
DEPARTMENT OF ECONOMICS
UNIVERSITY OF CYPRUS

PORTFOLIO CHOICE AND LIQUIDITY CONSTRAINTS

Michael Haliassos and
Alexander Michaelides

Discussion Paper 99-18

P.O. Box 20537,  1678 Nicosia,  CYPRUS     Tel.: ++357-2-892101, Fax: ++357-2-750310
Web site: http://www.econ.ucy.ac.cy

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Research Papers in Economics

https://core.ac.uk/display/7012158?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://www.econ.ucy.ac.cy/


Sruwirolr Fkrlfh dqg Oltxlglw| Frqvwudlqwv�

Plfkdho Kdoldvvrv| dqg Doh{dqghu Plfkdholghv}

Xqlyhuvlw| ri F|suxv

Iluvw gudiw= Mxqh 48/ 4<<<

Rfwrehu 59/ 4<<<

�Zh duh judwhixo wr Mrh Dowrqml/ Mdphv Edqnv/ Fkulvwrskhu Fduuroo/ Dqjxv Ghdwrq/ Gherudk Oxfdv/ V|gqh|

Oxgyljvrq/ Vwhyh Slvfknh/ Qlfn Vrxohohv/ Vwhyh ]hoghv/ Mrvh Ylfwru Ulrv0Uxoo/ dqg frqihuhqfh sduwlflsdqwv dw

wkh 4<<< QEHU Vxpphu Lqvwlwxwh Zrunvkrs rq wkh Djjuhjdwh Lpsolfdwlrqv ri Plfurhfrqrplf Frqvxpswlrq

Ehkdylru iru yhu| khosixo frpphqwv dqg vxjjhvwlrqv1 Zh zrxog dovr olnh wr wkdqn sduwlflsdqwv dw wkh 4<<<

DV1V1H1W1 phhwlqjv dw Who Dyly Xqlyhuvlw|/ dqg dw wkh WPU phhwlqjv rq Vdylqjv dqg Shqvlrqv lq Yhqlfh/

dv zhoo dv vhplqdu sduwlflsdqwv dw LQVHDG dqg wkh Xqlyhuvlw| ri F|suxv iru pdq| khosixo frpphqwv1 Dq|

huuruv ru rplvvlrqv duh wkh uhvsrqvlelolw| ri wkh dxwkruv1
|Dgguhvv= Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri F|suxv/ SR ER[ 5386:/ 49:;/ Qlfrvld/ F|suxv1

Hpdlo= KdoldvvrvCd|d1|doh1hgx1
}Dgguhvv= Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri F|suxv/ SR ER[ 5386:/ 49:;/ Qlfrvld/ F|suxv1

Hpdlo= doh{pCxf|1df1f|1
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Devwudfw

Wklv sdshu jhqhudol}hv Ghdwrq*v +4<<4, dssurdfk wr vdylqj xqghu eruurzlqj frqvwudlqwv

wr lqfrusrudwh sruwirolr fkrlfh1 Iru lq�qlwh krul}rq/ lpsdwlhqw frqvxphuv/ h�hfwv ri ulvn

dyhuvlrq/ suxghqfh dqg whpshudqfh rq sruwirolrv fdq eh gl�huhqw iurp wkrvh rewdlqhg lq

dwhpsrudo prghov1 Zh frq�up wkh vxusulvlqj uhvxow ri sruwirolr vshfldol}dwlrq lq vwrfnv

+Khdwrq dqg Oxfdv/ 4<<:, xvlqj d gl�huhqw hduqlqjv surfhvv/ dqg zh surylgh d udwlrqdoh iru

zk| ulvn dyhuvlrq dqg kdelw shuvlvwhqfh fdqqrw uhyhuvh lw1 Zh wkhq vkrz wkdw srvlwlyh fru0

uhodwlrq ri vwrfn uhwxuqv zlwk shupdqhqw/ exw qrw wudqvlwru|/ hduqlqjv vkrfnv fdq jhqhudwh

ghpdqg iru erqgv dqg }hur vwrfnkroglqj1 Krzhyhu/ h{lvwlqj hpslulfdo hvwlpdwhv ri vxfk fru0

uhodwlrqv duh dw yduldqfh zlwk sruwirolr gdwd1 Zh r�hu dq dowhuqdwlyh h{sodqdwlrq ri revhuyhg

vwrfn kroglqj sdwwhuqv edvhg rq �{hg vwrfn pdunhw hqwu| frvwv1 Wkh hqwu| frvw uhtxluhg wr

nhhs lpsdwlhqw krxvhkrogv rxw ri wkh vwrfn pdunhw lv vxusulvlqjo| vpdoo1 Wklv vxjjhvwv wkdw

hqwu| frvwv frxog jhqhudwh wkh revhuyhg uhoxfwdqfh ri krxvhkrogv wr xqghuwdnh vwrfnkroglqj

dqg h{sodlq wkh vorzqhvv lq wkh hphujhqfh ri dq �htxlw| fxowxuh� dprqj krxvhkrogv1

MHO Fodvvl�fdwlrq= H5/ J441

Nh| Zrugv= Suhfdxwlrqdu| Vdylqj/ Sruwirolr Fkrlfh/ Oltxlglw| Frqvwudlqwv/ Ex�hu Vwrfn

Vdylqj/ Hqwu| Frvwv1



4 Lqwurgxfwlrq

Prudo kd}dug dqg dgyhuvh vhohfwlrq sureohpv kdyh suhyhqwhg wkh hphujhqfh ri pdunhwv wkdw

lqvxuh krxvhkrogv djdlqvw lglrv|qfudwlf hduqlqjv ulvn1 Vxfk pdunhw lqfrpsohwhqhvv kdv vwlp0

xodwhg vxevwdqwldo uhvhdufk lqwhuhvw lq prghov ri suhfdxwlrqdu| vdylqj14 Iroorzlqj Ghdwrq

+4<<4, dqg Fduuroo +4<<5/ 4<<:,/ dqrwkhu vxevhw ri wklv olwhudwxuh kdv irfxvhg rq wkh lqwhu0

dfwlrq ehwzhhq wkh suhfdxwlrqdu| vdylqj prwlyh dqg oltxlglw| frqvwudlqwv +wkh ex�hu vwrfn

vdylqj prgho,1 Wkh hylghqfh dggxfhg e| Jrxulqfkdv dqg Sdunhu +4<<<, dqg Oxgyljvrq dqg

Plfkdholghv +4<<<, fdq eh frqvlghuhg wr eh vxssruwlyh ri wkh ex�hu vwrfn vdylqj prgho dv d

sodxvleoh dowhuqdwlyh wr wkh fodvvlf Shupdqhqw Lqfrph K|srwkhvlv lq h{sodlqlqj frqvxpswlrq

g|qdplfv15

Pruhryhu/ wkh uhfhqw hphujhqfh ri dq �htxlw| fxowxuh� dprqj d vl}hdeoh sursruwlrq ri

krxvhkrogv kdv vwlpxodwhg uhvhdufk lq jhqhudol}lqj wkh vlqjoh dvvhw vdylqj prgho wr doorz iru

sruwirolr fkrlfh ehwzhhq ulvn| dqg ulvnohvv �qdqfldo dvvhwv16 Dq hphujlqj olwhudwxuh rq sruw0

irolr vhohfwlrq kdv vwuhvvhg wkh lpsruwdqfh ri eruurzlqj dqg vkruw vdohv frqvwudlqwv1 Frffr/

Jrphv dqg Pdhqkrxw +4<<<, dqg Jdnlglv +4<<;, vroyh qxphulfdoo| d prgho zlwk vkruw vdohv

dqg eruurzlqj frqvwudlqwv ryhu wkh olih f|foh dqg lq wkh suhvhqfh ri xqglyhuvl�deoh oderu

lqfrph ulvn/ zkloh Fdpsehoo/ Frffr/ Jrphv/ Pdhqkrxw dqg Ylfhlud +4<<;, vroyh dq lq�0

qlwh krul}rq prgho ri rswlpdo sruwirolr doorfdwlrq zkhq vwrfn pdunhw uhwxuqv h{klelw phdq

uhyhuvlrq lq wkh devhqfh ri lqglylgxdo oderu lqfrph ulvn1 Kdoldvvrv dqg Kdvvdslv +4<<;,

vwxg| wkh uroh ri lqfrph0 dqg froodwhudo0edvhg eruurzlqj frqvwudlqwv dqg ri wkhlu ghjuhh

ri wljkwqhvv/ dqg vkrz wkdw wkh| whqg wr eldv hpslulfdo hvwlpdwhv ri suhfdxwlrqdu| h�hfwv

grzqzdugv1 Frqvwdqwlqlghv/ Grqdogvrq dqg Phkud +4<<;, dujxh wkdw oltxlglw| frqvwudlqwv

idfhg e| |rxqjhu frkruwv zkr h{shfw kljkhu hduqlqjv lq wkh ixwxuh fdq eh rqh lpsruwdqw

frpsrqhqw ri d prgho wkdw h{sodlqv wkh htxlw| suhplxp/ zkloh Vwruhvohwwhuq/ Whophu dqg

\durq +4<<;, vkrz krz d jhqhudo htxloleulxp olih f|foh prgho zlwk vkruw vdohv dqg eruurz0

4Vhh/ iru h{dpsoh/ Dwwdqdvlr/ Edqnv/ Phjklu dqg Zhehu +4<<<,/ Fduuroo dqg Vdpzlfn +4<<:/ 4<<;,>

Kxeedug/ Vnlqqhu/ dqg ]hoghv +4<<8,> Odlevrq/ Uhshwwr dqg Wredfpdq +4<<;,> Oxgyljvrq +4<<<,1
5Vhh Dwwdqdvlr +4<<;, iru dq h{fhoohqw uhfhqw vxuyh| ri wkh olwhudwxuh rq frqvxpswlrq1
6Uhfhqw hpslulfdo uhvhdufk rq krxvhkrog sruwirolr fkrlfh dqg rq lwv lqwhudfwlrq zlwk suhfdxwlrqdu| prwlyhv

lqfoxghv Jxlvr/ Mdsshool dqg Whuol}}hvh +4<<9, dqg Dwwdqdvlr/ Edqnv dqg Wdqqhu +4<<;,1
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lqj frqvwudlqwv dqg shuvlvwhqw lglrv|qfudwlf vkrfnv fdq h{sodlq sduw ri wkh revhuyhg htxlw|

suhplxp sx}}oh1

Khdwrq dqg Oxfdv +khqfhiruwk KO/ 4<<:/4<<<, vwxg| d prgho zkhuh lq�qlwho| olyhg krxvh0

krogv duh idfhg zlwk dq dvvhw phqx ri vwrfnv dqg erqgv dqg zlwk xqlqvxudeoh oderu lqfrph

vkrfnv1 Lq wkh devhqfh ri fruuhodwlrq ehwzhhq vwrfn uhwxuqv dqg hduqlqjv vkrfnv/ KO +4<<:,

�qg wkdw vxfk d prgho |lhogv frpsohwh sruwirolr vshfldol}dwlrq lq vwrfnv/ dqg wkdw wklv uhvxow

lv urexvw wr kdelw shuvlvwhqfh/ wudqvdfwlrqv frvwv/ ulvn dyhuvlrq/ dqg wr dq htxlw| suhplxp dv

orz dv wzr shufhqw1 KO +4<<<, �qg wkdw srvlwlyh fruuhodwlrq ehwzhhq vwrfn uhwxuqv dqg vkrfnv

wr oderu lqfrph +ru lqfrph iurp exvlqhvv rzqhuvkls, fdq plwljdwh wkh sruwirolr vshfldol}dwlrq

uhvxow1

H{lvwlqj hpslulfdo hylghqfh rq wkh fruuhodwlrq vwuxfwxuh ehwzhhq hduqlqjv dqg vwrfn uh0

wxuqv dfurvv gl�huhqw srsxodwlrq jurxsv lv vfdqw1 Lq rqh ri wkh �uvw vwxglhv dwwhpswlqj wr

txdqwli| wklv fruuhodwlrq/ Gdylv dqg Zloohq +4<<<, rewdlq hvwlpdwhv udqjlqj ehwzhhq �� dqg

�� ryhu prvw ri wkh zrunlqj olih iru froohjh hgxfdwhg pdohv dqg durxqg ��2D dw doo djhv iru

pdoh kljk vfkrro gursrxwv17 Khdwrq dqg Oxfdv +4<<<, �qg wkdw hqwhusuhqhxuldo ulvn lv srvl0

wlyho| fruuhodwhg zlwk vwrfn uhwxuqv dqg uhdfkhv ohyhov durxqg �21 Zkloh srvlwlyh fruuhodwlrq

ehwzhhq hduqlqjv dqg vwrfn uhwxuqv lv h{shfwhg wr glvfrxudjh vwrfnkroglqj/ qhjdwlyh fruuh0

odwlrq lpsolhv lqfuhdvhg zloolqjqhvv wr lqyhvw lq wkh vwrfn pdunhw dv d khgjh djdlqvw hduqlqjv

ulvn1 Edvhg rq wkh hpslulfdo hvwlpdwhv ri vxfk fruuhodwlrqv/ orz hgxfdwlrq krxvhkrogv vkrxog

eh pruh khdylo| lqyhvwhg lq wkh vwrfn pdunhw zkloh froohjh judgxdwhv vkrxog whqg wr devwdlq

iurp vwrfn kroglqj1 Sruwirolr gdwd duh dw yduldqfh zlwk wklv lpsolfdwlrq/ vxjjhvwlqj d vwurqj

srvlwlyh fruuhodwlrq ehwzhhq hgxfdwlrq ohyho dqg vwrfn kroglqj +vhh Pdqnlz dqg ]hoghv/ 4<<4/

dqg Kdoldvvrv dqg Ehuwdxw/ 4<<8,18

Wklv sdshu h{soruhv ixuwkhu wkh surshuwlhv ri wkh lq�qlwh krul}rq prgho dqg wkh vrxufhv

ri wkh frpsohwh sruwirolr vshfldol}dwlrq lq vwrfnv dqg r�huv dq dowhuqdwlyh h{sodqdwlrq iru

revhuyhg vwrfn kroglqj sdwwhuqv edvhg rq �{hg vwrfn pdunhw hqwu| frvwv1 Zh frqvlghu d

