
Khwhurjhqhlw| dqg Hyroxwlrq ri H{shfwdwlrqv lq
d Prgho ri Fxuuhqf| Fulvlv

Mdvplqd Dulirylf dqg Sdxo Pdvvrq �

Ghfhpehu ;/ 4<<<

Devwudfw

D prgho ri d sruwirolr doorfdwlrq ehwzhhq pdwxuh dqg hphujlqj pdunhwv

lv vlpxodwhg zlwk khwhurjhqhrxv h{shfwdwlrqv/ lplwdwlrq/ dqg h{shulphqwd0

wlrq1 Vroxwlrqv surgxfh shulrglf fulvhv1 Wkh suhglfwlrqv ri wkh prgho

duh frpsduhg wr d uhsuhvhqwdwlyh0djhqw/ udwlrqdo h{shfwdwlrqv prgho zlwk

pxowlsoh htxloleuld1

�Vlprq Iudvhu Xqlyhuvlw| dqg Fdoliruqld Lqvwlwxwh ri Whfkqrorj|/ dqg Lqwhuqdwlrqdo Prqhwdu|
Ixqg/ uhvshfwlyho|1 Wkh dxwkruv duh judwhixo wr Rolylhu Mhdqqh dqg Sdw Nhkrh iru vwlpxodwlqj
glvfxvvlrq/ wr sduwlflsdqwv lq d vhplqdu dw Jhrujhwrzq Xqlyhuvlw| iru xvhixo frpphqwv/ dqg wr
Iuh|dq Sdqwkdnl iru khos zlwk gdwd dqg fkduwv1 Wkh ylhzv h{suhvvhg duh wkrvh ri wkh dxwkruv
dqg gr qrw uhsuhvhqw wkrvh ri wkh Lqwhuqdwlrqdo Prqhwdu| Ixqg ru dq| rwkhu r!fldo lqvwlwxwlrq1



41 Lqwurgxfwlrq

Wkh uhfhqw rffxuuhqfh ri fxuuhqf| fulvhv lq hphujlqj pdunhw frxqwulhv kdv lqvsluhg
zlghvsuhdg lqwhuhvw lq zkhwkhu fxuuhqf| fulvhv zhuh wkh uhvxow ri ixqgdphqwdo
srolf| idloxuhv ru vwuxfwxudo sureohpv lq wkh frxqwulhv frqfhuqhg/ ru zkhwkhu lq0
vwhdg wkh dwwdfnv rq vshfl�f frxqwulhv zhuh hvvhqwldoo| duelwudu|/ vwlpxodwhg e|
fkdqjhv lq pdunhw vhqwlphqw dqg shukdsv vxemhfw wr frqwdjlrq iurp rwkhu frxq0
wulhv vx�hulqj fulvhv1 Dv d uhvxow ri wklv lqwhuhvw/ qxphurxv prghov kdyh ehhq
suhvhqwhg wr dffrxqw iru wkh 4<<70<8 Ph{lfdq fulvlv/ wkh 4<<:0<; Dvldq fulvhv/ dqg
wkh diwhu0h�hfwv ri wkh Uxvvldq ghidxow> vrph ri wkhvh prghov/ iroorzlqj Revwihog
+4<;9/ 4<<7, kdyh doorzhg iru wkh srvvlelolw| ri vhoi0ixo�oolqj vshfxodwlyh dwwdfnv/
lq zklfk wkh ghwhulrudwlrq ri d frxqwu|*v ixqgdphqwdov lv qrw wkh vroh uhdvrq iru
wkh fulvlv +Froh dqg Nhkrh/ 4<<9> Vdfkv/ Wruqhoo/ dqg Yhodvfr/ 4<<9> Udghohw dqg
Vdfkv/ 4<<;> Fkdqj dqg Yhodvfr/ 4<<;,1 Rwkhu dxwkruv kdyh dovr dvfulehg frq0
wdjlrq wr mxpsv ehwzhhq pxowlsoh htxloleuld +Nuxjpdq/ 4<<<> Pdvvrq 4<<<,1 Lq
wkhvh prghov/ udwlrqdo h{shfwdwlrqv duh frqvlvwhqw zlwk pruh wkdq rqh vroxwlrq
iru dvvhw sulfhv dqg rwkhu �qdqfldo dqg uhdo yduldeohv1 Iru lqvwdqfh/ ghydoxdwlrq
suredelolwlhv dqg lqwhuhvw udwhv fdq uh hfw frq�ghqfh lq wkh survshfwv iru d frxq0
wu|/ dqg wklv zloo eh vhoi0ydolgdwlqj lq wkdw orz lqwhuhvw udwhv +ru lq dwlrq, pdnh
wkh dxwkrulwlhv* srolf| wudgh0r�v pruh idyrudeoh1 Lq frqwudvw/ wkhuh lv dqrwkhu
htxloleulxp lq zklfk odfn ri frq�ghqfh pdnhv d ghydoxdwlrq +ru pruh jhqhudoo| d
pruh h{sdqvlrqdu| prqhwdu| ru �vfdo srolf|, pruh olnho|1 Krzhyhu/ w|slfdoo| vxfk
prghov kdyh olwwoh/ li dq|wklqj/ wr vd| derxw krz lqyhvwruv frruglqdwh rq rqh ru
dqrwkhu ri wkh htxloleuld1 Lq idfw/ wkh| w|slfdoo| dvvxph wkdw lqyhvwruv doo dfw lq
wkh vdph zd|/ zlwk wkhlu dfwlrqv glfwdwhg e| dq h{wudqhrxv/ vxqvsrw yduldeoh1

Dqrwkhu lpsruwdqw ihdwxuh ri hphujlqj �qdqfldo pdunhwv kdv ehhq vxujhv ri
fdslwdo lq rzv wkdw vhhp wr sodqw wkh vhhgv iru wkh vxevhtxhqw fulvhv1 Grroh|
+4<<<, kdv uljkwo| dujxhg wkdw wkhrulhv ri fxuuhqf| fulvhv vkrxog dovr vkhg oljkw rq
wkh errp shulrgv1 Lq klv prgho/ udwlrqdo lqyhvwruv sxw wkhlu prqh| lq hphujlqj
pdunhwv wr h{sorlw jryhuqphqw jxdudqwhhv> zkhq wkh uhvrxufhv dydlodeoh wr krqru
wkrvh jxdudqwhhv uxq rxw/ lqyhvwruv uxq iru wkh h{lwv/ suryrnlqj d fulvlv1

