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Jurxs Frqvxpswlrq/ Iuhh Ulglqj/ dqg Lqirupdo

Uhflsurflw| Djuhhphqwv

Wkrpdv H1 Erufkhuglqj dqg Gduuhq Ilovrq�

Mdqxdu| 43/ 5333

Devwudfw

Zh h{dplqh frqglwlrqv xqghu zklfk jurxs frqvxpswlrq lv olnho| wr lqyroyh lqirupdo

dqg wdflw uhflsurflw| djuhhphqwv udwkhu wkdq irupdo frqwudfwv dqg d sulfh v|vwhp1 Rxu

prgho vkrzv wkdw lqirupdo uhflsurflw| djuhhphqwv duh pruh olnho| wr eh xvhg zkhq

wudqvdfwlrqv frvwv ri irupdo djuhhphqwv duh kljk/ wkh jrrg lv uhodwlyho| lqh{shqvlyh/

hdfk frqvxphu*v ghpdqg lv qrw wrr uhvsrqvlyh wr sulfh fkdqjhv/ wkh jurxs lv olnho| wr

frqwlqxh wr lqwhudfw ryhu wlph/ wkh frqvxphuv duh sdwlhqw/ wkh wlph ehwzhhq lqwhudfwlrqv

lv vkruw/ dqg wkh jurxs lv vpdoo dqg krprjhqhrxv1 Ixuwkhu/ wkh uhvxowv vxjjhvw wkdw

lqirupdo vkdulqj djuhhphqwv duh pruh olnho| wr lqyroyh jrrgv wkdw duh frqvxphg dorqj

zlwk rwkhu jurxs ehqh�wv/ vxfk dv frqyhuvdwlrq dqg frpsdqlrqvkls1 Zh frqfoxgh

e| dqdo|}lqj lqyhvwphqwv lq vrfldo fdslwdo dqg glvfxvvlqj wkh h�hfwv ri ghhshu vrfldo

lqwhudfwlrqv frqvwudlqhg e| qrup vwuxfwxuhv rq rxu uhvxowv1

MHO Frgh= ]46

Nh|zrugv= foxe/ lqvwlwxwlrq/ qrq0pdunhw/ uhflsurfdo/ vrfldo fdslwdo

�Foduhprqw Judgxdwh Xqlyhuvlw|1 Sohdvh vhqg fruuhsrqghqfh wr hlwkhu Erufkhuglqj ru Ilovrq/ Ghsduw0
phqw ri Hfrqrplfv/ Vfkrro ri Srolwlfv dqg Hfrqrplfv/ Foduhprqw Judgxdwh Xqlyhuvlw|/ 493 H1 Whqwk Vw1/
Foduhprqw/ FD/ <4:44> skrqh= +<3<, 9540;:;5/ id{= +<3<, 9540;793> hpdlo= wkrpdv1erufkhuglqjCfjx1hgx/
gduuhq1�ovrqCfjx1hgx1 Zh zrxog olnh wr wkdqn Nhoo| Ehgdug/ Eloo Eurzq/ Duw Ghq}dx/ Fkhwdq Jkdwh/ Hulf
Khoodqg/ Jdu| Vhjxud/ Mdqhw Vplwk/ Fudlj Yroghq/ Ndu|q Zlooldpv/ dqg Sdxo ]dn iru khosixo frpphqwv1
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41 Lqwurgxfwlrq

�Hfrqrplfv fdqqrw jr idu hqrxjk zlwkrxw vrflrorjlfdo idfwv dqg wkhru|1� Yloiuhgr Sduhwr/

uhsruwhg uhpdunv sdudskudvhg dw klv mxelohh fhoheudwlrq/ Xqlyhuvlw| ri Odxvdqqh +Mxo| 9/

4<4:,1

Hfrqrplf olwhudwxuh kdv orqj uhfrjql}hg wzr �wuxwkv�= Jhqhudoo| vshdnlqj/ wkh prvw h!flhqw

phwkrg ri doorfdwlqj sulydwh frqvxpswlrq jrrgv lv yld sulydwh surshuw| dqg wkh pdunhw> wkh

prvw h!flhqw phwkrg ri doorfdwlqj jrrgv zlwk sxeolf frqvxpswlrq fkdudfwhulvwlfv lv wkurxjk

froohfwlyh dfwlrq/ vxfk dv foxev/ qrq0sur�w �upv ru jryhuqphqwv/ zklfk vhuyhv wr frruglqdwh

djjuhjdwh sxufkdvhv14 Wkhvh �wuxwkv� duh dw rggv/ krzhyhu/ zlwk pdq| dqg ydulhg uhdo zruog

revhuydwlrqv1 Ydoxdeoh sulydwh jrrgv duh iuhtxhqwo| dqg yroxqwdulo| sxw lqwr wkh frpprqv e|

frqvhqw/ zkloh pdq| jrrgv zlwk froohfwlyh frqvxpswlrq fkdudfwhulvwlfv duh sulydwho| dqg qhdu

vsrqwdqhrxvo| surylghg zlwk qr irupdo dwwhpswv wr frruglqdwh wkhlu djjuhjdwh sxufkdvhv wr

dfklhyh sxwdwlyho| vxshulru doorfdwlrqv1

Wzr h{dpsohv looxvwudwh wklv srlqw1 Froohdjxhv riwhq phhw iru oxqfk ru gulqnv diwhu zrun

dqg lw lv qrw xqxvxdo iru rqh shuvrq wr r�hu wr slfn xs wkh �qdo wde 0 dq dfw zklfk frqyhuwv

hvvhqwldoo| sulydwh frqvxpswlrq lqwr frpprq surshuw| frqvxpswlrq1 Dowhuqdwho|/ wkh eloo

lv vsolw htxdoo|/ zlwkrxw uhjdug wr wkh h{dfw vkduh wkdw lqglylgxdo wdev zrxog kdyh |lhoghg1

Lq wkh fdvh ri jrrgv zlwk mrlqw frqvxpswlrq fkdudfwhulvwlfv/ qhljkeruv riwhq fkdx�hxu hdfk

rwkhu*v fkloguhq wr frppxqlw| hyhqwv dqg hyhq vkduh lq qhljkerukrrg dfwlylwlhv vxfk dv orfdo

sdun pdlqwhqdqfh/ doo zlwkrxw irupdoo| rujdql}lqj lqwr foxev1

Zkloh rqh pljkw eh whpswhg wr uhjdug wkhvh lqvwdqfhv dv vlpsoh fdvhv ri fkdulw|/ vxfk

qhhg qrw eh wkh fdvh1 Dfwlrqv vxfk dv wkhvh iuhtxhqwo| lpso| lqirupdo dqg lpsolflw uhflsurflw|

djuhhphqwv1 Wkh froohdjxh zkr slfnv xs wkh wde wklv wlph xvxdoo| h{shfwv wr eh wuhdwhg iru

wkh qh{w urxqg ri gulqnv ru wkh qh{w oxqfk1 Olnhzlvh wkh qhljkeru zkr fkdx�hxuv dqrwkhu*v

fklog wrgd| lv olnho| wr dvn wkdw wkh idyru eh uhwxuqhg qh{w zhhn1 Dowkrxjk wkhvh duh h{dpsohv

ri vhtxhqwldo vkdulqj/ vrphwlphv wkh vkdulqj lv frqwhpsrudqhrxv dqg fhuwdlq1 Wkh idplo|

zkr frqwulexwhv d fdvvhuroh wr d srw0oxfn vxsshu lv wkh lpphgldwh uhflslhqw ri glvkhv suhsduhg

4Vdpxhovrq +4<87, uhfrpphqgv jryhuqphqw surylvlrq ri sxuh sxeolf jrrgv/ zkloh Exfkdqdq +4<98, vkrzv
wkdw sulydwh foxev fdq h!flhqwo| surylgh frqjhvwleoh +dqg h{foxgdeoh, sxeolf jrrgv1

5



e| rwkhu jurxs phpehuv1 Vxfk vlpxowdqhlw| dovr rffxuv lq sxeolf jrrg0w|sh vhwwlqjv zkhq

qhljkeruv jdwkhu rq d sduwlfxodu gd| wr khos fohdq xs wkh orfdo sdun1

Frqwudu| wr wh{werrn zlvgrp/ wklv vruw ri frqvxpswlrq lq wkh frpprqv kdugo| lpsolhv

doorfdwlyh lqh!flhqf|1 Dgplwwhgo|/ vxusoxv orvvhv pd| zhoo eh uhdol}hg/ vlqfh vxfk lpsolflw

uhflsurflw| djuhhphqwv duh uduho| h{dfw frpsduhg wr d irupdo frqwudfw zlwk ixoo| lqwhuqdol}hg

sulfhv1 Zkloh jurxs phpehuv vkduh lq wkh frqvxpswlrq ri jrrgv/ wkh| gr qrw irupdoo|

uhlpexuvh wkh lqglylgxdo sxufkdvhuv iru ehqh�wv uhfhlyhg1 Wkhvh gh�flhqflhv/ krzhyhu/ pxvw

eh zhljkwhg djdlqvw wkh wudqvdfwlrq frvwv ri wkhlu holplqdwlrq1 Zkloh wkh oxqfk2gulqn wde

frxog eh glylghg xs h{dfwo| edvhg rq lqglylgxdo frqvxpswlrq/ d wudqvdfwlrqv frvw zrxog eh

lqfxuuhg lq fdofxodwlqj lqglylgxdo frqvxpswlrq/ wd{hv/ wlsv dqg/ ri frxuvh/ wkh dqqr|dqfh

ri lqwhuuxswlqj d vrfldo rffdvlrq zlwk shww| dffrxqwlqj ghwdlov1 Vlploduo|/ qhljkeruv frxog

vhw xs foxe duudqjhphqwv lq zklfk fhuwdlq jrrgv duh vkduhg ru mrlqw h�ruwv frruglqdwhg/

exw vxfk pruh vwuxfwxuhg duudqjhphqwv zrxog reylrxvo| lpsrvh vxevwdqwldo wudqvdfwlrqv

frvwv dv zhoo1 Li wkhvh wudqvdfwlrqv frvwv duh juhdwhu wkdq wkh h!flhqf| orvvhv lqfxuuhg e|

jurxs frqvxpswlrq xqghu lqirupdo/ khqfh/ lpshuihfw/ uhflsurflw| djuhhphqwv/ wkhq lw lv pruh

h!flhqw wr pdlqwdlq wkh lqirupdo djuhhphqwv1

Rxu pdlq frqwulexwlrq lq wklv sdshu lv d irupdo prgho ri lqirupdo uhflsurflw| djuhhphqwv

zklfk doorzv xv wr h{dplqh sduwlfxodu ghpdqg fkdudfwhulvwlfv ri jrrgv wkdw uhfrpphqg

wkhpvhoyhv wr eh vxssolhg wkurxjk lqirupdo uhflsurflw| djuhhphqwv/ l1h1/ dwwulexwhv wkdw lpso|

wkdw wkh orvv ri vxusoxv iurp lqh!flhqw fkrlfhv lv vpdoo uhodwlyh wr wkh wudqvdfwlrqv frvwv ri

rujdql}lqj dqg frruglqdwlqj d vxshulru doorfdwlrq wkurxjk wkh qhjrwldwlrq/ prqlwrulqj dqg

hqirufhphqw ri �frpsoh{ frqwudfwv�15 Lq wkh qh{w vhfwlrq/ zh ghyhors d prgho wkdw irfxvhv

rq dq lqglylgxdo*v ehkdylru/ lqwhudfwlqj zlwk lghqwlfdo shuvrqv/ exw zlwk wudqvdfwlrqv frvwv/

sulfhv/ dqg wkh vl}h ri wkh lqwhudfwlqj jurxs dv yduldeoh dqg lpsruwdqw frqvwudlqwv1 Rxu

prgho irfxvhv rq wkh fdvh lq zklfk wkh jrrg lv sulydwh/ exw wkh h{shqvh fdq eh vkduhg16

Rxu dqdo|vlv pdnhv xvh ri wkh wkhru| ri lq�qlwho| uhshdwhg jdphv17 Zh xvh rxu prgho wr

5Erufkhuglqj +4<:;/ 4<;6, xvhv wklv whup/ exw lw zdv ruljlqdoo| vxjjhvwhg wr klp e| wkh ydulrxv zrunv
ri Kdurog Ghpvhw}1 Pxfk lv pdgh ri frpsoh{lw| dv d uhdfwlrq wr lqwhughshqghqfh e| Ghpvhw}/ dqg klv
lqwhoohfwxdo frqwulexwlrq wr prghuq xqghuvwdqglqj ri wklv txhvwlrq fdqqrw eh ryhuvwuhvvhg1

6Zh ohdyh wkh sxeolf jrrgv fdvh iru ixwxuh zrun/ exw zh eholhyh wkdw pdq| ri rxu frqfoxvlrqv zloo dsso|
wr wkdw fdvh dv zhoo1 Zh glvfxvv wklv frqmhfwxuh ixuwkhu lq wkh frqfoxvlrq/ Vhfwlrq 71

7Lq vrph uhvshfwv/ rxu dssurdfk lv vlplodu wr wkdw wdnhq e| Fdoyhuw +4<<8,/ zkr xvhv wkh wkhru| ri
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ghwhuplqh frqglwlrqv xqghu zklfk d jrrg zloo eh vkduhg xqghu lqirupdo ru wdflw uhflsurflw|

djuhhphqwv1 Zh wkhq suhvhqw d eulhi h{whqvlrq ri rxu prgho wkdw frqvlghuv khwhurjhqhrxv

djhqwv1

Rxu h�ruwv |lhog wkh iroorzlqj uhvxowv= Lqirupdo uhflsurflw| djuhhphqwv duh pruh olnho| wr

eh xvhg zkhq wudqvdfwlrqv frvwv duh kljk/ wkh xqlw frvw ri wkh jrrg lv vpdoo/ hdfk frqvxphu*v

ghpdqg lv qrw wrr uhvsrqvlyh wr sulfh fkdqjhv/ wkh jurxs lv olnho| wr frqwlqxh wr lqwhudfw/

wkh frqvxphuv duh sdwlhqw/ wkh wlph ehwzhhq lqwhudfwlrqv lv vkruw/ dqg wkh jurxs lv vpdoo

dqg krprjhqhrxv1 Ixuwkhu/ rxu uhvxowv vxjjhvw wkdw lqirupdo vkdulqj djuhhphqwv duh pruh

olnho| wr lqyroyh jrrgv wkdw duh frqvxphg dorqj zlwk rwkhu lqglylvleoh jurxs ehqh�wv/ vxfk

dv frqyhuvdwlrq/ frpsdq|/ dqg iulhqgvkls/ khuhdiwhu uhihuuhg wr dv frpsdqlrqvkls1