7Wkh| xvh wkh Dqqxdo Ghprjudsklf Ilohv ri wkh Pdufk Fxuuhqw Srsxodwlrq Vxuyh| +FSV, wr frqvwuxfw

sdqho gdwd rq phdq dqqxdo hduqlqjv ehwzhhq 4<96 dqg 4<<71
8Pdqnlz dqg ]hoghv xvh gdwd iurp wkh Sdqho Vwxg| ri Lqfrph G|qdplfv/ zkloh Kdoldvvrv dqg Ehuwdxw

hpsor| wkh Vxuyh| ri Frqvxphu Ilqdqfhv1
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oderu lqfrph surfhvv wkdw doorzv xv wr ghfrpsrvh wkh frqvxpswlrq dqg sruwirolr h�hfwv ri

shupdqhqw dqg wudqvlwru| vkrfnv wr oderu lqfrph dqg vkrz wkhlu lqwhudfwlrq dqg uhodwlyh

lpsruwdqfh lq surgxflqj suhfdxwlrqdu| h�hfwv dqg wkh sruwirolr vshfldol}dwlrq uhvxow1 Zh

wkhq ghulyh dq xsshu erxqg wr wkh hqwu| frvw wkdw zrxog eh uhtxluhg wr nhhs krxvhkrogv rxw

ri wkh vwrfn pdunhw1 Wklv frvw lv vxusulvlqjo| vpdoo/ vxjjhvwlqj wkdw hqwu| frvwv dulvlqj iurp

lqirupdwlrqdo frqvlghudwlrqv/ vljq0xs ihhv/ dqg lqyhvwru lqhuwld frxog jhqhudwh wkh revhuyhg

uhoxfwdqfh ri krxvhkrogv wr xqghuwdnh vwrfnkroglqj1 Wkh �qglqj wkdw vpdoo frvwv fdq ghwhu

vwrfnkroglqj lv dovr frqvlvwhqw zlwk wkh revhuydwlrq wkdw wkh uhfhqw hphujhqfh ri dq �htxlw|

fxowxuh� dprqj krxvhkrogv fdph lq uhvsrqvh wr wkh surolihudwlrq dqg djjuhvvlyh dgyhuwl}lqj ri

pxwxdo ixqgv dv zhoo dv wr v|vwhpdwlf hgxfdwlrq ri zrunhuv uhjduglqj uhwluhphqw dffrxqwv1 Rq

d sxuho| whfkqlfdo vlgh/ zh lqwurgxfh d gl�huhqw qxphulfdo vroxwlrq phwkrg wkdw jhqhudol}hv wr

sruwirolr prghov wkh whfkqltxh sursrvhg e| Ghdwrq +4<<4,/ dqg zh xvh wkh lqyduldqw zhdowk

glvwulexwlrq wr frpsxwh wlph0 dqg srsxodwlrq dyhudjhv1

Zk| lv wkh vwrfn pdunhw hqwu| frvw vr vxusulvlqjo| vpdooB Wkh dqvzhu olhv zlwk wkh

ixqgdphqwdo frq lfw ehwzhhq lpsdwlhqfh dqg suxghqfh wkdw wkh prgho fdswxuhv1 Lqglylgxdov

duh lpsdwlhqw dqg wkhuhiruh suhihu wr frqvxph hduolhu udwkhu wkdq odwhu1 Rq wkh rwkhu kdqg/

frqvxphuv duh suxghqw> lq wkh idfh ri hduqlqjv xqfhuwdlqw|/ wkh| wkhuhiruh exlog d vpdoo

ex�hu ri dvvhwv wr fxvklrq oderu lqfrph vkrfnv1 Lq htxloleulxp/ dqg iru d sodxvleoh udqjh

ri sdudphwhu ydoxhv/ lqglylgxdov duh oltxlglw| frqvwudlqhg +vdyh qhlwkhu lq wkh vwrfn qru lq

wkh erqg pdunhw, durxqg wkluw| shufhqw ri wkh wlph1 Pruhryhu/ phdq vdylqj lv yhu| vpdoo1

Erwk idfwruv pdnh wkh jdlq iurp hqwhulqj wkh vwrfn pdunhw yhu| vpdoo> wkluw| shufhqw ri wkh

wlph wkh htxlw| suhplxp lv jlyhq xs gxh wr wkh oltxlglw| frqvwudlqw/ zkloh iru wkh uhvw ri wkh

wlphv wkh jdlq lv vpdoo gxh wr wkh olplwhg dprxqw ri vdylqjv1 Dv d uhvxow/ d vpdoo hqwu| frvw

fdq ghwhu d udwlrqdo lqglylgxdo iurp hqwhulqj wkh vwrfn pdunhw1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 ghvfulehv wkh hfrqrplf hqylurqphqw lq

wkh sruwirolr dqg vdylqj prghov1 Vhfwlrq 6 glvfxvvhv wkh qxphulfdo vroxwlrq phwkrg iru wkh

sruwirolr prgho wkdw jhqhudol}hv wkh Ghdwrq +4<<4, phwkrg iru vroylqj wkh vdylqj prgho1

Vhfwlrq 7 glvfxvvhv srolf| ixqfwlrqv dqg wlph vhulhv prphqwv ri frqvxpswlrq/ vwrfn dqg

erqg kroglqjv/ dqg wkh sruwirolr vkduh ri ulvn| dvvhwv1 Lw h{dplqhv h�hfwv ri ulvn dyhuvlrq/

dqg ri suhfdxwlrqdu| prwlyhv dulvlqj iurp wudqvlwru| dqg shupdqhqw vkrfnv wr oderu lqfrphv1

8



Vhfwlrq 8 dqdo|}hv wkh h�hfwv ri fruuhodwlrq ehwzhhq vwrfn pdunhw uhwxuqv dqg erwk w|shv ri

oderu lqfrph vkrfnv1 Vhfwlrq 9 ghulyhv wkuhvkrog hqwu| frvwv vx!flhqw wr nhhs krxvhkrogv rxw

ri wkh vwrfn pdunhw xqghu dowhuqdwlyh sdudphwhu frq�jxudwlrqv/ zkloh Vhfwlrq : frqfoxghv1

5 Wkh Prgho

Zh frqvlghu wkh sureohp ri dq lq�qlwho|0olyhg krxvhkrog wkdw pd{lpl}hv h{shfwhg lqwhuwhp0

srudo xwlolw| idfhg zlwk d phqx ri d ulvn| dqg d ulvnohvv dvvhw1 Wkh krxvhkrog vroyhv
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dqg 7
|

duh uhdo dprxqwv ri wkh ulvnohvv dvvhw +erqgv, dqg

ri wkh ulvn| dvvhw +vwrfnv,/ uhvshfwlyho|/ wkdw duh khog ehwzhhq wkh ehjlqqlqj ri shulrg | dqg

wkh ehjlqqlqj ri shulrg | n �� .
|

ghqrwhv wkh pdwkhpdwlfdo h{shfwdwlrq rshudwru edvhg rq

lqirupdwlrq dydlodeoh xs wr wkh ehjlqqlqj ri shulrg |c zkloh q lv wkh glvfrxqw idfwru wkdw

vdwlv�hv f 	 q 	 �� LE�
|

� lv wkh iholflw| ghulyhg iurp frqvxpswlrq lq shulrg |c f
|

lv fdvk rq

kdqg dw wkh ehjlqqlqj ri shulrg |c h-
|n� lv wkh ulvn| jurvv uhwxuq rq vwrfnv khog ehwzhhq wkh

ehjlqqlqj ri shulrg | dqg wkdw ri shulrg |n�c -
s

lv wkh jurvv ulvnohvv udwh zklfk lv dvvxphg

wlph0lqyduldqw/ dqg t
|

lv oderu lqfrph uhfhlyhg dw wkh ehjlqqlqj ri shulrg |1

Wkh exgjhw frqvwudlqw +5, zloo krog zlwk htxdolw|/ jlyhq wkh dvvxpswlrq ri qrq0vdwldwlrq1

Zh dvvxph wkdw wkh shulrg0e|0shulrg iholflw| ixqfwlrq lv ri wkh frqvwdqw uhodwlyh ulvn dyhuvlrq
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LE�
|

� ' *?�
|

c zkhq 4 ' �� +;,

Frqvwudlqw +7, lv qhyhu elqglqj xqghu FUUD xwlolw|/ vlqfh *�4
�|<f

L �E�
|

� '41

Frqvwudlqwv +8, dqg +9, duh d gluhfw jhqhudol}dwlrq ri wkh oltxlglw| frqvwudlqw lpsrvhg e|

Ghdwrq lq d vlqjoh0dvvhw prgho1 Wkh Ghdwrq frqvwudlqw suhfoxghv eruurzlqj yld vkruw vdohv

ri wkh vlqjoh dvvhw/ zkloh +8, dqg+9, suhfoxgh vkruw vdohv ri hlwkhu dydlodeoh dvvhw/ qdpho|

eruurzlqj dw wkh ulvnohvv ru wkh ulvn| udwh1 Zh uhihu wr wkh ehqfkpdun prgho zlwk qr

sruwirolr fkrlfh dv wkh �vdylqj prgho�/ vlqfh krxvhkrogv fdq rqo| fkrrvh �
|

dqg kdyh qr

dffhvv wr wkh vwrfn pdunhw1

514 Oderu Lqfrph

Oderu lqfrph ulvn lv qrqglyhuvl�deoh ehfdxvh ri prudo kd}dug dqg dgyhuvh vhohfwlrq frqvlg0

hudwlrqv/ dqg lw fdqqrw eh ljqruhg e| krxvhkrogv frqfhuqhg derxw wkhlu frqvxpswlrq sdwkv1

Zh dvvxph wkdw oderu lqfrph ri krxvhkrog � iroorzv=

t
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+43,
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/ dqg d wudqvlwru| frpsrqhqw/ L
�|

1 Zh dvvxph wkdw *?L
�|

dqg
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�

/

��D�j2
?

j/ dqg yduldqfhv j2
�

dqg j2
?

/ uhvshfwlyho|� Wkh orjqrupdolw| ri L
�|

dqg wkh dvvxpswlrq

derxw wkh phdq ri lwv orjdulwkp lpso| wkdw

.L
�|

' i TE��D � j2
�

n �D � j2
�

� ' � +44,

dqg vlploduo| iru .�
�|

� Wkxv/ suhfdxwlrqdu| zhdowk dqg sruwirolr h�hfwv fdq eh frpsxwhg

ghvslwh wkh lqwurgxfwlrq ri orjqrupdoo| glvwulexwhg pxowlsolfdwlyh vkrfnv1 Frpsxwdwlrq ri

suhfdxwlrqdu| h�hfwv lqyroyhv frpsdulvrq ri prghov lq zklfk krxvhkrog � lv jxdudqwhhg lq

shulrg | d fhuwdlq ohyho ri lqfrph t
�|

yhuvxv prghov lq zklfk wkh vdph krxvhkrog idfhv lqfrph

ulvn exw vwloo kdv h{shfwhg lqfrph htxdo wr t
�|

�

:



Wkh orj ri �
�|

c hyroyhv dv d udqgrp zdon zlwk d ghwhuplqlvwlf guliw/ *?Cc dvvxphg wr eh

frpprq wr doo lqglylgxdov1 Ghqrwh wkh xqfrqglwlrqdo phdq e| >
}

1 Jlyhq wkhvh dvvxpswlrqv/

wkh jurzwk lq lqglylgxdo oderu lqfrph iroorzv

{*?t
�|

' *?Cn *?�
�|

n *?L
�|

� *?L
�|3�c +45,

zkhuh wkh xqfrqglwlrqdo phdq jurzwk iru lqglylgxdo hduqlqjv lv >
}

� �D � j2
?

c dqg wkh xq0

frqglwlrqdo yduldqfh htxdov Ej2
?

n 2j2
�

�� Lqglylgxdo lqfrph jurzwk lq +45, kdv d vlqjoh Zrog

uhsuhvhqwdwlrq wkdw lv htxlydohqw wr wkh PD+4, surfhvv iru lqglylgxdo hduqlqjv jurzwk hvwl0

pdwhg xvlqj krxvhkrog ohyho gdwd +PdFxug| ^4<;5`/ Derzg dqg Fdug ^4<;<`/ dqg Slvfknh

^4<<8`,19

51414 Fdoleudwlrq ri Sdudphwhuv

Zh vhw wkh udwh ri wlph suhihuhqfh/ B/ htxdo wr f��c dqg wkh frqvwdqw uhdo lqwhuhvw udwh/ o/ htxdo

wr f�f21 Fduuroo +4<<5, hvwlpdwhv wkh yduldqfhv ri wkh lglrv|qfudwlf vkrfnv xvlqj gdwd iurp

wkh Sdqho Vwxg| ri Lqfrph G|qdplfv/ dqg rxu ehqfkpdun vlpxodwlrqv xvh ydoxhv forvh wr

wkrvh= durxqg 314 shufhqw shu |hdu iru j
�

dqg f�fH shufhqw shu |hdu iru j
?