Wkhuh duh wzr jhqhudo dssurdfkhv wkdw kdyh ehhq xvhg lq pdfurhfrqrplfv/ dqg
�qdqfldo pdunhwv lq sduwlfxodu/ wr h{sodlq krz wkh irupdwlrq ri h{shfwdwlrqv pljkw
hyroyh/ zklfk sxw vrph vwuxfwxuh rq wkh frruglqdwlrq ri h{shfwdwlrqv1 Rqh vhw
ri prghov kdv h{dplqhg zk| lqyhvwruv pd| lplwdwh rwkhuv dqg eh vxemhfw wr idgv
dqg edqgzdjrq h�hfwv zklfk pd| uhvxow lq zkdw dsshdu wr eh duelwudu| vzlqjv lq
vhqwlphqw +Edqhumhh/ 4<<5> Elnfkdqgdql hw do1/ 4<<5> Fdsolq dqg Ohdk|/ 4<<7> Ohh/
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4<<:> Fkdul dqg Nhkrh/ 4<<;,1 Wkhvh prghov/ zklfk duh edvhg rq lpshuihfw dqg
dv|pphwulf lqirupdwlrq/ hpskdvl}h wkh khwhurjhqhlw| ri lqyhvwruv/ zkr uhfhlyh d
sulydwh vljqdo exw qhhg wr lqihu zkhwkhu wr jlyh zhljkw wr wkdw lqirupdwlrq ru
udwkhu lplwdwh rwkhuv1 Ghshqglqj rq wkh vhtxhqfh ri vljqdov uhfhlyhg/ wkh pdunhw
sulfh fdq wdnh ydoxhv wkdw duh duelwudu|1 Pruhryhu/ d qhz vljqdo wkdw wlsv wkh
edodqfh ri vhqwlphqw iurp rswlplvp wr shvvlplvp fdq suryrnh d �fdvfdgh� ru
�dydodqfkh� ri vhoo rughuv dqg d odujh fkdqjh lq sulfh1 Fdoyr dqg Phqgr}d +4<<9,
suhvhqw d prgho ri khuglqj ehkdylru e| lqwhuqdwlrqdo lqyhvwruv wkdw lv dssolhg wr
wkh Ph{lfr fulvlv> Fdoyr +4<<;, xvhv d prgho ri lqiruphg dqg xqlqiruphg lqyhvwruv
wr wu| wr xqghuvwdqg frqwdjlrq iurp Uxvvld1

Wkhvh prghov hpskdvl}h wkh khwhurjhqhlw| ri h{shfwdwlrqv dqg wkh duelwudul0
qhvv ri wkh uhvxowlqj dvvhw sulfhv/ zklfk uhvxow iurp d vhtxhqfh ri jhqhudoo| xq0
revhuydeoh/ lqglylgxdo vkrfnv1 Zkloh pxowlsoh htxloleuld prghov frqfhqwudwh rq
pdfurhfrqrplf +dqg �qdqfldo, lqwhudfwlrqv/ khuglqj prghov irfxv doprvw h{fox0
vlyho| rq wkh lqwhudfwlrqv lq wkh irupdwlrq ri h{shfwdwlrqv1 Wkxv/ wkhuh lv d qhhg
wr vwxg| pruh jhqhudo prghov zklfk frqvlghu erwk vhwv ri lqwhudfwlrqv1 Pruh0
ryhu/ wkhuh duh vwloo wkhruhwlfdo sx}}ohv uhodwlqj wr wkh w|shv ri prghov wkdw doorz
iru pxowlsoh htxloleuld1 Pruulv dqg Vklq +4<<;, vkrz wkdw vroxwlrqv wr d vlpsoh
vshfxodwlyh dwwdfn prgho pd| eh yhu| vhqvlwlyh wr wkh lqirupdwlrq vwuxfwxuh/ vr
wkdw li frpprq nqrzohgjh derxw wkh glvwulexwlrq ri wkh +sulydwh, vkrfn uhfhlyhg
e| doo djhqwv grhv qrw h{lvw/ wkhq wkh srvvlelolw| ri pxowlsoh htxloleuld glvdsshduv1
Krzhyhu/ wkh dssolfdelolw| ri wklv uhvxow wr pruh jhqhudo prghov lv xqfohdu/ mxv0
wli|lqj ixuwkhu h{shulphqwdwlrq zlwk prghov zlwk pdfurhfrqrplf olqndjhv dqg
khwhurjhqhrxv h{shfwdwlrqv1

Dqrwkhu vwudqg ri olwhudwxuh frqvlghuv dowhuqdwlyhv wr udwlrqdo h{shfwdwlrqv
wkdw lqyroyh prgholqj wkh surfhvv ri h{shfwdwlrqv irupdwlrq1 Lq sduwlfxodu/ wkhuh
lv dq h{whqvlyh olwhudwxuh rq ohduqlqj prghov dqg erxqghg udwlrqdolw| lq pdfurh0
frqrplfv +vhh Vdujhqw 4<<6 iru d sduwldo vxuyh|,1 Wkhvh w|shv ri prghov kdyh
suryhq yhu| xvhixo lq vwxg|lqj wkh rxw0ri0htxloleulxp g|qdplfv dqg kdyh jhq0
hudwhg lqwhuhvwlqj ehkdylru wkdw wudglwlrqdo dqdo|vlv dqg prghov kdyh qrw ehhq
deoh wr dgguhvv/ iru h{dpsoh/ shuvlvwhqw  xfwxdwlrqv ri dvvhw sulfhv +OhEdurq hw
do1/ 4<<<> Eurfn dqg Krpphv/ 4<<:,/ h{fkdqjh udwhv +Dulirylf/ 4<<9,/ uhfxuuhqw
lq dwlrqv +Fkr dqg Vdujhqw/ 4<<<> Vdujhqw/ 4<<<,/ dqg uhfxuuhqw k|shulq dwlrqv
+Pdufhw dqg Qlfrolql/ 4<<:,1 Ohwwdx dqg Xkolj +4<<<, vkrz wkdw ohduqlqj pd| qrw
ohdg krxvhkrogv wr uhmhfw �uxoh ri wkxpe� vdylqj ehkdylru lq idyru ri wkh rswlpdo/
g|qdplf surjudpplqj vroxwlrq/ wkxv khoslqj wr h{sodlq wkh h{fhvv vhqvlwlylw| ri
frqvxpswlrq wr lqfrph1 Ndvd +4<<<, suhvhqwv d yhuvlrq ri Revwihog*v +4<<:, �hv0
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fdsh fodxvh� prgho lq zklfk djhqwv ohduq derxw wkh jryhuqphqw*v ghflvlrq uxoh
xvlqj d vwrfkdvwlf dssur{lpdwlrq dojrulwkp> wkh g|qdplfv duh fkdudfwhul}hg e|
uhfxuuhqw hslvrghv ri fxuuhqf| fulvlv1

Krzhyhu/ wklv vwudqg ri olwhudwxuh kdv qrw wr gdwh ehhq dssolhg wr lvvxhv uh0
odwlqj wr wkh errp dqg exvw f|fohv ri fdslwdo  rzv wr hphujlqj pdunhwv/ zklfk
lv wkh vxemhfw ri wklv sdshu1 Zh hpehg d prgho ri sruwirolr vhohfwlrq dqg h{0
shfwdwlrqv irupdwlrq wkdw lqyroyhv erwk lplwdwlrq dqg h{shulphqwdwlrq lq d yhu|
vlpsoh edodqfh ri sd|phqwv prgho ri vshfxodwlyh fulvhv/ ghwdlohg lq Pdvvrq +4<<<,1
Wklv dssurdfk wr prgholqj h{shfwdwlrqv/ zklfk hperglhv wuldo0dqg0huuru ohduqlqj
wkurxjk lqyhvwruv* lqwhudfwlrq dqg wkurxjk rffdvlrqdo h{shulphqwdwlrq/ kdv vrph
lpsruwdqw dgydqwdjhv uhodwlyh wr rwkhu prghov ri erxqghg udwlrqdolw|1 Iluvw/ lw
surylghv d frqyhqlhqw iudphzrun wr vwxg| wkh lpsdfw ri khwhurjhqhrxv eholhiv1
Vhfrqg/ wkh lqirupdwlrq uhtxluhphqwv rq hfrqrplf djhqwv duh plqlpdo1 Ilqdoo|/
wkh suhglfwlrqv ri prghov wkdw hpsor| hyroxwlrqdu| dgdswdwlrq +vlplodu wr wkh
hyroxwlrqdu| dojrulwkp zh xvh lq wklv sdshu, kdyh suryhq yhu| vxffhvvixo lq fds0
wxulqj wkh ehkdylru revhuyhg lq oderudwru| h{shulphqwv zlwk kxpdq vxemhfwv +h1j1
Dulirylf/ 4<<7/ 4<<9,14