Iroorzlqj wkh irupdo uhvxowv lq Vhfwlrq 2/ zh glvfxvv lq Vhfwlrq � wkh srvvlelolw| ri holp0

lqdwlqj vxusoxv orvvhv wkurxjk ghhshu vrfldo lqwhudfwlrqv/ qhlwkhu wkh irupdo rqhv ri sul0

ydwh surshuw| dqg pdunhwv qru wkrvh ri irupdo froohfwlyh fkrlfh lqvwlwxwlrqv1 Zh fdoo wkhvh

duudqjhphqwv vrfldo uhflsurflw| djuhhphqwv/ lq frqwudvw wr wkh pruh vsrqwdqhrxv uhflsurfl0

wlhv h{soruhg lq wkh suhylrxv vhfwlrqv1 Zh xvh wkh uhflsurflw| prgho wr dqdo|}h lqyhvwphqwv

lq uhflsurflw| qhwzrunv dqg qrupv/ wzr lpsruwdqw frpsrqhqwv ri vrfldo fdslwdo1 Frqfoxvlrqv

dqg dgglwlrqdo frqmhfwxuhv duh suhvhqwhg lq Vhfwlrq e1

51 D Uhflsurflw| Prgho ri Frqvxphu Fkrlfh lq wkh Frpprqv

�L dp vd|lqj wkdw wkh hfrqrplf dssurdfk surylghv d ydoxdeoh xql�hg iudphzrun iru xq0

ghuvwdqglqj doo kxpdq ehkdylru111� Jdu| V1 Ehfnhu/ �Wkh Hfrqrplf Dssurdfk wr Kxpdq

Ehkdylru1� +4<:9,1

Wkh prgho kdv ? frqvxphuv zkr glqh wrjhwkhu rqfh hdfk shulrg1 Iru qrz/ dvvxph doo duh

lghqwlfdo1 Wkhuh duh wzr srvvleoh sd|phqw vfkhphv1 Lq wkh �uvw/ hdfk frqvxphu �jxuhv rxw

zkdw kh rzhv dqg wkhq sd|v iru klv rzq phdo1 Lq wkh vhfrqg vfkhph/ wkh frqvxphuv xvh

dq lqirupdo uhflsurflw| djuhhphqw1 Wkh| wdnh wxuqv sd|lqj wkh eloo iru wkh zkroh jurxs 0 vr

djhqw � sd|v rqo| hyhu| ? shulrgv/ exw sd|v iru hyhu|rqh*v phdo zkhq kh sd|v1 Zh uhihu wr

lq�qlwho| uhshdwhg jdphv wr frpsduh gl�huhqw lqvwlwxwlrqv/ zklfk lq klv vhwwlqj duh gl�huhqw duudqjhphqwv

iru ryhufrplqj sulvrqhu*v glohppd sureohpv1
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wklv vhfrqg vfkhph dv �eloo vkdulqj�18

Lq rughu wr �{ lghdv/ zh irfxv rq wkh glqlqj h{dpsoh wkurxjkrxw wkh sdshu1 Krzhyhu/ zh

eholhyh wkdw wkh edvlf ihdwxuhv ri wkh prgho dsso| wr pdq| vlwxdwlrqv lq zklfk lqglylgxdov

wdnh wxuqv sxwwlqj wkhpvhoyhv dw ulvn ri ehlqj wdnhq dgydqwdjh ri lq uhwxuq iru wkh uhzdug ri

uhflsurflw| lq wkh ixwxuh1

Frqvlghu �uvw wkh fdvh lq zklfk frqvxphu � sd|v iru klv rzq phdo1 Wkhuh duh wzr vxefdvhv1

Lq wkh �uvw/ frqvxphu � lv sduw ri wkh jurxs/ dqg lq wkh vhfrqg/ kh lv qrw1 Dvvxph wkdw wkhuh

duh vrph lqwulqvlf ehqh�wv dvvrfldwhg zlwk lqwhudfwlqj zlwk wkh jurxs/ frpsdqlrqvkls/ wkdw

gl�hu lq wkh wzr vxefdvhv1 Ghqrwh wkh ohyho ri lqwulqvlf ehqh�wv lqvlgh dqg rxwvlgh wkh jurxs

e| + dqg +Jc uhvshfwlyho|/ zkhuh + � +J1 Ghqrwh wkh rswlpdo irrg fkrlfhv lq wkh wzr vxefdvhv

e| %
W dqg %

W

J
uhvshfwlyho|1

Frqvlghu wkh �uvw vxefdvh19 Hdfk phdo/ frqvxphu � fkrrvhv wkh dprxqw ri irrg wr frq0

vxph/ %Wc e| vroylqj wkh iroorzlqj qhw vxusoxv pd{lpl}dwlrq sureohp=

4@ 
%

T E%c +� � R%� Sc +514,

zkhuh % uhsuhvhqwv wkh dprxqw ri irrg/ T E%c +� uhsuhvhqwv wkh jurvv vxusoxv +lq grooduv, wkh

frqvxphu rewdlqv iurp frqvxplqj % dqg +c R lv wkh sulfh ri xqlwv ri irrg/ dqg S lv d wudqv0

dfwlrqv frvw dvvrfldwhg zlwk �jxulqj rxw zkdw rqh rzhv1: Dv phqwlrqhg lq wkh lqwurgxfwlrq/

S lv frpsrvhg ri d ydulhw| ri frpsxwdwlrqdo/ lqfrqyhqlhqfh/ dqg rwkhu wudqvdfwlrqv frvwv1;

Dvvxph wkdw T E%c +� lv lqfuhdvlqj dqg vwulfwo| frqfdyh lq erwk % dqg +� Wkhq frqvxphu ��r

fkrlfh ri %Wc klv frqvxpswlrq/ pxvw vdwlvi| wkh iroorzlqj �uvw rughu frqglwlrq=

T
%
E%Wc +�� R ' fc +515,

8Zh frxog dovr kdyh prghoohg �srw vkdulqj�/ lq zklfk lqglylgxdov wdnh wxuqv surylglqj wkh phdo lwvhoi/

dqg wkh irrg lv vsolw dprqjvw wkh jurxs htxdoo|1 Wkh sxwdwlyh lqh!flhqf| lq srw vkdulqj lv lq wkh gluhfwlrq

ri wrr olwwoh lqvwhdg ri wrr pxfk/ exw wkh uhvxowv lq whupv ri ghdgzhljkw orvvhv dqg wkh idfwruv d�hfwlqj wkhp

duh h{dfwo| wkh vdph1 Irupdo surriv iru wklv fdvh duh dydlodeoh iurp wkh dxwkruv rq uhtxhvw1
9Wkh vhfrqg vxefdvh lv lghqwlfdo/ mxvw uhsodfh | zlwk |3 dqg {

�

zlwk {
�

r
lq zkdw iroorzv1

:Fohduo|/ { fdq eh lqwhusuhwhg dv h!flhqf| xqlwv ri irrg/ dqg s fdq eh lqwhusuhwhg dv wkh sulfh ri h!flhqf|

xqlwv1 Lq rwkhu zrugv/ pruh { fdq phdq hlwkhu pruh irrg/ ehwwhu irrg/ ru vrph frpelqdwlrq ri wkh wzr1
;Zh wuhdw wkh wudqvdfwlrqv frvw dvvrfldwhg zlwk �jxulqj rxw zkdw rqh rzhv dv dq h{rjhqrxv frqvwdqw1

Lq uhdolw|/ lw pd| ghshqg rq wkh qxpehu ri phpehuv lq wkh jurxs/ wkh vl}h ri wkh wudqvdfwlrq/ dqg rwkhu

yduldeohv frqvlghuhg khuh1 Zh glvfxvv wklv frpsolfdwlrq ehorz lq iq1 451
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zkhuh T
%
uhsuhvhqwv wkh �uvw ghulydwlyh ri T E%c +� zlwk uhvshfw wr %�

Qrz frqvlghu wkh fdvh lq zklfk frqvxphu � lv sduw ri wkh eloo0vkdulqj djuhhphqw/ dqg

sd|v hyhu| ?wk wlph1 Lq wkh shulrg wkdw frqvxphu � sd|v wkh eloo/ kh frqvxphv %Wc dv deryh1

Dvvxph wkdw lq wkh shulrgv lq zklfk kh grhv qrw sd| wkh eloo/ kh iuhh ulghv dqg rughuv/ khqfh

frqvxphv/ %�c zkhuh %� � %
W

1

< Wkh dvvxpswlrq wkdw %� � %
W qhvwv wzr h{wuhph fdvhv1 Lq wkh

�uvw fdvh/ %�
' %

W

� Lq wklv fdvh/ frqvxphu � grhv qrw frqvxph dq| h{wud irrg rq wkh gd|v kh

grhv qrw sd|1 Lq wkh vhfrqg fdvh/ wkh txdqwlw| %
� uhsuhvhqwv wkh dprxqw ri irrg frqvxphu �

ghpdqgv dw d }hur sulfh1 Prvw lqirupdo uhflsurflw| duudqjhphqwv olnho| lqyroyh frqvxpswlrq

lq ehwzhhq wkhvh wzr h{wuhphv1 Lq sduw/ %� ghshqgv rq krz uhvsrqvlyh frqvxphu � lv wr sulfh

fkdqjhv/ vlqfh rq gd|v kh grhv qrw sd|/ klv h�hfwlyh sulfh gursv iurp R wr f� Lq sduw/ %
�

dovr ghshqgv rq wkh frpsoh{lwlhv ri wkh vrfldo lqwhudfwlrqv wkdw zh glvfxvv ixuwkhu ehorz lq

Vhfwlrq �� Iru qrz/ wdnh %
� dv jlyhq1

Frqvxphu �*v qhw vxusoxv iurp sd|lqj iru hyhu|rqh*v phdo dw wkh ehjlqqlqj ri d f|foh dqg

wkhq dwwhqglqj ?� � iuhh phdov lv

T E%Wc +�� R%W � R%�E?� ��� S n
B � B?

�� B
T E%�

c +�c +516,

zkhuh B lv d glvfrxqw idfwru1 Wkh glvfrxqw idfwru uhsuhvhqwv wkh frpelqdwlrq ri vhyhudo

yduldeohv1 Iluvw/ lw uh hfwv frqvxphu sdwlhqfh 0 pruh sdwlhqw frqvxphuv kdyh kljkhu glvfrxqw

idfwruv +wkh| glvfrxqw ixwxuh sd|r�v dw orzhu udwhv= B '
�

�no
c zkhuh o lv wkh glvfrxqw udwh,1

Vhfrqg/ lw uh hfwv wkh frqvxphuv* vkduhg eholhi derxw wkh olnholkrrg ri vkdulqj phdov lq wkh

ixwxuh 0 wkh kljkhu lv wkh olnholkrrg ri glqlqj djdlq/ wkh kljkhu lv wkh glvfrxqw idfwru1 Wklug/

lw uh hfwv wkh wlph ehwzhhq vkduhg phdov 0 wkh vkruwhu lv wkh wlph ehwzhhq vkduhg phdov/ wkh

kljkhu lv wkh glvfrxqw idfwru +ehfdxvh glvfrxqwlqj rffxuv dw orzhu udwhv ryhu vkruwhu wlph

lqwhuydov,1 Wkh sdudphwhu B lv erxqghg ehwzhhq 3 dqg 41

Lw lv fohdu wkdw wkhuh duh ehqh�wv dqg frvwv iurp wkh vkdulqj duudqjhphqw1 Wkh ehqh�w

wr frqvxphu � lv wkdw/ rq wkh gd|v kh grhv qrw kdyh wr sd|/ kh frqvxphv %
� lqvwhdg ri %W/

<
Zh zloo qrw glvfxvv wkh fdvh ri {

3 ? {�> exw lw lv fohdu wkdw lq vrph vkdulqj djuhhphqwv/ wklv pd| eh

wkh fdvh1 Li frpsdqlrqvkls ehqh�wv ru wudqvdfwlrqv frvwv vdylqjv duh vx!flhqwo| kljk/ lqglylgxdov pd| eh

zloolqj wr iruhjr vrph frqvxpswlrq ri sulydwh jrrgv lq rughu wr pdlqwdlq wkh djuhhphqw1 Zh glvfxvv wkh

ghwhuplqdwlrq ri {3 ixuwkhu lq Vhfwlrq 6=

9



dqg lqfxuv qr wudqvdfwlrqv frvwv ri ghwhuplqlqj zkdw kh rzhv1 Ixuwkhu/ kh uhfhlyhv jurxs

ehqh�wv ri +/ zklfk duh kljkhu wkdq wkh qrq0vkdulqj ehqh�wv +J� Wkh frvw wr frqvxphu � lv

wkdw/ hyhu| ? shulrgv/ kh kdv wr sd| R%�E?� ��c wkh frvw ri hyhu|rqh hovh*v phdo1

5141 Uhflsurflw|1

Jurxs phpehuv pd| kdyh dq lqfhqwlyh wr fkhdw lq d eloo0vkdulqj djuhhphqw lq wzr zd|v1 Lq

wkh �uvw/ zkhq frqvxphu � grhv qrw kdyh wr sd|/ kh pljkw frqvxph d txdqwlw| eh|rqg wkdw

uhfrjql}hg dv �dffhswdeoh� e| wkh jurxs1 Lq wkh vhfrqg/ zkhq lw lv frqvxphu �*v wxuq wr sd|/

kh fdq uhixvh wr sd| iru hyhu|rqh hovh*v phdo/ dqg e| grlqj vr fdq vdyh klpvhoi R%�E?���1 Lq

rxu irupdo glvfxvvlrq/ zh irfxv rq wkh vhfrqg zd| ri fkhdwlqj/ dqg wuhdw %� dv dq djuhhphqw0

vshfl�f h{rjhqrxv yduldeoh/ exw wkh edvlf dujxphqwv dsso| wr hlwkhu w|sh ri ghyldwlrq iurp

wkh lqirupdo djuhhphqw143

Wkhuh duh vhyhudo zd|v wkdw wkh jurxs pljkw sxqlvk frqvxphu � iru uhixvlqj wr sd|1

Ehorz/ zh frqvlghu wzr srvvlelolwlhv1 Iluvw/ zh dqdo|}h d uhqhjrwldwlrq0surri htxloleulxp1

Lq d uhqhjrwldwlrq0surri htxloleulxp/ zkhq frqvxphu � fkhdwv/ wkh eloo0vkdulqj djuhhphqw

grhv qrw euhdn grzq/ exw lqvwhdg lv uhqhjrwldwhg1 Vhfrqg/ zh dqdo|}h d wuljjhu vwudwhj|

htxloleulxp/ lq zklfk dv vrrq dv rqh frqvxphu fkhdwv/ eloo vkdulqj euhdnv grzq dqg lv qhyhu

uhvwruhg1 Dv glvfxvvhg ixuwkhu ehorz/ zh rewdlq vlplodu uhvxowv lq erwk fdvhv1

Iluvw frqvlghu d uhqhjrwldwlrq0surri htxloleulxp1 Zh ghulyh frqglwlrqv xqghu zklfk wkh

iroorzlqj vwudwhj| lv d uhqhjrwldwlrq0surri htxloleulxp vwudwhj|= Hdfk frqvxphu sd|v wkh eloo

li lw lv klv wxuq wr sd|/ frqvxphv %
W li kh lv sd|lqj/ dqg frqvxphv wkh iuhh0ulglqj ohyho %� li

kh lv qrw sd|lqj +dv lq wkh deryh vxevhfwlrq,1 Li frqvxphu � grhv qrw sd| iru hyhu|rqh hovh*v

phdo zkhq lw lv klv wxuq/ wkhq wkh djuhhphqw lv uhqhjrwldwhg/ dqg frqvxphu � djuhhv wr sd|

iru hyhu|rqh*v phdo wkh qh{w wlph1 Li kh grhv qrw sd| iru wkh qh{w phdo wkhq lw uhpdlqv klv

wxuq wr sd| xqwlo kh sd|v1 Rqfh kh sd|v/ wkh frqvxphuv uhvxph wdnlqj wxuqv sd|lqj1 Fohduo|/