1 Zh vhw wkh phdq

djjuhjdwh frpsrqhqw ri oderu lqfrph jurzwk ghqrwhg e| >
}

htxdo wr f�f� dqg wkh frh!flhqw

ri uhodwlyh ulvn dyhuvlrq htxdo wr H1 Wkh phdq htxlw| suhplxp htxdov e�2 shufhqw dqg lwv

vwdqgdug ghyldwlrq lv �H shufhqw1: Qxphulfdo txdgudwxuh lv xvhg wr wdnh h{shfwdwlrqv/ lq wkh

vslulw ri Wdxfkhq +4<;9,1

6 Vroxwlrq Phwkrg

Dqdo|wlfdo �uvw rughu frqglwlrqv iru erqgv dqg iru vwrfnv uhvshfwlyho| fdq eh zulwwhq dv

iroorzv=

L �E�
|

� '
� n o

� n B
.
|

L �E�
|n�� n b

�

+46,

9Dowkrxjk wkhvh vwxglhv jhqhudoo| vxjjhvw wkdw lqglylgxdo lqfrph fkdqjhv iroorz dq PD+5,/ wkh PD+4, lv

irxqg wr eh d forvh dssur{lpdwlrq1
:Fdpsehoo/ Or dqg PdfNlqod| +4<<:/ s163;, uhsruw wkh phdq gl�huhqfh ehwzhhq wkh orj uhdo uhwxuq rq

wkh V)S 833 lqgh{ dqg wkh uhdo uhwxuq rq 90prqwk frpphufldo sdshu htxdo wr 715 shufhqw zlwk d vwdqgdug

ghyldwlrq htxdo wr 4:1:7 shufhqw1 Doo gdwd duh dqqxdo/ 4;;< dqg 4<<71

;



dqg

L �E�
|

� '
�

� n B
.
|

k
L �E�

|n�� h-|n�

l
n b

7

+47,

zkhuh b
�

dqg b
7

uhihu wr wkh Odjudqjh pxowlsolhuv iru wkh qr vkruw vdohv frqvwudlqwv rq erqgv

dqg rq vwrfnv1 Uhfdoolqj wkdw wkh exgjhw frqvwudlqw lq shulrg | lv

�
|

' f
|

��
|

� 7
|

+48,

zkhuhf
|

lv fdvk rq kdqg/ d elqglqj vkruw vdohv frqvwudlqw rq erqgv/ lpsolhv wkdw �
|

' f
|

�7
|

vlqfh erqg kroglqjv duh dw d fruqhu ri }hur1 Vlploduo|/ zkhq wkh frqvwudlqw suhyhqwlqj vkruw

vdohv ri vwrfn lv elqglqj/ +48, lpsolhv wkdw �
|

' f
|

� �
|

� Zh jhqhudol}h wkh Ghdwrq +4<<4,

vroxwlrq wr doorz iru sruwirolr fkrlfh e| zulwlqj wkh wzr Hxohu htxdwlrqv lq wkh iroorzlqj zd|=

L �E�
|

� ' ��f

�
L �Ef

|

� 7
|

�c
� n o

� n B
.
|

L �E�
|n��

�
+49,

dqg

L �E�
|

� ' ��f

�
L �Ef

|

��
|

�c
�

� n B
.
|

h-
|n�L

�E�
|n��

�
� +4:,

Jlyhq wkh qrqvwdwlrqdu| surfhvv iroorzhg e| oderu lqfrph/ zh qrupdol}h dvvhw kroglqjv

dqg fdvk rq kdqg e| wkh shupdqhqw frpsrqhqw ri hduqlqjv �
�|

c ghqrwlqj wkh qrupdol}hg

yduldeohv e| orzhu fdvh ohwwhuv +Fduuroo/ 4<<5,1 Gh�qlqj ~
|n� '

�|n�

�|

dqg wdnlqj dgydqwdjh

ri wkh krprjhqhlw| ri ghjuhh +�4, ri pdujlqdo xwlolw| lpsolhg e| FUUD suhihuhqfhv/ zh kdyh

L �E%
|

� r
|

� K
|

� '��f

�
L �E%

|

� r
|

�c
� n o

� n B
.
|

L �ES
|n��~

34

|n�

�
+4;,

dqg

L �E%
|

� r
|

� K
|

� '��f

�
L �E%

|

� K
|

�c
�

� n B
.
|

h-
|n�L

�ES
|n��~

34

|n�

�
� +4<,

Wkh qrupdol}hg vwdwh yduldeoh % hyroyhv dffruglqj wr

%
|n� ' Er

|

h-
|n� n K

|

-
s

�~3�

|n�
n L

�|n� +53,

<



Zh xvh wkh lghqwlw| S
|n� ' %

|n� � K
|n� � r

|n� zkhuh erwk K
|n�dqg r

|n� zloo eh ixqfwlrqv

ri %
|n� wr vxevwlwxwh rxw S|n� rq wkh uljkw kdqg vlghv ri +4;, dqg +4<, +vhh dsshqgl{ iru wkh

sursrvhg dojrwulwkp,1

Lq rughu iru wkh dojrulwkp wr zrun/ zh pxvw pdnh vxuh wkdw wkh wzr ixqfwlrqdo htxdwlrqv

ri lqwhuhvw gh�qh d frqwudfwlrq pdsslqj1 Wkh wzr frqglwlrqv wkdw pxvw eh vdwlv�hg iru wkh

lqglylgxdo Hxohu htxdwlrqv +4;, dqg +4<, wr gh�qh d frqwudfwlrq pdsslqj iru iKE%�c rE%�j
uhvshfwlyho| duh wkh frqglwlrqv qhhghg iru Wkhruhp 4 lq Ghdwrq dqg Odurtxh +4<<5, wr krog1

Iru +4;, zh pxvw kdyh

� n o

� n B
.
|

~34

|n�
	 � +54,

dqg iru +4<, wkh fkrvhq sdudphwhuv pxvw vdwlvi|

�

� n B
.
|

h-
|n�~

34

|n�
	 � +55,

Li wkhvh frqglwlrqv krog vlpxowdqhrxvo|/ wkhuh zloo h{lvw d xqltxh vhw ri rswlpxp srolflhv

vdwlvi|lqj wkh wzr Hxohu htxdwlrqv1 Zh qh{w vlpsoli| wkhvh frqglwlrqv wr jdlq dq lqwxlwlyh

xqghuvwdqglqj ri wkh hfrqrplfv ri wkh sureohp1 Jlyhq wkdw ~
|n� ' C

|n��|n�/ zlwk iCc�j
ehlqj orj qrupdoo| glvwulexwhg dqg lqghshqghqw ri hdfk rwkhu/ zh kdyh .

|

EC
|n��|n��

34 '

i TE�4>
}

n
4

2
j

2

}

2
� � i TE�4>

?

n 4

2

j

2

?

2
�� Dvvxph iru qrz wkdw vwrfn uhwxuqv duh xqfruuhodwhg

zlwk ~1 Wkhq

.
|

h-
|n�~

34

|n�
' .

|

h-
|n�.|

~34

|n�
+56,

' E� n >
o

� � i TE�4>
}

n
42j2

}

2
� � i TE�4>

�

n
42j2

?

2
�

Wdnlqj orjv ri wkh wzr frqglwlrqv dqg xvlqj wkh dssur{lpdwlrq *L}E� n %� � % iru vpdoo

%/ +54, ehfrphv

o � B

4
n
4

2
Ej2

}

n j2
?

� 	 >
}

n >
?

+57,

zklfk lv wkh frqglwlrq ghulyhg e| Ghdwrq +4<<4, zlwk j2
}

' f dqg >
?

' f� +55, ehfrphv

>
o

� B

4
n
4

2
Ej2

}

n j2
?

� 	 >
}

n >
?

+58,
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Qrwh wkdw wkh wzr frqglwlrqv froodsvh lqwr rqh zkhq wkh vwrfn pdunhw lqyhvwphqw rssruwxqlw|

kdv wkh vdph uhwxuq fkdudfwhulvwlfv dv wkh ulvn iuhh udwh1

Zlwk d srvlwlyh htxlw| suhplxp +>
o

: o�/ vdwlvidfwlrq ri +58, jxdudqwhhv +57,1 Lpsdwlhqfh

pxvw qrz eh hyhq kljkhu wkdq lq wkh vdylqj prgho wr suhyhqw wkh dffxpxodwlrq ri lq�qlwh

vwrfnv/ vlqfh wkh frqglwlrq lqyroylqj >
o

� B pxvw eh vdwlv�hg1 Wzr rwkhu glvwlqfw fdvhv fdq

dovr jxdudqwhh wkh h{lvwhqfh ri d vroxwlrq1 Iluvw/ d kljk h{shfwhg hduqlqjv jurzwk sur�oh

+dv phdvxuhg e| >
}

, jxdudqwhhv wkdw wkh lqglylgxdo zloo qrw zdqw wr dffxpxodwh dq lq�qlwh

dprxqw ri vwrfnv ru erqgv exw zrxog udwkhu eruurz qrz/ h{shfwlqj hduqlqjv wr lqfuhdvh lq

wkh ixwxuh1 Vhfrqg/ li wkh udwh ri wlph suhihuhqfh h{fhhgv wkh h{shfwhg vwrfn uhwxuq/ pruh

ulvn dyhuvh +kljkhu 4� lqglylgxdov zloo qrw vdwlvi| wkh frqyhujhqfh frqglwlrqv1

7 Oderu Lqfrph Xqfruuhodwhg wr Vwrfn Uhwxuqv

714 Sruwirolr Vshfldol}dwlrq dqg H�hfwv ri Ulvn Dyhuvlrq

Lq wklv Vhfwlrq/ zh vroyh wkh sruwirolr prgho iru gl�huhqw ghjuhhv ri +frqvwdqw, uhodwlyh ulvn

dyhuvlrq1 Rxu �qglqjv frq�up wkh sx}}olqj uhvxow ri frpsohwh sruwirolr vshfldol}dwlrq lq

vwrfnv ghulyhg e| Khdwrq dqg Oxfdv +4<<:, dqg vkrz zk| lw lv urexvw wr fkdqjhv lq ulvn

dyhuvlrq1 Iljxuhv 4/ 6/ dqg 7 vkrz uhvshfwlyho| frqvxpswlrq/ vwrfn kroglqjv/ dqg erqg

kroglqjv/ hdfk qrupdol}hg e| wkh shupdqhqw frpsrqhqw ri lqfrph/ dv ixqfwlrqv ri vlploduo|

qrupdol}hg fdvk rq kdqg1 Iljxuh 5 sorwv wkh vkduh ri �qdqfldo zhdowk khog lq wkh ulvn| dvvhw

iru gl�huhqw ohyhov ri fdvk rq kdqg1 Zh frqvlghu ulvn dyhuvlrq ri 9/ :/ dqg ;1

Iljxuh 4 vkrzv wkdw/ dw ohyhov ri qrupdol}hg fdvk rq kdqg ehorz d fxwr� %W +w|slfdoo|

durxqg <:( ri wkh shupdqhqw frpsrqhqw ri oderu lqfrph,/ wkh krxvhkrog grhv qrw vdyh/ dv

lw lv erxqg e| erwk vkruw vdohv frqvwudlqwv +Iljv1 6 dqg 7,1 Lw zrxog olnh wr eruurz dw wkh

ulvnohvv udwh/ h{shfwlqj kljkhu ixwxuh uhdol}dwlrqv ri fdvk rq kdqg1 Xqdeoh wr gr vr/ lw lv

hyhq zloolqj wr hqjdjh lq vkruw vdohv ri vwrfn vr dv wr errvw frqvxpswlrq/ dqg wkh vkruw0vdohv

frqvwudlqw rq vwrfnv elqgv1

Wkh phfkdqlvp e| zklfk vkruw0vdohv frqvwudlqwv rq vwrfnv dqg erqgv mxvwli| }hur vwrfn0

kroglqj lq wklv udqjh ri qrupdol}hg fdvk rq kdqg fdq eh vhhq dv iroorzv1 Lq wkh devhqfh ri

44



vxfk frqvwudlqwv/ dq h{shfwhg xwlolw| pd{lpl}hu h{klelwv vhfrqg0rughu ulvn dyhuvlrq/ lq wkh

vhqvh wkdw wkh suhplxp lw lv zloolqj wr sd| wr dyrlg ulvn lv sursruwlrqdo wr wkh yduldqfh ri

wkh ulvn dqg jrhv wr }hur idvwhu wkdq wkh vwdqgdug ghyldwlrq ri wkh ulvn +Vhjdo dqg Vslydn/

4<<3,1 Ylhzhg iurp d gl�huhqw dqjoh/ krxvhkrogv zlwk qr vwrfnv zloo dozd|v fkrrvh wr lqyhvw

dw ohdvw 0 lq vwrfnv/ vlqfh vwrfnv r�hu wkh htxlw| suhplxp dqg kdyh +orfdoo|, }hur fryduldqfh

zlwk wkh pdujlqdo xwlolw| ri frqvxpswlrq1 Qrz/ dv Kdoldvvrv dqg Ehuwdxw +4<<8, kdyh vkrzq/

lpsrvlwlrq ri d qrqqhjdwlylw| frqvwudlqw rq zhdowk/ uhtxlulqj

�
|

' 7
|

n�
|

� fc +59,

fdqqrw dowhu wklv uhvxow/ ehfdxvh lw wuhdwv erqgv dqg vwrfnv v|pphwulfdoo|1 Krzhyhu/ wkh

suhvhqfh ri wzr vhsdudwh vkruw vdohv frqvwudlqwv iru erqgv dqg vwrfnv zlwk +srwhqwldoo|,

gl�huhqw vkdgrz ydoxhv euhdnv wklv v|pphwu|1

Wkh srolf| ixqfwlrq iru qrupdol}hg zhdowk lv wkh gl�huhqfh ehwzhhq wkh 780ghjuhh olqh dqg

wkh srolf| ixqfwlrq iru frqvxpswlrq1 Iljxuh 4 vkrzv wkdw krxvhkrogv zlwk qrupdol}hg fdvk

rq kdqg deryh %W vwduw vdylqj/ exw wkh| �uvw sxw doo wkhlu vdylqjv lq vwrfnv1 Wklv frq�upv wkh

sruwirolr vshfldol}dwlrq uhvxow ri Khdwrq dqg Oxfdv +4<<:,/ iru d gl�huhqw hduqlqjv surfhvv1

Wkh vrxufh ri wklv uhvxow/ dqg ri lwv urexvwqhvv wr ghjuhhv ri ulvn dyhuvlrq/ vl}h ri htxlw|

suhpld/ dqg hduqlqjv surfhvvhv/ fdq dovr eh vhhq zlwk uhihuhqfh wr wkh gl�huhqw vkdgrz

ydoxhv ri wkh wzr vkruw0vdohv frqvwudlqwv1 Frpelqlqj +46, dqg +47, |lhogv

�

� n B
.
|

k
L �E�

|n��
�h-

|n� �-
s

�l
' b

�

� b
7

� +5:,

Xqghu qr vwrfnkroglqj dqg qr fruuhodwlrq ehwzhhq hduqlqjv dqg vwrfn uhwxuqv/ wkh fryduldqfh

ehwzhhq wkh htxlw| suhplxp dqg wkh pdujlqdo xwlolw| ri frqvxpswlrq lv }hur1 Wkxv/ htxdwlrq

+5:, fdq eh uhzulwwhq dv

�

� n B
.
|

dL �E�
|n��o .|

k h-
|n� �-

s

l
' b

�

� b
7

+5;,

Jlyhq qrqvdwldwlrq dqg dq htxlw| suhplxp/ wkh ohiw kdqg vlgh ri +5;, lv srvlwlyh/ l1h1 b
�

: b
7

1

Wklv gl�huhqfh lq vkdgrz ydoxhv ri uhod{lqj frqvwudlqwv uh hfwv wkh vxshulru dwwulexwhv ri wkh

ulvnohvv dvvhw dv d eruurzlqj yhklfoh frpsduhg wr wkh ulvn| dqg frvwolhu +lq h{shfwhg whupv,

dowhuqdwlyh ri vkruw vdohv ri vwrfn1 Vlqfh b
�

: b
7

dw }hur vwrfnkroglqj/ krxvhkrogv lq wkh
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qhljkerukrrg ri %W zrxog olnh wr eruurz ulvnohvvo| qrw rqo| wr frqvxph exw dovr wr lqyhvw lq

vwrfnv wkdw r�hu dq htxlw| suhplxp dqg kdyh }hur fryduldqfh zlwk frqvxpswlrq1 Krxvhkrogv

duh suhyhqwhg iurp eruurzlqj dqg ghyrwh doo vdylqj wr vwrfnv1

Fkdqjhv lq wkh ghjuhh ri ulvn dyhuvlrq fdqqrw uhyhuvh wklv uhvxow/ vlqfh wkh| gr qrw d�hfw

wkh vljq ri pdujlqdo xwlolw|1 Wkh vdph krogv iru kdelw shuvlvwhqfh1 Dv orqj dv wkhuh lv dq

htxlw| suhplxp/ lwv vl}h grhv qrw pdwwhu/ hlwkhu1 Wklv h{sodlqv wkh urexvwqhvv ri wkh sruwirolr

vshfldol}dwlrq uhvxow wr wkh h{shulphqwv lq Khdwrq dqg Oxfdv +4<<:,1 Dv orqj dv zh frqvlghu

hduqlqjv surfhvvhv wkdw duh xqfruuhodwhg zlwk vwrfn uhwxuqv/ wkh qdwxuh ri wkhvh surfhvvhv

grhv qrw lq xhqfh wklv uhvxow/ dqg b
�

: b
7

frqwlqxhv wr krog1 Wklv h{sodlqv zk| zh �qg

sruwirolr vshfldol}dwlrq xvlqj d gl�huhqw hduqlqjv surfhvv1

Ilj1 6 dovr vkrzv wkdw qrupdol}hg vwrfn kroglqjv duh lqfuhdvlqj lq ulvn dyhuvlrq dw ohyhov

ri qrupdol}hg fdvk rq kdqg wkdw mxvwli| vdylqj1 Wklv vxusulvlqj uhvxow lv gxh wr d frq lfw

ehwzhhq ulvn dyhuvlrq dqg �suxghqfh� lq wkh suhvhqfh ri elqglqj vkruw vdohv frqvwudlqwv1

Lq dq h{shfwhg0xwlolw| iudphzrun/ wkh ghjuhh ri ulvn dyhuvlrq lv wlhg wr wkh hodvwlflw| ri

lqwhuwhpsrudo vxevwlwxwlrq dqg lw lv lqyhuvho| uhodwhg wr lw1 Suxghqfh lv wkh whqghqf| ri

dq h{shfwhg xwlolw| pd{lpl}hu wr dffxpxodwh dgglwlrqdo zhdowk wr ex�hu frqvxpswlrq iurp

vkrfnv wr oderu lqfrph +vhh Nlpedoo/ 4<<3,/ dqg lw lv srvlwlyho| uhodwhg wr ulvn dyhuvlrq1 Wkxv/

kljkhu ulvn dyhuvlrq lpsolhv orzhu hodvwlflw| ri vxevwlwxwlrq dqg kljkhu suxghqfh1 Erwk pdnh

krxvhkrogv zdqw wr lqfuhdvh wkhlu qhw zhdowk eh|rqg %W +Ilj1 4,/ exw qrqh ri wklv lqfuhdvh

frphv iurp fkdqjhv lq uhdol}hg eruurzlqj/ zklfk lv vwloo dw }hur ehfdxvh ri wkh elqglqj vkruw

vdohv frqvwudlqw +Ilj1 7,1 Wkhlu ghvluh wr lqfuhdvh zhdowk grplqdwhv wkhlu prwlyh wr uhgxfh

h{srvxuh wr vwrfnkroglqj ulvn/ ohdglqj wr lqfuhdvhg vwrfnkroglqj iru kljkhu ghjuhhv ri ulvn

dyhuvlrq1

Wdeoh 4 xvhv wkh lqyduldqw glvwulexwlrq ri qrupdol}hg fdvk rq kdqg +vhh Dsshqgl{ E, wr

vkrz wkdw phdq dqg phgldq erqgkroglqj duh }hur1 Lqwxlwlyho|/ dqg ylhzhg lq wkh frqwh{w

ri dq lq�qlwh0krul}rq krxvhkrog/ wklv glvwulexwlrq lqglfdwhv wkh sursruwlrq ri wlph wkdw wkh

krxvhkrog uhfhlyhv qrupdol}hg fdvk rq kdqg uhdol}dwlrqv lq hdfk vshfl�hg uhjlrq1; Frqvlvwhqw

;Ylhzhg lq wkh frqwh{w ri d frqwlqxxp ri krxvhkrogv idflqj h{ dqwh wkh vdph hduqlqjv surfhvv/ lw lqglfdwhv

wkh sursruwlrq ri wkh srsxodwlrq uhfhlylqj/ dw d srlqw lq wlph/ uhdol}dwlrqv ri qrupdol}hg fdvk rq kdqg lq

hdfk vshfl�hg uhjlrq1
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zlwk srolf| ixqfwlrqv/ phdq dqg phgldq qrupdol}hg vwrfn kroglqjv duh qrw rqo| srvlwlyh/ exw

dovr lqfuhdvlqj lq ulvn dyhuvlrq1 Vxfk sruwirolr ehkdylru e| wkh pruh ulvn dyhuvh lv mxvwl�hg/

vlqfh lw uhvxowv lq vpdoohu vwdqgdug ghyldwlrq ri qrupdol}hg frqvxpswlrq/ dv zhoo dv lq kljkhu

phdq qrupdol}hg frqvxpswlrq1

715 Suhfdxwlrqdu| H�hfwv

71514 Srolf| Ixqfwlrqv

Ohw xv qrz irfxv rq wkh uroh ri oderu lqfrph ulvn lq wklv w|sh ri sruwirolr ehkdylru1 Suh0

fdxwlrqdu| h�hfwv rq dvvhw dffxpxodwlrq duh ghulyhg dv gl�huhqfhv iurp d prgho lq zklfk

krxvhkrogv duh jxdudqwhhg wkh h{shfwhg ydoxh ri oderu lqfrphv1 Lq wkh devhqfh ri vkruw vdohv

frqvwudlqwv/ dq h{shfwhg xwlolw| pd{lpl}hu zloo dffxpxodwh suhfdxwlrqdu| zhdowk wr ex�hu

frqvxpswlrq iurp vkrfnv wr oderu lqfrph li wkh xwlolw| ixqfwlrq h{klelwv suxghqfh/ l1h1 kdv

srvlwlyh wklug ghulydwlyh +Nlpedoo/ 4<<3,1 Nlpedoo +4<<6, xvhg dq dwhpsrudo prgho wr ghulyh

frqglwlrqv xqghu zklfk xqlqvxudeoh oderu lqfrph ulvn glvfrxudjhv lqyhvwphqw lq d ulvn| dvvhw

+�whpshudqfh�,1< Rxu FUUD xwlolw| ixqfwlrq h{klelwv erwk surshuwlhv1 Lq wkh fxuuhqw vhwxs/

wkh dqvzhu wr krz zhdowk dqg sruwirolrv duh dowhuhg lq uhvsrqvh wr xqlqvxudeoh oderu lqfrph

ulvn lqyroyhv d frpsdulvrq ehwzhhq prghov lq zklfk vkruw vdohv frqvwudlqwv duh suhvhqw1

Iljxuhv 8 wr ; ghslfw wkh h�hfwv rq srolf| ixqfwlrqv iurp ydu|lqj wkh vwdqgdug ghyld0

wlrq ri shupdqhqw dqg ri wudqvlwru| vkrfnv wr oderu lqfrph/ iru xqfkdqjhg phdq hduqlqjv1

Wkh ehqfkpdun vwdqgdug ghyldwlrqv ri wudqvlwru| dqg shupdqhqw vkrfnv duh vhw wr 314 dqg

13; uhvshfwlyho|1 Frpsdulvrq wr d prgho zlwk qr oderu lqfrph ulvn vkrzv wkh frpelqhg

suhfdxwlrqdu| h�hfwv ri erwk w|shv ri vkrfnv1 Frpsdulvrq ri wkh ehqfkpdun prgho wr d

vhwxs zlwkrxw shupdqhqw vkrfnv exw zlwk vwdqgdug ghyldwlrq ri wudqvlwru| vkrfnv dw wkh

ehqfkpdun lghqwl�hv wkh uroh ri shupdqhqw vkrfnv143 Ilqdoo|/ frpsdulvrq ri wklv vhwxs wr

wkh prgho zlwk qr hduqlqjv ulvn vkrzv wkh uroh ri wudqvlwru| vkrfnv1

Zkhq fdvk rq kdqg lv ehorz d wkuhvkrog %Wc wrwdo oderu lqfrph ulvn iurp erwk vrxufhv

<Vhh dovr Sudww dqg ]hfnkdxvhu +4<;:,1
43Gxh wr qxphulfdo sureohpv zlwk frqyhujhqfh/ wkh fdvh ri �qr� oderu lqfrph ulvn lqyroyhv vwdqgdug

ghyldwlrqv ri wudqvlwru| dqg ri shupdqhqw vkrfnv htxdo wr 3135 dqg 3135/ uhvshfwlyho|1
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kdv qr h�hfw rq wkh srolf| ixqfwlrqv iru frqvxpswlrq dqg iru dvvhw kroglqjv1 Ehorz wklv

fdvk rq kdqg wkuhvkrog/ erwk vkruw vdohv frqvwudlqwv duh elqglqj uhjdugohvv ri zkhwkhu oderu

lqfrph lv ulvn|1 Wkxv/ elqglqj frqvwudlqwv holplqdwh suhfdxwlrqdu| h�hfwv rq ghvluhg frq0

vxpswlrq/ zhdowk/ vwrfnkroglqj/ dqg erqgkroglqj1 Lq d vhfrqg uhjlrq ri qrupdol}hg fdvk

rq kdqg/ hduqlqjv ulvn hqfrxudjhv zhdowk dffxpxodwlrq dv h{shfwhg/ exw lw dovr hqfrxudjhv

vwrfnkroglqj1 Erqg kroglqjv duh dw wkh }hur  rru uhjdugohvv ri lqfrph ulvn1 Suxghqfh glf0

wdwhv d suhfdxwlrqdu| lqfuhdvh lq zhdowk/ dqg doo ri wklv lqfuhdvh lv dfklhyhg wkurxjk kljkhu

vwrfnkroglqj1 Dv d uhvxow/ wkh srolf| ixqfwlrq iru vwrfnkroglqj xqghu oderu lqfrph ulvn olhv

deryh wkdw xqghu lqfrph fhuwdlqw| +Ilj1 :,144 Qrwh wkdw/ kdg rqh orrnhg rqo| dw wkh sruwirolr

vkduh ri ulvn| dvvhwv +Ilj1 9,/ rqh zrxog kdyh plvvhg wkhvh suhfdxwlrqdu| h�hfwv/ vlqfh wkh

suhglfwhg vkduh lv xqlw| uhjdugohvv ri oderu lqfrph ulvn1

Lq Iljxuhv 80;/ zh dovr uhpryh shupdqhqw vkrfnv/ pdlqwdlqlqj wudqvlwru| vkrfnv1 Iljxuh

8 vkrzv wkdw uhprydo ri shupdqhqw oderu lqfrph vkrfnv hqfrxudjhv d vxevwdqwldo lqfuhdvh

lq qrupdol}hg frqvxpswlrq +uhgxfwlrq lq zhdowk, lq wkh udqjh deryh %Wc frqvlvwhqw zlwk

suxghqfh1 Iljv1 : dqg ; ghprqvwudwh wkh pdmru lq xhqfh ri shupdqhqw vkrfnv rq ghvluhg

sruwirolr frpsrvlwlrq1 Dv orqj dv wkh vkruw vdohv frqvwudlqw rq erqgv lv elqglqj/ uhprydo

ri wkh shupdqhqw vkrfn lqgxfhv d ghfuhdvh lq vwrfnkroglqj1 Lq wklv uhjlrq/ vwrfnv dfw dv

suhfdxwlrqdu| ex�huv/ dqg krxvhkrogv wdnh dgydqwdjh ri wkh htxlw| suhplxp wr jhqhudwh

zhdowk lq rughu wr uhvsrqg wr wkh orqj whup ulvn fuhdwhg e| shupdqhqw vkrfnv wr oderu lqfrph1

Lq wkh devhqfh ri shupdqhqw vkrfnv/ wkh vkruw vdohv frqvwudlqw rq erqgv fhdvhv wr eh elqglqj

dw kljk qrupdol}hg fdvk rq kdqg/ dqg erqgv duh vxevwlwxwhg iru vwrfnv1 Frpsdulvrq ri wklv

lqwhuphgldwh vhwxs wr wkh prgho zlwkrxw hduqlqjv ulvn vkrzv wkdw wkh h�hfwv wkdw wudqvlwru|

vkrfnv kdyh rq srolf| ixqfwlrqv duh vlplodu wr wkrvh rewdlqhg iru shupdqhqw vkrfnv/ exw

txdqwlwdwlyho| pxfk vpdoohu1

71515 Wlph Vhulhv Prphqwv

Edvhg rq srolf| ixqfwlrqv/ zh zrxog h{shfw wkdw wrwdo oderu lqfrph ulvn dqg shupdqhqw

lqfrph vkrfnv dorqh zrxog lqfuhdvh phdq dqg phgldq vwrfnkroglqj vxevwdqwldoo|/ zkloh wudq0

44Kdoldvvrv dqg Kdvvdslv +4<<;, rewdlq vlplodu uhyhuvdov ri whpshudqfh iru d ydulhw| ri lqfrph0edvhg dqg

froodwhudo eruurzlqj frqvwudlqwv lq d prgho zlwk �qlwh krul}rqv1
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vlwru| vkrfnv zrxog kdyh d vpdoohu h�hfw1 Wdeoh 5 ghprqvwudwhv wkdw wlph0vhulhv phdq dqg

phgldq dvvhw kroglqjv duh wkh mrlqw surgxfw ri srolf| ixqfwlrqv dqg ri wkh uhodwlyh iuhtxhqflhv

zlwk zklfk gl�huhqw ohyhov ri qrupdol}hg fdvk rq kdqg rffxu1 Rxu h{shfwdwlrqv derxw shu0

pdqhqw lqfrph vkrfnv dqg wrwdo oderu lqfrph ulvn duh lqghhg frq�uphg1 Frqwudu| wr uhvxowv

rq srolf| ixqfwlrqv/ krzhyhu/ wudqvlwru| vkrfnv lqfuhdvh phdq dqg phgldq vwrfnkroglqj pruh

wkdq shupdqhqw vkrfnv gr1

Wkh �uvw froxpq uhsruwv wkh fdvh ri qr oderu lqfrph ulvn1 Vwduwlqj iurp }hur lqlwldo

zhdowk/ wkh krxvhkrog uhfhlyhv fhuwdlq oderu lqfrph wkdw jurzv dw 6( shu shulrg/ dqg frq0

vxphv lw/ vlqfh lw fdqqrw eruurz1 Wkxv/ vkruw vdohv frqvwudlqwv lpso| }hur dvvhw kroglqj xqghu

qr lqfrph ulvn1 Wkh vhfrqg froxpq lqwurgxfhv wudqvlwru| vkrfnv wr oderu lqfrph1 Vlqfh dvvhw

kroglqj fdq rqo| eh srvlwlyh ru }hur/ dqg jlyhq wkh sruwirolr vshfldol}dwlrq lq vwrfnv dw olnho|

ohyhov ri qrupdol}hg fdvk rq kdqg/ phdq dqg phgldq qrupdol}hg vwrfnkroglqj ehfrphv srv0

lwlyh exw phdq erqgkroglqj uhpdlqv dw }hur1 Wkxv/ wudqvlwru| vkrfnv lqfuhdvh vwrfnkroglqj1