Lqyhvwruv duh hdfk dvvxphg wr eh ulvn qhxwudo/ dqg wr fkrrvh ehwzhhq sxwwlqj
doo wkhlu prqh| hlwkhu lqwr X1V1 dvvhwv ru lqwr hphujlqj pdunhw dvvhwv/ wkh odwwhu
vxemhfw wr srvvleoh ghydoxdwlrq +ru ghidxow,1 Ulvn qhxwudolw| shuplwv kljkoljkwlqj
wkh uroh ri wkh irupdwlrq ri h{shfwdwlrqv e| khwhurjhqhrxv djhqwv lq ghwhuplqlqj
shulrg0e|0shulrg wkh yroxph ri fdslwdo  rzv wr hphujlqj pdunhwv/ zkloh pdnlqj
wkhlu orqj0uxq htxloleulxp ohyho duelwudu|1 Zkloh dq h{wuhph dvvxpswlrq/ lw vhhpv
wr vtxduh zlwk errp skdvhv zkhq reylrxv ulvn idfwruv vhhphg wr kdyh olwwoh uroh
lq glvfrxudjlqj lq rzv1 Lq idfw/ lq doo wkuhh fulvhv�whtxlod/ Dvld/ dqg Uxvvld�d
frpprq dqg vwulnlqj ihdwxuh zdv wkh qhjohfw ri reylrxv ulvn idfwruv lq wkh sulrg
ohdglqj xs wr wkh fulvhv1 Wkh prgho/ dv zh vkdoo vhh/ dovr suhglfwv vkdus uhyhuvdov/
zklfk vtxduh zlwk wkh fulvhv zh kdyh vhhq/ ghvslwh qr dvvxpswlrq wkdw dwwlwxghv
wrzdug ulvn fkdqjhg1

Lq jhqhudo/ wkh g|qdplfv wkdw uhvxow iurp rxu prgho duh wrr frpsoh{ wr eh
frpsohwho| fkdudfwhul}hg dqdo|wlfdoo|/ dqg zh suhvhqw vrph vlpxodwlrqv ehorz wkdw
looxvwudwh vrph ri wkh surshuwlhv/ dv zhoo dv ghulylqj d ihz dqdo|wlfdo uhvxowv iurp d
vlpsol�hg yhuvlrq ri wkh prgho1 Zh h{soruh wkh lqwhudfwlrq ehwzhhq wkh pdfurh0
frqrplf fdxvhv ri edodqfh ri sd|phqwv fulvhv dqg wkh vkliwv lq h{shfwdwlrqv wkdw
fruuhvsrqg wr lplwdwlrq dqg h{shulphqwdwlrq1 Zh duh deoh wr looxvwudwh wkh deuxsw

4Iru d vxuyh| ri wkh dssolfdwlrqv ri hyroxwlrqdu| prghov lq pdfurhfrqrplfv vhh Dulirylf
+4<<<,1
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vkliw lq pdunhw vhqwlphqw/ wuljjhulqj vkliwv lq wkh kroglqjv e| lqyhvwruv ri hphujlqj
pdunhw ghew/ wkdw vhhpv wr fruuhvsrqg wr wkh vzlqjv ehwzhhq errpv dqg exvwv lq
fdslwdo  rzv wr hphujlqj pdunhwv1 Lq wkh prgho/ lw lv wkh ghfolqh lq wkh suhplxp
ri hphujlqj pdunhw lqwhuhvw udwhv ryhu wkrvh lq ghyhorshg frxqwulhv +wkh errp
skdvh, wkdw hyhqwxdoo| ohdgv wr d uhyhuvdo lq vhqwlphqw1 Dw �uvw/ lq rzv ohdg wr d
idyrudeoh edodqfh ri sd|phqwv srvlwlrq/ dqg wkh devhqfh ri d ghydoxdwlrq phdqv
wkdw hphujlqj pdunhw lqyhvwruv pdnh h{fhvv uhwxuqv/ ohdglqj rwkhu lqyhvwruv wr lp0
lwdwh wkhp1 Krzhyhu/ wkhuh lv d olplw wr wklv surfhvv/ vlqfh wkhuh lv d olplw wr wkh
ixqgv dydlodeoh iru lqyhvwphqw lqwr hphujlqj pdunhwv1 Vxffhvv lq dwwudfwlqj lq0
 rzv pdnhv frxqwulhv hvshfldoo| yxoqhudeoh/ vlqfh wkh uhvxowlqj kljk ghew uhtxluhv
iru lwv vhuylflqj frqwlqxdoo| odujhu lq rzv1 Dw vrph srlqw/ wrr pdq| lqyhvwruv
douhdg| kdyh sodfhg wkhlu zhdowk lq hphujlqj pdunhw dvvhwv iru wkhlu iudfwlrq wr
lqfuhdvh ixuwkhu/ dqg wklv iudfwlrq fdq rqo| vwdelol}h ru idoo/ ohdglqj wr d gu|lqj
xs ri fdslwdo lq rzv1 Li wkh vwrfn ri ghew rq zklfk lqwhuhvw qhhgv wr eh sdlg
lv kljk hqrxjk/ dqg uhvhuyhv duh orz hqrxjk/ wklv ohdgv wr d fulvlv1 Dv kdv ehhq
wkh fdvh iru d qxpehu ri wkh frxqwulhv lqyroyhg lq wkh fulvhv flwhg deryh/ lq rxu
prgho wkhvh vkliwv lq vhqwlphqw wuljjhu rffdvlrqdo ghydoxdwlrqv ru ghidxowv1 Wkh
dqdo|wlfv ri wkh vlpsol�hg prgho zlwk d frqwlqxxp ri djhqwv exw zlwkrxw vkrfnv
lpso| wkdw h{shfwdwlrqv irupdwlrq surgxfhv uhjxodu f|fohv ri errpv dqg exvwv ri
fdslwdo  rzv1

Zkloh wkhvh uhvxowv gr qrw frqvwlwxwh d qhz wkhru| ri vshfxodwlyh dwwdfnv ru
ri h{shfwdwlrqv irupdwlrq/ wkh| pdnh fohduhu wkh uroh ri khwhurjhqhlw| lq pdnlqj
ghwhuplqdwh wkh dprxqw ri lqyhvwphqw lq hphujlqj pdunhwv1 Zkhq wkh ghjuhh ri
frqvhqvxv vkliwv/ lw fdq fdxvh odujh vkliwv lq dprxqwv lqyhvwhg/ vxevwdqwldo fkdqjhv
lq lqwhuhvw udwhv/ dqg lqfuhdvhg yxoqhudelolw| wr fulvlv +wkh frxqwu| lv dvvxphg
vxemhfwhg wr vkrfnv wr lwv wudgh edodqfh dv zhoo,1 Dqg wkh vkliwv lq frqvhqvxv
uhvxow lq wkh prgho iurp wkh lqwulqvlf g|qdplfv ri dq xqfkdqjhg dqg sodxvleoh
surfhvv ri h{shfwdwlrqv irupdwlrq1