43Wkh dvvxpswlrq wkdw {3 lv �{hg lv htxlydohqw wr dq dvvxpswlrq wkdw jurxs0vshfl�f qrupv frqglwlrqhg e|

sulfh uhvsrqvlyhqhvv sxw dq xsshu erxqg rq dq dffhswdeoh fkrlfh ri {= Li jurxs phpehuv fdqqrw frqvxph

pruh wkdq {
3
> wkhq vlqfh pruh lv ehwwhu/ wkh| zloo frqvxph {

3
= Lw lv qrw gl!fxow wr lpdjlqh hqirufhdeoh qrupv

wkdw erxqg {= Lw pd| eh srvvleoh wr sxqlvk h{fhvv frqvxpswlrq eh|rqg wkh ohyho dffhswdeoh wr wkh jurxs

lqvwdqwo|/ dqg wkhuhiruh hqvxuh wkdw vxfk fkhdwhuv uhfhlyh qr ehqh�wv1 Iru h{dpsoh/ li frqvxphu l frqvxphv

wrr pxfk/ wkh frqvxphu zkrvh wxuq lw lv wr sd| pd| uhixvh wr sd| iru frqvxphu l
3
v phdo/ dqg pd| eh

vxssruwhg e| wkh jurxs iru uhixvlqj wr sd| lqvwhdg ri sxqlvkhg1 D vqlgh frpphqw dlphg dw lq xhqflqj wkh

h{fhvvlyh frqvxphu pd| dovr eh h�hfwlyh1 Zh glvfxvv vxfk phwkrgv lq Vhfwlrq 6=

:



lq rughu iru wkh djuhhphqw wr eh vxvwdlqhg/ hdfk frqvxphu pxvw suhihu wr sd| dv vrrq dv kh

lv �uvw uhtxluhg wr sd|1

Li hdfk frqvxphu iroorzv wkh deryh vwudwhj|/ wkhq hdfk uhfhlyhv wkh eloo0vkdulqj sd|r� lq

h{suhvvlrq +516, iruhyhu1 Ghqrwh hdfk frqvxphu*v ydoxh ri wklv glvfrxqwhg vwuhdp ri sd|r�v

e| `rc zkhuh

`
r
'

�

�� B
?

+
T E%Wc +�� R%W � R%�E? � ��� Sn

B � B?

�� B
T E%�

c+�

,
� +517,

Wdnlqj frqvxpswlrq fkrlfhv dv jlyhq/ frqvxphu �*v rqo| fkrlfh lq wklv jdph lv wr hlwkhu

sd| iru hyhu|rqh*v phdo zkhq lw lv klv wxuq ru qrw1 Lq rughu iru frqvxphu � wr suhihu sd|lqj

iru hyhu|rqh hovh*v phdo wr uhixvlqj wr sd| dqg wkhq uhqhjrwldwlqj/ wkh iroorzlqj lqhtxdolw|

pxvw krog=

`
r
� T E%Wc +�� R%W � Sn B`

r
� +518,

Wkdw lv/ frqvxphu �*v sd|r� iurp sd|lqj dqgpdlqwdlqlqj wkh djuhhphqw/ `
r
cpxvw eh dw ohdvw

dv odujh dv wkh sd|r� dvvrfldwhg zlwk sd|lqj rqo| iru klv rzq phdo wrgd|/ T E%Wc +��R%
W

� Sc

dqg wkhq uhqhjrwldwlqj wr uhvwruh wkh vkdulqj djuhhphqw wkh qh{w wlph/ B`r� Qrwh wkdw wklv

lqhtxdolw| dssolhv zkhqhyhu lw lv ��r wxuq wr sd|/ zkhwkhu ru qrw � lv rq wkh htxloleulxp sdwk1

Wkh lqhtxdolw| fdq eh uhduudqjhg dqg h{suhvvhg dv

`r � T E%Wc +�� R%W � S n
B

�� B
dT E%Wc +�� R%W � So +519,

D vhfrqg frqglwlrq pxvw dovr krog1 Lq rughu iru frqvxphu � wr suhihu sd|lqj iru hyhu|rqh

hovh*v phdo wr uhixvlqj wr sd| dqg wkhq dedqgrqlqj wkh jurxs/ wkh iroorzlqj lqhtxdolw| pxvw

krog=

`r � T E%Wc +�� R%W � Sn
B

� � B
dT E%W

J
c +J�� R%

W

J
� So� +51:,

Wkdw lv/ frqvxphu �
�
r sd|r� iurp pdlqwdlqlqj wkh vkdulqj djuhhphqw/ `

r
c pxvw eh dw ohdvw

dv odujh dv wkh sd|r� dvvrfldwhg zlwk sd|lqj rqo| iru klv rzq phdo wrgd|/ T E%Wc +��R%
W

� Sc

dqg wkhq dedqgrqlqj wkh jurxs iruhyhu/ B

�3B
dT E%W

J
c +J�� R%

W

J
� So�

;



Rxu dvvxpswlrq wkdw + � +
J
lpsolhv wkdw li lqhtxdolw| +519, krogv/ wkhq lqhtxdolw| +51:,

pxvw krog dv zhoo1 Wkhuhiruh/ zh fdq irfxv rq lqhtxdolw| +519,1 Vxevwlwxwlqj lq iru `r iurp

h{suhvvlrq +517, dqg uhduudqjlqj/ lqhtxdolw| +519, fdq eh h{suhvvhg dv

�R%�
n

B � B?

E?� ��E� � B�
dT E%�

c +�� T E%Wc +� n R%W n So � f� +51;,

Zkhq frqvxphuv xvh uhqhjrwldwlrq0surri vwudwhjlhv/ eloo0vkdulqj fdq eh vxvwdlqhg li lqhtxdolw|

+51;, lv vdwlv�hg1 Vlqfh lqhtxdolw| +51;, kdv erwk srvlwlyh dqg qhjdwlyh frpsrqhqwv/ lw lv

vdwlv�hg iru vrph ydoxhv ri wkh sdudphwhuv/ exw qrw iru rwkhuv1 Xqghu zklfk sdudphwhu

ydoxhv lv lqhtxdolw| +51;, olnho| wr eh vdwlv�hgB Lq Dsshqgl{ D/ zh suryh wkdw wkh h{suhvvlrq

rq wkh ohiw0kdqg vlgh lq +51;, lv lqfuhdvlqj lq wudqvdfwlrqv frvwv S dqg wkh glvfrxqw idfwru Bc

exw ghfuhdvlqj lq wkh jurxs vl}h ?c wkh sulfh R/ dqg wkh iuhh0ulglqj ohyho ri frqvxpswlrq %�1

Zh fdq vd| qrwklqj lq jhqhudo derxw wkh h�hfw ri + rq zkhwkhu ru qrw eloo0vkdulqj lv xvhg1

Wkh vljq ri wkh h�hfw ri + rq wkh ohiw0kdqg vlgh ri lqhtxdolw| +51;, ghshqgv rq wkh vljq ri

T+E%
�
c +�� T+E%

W

c +�c +51<,

dqg wkxv ghshqgv rq zkhwkhu frpsdqlrqvkls lv d frpsohphqw ri d jrrg phdo ru d vxevwlwxwh

iru rqh$

Qrz frqvlghu wkh fdvh lq zklfk frqvxphuv xvh wuljjhu vwudwhjlhv1 Lq d wuljjhu vwudwhj|

htxloleulxp/ wkh sxqlvkphqw iru idlolqj wr sd| lv shupdqhqw rvwudflvp1 Frqvlghu wkh iroorzlqj

wuljjhu vwudwhj|= Hdfk frqvxphu sd|v wkh eloo li lw lv klv wxuq wr sd|/ frqvxphv %W li kh lv

sd|lqj/ dqg frqvxphv wkh iuhh0ulglqj ohyho %� li kh lv qrw sd|lqj +dv deryh,1 Li frqvxphu �

grhv qrw sd| iru hyhu|rqh hovh*v phdo zkhq lw lv klv wxuq/ wkhq wkh djuhhphqw euhdnv grzq dqg

frqvxphu � pxvw ohdyh wkh jurxs dqg qrw uhwxuq1 Lq wklv fdvh/ wkh rqo| uhohydqw lqhtxdolw| lv

lqhtxdolw| +51:,1 Lq Dsshqgl{ E/ zh rewdlq uhvxowv wkdw duh vlplodu wr wkh uhqhjrwldwlrq0surri

fdvh1 Zh vkrz wkdw lqhtxdolw| +51:, lv pruh olnho| wr krog zkhq wudqvdfwlrqv frvwv S dqg wkh

glvfrxqw idfwru B duh kljk/ dqg zkhq ? dqg %
� duh orz1 Ixuwkhu/ dv orqj dv %

W

J
lv qrw �wrr

odujh�/ lqhtxdolw| +51:, lv pruh olnho| wr krog zkhq wkh sulfh R lv orz144 Ixuwkhu/ wkh kljkhu

44Vhh Dsshqgl{ E1 Wkh uhtxluhg frqglwlrq lv �+q � 4,{3
� �

q

{
� . +� . �

5 . ===�
q,{�

r
� 3= Wklv frqglwlrq

dozd|v krogv li {�
r
� {

�

> zklfk rffxuv li frqvxpswlrq dqg frpsdqlrqvkls duh frpsohphqwv1 Lw dovr krogv dv

<



wkh ydoxh ri +c dqg wkh orzhu wkh ydoxh ri +
J
c wkh juhdwhu wkh lqfhqwlyh hdfk frqvxphu kdv wr

pdlqwdlq wkh vkdulqj duudqjhphqw1 Wklv lpsolhv wkdw zkhq rvwudflvp lv d srvvleoh uhdfwlrq wr

fkhdwlqj/ eloo vkdulqj lv pruh olnho| li lqwulqvlf ehqh�wv duh kljk zlwklq wkh vkdulqj djuhhphqw

dqg orz rxwvlgh lw1 Wklv vxjjhvwv wkdw lqirupdo vkdulqj djuhhphqwv duh pruh olnho| wr lqyroyh

jrrgv wkdw duh frqvxphg dorqj zlwk rwkhu jurxs ehqh�wv/ vxfk dv frpsdqlrqvkls1

Lq vxppdu|/ rxu uhvxowv vxjjhvw wkdw lqirupdo vkdulqj djuhhphqwv duh pruh olnho| dv

wudqvdfwlrqv frvwv/ sdwlhqfh/ wkh suredelolw| ri phhwlqj djdlq/ dqg frpsdqlrqvkls zlwklq wkh

jurxs ulvh/ dqg dv wkh wlph ehwzhhq phhwlqjv/ jurxs vl}h/ xqlw sulfh/ wkh +devroxwh, sulfh

hodvwlflw|/ dqg frpsdqlrqvkls rxwvlgh wkh jurxs idoo1 Wkhvh uhvxowv duh txlwh lqwxlwlyh145 Rqh

pljkw h{shfw wr vhh lqirupdo uhflsurflw| djuhhphqwv zkhq vkdulqj d jrrg grhv olwwoh wr dowhu

wkh frqvxpswlrq ohyho ri wkh ruljlqdo sxufkdvhu1 Olnhzlvh/ wkh xqhqirufhdeoh/ exw fxvwrpdu|

ulwxdo ri wdnlqj wxuqv ex|lqj gulqnv zrunv zhoo dprqj vpdoo jurxsv/ exw srruo| iru odujh

rqhv1 Dqg/ zkloh vhyhudo qhljkeruv pd| wudgh krxvhkrog lwhpv edfn dqg iruwk/ lw lv xqolnho|

wkdw hqwluh qhljkerukrrgv zloo sduwdnh lq vxfk h{fkdqjhv1 Hyhq dprqj vpdoo jurxsv/ zh

vkrxog qrw h{shfw lqglylgxdov wr vkduh lq jrrgv zlwk kljko| sulfh0hodvwlf ghpdqgv1 Ilqdoo|/

rxu dqdo|vlv surylghv dq lqvljkw dv wr zk| lqirupdo uhflsurflw| djuhhphqwv duh pruh frpprq

iru uhodwlyho| �vpdoo wlfnhw� lwhpv wkdw duh iuhtxhqwo| sxufkdvhg/ olnh gulqnv dqg oxqfkhv/

udwkhu wkdq pruh h{shqvlyh lwhpv vxfk dv glqqhuv dqg frqfhuwv1 Wkhvh uhvxowv dovr lpso|

wkdw fhuwdlq sxeolf0w|sh jrrgv zklfk vhhp wr eh surylghg zlwk wkh ohdvw reylrxv irupv ri

hqirufhphqw/ h1j1/ pdqqhuv dqg frpprq frxuwhvlhv/ pd| lqyroyh vhuylfhv zkrvh ghpdqgv

duh uh h{lyho| hvwdeolvkhg/ l1h1/ doprvw frvwohvv/ duh kljko| sulfh lqhodvwlf/ dqg zrun rxw ehvw

zkhq jurxs vl}h lv vpdoo1

orqj dv {3 lv vx!flhqwo| juhdwhu wkdq {
�

r
=

45
Doo ri rxu uhvxowv duh ghulyhg xqghu wkh dvvxpswlrq wkdw wkh wudqvdfwlrqv frvw f lv h{rjhqrxv1 Dowkrxjk

wklv dvvxpswlrq |lhogv fohdu/ lqwxlwlyh uhvxowv/ lw lv dgplwwhgo| h{wuhph1 Lq uhdolw|/ f pd| ghshqg rq wkh
qxpehu ri phpehuv lq wkh jurxs/ wkh vl}h ri wkh wudqvdfwlrq/ dqg wkh rwkhu yduldeohv frqvlghuhg khuh1 Wklv
uhod{dwlrq zrxog ohdg wr dgglwlrqdo whupv lq wkh sduwldo ghulydwlyhv xvhg wr rewdlq rxu uhvxowv1 Wkh qdwxuh
ri wkh ghshqghqfh ri f rq rxu rwkhu yduldeohv ydulhv iurp frqwh{w wr frqwh{w/ dqg dowkrxjk zh fdq pdnh
uhdvrqdeoh frqmhfwxuhv derxw wkh gluhfwlrqv ri h�hfwv +iru h{dpsoh/ lqfuhdvlqj jurxs vl}h olnho| lqfuhdvhv
wudqvdfwlrqv frvwv, zh fdqqrw ghwhuplqh wkh pdjqlwxgh ri wkh h�hfwv +dq hpslulfdo txhvwlrq,1 Zh fdq
frqfoxgh wkdw li wudqvdfwlrqv0frvw fkdqjhv duh vpdoo uhodwlyh wr wkh vl}h ri wkh rwkhu whupv lq wkh sduwldo
ghulydwlyhv/ wkhq rxu uhvxowv frqwlqxh wr krog1 Krzhyhu/ lw lv srvvleoh wkdw lq vrph vhwwlqjv/ fkdqjhv lq
wudqvdfwlrqv frvwv frxog grplqdwh wkh h�hfwv zh kdyh ghvfulehg/ dqg rxu frqfoxvlrqv zrxog eh prgl�hg ru
hyhq uhyhuvhg1

