhvwlqj uhvxowv hphujh iurp rxu

dqdo|vlv1 Iluvw/ wkh rswlpdo srolf| lv vkrzq wr hqwdlo d srvlwlyh fruuhodwlrq

ehwzhhq grphvwlf dqg zruog lqwhuhvw udwhv1 Wkdw grhvq*w suhyhqw vl}deoh

 xfwxdwlrqv ri qrplqdo dqg uhdo h{fkdqjh udwhv iurp rffxuulqj/ wkrxjk wkh

lpsolhg yrodwlolw| ri wkrvh yduldeohv lv pxfk vpdoohu wkdq wkh hpslulfdo rqh1

Vhfrqg/ d Wd|oru uxoh jhqhudoo| ohdgv wr h{fhvv yrodwlolw| ri qrplqdo ydul0

deohv/ dqg h{fhvv vprrwkqhvv ri uhdo yduldeohv/ uhodwlyh wr wkh rswlpdo srolf|1

Ilqdoo|/ zh vkrz wkdw d sxuh h{fkdqjh udwh shj vhhpv wr kdyh ehwwhu vwdel0

ol}dwlrq surshuwlhv wkdq d Wd|oru uxoh1

Nh|zrugv= vpdoo rshq hfrqrp|/ rswlpdo prqhwdu| srolf|/ vwlfn| sulfhv/

Wd|oru uxoh1

MHO Fodvvl�fdwlrq Qxpehu = H85/ I74

WZh duh wkdqnixo wr Qlov Emruvwhq/ Plfn Ghyhuhx{/ Sklols Odqh/ dqg Oduv Vyhqvvvrq1 Zh duh

sduwlfxoduo| judwhixo wr Fkulvwrskhu Hufhj/ zkr srlqwhg rxw d nh| plvwdnh lq dq hduolhu yhuvlrq ri

wkh sdshu1 Zh kdyh dovr ehqh�whg iurp frpphqwv e| sduwlflsdqwv lq vhplqduv dw wkh Hxurshdq

Xqlyhuvlw| Lqvwlwxwh/ Edqfd g*Lwdold/ Ervwrq Froohjh/ dqg Eudqghlv Xqlyhuvlw|1 Jdoð wkdqnv wkh

F1Y1 Vwduu Fhqwhu iru Dssolhg Hfrqrplfv/ QVI/ dqg FUHL iru �qdqfldo vxssruw1 Prqdfhool lv

judwhixo wr wkh Hqwh Hlqdxgl iru lwv krvslwdolw|1
_Xqlyhuvlwdw Srpshx Ideud dqg Qhz \run Xqlyhuvlw|1 H0pdlo= mrugl1jdolChfrq1xsi1hv1 Krph0

sdjh= zzz1hfrq1xsi1hv2�jdol
hErvwrq Froohjh1 H0Pdlo= wrppdvr1prqdfhoolCef1hgx 1 Krphsdjh= zzz51ef1hgx2�prqdfhow



4 Lqwurgxfwlrq

Pxfk uhfhqw zrun lq pdfurhfrqrplfv kdv lqyroyhg wkh ghyhorsphqw dqg hydoxdwlrq

ri prqhwdu| prghov wkdw eulqj lpshuihfw frpshwlwlrq dqg qrplqdo uljlglwlhv lqwr wkh

g|qdplf vwrfkdvwlf jhqhudo htxloleulxp vwuxfwxuh wkdw iru d orqj wlph kdg ehhq wkh

kdoopdun ri UEF wkhru|1 Lq wkh uhvxowlqj prghov�riwhq uhihuuhg wr dv Qhz Nh|qhvldq�

fkdqjhv lq prqhwdu| vhwwlqjv jhqhudoo| kdyh qrqwulyldo h�hfwv rq uhdo yduldeohv1 Prq0

hwdu| srolf| pd| wkxv ehfrph d srwhqwldo vwdelol}dwlrq wrro/ dv zhoo dv dq lqghshqghqw

vrxufh ri hfrqrplf  xfwxdwlrqv1 Qrw vxusulvlqjo|/ wkh vwxg| ri wkh surshuwlhv ri do0

whuqdwlyh prqhwdu| srolf| uxohv +l1h1 vshfl�fdwlrqv ri krz wkh fhqwudo edqn fkdqjhv

wkh vhwwlqjv ri lwv lqvwuxphqw lq uhvsrqvh wr fkdqjhv lq pdfurhfrqrplf frqglwlrqv,

kdv ehhq d iuxlwixo duhd ri uhvhdufk lq uhfhqw |hduv dqg d qdwxudo dssolfdwlrq ri wkh

qhz jhqhudwlrq ri prghov14

Lq wkh suhvhqw sdshu zh od| rxw d vpdoo rshq hfrqrp| yhuvlrq ri d prgho zlwk

vwdjjhuhg sulfh0vhwwlqj/ dqg xvh lw dv d iudphzrun wr dqdo|}h wkh surshuwlhv dqg

pdfurhfrqrplf lpsolfdwlrqv ri wkuhh dowhuqdwlyh prqhwdu| uhjlphv= +d, wkh rswlpdo

prqhwdu| srolf|/ +e, d srolf| edvhg rq d vlpsoh Wd|oru uxoh/ dqg +f, dq h{fkdqjh

udwh shj1 Lq frqwudvw zlwk prvw ri wkh h{lvwlqj olwhudwxuh�zkhuh prqhwdu| srolf| lv

lqwurgxfhg e| dvvxplqj wkdw vrph prqhwdu| djjuhjdwh iroorzv dq h{rjhqrxv vwrfkdv0

wlf surfhvv�zh prgho prqhwdu| srolf| dv hqgrjhqrxv/ zlwk d vkruw0whup lqwhuhvw udwh

ehlqj wkh lqvwuxphqw ri wkdw srolf|15 Iru wklv yhu| uhdvrq rxu iudphzrun doorzv xv

wr prgho dowhuqdwlyh prqhwdu| uhjlphv1 Ixuwkhupruh/ zh eholhyh wkdw rxu dssurdfk

dffrugv pxfk ehwwhu zlwk wkh sudfwlfh ri prghuq fhqwudo edqnv/ dqg surylghv d pruh

vxlwdeoh iudphzrun iru srolf| dqdo|vlv wkdq wkh vwdqgdug rqh1

Dv phqwlrqhg deryh/ zh frqvlghu wkuhh prqhwdu| uhjlphv1 Rxu dqdo|vlv ri wkh

rswlpdo srolf| lv phdqw wr surylgh d xvhixo ehqfkpdun/ doorzlqj xv wr dgguhvv d

qxpehu ri lqwhuhvwlqj lvvxhv xqghu d qrupdwlyh oljkw= Zkdw lv wkh h{fkdqjh udwh

yrodwlolw| dvvrfldwhg zlwk wkh rswlpdo srolf|B Krz grhv lw frpsduh wr wkh revhuyhg

yrodwlolw| B Zkdw lv wkh rswlpdo srolf| uhvsrqvh wr fkdqjhv lq zruog lqwhuhvw udwhv/

ru lq wkh ohyho ri hfrqrplf dfwlylw| deurdg B Krz grhv wkh ghjuhh ri rshqqhvv ri

wkh hfrqrp| d�hfw wkh qdwxuh ri wkh rswlpdo prqhwdu| srolf| B Vhyhudo lqwhuhvwlqj

�qglqjv hphujh iurp wkdw dqdo|vlv1 Wkxv/ zh vkrz wkdw xqghu d sodxvleoh sdudphwhu

ydoxhv wkh rswlpdo srolf| hqwdlov d srvlwlyh frpryhphqw ehwzhhq grphvwlf dqg iruhljq

4Wkh yroxph hglwhg e| Wd|oru +4<<<, frqwdlqv vhyhudo vljql�fdqw frqwulexwlrqv wr wkdw olwhudwxuh1

Vhh/ h1j1/ Fodulgd/ Jdoð/ dqg Jhuwohu +4<<<, iru d uhfhqw vxuyh|1
5D uhfhqw h{fhswlrq lv jlyhq e| Revwihog dqg Urjr� +4<<<,/ zklfk vroyh iru wkh rswlpdo prqh|

vxsso| uxoh lq wkh frqwh{w ri d prgho zlwk rqh0shulrg vwlfn| zdjhv1 D pruh vlplodu phwkrgrorjlfdo

dssurdfk fdq eh irxqg lq Vyhqvvrq +5333,/ lq zklfk rswlpdo srolf| lv ghulyhg iurp wkh plqlpl}dwlrq

e| wkh fhqwudo edqn ri d txdgudwlf orvv ixqfwlrq1 Klv prgho/ krzhyhu/ gl�huv iurp wkh vwdqgdug

rswlpl}lqj vwlfn| sulfh prgho dqdo|}hg khuh lq wkdw lw dvvxphv d suhghwhuplqhg rxwsxw dqg lq dwlrq

+zklfk uhvxowlqj iurp wkhlu ghshqghqfh rq odjjhg yduldeohv/ zlwk d vrphzkdw duelwudu| odj vwuxfwxuh,/

wkh lqwurgxfwlrq ri dq dg0krf frvw0sxvk vkrfn lq wkh lq dwlrq htxdwlrq +zklfk fuhdwhv d wudgh r�

ehwzhhq wkh rxwsxw jds dqg lq dwlrq,/ dv zhoo dv vrph rwkhu ihdwxuhv wkdw pljkw dujxdeo| pdnh wkh

prgho pruh uhdolvwlf wkrxjk dw wkh frvw ri uhgxfhg wudfwdelolw|1
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lqwhuhvw udwhv dqg/ dv d uhvxow/ vrph h{fkdqjh udwh vprrwklqj1 Lq vslwh ri wkdw/ wkh

prgho lpsolhv  xfwxdwlrqv ri qrplqdo dqg uhdo h{fkdqjh udwhv wkdw duh vxevwdqwldo/

wkrxjk vpdoohu wkdq wkrvh revhuyhg hpslulfdoo|1 Ixuwkhupruh/ zh vkrz wkdw wkh

rswlpdo ghjuhh ri lqwhuhvw udwh v|qfkurql}dwlrq zloo eh kljkhu�dqg/ dv d frqvhtxhqfh/

wkh h{fkdqjh udwh yrodwlolw| zloo eh orzhu�wkh pruh rshq lv wkh hfrqrp|1 Zh dovr vkrz

wkdw wkh yrodwlolw| ri rxwsxw lqfuhdvhv zlwk rshqqhvv/ zkhuhdv wkdw ri frqvxpswlrq

glvsod|v d qrq prqrwrqlf uhodwlrqvkls1

Diwhu dqdo|}lqj wkh rswlpdo srolf|/ zh pryh rq wr vwxg| wkh surshuwlhv ri d prq0

hwdu| uhjlph edvhg rq d vlpsoh Wd|oru uxoh/ zklfk olqnv wkh grphvwlf lqwhuhvw udwh wr

phdvxuhv ri lq dwlrq dqg hfrqrplf dfwlylw|1 D vlplodu uxoh kdv ehhq irxqg wr surylgh

d jrrg dssur{lpdwlrq wr wkh dfwxdo prqhwdu| srolf| ri vhyhudo frxqwulhv lq uhfhqw

|hduv1 Rxu dqdo|vlv doorzv xv wr dvfhuwdlq wkh h{whqw wr zklfk d fhqwudo edqn ri d

vpdoo rshq hfrqrp| zrxog ghyldwh iurp ehvw sudfwlfh e| iroorzlqj d vlpsoh Wd|oru

uxoh/ dqg krz vxfk d srolf| pd| lpslqjh rq wkh ehkdylru ri lq dwlrq dqg rwkhu pdfur0

hfrqrplf yduldeohv1 Zh vkrz wkdw/ lqghhg/ wkh lpsolhg ghyldwlrqv iurp rswlpdolw|
duh vxevwdqwldo/ wdnlqj wkh irup ri h{fhvv yrodwlolw| ri qrplqdo yduldeohv/ dqg h{fhvv
vprrwkqhvv ri uhdo yduldeohv16

Ilqdoo|/ zh frqvlghu wkh frqvhtxhqfhv ri d srolf| wkdw shjv shupdqhqwo| wkh qrp0
lqdo h{fkdqjh udwh djdlqvw d k|srwkhwlfdo zruog fxuuhqf| ru/ htxlydohqwo|/ dgrswv wkh

odwwhu dv d grphvwlf fxuuhqf|/ wkxv mrlqlqj d zruog prqhwdu| xqlrq1 Zh vkrz wkdw
vxfk d uhjlph kdv vrph ghvludeoh surshuwlhv/ odujho| frplqj iurp lwv dqfkrulqj ri wkh
ohyho ri qrplqdo yduldeohv/ dqg pd| dssur{lpdwh wkh rswlpdo srolf| ehwwhu wkdq wkh
Wd|oru uxoh1

Rxu prghoolqj dssurdfk/ edvhg rq wkh Fdoyr sulfh0vhwwlqj prgho/ dsshduv wr xv dv

d prvw qdwxudo h{whqvlrq wr wkh rshq hfrqrp| ri wkh qhz jhqhudwlrq ri vwlfn| sulfh
prghov17 Lw |lhogv kljko| wudfwdeoh +dqg lqwxlwlyh, orj0olqhdu htxloleulxp frqglwlrqv
wkdw fdq eh hdvlo| uhodwhg wr wkhlu forvhg hfrqrp| frxqwhusduwv +dqg zklfk kdyh wkh
odwwhu dv d olplwlqj fdvh,18 Ixuwkhupruh/ e| pdnlqj xvh ri d vwdjjhuhg sulfh0vhwwlqj
vwuxfwxuh/ lw doorzv iru ulfkhu g|qdplf h�hfwv ri prqhwdu| srolf| wkdq wkrvh irxqg

lq wkh prghov zlwk rqh0shulrg dgydqfhg sulfh0vhwwlqj wkdw duh frpprq lq wkh uhfhqw
olwhudwxuh19 D vhfrqg qryhow| ri rxu dssurdfk olhv lq wkh prghoolqj ri wkh uhvw ri

wkh zruog dv d olplwlqj fdvh ri dq hfrqrp| zkrvh ghjuhhv ri rshqqhvv lv qhjoljleoh1

Wkh uhvxowlqj olplwlqj hfrqrp| fruuhvsrqgv wr wkh fdqrqlfdo Fdoyr prgho ri d forvhg

6Vhh Edoo +4<<<, dqg Vyhqvvrq +5333, iru dq dqdo|vlv ri wkh surshuwlhv ri Wd|oru uxohv lq wkh

frqwh{w ri d pruh wudglwlrqdo Nh|qhvldq iudphzrun1
7Vhh Odqh +5333, iru d xvhixo vxuyh| ri uhfhqw h�ruwv wr lqfrusrudwh vwlfn| sulfhv lqwr g|qdplf

jhqhudo htxloleulxp rshq hfrqrp| prghov1
8Vhh/ h1j1/ Nlqj dqg Zropdq +4<<9,/ \xq +4<<9,/ dqg Zrrgirug +4<<<,/ iru dq dqdo|vlv ri wkh

fdqrqlfdo forvhg hfrqrp| Fdoyr prgho1 Wkh lqwurgxfwlrq ri sulfh vwdjjhulqj lq dq rshq hfrqrp|

prgho iroorzv wkh ohdg ri Nroopdq +4<<:, dqg Fkdul hw do1 +4<<;,/ wkrxjk erwk sdshuv vshfli|

prqhwdu| srolf| dv h{rjhqrxv/ uhvwulfwlqj wkhlu dqdo|vlv wr wkh h�hfwv ri d prqhwdu| vkrfn1
9Vhh/ h1j1/ Revwihog dqg Urjr� +4<<9/ 4<<<,/ Fruvhwwl dqg Shvhqwl +4<<;,/ Ehwwv dqg Ghyhuhx{