Wkh sodq ri wkh sdshu lv dv iroorzv= Vhfwlrq 5 jlyhv wkh prgho ri wkh lqglylgxdo
lqyhvwru*v sruwirolr ghflvlrqv/ wkh pdunhw lqwhuhvw udwh/ dqg wkh dxwkrulwlhv* ghflvlrq
wr ghydoxh1 Vhfwlrq 6 ghwdlov wkh irupdwlrq ri h{shfwdwlrqv/ Vhfwlrq 7 suhvhqwv
wkh vlpxodwlrq uhvxowv/ Vhfwlrq 8 jlyhv wkh dqdo|wlfv ri d vlpsol�hg prgho/ zkloh
Vhfwlrq 9 frqfoxghv1
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51 Htxdwlrqv ri wkh prgho

Wkh prgho ghvfulehv wkh ehkdylru ri ulvn qhxwudo lqyhvwruv zkr ghflgh wr sxw wkhlu
zhdowk hlwkhu lq dq hphujlqj pdunhw frxqwu| ru wkh Xqlwhg Vwdwhv/ dqg wkh eh0
kdylru ri dq hphujlqj pdunhw fhqwudo edqn zklfk ghihqgv d fxuuhqf| shj xvlqj
lwv iruhljq h{fkdqjh uhvhuyhv xqwlo wkrvh uhvhuyhv uhdfk vrph plqlpxp wkuhvkrog
ydoxh1 Wkh prgho lv h{wuhpho| vlpsoh/ exw lv ghvljqhg wr kljkoljkw= l, wkh srv0
vlelolw| ri orqj0uxq lqghwhuplqdf| lq dvvhw kroglqjv/ dw ohdvw zlwklq vrph udqjh>
ll, wkh khwhurjhqhlw| ri h{shfwdwlrqv> dqg lll, wkh lghd wkdw lqyhvwphqw ghflvlrqv
ghshqg rq dq lqyhvwru*v ghjuhh ri rswlplvp ru shvvlplvp uhodwlyh wr wkh dyhudjh
h{shfwdwlrq1

Wkh X1V1 dvvhw lv ulvnohvv/ dqg sd|v d nqrzq udwh oW/ zkloh wkh hphujlqj pdunhw
dvvhw lv vxemhfw wr ghydoxdwlrq +ru ghidxow, ulvn1 Wkhuh duh ? lqyhvwruv/ hdfk
zlwk ehjlqqlqj0ri0shulrg zhdowk ` / zkr irup h{shfwdwlrqv ri wkh ghydoxdwlrq
suredelolw| Z�

|
1 Zh dvvxph wkdw wkh h{shfwhg ghydoxdwlrq vl}h lv htxdo dfurvv

lqyhvwruv dqg frqvwdqw ryhu wlph1 Ghqrwh wklv dprxqw e| Be1 Vlqfh lqyhvwruv duh
ulvn qhxwudo/ wkh| zloo eh lqgl�huhqw ehwzhhq lqyhvwlqj lq wkh wzr dvvhwv zkhq wkhlu
h{ dqwh uhwxuqv duh htxdo/ dqg fkrrvh ehwzhhq sxwwlqj doo wkhlu ehjlqqlqj0ri0shulrg
zhdowk lqwr wkh vdih iruhljq dvvhw/ dw udwh oW/ ru lqwr hphujlqj pdunhw fodlpv/ dw
udwh o|c ghshqglqj rq zklfk h{shfwhg uhwxuq lv juhdwhu1 Wkhvh vkruw0whup dvvhwv
duh ehvw wkrxjkw ri dv edqn ghsrvlwv/ zlwk wkh edqn vhwwlqj wkh udwh1 Wkh vxsso|
ri erwk X1V1 dqg hphujlqj pdunhw ghew lv wkxv lq�qlwho| hodvwlf dw wkhvh udwhv/ dqg
wkh ghpdqg iru hphujlqj pdunhw ghsrvlwv ghwhuplqhv wkh fdslwdo  rz wr hphujlqj
pdunhwv1 Vkruw vhoolqj ri hlwkhu dvvhw lv uxohg rxw> qhlwkhu sruwirolr sursruwlrq fdq
eh qhjdwlyh15 Li b�

|
lv wkh vkduh ri �*v zhdowk lq hphujlqj pdunhw ghew/ wkhq

b�

|
' f ru � dv E� n oW� : ru 	 E� n o|�*E� n Z�

|
Be�1

Vr dw dq| shulrg w/ wkh dprxqw ri hphujlqj pdunhw ghsrvlwv khog e| doo iruhljq
lqyhvwruv lv

(| '

?[
�'�

b�

|
`� +514,

Hphujlqj pdunhw edqnv vhw wkh lqwhuhvw udwh rq edqn ghsrvlwv wr uh hfw pdunhw
h{shfwdwlrqv ri wkh uhwxuq rq hphujlqj pdunhw ghew1 Zh dvvxph wkdw edqnv gr
qrw irup h{shfwdwlrqv ri ghydoxdwlrq wkhpvhoyhv> wkh| mxvw xvh wkh dyhudjh ri doo
lqyhvwruv* h{shfwdwlrqv dv d phdvxuh ri wkh h{shfwhg ydoxh ri ghydoxdwlrq1 Wkxv/

5Vlplodu surshuwlhv fdq eh rewdlqhg li eruurzlqj lv doorzhg/ exw wkhuh duh olplwv rq ohyhudjh

+vxfk dv d plqlpxp fdslwdo uhtxluhphqw,1

9



wkh lqwhuhvw udwh rq hphujlqj pdunhw ghsrvlwv o| lv vhw htxdo wr wkh X1V1 udwh soxv
d zhljkwhg dyhudjh ri wkh h{shfwhg udwh ri ghydoxdwlrq1 Wklv htxdwlrq/ zklfk lv
dqdorjrxv wr dq lqwhuhvw sdulw| frqglwlrq/ fdq eh zulwwhq

o| ' E� n oW�

?\
�'�

E� n Z�

|
Be��*? � �� +515,

Zlwk gl�huhqw h{shfwdwlrqv/ h{shfwhg uhwxuqv zloo eh htxdol}hg rqo| iru wkh
pdujlqdo lqyhvwru zkrvh h{shfwdwlrq htxdov wkh dyhudjh h{shfwdwlrq1 Hdfk lq0
glylgxdo lqyhvwru zloo pdnh khu lqyhvwphqw fkrlfh rq wkh edvlv ri d frpsdulvrq
zlwk wkh dyhudjh h{shfwdwlrq hperglhg lq wkh lqwhuhvw udwh1 Li pruh rswlplvwlf
rq hphujlqj pdunhwv/ lq wkh vhqvh ri hvwlpdwlqj d orzhu suredelolw| ri ghydox0
dwlrq wkdq wkh dyhudjh/ wkhq vkh zloo sxw doo khu zhdowk lqwr hphujlqj pdunhw
ghew> rwkhuzlvh/ vkh zloo sxw lw doo lqwr X1V1 dvvhwv1 Lq wklv prgho/ lqyhvwru khw0
hurjhqhlw| lv nh| wr ghwhuplqlqj wkh dprxqw ri hphujlqj pdunhw dvvhwv khog1 Lq
d uhsuhvhqwdwlyh djhqw prgho ri ulvn qhxwudo lqyhvwruv/ wkhuh zrxog eh qr zd| ri
ghwhuplqlqj +zlwkrxw ixuwkhu dvvxpswlrqv, wkh sruwirolr sursruwlrqv doorfdwhg wr
wkh wzr dvvhwv1