43



5151 Frqvxphu Khwhurjhqhlw|1

Lq wklv vxevhfwlrq zh h{whqg wkh deryh prgho wr h{dplqh frqvxphu khwhurjhqhlw|/ dqg pdnh

wkh dujxphqw wkdw eloo vkdulqj lv pruh olnho| wr eh vxvwdlqhg ehwzhhq vlplodu frqvxphuv wkdq

gl�huhqw rqhv1 Zh irfxv rq d uhqhjrwldwlrq0surri htxloleulxp1 Wr pdnh rxu dujxphqw lq wkh

vlpsohvw srvvleoh zd|/ zh frqvlghu rqo| wzr frqvxphuv1 Vxssrvh wkdw frqvxphu � frqvxphv

%
W

�
zkhq kh sd|v/ %�

�
zkhq kh grhv qrw sd|> rewdlqv +� lq frpsdqlrqvkls shu phdo> dqg lqfxuv

wudqvdfwlrqv frvwv S� zkhq kh sd|v wkh eloo/ zkhuh � ' �c 21 Zh ghulyh frqglwlrqv xqghu zklfk

eloo vkdulqj fdq eh vxvwdlqhg wkdw duh vlplodu wr wkh frqglwlrqv ghulyhg deryh1

Iroorzlqj rxu prgho suhvhqwhg deryh/ frqvxphu � suhihuv wr frqwlqxh wr frrshudwh li wkh

iroorzlqj lqhtxdolw|/ d prgl�hg yhuvlrq ri lqhtxdolw| +518,/ krogv=
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zkhuh � ' �c2c � ' �c2c dqg � 9' �� Uhduudqjlqj/ wkh deryh lqhtxdolw| vlpsol�hv wr

�R%
�

� n B dT�E%
�

�c +��� T�E%
W

�
c +�� n R%

W

�
n S�o � fc +5144,
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eloo hyhu| vhfrqg wlph rxw wr frpshqvdwh klp iru klv orvv146 Zh glvfxvv khwhurjhqhlw| ixuwkhu

lq wkh iroorzlqj vhfwlrq1

61 Vrfldo Fdslwdo/ Wdflw Djuhhphqwv/ dqg Wudqvdfwlrqv Frvwv

�^Vrfldo` vwuxfwxuhv pxvw qrw eh frqfhswxdol}hg dv vlpso| sodflqj frqvwudlqwv rq kxpdq

djhqf|/ exw dv hqdeolqj ^lw`111� Dqwkrq| Jlgghqv/ Wkh Frqvwlwxwlrq ri Vrflhw| +4<;7,1

Dv suhylrxvo| phqwlrqhg/ vxusoxv orvvhv duh fuhdwhg e| wkh lqh{dfw qdwxuh ri lqirupdo uhfl0

surflw| djuhhphqwv1 Wkh pdjqlwxgh ri wkhvh vxusoxv orvvhv ghshqgv rq zkhwkhu dqg wr zkdw

h{whqw uhflsurflw| h{lvwv1 Wkh uhflsurflw| prgho suhvhqwhg deryh doorzv iru wkh idfw wkdw

frqvxphuv duh xqolnho| wr lqwhuqdol}h sulfh h{whuqdolwlhv dw wkh pdujlq +vlqfh %� fdq h{fhhg

%
W,1 Lq wkh h{wuhph fdvh lq zklfk %

� uhsuhvhqwv wkh frqvxphu*v xqfrqvwudlqhg iuhh0ulglqj
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%
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c +� ' f/ wkhuh lv qr pdujlqdo uhflsurflw| 0 rq gd|v wkdw frqvxphu � grhv

qrw kdyh wr sd|/ frqvxphu � dfwv dv wkrxjk wkh phdo lv frpsohwho| iuhh/ dqg grhv qrw wdnh

lqwr frqvlghudwlrq wkdw rqh ri klv frpsdqlrqv kdv wr sd| wkh eloo1 Li wkh wuxh vrfldo frvwv

46Ri frxuvh/ wkh qrwlrq ri olnhv suhihuulqj wr lqwhudfw zlwk olnhv kdv orqj ehhq nqrzq wr krog iru foxev dqg
orfdo jryhuqphqwv vxsso|lqj orfdo sxeolf jrrgv +Fruqhv dqg Vdqgohu/ 4<;9,1
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phfkdqlvpv wkdw rshudwh wr hqirufh wkhvh qrupv ru pruhv1 Wkhvh lvvxhv kdyh ehhq glvfxvvhg

lq ghswk e| Frohpdq +4<;:/ 4<<3, dqg Iudqn +4<<5,/ xvlqj Frohpdq*v qrz zhoo0nqrzq qrwlrq

ri �vrfldo fdslwdo1� Wkh odwwhu uhsuhvhqwv d vhw ri xqghuvwdqglqjv wkdw suhvfulehv ru survfulehv

ghvludeoh dqg xqghvludeoh ehkdylru lq d jlyhq vrfldo frqwh{w dv zhoo dv phfkdqlvpv iru uhzdugv

dqg vdqfwlrqv wkdw hqirufh vdlg glfwd1

Dowkrxjk qhlwkhu Frohpdq qru Iudqn ghulyh wkh vxsso| ixqfwlrq ri vrfldo fdslwdo lq dq|

irupdo zd|/ wkh| vshdn wr lwv rshudwlrqv xqghu ydulrxv vrfldo frqglwlrqv1 Zh ylhz qrupv

dqg pruhv dv fdslwdo wrr/ exw zh eholhyh wkh| fdq eh dqdo|}hg dv zh zrxog gxudeoh dvvhwv

xvlqj wkh wkhru| ri lqyhvwphqw dqg fdslwdo dffxpxodwlrq ryhu wlph1 Vxfk vrfldo lqyhvwphqwv

|lhog ehqh�wv wr wkh jurxs/ exw zlwkrxw phdqv wr hqirufh hdfk lqglylgxdo*v frpsoldqfh e|

hlwkhu wkh uhzdug ri vrfldo dffhswdqfh ru wkh sxqlvkphqw ri h{foxgdeoh ehqh�wv ri vrgdolw|/

vrfldo fdslwdo zloo eh gh�flhqw lq txdqwlw|/ dqg lqirupdo/ khqfh xqfrruglqdwhg/ djuhhphqwv

zloo qrw eh frqyhuwhg wr vrfldoo| frqvwuxfwhg rqhv yld wdflw xqghuvwdqglqjv wkdw lqwhuqdol}h

wkh diruhphqwlrqhg sulfh h{whuqdolwlhv1 Ehvlghv dsshdolqj wr wkh wkhru| ri lqyhvwphqw/ wkh

rwkhu frqfhsw qhfhvvdu| wr ghyhors d srvlwlyh qrwlrq ri vrfldo fdslwdo lv wkdw ri wudqvdfwlrq

frvwv1 Uhwxuqv pxvw eh idyrudeoh wr wkh jurxs/ exw lqglylgxdov pxvw eh prwlydwhg wr nhhs

wkhvh wdflw djuhhphqwv1 Wkxv/ prqlwrulqj dqg hqirufhphqw h�ruwv prgxodwh wkh surgxfwlrq

ri xvhixo vrfldo frqvwudlqwv1

Vrflrorjlvwv kdyh orqj oderuhg ryhu h{dfwo| wklv txhvwlrq/ dqg zh zloo dwwhpsw wr wudqvodwh

wkhlu wkrxjkwv lqwr wkrvh wkhruhwlfdoo| frkhuhqw wr hfrqrplvwv dqg udwlrqdo fkrlfh vfkroduv148

Iru h{dpsoh/ Judqryhwwhu+4<;8, glvfxvvhv wkh qrwlrq ri �hpehgghgqhvv/� wkh qhwzrunv ri

wuxvw dqg qrup hqirufhphqw wkdw wkurxjk dssuredwlrq dqg rvwudflvp irvwhu frrshudwlrq dqg

fhqvxuh iuhh ulglqj149 Khfkwhu+4<;:, ghyrwhv d errn wr wkhvh uhodwlrqvklsv zlwk hpslulfdo

48Judqryhwwhu +4<<3, wudfhv wkh vhyhudqfh ri wkh glvflsolqh ri vrflrorj| iurp hfrqrplfv vlqfh wkh Phwkrg0

hqvwuhlw dqg r�huv vrph wkrxjkwv h{sodlqlqj wklv euhdnxs1 Kh dovr vshdnv wr wkh lvvxh ri vrfldo dzduhqhvv dqg

frqvwudlqw/ wkh edvlv ri Frohpdq*v ylhz ri vrfldo fdslwdo/ dqg r�huv d phwkrgrorjlfdo fulwltxh ri hfrqrplvwv

glvlqwhuhvw lq wkh frqfhsw xqwlo frpsdudwlyho| uhfhqwo|1
49Wkh eleolrjudsklhv dqg wkh glvfxvvlrq lq Frohpdq +4<<3, dqg Khfkwhu +4<;:, surylgh dq hqruprxv dlg

wr wkh hfrqrplvw xqidploldu zlwk wkh vrflrorjlfdo olwhudwxuh1 Zh zrxog kdyh ehhq kdug suhvvhg wr vshdn zlwk
dq| frq�ghqfh ri wkh vrfldo fdslwdo frqfhsw zlwkrxw wklv wxwruvkls1 Uhfhqwo| zh kdyh ehhq gluhfwhg e| rxu
froohdjxh Duwkxu Ghq}dx wr dq lpsruwdqw vwxg| e| dqwkursrorjlvw Mhdq Hpvlqjhu +4<<5,/ zkrvh h{fhoohqw
�uvw fkdswhu uhylhzv wkh lqwhuvhfwlrq ri dqwkursrorj|/ hfrqrplfv/ dqg vrflrorj| wkdw/ dprqj rwkhu pdwwhuv/
vshdnv wr wklv lvvxh1 Srolwlfdo vflhqwlvw Urehuw Sxwqdp*v errn +4<<6, kdv dq hqwluh fkdswhu/ vl{/ ghyrwhg
wr vrfldo fdslwdo dqg lwv frpsohphqwdulw| zlwk srolwlfdo lqvwlwxwlrqv1 Pdujduhw Ohyl +4<;;, frqvlghuv wkh
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fdvh vwxglhv ri wkhlu h�hfwv rq jurxs qrupv/ wkhlu surgxfwlrq dqg pdlqwhqdqfh/ dqg uhvxowdqw

ehkdylru1 Frohpdq +4<;:/ 4<<3, kdv ehhq phqwlrqhg/ dqg klv yhu| wkhruhwlfdo zulwlqjv rq

vrfldo fdslwdo fryhu pxfk wkh vdph jurxqg1 Iudqn +4<;;,/ dq hfrqrplvw/ ghyrwhv pxfk ri klv

errn wr h{sodlqlqj krz jurxsv fdq qhxwudol}h iuhh ulglqj1

Wkhvh dqg rwkhu nh| zrunv vxjjhvw wkdw wkh ehqh�wv ri vwrfnv ri vrfldo fdslwdo duh olnho|

kljk zkhq jurxsv duh txlwh krprjhqrxv/ zkhq lqglylgxdo phpehuv duh olqnhg e| pxowlsoh

dqg ryhuodsslqj qhwzrunv/ dqg zkhq lqglylgxdo ehkdylru lv qrw ryhuo| vhqvlwlyh wr sulydwh

sulfhv/ l1h1/ sulfh lqhodvwlf1 Wkh vrolgdulw| ri wkh jurxs/ lwv wudglwlrqv/ dqg lwv gxudelolw| ryhu

wlph dv dq hqwlw| jlyh lqglylgxdov orqjhu ylhzv/ wkxv glvfrxqwlqj lv dw orzhu udwhv/ djdlq

frqglwlrqv zklfk dgg ydoxh wr vrfldo fdslwdo1

Wkh suhvhqfh ri kljk jurxs ydoxh wr wdflw uxohv ri ehkdylru lv d vxuho| d qhfhvvdu| exw

kdugo| d vx!flhqw frqglwlrq iru vrfldo fdslwdo wr eh iruphg1 Lqglylgxdov pxvw qrw ihho lqfolqhg

wr fklvho rq wkh wdflw djuhhphqw dqg lwv glfwdwhv1 Iuhh0ulghuv pxvw eh sxqlvkhg iru ghihfwlqj/

zkloh wkrvh vxssruwlqj wkh vrfldo djuhhphqw pxvw eh uhzdughg1 Wklv zh wklqn lv d ixqfwlrq

ri vrfldo v|psdwklhv1 Vlqfh Dgdp Vplwk*v Wkhru| ri Prudo Vhqwlphqwv +4:8<, vfkroduv ri

kxpdq ehkdylru kdyh qrwlfhg wkh lqwhqvh ghvluh ri lqglylgxdov wr eh dffhswhg dqg wr fudyh wkh

dssuredwlrq ri lqglylgxdov lq wkhlu jurxs1 Zkhwkhu wklv lv elrorjlfdo ru vrfldoo| frqvwuxfwhg/

zh zloo qrw lqtxluh/ exw wdnh vdlg prwlydwlrq dv jlyhq14: Lw lv wkh uhohydqw jurxs wkdw sdufhov

rxw wkhvh uhzdugv dqg sxqlvkphqwv/ pxfk olnh wkh rzqhuv dqg pdqdjhuv ri d �up frqwudfw

iru lqsxwv dqg glvwulexwh wkh vxusoxv1 Wkh vl}h dqg vfrsh ri wklv vrfldo jurxs lv ghwhuplqhg

e| wudqvdfwlrq frvwv/ mxvw dv Frdvh/ Dofkldq dqg Ghpvhw}/ Nohlq/ Zlooldpvrq hw do1 ri wkh

Qhz Lqvwlwxwlrqdo Hfrqrplfv wudglwlrq vxjjhvwhg iru wkh �up +Ixuerwrq dqg Ulfkwhu +4<<4,,1