Phdq qrupdol}hg frqvxpswlrq dqg frqvxpswlrq vprrwklqj duh hqkdqfhg wkurxjk wkh xvh

ri vwrfnv dv d vdylqj yhklfoh1

Froxpq 6 lqwurgxfhv shupdqhqw vkrfnv wr oderu lqfrph/ exw uhpryhv wudqvlwru| vkrfnv1

Vxusulvlqjo|/ phdq dqg phgldq qrupdol}hg vwrfnv duh ehorz wkrvh xqghu wudqvlwru| vkrfnv1

Lqghhg/ zh �qg wkh eljjhvw glvfuhsdqflhv lq phdq +dqg phgldq, vwrfnkroglqj ehwzhhq wkh

ehqfkpdun +fro1 7, dqg froxpq 6 lq zklfk wudqvlwru| vkrfnv duh holplqdwhg1 Kdg zh revhuyhg

wklv lq wkh gdwd/ zh pljkw eh whpswhg wr frqfoxgh wkdw krxvhkrogv vxemhfw wr shupdqhqw

vkrfnv �glvolnh� vwrfnv pruh wkdq wkrvh vxemhfw wr wudqvlwru| vkrfnv1 Krzhyhu/ wklv uhvxow

lv qrw gxh wr srolf| ixqfwlrqv exw wr wkh uhodwlyh iuhtxhqflhv ri fdvk rq kdqg uhdol}dwlrqv1

Qrw vxusulvlqjo|/ frqvxpswlrq vprrwklqj lv hdvlhvw xqghu wudqvlwru| vkrfnv dqg wrr frvwo|

dqg gl!fxow zkhq rqo| shupdqhqw vkrfnv h{lvw +vhh Ghdwrq/ 4<<4 iru wkh vdph uhvxow lq wkh

vdylqj prgho,1

Wdnhq wrjhwkhu/ wkh wlph vhulhv uhvxowv uhsuhvhqw dq hyhq eljjhu ghsduwxuh iurp rxu xvxdo

shufhswlrq ri whpshudqfh wkdq wkrvh edvhg rq srolf| ixqfwlrqv dorqh/ vlqfh dq| w|sh ri oderu

lqfrph xqfhuwdlqw| errvwv ulvn| dvvhw kroglqjv lq wkh suhvhqfh ri vkruw vdohv frqvwudlqwv/ wkxv

frqwulexwlqj wr wkh sruwirolr vshfldol}dwlrq uhvxow1
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8 Fruuhodwlrq ehwzhhq vwrfn pdunhw uhwxuqv dqg oderu

lqfrph ulvn

Rxu �qglqjv vr idu vxjjhvw wkdw oderu lqfrph vkrfnv surylgh d pdmru lpshwxv iru vwrfnkrog0

lqj/ wkxv frqwulexwlqj wr wkh sx}}olqj sruwirolr vshfldol}dwlrq uhvxow lq wkh lq�qlwh0krul}rq

prgho zlwk xqfruuhodwhg vwrfn uhwxuqv dqg oderu lqfrphv1 Srvlwlyh fruuhodwlrq ehwzhhq od0

eru lqfrphv dqg vwrfn pdunhw uhwxuqv udlvhv wkh fryduldqfh ehwzhhq wkh pdujlqdo xwlolw| ri

frqvxpswlrq dqg vwrfn uhwxuqv dw dq| jlyhq ohyho ri vwrfnkroglqj1 Lq wkh devhqfh ri vkruw

vdohv frqvwudlqwv/ wklv vkrxog pdnh vwrfnv ohvv dwwudfwlyh1 Zh qrz h{dplqh zkhwkhu wkh xq0

uhdolvwlf sruwirolr vshfldol}dwlrq uhvxow fdq eh holplqdwhg e| prghudwh fruuhodwlrq ehwzhhq

vwrfn uhwxuqv dqg hlwkhu wudqvlwru| ru shupdqhqw vkrfnv wr oderu lqfrph xqghu vkruw vdohv

frqvwudlqwv1 Wkh phwkrg xvhg wr lqgxfh srvlwlyh fruuhodwlrq lv ghvfulehg lq Dsshqgl{ D1

Lq xquhsruwhg h{shulphqwv/ zh irxqg wkdw srvlwlyh fruuhodwlrq ehwzhhq vwrfn uhwxuqv dqg

wudqvlwru| hduqlqjv vkrfnv lv xqolnho| wr eh lpsruwdqw lq uhyhuvlqj wkh sruwirolr vshfldol}dwlrq

uhvxow1 Fruuhodwlrq htxdo wr 315 |lhogv vpdoo h�hfwv rq srolf| ixqfwlrqv1 Fruuhodwlrq ri xqlw|

lqgxfhv krxvhkrogv wr pryh �uvw lqwr erqgv/ exw sruwirolr vshfldol}dwlrq lq vwrfnv frqwlqxhv

wr rffxu iru prvw ri wkh uhohydqw udqjh ri qrupdol}hg fdvk rq kdqg1 Dw dq| udwh/ wkhuh lv

qr hpslulfdo vxssruw iru dvvxplqj wkdw vxfk h{wuhph ohyhov ri fruuhodwlrq fkdudfwhul}h dq

lpsruwdqw vxevhw ri wkh srsxodwlrq1

Iljxuhv < wr 45 looxvwudwh wkh h�hfwv ri srvlwlyh fruuhodwlrq ehwzhhq vwrfn uhwxuqv dqg

shupdqhqw vkrfnv wr oderu lqfrph htxdo wr 314/ 316/ dqg 3181 Wkh lqfuhdvhg fruuhodwlrq

ehwzhhq vwrfn uhwxuqv dqg shupdqhqw lqfrph vkrfnv pdnhv vwrfnv vljql�fdqwo| ohvv dwwudfwlyh

dqg lqgxfhv krxvhkrogv wr vwduw lqyhvwlqj lq erqgv dw orzhu ohyhov ri qrupdol}hg fdvk rq kdqg

+Ilj1 45,1 Iru fruuhodwlrq ri 316/ wkh krxvhkrog vwloo hqwhuv wkh vwrfn pdunhw �uvw/ exw wkh

udqjh ri fdvk rq kdqg iru zklfk rqo| vwrfnv duh xvhg lv douhdg| vhyhuho| olplwhg +Ilj1 44,1 Dw

fruuhodwlrq ri 318/ zh �qg vl}hdeoh sruwirolr vkliwv dzd| iurp vwrfnv/ d uhyhuvdo lq wkh rughu lq

zklfk wkh krxvhkrog hqwhuv wkh vwrfn dqg wkh erqg pdunhw wkdw lv pruh lq olqh zlwk hpslulfdo

revhuydwlrq/ dqg d mxvwl�fdwlrq iru }hur vwrfnkroglqj lq d olnho| udqjh ri qrupdol}hg fdvk rq

kdqg1 Lq Wdeoh 7/ d srvlwlyh fruuhodwlrq ri 318 gulyhv phdq dqg phgldq vwrfn kroglqjv wr
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}hur/ zkloh phdq dqg phgldq erqg kroglqjv duh srvlwlyh1 Wklv lpsuryhphqw lq sruwirolr

suhglfwlrqv frphv zlwk plqru h�hfwv rq wkh srolf| ixqfwlrq iru frqvxpswlrq +zhdowk,1

Wkh hpslulfdo txhvwlrq wkhq dulvhv zkhwkhu vxfk ohyhov ri srvlwlyh fruuhodwlrq ehwzhhq

shupdqhqw hduqlqjv vkrfnv dqg vwrfn uhwxuqv fkdudfwhul}h d vx!flhqwo| odujh vhjphqw ri wkh

srsxodwlrq wr dffrxqw iru wkh }hur vwrfn kroglqj sx}}oh1 Lq rqh ri wkh �uvw vwxglhv dwwhpswlqj

wr txdqwli| wklv fruuhodwlrq/ Gdylv dqg Zloohq +4<<<, rewdlq hvwlpdwhv udqjlqj ehwzhhq ��

dqg �� ryhu prvw ri wkh zrunlqj olih iru froohjh hgxfdwhg pdohv dqg durxqg ��2D dw doo djhv
iru pdoh kljk vfkrro gursrxwv145 Khdwrq dqg Oxfdv +4<<<, dujxh wkdw hqwhusuhqhxuldo ulvn lv

srvlwlyho| fruuhodwhg zlwk vwrfn uhwxuqv dqg uhdfkhv ohyhov durxqg �21 Wkhvh qxpehuv dsshdu

vpdoohu wkdq qhhghg wr h{sodlq }hur vwrfnkroglqj1 Pruhryhu/ wkh| duh ri wkh rssrvlwh vljq

iru wkhvh fdwhjrulhv> wkh| frph forvh wr jhqhudwlqj }hur vwrfnkroglqj iru froohjh judgxdwhv ru

hqwhusuhqhxuv zkr lq idfw whqg wr krog vwrfnv/ dqg wkh| suhglfw wkdw orz hgxfdwlrq krxvhkrogv

vkrxog dfwxdoo| eh kroglqj vwrfnv dv d khgjlqj lqvwuxphqw zkhq lq idfw wkh| whqg qrw wr gr

vr1

9 ]hur Vwrfnkroglqj dqg Hqwu| Frvwv

Lq wklv vhfwlrq zh h{soruh dq dowhuqdwlyh urxwh wr dffrxqwlqj iru }hur vwrfnkroglqj1 Vxssrvh

wkdw dffhvv wr vwrfnkroglqj rssruwxqlwlhv hqwdlov vrph frvw1 Vxfk frvwv dulvh qdwxudoo|/ jlyhq

wkh lqirupdwlrqdo uhtxluhphqwv iru lqyhvwlqj lq wkh vwrfn pdunhw dqg frpplvvlrqv fkdujhg

e| eurnhuv dqg ixqg pdqdjhuv1 Wkh| duh dxjphqwhg li rqh lqfoxghv wkh rssruwxqlw| frvw ri

wkh krxvhkrog*v wlph vshqw/ dv zhoo dv srvvleoh plvshufhswlrqv derxw wkh ohyho ri frvwv dqg

h�ruw uhtxluhg wr sduwlflsdwh lq wkh vwrfn pdunhw wkdw jhqhudwh lqhuwld +vhh Kdoldvvrv dqg

Ehuwdxw/ 4<<8,1 Zh fdq wkhq frpsxwh wkh qrupdol}hg hqwu| frvw wr wkh vwrfn pdunhw wkdw

zrxog pdnh djhqwv lqgl�huhqw ehwzhhq hqwhulqj wkh vwrfn pdunhw ru qrw sduwlflsdwlqj dqg

xvlqj wkh ulvnohvv dvvhw pdunhw wr jhqhudwh wkh zhdowk ex�hu1

Wr frpsxwh wklv wkuhvkrog hqwu| frvw/ zh vroyh iru wkh dvvrfldwhg ydoxh ixqfwlrqv1 Ghwdlov

ri lwv frpsxwdwlrq duh irxqg lq Dsshqgl{ F1 Qrw vxusulvlqjo|/ wkh ydoxh ixqfwlrq ri wkh

45Wkh| xvh wkh Dqqxdo Ghprjudsklf Ilohv ri wkh Pdufk Fxuuhqw Srsxodwlrq Vxuyh| +FSV, wr frqvwuxfw

sdqho gdwd rq phdq dqqxdo hduqlqjv ehwzhhq 4<96 dqg 4<<71
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sruwirolr prgho h{fhhgv wkdw ri wkh vdylqj prgho dw dq| ohyho ri qrupdol}hg fdvk rq kdqg/

vlqfh krxvhkrogv duh qr zruvh r� zkhq wkh| kdyh wkh rswlrq wr lqyhvw lq vwrfnv +Iljv1 46

dqg 47,1 Srvlwlyh fruuhodwlrq ehwzhhq vwrfn uhwxuqv dqg shupdqhqw vkrfnv wr oderu lqfrphv

orzhuv wkh ydoxh ixqfwlrq iru wkh sruwirolr prgho vlqfh lw pdnhv vwrfnv ohvv xvhixo iru ex�hulqj

oderu lqfrph ulvn +exw vwloo uhpdlqv deryh wkh ydoxh ixqfwlrq iru wkh vdylqj prgho,1

Irupdoo|/ li zh ghqrwh wkh ydoxh ixqfwlrq dvvrfldwhg zlwk sduwlflsdwlqj lq wkh vwrfn pdunhw

e| T
r

dqg wkh ydoxh ixqfwlrq zkhq xvlqj wkh erqg pdunhw e| T
�

/ wkh qrupdol}hg wkuhvkrog

hqwu| frvw dv d ixqfwlrq ri qrupdol}hg fdvk rq kdqg lv &E%�c vxfk wkdw

T
7

E%� &E%�� ' T
�

E%� +5<,

Jlyhq wkh prqrwrqlflw| lq fdvk rq kdqg ri wkh ydoxh ixqfwlrq/ zh fdq xvh d qxphulfdo

lqwhusrodwlrq surfhgxuh wr lqyhuw wkh ydoxh ixqfwlrqv dqg ghulyh wkh hqwu| frvw dv

&E%� ' %� T 3�

7

ET
�

E%�� +63,

Vlqfh &E%� ydulhv zlwk wkh uhdol}hg fdvk rq kdqg/ zh fdq qrz pdnh xvh ri wkh wlph0lqyduldqw

glvwulexwlrq ri qrupdol}hg fdvk rq kdqg46 wr �qg wkh pd{lpxp ohyho ri % wkdw wkh krxvhkrog

lv olnho| wr h{shulhqfh1 Zh frpsxwh wklv iurp wkh lqyduldqw glvwulexwlrqv ghslfwhg lq Iljv1

4:053 dv wkh ohyho e%c vxfk wkdw �hE% � e%� ' �� Rxu wkuhvkrog hqwu| frvw lv wkhq frpsxwhg dv