+4<<;,/ dqg Edfkhwwd dqg Ydq Zlqfrrs +4<<;,
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hfrqrp|1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5 zh od| rxw wkh

edvlf prgho1 Vhfwlrq 6 ghulyhv wkh orj0olqhdul}hg htxloleulxp frqglwlrqv1 Vhfwlrq 7

glvfxvvhv wkh rswlpdo srolf| uhjlph dqg krz lw lv lq xhqfhg e| wkh ghjuhh ri rshqqhvv1

Vhfwlrq 8 dqdo|}hv wkh surshuwlhv ri Wd|oru uxohv1 Vhfwlrq 9 orrnv dw wkh frqvhtxhqfhv

ri shjjlqj wkh h{fkdqjh udwh1 Vhfwlrq : frqfoxghv1

5 D Vpdoo Rshq Hfrqrp| Prgho

514 Krxvhkrogv

Rxu vpdoo rshq hfrqrp| lv lqkdelwhg e| d uhsuhvhqwdwlyh krxvhkrog zkr vhhnv wr

pd{lpl}h

.f

"[

|'f

q| L E�|c �|� +4,

zkhuh �| ghqrwhv krxuv ri oderu/ dqg �| lv d frpsrvlwh frqvxpswlrq lqgh{ gh�qhg

e|

�| '

�
E�� k�

�

# �Mc|

#3�

# n k

�

# �8c|

#3�

#

� #

#3�

+5,

zlwk �Mc| dqg �8c| ehlqj lqglfhv ri frqvxpswlrq ri grphvwlf dqg iruhljq jrrgv1 Vxfk
lqglfhv duh lq wxuq jlyhq e| wkh iroorzlqj FHV djjuhjdwruv ri wkh txdqwlwlhv frqvxphg
ri hdfk w|sh ri jrrg=

�Mc| '

�]
�

f

�Mc|E��
03�

0 _�

� 0

03�

( �8c| '

�]
�

f

�8c|E��
03�

0 _�

� 0

03�

Qrwlfh wkdw xqghu rxu vshfl�fdwlrq # phdvxuhv wkh hodvwlflw| ri vxevwlwxwlrq eh0

wzhhq grphvwlf dqg iruhljq jrrgv1 Wkh hodvwlflw| ri vxevwlwxwlrq dprqj jrrgv zlwklq

hdfk fdwhjru| lv jlyhq e| 01 Zh dvvxph # : f dqg 0 : ��

Wkh pd{lpl}dwlrq ri +4, lv vxemhfw wr d vhtxhqfh ri lqwhuwhpsrudo exgjhw frq0

vwudlqwv ri wkh irup=

]
�

f

d�Mc|E���Mc|E�� n �8c|E���8c|E��o _�n .|i'|c|n� (|n�j � (| n`|�| n A| +6,

iru | ' fc �c 2c ���1zkhuh '|c|n� lv wkh vwrfkdvwlf glvfrxqw idfwru/ (|n� lv wkh qrplqdo

sd|r� lq shulrg |n� ri wkh sruwirolr khog dw wkh hqg ri shulrg |/`| lv wkh qrplqdo zdjh/

dqg A| duh oxps0vxp wudqvihuv2wd{hv +wkh wkuhh yduldeohv duh h{suhvvhg lq grphvwlf

fxuuhqf|,1 Zh dvvxph wkdw krxvhkrogv kdyh dffhvv wr d frpsohwh vhw ri frqwlqjhqw

fodlpv1 Qrwlfh wkdw prqh| grhv qrw dsshdu lq hlwkhu wkh exgjhw frqvwudlqw ru wkh

xwlolw| ixqfwlrq= wkurxjkrxw zh vshfli| prqhwdu| srolf| lq whupv ri dq lqwhuhvw udwh

uxoh> khqfh/ zh gr qrw qhhg wr lqwurgxfh prqh| h{solflwo| lq wkh prgho1
:

:Zh fdq wklqn ri prqh| dv sod|lqj wkh uroh ri d xqlw ri dffrxqw rqo|1

6



Wkh rswlpdo doorfdwlrq ri dq| jlyhq h{shqglwxuh zlwklq hdfk fdwhjru| ri jrrgv

|lhogv wkh ghpdqg ixqfwlrqv=

�Mc|E�� '

#
�Mc|E��

�Mc|

$
30

�Mc| ( �8c|E�� '

#
�8c|E��

�8c|

$
30

�8c|

iru doo � 5 dfc �o/ zkhuh �Mc| � E
U
�

f
�Mc|E���30

_��
�

�30 dqg �8c| � E
U
�

f
�8c|E���30

_��
�

�30

duh wkh sulfh lqgh{hv iru grphvwlf dqg lpsruwhg jrrgv/ erwk h{suhvvhg lq krph

fxuuhqf|1 Wkurxjkrxw zh dvvxph wkdw wkh odz ri rqh sulfh krogv/ lpso|lqj wkdw

�8c|E�� ' e| �
W

8c|E��/ doo � 5 dfc �o/ zkhuh e| lv wkh qrplqdo h{fkdqjh udwh +wkh sulfh ri

iruhljq fxuuhqf| lq whupv ri krph fxuuhqf|,/ dqg � W

8c|E�� lv wkh sulfh ri iruhljq jrrg

� ghqrplqdwhg lq iruhljq fxuuhqf|1

Wkh rswlpdo doorfdwlrq ri h{shqglwxuhv ehwzhhq grphvwlf dqg iruhljq jrrgv lp0

solhv=

�Mc| ' E� � k�

�
�Mc|

�|

�
3#

�| ( �8c| ' k

�
�8c|

�|

�
3#

�|

zkhuh �| � dE� � k� �Mc|
�3#

n k �8c|
�3#o

�

�3# lv wkh frqvxphu sulfh lqgh{ +FSL,1 Qrwlfh

wkdw/ zkhq wkh sulfhv ri grphvwlf dqg iruhljq jrrgv duh htxdo +dv lq wkh vwhdg| vwdwh

frqvlghuhg ehorz,/ sdudphwhu k fruuhvsrqgv wr wkh vkduh ri grphvwlf frqvxpswlrq

doorfdwhg wr lpsruwhg jrrgv1 Lw wkxv uhsuhvhqwv d qdwxudo lqgh{ ri rshqqhvv1

Xqghu wkh deryh rswlpdolw| frqglwlrqv/ wkh lqwhuwhpsrudo exgjhw frqvwudlqw fdq

eh uhzulwwhq dv=

�|�| n .|i'|c|n� (|n�j � (| n`|�| n A| +7,

Lq zkdw iroorzv zh vshfldol}h wkh shulrg xwlolw| wr eh ri wkh irup LE�|c �|� '
�
�3j

|

�3j
�

�
�n�
|

�n�
1 Wkhq zh fdq uhzulwh wkh uhpdlqlqj rswlpdolw| frqglwlrqv iru wkh krxvh0

krog*v sureohp dv iroorzv=

�
j
| �

�
| '

`|

�|

+8,

q

�
�|n�

�|

�
3j
#
�
|

�
|n�

$
' '|c|n� +9,

Wdnlqj frqglwlrqdo h{shfwdwlrqv rq erwk vlghv ri +9, dqg uhduudqjlqj whupv zh

rewdlq d frqyhqwlrqdo vwrfkdvwlf Hxohu htxdwlrq=

q-| .|

+�
�|n�

�|

�
3j
#
�|

�|n�

$,
' � +:,

zkhuh -3�| ' .| i'|c|n�j lv wkh sulfh ri d ulvnohvv rqh0shulrg erqg +ghqrplqdwhg lq

grphvwlf fxuuhqf|, dqg/ khqfh/ -| lv lwv jurvv uhwxuq1
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51414 Lqwhuqdwlrqdo Ulvn Vkdulqj

Lq wkh uhvw ri wkh zruog +zklfk/ iru frqyhqlhqfh/ zh uhihu wr dv wkh zruog hfrqrp|, d

uhsuhvhqwdwlyh krxvhkrog idfhv d sureohp lghqwlfdo wr wkh rqh rxwolqhg deryh1 Lq lwv

suhihuhqfhv/ krzhyhu/ wkh zhljkw ri jrrgv surgxfhg lq wkh vpdoo hfrqrp|/ ghqrwhg e|

k
W/ lv dvvxphg wr eh qhjoljleoh1

Xqghu wkh dvvxpswlrq ri frpsohwh vhfxulwlhv pdunhwv/ d �uvw rughu frqglwlrq dqdo0

rjrxv wr +9, pxvw dovr krog iru frqvxphuv lq wkh iruhljq frxqwu|=

q

#
�W

|n�

�W

|

$
3j
#
�
W

|

� W

|n�

$#
e|

e|n�

$
' '|c|n� +;,

Ohw xv gh�qh wkh uhdo h{fkdqjh udwh dv ^| �
e|�

W

|

�|

1 Frpelqlqj +9, dqg +;, lw iroorzv/

diwhu lwhudwlqj/ wkdw=

�| ' V �W

|
^

�

j

| +<,

iru doo |/ zkhuh V lv d frqvwdqw wkdw ghshqgv rq lqlwldo frqglwlrqv1 Orj0olqhdul}lqj +<,

durxqg d vwhdg| vwdwh |lhogv=

e�| '
e�
W

|
n
�

j

e^| +43,

Zh wkxv vhh wkdw wkh dvvxpswlrq ri frpsohwh pdunhwv dw wkh lqwhuqdwlrqdo ohyho

ohdgv wr d vlpsoh uhodwlrqvkls olqnlqj frqvxpswlrq dw krph dqg deurdg dqg wkh uhdo

h{fkdqjh udwh/ doo lq shufhqw ghyldwlrqv iurp wkh vwhdg| vwdwh1 Wkdw uhodwlrqvkls lv

lqghshqghqw ri wkh uhodwlyh vl}hv ri wkh wzr hfrqrplhv lqyroyhg/ dqg ri frqvwdqw V1

515 Ilupv

Hdfk �up surgxfhv d gl�huhqwldwhg jrrg zlwk d olqhdu whfkqrorj| uhsuhvhqwhg e| wkh

surgxfwlrq ixqfwlrq

t|E�� ' ~| �|E��

zkhuh ~| � i Ti5|j/ dqg i5|j iroorzv dq DU+4, surfhvv 5| ' 4 5|3� n �|1

Iru uhdvrqv wkdw zloo ehfrph fohdu ehorz/ zh dvvxph wkdw wkh jryhuqphqw ixoo|

r�vhwv wkh glvwruwlrq dvvrfldwhg zlwk wkh h{lvwhqfh ri pdunhw srzhu e| vxevlgl}lqj

hpsor|phqw dw d frqvwdqw udwh �

0
1; Khqfh/ wkh �up*v qrplqdo pdujlqdo frvw zloo eh

jlyhq e|

��| ' E��
�

0
�
`|

~|

Xqghu wkh Fdoyr irupdolvp/ d phdvxuh w ri +udqgrpo| vhohfwhg, �upv vhwv qhz
sulfhv hdfk shulrg1 Dv zh vkrz lq Dsshqgl{ 5/ wkh rswlpdo sulfh0vhwwlqj vwudwhj| iru

;
Wkh vxevlg| lv dvvxphg wr eh �qdqfhg wkurxjk d oxps0vxp wd{ rq krxvhkrogv1

8



wkh w|slfdo �up fkrrvlqj d sulfh lq shulrg | fdq eh dssur{lpdwhg lq d qhljkerukrrg

ri wkh }hur0lq dwlrq vwhdg| vwdwh e| wkh uxoh=

eR
?e�
Mc| '

"[

&'�

Eqw�& .|iZ|n&jn E� � qw�
"[

&'f

Eqw�& .|ig6S|n&j +44,

zkhuh eR
?e�
Mc| � *L}

�
�?e�
Mc|

�Mc|

�
lv wkh shufhqw ghyldwlrq ri qhzo| vhw grphvwlf sulfhv�ghqrwhg

e| �?e�
Mc| �iurp wkh grphvwlf sulfh lqgh{ �Mc|1 g6S| � *L}

�
6S|

6S

�
lv wkh shufhqw ghyldwlrq

iurp lwv vwhdg| vwdwh ydoxh ri wkh uhdo pdujlqdo frvw�wkh odwwhu gh�qhg lq whupv ri

grphvwlf jrrgv/ l1h1/ 6S| �
��|

�Mc|
1

<

516 Lq dwlrq/ wkh Uhdo H{fkdqjh Udwh/ dqg wkh Whupv ri

Wudgh= Vrph Lghqwlwlhv

Zh glvwlqjxlvk ehwzhhq grphvwlf lq dwlrq�gh�qhg deryh dv wkh udwh ri fkdqjh lq wkh

lqgh{ ri grphvwlf jrrgv sulfhv/ l1h1/ ZMc| � *L}
�
�Mc|n�

�Mc|

�
�/ dqg FSL0lq dwlrq�gh�qhg

dv wkh udwh ri fkdqjh lq wkh FSL/ l1h1 Z| � *L}
�
�|n�

�|

�
1 Wkhuh lv d vlpsoh uhodwlrqvkls

olqnlqj wkh wzr/ dv zh zloo vhh qh{w1

Ohw r| �
�8c|

�Mc|
ghqrwh wkh whupv ri wudgh/ l1h1/ wkh sulfh ri iruhljq jrrgv lq whupv ri

krph jrrgv1 Gh�qh wkh sulfh udwlr RMc| �
�Mc|

�|
1 Orj0olqhdul}dwlrq ri wkh FSL irupxod

lpsolhv eRMc| ' �k er|1 Khqfh/ diwhu wdnlqj orjv rq wkh h{suhvvlrq iru RMc| dqg �uvw

gl�huhqflqj/ zh rewdlq

Z| ' ZMc| n k {er| +45,

zklfkpdnhv wkh jds ehwzhhq rxu wzrphdvxuhv ri lq dwlrq sursruwlrqdo wr wkh shufhqw

fkdqjh lq wkh whupv ri wudgh/ zlwk wkh frh!flhqw ri sursruwlrqdolw| jlyhq e| wkh lqgh{

ri rshqqhvv k1

Qh{w/ ohw xv ghulyh d uhodwlrqvkls ehwzhhq wkh whupv ri wudgh dqg wkh uhdo h{fkdqjh

udwh1 Iurp rxu dvvxpswlrq wkdw wkh vkduh ri lpsruwv lq wkh uhvw ri wkh zruog*v FSL

lv qhjoljleoh lw iroorzv wkdw � W

|
' �

W

8c|/ dqg Z
W

|
' Z

W

8c|/ iru doo |1 Zh fdq wkxv zulwh

wkh uhdo h{fkdqjh udwh dv ^| �
e|�

W

|

�|

' r| RMc|/ lpso|lqj wkh orj0olqhdul}hg uhodwlrqvkls

e^| ' er| n eRMc|1 Khqfh/ dqg xvlqj wkh idfw wkdw eRMc| ' �k er|/ zh rewdlq d vlpsoh

uhodwlrqvkls olqnlqj wkh uhdo h{fkdqjh udwh dqg wkh whupv ri wudgh=

e^| ' E� � k� er|c +46,

Ilqdoo|/ frpelqlqj +45, dqg +46,/ zh fdq ghulyh dq dowhuqdwlyh h{suhvvlrq iru wkh

jds ehwzhhq grphvwlf dqg FSL0lq dwlrq/ qrz dv d ixqfwlrq ri wkh fkdqjh lq wkh uhdo