Li rwkhu frpsohphqwdu| vrfldo qhwzrunv h{lvw/ hyhq wkrvh wkdw vsdq sulydwh pdunhwv/ irupdo

foxev/ jryhuqphqwdo uhodwlrqvklsv/ ru rwkhu ohjdoo| hqirufhdeoh lqwhudfwlrqv/ vdqfwlrqv fdq eh

lvvxh ri wd{ frpsoldqfh lq qhz lqvwlwxwlrqdo hfrqrplfv whupv/ exw zlwk pxfk dwwhqwlrq wr �qrup jhqhudwlqj
vwuxfwxuhv/� dq lqiholflwrxv whup Frohpdq xvhg ehiruh kh frlqhg vrfldo fdslwdo1 Qruwk +4<<3, ghyrwhv d fkdswhu
wr �Lqirupdo Frqvwudlqwv� lq klv errn rq wkh ghyhorsphqw ri lqvwlwxwlrqv dqg wkhlu h�hfw rq hfrqrplf jurzwk1
Wkh ydulrxv errnv ri vrfldo wkhrulvw Mdq Hovwhu/ wrr qxphurxv wr flwh/ duh yhu| uhdgdeoh dqg lqvwuxfwlyh1
Zh irxqg Qxwv dqg Erowv +4<;;, sduwlfxoduo| xvhixo1 Uhfhqwo|/ d yroxph ri hvvd|v e| vfkroduv lq ydulrxv
glvflsolqhv +Khgvwurp dqg Vzhgehuj +4<<;,, h{soruhv wkh plfurirxqgdwlrqv ri vrfldo phfkdqlvpv vxssruwlqj
qrupv/ pruhv/ dqg vrfldo fdslwdo xvlqj udwlrqdo fkrlfh dqdo|vlv1

4:Fxuuhqw zlvgrp lq vrflrelrorj|/ sduwlfxoduo| hyroxwlrqdu| sv|fkrorj|/ vxjjhvwv wkdw wkhuh lv dw ohdvw vrph
jhqhwlf frpsrqhqw wr qrupv +Ulgoh| +4<<:,/ M1T1 Zlovrq +4<<6,/ H1R1 Zlovrq +4<<;,/ dqg Zuljkw +4<<7,,1
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pdjql�hg e| uhprydo ri lqglylgxdov iurp rqh ru vhyhudo ri wklv uhqw0jhqhudwlqj qhwzrunv1

Wklv �glvhpehgglqj� dwwhqxdwhv rssruwxqlvp1 Wkh odwwhu wudqvdfwlrq frvwv pxvw eh uhgxfhg

wr vrph hfrqrplf ohyho iru wkh jurxs wr  rxulvk dqg vrfldo fdslwdo lqyhvwphqw wr wdnh krog1

Jhqhudoo| vshdnlqj/ frqglwlrqv wkdw orzhu wudqvdfwlrq frvwv ri vrfldo fdslwdo irupdwlrq

yhu| pxfk sdudooho wkrvh wkdw idyru kljk ydoxhv ri vrfldo fdslwdo1 Vrolgdulw|/ krprjhqhlw|/

gxudelolw| ri uhodwlrqvklsv/ pxowlsolflw| ri ryhuodsslqj wuxvw/ iholflw|/ dqg pxwxdo0khos qhw0

zrunv/ dqg wkh olnh pdnh hqirufhphqw ri wdflw djuhhphqwv hdvlhu1

6141 Lqyhvwphqwv lq Vrfldo Fdslwdo zklfk Hqfrxudjh Uhflsurflw|

Rxu uhflsurflw| prgho fdq eh xvhg wr dqdo|}h lqyhvwphqwv lq d uhflsurflw| qrup dqg d

uhflsurflw| qhwzrun/ wzr lpsruwdqw frpsrqhqwv ri vrfldo fdslwdo1 Khuh/ zh surylgh d vlpsoh

h{dpsoh1 Vxssrvh wkdw wkhuh duh wzr lqglylgxdov zkr fxuuhqwo| gr qrw kdyh dq lqirupdo

uhflsurflw| djuhhphqw1 Shukdsv wkh| kdyh mxvw phw1 Lq Vxevhfwlrq 2�2c lqglylgxdov gl�huhg

lq d ydulhw| ri zd|v1 Khuh/ iru vlpsolflw|/ dvvxph wkdw lqglylgxdov gl�hu rqo| e| wkhlu %
�

ydoxhv1 Dvvxph wkdw hdfk lqglylgxdo lv gudzq dw udqgrp iurp wkh vdph srsxodwlrq/ dqg

wkdw sursruwlrq b lq wkh srsxodwlrq kdv %�
' %

�

,
c dqg sursruwlrq � � b kdv %�

' %
�

�
c zkhuh

%
�

�
: %

�

,
� Dvvxph wkdw hdfk lqglylgxdo nqrzv klv rzq ydoxh ri %�

c exw lv xqfhuwdlq derxw

rwkhuv1 Lq rwkhu zrugv/ zkhq Mrh phhwv Pdu|/ Mrh wklqnv wkdw Pdu| kdv %
�

,
zlwk suredelolw|

b dqg %
�

�
zlwk suredelolw| � � b�

Vxssrvh wkdw Mrh kdv %
�

,
� Wr pdnh wkh sureohp lqwhuhvwlqj/ dvvxph wkdw li Pdu| kdv %�

,

wkhq lw lv zruwkzkloh wr kdyh dq lqirupdo uhflsurflw| djuhhphqw zlwk khu/ exw li Pdu| kdv %�

�

lw lv qrw1 Irupdoo|/ wklv lpsolhv wkdw

T E%Wc +�� R%
W

� R%
�

,
� Sn B`r�%�

,
� `J +614,

dqg

T E%Wc +�� R%
W

� R%
�

�
� Sn B`r�%�

�
	 `Jc +615,

zkhuh
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`
r�%�

,
'

�

� � B
2
iT E%�

,
c +� n B dT E%Wc +�� R%

W

� R%
�

,
� Soj c +616,

`
r�%�

�
'

�

� � B
2
iT E%�

�
c +� n B dT E%Wc +�� R%

W

� R%
�

�
� Soj c +617,

dqg `
J
'

�

�3B
dT E%W

J
c +

J
�� R%

W

J
� So � `

r�%�

,
dqg `

r�%�

�
uhsuhvhqw wkh suhvhqw ydoxhv ri uhfl0

surflw| djuhhphqwv zlwk w|shv %�

,
dqg %

�

�
c uhvshfwlyho|1 `J uhsuhvhqwv wkh suhvhqw ydoxh ri

kdylqj qr djuhhphqw1

Dwwhpswlqj wr lqlwldwh dq lqirupdo uhflsurflw| djuhhphqw lv ulvn| ehfdxvh ri wkh xqfhu0

wdlqw| lqyroyhg1 Vxssrvh wkdw Mrh fdq dwwhpsw wr lqlwldwh dq djuhhphqw e| lqylwlqj Pdu| wr

oxqfk dqg r�hulqj wr sd|1 Lq grlqj vr/ Mrh pd| eh wdnhq dgydqwdjh ri li Pdu| lv w|sh %�

�
1

Mrh �qgv lw zruwkzkloh wr lqylwh Pdu| dv orqj dv

T E%Wc +�� R%W � Sn b
k
�R%

�

,
n B`r�%�

,

l
n E� � b� d�R%�

�
n B`Jo � `J� +618,

Wkh ohiw0kdqg vlgh ri lqhtxdolw| +618, lv lqfuhdvlqj lq b� Wkhuhiruh/ lqyhvwphqwv lq lqiru0

pdo uhflsurflw| djuhhphqwv duh pruh olnho| wr rffxu zkhq b lv kljk1 Zkhq lv b olnho| wr

eh kljkB Lw lv olnho| wr eh kljk zkhq wkhuh lv h{lvwlqj vrfldo fdslwdo wkdw ohdgv shrsoh wr

sudfwlfh uhflsurflw| zlwk hdfk rwkhu1 Li wkhuh lv d vrfldo qrup wkdw fdxvhv shrsoh wr uhvwulfw

wkhlu whpswdwlrq wr wdnh dgydqwdjh ri vrphrqh zkr pdnhv d jhqhurxv r�hu/ wkhq wkh pruh

zlghvsuhdg wkh qrup/ wkh kljkhu wkh sursruwlrq ri shrsoh zlwk %
�

,
�

Zkdw rwkhu frqglwlrqv ohdg wr lqyhvwphqw lq uhflsurflw| djuhhphqwvB Wkh lqwxlwlrq zh

rewdlqhg dqdo|}lqj wkh prgho lq Vhfwlrq 2 frqwlqxhv wr krog khuh1 Lq Dsshqgl{ F zh suryh

wkdw lqyhvwphqw lv pruh olnho| wr rffxu/ wkh kljkhu duh wkh wudqvdfwlrqv frvwv S/ wkh orzhu

duh wkh iuhh0ulglqj ohyhov ri frqvxpswlrq %
�

,
dqg %

�

�
c wkh kljkhu lv wkh glvfrxqw idfwru/ wkh

kljkhu lv frpsdqlrqvkls zlwklq wkh djuhhphqw +c dqg wkh orzhu lv frpsdqlrqvkls rxwvlgh wkh

djuhhphqw +
J
� Ixuwkhu/ dv orqj dv %

W

J
lv qrw �wrr odujh�/ lqyhvwphqw lv pruh olnho| wr rffxu/

wkh orzhu lv wkh sulfh R�

Qrwh wkdw wkhuh duh wzr r�vhwwlqj h�hfwv ri h{lvwlqj vrfldo fdslwdo rq lqyhvwphqw lq qhz

vrfldo fdslwdo1 Iluvw/ dv douhdg| qrwhg/ zkhq h{lvwlqj uhflsurflw| qrupv duh vwurqj/ zh h{shfw
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wkdw b zloo eh kljkhu/ dqg/ rwkhu wklqjv htxdo/ pruh djuhhphqwv zloo hphujh1 Krzhyhu/

zkhq h{lvwlqj vrfldo fdslwdo lv kljk/ lqglylgxdov pd| uhfhlyh kljk vrfldo ehqh�wv rxwvlgh wkh

djuhhphqw/ dqg +J pd| eh txlwh kljk1 Lq wkdw fdvh/ lqyhvwphqwv lq dgglwlrqdo vrfldo fdslwdo

duh ohvv qhfhvvdu|/ khqfh duh glvfrxudjhg1

6151 Vrph Wkrxjkwv derxw �Frqqhfwhgqhvv�

Rxu uhflsurflw| prgho surylghv xv zlwk lqwxlwlrq derxw wkh ihdwxuhv ri jrrgv wkdw duh prvw

olnho| wr eh vkduhg xvlqj lqirupdo uhflsurflw| djuhhphqwv/ dqg wkh prgho lv h{whqgdeoh wr

dqdo|}h lqyhvwphqwv lq vrfldo fdslwdo1 Zh eholhyh wkdw/ dowkrxjk lw lv eh|rqg wkh vfrsh ri

wklv sdshu/ wkh prgho frxog eh h{whqghg wr dqdo|}h ryhuodsslqj qhwzrunv dv zhoo/ jlylqj

d irupdo wkhruhwlfdo edvlv iru Judqryhwwhu*v �vwuhqjwk ri zhdn wlhv� +Judqryhwwhu +4<:6,,1

Lq wkh uhpdlqlqj sdudjudskv lq wklv vhfwlrq/ ohw xv glvfxvv vrph ri wkh olnho| lpsdfwv ri

ryhuodsslqj vrfldo qhwzrunv rq rxu uhvxowv1

Iluvw/ zh pdnh wkh iroorzlqj frqmhfwxuhv derxw wkh hyroxwlrq ri qhwzrunv dqg qrupv1

Vxssrvh wkdw/ lq wkh hqylurqphqw ghvfulehg lq wkh deryh vxevhfwlrq/ wkhuh lv lqlwldoo| d odujh

qxpehu ri frqvxphuv zkr ehorqj wr qr qhwzrunv/ dqg d frqwlqxxp ri srvvleoh %� ydoxhv1 Hduo|

rq lq wkh hyroxwlrq ri wkh vrflhw|/ dv orqj dv lqyhvwphqwv lq vrfldo fdslwdo duh zruwkzkloh/

hdfk frqvxphu jhwv lqylwhg wr vhyhudo oxqfkhv1 Rqfh ohduqlqj derxw w|shv ehjlqv/ jlyhq wkdw

frqvxphuv kdyh olplwhg wlph dqg uhvrxufhv/ lw vhhpv olnho| wkdw frqvxphuv lqyhvw pruh lq

qhwzrunv wkdw kdyh orz %
� ydoxhv1 Frqvxphuv wkdw ehorqj wr qhwzrunv wkdw kdyh kljk %

�

ydoxhv frqwlqxh wr vhdufk iru ehwwhu qhwzrunv1 Ryhu wlph/ orz0%� qhwzrunv  rxulvk/ dqg kljk0

%
� qhwzrunv fhdvh wr h{lvw1 Hduo| rq lq wkh hyroxwlrq ri wkh v|vwhp ri qhwzrunv/ d frqvxphu

zlwk d uhodwlyho| kljk %
� ydoxh pljkw ehorqj wr vhyhudo qhwzrunv/ exw ryhu wlph/ devhqw d

fkdqjh lq wkh frqvxphu*v ehkdylru/ wkh frqvxphu lv rvwudfl}hg1 Dv wkh vrflhw| hyroyhv/ pruh

dqg pruh phpehuv hlwkhu dftxluh kljk vrfldo fdslwdo ru duh ohiw rxw1 Lqlwldoo|/ uhflsurflw|

lqyroyhv h{wuhpho| vpdoo jurxsv zlwk orz sulfh vhqvlwlylwlhv frqvxplqj fkhds jrrgv zlwk

kljk wudqvdfwlrqv frvwv1 Dv wkh qhwzrunv zlwk orzhu %
� ydoxhv ghyhors/ jurxs vl}h ulvhv/

dqg pruh h{shqvlyh dqg sulfh0hodvwlf jrrgv duh vkduhg1 Wkh ryhuodsslqj qhwzrunv surylgh

vwurqjhu wkuhdwv wr ghihfwruv/ dqg juhdwhu uhzdugv wr wkrvh zkr frqwlqxh wr vkduh1

Wkh h�hfw ri jurxs vl}h lv rqh hohphqw ri rxu dqdo|vlv wkdw wurxeohv xv1 Zh vkrzhg deryh/
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rwkhu wklqjv htxdo/ wkdw dv jurxs vl}h ulvhv lw lv ohvv olnho| wkdw lqirupdo uhflsurflw| djuhhphqwv

fdq eh vxvwdlqhg1 Krzhyhu/ wudqvdfwlrq frvwv dovr duh oldeoh wr ulvh dv jurxs vl}h jurzv/ djdlq

rwkhu frqglwlrqv jlyhq/ vr olwwoh fdq eh vdlg rq wklv pdujlq zlwkrxw d juhdw ghdo pruh wkrxjkw1