Wxuqlqj wr wkh pdfurhfrqrplf htxloleulxp/ wkh edodqfh ri sd|phqwv lghqwlw|
uhodwhv wkh fkdqjh lq uhvhuyhv wr wkh wudgh edodqfh soxv wkh sxufkdvh ri qhz ghew
e| lqyhvwruv plqxv wkh sulqflsdo dqg lqwhuhvw rq pdwxulqj ghew/ dvvxplqj wkdw
wkhuh kdv ehhq qr ghydoxdwlrq ru ghidxow=

-| ' -|3� n A| n(| � E� n o|3��(|3�� +516,

Wkh wudgh edodqfh lv dvvxphg wr eh ghvfulehg e| dq DU+4, surfhvv=

A| ' kn qA|3� n 0|c +517,

zkhuh 0 lv dvvxphg wr eh qrupdoo| glvwulexwhg zlwk phdq }hur dqg yduldqfh j2�
Surylghg wkdw -| lv deryh vrph wkuhvkrog ohyho +zklfk zh dvvxph zlwkrxw orvv

ri jhqhudolw| wr eh }hur,/ wkhuh lv qr ghydoxdwlrq dw |c l1h1 B| ' f +devhqfh ri
vxshuvfulsw lqglfdwhv wkdw wklv lv wkh uhdol}hg ydoxh ri ghsuhfldwlrq/ qrw lwv h{shf0
wdwlrq,1 Krzhyhu/ li uhvhuyhv zrxog rwkhuzlvh eh qhjdwlyh/ wkhuh lv d ghydoxdwlrq
ru ghidxow zklfk uhgxfhv wkh dprxqw wkdw zloo eh uhsdlg rq eruurzlqj xqghuwdnhq
dw |1 Wkdw lv/ wkh h{ srvw uhwxuq iru wkh ohqghu zloo eh E� n o|�*E� n B|�/ zkhuh
wkh dprxqw ri wkh ghydoxdwlrq lv htxdo wr wkh vkruwidoo lq wkh edodqfh ri sd|phqwv
wkdw zrxog kdyh sxvkhg -| qhjdwlyh/ glylghg e| (|=

:



E� n B|� ' dE� n o|3��(|3� � -|3� � A| �(|o*(| +518,

Wkrxjk wkh ghydoxdwlrq2ghidxow uhgxfhv wkh dprxqw rzhg dw | n �/ qrw |/ zh
dvvxph wkdw lq wklv fdvh edodqfh ri sd|phqwv duuhduv duh dffxpxodwhg zlwklq wkh
shulrg vxfk wkdw uhvhuyhv dw | gr qrw jr qhjdwlyh exw lqvwhdg htxdo }hur1

Zkdw kdsshqv li doo lqyhvwruv irup lghqwlfdo h{shfwdwlrqvB Vxssrvh wkdw
iru vrph uhdvrq h{shfwdwlrqv frqyhujh rq vrph ydoxh Z/ dqg wkdw wkh iudfwlrq ri
zhdowk doorfdwhg wr hphujlqj pdunhwv wdnhv rq vrph ydoxh b zklfk lv frqvwdqw iurp
shulrg wr shulrg1 Zkdw lv wkh ydoxh iru wkh lqwhuhvw udwh/ o/ wkdw lv frqvlvwhqw zlwk
d udwlrqdo h{shfwdwlrq iru wkh ghydoxdwlrq suredelolw|B Uhfdoo wkdw d ghydoxdwlrq
rffxuv zkhq uhvhuyhv idoo wr d wkuhvkrog ydoxh/ zklfk zh zloo dvvxph wr eh }hur1
Wkxv/ Z| ' �h|E-|n� 	 fmqr ghydoxdwlrq� Qrz/ vlqfh lq wklv fdvh

(| ' (|3� ' ?b`c

-|n� ' -| n A|n� � o|?b` +519,

dqg vr

Z| ' �h
|

E0|n� 	 EoW n Z|B
e�?b` � E-| n kn qA|�� +51:,

Wklv odwwhu htxdwlrq ghwhuplqhv wkh udwlrqdo h{shfwdwlrq iru wkh ghydoxdwlrq
suredelolw|/ dqg dq lqwhuhvwlqj txhvwlrq lv zkhwkhu wkh erxqghgo| udwlrqdo djhqwv*
h{shfwdwlrqv zrxog frqyhujh wr lw1 Lw vkrxog eh qrwhg wkdw erwk wkh uljkw kdqg
dqg ohiw kdqg vlghv ri wkh deryh htxdwlrq ghshqg srvlwlyho| rq Zc dqg xqghu
fhuwdlq frqglwlrqv lw fdq kdyh pxowlsoh vroxwlrqv/ dv glvfxvvhg lq Pdvvrq +4<<<,1
Wklv vxjjhvwv wkdw lw lv xqolnho| wkdw doo djhqwv zrxog shupdqhqwo| frqyhujh wr
wkh vdph hvwlpdwh ri Z|1 Krzhyhu/ wkh lqghwhuplqdf| lq wkh prgho ri wkh dyhudjh
sruwirolr sursruwlrq lv txlwh lqghshqghqw ri wkh h{lvwhqfh ri vxfk pxowlsoh htxl0
oleuld1 Lqghhg/ hyhq li wkhuh lv d vlqjoh udwlrqdo h{shfwdwlrqv htxloleulxp/ wkhuh
fdq eh dowhuqdwlrq ri errpv dqg exvwv lq ohqglqj wr hphujlqj pdunhw frxqwulhv
wkdw uhvhpeoh duelwudu| vkliwv ehwzhhq pxowlsoh htxloleuld1

61 Hyroxwlrq ri H{shfwdwlrqv

Zh qrz frqvlghu d ohduqlqj prgho zkhuh djhqwv duh erxqghgo| udwlrqdo dqg df0
txluh wkh h{shulhqfh dqg nqrzohgjh qhhghg wr lpsuryh wkhlu shuirupdqfh ryhu
wlph1 Zh lpsrvh yhu| zhdn uhtxluhphqwv rq djhqwv* frpsxwdwlrqdo delolwlhv1 Wkh

;



ohduqlqj dojrulwkp ghvfulehv lplwdwlrq0edvhg dgdswdwlrq ri wkh djhqwv* h{shfwd0
wlrqdo uxohv1 Lqyhvwruv frqvlghu wkhlu rzq dqg wkh vxffhvv ri rwkhu lqyhvwruv dqg
wu| wr lplwdwh wkrvh uxohv |lhoglqj deryh0dyhudjh uhwxuqv1 Lq dgglwlrq/ wkh| rffd0
vlrqdoo| h{shulphqw zlwk qhz h{shfwdwlrqdo uxohv1 Wkh dgdswlyh dojrulwkp pd|
eh lqwhusuhwhg dv d vwrfkdvwlf yhuvlrq ri uhsolfdwru g|qdplfv +Wd|oru dqg Mrqnhu/
4<:;,1