h{fkdqjh udwh=

Z| ' ZMc| n

�
k

� � k

�
{ ê

| +47,

<Qrwlfh wkdw/ lq wkh vwhdg| vwdwh/ wkh uhdo pdujlqdo frvw lv jlyhq e| pf � +4� 4

%
,/ wkh lqyhuvh ri

wkh rswlpdo pdunxs xqghu  h{leoh sulfhv1

9



6 Htxloleulxp

614 Djjuhjdwh Ghpdqg dqg Rxwsxw Ghwhuplqdwlrq

61414 Zruog Frqvxpswlrq dqg Rxwsxw

Lw lv frqyhqlhqw wr vwduw e| ghvfulelqj krz frqvxpswlrq dqg rxwsxw duh ghwhuplqhg lq

wkh zruog hfrqrp|1 Dv phqwlrqhg deryh/ suhihuhqfhv ri wkh uhsuhvhqwdwlyh krxvhkrog

wkhuh duh lghqwlfdo wr wkrvh lqwurgxfhg deryh/ exw zlwk d qhjoljleoh zhljkw rq wkh jrrgv

lpsruwhg iurp wkh vpdoo hfrqrp|1 Wkh orj0olqhdul}hg Hxohu htxdwlrq/ frpelqhg zlwk

wkh pdunhw fohdulqj frqglwlrq et
W

|
'

e�W

|
/ lpsolhv

et
W

|
' .|i et

W

|n�
j�

�

j

EoW
|
�.|iZ

W

|n�
j� +48,

zklfk fdq eh vroyhg iruzdug wr rewdlq=

et
W

|
' �

�

j

.|i
"[

&'f

EoW
|n&
� Z

W

|n�n&
�j +49,

Khqfh/ dv lq d vwdqgdug forvhg hfrqrp| prgho/ zruog frqvxpswlrq lv lqyhuvho|

uhodwhg wr fxuuhqw dqg dqwlflsdwhg zruog uhdo lqwhuhvw udwhv1

61415 Frqvxpswlrq dqg Rxwsxw lq wkh Vpdoo Rshq Hfrqrp|

Pdunhw fohdulqj lq wkh vpdoo hfrqrp| uhtxluhv t|E�� ' �Mc|E�� n �W

Mc|E��/ iru doo � 5

dfc �o1 Orj0olqhdul}dwlrq durxqg d vwhdg| vwdwh zlwk edodqfhg wudgh lpsolhv=

et|E�� ' E� � k� e�Mc|E�� n k e�
W

Mc|E��

Ohw t| �

U
�

f
t|E�� _� ' ~|

U
�

f
�|E�� _� ' ~|�| ghqrwh djjuhjdwh grphvwlf rxwsxw1

Orj0olqhdul}lqj durxqg d v|pphwulf vwhdg|0vwdwh zh rewdlq et| '

U
�

f

et|E�� _� ' 5| n
f�|1 Vlploduo|/ orj0olqhdul}dwlrq ri �Mc| |lhogv e�Mc| '

U
�

f

e�Mc|E�� _� +dqg dq dqdorjrxv
h{suhvvlrq iru e�W

Mc|,1 Wkxv/ lw iroorzv wkdw

et| ' E� � k� e�Mc| n k
e�
W

Mc|

zklfk fdq eh frpelqhg zlwk wkh h{suhvvlrq
e�| ' E��k� e�Mc|nk

e�8c| +rewdlqhg iurp

wkh orj0olqhdul}dwlrq ri +5,, wr |lhog

et| '

e�| n k E
e�
W

Mc| �
e�8c|�

' E�� k� e�| n k
e�
W

|
n k dE e�W

Mc| �
e�
W

|
�� E e�8c| �

e�|�o

Exw qrwlfh wkdw e�8c|�
e�| ' �# eR8c| ' �#E��k� er| dqg/ e| dqdorj|/ e�W

Mc| �
e�W

|
'

�# eR
W

Mc| ' # er| +zkhuh zh pdnh xvh ri wkh dvvxpswlrq �
W

|
' �

W

8c|,1 Khqfh zh fdq
zulwh=

et| ' E� � k� e�| n k
e�
W

|
n k# E2 � k� er| +4:,

:



zklfk ghwhuplqhv rxwsxw dv d zhljkwhg dyhudjh ri grphvwlf dqg iruhljq h{shqglwxuhv/

soxv dq �h{shqglwxuh vzlwfklqj idfwru� zklfk lv sursruwlrqdo wr wkh whupv ri wudgh +doo

lq shufhqw ghyldwlrqv iurp wkhlu vwhdg| vwdwh ydoxhv,1 +Lq wkh qh{w wkuhh vxevhfwlrqv

zh vkrz krz hdfk ri wkrvh idfwruv fdq eh ghwhuplqhg dv d ixqfwlrq ri lqwhuhvw dqg

lq dwlrq udwhv/ erwk grphvwlf dqg iruhljq1,

Ixuwkhupruh/ zh fdq frpelqh +43,/ +4:,/ dqg +, wr rewdlq

et| '
et
W

|
n
/

j

er| +4;,

zkhuh / � � n k Ej# � ��E2� k� : f1

61416 Xqfryhuhg Lqwhuhvw Sdulw| dqg Whupv ri Wudgh Ghwhuplqdwlrq

Xqghu wkh dvvxpswlrq ri frpsohwh lqwhuqdwlrqdo �qdqfldo pdunhwv/ wkh htxloleulxp
sulfh +lq whupv ri krph fxuuhqf|, ri d ulvnohvv erqg ghqrplqdwhg lq iruhljq fxuuhqf|

lv jlyhq e| e|-
W

|

3�
' .|i'|c|n� e|n�j/ zklfk fdq eh frpelqhg zlwk -|.| i'|c|n�j ' �

dqg +9, wr rewdlq d yhuvlrq ri wkh xqfryhuhg lqwhuhvw sdulw| +XLS, frqglwlrq=

.|i�
3j

|n�
�
3�

|n�
d-| �-

W

|
Ee|n�*e|�oj ' f

Olqhdul}dwlrq durxqg d shuihfw0iruhvljkw vwhdg| vwdwh |lhogv wkh idploldu h{suhvvlrq=

o| � o
W

|
' .|i{*L} e|n�j +4<,

zkhuh o| � *L}
�
-|

-

�
dqg o

W

|
� *L}

�
-
W

|

-W

�
1 Wdnlqj orjv rq r| '

e|�
W

|

�Mc|
/ �uvw0gl�huhqflqj/

dqg frpelqlqj wkh uhvxowlqj orj0olqhdu h{suhvvlrq zlwk +4<, |lhogv wkh iroorzlqj vwr0

fkdvwlf gl�huhqfh htxdwlrq iru wkh whupv ri wudgh=

er| ' Eo
W

|
� .|iZ

W

|n�
j�� Eo| � .|iZMc|n�j�n .|ier|n�j +53,

Dv zh vkrz lq Dsshqgl{ 4/ wkh whupv ri wudgh duh slqqhg grzq xqltxho| lq wkh

shuihfw iruhvljkw vwhdg| vwdwh1 Wkdw idfw/ frpelqhg zlwk rxu dvvxpswlrq ri vwdwlrqdu|

gulylqj irufhv/ lpsolhv wkdw *�4A<" .|ierAj ' f1 Khqfh/ zh fdq vroyh +53, iruzdug wr

rewdlq=

er| ' .|i
"[

&'f

dEoW
|n&
� Z

W

|n&n�
�� Eo|n& � ZMc|n&n��oj +54,

l1h1/ yduldwlrqv lq wkh whupv ri wudgh duh d ixqfwlrq ri fxuuhqw dqg dqwlflsdwhg uhdo
lqwhuhvw udwh gl�huhqwldov1

Qrwlfh wkdw +,/ +,/ dqg +,/ ghwhuplqh wkh ohyho ri rxwsxw lq wkh vpdoo hfrqrp| dv

d ixqfwlrq ri fxuuhqw dqg dqwlflsdwhg lqwhuhvw udwhv dqg lq dwlrq udwhv/ erwk dw krph
dqg deurdg1 Lq wkh qh{w vhfwlrq/ zh vkrz krz lq dwlrq lv ghwhuplqhg lq htxloleulxp1

;



615 Wkh Vxsso| Vlgh= Pdujlqdo Frvw dqg Lq dwlrq G|qdplfv

61514 Pdujlqdo Frvw dqg Lq dwlrq G|qdplfv lq wkh Uhvw ri wkh Zruog

Wkh g|qdplfv ri lq dwlrq lq wkh zruog hfrqrp| duh ghvfulehg e| wkh gl�huhqfh htxd0

wlrq

Z
W

|
' q .|iZ

W

|n�
jn b g6S

W

|
+55,

zkhuh/ xqghu rxu dvvxpswlrqv/ pdujlqdo frvw lv jlyhq e|

g6SW
|
' E�n j� et

W

|
� E� n �� 5W

|
+56,

Jlyhq d uxoh iru wkh lqwhuhvw udwh o
W

|
/ htxdwlrqv +48,/ +55,/ dqg +56, ghvfuleh wkh

htxloleulxp g|qdplfv ri wkh zruog hfrqrp| durxqg wkh vwhdg| vwdwh1

61515 Pdujlqdo Frvw dqg Lq dwlrq G|qdplfv lq wkh Vpdoo Rshq Hfrqrp|

Wkh diwhu vrph dojheud/ wkh lq dwlrq htxdwlrq=

ZMc| ' q .|iZMc|n�jn bg6S| +57,

zkhuh b � E�3w�E�3qw�
w

1

Qrwlfh wkdw wkh uhdo pdujlqdo frvw fdq eh zulwwhq dv 6S| '
E�3 �

0
� `|

RMc| �|~|
1 Wkdw h{0

suhvvlrq fdq eh orj0olqhdul}hg/ dqg frpelqhg zlwk oderu vxsso| vfkhgxoh +8,/ pdunhw

fohdulqj frqglwlrq +4:,/ dqg wkh idfw wkdw eRMc| ' �k er|/ wr |lhog=

g6S| ' dj n E�� k��o e�| n k� et W

|
n kd� n �#E2 � k�o er| � E� n �� 5|

Khqfh/ zh vhh wkdw wkh grphvwlf pdujlqdo frvw lv lqfuhdvlqj lq grphvwlf frqvxps0
wlrq +wkurxjk lwv zhdowk dqg hpsor|phqw h�hfwv rq uhdo zdjhv,/ iruhljq frqvxpswlrq
+wkurxjk wkh hpsor|phqw h�hfw rq wkh uhdo zdjh,/ wkh whupv ri wudgh +wkurxjk fkdqjhv

lq wkh surgxfw zdjh/ jlyhq wkh uhdo zdjh/ dqg wkurxjk lwv h�hfwv rq hpsor|phqw dqg

khqfh wkh uhdo zdjh,/ dqg whfkqrorj| +wkurxjk lwv gluhfw h�hfw rq oderu surgxfwlylw|,1
Frpelqlqj wkh h{suhvvlrq deryh zlwk +43, |lhogv

g6S| '

#
� n

�/

j

$ er| n Ej n �� et
W

|
� E� n �� 5| +58,

Jlyhq d surfhvv iru i et W

|
c oW

|
c ZW

|
j/ zklfk lv h{rjhqrxv zlwk uhvshfw wr grphvwlf

yduldeohv/ htxdwlrqv +53,/ +57,/ dqg +58,/ frpelqhg zlwk d uxoh iru wkh grphvwlf

lqwhuhvw udwh o|/ fdq eh xvhg wr ghvfuleh wkh orfdo htxloleulxp g|qdplfv ri wkh vpdoo

rshq hfrqrp|1

Qh{w zh wxuq rxu dwwhqwlrq wr wkh dqdo|vlv ri wkh surshuwlhv ri vxfk dq htxloleulxp

xqghu dowhuqdwlyh k|srwkhvhv uhjduglqj wkh zd| prqhwdu| srolf| lv frqgxfwhg1

<



7 Rswlpdo Prqhwdu| Srolf|

Lq wklv vhfwlrq zh ghulyh dqg glvfxvv wkh surshuwlhv ri wkh htxloleulxp g|qdplfv

zkhq erwk wkh grphvwlf dqg zruog prqhwdu| dxwkrulwlhv sxuvxh dq rswlpdo prqhwdu|

srolf|1 Lw lv lpsruwdqw wr qrwlfh wkdw/ xqghu rxu dvvxpswlrqv/ wkh suhvhqfh ri qrplqdo

uljlglwlhv lv wkh rqo| vrxufh ri vxerswlpdolw| lq wkh htxloleulxp doorfdwlrq1 Iluvw/ wkh

dvvxphg vxevlg| wr hpsor|phqw ixoo| qhxwudol}hv wkh pdunhw srzhu glvwruwlrq/ khqfh

holplqdwlqj wkh srolf|pdnhu*v lqfhqwlyh wr h{sdqg rxwsxw eh|rqg lwv qdwxudo udwh1

Vhfrqg/ e| qrw dvvljqlqj dq| h{solflw ydoxh wr wkh kroglqj ri prqh| edodqfhv zh

holplqdwh wkh prqhwdu| glvwruwlrq wkdw zrxog sxoo wkh rswlpdo srolf| wrzdugv wkh

Iulhgpdq uxoh1 Dffruglqjo|/ li sulfhv zhuh ixoo|  h{leoh wkh htxloleulxp doorfdwlrqv

zrxog eh h!flhqw1 Wkxv/ lw lv rswlpdo iru wkh prqhwdu| dxwkrulw| wr ixoo| qhxwudol}h

wkh h�hfwv ri qrplqdo uljlglwlhv dqg uhvwruh wkh doorfdwlrq dvvrfldwhg zlwk wkh  h{leoh

sulfh htxloleulxp143

Xqghu rxu dvvxpswlrqv/ wkh htxloleulxp xqghu  h{leoh sulfhv lv fkdudfwhul}hg e| d

frqvwdqw pdunxs ri vl}h > � 0

03�
iru doo �upv1 Exw wkdw lv suhflvho| wkh pdunxs wkdw

suhydlov lq wkh }hur0lq dwlrq vwhdg| vwdwh ri wkh prgho zlwk qrplqdo uljlglwlhv/ dqg

durxqg zklfk zh kdyh olqhdul}hg wkh htxloleulxp frqglwlrqv1 Lw iroorzv wkdw/ lq rughu

wr uhsolfdwh wkh  h{leoh sulfh doorfdwlrq/ wkh fhqwudo edqn vkrxog vhhn wr pdlqwdlq

uhdo pdujlqdo frvwv frqvwdqw dw wkhlu vwhdg| vwdwh ohyho/ l1h1/ g6S| ' f/ iru doo |1 Wkdw

srolf| lpsolhv/ lq wxuq/ }hur grphvwlf lq dwlrq +ZMc| ' f/ doo |, dqg frqvwdqw +dqg

lghqwlfdo, sulfhv dqg pdunxsv iru hdfk lqglylgxdo �up1 Wkh vdph zrxog eh wuxh iru

wkh zruog hfrqrp|/ zkhuh wkh srolf|pdnhu vkrxog vhhn wr pdlqwdlq g6SW
|
' eZ

W

|
' f/

iru doo |1 Wkh lqwxlwlrq ehklqg wkdw surshuw| ri wkh rswlpdo srolf| lv vwudljkwiruzdug=
lq wkdw vwdwh ri d�dluv qr �up kdv dq lqfhqwlyh wr fkdqjh lwv sulfh hyhq li lw kdv wkh
rssruwxqlw| wr gr vr/ vlqfh wkh fxuuhqw sulfh lv dozd|v frqvlvwhqw zlwk wkh pdunxs
wkdw zrxog eh ghvluhg lq wkh devhqfh ri frqvwudlqwv rq sulfh dgmxvwphqw1 Wkh odwwhu
frqvwudlqw/ khqfh/ ehfrphv qrqelqglqj xqghu wkh rswlpdo srolf|1