Vwloo/ rqh fdq vshfxodwh wkdw dv wkh d!qlw| ri lqglylgxdo phpehuv wr rqh dqrwkhu lqfuhdvhv/

dv lv wkh fdvh iru fhuwdlq hwkqlf dqg uholjlrxv jurxsv hpehgghg lq odujhu vrflhwlhv/ vfrsh

dqg vfdoh hfrqrplhv ri vrolgdulw| pd| hphujh pdnlqj hyhq odujh jurxsv ehkdyh dv zh pljkw

rwkhuzlvh vxvshfw rqo| vpdoo jurxsv zrxog14;

Ehiruh forvlqj wklv vhfwlrq ohw xv jlyh wklv glvfxvvlrq d olwwoh hpslulfdo0fxp0dqhfgrwdo

wkrxjkw edvhg rq wkh vhfwlrq*v glvfxvvlrq1 Frqvlghu rxu suhylrxv h{dpsoh ri forvh iulhqgv

zkr wdnh wxuqv slfnlqj xs wkh eloo1 Dq dgglwlrqdo uhdvrq zk| duudqjhphqwv ri wklv vruw

duh vxvwdlqdeoh lv wkdw hdfk frqvxphu uhvwulfwv klpvhoi iurp ryhu0frqvxplqj1 Wklv rffxuv

ehfdxvh wkh sulydwh sulfh dw wkh pdujlq lv wd{hg e| wkh uhdol}dwlrq wkdw ihoorz glqhuv/ iulhqgv

dqg orqj0wlph dftxdlqwdqfhv zrxog wklqn srruo| ri vxfk �pd{lpl}huv/� dqg whqg wr vkxq

wkhp lq rwkhu vlwxdwlrqv zkhuh wuxvw dqg sursulhw| duh uhtxluhg14< Lq dgglwlrq/ vshqglqj

d juhdw ghdo ri wlph sduvlqj rxw wkh eloo h{dfwo| dv wr zkr kdg zkdw zrxog vxjjhvw wkdw

vxfk lqglylgxdov sodfh d orz rssruwxqlw| frvw rq wkhlu wlph ru/ shukdsv zruvh/ wkdw wkh| duh

�fkhds� dqg wrr qduurzo| frqfhuqhg zlwk vhoi1

Wr wdnh dqrwkhu frpprq h{dpsoh/ li rqh lv gulylqj rqh*v rzq fklog wr wkh Olwwoh Ohdjxh

jdph dqg dvnv rwkhu qhljkerulqj sduhqwv li wkh| zlvk wkhlu fklog wr ulgh dorqj/ rqh ihhov d

fhuwdlqw| wkdw qh{w zhhn lw zloo eh wkdw rwkhu sduhqw*v wxuq1 Dffhswdqfh ri vxfk dq r�hu

lpsolflwo| elqgv wkdw sduhqw wr wklv xqvsrnhq frpsdfw1 Wkrvh zkr wuhdw wkhvh reoljdwlrqv

fdvxdoo| dqg iuhh ulgh zloo eh iur}hq rxw lq vxewoh zd|v/ l1h1/ lw pd| lqgxfh qhjdwlyh vslooryhuv

lqwr rwkhu dvshfwv ri wkh fklvholqj lqglylgxdo*v vrfldo ru exvlqhvv olih zklfk zloo eh lqwhuqdol}hg

e| rwkhuv/ wr wkh ghwulphqw ri wkh iuhh ulghu1

Ilqdoo|/ frqvlghu dfdghplf froohdjxhv zkr dwwhqg vhplqduv dqg uhdg sdshuv h{shfwlqj

vdph/ exw zkr qhyhu yrlfh wklv h{shfwdwlrq1 Wkh| dovr vshqg krxuv rq shhu uhihuhhlqj dqg

4;Urgqh| Vwdun*v lqwhuhvwlqj errn rq suh0Frqvwdqwlqldq Fkulvwldqv lv dq h{whqghg vwxg| ri iuhh0ulglqj
frqwuro +Vwdun +4<<9,,1 Srvqhu*v glvfxvvlrq ri sulplwlyh vrflhwlhv +Srvqhu +4<;3,, h{soruhv Frdvldq vrfldo
lqwhuqdol}dwlrqv lq vwdwhohvv frqwh{wv1

4<Mdsdqhvh vdodu|phq jurxslqjv diwhu zrunlqj krxuv frph hvshfldoo| wr plqg dv Ixnx|dpd +4<<8, srlqwv
rxw/ exw vwdeoh jurxsv ri forvh dftxdlqwdqfhv dqg iulhqgv duh mxvw dv dsw h{dpsohv1

4<



phqwrulqj |rxqjhu froohdjxhv/ vrphwlphv lq duhdv qrw h{dfwo| wkhlu rzq1 Zk| gr wkh| gr

lwB Wkh| grq*w nqrz/ h{dfwo|/ exw dv Why|h lq �Ilggohu rq wkh Urri� vd|v/ �lw*v wudglwlrq1�

Exw zh +wkh dxwkruv, wklqn zh gr nqrz zk| wkh| gr vr1 Ehlqj frqvlghuhg d �whdp sod|hu�

kdv ydoxh lq wkh dfdghp|/ dqg wkrvh zkr euhdn wkhvh uxohv ri uhflsurflw|/ ru wkrvh zkr duh

pruh vhoi0devruehg wkdq lv frqvlghuhg dffhswdeoh/ pxvw eh gl�huhqwldoo| pruh surgxfwlyh dv

vfkroduv wr ryhufrph wkhlu uhsxwdwlrqv iru h{fhvvlyh vhoi lqwhuhvw dqg lqgl�huhqfh wr odujhu

lqvwlwxwlrqdo dqg froohjldo frqfhuqv1

Wkxv/ wkh diruhphqwlrqhg uhodwlrqvklsv ri errvwhuv/ ihoorz zrunhuv/ iulhqgv/ sduhqwv/ dqg

whdpv lqvxuh d kljkhu ghjuhh ri frrshudwlrq/ dqg d orzhu udwh ri iuhh ulghuvkls wkdq dq

xqfrqvlghuhg hvwlpdwh pljkw rwkhuzlvh vxjjhvw1 Qhyhuwkhohvv/ zh vkrxog qrw eh vxusulvhg

wkdw vxfk vrfldo xqghuvwdqglqjv ydu| ghshqglqj rq wkh uhwxuqv wkh| jhqhudwh wr lqglylgxdov

lq wkh uhohydqw jurxs/ dqg wkh frvw ri wkhlu fuhdwlrq dqg orqj0uxq pdlqwhqdqfh1 Ri frxuvh/ li

erwk lqirupdo djuhhphqwv dqg vrfldo fdslwdo idlo wr jhqhudwh vx!flhqw uhwxuqv wr lqglylgxdo

sduwlflsdqwv/ pruh irupdo vroxwlrqv xvlqj frpprq odz dqg vwdwxwhv/ wkurxjk pdunhw fr0

rshudwlyhv ru srolwlhv/ pd| ehfrph dwwudfwlyh1 Rqh fdqqrw dvvxph d sulrul wklv zloo eh wkh

fdvh/ hvshfldoo| jlyhq wkh zhljkw ri hyhu|gd| revhuydwlrq wr wkh frqwudu|1

71 Frqfoxvlrqv

�Wkh shuirupdqfh ri doo vrfldo lqvwlwxwlrqv111 ghshqgv rq krz wkhvh ^iuhh ulglqj` sureohpv

duh uhvroyhg1� Urehuw G1 Sxwqdp/ Pdnlqj Ghprfudf| Zrun +4<<6,1

Suredeo| olwwoh ri wklv dqdo|vlv kdv hvfdshg fdvxdo revhuydwlrq dqg frqyhuvdwlrq ri hfrqrplvwv/

sxeolf fkrlfh vfkroduv/ dqg vrflrorjlvwv/ |hw wr rxu nqrzohgjh wkh olwhudwxuh kdv qrw surgxfhg

d vlpsoh/ jhqhudol}hg glvfxvvlrq ri wkh uhodwlrqvkls ri qrq0irupdoo| frruglqdwhg jlylqjv dqg

wdnlqjv lq sulydwh jrrgv vhwwlqjv1 Lq dq| fdvh/ devwudfwlqj iurp wkh txhvwlrq ri ruljlqdolw|/

rqh fdqpdnh srvlwlyh suhglfwlrqv xvlqj wklv vlpsoh prgho> wr zlw= rqo| zkhq xqlw sulfh lv orz/

ghpdqgv duh yhu| sulfh0lqhodvwlf/ dqg jurxs vl}h lv vpdoo dqg krprjhqhrxv dqg lqglylgxdov

lq wkh jurxs lqwhudfw iuhtxhqwo| zloo rqh olnho| �qg olwwoh lqvwlwxwlrqdo frpsoh{lw| zkhuh

dfwlylwlhv lqyroyh frpprqv vkdulqj sudfwlfhv ri sulydwh jrrgv1

Dowkrxjk wkh h{dpsohv suhvhqwhg lq wkh lqwurgxfwlrq ghprqvwudwh wkdw sxeolf jrrgv duh
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dovr riwhq vkduhg xvlqj lqirupdo uhflsurflw| djuhhphqwv/ zh kdyh ohiw wkh sxeolf jrrgv fdvh iru

ixwxuh zrun1 Zh eholhyh/ krzhyhu/ wkdw wkh edvlf frqglwlrqv wkdw dsso| wr sulydwh jrrgv dovr

dsso| wr sxeolf jrrgv1 Vwloo/ sxeolf jrrgv kdyh dgglwlrqdo vkdulqj hfrqrplhv dqg frqjhvwlrq

h�hfwv wkdw zh kdyh qrw dqdo|}hg khuh1 Zh eholhyh wkdw lq wkh sxeolf jrrgv fdvh/ frqwuro ri

jurxs vl}h zrxog kdyh wr eh dqdo|}hg zlwk fduh ehfdxvh ri wkhvh dgglwlrqdo h�hfwv/ exw wkdw

rwkhuzlvh rxu uhvxowv zrxog frqwlqxh wr krog153

Wkdw zh revhuyh juhdw qxpehuv ri vkduhg jrrgv zlwk olwwoh ru qr irupdo frqwudfwlqj

lqglfdwhv wr xv wkdw wkh vxusoxv orvv lq wkhvh �lqh!flhqw pdunhwv� lv vpdoo uhodwlyh wr wkh

wudqvdfwlrqv frvwv ri ghyhorslqj irupdo wudglqj phfkdqlvpv1 Lqirupdo uhflsurflw| duudqjh0

phqwv wdnh sodfh ehwzhhq frqvxphuv/ dv zh kdyh ghvfulehg/ exw dovr kdsshq ehwzhhq �upv

wkdw wudqvdfw iuhtxhqwo|/ djhqwv zlwklq rujdql}dwlrqv wkdw lqwhudfw zlwk hdfk rwkhu/ srolwlfldqv

wkdw fdpsdljq iru hdfk rwkhu/ hwf1 \hw/ lqirupdo vkdulqj djuhhphqwv kdyh ehhq qhjohfwhg e|

wkh fxuuhqw wkhruhwlfdo dqg hpslulfdo olwhudwxuh ri wkh Qhz Lqvwlwxwlrqdo Hfrqrplfv1 Pdu0

nhwv zlwk irupdo frqwudfwv glvflsolqhg e| frpprq odz/ uhsxwdwlrqdo ru jrrgzloo fdslwdo/ dqg

irupdo vwdwxwhv/ rq wkh rwkhu kdqg/ duh dqdo|}hg wr wkh vpdoohvw ghwdlo1 Lq wkh sxeolf vhfwru/

wkh wkhru| ri vshfldo dqg jhqhudo lqwhuhvw ohjlvodwlrq/ dqg yrwlqj dqg djhqf| uhodwlrqvklsv/

duh qrz sduw0dqg0sdufho ri wkh jhqhudo hfrqrplvw*v yrfdexodu|1

Zkdw lv lqwhuhvwlqj wr xv lv wr qrwh wkh xvxdo sdlulqjv ri frpsdulvrqv lq wkh Qhz Lqvwl0

wxwlrqdo Hfrqrplfv olwhudwxuh 0 pdunhw frqwudfw D zlwk pdunhw frqwudfw E/ pdunhw frqwudfw

D zlwk jryhuqphqw phfkdqlvp D/ dqg jryhuqphqw phfkdqlvp D zlwk pdunhw phfkdqlvp

E1 Vrphkrz/ wkh fxowxudo dqg vrflrorjlfdo srvvlelolwlhv jryhuqlqj h{fkdqjh kdyh qrw ehhq

vwxglhg qhduo| dv fduhixoo| e| udwlrqdo fkrlfh dqdo|vwv dv wkh| ghvhuyh1 Zh krsh rxu dwwhpsw

53Frqvlghu wzr vruwv ri sxeolf jrrgv hqwhulqj rxu dqdo|vlv/ rqh shuwdlqlqj wr frpsdqlrqvkls | dqg wkh

rwkhu shuwdlqlqj wr frqvxpswlrq {1 Iluvw/ vxssrvh wkdw/ ryhu vrph udqjh/ dv jurxs vl}h q jurzv/ vr grhv |>

exw wkhq dv q frqwlqxhv wr lqfuhdvh | hyhqwxdoo| idoov1 Wkhuh h{lvwv dq q
� zklfk lv rswlpdo1 Zlwk vlpsoh

lqwhudfwlrqv dqg d prglfxp ri vrfldo fdslwdo/ q� juhdwhu wkdq 4 lv fdoohg iru/ exw lw lv olnho| qrw odujh1 Iru

h{dpsoh/ wdeohv dw uhvwdxudqwv jhqhudoo| vhdw irxu wr vl{1 Fklqhvh uhvwdxudqw urxqg wdeohv duh riwhq odujhu/

exw iq1 47 vxjjhvwv wkdw sulfh shufhswlrq frqvwudlqwv dvvxuh rswlpdolw| xqghu frqglwlrqv hqfrxqwhuhg lq wkhvh

frqwh{wv1

Dqrwkhu vruw ri sxeolf jrrg lv lq { zkhuh lpshuihfw frqvxpswlrq lqglylvlelolwlhv fdxvh sulfh0vkdulqj

hfrqrplhv wr grplqdwh ryhu frqjhvwlrq frvwv iru vrph jurxs vl}h xs wr q
� zkhuh wkhvh pdujlqv htxdwh1