Rxu hfrqrp| frqvlvwv ri d srsxodwlrq ri ? lqyhvwruv zkr pdnh sruwirolr gh0
flvlrqv/ l1h1/ krz pxfk ri wkhlu zhdowk ` wr lqyhvw lq hphujlqj pdunhw ghsrvlwv1
Wkh uhvw ri wkhlu zhdowk lqyhvwruv lqyhvw dw d zruog udwh ri uhwxuq wkdw suhydlov lq
ghyhorshg pdunhwv16

Dw hdfk |/ lqyhvwru �/ � 5 d�c � � � c ?o/ lv fkdudfwhul}hg e| khu h{shfwdwlrq ri krz
olnho| ghydoxdwlrq lq wkh iroorzlqj shulrg lv/ wkdw lv wkh suredelolw| ri ghydoxdwlrq/
ghqrwhg e| Z�

|
1 Wkh udqjh ri ydoxhv ri Z�

|
lv ehwzhhq f dqg Z6@%1

7

Dw wkh ehjlqqlqj ri hdfk |/ o| lv fdofxodwhg xvlqj wkh ydoxhv ri lqglylgxdo Z�

|
*v1

Zh dovr dgg d frqvwdqw ulvn suhplxp 4 wr wkh uhwxuq rq hphujlqj pdunhw ghsrvlwv/
lq rughu wr khos lq fdoleudwlqj zlwk uhdo0zruog gdwd1 Zlwk wklv prgl�fdwlrq/ wkh
ydoxh ri o| lv qrz jlyhq e|=

o| ' E� n oW�E� n 4�

?\
�'�

E� n Z�

|
Be�

�

? � � +614,

Wkhq lqyhvwru �*v uxoh iru pdnlqj d sruwirolr ghflvlrq lv jlyhq e|= b�

|
' f ru � dv

E� n oW� : ru 	 E� n o|�*dE� n 4�E� n Z�

|
Be�o1

Edvhg rq wkh ydoxh ri o| dqg rq wkhlu lqglylgxdo h{shfwdwlrqv derxw wkh gh0
ydoxdwlrq suredelolw|/ lqyhvwruv pdnh wkhlu ghflvlrq xvlqj wkh uxoh ghvfulehg lq
wkh suhylrxv vhfwlrq1 Wkhvh lqglylgxdo ghflvlrqv ghwhuplqh wkh dprxqw lqyhvwhg
lq hphujlqj pdunhw ghsrvlwv +htxdwlrq 514,1 Wkhq wkh ohyho ri uhvhuyhv dw |/ -|

lv frpsxwhg/ dqg frpsduhg wr }hur1 Li uhvhuyhv zrxog rwkhuzlvh jr qhjdwlyh/ wkh
dprxqw ri ghydoxdwlrq lv ghwhuplqhg e| htxdwlrq +518,1

Uhdol}hg udwhv ri uhwxuq ghwhuplqh phdvxuhv ri shuirupdqfh ri wkh h{shfwdwlrqv
xvhg dw wlph | wkdw zh fdoo �wqhvv ydoxhv1 D �wqhvv ydoxh iru lqyhvwru �/ >�

|
c lv htxdo

6Lq rxu lqlwldo vhw0xs/ lqglylgxdo lqyhvwruv* zhdowk hyroyhg ryhu wlph1 Krzhyhu/ zhdowk dffx0

pxodwlrq glg qrw d�hfw wkh pdlq ihdwxuhv ri wkh g|qdplfv1 Lq rughu wr vlpsoli| wkh prgho dqg

pdnh lw frpsdudeoh wr rxu dqdo|wlfdo uhvxowv/ zh dvvxph wkdw hdfk lqyhvwru lv hqgrzhg zlwk wkh

vdph frqvwdqw dprxqw ri zhdowk dw wkh ehjlqqlqj ri hdfk shulrg1
7Wkh fkrlfh ri d pd{lpxp ydoxh iru � zdv pdgh wr idflolwdwh frqyhujhqfh ri wkh vlpxod0

wlrqv1 Wkh ydoxh fkrvhq/ d 43 shufhqw suredelolw| lq wkh frplqj prqwk/ fruuhvsrqgv wr d odujh

dqqxdol}hg ghydoxdwlrq suredelolw|/ dqg lv wkxv qrw yhu| frqvwudlqlqj1

<



wr=
>�

|
' E� n o|�*E� n B|�� � +615,

li lqyhvwru � lqyhvwhg khu zhdowk lq wkh hphujlqj pdunhw dqg wr

>�

|
' oW +616,

li vkh lqyhvwhg lq wkh XV pdunhw1 Lq wkh fdvh wkdw gxh wr ghydoxdwlrq +B| : o|,
wkh �wqhvv ri dq h{shfwdwlrq wdnhv d qhjdwlyh ydoxh/ lw lv wuxqfdwhg wr }hur1 Wkxv
doo wkh h{shfwdwlrqv wkdw uhvxowhg lq b�

|
' � uhfhlyh wkh vdph �wqhvv ydoxh hyhq

wkrxjk wkh| pd| kdyh gl�huhqw ydoxhv ri Z�

|
1 Vlploduo|/ doo wkrvh wkdw uhvxowhg lq

b�

|
' f uhfhlyh wkh vdph �wqhvv ydoxh hyhq wkrxjk wkh| pd| kdyh gl�huhqw Z�

|
*v1

Lqyhvwruv xsgdwh wkhlu h{shfwdwlrqv ri wkh ghydoxdwlrq suredelolw| Z�

|
dw wkh hqg

ri hdfk shulrg e| lplwdwlqj uxohv wkdw kdyh suryhq wr eh uhodwlyho| vxffhvvixo dqg
e| rffdvlrqdo h{shulphqwdwlrq zlwk qhz h{shfwdwlrqdo uxohv1

Lplwdwlrq
Dw wkh ehjlqqlqj ri hdfk shulrg |/ lqyhvwru �/ � 5 d�c � � � c ?o frpsduhv khu

h{shfwdwlrqdo uxoh wr d uxoh ri d udqgrpo| vhohfwhg lqyhvwru �1 Wkh suredelolw|/ �o�| /
wkdw dq h{shfwdwlrqdo uxoh � lv vhohfwhg iru frpsdulvrq lv htxdo wr wkh h{shfwdwlrqdo
uxoh*v uhodwlyh �wqhvv=

�o�| '
>�

|S
?