Ohw xv qh{w vhh krz wkdw rswlpdo srolf| fdq eh lpsohphqwhg1

714 Rswlpdo Prqhwdu| Srolf| lq wkh Zruog Hfrqrp|

Wr ehjlq zlwk/ zh dvvxph wkdw wkh prqhwdu| dxwkrulw| lq wkh uhvw ri wkh zruog
sxuvxhv dq rswlpdo srolf| lwvhoi1 Dv dujxhg deryh/ wkdw srolf| vhhnv wr vwdelol}h wkh
uhdo pdujlqdo frvw dw lwv vwhdg| vwdwh ohyho +g6SW

|
' fc doo |,/ zklfk lq wxuq lpsolhv sulfh

vwdelolw| +ZW

|
' f/ doo |,1

Vhwwlqj g6S
W

|
' f lq htxdwlrq +56, doorzv xv wr ghwhuplqh wkh htxloleulxp ohyho ri

zruog rxwsxw dvvrfldwhg zlwk wkdw rswlpdo srolf|=

et
W

|
' K 5

W

|
+59,

43D vlplodu dssurdfk wr wkh prghoolqj ri rswlpdo prqhwdu| srolf|/ lq wkh frqwh{w ri gl�huhqw

prghov/ fdq eh irxqg lq Revwihog dqg Urjr� +4<<<, dqg Zrrgirug +4<<<,1
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zkhuh K �
�n�

jn�
1

Jlyhq +48,/ zh fdq hdvlo| ghulyh dq h{suhvvlrq iru wkh lqwhuhvw udwh wkdw lv frqvlvwhqw

zlwk wkh suhylrxv rxwsxw surfhvv=44

o
W

|
' �jE�� 4�K 5

W

|
+5:,

715 Rswlpdo Prqhwdu| Srolf| lq wkh Vpdoo Rshq Hfrqrp|

Xvlqj +58,/ dqg frqglwlrqdo rq wkh prqhwdu| dxwkrulw| lq wkh zruog hfrqrp| iroorzlqj
dq rswlpdo srolf|/ zh fdq ghulyh wkh htxloleulxp sdwk iru wkh whupv ri wudgh dqg wkh

h{fkdqjh udwh wkdw zrxog eh frqvlvwhqw zlwk frqvwdqw pdujlqdo frvw dqg grphvwlf

lq dwlrq1

ee| '
er| ' jKX E5| � 5

W

|
� +5;,

zkhuh X � jn�

jn�/
: f/ dqg K +gh�qhg deryh, lv lqghshqghqw ri k dqg #/ wkh sdudphwhuv

wkdw duh vshfl�f wr wkh rshq hfrqrp|1 Wkh lpsolhg htxloleulxp surfhvv iru wkh uhdo

h{fkdqjh udwh dqg wkh grphvwlf FSL duh jlyhq e|

ê

| ' E� � k� jKX E5| � 5
W

|
� +5<,

e�| ' k jKX E5| � 5
W

|
� +63,

Ixuwkhupruh/ jlyhq +43, dqg +4;,/ zh vhh wkdw wkh fruuhvsrqglqj surfhvvhv iru

rxwsxw dqg frqvxpswlrq xqghu wkh rswlpdo srolf| duh=

e�| ' K dE� � k�X 5| n E� � E�� k�X� 5W
|
o

dqg

et| ' K d/X 5| n E� � /X� 5W
|
o

Vlqfh E�� k�X 5 Efc �� grphvwlf frqvxpswlrq zloo dozd|v lqfuhdvh lq uhvsrqvh wr

idyrudeoh whfkqrorj| vkrfnv/ erwk grphvwlf dqg iruhljq/ xqghu wkh rswlpdo srolf|1 Rq

wkh rwkhu kdqg/ zkloh rxwsxw lq wkh vpdoo rshq hfrqrp| dozd|v lqfuhdvhv lq uhvsrqvh

wr d srvlwlyh whfkqrorj| vkrfn dw krph/ wkh vljq ri wkh uhvsrqvh wr dq h{whuqdo vkrfn

lv dpeljxrxv1 Lq sduwlfxodu/ wkdw h�hfw zloo eh qhjdwlyh li /X : �/ zklfk lq wxuq

uhtxluhv wkdw wkh h{shqglwxuh0vzlwfklqj h�hfw ri d fkdqjh lq wkh zruog lqwhuhvw udwh

grplqdwhv wkh gluhfw ghpdqg h�hfw/ zklfk fruuhvsrqgv wr wkh dvvxpswlrq j# : �c

vdwlv�hg ehorz e| rxu ehqfkpdun fdoleudwlrq1

44
Lq rughu iru htxdwlrq +5:, wr eh lqwhusuhwdeoh dv dq rswlpdo uxoh/ zh frxog dgg dq h{wud whup

+h1j1/ *
�
��
w
zlwk *

�
A 4,1 Lq wkdw fdvh zh zrxog holplqdwh wkh lqghwhuplqdf| wkdw zrxog rwkhuzlvh

eh dvvrfldwhg zlwk dq lqwhuhvw udwh wkdw ghshqgv rq h{rjhqrxv yduldeohv rqo|1 Qrwlfh krzhyhu wkdw
vxfk d whup zloo eh }hur lq htxloleulxp1 Vhh/ h1j1/ Ehuqdqnh dqg Zrrgirug +4<<:,/ dqg Fodulgd/ Jdoð
dqg Jhuwohu +4<<<, iru d ghwdlohg glvfxvvlrq1

44



Zkdw lqwhuhvw udwh uxoh zloo vxssruw wkh rswlpdo doorfdwlrq B Vxevwlwxwlqj +5;,

dqg +5:, lqwr +53,/ zh rewdlq wkh htxloleulxp surfhvv iru wkh grphvwlf lqwhuhvw udwh

dvvrfldwhg zlwk wkh rswlpdo srolf|=45

o| ' �jE�� 4�K dX 5| n E� �X� 5W
|
o

zklfk fdq lq wxuq eh uhzulwwhq dv=

o| ' )
o
o
W

|
� jE�� 4�KX 5| +64,

zkhuh )o �
�E/3��
jn�/

1

Khqfh/ wkh rswlpdo lqwhuhvw udwh lq wkh vpdoo rshq hfrqrp| lv d ixqfwlrq ri wkh

zruog lqwhuhvw udwh dqg grphvwlf surgxfwlylw|1 Qrwlfh wkdw wkh vljq ri )
o
�wkh frh!0

flhqw phdvxulqj wkh vhqvlwlylw| wr wkh zruog lqwhuhvw udwh�lv dpeljxrxv1 D qhfhvvdu|

dqg vx!flhqw frqglwlrq iru )
o
: f lv jlyhq e| j# : �/ zklfk lv olnho| wr eh vdwlv�hg

iru hpslulfdoo| uhdvrqdeoh ydoxhv ri wkh ghjuhh ri ulvn dyhuvlrq j/ dqg wkh hodvwlflw| ri

vxevwlwxwlrq ehwzhhq iruhljq dqg grphvwlf jrrgv/ #1 Wr wkh h{whqw wkdw vxfk d frqgl0

wlrq lv vdwlv�hg wzr revhuydwlrqv duh lq rughu1 Iluvw/ lq wkdw fdvh zh kdyh )
o
5 Efc ��=

wkh rswlpdo srolf| lqyroyhv d srvlwlyh frpryhphqw ri grphvwlf dqg iruhljq lqwhuhvw

udwhv dqg/ wkxv/ vrph ghjuhh ri h{fkdqjh udwh vprrwklqj/ vlqfh  xfwxdwlrqv lq wkh

h{fkdqjh udwh duh d ixqfwlrq ri lqwhuhvw udwh gl�huhqwldov1 Wkdw uhvxow lv txlwh lqwx0

lwlyh= xqghu wkh dvvxpswlrq wkdw j# : �/ dq lqfuhdvh lq wkh zruog lqwhuhvw udwh ohdgv/
e| lwvhoi/ wr dq h{sdqvlrq lq hfrqrplf dfwlylw| dqg uhdo pdujlqdo frvwv lq wkh vpdoo

hfrqrp| +uhvxowlqj iurp wkh h{sdqvlrqdu| h�hfwv ri d uhdo ghsuhfldwlrq,> lq rughu
wr vwdelol}h pdujlqdo frvwv/ wkh grphvwlf fhqwudo edqn kdv wr uhvsrqg e| udlvlqj wkh
grphvwlf qrplqdo udwh/

Wkh hylghqfh ri d srvlwlyh fruuhodwlrq ri grphvwlf dqg iruhljq lqwhuhvw udwhv lv
riwhq lqwhusuhwhg dv vxjjhvwlyh ri frruglqdwlrq dprqj fhqwudo edqnv/ ru wkh ghvluh wr

vwdelol}h qrplqdo h{fkdqjh udwhv1 Wkh qryho dvshfw ri rxu �qglqj lv wkdw wkh srvlwlyh
lqwhuhvw udwh frpryhphqw dulvhv iurp rswlpl}lqj ehkdylru e| lqghshqghqw fhqwudo
edqnv/ lq d frqwh{w ri  h{leoh h{fkdqjh udwhv1 Rqh fdq dovr vkrz/ lq dgglwlrq/ wkdw
)

o
lv lqfuhdvlqj lq wkh rshqqhvv lqgh{ k> khqfh/ wkh pruh rshq wkh hfrqrp| lv/ wkh

vpdoohu duh wkh lqwhuhvw udwh gl�huhqwldov doorzhg iru e| wkh rswlpdo srolf|1

Zh fdq dovr ghulyh h{suhvvlrq iru htxloleulxp uhdo h{sruwv

g.f� | '
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W

Mc|

' # ee| n
et
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|
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W

|
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45
Rqfh djdlq/ lqghwhuplqdf| fdq eh uxohg rxw e| kdylqj wkh qrplqdo udwh uhvsrqg zlwk vx!flhqw

vwuhqjwk wr grphvwlf lq dwlrq1

45



dqg lpsruwv +lq whupv ri grphvwlf jrrgv,=

gU�� | ' er| n
e�8c|

' d�� #E�� k�o ee| n
e�|

' K iXEj � E� � k�Ej# � ��� 5| n d��XEj � E� � k�Ej# � ���o 5W
|
j

Khqfh zh vhh wkdw/ xqghu wkh rswlpdo srolf|/ doo wkh  xfwxdwlrqv lq wkh yduldeohv ri

lqwhuhvw iru wkh vpdoo hfrqrp| duh sursruwlrqdo wr d zhljkwhg dyhudjh ri grphvwlf dqg

iruhljq surgxfwlylw|1 Qh{w zh glvfxvv vrph ri wkh lpsolhg g|qdplfv iru d fdoleudwhg

yhuvlrq ri wkh prgho/ zlwk wkh khos ri vrph lpsxovh uhvsrqvh judsklfv1

71514 G|qdplf H�hfwv ri d Grphvwlf Whfkqrorj| Vkrfn

Lq wklv vhfwlrq zh xvh wkh htxloleulxp frqglwlrqv ghulyhg deryh wr fkdudfwhul}h dqg

glvfxvv wkh g|qdplf h�hfwv ri d grphvwlf whfkqrorj| vkrfn +l1h1/ d xqlw vkrfn wr 5|,1

Wkh uhvxowv uhsruwhg khuh duh rewdlqhg xvlqj wkh iroorzlqj fdoleudwlrq1 Zh vhw j

htxdo wr xqlw|/ zklfk fruuhvsrqgv wr d orj xwlolw| vshfl�fdwlrq146 Zh dvvxph � ' �/

zklfk lpsolhv d xqlw oderu vxsso| hodvwlflw|1 Iroorzlqj pxfk ri wkh lqwhuqdwlrqdo UEF

olwhudwxuh/ zh vhw wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq grphvwlf dqg iruhljq jrrgv/

#/ htxdo wr ��D147 Iru wkh rshqqhvv lqgh{ k zh dvvxph d ydoxh ri f�e/ zklfk lv qrw

wrr idu iurp wkh dyhudjh vkduh ri lpsruwv lq JGS iru d �w|slfdo� vpdoo hfrqrp|1

Sdudphwhu w lv vhw htxdo wr f�.D/ d ydoxh frqvlvwhqw zlwk dq dyhudjh shulrg ri rqh

|hdu ehwzhhq sulfh dgmxvwphqwv1 Zh dvvxph q ' f�bb/ zklfk lpsolhv d ulvnohvv uhwxuq

ri derxw e shufhqw lq wkh vwhdg| vwdwh1 Ilqdoo|/ zh vhw 4 ' f�b/ d ydoxh frqvlvwhqw

zlwk wkh idluo| shuvlvwhqw whfkqrorj| yduldwlrqv dvvxphg lq wkh UEF olwhudwxuh1 Zh

dvvxph lghqwlfdo ydoxhv ri j/ �/ q/ dqg w iru wkh zruog hfrqrp|1 Qrwlfh wkdw rxu

fdoleudwlrq lpsolhv wkdw j# : �/ dqg khqfh / : � dqg X : �> dv glvfxvvhg deryh/ wkdw

dvvxpswlrq lpsolhv wkdw/ fhwhulv sdulexv/ d lqfuhdvh lq wkh zruog uhdo lqwhuhvw udwh kdv

dq h{sdqvlrqdu| h�hfw rq wkh grphvwlf hfrqrp|1

Wkh lpsxovhv uhvsrqvhv iru wkh gl�huhqw yduldeohv wr d rqh shufhqw lqqrydwlrq lq

grphvwlf whfkqrorj| duh glvsod|hg lq Iljxuh 4148 E| ghvljq/ grphvwlf lq dwlrq dqg wkh

uhdo pdujlqdo frvw uhpdlq xqfkdqjhg1 Wkh rswlpdo uhvsrqvh uhtxluhv dq h{sdqvlrq

ri rxwsxw wkdw lv devruehg e| dq lqfuhdvh lq erwk frqvxpswlrq dqg qhw h{sruwv1
Zh dovr vhh wkdw d srvlwlyh whfkqrorj| vkrfn ohdgv wr d shuvlvwhqw uhgxfwlrq lq wkh
grphvwlf lqwhuhvw udwh xqghu wkh rswlpdo srolf|1 Vxfk d ghfolqh lv odujho| pluuruhg e|

wkh uhdo udwh/ dqg dffrxqwv iru wkh lqfuhdvh lq frqvxpswlrq rq lpsdfw/ dv zhoo dv lwv

judgxdo uhwxuq wr wkh lqlwldo ohyho1 Vlqfh wkh zruog lqwhuhvw udwh uhpdlqv xqfkdqjhg/
xqfryhuhg lqwhuhvw sdulw| uhtxluhv dq lqlwldo ghsuhfldwlrq ri wkh grphvwlf fxuuhqf|/

iroorzhg e| d judgxdo uhyhuvlrq wr lwv lqlwldo ohyho +l1h1/ dq dqwlflsdwhg dssuhfldwlrq,1