Djdlq/ fdvxdo hpslulflvp derxw qhljkerukrrg fohdq0xsv vxjjhvw q lv qrw vr vpdoo/ wkrxjk iuhh ulglqj e|

vrph lv xeltxlwrxv1 Sduwlflsdqwv/ krzhyhu/ hqmr| juhdw frpsdqlrqvkls hfrqrplhv1 Uhihuhhlqj dqg phqwru0

vkls h�ruwv pd| dovr eh ri wklv vruw/ dqg wkh �jrrg froohdjxh� uhsxwdwlrqdo uhwxuqv duh suredeo| lpsruwdqw

khuh/ vlqfh/ djdlq/ q lv udwkhu odujh1
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khuhlq lv d vwduw lq wklv gluhfwlrq1 Ri frxuvh/ rqh uhdvrq iru wklv vfkroduo| lqdwwhqwlrq e|

hfrqrplvwv lv wkh h{wuhph gl!fxow| ri phdvxulqj frqvwuxfwv olnh vrfldo fdslwdo1 Sulplwlyhv

olnh lghrorj|/ prudo irufh/ qhwzrunv/ srzhu/ wuxvw/ hwf1 duh qrw vr hdv| wr gh�qh dqg kdughu |hw

wr phdvxuh1 Wkh| duh �odwhqw yduldeohv�/ wr xvh wkh whupv wkdw vrflrorjlvwv frlqhg ghfdghv

djr/ dqg sur{lhv iru wkhp duh vhdufkhg iru dqg wkhlu fkdqjhv wudfhg e| wkhvh vfkroduv wr

revhuydeoh ehkdylru/ d srlqw Pd{ Zhehu +4<5524<7:, qrwhg vhyhqw|0�yh |hduv djr1

Hfrqrplvwv/ vlqfh wkh Phwkrghqvwuhlw/ kdyh lqvwlqfwlyho| vklhg dzd| iurp vxfk lqglvwlqfw

dqg uhiudfwru| frqfhswv/ vlqfh vrflrorjlfdo hfrqrplf0edvhg wkhrulhv duh gl!fxow wr hvwdeolvk

dqg txdqwlwdwlyh phdvxuhv duh riwhq frqvlghuhg xqrewdlqdeoh1 Zh hfrqrplvwv duh/ shukdsv/

pdwhuldolvwv/ pruh frpiruwdeoh zlwk wkh wkhru| ri surgxfwlrq/ wkdq zlwk ghpdqg wkhru|

edvhg rq suhihuhqfh dvvxpswlrqv154 Krzhyhu/ wkhuh lv hyhu| uhdvrq wr eholhyh wkdw vlqfh

vrfldo frqvwudlqwv dqg vsrqwdqhrxv lqirupdo frruglqdwlqj lv xeltxlwrxv/ hfrqrplvwv zloo �qg

wkh zloo dqg zlw wr pdnh vrph vhqvh ri lw/ dv wkh| kdyh ri frqwudfw dqg odz/ pdunhw dqg

srolw|1

Uhihuhqfhv

^4` D{hourg/ Urehuw/ Wkh Hyroxwlrq ri Frrshudwlrq/ Edvlf Errnv/ Qhz \run/ 4<;71

^5` Erufkhuglqj/ Wkrpdv H1 �Frpshwlwlrq/ H{foxvlrq/ dqg wkh Rswlpdo Vxsso| ri Sxeolf

Jrrgv/� Mrxuqdo ri Odz dqg Hfrqrplfv/ 54+4,/ 4<:;/ ss1 44404651

^6` bbbbbbbbbbb �Wrzdugv D Srvlwlyh Wkhru| ri Sxeolf Vhfwru Vxsso| Duudqjh0

phqwv/� lq I1U1 Sulfkdug +hg1,/ Sxeolf Hqwhusulvh lq Fdqdgd/ Exwwhuzruwk/ Wrurqwr/

4<;61

^7` bbbbbbbbbbb dqg Ghdfrq/ Urehuw W1 �Wkh Ghpdqg iru wkh Vhuylfhv ri Qrq0

Ihghudo Jryhuqphqwv/� Dphulfdq Hfrqrplf Uhylhz/ 95/ 4<:5/ ss1 ;<40<341

^8` Exfkdqdq/ Mdphv P1 �Dq Hfrqrplf Wkhru| ri Foxev/� Hfrqrplfd/ 65/ 4<98/ ss1 40471

54Gxulqj wkh odwh 4<93v dqg hduo| 4<:3v/ lq relwhu glfwd wr klv pdq| ohfwxuhv Jhrujh Vwljohu dfwxdoo|
vxjjhvwhg wkdw zh jlyh xs wkh vwxg| ri ghpdqg dv hvvhqwldoo| d phwdsk|vlfdo/ khqfh/ qrq0idovl�deoh/ h{huflvh1
Reylrxvo|/ kh fkdqjhg klv wxqh/ vlqfh kh fr0dxwkruhg rqh ri wkh fodvvlfv lq vrflrorjlfdo hfrqrplfv +Vwljohu
dqg Ehfnhu +4<::,,1
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^9` Fdoyhuw/ Udqgdoo O1 �Udwlrqdo Dfwruv/ Htxloleulxp/ dqg Vrfldo Lqvwlwxwlrqv/� lq Mdfn

Nqljkw dqg Lwdl Vhqhg/ hgv1 H{sodlqlqj Vrfldo Lqvwlwxwlrqv/ Xqlyhuvlw| ri Plfkljdq Suhvv/

Dqq Dueru/ 4<<8/ ss1 8:0<61

^:` Frohpdq/ Mdphv V1 �Qrupv dv Vrfldo Fdslwdo/� lq= Jhudog Udwqlw}n| dqg Shwhu Ehuqkro}

+hgv1,/ Hfrqrplf Lpshuldolvp/ Sdudjrq Suhvv/ Qhz \run/ 4<;:1

^;` bbbbbb Irxqgdwlrqv ri Vrfldo Wkhru|/ Ehonqds Suhvv/ Fdpeulgjh PD/ 4<<31

^<` Frphv/ Ulfkdug dqg Wrgg Vdqgohu/ Wkh Wkhru| ri H{whuqdolwlhv/ Sxeolf Jrrgv/ dqg Foxe

Jrrgv/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Qhz \run/ 4<;91

^43` Fudlj/ Vwhyhq F1 �Wkh Lpsdfw ri Frqjhvwlrq rq Orfdo Sxeolf Jrrg Surgxfwlrq/� Mrxuqdo

ri Sxeolf Hfrqrplfv/ 65/ 4<;:/ ss1 66406871

^44` Hovwhu/ Mdq/ Qxwv dqg Erowv iru wkh Vrfldo Vflhqfhv/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Qhz

\run/ 4<;;1

^45` Hpvlqjhu/ Mhdq/ Pdnlqj d Pdunhw= Wkh Lqvwlwxwlrqdo Wudqvirupdwlrq ri dq Diulfdq

Vrflhw|/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Qhz \run/ 4<<51

^46` Iudqn/ Urehuw/ �Phoglqj Vrflrorj| dqg Hfrqrplfv= Mdphv Frohpdq*v Irxqgdwlrqv ri

Vrfldo Wkhru|/� Mrxuqdo ri Hfrqrplf Olwhudwxuh 63/ 4<<5/ ss1 47:0:31

^47` bbbbbbbbbbbb Sdvvlrqv Zlwklq Uhdvrq= Wkh Vwudwhjlf Uroh ri wkh Hprwlrqv/

Qruwrq/ 4<;;1

^48` Ixnx|dpd/ Iudqflv/ Wuxvw= Wkh Vrfldo Yluwxhv dqg wkh Fuhdwlrq ri Survshulw|/ Iuhh

Suhvv/ Qhz \run/ 4<<81

^49` Ixuxerwlq/ Hluln J1 dqg Uxgroi Ulfkwhu +hgv1, Wkh Qhz Lqvwlwxwlrqdo Hfrqrplfv/ Wh{dv

D)P Suhvv/ Froohjh Vwdwlrq/ W[/ 4<<41

^4:` Jleerqv/ Urehuw/ Jdph Wkhru| iru Dssolhg Hfrqrplvwv/ Sulqfhwrq Xqlyhuvlw| Suhvv/

Sulqfhwrq/ 4<<51
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^4;` Judqryhwwhu/ Pdun/ �Hfrqrplf Dfwlrq dqg Vrfldo Vwuxfwxuh= Wkh Sureohpv ri Hpehg0

ghgqhvv/� Dphulfdq Mrxuqdo ri Vrflrorj|/ 4<;8/ ss17;408431

^4<` bbbbbbbbbb �Wkh Rog dqg wkh Qhz Hfrqrplf Vrflrorj|= D Klvwru| dqg Djhqgd/�

lq= Urjhu Iulhgodqg dqg D1I1 Urehuwvrq +hgv1,/ Eh|rqg wkh Pdunhwsodfh= Uhwklqnlqj

Hfrqrp| dqg Vrflhw|/ Doglqh gh Jux|whu/ Qhz \run/ 4<<3/ ss1 ;<04451

^53` bbbbbbbbbb �Wkh Vwuhqjwk ri Zhdn Wlhv/� Dphulfdq Mrxuqdo ri Vrflrorj|/ 4<:6/

4693046;31

^54` Khfkwhu/ Plfkdho/ Sulqflsohv ri Jurxs Vrolgdulw|/ Xqlyhuvlw| ri Fdoliruqld Suhvv/ Ehunh0

oh|/ 4<;:1

^55` Khgvwurp/ Shwhu/ dqg Ulfkdug Vzhgehuj/ +hgv1,/ Vrfldo Phfkdqlvpv= Dq Dqdo|wlf Ds0

surdfk wr Vrfldo Wkhru|/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Qhz \run/ 4<<;1

^56` Ohyl/ Pdujduhw/ Ri Uxoh dqg Uhyhqxh/ Xqlyhuvlw| ri Fdoliruqld Suhvv/ 4<;;1

^57` PfNhdq/ Urodqg Q1 dqg M1U1 Plqdvldq/ �Dfklhylqj Sduhwr Rswlpdolw| 0 Uhjdugohvv

ri Frvw$� Zhvwhuq Hfrqrplf Mrxuqdo +qrz Hfrqrplf Lqtxlu|,/ Mdqxdu|/ 8/ 4<99/ ss1

470561

^58` Qruwk/ Grxjodvv F1/ Lqvwlwxwlrqv/ Lqvwlwxwlrqdo Fkdqjh dqg Hfrqrplf Shuirupdqfh/

Fdpeulgjh Xqlyhuvlw| Suhvv/ Qhz \run/ 4<<31

^59` Srvqhu/ Ulfkdug D1 �D Wkhru| ri Sulplwlyh Vrflhw| zlwk Vshfldo Uhihuhqfh wr Odz/�

Mrxuqdo ri Odz dqg Hfrqrplfv 56 +4<;3,/ 40861

^5:` Sxwqdp/ Urehuw/Pdnlqj Ghprfudf| Zrun= Flylf Wudglwlrqv lq Prghuq Lwdo|/ Sulqfhwrq

Xqlyhuvlw| Suhvv/ Sulqfhwrq/ 4<<61

^5;` Ulgoh|/ Pdww/ Wkh Ruljlqv ri Yluwxh= Kxpdq Lqvwlqfwv dqg wkh Hyroxwlrq ri Frrshudwlrq/

Ylnlqj Suhvv/ Qhz \run/ 4<<:1

^5<` Vdpxhovrq/ Sdxo D1 �Wkh Sxuh Wkhru| ri Sxeolf H{shqglwxuh/� Uhylhz ri Hfrqrplfv

dqg Vwdwlvwlfv/ 4<87/ ss1 6;:06;<1
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^63` Vwdun/ Urgqh|/ Wkh Ulvh ri Fkulvwldqlw|= D Vrflrorjlvw Uhfrqvlghuv Klvwru|/ Sulqfhwrq

Xqlyhuvlw| Suhvv/ Sulqfhwrq/ QM/ 4<<91

^64` Vwljohu/ Jhrujh M1 dqg Jdu| V1 Ehfnhu/ �Gh Jxvwlexv Qrq Hvw Glvsxwdqgxp/� Dphulfdq

Hfrqrplf Uhylhz 9: +4<::,/ :90<31

^65` Zhehu/ Pd{/ wudqvodwhg e| D1P1 Khqghuvrq dqg Wdofrw Sduvrqv1 Wkh Wkhru| ri Vrfldo

dqg Hfrqrplf Rujdql}dwlrqv +4<55,/ Iuhh Suhvv/ Qhz \run/ 4<7:1

^66` Zlovrq/ Hgzdug R1 Frqvlohqfh= Wkh Xqlw| ri Nqrzohgjh/ Nqrsi/ Qhz \run/ 4<<<1

^67` Zlovrq/ Mdphv T1 Wkh Prudo Vhqvh/ Iuhh Suhvv/ Qhz \run/ 4<<61

^68` Zuljkw/ Urehuw/ Wkh Prudo Dqlpdo= Hyroxwlrqdu| Sv|fkrorj| dqg Hyhu|gd| Olih/ Sdq0

wkhrq Errnv/ Qhz \run/ 4<<71
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Dsshqgl{ D1

Khuh/ zh suryh wkdw wkh ohiw0kdqg vlgh ri lqhtxdolw| +51;, lv lqfuhdvlqj lq S dqg Bc dqg

ghfuhdvlqj lq ?c R/ dqg %�
� Doo ri wkh vwhsv xvh sduwldo ghulydwlyhv ru glvfuhwh fkdqjhv ri wkh

ohiw0kdqg vlgh ri lqhtxdolw| +51;, zlwk uhvshfw wr wkh uhohydqw yduldeoh/ dqg wkhq vljq wkh

h�hfw1

D41 S= Wkh ghulydwlyh ri wkh ohiw0kdqg vlgh ri lqhtxdolw| +51;, zlwk uhvshfw wr S lv B3B
?

E?3��E�3B�
c

zklfk lv srvlwlyh1

D51 B= Iluvw/ qrwh wkdw T E%�
c+� � T E%Wc +� n R%W n S : fc ehfdxvh %

� � %
W
� Vhfrqg/

qrwh wkdw B3B
?

�3B
' B n B

2
n ���B

?3�
c zklfk lv lqfuhdvlqj lq B� Wkhvh wzr uhvxowv lpso| wkdw wkh

ohiw0kdqg vlgh ri +51;, lv lqfuhdvlqj lq B�

D61 ?= Frqvlghu dq lqfuhdvh lq ? wr ?n �� Wkh fkdqjh lq wkh ohiw0kdqg vlgh ri lqhtxdolw|

+51;, lv

%
B � B

?n�

?E�� B�
�

B � B
?

E? � ��E�� B�

&
dT E%�c +�� T E%Wc +� n R%W n So �

Vlqfh %
� � %

W
c wkh vhfrqg whup lv srvlwlyh1 Wkh �uvw whup lv qhjdwlyh e| wkh iroorzlqj

dujxphqw=
k
B3B

?n�

?E�3B�
�

B3B
?

E?3��E�3B�

l
'

B

E�3B�?E?3��

k
��� E?� ��B? n ?B

?n�
l

� Wkh vljq ri wklv h{0

suhvvlrq ghshqgv rq wkh vljq ri ��� E?� ��B? n ?B
?n�

c zklfk lv vwulfwo| lqfuhdvlqj lq B� Dv

B$ �c

k
�� � E?� ��B? n ?B

?n�
l
$ f� Wkhuhiruh/ iru doo B 	 �c wkh h{suhvvlrq lv qhjdwlyh1

D71 R= Wkh ghulydwlyh ri wkh ohiw0kdqg vlgh ri lqhtxdolw| +51;, zlwk uhvshfw wr R lv �%�
n

B3B
?