&Ee%��47
Wklv wkuhvkrog hqwu| frvw/ ru htxlydohqwo| wkh plqlpxp frpshqvdwlrq wkdw dq| krxvhkrog

lq wkh prgho zrxog dffhsw lq rughu wr vwd| rxw ri wkh vwrfn pdunhw/ lv dq ryhuhvwlpdwh

ri wkh hqwu| frvw qhhghg wr jhqhudwh revhuyhg srsxodwlrq vsolwv ehwzhhq vwrfnkroghuv dqg

qrvwrfnkroghuv lq dw ohdvw wkuhh uhvshfwv1 Iluvw/ lw lv frpsxwhg xvlqj d prgho zklfk lpsolhv

wkdw/ li wkh krxvhkrog jdlqv dffhvv wr wkh vwrfn pdunhw/ lw fdq pdnh xvh ri vwrfnkroglqj

rssruwxqlwlhv ryhu dq lq�qlwh krul}rq1 Vhfrqg/ zh kdyh dvvxphg wkdw wkh frvw ri dffhvvlqj

wkh vwrfn pdunhw lv d wlfnhw ihh wkdw lv sdlg rqo| rqfh1 Wklug/ zh xvh wkh ydoxh &Ee%�c zklfk lv
vx!flhqw wr nhhs hyhu|erg| rxw ri wkh vwrfn pdunhw uhjdugohvv ri fdvk rq kdqg uhdol}dwlrq1

46Vhh Dsshqgl{ E iru wkh frpsxwdwlrq ri wkh wlph lqyduldqw glvwulexwlrq1
47Zh xvh wkh lqyduldqw glvwulexwlrq dvvrfldwhg zlwk wkh vdylqj prgho wr frpsxwh e{ vlqfh zh duh dvvxplqj

wkdw wkh krxvhkrog lv frqwhpsodwlqj hqwu| lq wkh vwrfn pdunhw iru wkh �uvw wlph1
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Dv vhhq iurp Iljv1 48 dqg 49/ &E%� lv prqrwrqlfdoo| lqfuhdvlqj lq %c lpso|lqj wkdw zhdowklhu

lqglylgxdov uhtxluh odujhu frpshqvdwlrq wr vwd| rxw ri wkh vwrfn pdunhw1

Ghvslwh wkhvh frqvlghudwlrqv/ wkh frpsxwhg wkuhvkrog hqwu| frvwv whqg wr eh uhodwlyho|

vpdoo1 Iru d krxvhkrog zlwk ulvn dyhuvlrq ri 5 zkrvh oderu lqfrph lv xqfruuhodwhg zlwk

vwrfn uhwxuqv/ wkh wkuhvkrog lv 714( ri wkh shupdqhqw frpsrqhqw ri oderu lqfrph1 Rq wkh

rwkhu kdqg/ zkhq wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq ulvhv wr ;/ wkh wkuhvkrog hqwu| frvw

fruuhvsrqglqjo| ulvhv wr 481<(1 Wkh uhdvrq iru wkh kljkhu hqwu| frvw dulvhv iurp wkh frq lfw

ehwzhhq suxghqfh dqg ulvn dyhuvlrq1 Zkhq ulvn dyhuvlrq ulvhv/ suxghqfh dovr ulvhv wr wkh

srlqw wkdw suxghqfh grplqdwhv ulvn dyhuvlrq dqg glfwdwhv wkdw pruh zhdowk eh dffxpxodwhg

lq wkh irup ri vwrfnv1 Vlqfh wkh lpsruwdqfh ri vwrfnv lv hqkdqfhg/ wkh frpshqvdwlrq iru

devwdlqlqj iurp wkh vwrfn pdunhw kdv wr ulvh/ dqg wkhuhiruh d kljkhu hqwu| frvw pxvw h{lvw wr

udwlrqdol}h vwrfn pdunhw qrq0sduwlflsdwlrq1

Zkhq wkh shupdqhqw vkrfnv wr oderu lqfrph kdyh fruuhodwlrq zlwk vwrfn uhwxuqv htxdo

wr 316 dqg 4 ' 2/ wkh wkuhvkrog gursv vrphzkdw wr 616( +iurp 714( zkhq wkh fruuhodwlrq

lv }hur, ehfdxvh ri wkh uhgxfhg dwwudfwlyhqhvv ri vwrfnv1 Lqwhuhvwlqjo|/ �jxuh 49 vkrzv wkdw

wkh suhvhqfh ri srvlwlyh fruuhodwlrq fdq uhyhuvh wkh h�hfw ri kljkhu ulvn dyhuvlrq rq wkh hqwu|

frvw wkdw lqgxfhv vwrfn pdunhw qrq0sduwlflsdwlrq1 Zkhq wkh krxvhkrog kdv ulvn dyhuvlrq

htxdo wr ;/ iru lqvwdqfh/ wkh wkuhvkrog gursv ixuwkhu wr 518( +uhfdoo wkdw lq wkh devhqfh

ri srvlwlyh fruuhodwlrq ehwzhhq vwrfn uhwxuqv dqg hduqlqjv wkh wkuhvkrog ulvhv zlwk 4> frp0

sduh �jxuhv 48 dqg 49,1 Wklv rffxuv ehfdxvh zlwk srvlwlyh fruuhodwlrq ehwzhhq hduqlqjv

dqg vwrfn uhwxuqv/ dq| jlyhq dprxqw ri vwrfn kroglqj frqwulexwhv pruh wr wkh ulvnlqhvv ri

frqvxpswlrq/ hqkdqflqj wkh lpsruwdqfh ri ulvn dyhuvlrq uhodwlyh wr suxghqfh1 Ylhzhg dv

ryhuhvwlpdwhv ri wkh qhfhvvdu| hqwu| frvwv/ wkhvh �jxuhv vxjjhvw wkdw uhodwlyho| vpdoo frvwv

dvvrfldwhg zlwk lqirupdwlrq dftxlvlwlrq/ frpplvvlrqv/ wlph vshqw/ dqg shukdsv hyhq lqhuwld/

frxog nhhs krxvhkrogv rxw ri wkh vwrfn pdunhw1

Rqh pd| zrqghu zk| hqwu| frvwv duh vr orz/ jlyhq wkdw wkh krxvhkrog jdlqv dffhvv wr

vwrfnv ryhu dq lq�qlwh krul}rq1 Wzr idfwruv duh dw zrun1 Iluvw/ dffhvv wr vwrfnv grhv qrw

qhfhvvdulo| lpso| vwrfnkroglqj lq hyhu| shulrg1 Wkh lqyduldqw glvwulexwlrqv iru sruwirolr

prghov lq Iljv1 4; wr 53/ frpelqhg zlwk wkh srolf| ixqfwlrqv iru vwrfnkroglqj lq Iljv1 6

dqg 44 vkrz wkdw krxvhkrogv duh olnho| wr vshqg d vxevwdqwldo iudfwlrq ri wkhlu wlph dw ohyhov
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ri qrupdol}hg fdvk rq kdqg wkdw gr qrw mxvwli| dq| vwrfnkroglqj1 Vshfl�fdoo|/ zkhq 4 ' 2

dqg vwrfn uhwxuqv duh xqfruuhodwhg zlwk oderu lqfrph/ wkh krxvhkrog grhv qrw vdyh dq|wklqj

ES 	 %W� durxqg 6;( ri wkh wlph1 Zkhq wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq ulvhv wr

;/ rq wkh rwkhu kdqg/ wkh oltxlglw| frqvwudlqw lv elqglqj rqo| <1:( ri wkh wlph/ hqkdqflqj

wkh ydoxh ri hqwhulqj wkh vwrfn pdunhw dqg mxvwli|lqj wkh kljkhu frvw qhhghg wr jhqhudwh

vwrfn pdunhw qrq0sduwlflsdwlrq +frvw ulvhv iurp 714( wr 481<( ri phdq oderu lqfrph,1 Zlwk

srvlwlyh fruuhodwlrq ehwzhhq vwrfn uhwxuqv dqg oderu lqfrph dqg 4 ' 2c wkh krxvhkrog grhv

qrw vdyh dq|wklqj dssur{lpdwho| 7:16( ri wkh wlph1 Kdylqj }hur vdylqj iru vxfk vxevwdqwldo

shulrgv ri wlph ghwudfwv iurp wkh dsshdo ri kdylqj dffhvv wr vwrfnv dqg whqgv wr orzhu wkh

wkuhvkrog hqwu| frvwv1 Wkh hpslulfdo �qglqjv lq Ehuwdxw +4<<;,/ zkr xvhg wkh sdqho vdpsoh

ri wkh Vxuyh| ri Frqvxphu Ilqdqfhv/ duh frqvlvwhqw zlwk vxfk ehkdylru1 Ehuwdxw vkrzhg wkdw

}hur vwrfnkroglqj lq d jlyhq shulrg lv qrw frq�qhg wr krxvhkrogv wkdw kdyh qhyhu hqwhuhg wkh

vwrfn pdunhw/ exw pd| dovr dsso| wr krxvhkrogv wkdw suhylrxvo| khog vwrfnv1

D vhfrqg uhdvrq iru wkh orz wkuhvkrog frvwv dulvhv iurp wkh wrwdo dprxqw ri vdylqj diwhu

wkh vwrfn pdunhw lv hqwhuhg1 Dv wdeohv 407 kdyh looxvwudwhg/ wkh wrwdo dprxqw ri vdylqj lv

yhu| vpdoo gxh wr wkh lpsdwlhqfh frqglwlrq1 Krxvhkrogv exlog d vpdoo ex�hu ri dvvhwv wr

vprrwk frqvxpswlrq  xfwxdwlrqv> phdq qrupdol}hg vwrfn kroglqjv zkhq vwrfn uhwxuqv dqg

oderu lqfrph duh xqfruuhodwhg htxdo 147 zkhq 4 ' H dqg 1365 zkhq 4 ' 21 Zlwk fruuhodwlrq

ehwzhhq vwrfn uhwxuqv dqg oderu lqfrph htxdo wr 16/ phdq vwrfn kroglqjv htxdo 144 zkhq

4 ' H dqg 135< zkhq 4 ' 2� Jlyhq wkh vpdoo dvvhw dffxpxodwlrq lpsolhg e| wkh prgho +d

gluhfw uhvxow ri lpsdwlhqfh dqg kljkhu ixwxuh h{shfwhg hduqlqjv jurzwk djdlqvw zklfk qr

eruurzlqj lv doorzhg,/ wkh ehqh�w iurp hqwhulqj wkh vwrfn pdunhw lv vhyhuho| plwljdwhg1

Dowkrxjk wkh lq�qlwh0krul}rq prgho lv d jrrg ehqfkpdun iru frpsxwlqj wkh wkuhvkrog

hqwu| frvwv wkdw zh ghvfulehg/ lw grhv qrw uhvroyh doo dvshfwv ri vwrfnkroglqj ehkdylru1 Wkh

prgho fdq dffrxqw iru }hur vwrfn kroglqj dqg hlwkhu }hur ru srvlwlyh kroglqjv ri ulvnohvv

dvvhwv e| krxvhkrogv wkdw kdyh qhyhu hqwhuhg wkh vwrfn pdunhw1 Rq wkh rwkhu kdqg/ lw fdqqrw

dffrxqw iru wkh fr0h{lvwhqfh ri srvlwlyh sruwirolr kroglqjv ri vwrfnv dqg ulvnohvv dvvhwv1 Rqfh

wkh hqwu| ihh lv sdlg/ srvlwlyh dvvhw kroglqj lpsolhv frpsohwh sruwirolr vshfldol}dwlrq lq vwrfnv

iru hpslulfdoo| sodxvleoh ghjuhhv ri fruuhodwlrq ehwzhhq hduqlqjv dqg vwrfn uhwxuqv1 Vxfk fr0

h{lvwhqfh lv revhuyhg lq wkh gdwd iru d vxevhw ri vwrfnkroghuv +Nlqj dqg Ohdsh/ 4<;7> Pdqnlz
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dqg ]hoghv/ 4<<4> Ehuwdxw dqg Kdoldvvrv/ 4<<:,1

: Frqfoxglqj Uhpdunv

Wklv sdshu kdv h{whqghg Ghdwrq*v dssurdfk wr vroylqj vlqjoh0dvvhw prghov ri vdylqj/ lq

rughu wr lqfrusrudwh sruwirolr fkrlfh vxemhfw wr vkruw vdohv frqvwudlqwv1 Lq wkh devhqfh ri

fruuhodwlrq ehwzhhq oderu lqfrph vkrfnv dqg vwrfn uhwxuqv/ Khdwrq dqg Oxfdv +4<<:, �qg

wkdw wkh lq�qlwh0krul}rq krxvhkrog zrxog devwdlq iurp erwk dvvhw pdunhwv dw orz ohyhov ri

qrupdol}hg fdvk rq kdqg/ lw zrxog eh ixoo| lqyhvwhg lq vwrfnv iru ohyhov deryh d fxwr� %W/

dqg lw zrxog frpelqh erqgv dqg vwrfnv rqo| dw yhu| kljk ohyhov ri qrupdol}hg fdvk rq kdqg1

Khdwrq dqg Oxfdv +4<<<, dujxh wkdw srvlwlyh fruuhodwlrq ehwzhhq hduqlqjv dqg vwrfn uhwxuqv

frxog holplqdwh wkh sruwirolr vshflodl}dwlrq uhvxow1

Xwlol}lqj d gl�huhqw hduqlqjv surfhvv dqg frpsxwdwlrqdo phwkrg/ zh dqdo|}h ixuwkhu wkh

surshuwlhv ri wkh lq�qlwh krul}rq prgho lq wkh suhvhqfh ri oltxlglw| frqvwudlqwv dqg xqglyhu0

vl�deoh oderu lqfrph ulvn1 Zh surylgh dq h{sodqdwlrq zk| ulvn dyhuvlrq/ kdelw shuvlvwhqfh

dqg wkh gl�huhqw hduqlqjv surfhvv fdqqrw holplqdwh wkh sruwirolr vshfldol}dwlrq uhvxow1 Pruh0

ryhu/ zh dujxh wkdw h{lvwlqj hpslulfdo hylghqfh vhhpv wr eh dw yduldqfh zlwk wkh sdwwhuq ri

fruuhodwlrqv uhtxluhg wr h{sodlq vwrfn kroglqj e| gl�huhqw vhjphqwv ri wkh srsxodwlrq1

Zh wkhuhiruh h{soruh wkh srwhqwldo ri �{hg hqwu| frvwv wr h{sodlq vwrfn kroglqj ehkdylru1