46Wkdw dvvxpswlrq pdnhv wkh prgho frqvlvwhqw zlwk vxvwdlqhg edodqfhg jurzwk/ jlyhq rxu xwlolw|

ixqfwlrq1
47Vhh/ h1j1/ Edfnxv/ Nhkrh/ dqg N|godqg +4<<7,1
48E| frqvwuxfwlrq/ wkh h�hfw rq zruog djjuhjdwhv lv qhjoljleoh dqg lv wkxv qrw glvsod|hg1
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Qrwlfh dovr wkdw wkh ohyho ri wkh FSL mxpsv xs lq wkh shulrg ri wkh vkrfn +ehfdxvh ri

wkh h{fkdqjh udwh ghsuhfldwlrq,/ dqg wkhq uhyhuwv edfn wr wuhqg/ wkxv jhqhudwlqj wkh

sdwk ri lq dwlrq vhhq lq wkh �jxuh1 Wkdw uhvsrqvh ri FSL lq dwlrq dffrxqwv iru wkh

jds ehwzhhq wkh uhvsrqvhv ri wkh uhdo h{fkdqjh udwh dqg wkdw ri wkh whupv ri wudgh

+zklfk fruuhvsrqgv wr wkh qrplqdo h{fkdqjh udwh,1

Wkh lqfuhdvh lq frqvxpswlrq glvfxvvhg deryh/ frpelqhg zlwk wkh lqfuhdvh lq qhw

h{sruwv/ ohdgv wr dq h{sdqvlrq ri djjuhjdwh ghpdqg dqg rxwsxw1 Qrwlfh wkdw derxw

kdoi ri wkh lqfuhdvh lq rxwsxw lv dffrxqwhg iru e| wkh lqfuhdvh lq wkh wudgh edodqfh/

zklfk glvsod|v d shuvlvwhqw vxusoxv1 Wkdw vxusoxv lv wkh uhvxow ri dq lqfuhdvh lq h{sruwv

+uhvxowlqj iurp wkh juhdwhu frpshwlwlyhqhvv dvvrfldwhg zlwk wkh uhdo ghsuhfldwlrq,

deryh wkh lqfuhdvh h{shulhqfhg e| lpsruwv wkdw suhydlov xqghu rxu sdudphwul}dwlrq149

71515 G|qdplf H�hfwv ri d Whfkqrorj| Vkrfn Deurdg

Iljxuh 5 glvsod|v wkh h�hfwv ri d srvlwlyh whfkqrorj| vkrfn lq wkh uhvw ri wkh zruog1
Lq rughu wr vwdelol}h pdujlqdo frvwv dqg lq dwlrq/ wkh prqhwdu| dxwkrulw| ryhuvhdv
orzhuv wkh lqwhuhvw udwh/ zklfk lqgxfhv d shuvlvwhqw lqfuhdvh lq erwk zruog rxwsxw dqg
frqvxpswlrq1 Wkh grphvwlf fhqwudo edqn dovr orzhuv lwv lqwhuhvw udwh/ lq rughu wr
frxqwhudfw wkh ghfolqh lq pdujlqdo frvw uhvxowlqj iurp wkh uhdo dssuhfldwlrq fdxvhg e|
wkh orzhu zruog lqwhuhvw udwh1 Qrwlfh/ krzhyhu/ wkdw wkh grphvwlf udwh uhpdlqv deryh
wkh zruog udwh doo dorqj/ lq d zd| frqvlvwhqw zlwk wkh revhuyhg dssuhfldwlrq ri wkh
grphvwlf fxuuhqf| rq lpsdfw +dqg dq lqgxfhg idoo lq wkh FSL,/ iroorzhg e| d judgxdo
ghsuhfldwlrq xqwlo erwk lqwhuhvw udwhv frqyhujh dw wkhlu lqlwldo ohyho1 Khqfh/ zkloh
wkh orzhu grphvwlf lqwhuhvw udwhv dffrxqw iru wkh revhuyhg h{sdqvlrq lq frqvxpswlrq/
wkh h{fkdqjh udwh dssuhfldwlrq dffrxqwv iru wkh qhjdwlyh frqwulexwlrq ri wkh h{whuqdo
vhfwru wr djjuhjdwh ghpdqg dqg rxwsxw1 Dv glvfxvvhg deryh/ wkh odwwhu h�hfw suhydlov
xqghu rxu fdoleudwlrq1 Wkdw jhqhudwhv d qhjdwlyh fruuhodwlrq ehwzhhq rxwsxwv dfurvv
frxqwulhv/ zklfk fdq rqo| eh xqgrqh e| doorzlqj iru d srvlwlyh fruuhodwlrq ehwzhhq
whfkqrorj| vkrfnv1

71516 Rswlpdo H{fkdqjh Udwh Yrodwlolw|

Htxdwlrq +BB, uhsuhvhqwv wkh htxloleulxp ehkdylru ri wkh qrplqdo h{fkdqjh udwh xqghu
wkh rswlpdo srolf|1 Dq lqwhuhvwlqj ihdwxuh lv zruwk hpskdvl}lqj= xqghu wkh rswlpdo
srolf|/ wkh qrplqdo h{fkdqjh udwh lv vwdwlrqdu|1 Wklv lv frqvlvwhqw zlwk ixoo vwdelolw|
ri sulfhv +dw krph dqg deurdg, frpelqhg zlwk wkh vwdwlrqdulw| ri wkh whupv ri wudgh
dvvrfldwhg zlwk wkh rswlpdo doorfdwlrq1 Lw lv lq vwdun frqwudvw/ krzhyhu/ zlwk wkh xqlw
urrw wkdw vhhpv wr fkdudfwhul}h wkh hpslulfdo ehkdylru ri wkdw yduldeoh1+uhihuhqfhB,

Ri frxuvh/ vwdwlrqdulw| grhv qrw qhfhvvdulo| lpso| orz yrodwlolw|1 Wkh odwwhu zloo eh
d ixqfwlrq ri wkh uhodwlyh yduldqfhv ri grphvwlf dqg zruog surgxfwlylw|/ dv zhoo dv wkh

49Wkh olwhudwxuh/ erwk wkhruhwlfdo dqg hpslulfdo/ grhv qrw vhhp wr djuhh rq wkh lpsruwdqfh ri
wkh h{shqglwxuh vzlwfklqj h�hfw lq gulylqj wkh vkruw0uxq g|qdplfv ri wkh edodqfh ri wudgh1 Vhh
Revwihog0Urjr� +4<<<, iru dq hpslulfdo dujxphqw lq idyru ri wklv h�hfw1
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fruuhodwlrq ehwzhhq wkh wzr1 Pruh suhflvho|/ wkh yduldqfh ri wkh qrplqdo h{fkdqjh

udwh xqghu wkh rswlpdo srolf| lv sursruwlrqdo wr

Ej5 � j5
W�2 n 2 j5j5

W E�� 4
5c5W

� +65,

zkhuh j
5
dqg j

5
W ghqrwh wkh vwdqgdug ghyldwlrq ri grphvwlf dqg zruog surgxfwlylw|/

dqg 4
5c5W

wkhlu fruuhodwlrq1 Khqfh/ zh vhh wkdw wkh �rswlpdo yrodwlolw|� ri wkh qrplqdo

h{fkdqjh udwh lv lqfuhdvlqj zlwk wkh h{whqw ri wkh dv|pphwu| ehwzhhq wkh wzr vkrfnv/

erwk lq whupv ri wkhlu pdjqlwxgh +uhsuhvhqwhg e| wkh �uvw whup, dqg wkhlu frpryhphqw

+phdvxuhg e| wkh vhfrqg whup,1 Wkdw yrodwlolw| lv olnho| wr eh uhodwhg wr wkh frvw ri

shjjlqj wkh h{fkdqjh udwh ru mrlqlqj d �odujh� prqhwdu| xqlrq/ dv lw lv w|slfdoo|

srlqwhg rxw lq wkh olwhudwxuh rq rswlpxp fxuuhqf| duhdv1

Lq rughu wr dvfhuwdlq wkh rughu ri pdjqlwxgh ri wkh rswlpdo h{fkdqjh udwh yrodwlolw|

lpsolhg e| rxu prgho/ zh frpsxwh vhfrqg prphqwv iru rxu fdoleudwhg hfrqrp|1 Wkh|

duh uhsruwhg lq Wdeoh 41 Zh frqvlghu wkuhh vfhqdulrv= +d, grphvwlf vkrfnv rqo|/ +e,

zruog vkrfnv rqo|/ +f, erwk grphvwlf dqg iruhljq vkrfnv1 Wkurxjkrxw/ wkh yduldqfh

ri wkh whfkqrorj| vkrfn lv wkh vdph iru wkh wzr hfrqrplhv dqg qrupdol}hg vr wkdw

wkh vwdqgdug ghyldwlrq ri zruog rxwsxw lv htxdo wr rqh xqghu rxu fdoleudwlrq1 Wkh

odwwhu surylghv d xvhixo ehqfkpdun vlqfh/ xqghu rxu fdoleudwlrq/ lw fruuhvsrqgv wr wkh

vwdqgdug ghyldwlrq ri rxwsxw iru d forvhg hfrqrp| +dqg/ khqfh/ iru wkh zruog hfrqrp|

lq rxu prgho,1 Lq dgglwlrq zh fdoleudwh wkh fryduldqfh ehwzhhq wkh wzr vkrfnv vr wkdw

wkh fruuhodwlrq ri grphvwlf rxwsxw zlwk zruog rxwsxw lq wkh wklug vfhqdulr lv f�./ d

ydoxh wkdw zh wdnh dv w|slfdo ri pdq| vpdoo rshq hfrqrplhv1
4:

Qrwlfh wkdw zkhq erwk vkrfnv duh rshudwlyh wkh lpsolhg yrodwlolw| ri wkh uhdo dqg

qrplqdo h{fkdqjh udwh lv vxevwdqwldoo| orzhu wkdq wkdw ri rxwsxw/ frqvxpswlrq dqg

wudgh txdqwlwlhv dqg/ khqfh/ idu orzhu wkdq wkh uhodwlyh yrodwlolw| revhuyhg lq wkh

gdwd14; Zh lqwhusuhw wklv dv wkh rswlpdo h{fkdqjh udwh yrodwlolw| lpsolhg e| wkh

prgho/ frqglwlrqdo rq rxu fdoleudwlrq1 Khqfh/ zh vhh wkdw qrplqdo h{fkdqjh udwhv

duh uhtxluhg wr  xfwxdwh vxevwdqwldoo| xqghu wkh rswlpdo srolf|/ d uhvxow wkdw frxog

douhdg| eh lqihuuhg iurp wkh lpsxovh uhvsrqvhv glvfxvvhg deryh1

Wkh suhylrxv uhvxow srlqwv wr wkh shulov ri srolflhv wkdw pd| vhhn wr vwdelol}h wkh

ydoxh ri wkh fxuuhqf| +l1h1/ wr uhgxfh wkh yrodwlolw| ri wkh qrplqdo h{fkdqjh udwh ehorz

wkdw lpsolhg e| wkh rswlpdo srolf|,1 Wkrvh srolflhv zloo hlwkhu eh d vrxufh ri uhodwlyh

sulfh glvwruwlrqv +l1h1/ uhdo h{fkdqjh udwh �plvdoljqphqw�, ru/ hyhq li wkh| zhuh wr

uhsolfdwh wkh rswlpdo uhdo h{fkdqjh udwh sdwk wkh| frxog qrw eh frqvlvwhqw zlwk wkh

rswlpdo doorfdwlrq +vlqfh lq wkdw fdvh wkh| zrxog uhtxluh yduldwlrqv lq grphvwlf sulfhv

wkdw gr qrw rffxu xqghu  h{leoh sulfhv,1

Qrwlfh/ �qdoo|/ wkdw wkh yrodwlolw| ri wkh h{fkdqjh udwh ghfuhdvhv vljql�fdqwo| lq wkh

wzr0vkrfn vfhqdulr zlwk uhvshfw wr wkh rqh zlwk rqh vkrfn rqo|1 Wklv lv d frqvhtxhqfh

ri wkh srvlwlyh fruuhodwlrq ehwzhhq grphvwlf dqg iruhljq vkrfnv/ vlqfh xqghu rxu

4:Wkxv/ h1j1/ Edfnxv hw do1 +4<;8, uhsruw d fruuhodwlrq ri 31:9 ehwzhhq X1V1 dqg Fdqdgldq JGS1
4;Wkh vwdqgdug ghyldwlrq ri wkh uhdo h{fkdqjh udwh uhodwlyh wr wkdw ri rxwsxw uhsruwhg lq Edfnxv

hw do1 +4<;8, lv 41<4 iru wkh X1V1/ 513 iru Fdqdgd/ 41:9 iru Jhupdq|/ dqg 41<8 iru wkh X1N11
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dvvxpswlrq ri htxdo yduldqfhv ri wkh vkrfnv/ wkh yduldqfh ri wkh qrplqdo h{fkdqjh

udwh lv sursruwlrqdo wr j
2

5
E� � 4

5c5W
�1

71517 Rshqqhvv/ Rswlpdo Srolf| dqg Pdfurhfrqrplf Yrodwlolw|

Krz grhv wkh ghjuhh ri rshqqhvv ri d vpdoo hfrqrp| d�hfw wkh fkdudfwhulvwlfv ri lwv

rswlpdo prqhwdu| srolf| dqg wkh uhvxowlqj pdfurhfrqrplf rxwfrphB

Lq Iljxuh 6 zh �uvw sorw wkh uhodwlrqvkls ehwzhhq rxu phdvxuh ri rshqqhvv k

dqg wkh vl}h ri wkh frh!flhqw )
o
/ zkhuh wkh odwwhu phdvxuhv wkh vl}h ri wkh grphvwlf

lqwhuhvw udwh uhvsrqvh wr d rqh shufhqw fkdqjh lq wkh zruog udwh xqghu wkh rswlpdo

srolf|14< Dv phqwlrqhg deryh/ dqg jlyhq wkdw wkh frqglwlrq j# : � lv vdwlv�hg xqghu

rxu fdoleudwlrq/ )
o
olhv ehwzhhq }hur dqg rqh1 Prvw lqwhuhvwlqjo|/ dqg dv looxvwudwhg

lq wkh �jxuh/ lw fdq dovr eh vkrzq wr eh vwulfwo| lqfuhdvlqj lq k�
53

Qrw vxusulvlqjo|/

lq wkh forvhg hfrqrp| olplw +l1h1/ dv k $ f,/ wkh grphvwlf udwh grhv qrw uhvsrqg
wr fkdqjhv lq wkh zruog udwh1 Dv k $ �c )

o
grhv qrw h{fhhg f�2/ lq olqh zlwk wkh

lghd wkdw wkh rswlpdo srolf| hqwdlov rqo| d sduwldo ghjuhh ri h{fkdqjh udwh vprrwklqj

lq wkh idfh ri h{whuqdo surgxfwlylw| vkrfnv1 Qrwlfh dovr wkdw wkh vl}h ri wkh rswlpdo

lqwhuhvw udwh uhvsrqvh wr grphvwlf vkrfnv lv ghfuhdvlqj lq rshqqhvv/ vlqfh YX

Yk
	 f1

Duh h{fkdqjh udwhv lqwulqvlfdoo| pruh yrodwloh lq pruh rshq hfrqrplhvB Zkdw

duh wkh frqvhtxhqfhv iru wkh ryhudoo pdfurhfrqrplf yrodwlolw| B Iljxuh 7 glvsod|v

wkh uhodwlrqvkls ehwzhhq rshqqhvv dqg wkh yrodwlolw| ri h{fkdqjh udwh/ rxwsxw/ dqg

frqvxpswlrq xqghu rxu ehqfkpdun fdoleudwlrq1 Iluvw/ qrwlfh wkdw wkh yrodwlolw| ri

wkh h{fkdqjh udwh ghfuhdvhv dv wkh hfrqrp| ehfrphv pruh rshq1 Wklv iroorzv iurp

wkh idfw wkdw wkh vwdqgdug ghyldwlrq ri wkh lqwhuhvw udwh gl�huhqwldo lv ghfuhdvlqj lq

k1 E| frqwudvw/ wkh yrodwlolw| ri rxwsxw ulvhv zlwk k= wkh pruh rshq lv wkh hfrqrp|/

wkh juhdwhu lv wkh vhqvlwlylw| ri rxwsxw wr erwk grphvwlf dqg iruhljq vkrfnv154Lq rwkhu

zrugv/ wkh lqfuhdvlqj vwdelol}dwlrq ri wkh qrplqdo +dqg wkhuhiruh uhdo, h{fkdqjh udwh

lpsolhv vpdoohu urrp iru uhdo uhodwlyh sulfh dgmxvwphqw dv d vwdelol}dwlrq wrro/ zlwk

d uhvxowlqj kljkhu lqvwdelolw| ri ryhudoo rxwsxw1 Qrwlfh wkdw wkh suhylrxv uhvxowv krog

lqghshqghqwo| ri wkh uhodwlyh lpsruwdqfh ri grphvwlf dqg iruhljq vkrfnv1

Ilqdoo|/ wkh h�hfw rq frqvxpswlrq yrodwlolw| lv qrq prqrwrqlf1 Xqghu shuihfw

lqwhuqdwlrqdo ulvn0vkdulqj/ wkh wzr h{wuhph fdvhv ri d forvhg hfrqrp| +k ' f, dqg

d ixoo| rshq hfrqrp| +k ' �, duh v|pphwulf1 Lq wkh iruphu fdvh/ wkh yrodwlolw| ri

frqvxpswlrq frlqflghv zlwk wkdw ri rxwsxw lq wkh forvhg hfrqrp|/ zkhuhdv lq wkh

odwwhu lw htxdov wkdw ri iruhljq frqvxpswlrq zklfk/ lq wxuq/ fruuhvsrqgv wr wkdw ri

rxwsxw lq wkh forvhg hfrqrp|1
55 Lw lv fohdu iurp htxdwlrq +BB, dqg wkh idfw wkdw