�'�
>�
|

� +617,

Zh fdq wklqn ri wkh vhohfwlrq ri dq h{shfwdwlrq � dv uhvxowlqj iurp d vslq ri d
urxohwwh zkhho zkhuh hdfk h{shfwdwlrq lv dvvljqhg d vorw sursruwlrqdwh wr lwv uhod0
wlyh �wqhvv +sursruwlrqdo vhohfwlrq,1 Uxohv wkdw shuiruphg ehwwhu jhw odujhu vorwv
wkdq uxohv wkdw glg zruvh lq wkh suhylrxv shulrg/ dqg wkxv zhoo0shuiruplqj uxohv
kdyh kljkhu suredelolw| ri ehlqj vhohfwhg1 +Uxohv duh vhohfwhg zlwk uhsodfhphqw1,
Rqfh � lv vhohfwhg/ lqyhvwru � frpsduhv wkh �wqhvv ri khu rzq h{shfwdwlrqdo uxoh
wr wkh �wqhvv ri lqyhvwru �*v h{shfwdwlrqdo uxoh1 Li wkh �wqhvv ri khu rzq uxoh lv
htxdo ru kljkhu/ vkh nhhsv khu rzq uxoh1 Rwkhuzlvh/ lqyhvwru � lplwdwhv +dgrswv,
wkh h{shfwdwlrqdo uxoh ri lqyhvwru �1 Ghqrwh wkh suredelolw| ri ghydoxdwlrq wkdw lv
dvvljqhg wr lqyhvwru � e| Z�c6

|n�
1 Li >�

|
� >�

| wkhq Z�c6

|n�
' Z�

|
1 Rq wkh rwkhu kdqg/ li

>�

|
	 >�

| wkhq Z�c6

|n�
' Z�

| 1
Qrwh wkdw lq fdvh ri ghydoxdwlrq/ li B| : o|/ h{shfwdwlrqdo uxohv ri wkh lqyhvwruv

zkr lqyhvwhg lq wkh hphujlqj pdunhw |lhog d qhjdwlyh uhwxuq/ zklfk lv wuxqfdwhg
wr }hur1 Wkxv h{shfwdwlrqv ri doo lqyhvwruv zkr lqyhvwhg lq wkh hphujlqj pdunhw
zloo uhfhlyh �wqhvv htxdo wr 3 dqg zloo qrw eh lplwdwhg1 Rqo| wkh h{shfwdwlrqv ri
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wkrvh lqyhvwruv zkr lqyhvwhg lq wkh XV pdunhw uhfhlyh srvlwlyh/ htxdo suredelolwlhv
ri ehlqj vhohfwhg1

Wkxv wkh lplwdwlrq rshudwru � lv dssolhg wr wkh srsxodwlrq ri h{shfwdwlrqv ri
shulrg |1 Ghqrwh wkh uhvxowlqj srsxodwlrq e| �6

|n�
' �.| ' d�6

|
o zkhuh �6

|
lv d

yhfwru dZ�c6| c � � � c Z?c6

| o1 Lplwdwlrq dorqh uhsuhvhqwv d w|sh ri khug ehkdylru lq wkdw
rq dyhudjh/ ryhu wlph/ zhoo0shuiruplqj h{shfwdwlrqv zloo eh lplwdwhg +iroorzhg,
e| d odujhu qxpehu ri lqyhvwruv dqg rq dyhudjh/ lqyhvwruv zloo hqfrxqwhu ehwwhu0
shuiruplqj h{shfwdwlrqv pruh iuhtxhqwo|1

H{shulphqwdwlrq
Hdfk lqyhvwru � 5 d�c ���c ?o fdq h{shulphqw zlwk khu h{shfwdwlrqdo uxoh1 H{shu0

lphqwdwlrq wdnhv sodfh zlwk suredelolw| Re%1 Iluvw/ d udqgrp qxpehu lv gudzq lq
wkh lqwhuydo dfc �o iurp d xqlirup glvwulexwlrq1 Li lw lv ohvv wkdq Re%/ wkh lqyhvwru
h{shulphqwv zlwk wkh h{shfwhg suredelolw| ri ghydoxdwlrq= d udqgrp qxpehu lv
gudzq iurp wkh lqwhuydo dfc Z6@%o dqg wkdw qxpehu/ Z�ce%

|n�
/ uhsodfhv Z�c6

|n�
1 Rwkhu0

zlvh/ wkhuh lv qr h{shulphqwdwlrq dqg lqyhvwru � nhhsv Z�c6

|n�
1 Wkh dssolfdwlrq ri

wkh h{shulphqwdwlrq rshudwru f rq wkh srsxodwlrq �6

|n�
uhvxowv lq wkh srsxodwlrq

ri h{shfwdwlrqv/ �|n� ' f�6

|n�
wkdw duh xvhg e| lqyhvwruv dw wlph shulrg |n �1

Wkh deryh ghvfulehv krz wkh srsxodwlrq ri lqyhvwruv lqwhudfwv1 Li lqyhvwruv
duh qrw deoh wr jdwkhu hqrxjk lqirupdwlrq wr irup uholdeoh hvwlpdwhv ri wkh ixwxuh
ehkdylru ri wkh pdunhwv/ dqg edvhg rq wkdw ghwhuplqh wkhlu rswlpdo ehkdylru/ lpl0
wdwlrq ri suhylrxvo| vxffhvvixo vwudwhjlhv vhhpv d sodxvleoh ehkdylrudo dvvxpswlrq1
Wklv w|sh ri ehkdylru lv h{solflwo| prghohg lq rxu iudphzrun xvlqj sursruwlrqdo
vhohfwlrq vxfk wkdw h{shfwdwlrqdo uxohv wkdw |lhoghg dq deryh0dyhudjh sd|r� whqg
wr eh xvhg e| pruh lqyhvwruv lq wkh iroorzlqj shulrg1 H{shulphqwdwlrq lqfrusr0
udwhv lqqrydwlrqv e| lqyhvwruv/ grqh hlwkhu rq sxusrvh ru e| fkdqfh1

71 Vlpxodwlrq Uhvxowv

Lq rughu wr pdnh wkh vlpxodwlrqv dv uhdolvwlf dv srvvleoh/ vwduwlqj ydoxhv dqg sd0
udphwhuv zhuh fkrvhq iurp d uhdo0zruog fdvh> lq sduwlfxodu/ lqlwldo ydoxhv iru h{0
whuqdo ghew/ uhvhuyhv/ dqg wkh wudgh edodqfh zhuh wdnhq wr eh wkrvh suhydlolqj
lq Dujhqwlqd dw wkh hqg ri 4<<9/ dqg wkh surfhvv gulylqj wkh wudgh edodqfh zdv
hvwlpdwhg e| d uhjuhvvlrq xvlqj klvwrulfdo gdwd iru wkdw frxqwu|1 Wkhvh ydoxhv
zhuh doo wdnhq iurp Wdeoh 4 ri Pdvvrq +4<<<,/ zklfk dovr ghvfulehv lq pruh ghwdlo
wkh edodqfh ri sd|phqwv/ fxuuhqf| fulvlv prgho1 Wkh prgho wkhuh lv fdoleudwhg
wr dqqxdo gdwd> krzhyhu/ rxu lqwhuhvw khuh lv lq kljkhu0iuhtxhqf| revhuydwlrqv/ vr
zh fdoleudwh lqwhuhvw udwhv wr prqwko|1 Doo yduldeohv duh h{suhvvhg dv udwlrv wr
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JGS/ vr wkh uhohydqw lqwhuhvw udwhv duh dfwxdoo| wkh gl�huhqfh ehwzhhq d qrplqdo
lqwhuhvw udwh dqg wkh udwh ri jurzwk ri qrplqdo JGS1 Wkxv iru oW/ wkh X1V1 lqwhuhvw
udwh/ zh xvh Ef�fD � f�f��*�2c ru f�ff�H���1 Lq rughu wr vtxduh zlwk uhdo zruog
revhuydwlrqv/ lq rxu vlpxodwlrqv zh dovr lqfoxgh d ulvn suhplxp 4 ri f�ffH� +dq0
qxdo udwh ri 43 shufhqw/ zklfk urxjko| fruuhvsrqgv wr wkh vsuhdg ri Dujhqwlqd*v
groodu erqgv ryhu X1V1 wuhdvxulhv,1