Vshfl�fdoo|/ zh ghulyh dq xsshu erxqg wr wkh hqwu| frvw uhtxluhg wr nhhs krxvhkrogv rxw ri wkh

vwrfn pdunhw xqghu gl�huhqw ghjuhhv ri ulvn dyhuvlrq dqg fruuhodwlrq ehwzhhq vwrfn uhwxuqv

dqg oderu lqfrph vkrfnv1 Wklv wkuhvkrog hqwu| frvw lv vpdoo/ vxjjhvwlqj wkdw hqwu| frvwv

dulvlqj iurp lqirupdwlrqdo frqvlghudwlrqv/ vljq0xs ihhv/ dqg lqyhvwru lqhuwld frxog jhqhudwh

wkh revhuyhg uhoxfwdqfh ri krxvhkrogv wr xqghuwdnh vwrfnkroglqj hyhq zkhq wkh| krog oltxlg

dvvhwv1 Wkh| pljkw dovr h{sodlq wkh ghod| lq wkh vsuhdglqj ri dq �htxlw| fxowxuh� dprqj

krxvhkrogv1 D uhpdlqlqj sx}}oh/ krzhyhu/ lv wkh revhuyhg fr0h{lvwhqfh lq sruwirolrv ri ulvnohvv

dvvhwv dqg vwrfnv lq d vxevhw ri wkh srsxodwlrq1 Sduw ri wklv sx}}oh lv gxh wr wkh dvvxphg

srvlwlyh oderu lqfrph  rru zklfk dfwv hvvhqwldoo| dv d ulvnohvv dvvhw furzglqj rxw erqg

kroglqjv1 Wkh dowhuqdwlyh ri dvvljqlqj srvlwlyh suredelolw| wr d }hur oderu lqfrph vwdwh frxog

dovr jhqhudwh }hur vwrfn kroglqj> zkhwkhu lw frxog dovr surylgh d sodxvleoh mxvwl�fdwlrq iru wkh
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fr0h{lvwhqfh ri erqgv dqg vwrfnv lq wkh sruwirolr lv dq lqwhuhvwlqj wrslf iru ixuwkhu uhvhdufk1

Dqrwkhu lvvxh dulvhv iurp wkh urexvwqhvv ri wkh wkhruhwlfdo �qglqjv wr wkh dvvxphg ohyho

ri lpsdwlhqfh1 Xqiruwxqdwho|/ wklv lvvxh lv gl!fxow wr dgguhvv lq wkh frqwh{w ri wkh lq�qlwh

krul}rqv prgho ehfdxvh ri wkh sdudphwhu uhvwulfwlrqv lpsrvhg e| wkh lpsdwlhqfh frqglwlrq

wkdw pxvw eh vdwlv�hg iru d frqwudfwlrq pdsslqj1 Dowhuqdwlyho|/ vxfk dqdo|vlv fdq eh xq0

ghuwdnhq lq d prgho zlwk �qlwh krul}rqv wkdw grhv qrw uhtxluh vxfk d frqglwlrq> wklv lv wkh

vxemhfw ri fxuuhqw uhvhdufk1

D Dsshqgl{ D= Qxphulfdo G|qdplf Surjudpplqj

Wkh sdlu ri Hxohu htxdwlrqv duh jlyhq e|

L �E%
|

� rE%
|

�� KE%
|

�� ' ��fdL �E%
|

� rE%
|

��c q.
|

-
s

EC
|n��|n��

34 � +64,

L �E%
|

� rE%
|n��� KE%

|n���o

dqg

L �E%
|

� rE%
|

�� KE%
|

�� ' ��fdL �E%
|

� KE%
|

��c q.
|

h-
|n�EC|n��|n��

34 �
L �E%

|n� � rE%
|n��� KE%

|n���o

zkhuh %
|n� ' Er

|

h-
|n� n K

|

-
s

�~3�

|n�
n L

�|n�� Wkh vlqjoh vwdwh yduldeoh +fdvk rq kdqg/ %
|

, lv

glvfuhwl}hg lqwr 433 htxlglvwdqw julg srlqwv ehwzhhq +�� dqg D,1 Jlyhq wkdw wkh wzr frqglwlrqv

wkdw jxdudqwhh wkdw wkh deryh v|vwhp gh�qhv d frqwudfwlrq pdsslqj duh vdwlv�hg/ zh fdq

vroyh vlpxowdqhrxvo| iru irE%�c KE%�j� Vwduwlqj zlwk dq| lqlwldo jxhvv +vd| rE%� ' �� � % dqg

KE%� ' �� � %,/ zh xvh wkh uljkw kdqg vlgh ri wkh �uvw Hxohu htxdwlrq wr jhw dq xsgdwh iru K

dqg frqwlqxh grlqj vr xqwlo K frqyhujhv wr lwv wlph lqyduldqw vroxwlrq KW
�
+vhh Ghdwrq +4<<4,,1

Zh wkhq xvh wkh vhfrqg Hxohu htxdwlrq zlwk KW
�
wdnhq dv jlyhq/ wr �qg wkh vroxwlrq iru wkh

wlph lqyduldqw rswlpdo r/ fdoo lw rW
�
1 Zh nqrz kdyh wzr xsgdwhg ixqfwlrqv irW

�
c KW

�
j> wkh

surfhvv fdq eh uhshdwhg xqwlo wkhvh ixqfwlrqv frqyhujh wr wkhlu wlph lqyduldqw vroxwlrqv +wklv
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lq sudfwlfh ghshqgv rq wkh sdudphwhuv ri wkh sureohp exw lv pxfk idvwhu wkdq xvlqj d julg

vhdufk phwkrg wr slfn wkh ydoxhv ri iKc rj wkdw zrxog pd{lpl}h wkh ydoxh ixqfwlrq,1

D1316 Frqwhpsrudqhrxv Fruuhodwlrq

Wr �qg wkh suredelolwlhv dvvrfldwhg zlwk gl�huhqw vwdwh uhdol}dwlrqv lq wkh suhvhqfh ri frqwhp0

srudqhrxv fruuhodwlrq/ zh glvfuhwl}h wkh mrlqw suredelolw| glvwulexwlrq ri d elyduldwh vwdqgdug

qrupdo lq wkh iroorzlqj zd|1 Wkh xqlyduldwh vwdqgdug qrupdo glvwulexwlrq lv glylghg lqwr whq

htxlsuredeoh lqwhuydov xvlqj hohyhq srlqwv> i	�fc	��2H�DD�DSc	f�He�S2�2�c	f�D2eeffD�c	f�2D��e.�f
D glvfuhwh dssur{lpdwlrq ri wkh irupxod

8 E+� � t � +2c 5� � ~ � 52� ' 8 E+2c 52�� 8 E+2c 5��� 8 E+�c 52� n 8 E+�c 5��

zkhuh 8 lv wkh elyduldwh vwdqgdug qrupdo ri wkh wzr udqgrp yduldeohv Etc ~� lv wkhq ghulyhg

xvlqj wkh �(8�T� frppdqg lq JDXVV1

E Dsshqgl{ E= Frpsxwlqj wkh Wlph0 Lqyduldqw Glv0

wulexwlrq

Qrupdol}hg fdvk rq kdqg iroorzv d uhqhzdo surfhvv dqg wkhuhiruh kdv dq dvvrfldwhg lqyduldqw

glvwulexwlrq1 Wr �qg wkh wlph lqyduldqw glvwulexwlrq ri fdvk rq kdqg/ zh �uvw frpsxwh wkh

erqg dqg vwrfn srolf| ixqfwlrqv> KE%� dqg rE%� uhvshfwlyho|1 Qrwh wkdw wkh qrupdol}hg fdvk

rq kdqg hyroxwlrq htxdwlrq lv
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�|n�

j1 Ghqrwh wkh

wudqvlwlrq pdwul{ ri prylqj iurp %
�

wr %
&

c48 dv A
&�

� Ohw { ghqrwh wkh glvwdqfh ehwzhhq wkh

48Wkh qrupdol}hg julg lv glvfuhwl}hg ehwzhhq +{plq> {pd{, zkhuh {plq ghqrwhv wkh plqlpxp srlqw rq

wkh htxdoo| vsdfhg julg dqg {pd{ wkh pd{lpxp srlqw1
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htxdoo| vsdfhg glvfuhwh srlqwv ri fdvk rq kdqg rq wkh julg1 Wkh ulvn| dvvhw uhwxuq h- dqg
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Wkh xqfrqglwlrqdo suredelolw| iurp %
�

wr %
&

lv wkhq jlyhq e|

A
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'
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A
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� +67,

Jlyhq wkh pdwul{ A / wkh suredelolwlhv ri hdfk ri wkh vwdwhv duh xsgdwhg e|

Z
&|n� '

[
�

A
&�

� Z
�|

+68,

vr wkdw wkh lqyduldqw glvwulexwlrq fdq eh irxqg e| uhshdwhgo| pxowlso|lqj wkh wudqvlwlrq

pdwul{ e| lwvhoi xqwlo doo lwv froxpqv vwrs fkdqjlqj1 Wkh lqyduldqw glvwulexwlrq Z lv lqvwhdg

fdofxodwhg +idvwhu, dv wkh qrupdol}hg hljhqyhfwru ri A fruuhvsrqglqj wr wkh xqlw hljhqydoxh

e| vroylqj wkh olqhdu htxdwlrqv

E
A � U e

e� f
�E

Z

f
� ' E

f

�
� +69,
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zkhuh e lv dq � 0yhfwru ri rqhv1

Rqfh wkh olplwlqj glvwulexwlrq ri fdvk rq kdqg lv ghulyhg/ dyhudjh fdvk rq kdqg fdq eh

frpsxwhg xvlqj

[
�

Z
�

� %
�

+6:,

Vlplodu irupxodh fdq eh xvhg wr frpsxwh wkh phdq/ phgldq dqg vwdqgdug ghyldwlrqv ri wkh

yduldeohv ri lqwhuhvw/ dv uhsruwhg lq wkh wdeohv1

F Dsshqgl{ F= Ydoxh Ixqfwlrq Frpsxwdwlrq

Dq lqgxfwlrq dujxphqw lv vx!flhqw wr vkrz wkdw wkh ydoxh ixqfwlrq lqkhulwv wkh surshuwlhv

ri wkh xwlolw| ixqfwlrq> lq sduwlfxodu/ wkh ydoxh ixqfwlrq lv krprjhqhrxv ri ghjuhh E� � 4�

zkhq wkh xwlolw| ixqfwlrq lq ri wkh FUUD irup1 Dv d uhvxow/ wkh htxdwlrq wkdw ghwhuplqhv

wkh ydoxh ixqfwlrq

T Ef
|

c �
|

� ' ��f
�|c7|

LE�
|

� n q.
|

T Ef
|n�c �|n�� +6;,

fdq eh uhzulwwhq dv

T E%
|

� ' ��f
KE%|�crE%|�

LES
|

� n q.
|

i �
|

�
|n�

j�34T E%
|n�� +6<,

Vwduwlqj iurp dq| lqlwldo jxhvv ri wkh ydoxh ixqfwlrq +vd| T E%� ' %

�34

�34
, dqg vxevwlwxwlqj wklv

dorqj zlwk wkh rswlpdo frqvxpswlrq/ erqg dqg vwrfn srolf| ixqfwlrqv rq wkh uljkw kdqg vlgh

ri +6<,/ zh rewdlq dq xsgdwh ri T E%�> wklv surfhgxuh fdq eh uhshdwhg xqwlo wkh ydoxh ixqfwlrq

frqyhujhv dw doo julg srlqwv1

Uhihuhqfhv

^4` Derzg/ Mrkq dqg Fdug/ Gdylg/ �Rq wkh Fryduldqfh Vwuxfwxuh ri Hduqlqjv dqg Krxuv

Fkdqjhv� Hfrqrphwulfd/ 4<;</ 8:/ 7440781
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^5` Dwwdqdvlr/ Rud}lr1 4<<;1 �Frqvxpswlrq Ghpdqg1� Iruwkfrplqj lq wkh Kdqgerrn ri

Pdfurhfrqrplfv/ hglwhg e| Mrkq E1 Wd|oru dqg Plfkdho Zrrgirug1

^6` Dwwdqdvlr/ Rud}lr/ Mdphv Edqnv dqg Vdudk Wdqqhu1 4<<;1 �Dvvhw Kroglqj dqg Frqvxps0

wlrq Yrodwlolw|1� LIV Zrunlqj Sdshu1

^7` Ehuwdxw/ Fduro1 4<<;1 �Vwrfnkroglqj Ehkdylru ri X1V1 Krxvhkrogv= Hylghqfh iurp wkh

4<;60;< Vxuyh| ri Frqvxphu Ilqdqfhv�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ ;3/ 5960:81

^8` Ehuwdxw/ Fduro dqg Kdoldvvrv/ Plfkdho1 4<<:1 �Suhfdxwlrqdu| Sruwirolr Ehkdylru iurp d

olih0f|foh shuvshfwlyh1� Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 54/ 48440751

^9` Fdpsehoo/ Mrkq \1/ Dqguhz Z1 Or dqg D1 Fudlj PdfNlqod|1 4<<:1 Wkh Hfrqrphwulfv

ri Ilqdqfldo Pdunhwv1 Sulqfhwrq/ QM/ Sulqfhwrq Xqlyhuvlw| Suhvv1

^:` Fdpsehoo/ Mrkq \1/ Frffr I1 Mrdr/ Jrphv M1 Iudqflvfr/ Sdvfdo M1 Pdhqkrxw dqg Ylfhlud

P1 Oxlv1 4<<;1 �Vwrfn Pdunhw Phdq Uhyhuvlrq dqg wkh Rswlpdo Htxlw| Doorfdwlrq ri d

Orqj0Olyhg Lqyhvwru� Kduydug Xqlyhuvlw| Zrunlqj Sdshu1

^;` Frffr I1 Mrdr/ Jrphv M1 Iudqvlvfr dqg Pdhqkrxw M1 Sdvfdo 4<<:1 �Frqvxpswlrq dqg

Sruwirolr Fkrlfh ryhu wkh Olih F|foh�1 Kduydug Xqlyhuvlw| Zrunlqj Sdshu1

^<` Fduuroo/ Fkulvwrskhu G1/ 4<<51 �Wkh Ex�hu0Vwrfn Wkhru| ri Vdylqj= Vrph Pdfurhfr0

qrplf Hylghqfh1� Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw| qr1 5= 9404891

^43` Fduuroo/ Fkulvwrskhu G1/ cEx�hu Vwrfn Vdylqj dqg wkh Olih F|foh 2 Shupdqhqw Lqfrph

K|srwkhvlv* 4<<:/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ F[LL/ 4/ 60881

^44` Fduuroo/ Fkulvwrskhu dqg Dqguhz Vdpzlfn1 4<<:1 �Wkh Qdwxuh ri Suhfdxwlrqdu|

Zhdowk1� Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 73+4,1

^45` Fduuroo/ Fkulvwrskhu dqg Dqguhz Vdpzlfn1 4<<;1 �Krz lpsruwdqw lv suhfdxwlrqdu|

vdylqjB� Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv ;3+6,= 74304<1

5:



^46` Frqvwdqwlqlghv/ Jhrujh/ Mrkq Grqdogvrq dqg Udmqlvk Phkud1 4<<;1 �Mxqlru Fdq*w Eru0

urz= D Qhz Shuvshfwlyh rq wkh Htxlw| Suhplxp Sx}}oh1� Zrunlqj sdshu/ Xqlyhuvlw| ri

Fklfdjr1

^47` Gdylv/ Vwhyhq dqg Zloohq/ Sdxo1 4<<<1 �Xvlqj Ilqdqfldo Dvvhwv wr Khgjh Oderu Lqfrph

Ulvnv= Hvwlpdwlqj wkh Ehqh�wv1� plphr1

^48` Ghdwrq/ Dqjxv1 4<;:1 �Olih0F|foh prghov ri frqvxpswlrq= Lv wkh hylghqfh frqvlvwhqw

zlwk wkh wkhru|B� lq Wuxpdq I Ehzoh| +Hg11, Dgydqfhv lq Hfrqrphwulfv/ Iliwk Zruog

Frqjuhvv/ Yro1 5/ Fdpeulgjh dqg Qhz \run1 Fdpeulgjh Xqlyhuvlw| Suhvv/ 45407;1

^49` Ghdwrq Dqjxv/ 4<<4= cVdylqj dqg Oltxlglw| Frqvwudlqwv*/ Hfrqrphwulfd/ Yro1 8</ Qr18/

+Vhswhpehu/ 4<<4,/ 45540457;1

^4:` �����0 dqg Odurtxh J1/ 4<<5/ cRq wkh Ehkdylru ri Frpprglw| Sulfhv* Uhylhz ri

Hfrqrplf Vwxglhv/ 8</ 40561

^4;` Jdnlglv/ Kdudoderv1 4<<;1 �Vwrfnv iru wkh RogB Hduqlqjv Xqfhuwdlqw| dqg Olih0F|foh

Sruwirolr Fkrlfh1� PLW/ Sk1G1 Wkhvlv1

^4<` Jroolhu F1 dqg M1Z1 Sudww1 4<<91 �Ulvn Yxoqhudelolw| dqg wkh Whpshulqj H�hfw ri

Edfnjurxqg Ulvn1� Hfrqrphwulfd 97= 443<044571

^53` Jrxulqfkdv S1 dqg Sdunhu M1 �Frqvxpswlrq ryhu wkh Olih F|foh� 4<<</ PLW plphr1

^54` Jxlvr/ Oxljl/ Wxoolr Mdsshool dqg Gdqlhoh Whuol}}hvh1 4<<91 �Lqfrph Ulvn/ Eruurzlqj

Frqvwudlqwv dqg Sruwirolr Fkrlfh1� Dphulfdq Hfrqrplf Uhylhz yro1 ;9/ ss1 48;04:51

^55` Kdoldvvrv/ Plfkdho dqg Fduro F1 Ehuwdxw1 4<<81 �Zk| gr vr ihz krog vwrfnvB� Wkh

Hfrqrplf Mrxuqdo/ 438/ 44430445<1

^56` Kdoldvvrv/ Plfkdho dqg Fkulvwlv Kdvvdslv/ 4<<;/ �Eruurzlqj Frqvwudlqwv/ Sruwirolr Eh0

kdylru/ dqg Suhfdxwlrqdu| Prwlyhv= Wkhruhwlfdo Suhglfwlrqv dqg Hpslulfdo Frpsolfd0

wlrqv�/ plphr/ Xqlyhuvlw| ri F|suxv1

5;



^57` Khdwrq Mrkq/ dqg Gherudk Oxfdv1 4<<91 �Hydoxdwlqj wkh H�hfwv ri Lqfrpsohwh Pdunhwv

rq Ulvn Vkdulqj dqg Dvvhw Sulflqj1� Mrxuqdo ri Srolwlfdo Hfrqrp| 437= 77607;:1

^58` Khdwrq Mrkq/ dqg Gherudk Oxfdv1 4<<:1 �Pdunhw Iulfwlrqv/ Vdylqjv Ehkdylru/ dqg Sruw0

irolr Fkrlfh1� Pdfurhfrqrplf G|qdplfv 4= :904341

^59` Khdwrq Mrkq/ dqg Gherudk Oxfdv1 4<<<1 �Sruwirolr Fkrlfh lq wkh Suhvhqfh ri Edfnjurxqg

Ulvn1� Mxo| 4<<<1 plphr1

^5:` Kxeedug Johqq/ Mrqdwkdq Vnlqqhu/ dqg Vwhskhq ]hoghv1 4<<71�Wkh lpsruwdqfh ri suh0

fdxwlrqdu| prwlyhv iru h{sodlqlqj lqglylgxdo dqg djjuhjdwh vdylqj1� lq Doodq Phow}hu

dqg Fkduohv L Sorvvhu/ hgv1/ Wkh Fduqhjlh Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/

[O +Dpvwhugdp/ Qruwk Kroodqg,1

^5;` Kxoo/ Mrkq1 4<<61 Rswlrqv/ Ixwxuhv dqg Rwkhu Ghulydwlyh Vhfxulwlhv Suhqwlfh Kdoo Lqf1

^5<` Nlpedoo/ Plohv V1 4<<31 �Suhfdxwlrqdu| vdylqj lq wkh vpdoo dqg lq wkh odujh1� Hfrqr0

phwulfd 8;= 860:61

^63` Nlpedoo/ Plohv V1 4<<61 �Vwdqgdug Ulvn Dyhuvlrq1� Hfrqrphwulfd 94= 8;<09451

^64` Nlqj/ Phuy|q dqg Ohdsh/ Mrqdwkdq1 4<;71 �Zhdowk dqg Sruwirolr Frpsrvlwlrq= Wkhru|

dqg Hylghqfh1� QEHU Zrunlqj Sdshu 479;1

^65` Nrfkhuodnrwd/ Qdud|dqd1 4<<91 �Wkh Htxlw| Suhplxp= Lw*v Vwloo d Sx}}oh1� Mrxuqdo ri

Hfrqrplf Olwhudwxuh/ Yro1 [[[LY +Pdufk 4<<9,/ ss1750:41

^66` Odlevrq/ Gdylg/ Dqguhd Uhshwwr/ dqg Mhuhp| Wredfpdq1 4<<;1 �Vhoi Frqwuroo dqg Vdy0

lqj iru Uhwluhphqw1� Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw| 4= <404<91

^67` Oxgyljvrq V|gqh|1 Iruwkfrplqj1 �Frqvxpswlrq dqg Fuhglw= D Prgho ri Wlph Ydu|lqj

Oltxlglw| Frqvwudlqwv1� Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv1

^68` Oxgyljvrq V|gqh| dqg Plfkdholghv Doh{dqghu/ �Fdq Ex�hu Vwrfn Vdylqj H{sodlq wkh

�Frqvxpswlrq H{fhvvhv�B� +4<<<, Ihghudo Uhvhuyh Edqn ri Qhz \run Zrunlqj Sdshu1

5<



^69` PdFxug|/ W1 H1 4<;41 �Wkh xvh ri wlph vhulhv surfhvvhv wr prgho wkh huuru vwuxfwxuh ri

hduqlqjv lq orqjlwxglqdo gdwd dqdo|vlv1� Mrxuqdo ri Hfrqrphwulfv1 4;= ;604471

^6:` Pdqnlz/ Q1 Juhjru| dqg ]hoghv Vwhskhq1 4<<41 �Wkh Frqvxpswlrq ri Vwrfnkroghuv dqg

Qrq0Vwrfnkroghuv1� Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 5</ <:04451

^6;` Slvfknh Mùuq0Vwh�hq/ 4<<8/ cLqgllylgxdo Lqfrph/ Lqfrpsohwh Lqirupdwlrq dqg Djjuhjdwh

Frqvxpswlrq* Hfrqrphwulfd/ Yro196/ Qr17/ ;380;731

^6<` Sudww/ Mrkq dqg Ulfkdug ]hfnkdxvhu/ 4<;:1 �Surshu Ulvn Dyhuvlrq1� Hfrqrphwulfd/ yro1

88/ ss1 47604871

^73` Vhjdo/ Xul dqg Vslydn/ Dyld1 4<<31 �Iluvw Rughu yhuvxv Vhfrqg Rughu Ulvn Dyhuvlrq1�

Mrxuqdo ri Hfrqrplf Wkhru|/ 84/ 4440581

^74` Vwruhvohwwhq/ Nmhwlo/ Whophu Fkulv dqg \durq Dplu1 �Shuvlvwhqw Lglrv|qfudwlf Vkrfnv

dqg Lqfrpsohwh Pdunhwv1� Zrunlqj sdshu/ Fduqhjlh Phoorq Xqlyhuvlw|/ 4<<;1

^75` Wdxfkhq/ Jhrujh1 4<;91 �Ilqlwh Vwdwh Pdunry fkdlq dssur{lpdwlrqv wr xqlyduldwh dqg

yhfwru dxwruhjuhvvlrqv1� Hfrqrplf Ohwwhuv 53= 4::0;41
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Wdeoh 4= H�hfwv rq frqvxpswlrq/ erqg dqg vwrfn kroglqjv iurp ydu|lqj frh!flhqw ri

uhodwlyh ulvn dyhuvlrq
4 ' S 4 ' . 4 ' H

Phdq Qrupdol}hg Erqg Kroglqjv 3133 3133 3133

Phdq Qrupdol}hg Vwrfn Kroglqjv 313< 3144 3147

Phdq Qrupdol}hg Frqvxpswlrq 41337 41338 41339

Phgldq Qrupdol}hg Erqg Kroglqjv 3133 3133 3133

Phgldq Qrupdol}hg Vwrfn Kroglqjv 313: 313< 3144

Phgldq Vkduh ri Zhdowk lq Vwrfnv 4133 4133 4133

Phgldq Qrupdol}hg Frqvxpswlrq 4133< 4133< 4133<

j+Qrupdol}hg Erqg Kroglqjv, 3133 3133 3133

j+Qrupdol}hg Vwrfn Kroglqjv, 313; 3143 3145

j+Qrupdol}hg Frqvxpswlrq, 3139 3138 3138

j+Qrupdol}hg Hduqlqjv, 3143 3143 3143

Qrwhv wr Wdeoh 4= Qrupdol}hg yduldeohv duh zlwk uhvshfw wr wkh shupdqhqw frpsrqhqw ri

oderu lqfrph E�
�|

lq wkh wh{w,1 Wkh uhsruwhg qxpehuv duh jhqhudwhg xvlqj wkh wlph lqyduldqw

glvwulexwlrqv dvvrfldwhg zlwk hdfk prgho/ dv ghvfulehg lq wkh wh{w1 Rwkhu sdudphwhuv duh vhw

wr B ' ��c phdq htxlw| suhplxp lv e�2 shufhqw/ vwdqgdug ghyldwlrq ri h{fhvv uhwxuqv lv �H

shufhqw/ j
�

' ��c j
?

' �fH�
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Wdeoh 5= H�hfwv rq frqvxpswlrq/ erqg dqg vwrfn kroglqjv iurp wudqvlwru| dqg shupdqhqw

oderu lqfrph xqfhuwdlqw|

j
�

' �f2 j
�

' ��f j
�

' �f2 j
�

' ��f

j
?

' �f2 j
?

' �f2 j
?

' �fH j
?

' �fH

Phdq Qrup Erqgv 3133 3133 3133 3133

Phdq Qrup Vwrfnv 3133 3138 3134 3147

Phdq Qrup Frqvxpswlrq 41333 41336 41333 41339

Phgldq Qrup Erqgv 3133 3133 3133 3133

Phgldq Qrup Vwrfnv 3133 3136 31336 3144

Phgldq Vkduh ri Zhdowk lq Vwrfnv 4133 4133 4133 4133

Phgldq Qrup Frqvxpswlrq 4133 41338 41337 4133<

j+Qrup Erqgv, 3133 3133 3133 3133

j+Qrup Vwrfnv, 3133 3139 3134 3145

j+Qrup Frqv, 3135 3139 3135 3138

j+Qrup Hduqlqjv, 3135 3143 3135 3143

Qrwhv wr Wdeoh 5= Vhh Wdeoh 41
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Wdeoh 6= H�hfwv rq frqvxpswlrq/ erqg dqg vwrfn kroglqjv iurp ydu|lqj wkh fruuhodwlrq

ehwzhhq wudqvlwru| oderu lqfrph xqfhuwdlqw| dqg vwrfn pdunhw ulvn

�e?S�6@o& �Joo ' �2 �Joo ' �

Phdq Qrupdol}hg Erqg Kroglqjv 3133 3133 3136

Phdq Qrupdol}hg Vwrfn Kroglqjv 3147 314794;844 3136

Phdq Qrupdol}hg Frqvxpswlrq 41339 41339 1<:

Phgldq Qrupdol}hg Erqg Kroglqjv 3133 3133 3136

Phgldq Qrupdol}hg Vwrfn Kroglqjv 3145 3145 3133

j+Qrupdol}hg Erqg Kroglqjv, 3133 3133 3136

j+Qrupdol}hg Vwrfn Kroglqjv, 3145 3146 313<

j+Qrupdol}hg Frqvxpswlrq, 3138 3138 3139

Qrwhv wr Wdeoh 6= Vhh Wdeoh 41 Fruu lv wkh frqwhpsrudqhrxv fruuhodwlrq ehwzhhq

wudqvlwru| oderu lqfrph vkrfnv dqg vwrfn pdunhw uhwxuqv1

Wdeoh 7= H�hfwv rq frqvxpswlrq/ erqg dqg vwrfn kroglqjv iurp ydu|lqj wkh fruuhodwlrq

ehwzhhq shupdqhqw oderu lqfrph xqfhuwdlqw| dqg vwrfn pdunhw ulvn

�e?S�6@o& �Joo ' �� �Joo ' �� �Joo ' �D

Phdq Qrup Erqgv 3133 3133 3134 3144

Phdq Qrup Vwrfnv 3147 3147 3144 3133

Phdq Qrup Frqvxpswlrq 4133< 41338 41337 41333

Phgldq Qrup Erqgv 3133 3133 3133 313<

Phgldq Qrup Vwrfnv 3144 3144 313< 3133

Phgldq Vkduh ri Zhdowk lq Vwrfnv 4133 4133 4133 133

Phgldq Qrup Frqvxpswlrq 4133< 4133< 4133: 4133:

j+Qrup Erqgv, 3133 3133 3135 313<

j+Qrup Vwrfnv, 3145 3144 313; 3133

j+Qrup Frq, 3138 3138 3138 3138

Qrwhv wr Wdeoh 7= Vhh Wdeoh 41 Fruu lv wkh frqwhpsrudqhrxv fruuhodwlrq ehwzhhq

shupdqhqw oderu lqfrph vkrfnv dqg vwrfn pdunhw uhwxuqv1
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