YX

Yk
	 f xqghu rxu dvvxpswlrqv/ wkdw wkh yrodwlolw| ri frqvxpswlrq lv lqyhuvho| uhodwhg

wr rshqqhvv lq wkh suhvhqfh ri grphvwlf vkrfnv rqo|/ exw srvlwlyho| vr li iruhljq vkrfnv

4<
Zh nhhs frqvwdqw wkh dvvxphg vhwwlqjv iru wkh uhpdlqlqj sdudphwhuv1

53Wr vhh wklv/ qrwlfh wkdw $ lv lqfuhdvlqj lq �1
54Wklv fdq eh vlpso| vkrzq e| ghulylqj wkh dqdo|wlfdo h{suhvvlrq iru ydu+|, lpsolhg e| htxdwlrq

+BB,1
55Lq htxdwlrq +BB,/ lq idfw/ eFw @ �

e]w @
e\w iru � @ 3/ dqg eFw @ �

e]
�

w
@

e\
�

w
iru � @ 4=
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duh wkh grplqdqw vrxufh ri  xfwxdwlrqv1 Zkhq erwk vkrfnv duh suhvhqw wkh wzr h�hfwv

frpelqh wr jlyh wkh kxps vkdshg uhodwlrqvkls glvsod|hg lq wkh erwwrp sdqho1

8 D Wd|oru Uxoh

Krz grhv d vlpsoh/ hpslulfdoo| edvhg/ lqwhuhvw udwh uxoh frpsduh zlwk wkh rswlpdo

srolf|B Vlqfh wkh zrun ri Wd|oru +4<<7, d vlpsoh olqhdu uxoh ri wkh irup=

o| ' KZ Z| n K+
et| +66,

kdv ehhq xvhg iuhtxhqwo| lq prqhwdu| prghov ri wkh pdfurhfrqrp|1 Wklv srsxodulw|

lv prvwo| gxh wr lwv delolw| wr wudfn zhoo wkh ehkdylru ri lqwhuhvw udwhv lq wkh XV1 dqg

lq rwkhu lqgxvwuldol}hg frxqwulhv/ hvshfldoo| diwhu 4<:<1
56

Lq wkh suhvhqw vhfwlrq zh

dqdo|}h wkh surshuwlhv ri wkh htxloleulxp ri rxu vpdoo hfrqrp| zkhq wkh rswlpdo uxoh

+BB, lv uhsodfhg e| +66,/ zlwk KZ ' ��D dqg K+ ' f�D dv lq Wd|oru +4<<7,157

Lq Iljxuhv 8 dqg 9 zh uhsruw lpsxovh uhvsrqvhv ri gl�huhqw yduldeohv wr grphvwlf
dqg zruog surgxfwlylw| vkrfnv/ uhvshfwlyho|/ xqghu erwk wkh rswlpdo srolf| +vrolg olqh,
dqg wkh Wd|oru uxoh +gdvkhg,1

Vhyhudo lqwhuhvwlqj gl�huhqfhv hphujh1 Frqvlghu �uvw wkh fdvh ri d idyrudeoh gr0
phvwlf surgxfwlylw| vkrfn1 Xqghu d Wd|oru uxoh wkh uhdo pdujlqdo frvw idoov ehorz lwv

rswlpdo ohyho dqg/ dv d uhvxow/ vr grhv grphvwlf lq dwlrq1 Vxfk uhvsrqvhv vxjjhvw wkdw
wkh Wd|oru uxoh lpsolhv wrr wljkw d srolf| lq uhvsrqvh wr wkdw vkrfn1 \hw/ d orrn dw
wkh sdwwhuq ri wkh qrplqdo lqwhuhvw udwh srlqwv wr d pxfk odujhu ghfolqh xqghu wkh
Wd|oru uxoh1 Zkdw lv jrlqj rqB Lw wxuqv rxw wkdw/ lq frqwudvw zlwk wkh ehkdylru ri lwv
qrplqdo frxqwhusduw/ wkh ghfolqh lq wkh uhdo lqwhuhvw udwh lv vljql�fdqwo| vpdoohu xqghu

wkh Wd|oru uxoh +wklv lv wuxh uhjdugohvv ri wkh lq dwlrq phdvxuh xvhg wr frqvwuxfw lw,1
Wkdw kdv wzr frqvhtxhqfhv1 Iluvw/ wkh h{sdqvlrq ri frqvxpswlrq lv vpdoohu1 Vhfrqg/
wkh uhvsrqvh ri wkh whupv ri wudgh lv dovr pruh pxwhg/ zklfk ohdgv wr d pruh prghvw
h{sdqvlrq ri qhw h{sruwv1 Dv d uhvxow/ erwk rxwsxw dqg hpsor|phqw uhpdlq ehorz
wkhlu rswlpdo ohyhov/ zklfk dffrxqwv iru wkh revhuyhg ghfolqh lq uhdo pdujlqdo frvw dqg
grphvwlf lq dwlrq1 Wkhuhiruh wkh nh| gl�huhqfh ehwzhhq wkh wzr uxohv olhv lq wkh vkruw

uxq g|qdplfv ri wkh uhdo lqwhuhvw udwh/ zlwk wkh odwwhu qrw ehlqj vx!flhqwo| uhvsrqvlyh
xqghu d Wd|oru uxoh1 Wkh suhylrxv revhuydwlrq vxjjhvwv wkdw wkh rswlpdo sdwk iru wkh

uhdo udwh frxog eh dssur{lpdwhg e| pdnlqj K
Z
duelwudulo| odujh lq htxdwlrq +66,158

Wzr rwkhu gl�huhqfhv duh zruwk phqwlrqlqj1 Iluvw/ xqghu d Wd|oru uxoh wkh qrp0

lqdo h{fkdqjh udwh pryhv lq wkh �zurqj� gluhfwlrq dqg/ ixuwkhupruh/ lw ehfrphv

qrqvwdwlrqdu|1 Wkh odwwhu surshuw| iroorzv iurp wkh shuvlvwhqw uhvsrqvh ri lq dwlrq

56
Vhh dovr Wd|oru +4<<<,/ Mxgg dqg Uxghexvfk +4<<;,/ Fodulgd/ Jdoð/ dqg Jhuwohu +4<<;/ 5333,/

iru dq hpslulfdo dqdo|vlv ri Wd|oru0w|sh uxohv1
57
Iru frpsdulvrq sxusrvhv zh pdlqwdlq wkh dvvxpswlrq ri rswlpdo srolf| lq wkh uhvw ri wkh zruog1

58
Lq uhvxowv qrw uhsruwhg khuh zh vkrz wkdw dv e

�
$4 wkh g|qdplf dgmxvwphqw ri doo wkh yduldeohv

frlqflgh xqghu wkh wzr uxohv1
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+zklfk lpsolhv d shupdqhqw h�hfw ri wkh vkrfn rq wkh sulfh ohyho/ dqg khqfh d xqlw

urrw lq wkh odwwhu,/ frpelqhg zlwk wkh vwdwlrqdulw| ri wkh uhdo h{fkdqjh udwh +zklfk lv

d pruh jhqhudo surshuw| ri wkh prgho,1 Vhfrqg/ FSL lq dwlrq idoov rq lpsdfw xqghu

wkh Wd|oru uxoh/ dv d uhvxow ri erwk orzhu grphvwlf lq dwlrq dqg wkh h{fkdqjh udwh

dssuhfldwlrq1

Frqvlghu qh{w wkh gl�huhqw lpsolfdwlrqv ri wkh wzr uxohv lq uhvsrqvh wr d idyrudeoh

surgxfwlylw| vkrfn lq wkh uhvw ri wkh zruog1 Orrnlqj dw wkh uhvsrqvh ri grphvwlf

lq dwlrq dqg pdujlqdo frvw vxjjhvwv wkdw wkh grphvwlf fhqwudo edqn grhv qrw wljkwhq

srolf| vx!flhqwo|1 Wkdw revhuydwlrq/ krzhyhu/ vhhpv dw rggv zlwk wkh revhuyhg uh0

vsrqvhv ri wkh qrplqdo udwh xqghu wkh wzr uhjlphv1 Exw lw lv wkh sdwk ri uhdo lqwhuhvw

udwhv wkdw ghwhuplqhv djjuhjdwh ghpdqg/ dqg zh vhh krz erwk ri lwv phdvxuhv uhpdlq

ehorz wkhlu rswlpdo sdwkv1 Wkh gl�huhqfh lq wkh FSL0edvhg phdvxuhv lv doprvw qhj0

oljleoh dqg/ dffruglqjo|/ vr lv wkh gl�huhqwldo uhvsrqvh ri frqvxpswlrq1 Exw wklv qrw

wuxh iru wkh grphvwlf lq dwlrq0edvhg uhdo udwh zklfk qrz uhpdlqv forvhu wr wkh zruog

uhdo udwh dorqj wkh dgmxvwphqw sdwk159 Dv d uhvxow/ wkh vl}h ri wkh uhdo dssuhfldwlrq lv

vpdoohu xqghu wkh Wd|oru uxoh/ dqg vr lv wkh frqwudfwlrq lq qhw h{sruwv1 Wkdw dffrxqwv

iru wkh vpdoohu ghfolqh lq rxwsxw/ dqg wkh revhuyhg vxerswlpdo sdwwhuq ri pdujlqdo

frvwv dqg lq dwlrq1

Wkh vhfrqg sdqho ri Wdeoh 4 surylghv vrph vwdwlvwlfv iru wkh fdoleudwhg hfrqrp|

xqghu d Wd|oru uxoh/ zklfk fdq eh frpsduhg zlwk wkhlu frxqwhusduwv xqghu wkh rswl0

pdo srolf|1 Wkh uhvxowv srlqw wr wkh iroorzlqj ihdwxuh= zlwk uhvshfw wr wkh rswlpxp/

prqhwdu| srolf| xqghu d Wd|oru uxoh gholyhuv h{fhvv yrodwlolw| ri qrplqdo yduldeohv/

frh{lvwlqj zlwk h{fhvv vprrwkqhvv ri uhdo yduldeohv1 Lqghshqghqwo| ri wkh glvwulex0

wlrq ri wkh vkrfnv/ xqghu wkh Wd|oru uxoh wkh yrodwlolw| ri rxwsxw dqg frqvxpswlrq/

dqg uhodwlyh sulfhv lv orzhu wkdq wkh rswlpdo1 Dovr/ dqg dv hpskdvl}hg deryh/ lw lv

wkh lqvx!flhqw uhvsrqvlyhqhvv ri wkh uhdo lqwhuhvw udwhv wkdw dffrxqwv iru wkdw orzhu

yrodwlolw|1 Rq wkh rwkhu kdqg/ d Wd|oru uxoh lpsolhv d yrodwlolw| idu deryh wkh rswlpdo

rqh iru qrplqdo lqwhuhvw udwhv/ pdujlqdo frvwv/ dqg grphvwlf lq dwlrq1 Iru FSL lq d0

wlrq/ rq wkh rwkhu kdqg/ wkh udqnlqj ri yrodwlolwlhv xqghu wkh wzr srolflhv frqvlghuhg

khuh lv dpeljxrxv dqg ghshqgv rq wkh grplqdqw vrxufh ri  xfwxdwlrqv1 Zkhq wkh

wzr vkrfn duh suhvhqw/ FSL lq dwlrq lv pxfk pruh yduldeoh xqghu d Wd|oru uhjlph1

9 Dq H{fkdqjh Udwh Shj

Lq wkh suhvhqw vhfwlrq zh frqvlghu d wklug prqhwdu| duudqjhphqw iru wkh vpdoo rshq

hfrqrp|= d shupdqhqw +dqg fuhgleoh, h{fkdqjh udwh shj1 Lq wkh frqwh{w ri rxu

prgho/ wklv vkrxog eh htxlydohqw wr wkh dgrswlrq e| wkh vpdoo hfrqrp| ri wkh zruog

fxuuhqf|/ zlwk wkh fruuhvsrqglqj uholqtxlvkphqw ri dq dxwrqrprxv prqhwdu| srolf|1

Iru vlpsolflw|/ zh pdlqwdlq wkh dvvxpswlrq ri dq rswlpdo prqhwdu| srolf| lq wkh

59Uhfdoo iurp Iljxuh 5 wkdw wkh zruog uhdo udwh uhpdlqhg zhoo ehorz wkh grphvwlf udwh xqghu wkh

rswlpdo srolf| lq uhsrqvh wr wkh vkrfn xqghu frqvlghudwlrq1

4;



zruog hfrqrp|1 Wkdw srolf| lv edvhg rq zruog djjuhjdwhv/ dqg lv qrw d�hfwhg e| wkh

mrlqlqj ri wkh zruog prqhwdu| xqlrq e| rxu vpdoo hfrqrp|/ jlyhq wkh qhjoljleoh vl}h

ri wkh odwwhu1
5:

Lq wkh devhqfh ri fdslwdo frqwurov/ dq lpsolfdwlrq ri prqhwdu| lqwhjudwlrq lv wkh

htxdol}dwlrq ri wkh grphvwlf lqwhuhvw udwh wr wkh zruog lqwhuhvw udwh1 Xqghu wkh dv0

vxpswlrq wkdw wkh zruog prqhwdu| dxwkrulw| sxuvxhv dq rswlpdo srolf| lw iroorzv

wkdw=

o| ' �jE�� 4�K 5
W

|
+67,

iru doo |1

Frqvwdqf| ri wkh qrplqdo h{fkdqjh udwh dqg zruog sulfhv +wkh odwwhu uhvxowlqj

iurp wkh dvvxpswlrq ri dq rswlpdo srolf| dw wkh zruog ohyho,/ lpso| wkdw er| ' �
e�Mc|1