E?3��E�3B�

k
�T

%
E%Wc +�Y%

W

YR
n R

Y%W

YR
n %

W

l
� Iurp wkh �uvw0rughu frqglwlrq +515,/ �T

%
E%Wc +�Y%

W

YR
n

R
Y%W

YR
' f� Wkh uhpdlqlqj h{suhvvlrq lv ohvv wkdq ru htxdo wr �%�

n %
W
c ehfdxvh

B3B
?

�3B
'

Bn B
2
n ���B

?3�
dqg Bn B

2
n ���B

?3�
� ?� �� Vlqfh %

� � %
W

c wklv lpsolhv wkdw wkh ghulydwlyh lv

qhjdwlyh1

D81 %
�= Wkh ghulydwlyh ri wkh ohiw0kdqg vlgh ri lqhtxdolw| +51;, zlwk uhvshfw wr %

� lv

�Rn
B3B

?

E?3��E�3B�
T%E%�c +�c zklfk lv ohvv wkdq ru htxdo wr �RnT%E%�

c +�c ehfdxvh B3B
?

�3B
' BnB

2
n

���B
?3�

dqg B n B
2
n ���B

?3�
� ?� �� Wkh iroorzlqj dujxphqw vkrzv wkdw �Rn T

%
E%�

c +� � f�

Vlqfh %
� � %

W
dqg T E%c +� lv vwulfwo| frqfdyh lq %c T

%
E%�

c +� � T
%
E%Wc +�� Iurp wkh �uvw0rughu

frqglwlrq +515,/ T%E%Wc +� ' R� Frpelqlqj wkhvh uhvxowv |lhogv T%E%�
c+� � R�
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Dsshqgl{ E1

Khuh/ zh suryh wkdw lqhtxdolw| +51:, lv pruh olnho| wr krog zkhq Sc Bc dqg + duh kljk/ dqg

zkhq ?c Rc %�
c dqg +J duh orz1 Lqhtxdolw| +51:, fdq eh vlpsol�hg/ dqg krogv li wkh iroorzlqj

h{suhvvlrq lv qrq0qhjdwlyh=

�R%
�
n

B � B
?

E? � ��E�� B�
dT E%�

c +�� T E%Wc +� n R%W n So +714,

n
B � B

?n�

E?� ��E� � B�
dT E%Wc +�� R%W � T E%W

J
c +

J
�n R%

W

f
o �

Lq zkdw iroorzv/ zh suryh wkdw h{suhvvlrq +714, lv lqfuhdvlqj lq Sc Bc dqg +c dqg ghfuhdvlqj lq

?c %�c dqg +J� Zh suryh wkdw h{suhvvlrq +714, lv ghfuhdvlqj lq R dv orqj dv %W
J
lv qrw �wrr odujh�

lq d vhqvh pdgh suhflvh ehorz1 Dv lq Dsshqgl{ D/ doo ri wkh vwhsv xvh sduwldo ghulydwlyhv ru

glvfuhwh fkdqjhv ri h{suhvvlrq +714, zlwk uhvshfw wr wkh uhohydqw yduldeoh/ dqg wkhq vljq wkh

h�hfw1

E41 S= Wkh ghulydwlyh ri h{suhvvlrq +714, zlwk uhvshfw wr S lv B3B
?

E?3��E�3B�
c zklfk lv srvlwlyh1

E51 B= Zh vkrzhg lq Dsshqgl{ D wkdw �R%�
n

B3B
?

E?3��E�3B�
dT E%�c +�� T E%Wc +� n R%W n So lv

lqfuhdvlqj lq B� Wkhuhiruh/ lw vx!fhv wr vkrz wkdw B3B
?n�

E?3��E�3B�
dT E%Wc +�� R%W � T E%W

J
c +

J
� n R%

W

f
o

lv lqfuhdvlqj lq B1 Iluvw/ qrwh wkdw T E%Wc +� � R%W : T E%W
J
c +J� � R%

W

f
ehfdxvh + � +J� Wklv

lpsolhv wkdw T E%Wc +�� R%W � T E%W
J
c+J�n R%

W

f
: f� Vhfrqg/ qrwh wkdw B3B

?n�

�3B
' B n B

2
n ���B?c

zklfk lv lqfuhdvlqj lq B� Wkhvh wzr uhvxowv lpso| wkdw h{suhvvlrq +714, lv lqfuhdvlqj lq B�

E61 ?= Zh vkrzhg lq Dsshqgl{ D wkdw �R%�
n

B3B
?

E?3��E�3B�
dT E%�c +�� T E%Wc +� n R%W n So lv

ghfuhdvlqj lq ?� Wkhuhiruh/ lw vx!fhv wr vkrz wkdw B3B
?n�

E?3��E�3B�
dT E%Wc +�� R%W � T E%W

J
c+J�n R%

W

f
o

lv ghfuhdvlqj lq ?� Frqvlghu dq lqfuhdvh lq ? wr ? n �� Wkh fkdqjh lq wklv whup lv

%
B � B

?n2

?E� � B�
�

B � B
?n�

E?� ��E� � B�

&
dT E%Wc+�� R%W � T E%W

J
c +J�n R%

W

f
o �

Zh vkrzhg lq Vwhs E5 wkdw T E%Wc +��R%W�T E%W
J
c +J�nR%

W

f
: f� Wkh �uvw whup lv qhjdwlyh e|

wkh iroorzlqj dujxphqw=
k
B3B

?n2

?E�3B�
�

B3B
�

E?3��E�3B�

l
'

B

E�3B�?E?3��

k
�� � E? � ��B?n� n ?B

?

l
� Wkh

vljq ri wklv h{suhvvlrq ghshqgv rq wkh vljq ri �� � E? � ��B?n� n ?B?c zklfk lv vwulfwo|

lqfuhdvlqj lq B� Dv B $ �c
k
��� E?� ��B?n� n ?B

?

l
$ f� Wkhuhiruh/ iru doo B 	 �c wkh
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h{suhvvlrq lv qhjdwlyh1

E71 R= Vlqfh %W dqg %
W

J
duh erwk fkrvhq wr vdwlvi| �uvw0rughu frqglwlrqv/ zh fdq ljqruh

wkh h�hfwv ri fkdqjhv lq R rq %
W dqg %

W

J
zkhq frpsxwlqj pdujlqdo h�hfwv1 Wkh ghulydwlyh ri

h{suhvvlrq +714, zlwk uhvshfw wr R lv �%�
n

B3B
?

E?3��E�3B�
%
W

n
B3B

?n�

E?3��E�3B�
d�%W n %

W

J
o� Wklv fdq eh

vlpsol�hg dqg h{suhvvhg dv

�

? � �

k
�E? � ��%�

� B
?

%
W
n EB n B

2 n ���B
?�%W

J

l
c

zklfk lv qrq0srvlwlyh dv orqj dv %W
J
�

E?3��%�nB
?
%
W

EBnB
2n���B

?�
� Wklv lqhtxdolw| dozd|v krogv li %

W

J
� %

W

c

dqg lv pruh olnho| wr krog zkhq B dqg %
W

J
duh vpdooc dqg zkhq %

� dqg %
W duh odujh�

E81 %
�= Wkh ghulydwlyh ri h{suhvvlrq +714, zlwk uhvshfw wr %

� lv �R n B3B
?

E?3��E�3B�
T%E%�c +�c

zklfk zdv vkrzq wr eh qhjdwlyh lq Vwhs D81

E91 += Vlqfh %
W lv fkrvhq wr vdwlvi| d �uvw0rughu frqglwlrq/ zh fdq ljqruh wkh h�hfwv ri

fkdqjhv lq + rq %
W zkhq frpsxwlqj pdujlqdo h�hfwv1 Wkhuhiruh/ wkh ghulydwlyh ri h{suhvvlrq

+714, zlwk uhvshfw wr +c diwhu vlpsoli|lqj/ lv B3B
?

E?3��E�3B�
T+E%�c +�n B?

?3�
T+E%Wc +�c zklfk lv srvlwlyh1

E:1 +
J
= Vlqfh %

W

J
lv fkrvhq wr vdwlvi| d �uvw0rughu frqglwlrq/ zh fdq ljqruh wkh h�hfwv ri

fkdqjhv lq +J rq %
W

J
zkhq frpsxwlqj pdujlqdo h�hfwv1 Wkhuhiruh/ wkh ghulydwlyh ri h{suhvvlrq

+714, zlwk uhvshfw wr +J lv � B3B
?

E?3��E�3B�
T+E%WJc +J�c zklfk lv qhjdwlyh1

5;



Dsshqgl{ F1

Khuh/ zh suryh wkdw lqhtxdolw| +618, lv pruh olnho| wr krog zkhq Sc Bc dqg + duh kljk/ dqg

zkhq Rc %�

,
c %

�

�
/ dqg +J duh orz1 Lqhtxdolw| +618, fdq eh vlpsol�hg/ dqg krogv li wkh iroorzlqj

h{suhvvlrq lv qrq0qhjdwlyh=

#
�n

bB
2

� � B
2

$
dT E%Wc +�� R%W � T E%W

J
c +J� n R%

W

J
o� R%�

,

b

� � B
2
� R%�

�
E� � b� +715,

n
bB

�� B
2

dT E%�

,
c +�n S� T E%W

J
c +

J
�n R%

W

f
o �

Lq zkdw iroorzv/ zh suryh wkdw h{suhvvlrq +715, lv lqfuhdvlqj lq Sc Bc dqg +c dqg ghfuhdvlqj

lq %�

,
c %�

�
/ dqg +J� Zh suryh wkdw h{suhvvlrq +715, lv ghfuhdvlqj lq R dv orqj dv %W

J
lv qrw �wrr

odujh� lq d vhqvh pdgh suhflvh ehorz1 Doo ri wkh vwhsv xvh sduwldo ghulydwlyhv ri h{suhvvlrq

+715, zlwk uhvshfw wr wkh uhohydqw yduldeoh/ dqg wkhq vljq wkh h�hfw1

F41 S= Wkh ghulydwlyh ri h{suhvvlrq +715, zlwk uhvshfw wr S lv bB

�3B
2 c zklfk lv srvlwlyh1

F51 B= Wklv surri pdnhv xvh ri lqhtxdolw| +614,1 Vxevwlwxwlqj lq iru `
r�%�

,
dqg `J dqg

vlpsoli|lqjc lqhtxdolw| +614, fdq eh h{suhvvhg dv

T E%Wc +�� R%
W

� R%
�

,
� T E%W

J
c +

J
� n R%W

J
n B dT E%�

,
c +�� T E%W

J
c +

J
� n R%

W

J
n So � f� +716,

Zh zloo ghprqvwudwh wkdw wklv frqglwlrq +zklfk pxvw krog lq rughu iru uhflsurflw| wr eh

ghvludeoh, lpsolhv wkdw h{suhvvlrq +715, lv lqfuhdvlqj lq B� Wkh ghulydwlyh ri h{suhvvlrq +715,

zlwk uhvshfw wr B lv

2bB

E� � B
2�2

dT E%Wc +�� R%W � T E%W
J
c +

J
� n R%

W

J
o� R%

�

,

2bB

E�� B
2�2

n
b n bB

2

E�� B
2�2

dT E%�

,
c +�n S� T E%W

J
c +J�n R%

W

f
o �

Pxowlso| wklv h{suhvvlrq e|
E�3B

2�2

2bB
wr vhh wkdw lwv vljq ghshqgv rq wkh vljq ri
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T E%Wc +�� R%W � R%�

,
� T E%W

J
c +

J
� n R%W

J
n

E� n B2�

2B
dT E%�

,
c +�� T E%W

J
c +

J
� n R%

W

J
n So �

Vlqfh T E%�

,
c+�� T E%W

J
c +

J
� : fc dqg vlqfh

E�nB
2�

2B
� Bc wklv h{suhvvlrq lv juhdwhu wkdq ru htxdo

wr wkh ohiw0kdqg vlgh ri lqhtxdolw| +716,/ dqg wkxv lv qrq0qhjdwlyh1

F61 R= Vlqfh %W dqg %
W

J
duh erwk fkrvhq wr vdwlvi| �uvw0rughu frqglwlrqv/ zh fdq ljqruh

wkh h�hfwv ri fkdqjhv lq R rq %
W dqg %

W

J
zkhq frpsxwlqj pdujlqdo h�hfwv1 Wkh ghulydwlyh ri

h{suhvvlrq +715, zlwk uhvshfw wr R lv
�
� n

bB
2

�3B
2

�
d%W

J
� %

Wo �%�

,

b

�3B
2 � %

�

�
E�� b� n bB

�3B
2%

W

J
� Wklv

ghulydwlyh lv qrq0srvlwlyh dv orqj dv

%
W

J
�

E�� B
2 n bB

2�%W n b%
�

,
n E�� b�%�

�

�� B
2
n bBE� n B�

�

Wklv lqhtxdolw| dozd|v krogv zkhq %
W

J
� %

W

c dqg lv pruh olnho| wr krog/ wkh orzhu lv %W
J
/ dqg

wkh kljkhu duh %Wc %
�

,
c dqg %

�

�
�

F71 %
�

,
= Wkh ghulydwlyh ri h{suhvvlrq +715, zlwk uhvshfw wr %

�

,
lv �R

b

�3B
2 n

bB

�3B
2T%E%

�

,
c +�c

zklfk lv ohvv wkdq ru htxdo wr b

�3B
2 d�Rn T

%
E%�

,
c +�o c zklfk lv qhjdwlyh/ e| dq dujxphqw vlplodu

wr wkdw ri vwhs D8 deryh1

F81 %
�

�
= Wkh ghulydwlyh ri h{suhvvlrq +715, zlwk uhvshfw wr %

�

,
lv �RE� � b�c zklfk lv

qhjdwlyh1

F91 += Vlqfh %W lv fkrvhq wr vdwlvi| d �uvw0rughu frqglwlrq/ zh fdq ljqruh wkh h�hfwv ri

fkdqjhv lq + rq %
W zkhq frpsxwlqj pdujlqdo h�hfwv1 Wkhuhiruh/ wkh ghulydwlyh ri h{suhvvlrq

+715, zlwk uhvshfw wr + lv
�
�n

bB
2

�3B
2

�
T+E%

W

c +�n bB

�3B
2T+E%

�

,c +�c zklfk lv srvlwlyh1

F:1 +
J
= Vlqfh %

W

J
lv fkrvhq wr vdwlvi| d �uvw0rughu frqglwlrq/ zh fdq ljqruh wkh h�hfwv ri

fkdqjhv lq +J rq %
W

J
zkhq frpsxwlqj pdujlqdo h�hfwv1 Wkhuhiruh/ wkh ghulydwlyh ri h{suhvvlrq

+715, zlwk uhvshfw wr +J lv �
�
� n

bB
2

�3B
2

�
T+E%WJc +J��

bB

�3B
2T+E%WJc +J�c zklfk lv qhjdwlyh1
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