Vxevwlwxwlqj wkh odwwhu htxdolw| lqwr +58, dqg frpelqlqj wkh uhvxowlqj h{suhvvlrq iru

pdujlqdo frvw zlwk lq dwlrq htxdwlrq +57,/ zh fdq ghulyh wkh iroorzlqj htxloleulxp

surfhvv iru grphvwlf sulfhv=

� e�Mc| '
e�Mc|3� n q .|i e�Mc|n�jn bE� n �� E5W

|
� 5|�

zkhuh � � �nqnb
�
�n

�/

j

�
1 Wkh suhylrxv gl�huhqfh htxdwlrq fdq eh vkrzq wr kdyh

wzr srvlwlyh/ uhdo hljhqydoxhv/ rqh vwdeoh dqg rqh xqvwdeoh1 Khqfh/ e�Mc| lv xqltxho|

ghwhuplqhg dv d ixqfwlrq ri fxuuhqw dqg sdvw uhdol}dwlrqv ri surgxfwlylw| gl�huhqwldov

i5W
|
� 5|j/ dqg kdv d vwdwlrqdu| DUPD+4/4, uhsuhvhqwdwlrq1 Wkh vwdwlrqdulw| ri wkh

sulfh ohyho lv d gluhfw lpsolfdwlrq ri wkh vwdwlrqdulw| ri wkh whupv ri wudgh/ jlyhq
wkh frqvwdqf| ri wkh qrplqdo h{fkdqjh udwh dqg wkh zruog sulfh ohyho1 Jlyhq wkh
htxloleulxp surfhvv iru i e�Mc|j lw lv vwudljkwiruzdug wr ghwhuplqh wkh fruuhvsrqglqj

surfhvvhv iru wkh whupv ri wudgh/ wkh uhdo h{fkdqjh udwh/ rxwsxw/ frqvxpswlrq/ hwf1
Ixuwkhupruh/ lw lv hdv| wr fkhfn wkdw wkh uhvxowlqj htxloleulxp sdwk iru grphvwlf

frqvxpswlrq lv frqvlvwhqw zlwk wkh Hxohu htxdwlrq/ jlyhq wkh lqwhuhvw udwh sdwk lq
+67,1

Qrwlfh wkdw/ lq htxloleulxp/ wkh yduldqfh ri grphvwlf lq dwlrq dqg wkh whupv ri
wudgh zloo eh sursruwlrqdo wr wkh yduldqfh ri wkh surgxfwlylw| gl�huhqwldo/ jlyhq e|

h{suhvvlrq +65,/ dqg zloo wkxv eh ghfuhdvlqj zlwk wkh ghjuhh ri frpryhphqw ehwzhhq

grphvwlf dqg zruog vkrfnv1 Lq wkh olplwlqj fdvh ri shuihfw fruuhodwlrq/ wkh rswlpdo
srolf| sxuvxhg e| wkh zruog prqhwdu| dxwkrulw| zloo dovr eh rswlpdo iru wkh vpdoo

hfrqrp|/ ohdglqj wr frpsohwh sulfh dqg pdujlqdo frvw vwdelolw| lq wkh odwwhu1
Iljxuhv : dqg ; glvsod| wkh uhvsrqvhv ri gl�huhqw yduldeohv wr grphvwlf dqg zruog

surgxfwlylw| vkrfnv/ uhvshfwlyho|/ xqghu erwk wkh rswlpdo srolf| +vrolg olqh, dqg dq
h{fkdqjh udwh shj +gdvkhg, lpsolhg e| rxu fdoleudwhg prgho1 Rqh fdq wkhq lqwhu0

suhw wkh jds ehwzhhq wkh wzr dv dq lqglfdwru ri wkh lqh!flhqf| dvvrfldwhg zlwk wkh
uholqtxlvkphqw ri prqhwdu| lqghshqghqfh1

5:
Zh duh yhu| judwhixo wr Fkulv Hufhj iru srlqwlqj rxw d fulwlfdo plvwdnh lq wkh wuhdwphqw ri wkh

h{fkdqjh udwh shj lq dq hduolhu yhuvlrq ri wkh suhvhqw sdshu1

4<



Dv zdv wkh fdvh zlwk wkh Wd|oru uxoh/ lq uhvsrqvh wr d idyrudeoh grphvwlf sur0
gxfwlylw| vkrfn wkh uhdo pdujlqdo frvw idoov ehorz lwv rswlpdo ohyho dqg/ dv d uhvxow/
vr grhv grphvwlf lq dwlrq1 Wklv lv d frqvhtxhqfh ri wkh lpsrvvlelolw| ri orzhulqj wkh
qrplqdo udwh dqg ohwwlqj wkh fxuuhqf| ghsuhfldwh/ dv zrxog eh qhhghg lq rughu wr
vxssruw dq h{sdqvlrq lq frqvxpswlrq dqg rxwsxw dv vwurqj dv wkdw dvvrfldwhg zlwk
wkh  h{leoh sulfh doorfdwlrq1

Qrwlfh dovr wkdw wkh vwdwlrqdulw| ri wkh sulfh ohyho lpsolhg e| wkh shj uhtxluhv
wkdw wkh lqlwldo/ vkruw0olyhg gh dwlrq lv hyhqwxdoo| iroorzhg e| d shulrg ri shuvlvwhqw
+doehlw orz, lq dwlrq1 Wkdw sdwwhuq/ frpelqhg zlwk wkh frqvwdqf| ri wkh qrplqdo udwh/
lpsolhv d ghfolqh lq h{shfwhg orqj uhdo udwhv +qrw vkrzq lq wkh �jxuh,/ zklfk dffrxqwv
iru wkh h{sdqvlrq lq frqvxpswlrq dqg wkh uhdo ghsuhfldwlrq +zlwk wkh frqvhtxhqw ulvh
lq qhw h{sruwv,1 Wkrvh uhvsrqvhv/ lq wxuq/ h{sodlq wkh revhuyhg lqfuhdvh lq djjuhjdwh
ghpdqg dqg rxwsxw1

Wkh olplwhg shuvlvwhqfh ri pdujlqdo frvwv dqg wkh hyhqwxdo uhyhuvdo ri lwv vljq olhv
ehklqg wkh vljql�fdqw lpsuryhphqw revhuyhg lq wkh vkruw uxq wudgh0r� ehwzhhq wkh
rxwsxw jds dqg lq dwlrq/ uhodwlyh wr wkh Wd|oru uhjlph1 Wkdw uhvxow lv uhplqlvfhqw ri
wkh jdlqv wkdw wkh fhqwudo edqn ghulyhv iurp sxuvxlqj d sulfh ohyho wdujhwlqj uxoh ru
wkrvh wkdw uhvxow iurp lwv ehlqj deoh wr frpplw wr fhuwdlq ixwxuh dfwlrqv +zklfk duh
h{0srvw vxerswlpdo,/ dqg zklfk kdyh ehhq vkrzq wr dulvh lq forvhg hfrqrplhv15;

Wkh vwdwlvwlfv lq Wdeoh 4 uh hfw vrph ri wkrvh uhvxowv1 Khqfh/ zh vhh wkdw/ lq wkh
suhvhqfh ri grphvwlf vkrfnv/ wkh yrodwlolw| ri rxwsxw/ frqvxpswlrq/ lq dwlrq/ dqg wkh
whupv ri wudgh xqghu dq h{fkdqjh udwh shj +vkrzq lq wkh wklug sdqho, lv forvhu wr wkh
rswlpdo wkdq wkdw lpsolhg e| wkh Wd|oru uxoh1

Iljxuh ; looxvwudwhv wkh frqvhtxhqfhv ri dq h{fkdqjh udwh shj lq wkh idfh ri d
idyrudeoh surgxfwlylw| vkrfn deurdg1 Lq wklv fdvh wkh qhhg wr pdwfk wkh shuvlvwhqw
ghfolqh lq wkh zruog lqwhuhvw udwh fdxvhv d vwurqj h{sdqvlrq ri rxwsxw dw krph/ zlwk
vkruw uxq lq dwlrqdu| frqvhtxhqfhv1 Wkh lqlwldo htxloleulxp lv uhvwruhg wkurxjk wkh
shuvlvwhqw uhdo dssuhfldwlrq fdxvhg e| kljkhu grphvwlf sulfhv/ zlwk wkh uhvxowlqj orvv
lq frpshwlwlyhqhvv dqg ghfolqh lq qhw h{sruwv1 Qrwlfh wkdw/ xqghu dq h{fkdqjh udwh
shj/ wkh sdwk ri wkh uhdo lqwhuhvw dqg wkh uhdo h{fkdqjh udwh ghyldwh shuvlvwhqwo| iurp
wkhlu rswlpdo sdwkv> diwhu d ihz txduwhuv wkh vl}h ri wkdw ghyldwlrq/ wkrxjk vpdoo/ lv
vx!flhqw wr jhqhudwh d gh dwlrq wkdw uhvwruhv wkh lqlwldo sulfh ohyho1 Lqwhuhvwlqjo|/
prqhwdu| lqwhjudwlrq ohdgv wr d srvlwlyh fruuhodwlrq ehwzhhq grphvwlf dqg zruog
rxwsxwv/ lq frqwudvw zlwk wkh wzr rwkhu uhjlphv frqvlghuhg1 Wkdw v|qfkurql}dwlrq ri
exvlqhvv f|fohv lv d frqvhtxhqfh ri wkh lghqwlfdo lqwhuhvw udwh uhvsrqvhv wr wkh zruog
surgxfwlylw| vkrfn1 Dv looxvwudwhg lq Wdeoh 4/ dqg ehfdxvh ri wkh lqdelolw| wr sxuvxh
lwv rzq vwdelol}lqj srolf|/ rxwsxw/ frqvxpswlrq/ dqg lq dwlrq duh pruh yrodwloh wkdq
xqghu wkh Wd|oru uxoh/ vlqfh wkh odwwhu doorzv iru vrph sduwldo vwdelol}dwlrq1

Qrwlfh �qdoo| wkdw erwk wkh uhdo h{fkdqjh udwh dqg wkh whupv ri wudgh duh pruh
vwdeoh xqghu dq h{fkdqjh udwh shj wkdq xqghu wkh rswlpdo srolf|1 Wkdw �qglqj/ zklfk

5;Vhh/ h1j1/ Fodulgd/ Jdol/ dqg Jhuwohu +4<<<,/ Zrrgirug +4<<<,/ Urwhpehuj dqg Zrrgirug +4<<<,/

Yhvwlq +4<<<,1
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lv frqvlvwhqw zlwk wkh hylghqfh ri Pxvvd +4<;9,/ srlqwv wr wkh h{lvwhqfh ri �h{fhvv

vprrwkqhvv� lq uhdo h{fkdqjh udwhv xqghu d shj/ dqg dulvhv iurp wkh lqdelolw| ri sulfhv

+zklfk duh vwlfn|, wr frpshqvdwh iru wkh frqvwdqf| ri wkh qrplqdo h{fkdqjh udwh15<

: Frqfoxvlrqv

Lq wkh suhvhqw sdshu zh kdyh ghyhorshg d vpdoo rshq hfrqrp| yhuvlrq ri d fdqrqlfdo

vwlfn| sulfh prgho dqg xvhg lw wr dqdo|}h wkh surshuwlhv ri wkuhh dowhuqdwlyh prqhwdu|

uhjlphv= +d, rswlpdo prqhwdu| srolf|/ +e, d Wd|oru0uxoh edvhg uhjlph/ dqg +f, dq

h{fkdqjh udwh shj1 Wzr ihdwxuhv ri rxu prgho glvwlqjxlvk lw iurp pxfk ri wkh h{lvwlqj

olwhudwxuh1 Iluvw/ dqg ehfdxvh ri vwdjjhuhg sulfh vhwwlqj/ wkh prgho lpsolhv shuvlvwhqw

ghyldwlrqv iurp wkh  h{leoh sulfh doorfdwlrqv1 Vhfrqg/ zh prgho prqhwdu| srolf| dv

hqgrjhqrxv/ zlwk d vkruw0whup lqwhuhvw udwh ehlqj wkh lqvwuxphqw ri wkdw srolf|1

Rxu dqdo|vlv |lhogv d qxpehu ri lqwhuhvwlqj lqvljkwv/ zklfk zh eulh | vxppdul}h
khuh1

41 Wkh rswlpdo prqhwdu| srolf| lq rxu fdoleudwhg hfrqrp| hqwdlov d srvlwlyh fruuh0
odwlrq zlwk wkh srolf| vwdqfh lq wkh uhvw ri wkh zruog1 Wklv dulvhv lq rxu dqdo|vlv
dv d uhvxow ri rswlpl}lqj ehkdylru e| lqghshqghqw fhqwudo edqnv/ zlwkrxw qr
vshfl�f pdqgdwh wr vwdelol}h h{fkdqjh udwhv1

51 Wkh suhylrxv uhvxow qrwzlwkvwdqglqj/ wkh rswlpdo prqhwdu| srolf| uhtxluhv vl}h0

deoh yrodwlolw| ri qrplqdo h{fkdqjh udwhv1 \hw/ wkdw yrodwlolw| lv vljql�fdqwo|

ehorz wkdw revhuyhg klvwrulfdoo| lq  h{leoh h{fkdqjh udwh shulrgv1 Ixuwkhupruh/

wkh rswlpdo yrodwlolw| ri h{fkdqjhv udwhv ghfuhdvhv zlwk wkh ghjuhh ri rshqqhvv

ri wkh hfrqrp|1

61 Vlpsoh lqwhuhvw udwh uxohv ri wkh Wd|oru w|sh jhqhudoo| ohdg wr h{fhvv yrodwlolw|

ri qrplqdo yduldeohv/ dqg h{fhvv vprrwkqhvv ri uhdo yduldeohv/ uhodwlyh wr wkh

rswlpdo srolf|1

71 E| dqfkrulqj wkh ohyho ri d qrplqdo yduldeoh/ dq h{fkdqjh udwh shj dsshduv wr

dssur{lpdwh wkh rswlpdo srolf| +zklfk vwdelol}hv wkh sulfh ohyho, ehwwhu wkdq

wkh Wd|oru uxoh +zklfk vhhnv wr vwdelol}h lq dwlrq udwh dqg rxwsxw,1

Zh duh fxuuhqwo| zrunlqj rq d wzr frxqwu| yhuvlrq ri wkh iudphzrun wkdw zh

kdyh ghyhorshg khuh1 Zh sodq wr xvh lw wr dqdo|}h d qxpehu ri lvvxhv wkdw fdqqrw

eh dgguhvvhg zlwk wkh suhvhqw prgho/ lqfoxglqj wkh lpsruwdqfh ri vslooryhu h�hfwv lq

wkh ghvljq ri rswlpdo prqhwdu| srolf|/ wkh srwhqwldo ehqh�wv iurp prqhwdu| srolf|

frruglqdwlrq/ dqg wkh lpsolfdwlrqv ri h{fkdqjh udwh vwdelol}dwlrq djuhhphqwv1

5<
Vhh Prqdfhool +4<<<, iru d ghwdlohg dqdo|vlv ri wkh lpsolfdwlrqv ri �{hg h{fkdqjh udwhv1
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Dsshqgl{ 4= Wkh Vwhdg| Vwdwh
Ohw xv fkdudfwhul}h wkh shuihfw iruhvljkw vwhdg| vwdwh ri rxu vpdoo rshq hfrqrp|

prgho/ wdnlqj t
W dv jlyhq dqg ~ ' �1 Zh xvh yduldeohv zlwkrxw wlph vxevfulswv wr

uhihu wr vwhdg| vwdwh ydoxhv1 Pdunxsv duh frqvwdqw lq wkh vwhdg| vwdwh/ lpso|lqj d

surgxfw zdjh
`

�M
' E�� �

0
�1 Wkh odwwhu idfw fdq eh frpelqhg zlwk +8, dqg wkh lghqwlw|

�

�M
' dE�� k� n k r

�3#o
�

�3#
� }Er� lpsolhv �

j
t
� ' E�� �

0
� �

}Er�
1

Lq vwhdg| vwdwh/ ulvn vkdulqj frqglwlrq +<, wdnhv wkh irup �j
' EVt W

�
j ^Er� zkhuh

^Er� � r

}Er�
olqnv uhdo h{fkdqjh udwh dqg wkh whupv ri wudgh lq wkh vwhdg| vwdwh1 Rqh

fdq hdvlo| fkhfn wkdw }
�Er� : f/ dqg ^�Er� : f1 Frpelqlqj wkh suhylrxv uhvxowv zh

rewdlq +xs wr d pxowlsolfdwlyh frqvwdqw,=

t '

#
��

�

0

r EVt W�j

$ �

�

� MErc t W� +68,

Rq wkh rwkhu kdqg/ pdunhw fohdulqj uhtxluhv t ' E� � k� }Er�# � n k
W

r
#
t

W/

zklfk fdq eh frpelqhg zlwk +<, wr |lhog=

t ' E�� k� }Er�# Vt W

^Er�
�

j n k
W

r
#
t

W

� aErc t W� +69,

Qrwlfh wkdw Mr 	 f/ zlwk *�4r<fMErc t W� ' n4 dqg *�4r<"MErc t W� ' f1 Rq

wkh rwkhu kdqg/ ar : f/ dqg *�4r<f aErc t W� ' f dqg *�4r<" aErc t W� ' n41 Khqfh/

dqg jlyhq d ydoxh ri zruog rxwsxw +dqg lqlwldo frqglwlrqv lpsolflw lq V,/ +68, dqg +69,

mrlqwo| ghwhuplqh d xqltxh/ vwulfwo| srvlwlyh/ vwhdg| vwdwh ydoxh iru r dqg ^Er�1
Iru frqyhqlhqfh/ dqg zlwkrxw orvv ri jhqhudolw|/ zh fdq dvvxph wkdw lqlwldo frq0

glwlrqv duh vxfk wkdw kV

k
W
' �1 Lq wkdw fdvh/ wkh vwhdg| vwdwh lv fkdudfwhul}hg e|

r ' ^Er� ' � dqg � ' t ' Vt W/ dv zhoo dv edodqfhg wudgh1

Dsshqgl{ 5= Rswlpdo Sulfh Vhwwlqj
Hdfk �up pd| uhvhwv lwv sulfh zlwk suredelolw| ��w hdfk shulrg/ lqghshqghqwo| ri

wkh wlph hodsvhg vlqfh wkh odvw dgmxvwphqw1 Wkxv/ hdfk shulrg d phdvxuh ��w ri �upv

uhvhw wkhlu sulfhv/ zkloh d iudfwlrq w nhhs wkhlu sulfhv xqfkdqjhg1 Ohw �?e�

|
E��ghqrwh

wkh sulfh vhw e| �up � wkdw dgmxvwv lwv sulfh lq shulrg |1 Xqghu wkh suhylrxv sulfh0

vhwwlqj vwuxfwxuh/ �|n&E�� ' �?e�

|
E�� zlwk suredelolw| w

& iru & ' fc �c 2c ���1

Zkhq vhwwlqj d qhz sulfh lq shulrg |�up � zloo vhhn wr pd{lpl}h=
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vxemhfw wr wkh vhtxhqfh ri ghpdqg frqvwudlqwv

t|n&E�� �

#
�

?e�
Mc|

�Mc|n&

$
30

E�Mc|n& n �
W

Mc|n&� � t
_

|n&
E�?e�

Mc| �

55



Wkxv/ �?
| pxvw vdwlvi| wkh �uvw rughu frqglwlrq
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'|c|n& t|n&E�� E�?e�
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r
' f +6:,

zkhuh > �
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"3�
lv wkh iulfwlrqohvv rswlpdo pdunxs1 Xvlqj wkh idfw wkdw '|c|n& '

q&
E�|*�|n&�

j
E�|*�|n&�/ zh fdq uhzulwh lw dv=
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ru/ lq whupv ri vwdwlrqdu| yduldeohv/
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zkhuh R
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Mc| �
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Mc|

�Mc|
dqg �|c|n& �

�|n&

�|
1Olqhdul}lqj wkh suhylrxv frqglwlrq durxqg d

shuihfw iruhvljkw/ }hur lq dwlrq/ edodqfhg wudgh vwhdg| vwdwh zh rewdlq=

eR
?e�
Mc| '
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&'�

Eqw�& .|iZ|n&jn E� � qw�
"[

&'f

Eqw�& .|ig6S|n&j

zklfk fruuhvsrqgv wr h{suhvvlrq +44, lq wkh wh{w1

Xqghu wkh dvvxphg sulfh0vhwwlqj vwuxfwxuh/ wkh g|qdplfv ri wkh grphvwlf sulfh

lqgh{ duh ghvfulehg e| wkh htxdwlrq

�Mc| �

k
w �Mc|3�

�30

n E� � w� E�?e�
Mc| ��30

l �

�30 +6;,

zklfk fdq eh orj0olqhdul}hg wr |lhog/

Z| '

#
� � w

w

$ eR?e�Mc|

zklfk fdq eh frpelqhg zlwk wkh h{suhvvlrq iru eR
?e�
Mc| deryh wr |lhog/ diwhu vrph dojheud/

+57, lq wkh wh{w1 Wkh lq dwlrq htxdwlrq iru wkh zruog hfrqrp| fdq eh ghulyhg lq dq

dqdorjrxv pdqqhu1
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Uhihuhqfhv

Edffkhwwd/ Sklolssh/ dqg Hulf ydq Zlqfrrs +4<<<,= �Grhv H{fkdqjh Udwh Vwdelo0
lw| Lqfuhdvh Wudgh dqg ZhoiduhB/� Dphulfdq Hfrqrplf Uhylhz/ iruwkfrplqj1

Edoo/ Odxuhqfh +4<<<,= �Srolf| Uxohv iru Rshq Hfrqrplhv/� lq M1E1 Wd|oru hg1/
Prqhwdu| Srolf| Uxohv/ Xqlyhuvlw| ri Fklfdjr Suhvv1

Edfnxv/ Gdylg/ S1N Nhkrh dqg I1 H1 N|godqg= �Lqwhuqdwlrqdo Exvlqhvv F|fohv=
Wkhru| dqg Hylghqfh�/ lq Iurqwlhuv ri Exvlqhvv F|foh Uhvhdufk/ Hglwhg e| Wkrpdv
I1 Frroh|/ Sulqfhwrq Xqlyhuvlw| Suhvv/ 4<<81

Ehwwv/ Fdurolqh dqg Plfkdho E1 Ghyhuhx{ +4<<9,= �Wkh H{fkdqjh Udwh lq d Prgho
ri Sulflqj0wr0Pdunhw/� Hxurshdq Hfrqrplf Uhylhz 73/ 4<<91

Ehwwv/ Fdurolqh dqg Plfkdho E1 Ghyhuhx{ +4<<;,= �H{fkdqjh Udwh G|qdplfv lq d
Prgho ri Sulflqj0wr0Pdunhw/� plphr1

Ehqkdele/ Mhvv/ Vwhskdqlh Vfkplww0Jurkì/ dqg Pduwðq Xuleh +4<<;,= �Wkh Shulov
ri Wd|oru Uxohv/� plphr1

Exoodug/ Mdphv dqg Ndxvkln Plwud +4<<<,= �Ohduqlqj derxw Prqhwdu| Srolf|
Uxohv/� plphr1

Fdoyr/ Jxloohupr/ 4<;6/ �Vwdjjhuhg Sulfhv lq d Xwlolw| Pd{lpl}lqj Iudphzrun/�
Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 45/ 6;606<;1

Fodulgd/ Ulfkdug/ Mrugl Jdoð/ dqg Pdun Jhuwohu +4<<<,= �Wkh Vflhqfh ri Prqhwdu|0
Srolf|= D Qhz Nh|qhvldq Shuvshfwlyh/� Mrxuqdo ri Hfrqrplf Olwhudwxuh/ iruwkfrplqj1

Fodulgd/ Ulfkdug/ Mrugl Jdoð/ dqg Pdun Jhuwohu +4<<:,= �Prqhwdu| Srolf| Uxohv
dqg Pdfurhfrqrplf Vwdelolw|= Hylghqfh dqg Vrph Wkhru|/� Txduwhuo| Mrxuqdo ri

Hfrqrplfv/ iruwkfrplqj1

Fodulgd/ Ulfkdug/ Mrugl Jdoð/ dqg Pdun Jhuwohu +4<<;,= �Prqhwdu| Srolf| Uxohv

lq Sudfwlfh= Vrph Lqwhuqdwlrqdo Hylghqfh� Hxurshdq Hfrqrplf Uhylhz/ yro1 75/ 43660

439:1

Fkdul/ Y1Y1/ Sdwulfn Nhkrh/ dqg Hoohq PfJudwwdq +4<<;,= �Prqhwdu| Vkrfnv

dqg Uhdo H{fkdqjh Udwhv lq Vwlfn| Sulfh Prghov ri Lqwhuqdwlrqdo Exvlqhvv F|fohv/�

plphr1

Fruvhwwl/ Jldqfduor/ dqg Sdror Shvhqwl +4<<;,= �Zhoiduh dqg Pdfurhfrqrplf Lq0

whughshqghqfh/� pdqxvfulsw1

Ghyhuhx{/ Plfkdho E1 dqg Fkduohv Hqjho +4<<;,= �Il{hg yv1 Iordwlqj H{fkdqjh

Udwhv= Krz Sulfh Vhwwlqj D�hfwv wkh Rswlpdo Fkrlfh ri H{fkdqjh Udwh Uhjlph/�

plphr1

Jdoð/ Mrugl dqg Pdun Jhuwohu +4<<<,= �Lq dwlrq G|qdplfv= D Vwuxfwxudo Hfrqr0

phwulf Dqdo|vlv/� Mrxuqdo ri Prqhwdu| Hfrqrplfv/ yro1 77/ qr1 5/ 4<805551

Jdoð/ Mrugl/ dqg Wrppdvr Prqdfhool +5333,= �Prqhwdu| Srolf| Frruglqdwlrq dqg

H{fkdqjh Udwh Yrodwlolw| lq d Wzr Frxqwu| Prgho/� zrun lq surjuhvv1

Mxgg/ Mrkq S1/ dqg Johqq Uxghexvfk +4<<;,= �Wd|oru*v Uxoh dqg wkh Ihg= D Wdoh

ri Wkuhh Fkdluphq/� plphr1

Nlqj/ Urehuw J1/ dqg Doh{dqghu O1 Zropdq +4<<9,= �Lq dwlrq Wdujhwlqj lq d Vw1

Orxlv Prgho ri wkh 54vw Fhqwxu|/� Ihghudo Uhvhuyh Edqn ri Vw1 Orxlv Uhylhz/ yro1
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:;/ qr1 61 +QEHU ZS &883:,1

Nroopdqq/ Urehuw +4<<9,= �Wkh H{fkdqjh Udwh lq d G|qdplf Rswlpl}lqj Fxuuhqw

Dffrxqw Prgho zlwk Qrplqdo Uljlglwlhv= D Txdqwlwdwlyh Lqyhvwljdwlrq/� plphr1

Prqdfhool/ Wrppdvr +4<<;,= �Lqwr wkh Pxvvd Sx}}oh= Prqhwdu| Srolf| Uhjlphv

dqg wkh Uhdo H{fkdqjh Udwh lq d Vpdoo Rshq Hfrqrp|� plphr1

Odqh/ Sklols U1 +4<<<,= �Wkh Qhz Rshq Hfrqrp| Pdfurhfrqrplfv= D Vxuyh|/�

Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ iruwkfrplqj11

Revwihog/ Pdxulfh dqg Nhqqhwk Urjr� +4<<8,= �H{fkdqjh Udwh G|qdplfv Uh0

gx{/� Mrxuqdo ri Srolwlfdo Hfrqrp| 436/ qr1 6/ 95709931

Revwihog/ Pdxulfh dqg Nhqqhwk Urjr� +4<<<,= �Qhz Gluhfwlrqv iru Vwrfkdvwlf

Rshq Hfrqrp| Prghov/� QEHU ZS&:6461

Ruskdqlghv/ Dwkdqdvlrv +4<<<,= �Wkh Txhvw iru Survshulw| Zlwkrxw Lq dwlrq�

plphr1

Urwhpehuj/ Mxolr dqg Plfkdho Zrrgirug +4<<<,= �Lqwhuhvw Udwh Uxohv lq dq Hvwl0

pdwhg Vwlfn| Sulfh Prgho/� lq M1E1 Wd|oru hg1/ Prqhwdu| Srolf| Uxohv/ Xqlyhuvlw| ri

Fklfdjr Suhvv1

Verugrqh/ Dujld +4<<;,= �Sulfhv dqg Xqlw Oderu Frvwv= Whvwlqj Prghov ri Sulflqj

Ehkdylru/� plphr1

Vyhqvvrq/ Oduv H1R1 +5333,= �Rshq0Hfrqrp| Lq dwlrq Wdujhwlqj/� Mrxuqdo ri

Lqwhuqdwlrqdo Hfrqrplfv/ yro1 83/ qr1 4/ Iheuxdu| 53331

Wd|oru/ Mrkq E1 +4<<6,= �Glvfuhwlrq yhuvxv Srolf| Uxohv lq Sudfwlfh/� Fduqhjlh0

Urfkhvwhu Vhulhv rq Sxeolf Srolf| 6</ 4<805471

Zrrgirug/ Plfkdho +4<<<,/ Lqwhuhvw dqg Sulfhv/ fkdswhu 5/ plphr1
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Wdeoh 4

Pdfurhfrqrplf Yrodwlolw| xqghu Dowhuqdwlyh Prqhwdu| Srolf| Uhjlphv

Rswlpdo Srolf| Wd|oru Uxoh H{fkdqjh Udwh Shj

vkrfnv vkrfnv vkrfnv

grphvwlf iruhljq erwk grphvwlf iruhljq erwk grphvwlf iruhljq erwk

Rxwsxw 4147 3146 4136 319: 3143 3193 31;: 3168 31<;

Frqvxpswlrq 3185 317; 31<7 3164 3183 31:9 3173 3197 31<7

Lqwhuhvw Udwh 313; 3134 313< 3196 3136 3193 3133 3143 3143

Grp1 Lq dwlrq � � � 3198 3138 3193 3147 3147 313<

FSL Lq dwlrq 3148 3148 3143 3196 3147 3194 313; 313; 3139

H{sruwv 415< 315< 413; 31:9 3158 3193 31<< 3168 4134

Lpsruwv 3193 316< 31<7 3169 3175 31:6 3179 319 31<8

Qrplqdo H1 Udwh 31;9 31;9 318< 4 4 4 3133 3133 3133

Uhdo H1 Udwh 3185 3185 3169 3164 3183 3166 3173 3173 315:

Whupv ri Wudgh 31;9 31;9 318< 3184 31;6 3188 3199 3199 3178
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