Lqlwldo ydoxhv ri yduldeohv duh jlyhq e|=
j ' f�f2�2/ (� ' �e�e/ -� ' S��/ A� ' �f��/ wrwdo zhdowk ` ' SH�H +wklv �jxuh
zdv duelwudulo| fkrvhq wr eh wzlfh (��

81 Doo wkhvh ydoxhv duh shufhqwdjhv ri JGS1
Wkh hyroxwlrq ri wkh wudgh gh�flw ryhu wlph lv jlyhq e| wkh iroorzlqj hvwlpdwhg
klvwrulfdo uhodwlrqvkls=

A|n� ' f�ffS.e� n f�S�S.A| n "|n�

zkhuh "|n� q �Efc f�f2�22�1
Zh xvh ydoxhv ri Re% htxdo wr hlwkhu 3166 ru 313661 Wkh qxpehu ri lqyhvwruv/ ?c

lv htxdo wr 4331 Wkh ydoxh ri Z6@% lv 3141 Iru wkh ghydoxdwlrq vl}h/ zh xvh Be ' �/
wkdw lv d ghydoxdwlrq ri 83 shu fhqw19 Dfwxdo ghydoxdwlrq vl}h lv hqgrjhqrxv/
krzhyhu/ dqg lv ghwhuplqhg e| htxdwlrq +518,1

Rxu vlpxodwlrqv h{klelw lqwhuhvwlqj ehkdylru zlwk uhfxuuhqw ghydoxdwlrqv= h{0
whqghg shulrgv ri B| ' f duh iroorzhg e| lqvwdqfhv ri ghydoxdwlrq/ B| : f/ zklfk
wdnh sodfh ryhu vhyhudo shulrgv1 Txdolwdwlyh ihdwxuhv ri wkh g|qdplfv duh wkh vdph
iru doo wkh gl�huhqw fdvhv wkdw zh vlpxodwhg1 Gxulqj wkh shulrgv zkhq B| ' f/ 7Z|/
dqg frqvhtxhqwo| o|c duh ghfuhdvlqj zkloh 7b| dqg -| duh lqfuhdvlqj1 Rq wkh rwkhu
kdqg/ gxulqj wkh shulrgv ri B| : f/ 7Z|/ dqg o| duh lqfuhdvlqj/ -| lv htxdo wr }hur
dqg 7b| lv ghfuhdvlqj1

Ghydoxdwlrqv duh wuljjhuhg e| d uhyhuvdo lq wkh jhqhudo sdwwhuq ri idoolqj ydoxhv
ri 7Z| dqg ulvlqj 7b| � wkdw lv/ wkh| uh hfw d fkdqjh lq pdunhw vhqwlphqw dv hperglhg
lq wkh glvwulexwlrq ri ghydoxdwlrq h{shfwdwlrqv1 Rqfh wkh �uvw ghydoxdwlrq wdnhv
sodfh/ ghydoxdwlrqv lq vxevhtxhqw shulrgv uhvxow iurp d jhqhudo sdwwhuq ri ulvlqj
ydoxhv ri 7Z| dqg idoolqj 7b|1 Wklv surfhvv fdq eh kdowhg rqo| e| d uhyhuvdo lq wkh
sdwwhuq ri idoolqj ydoxhv ri 7b|�

D orzhu ydoxh ri Re% uhvxowv lq pruh iuhtxhqw ghydoxdwlrqv wkdw odvw iru ihzhu
shulrgv1 Wdeoh � suhvhqwv wkh dyhudjh qxpehu ri rffxuuhqfhv ri ghydoxdwlrqv

8Qrwh wkdw khuh Z lv wrwdo zhdowk/ qrw wkh zhdowk ri dq lqglylgxdo lqyhvwru1
9Qrwh wkdw vlqfh wkh ydoxh ri �h rqo| hqwhuv lqwr wkh irupxod iru frpsxwlqj uw/ lwv ydoxhv mxvw

d�hfw wkh dyhudjh ohyho ri uw1
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+S�, dqg dyhudjh gxudwlrq ri hdfk rffxuuhqfh ri ghydoxdwlrq +S2, iru wzr gl�huhqw
ydoxhv ri Re%1 Wkh qxpehuv uhsuhvhqw dyhudjhv ryhu 8 vlpxodwlrqv +xvlqj gl�huhqw
vhhg ydoxhv iru d udqgrp qxpehu jhqhudwru,1 Hdfk vlpxodwlrq zdv frqgxfwhg iru
�fc fff prqwkv/ dqg hdfk prqwk d qhz vkrfn zdv jhqhudwhg iru wkh wudgh edodqfh
dqg qhz gudzv iru wkh rwkhu udqgrp yduldeohv1

Wdeoh 4

Dyhudjh iuhtxhqf| dqg gxudwlrq +lq prqwkv, ri ghydoxdwlrq
Be ' �
S� S2

Re% ' f��� SHf*�fc fff ��.b
Re% ' f�f�� .2D*�fc fff ����

7141 Xqghuvwdqglqj wkh vlpxodwlrqv

Dqdo|vlv ri wkh olplwlqj fdvh zlwk dq lq�qlwh qxpehu ri djhqwv khosv wr vkhg
vrph oljkw rq wkh vlpxodwlrqv1: Lq wklv fdvh/ wkhuh lv d frqwlqxxp ri ydoxhv iru
wkh ghydoxdwlrq suredelolw|/ dqg wkh srsxodwlrq ri lqyhvwruv lv lghqwlfdo wr wkh
suredelolw| ghqvlw|1 Zkdw lv lqwhuhvwlqj lv wkdw wkh irup ri wkh glvwulexwlrq ri gh0
ydoxdwlrq h{shfwdwlrqv lv fuxfldo iru wkh uhvxowv/ dqg wkh g|qdplfv ri wkh hyroxwlrq
ri h{shfwdwlrqv surgxfh suhglfwdeoh fkdqjhv lq wkh vkdsh ri wkh glvwulexwlrq1

Wkh nh| wr xqghuvwdqglqj wkh uhvxowv frphv iurp uhfrjql}lqj wkdw zkhwkhu b|
lv juhdwhu ru ohvv wkdq rqh0kdoi ghshqgv rq zkhwkhu wkh glvwulexwlrq ri h{shfwdwlrqv
lv vnhzhg wr wkh ohiw ru wkh uljkw1 Li wr wkh uljkw/ wkhuh lv pruh suredelolw| pdvv
wr wkh ohiw ri wkh phdq h{shfwdwlrq/ vr b| : f�D/ dqg frqyhuvho| +vhh Iljxuh 4,1
Wklv lv h{dfwo| zkdw zh revhuyh lq rxu vlpxodwlrqv ri wkh prgho zlwk d �qlwh
qxpehu ri lqyhvwruv1 Pruhryhu/ wkh vnhzqhvv vkliwv ryhu wlph dv h{shfwdwlrqv
hyroyh1 Vxssrvh wkdw wkhuh lv d vhtxhqfh ri shulrgv ri qr ghydoxdwlrq +vr wkdw
B| : f�1 Wklv zloo w|slfdoo| lqyroyh d shulrg zkhuh wkh glvwulexwlrq lv vnhzhg
wr wkh uljkw/ vr wkdw b| : f�D� Devhqfh ri ghydoxdwlrq |lhogv d kljkhu �wqhvv
ydoxh wr wkrvh h{shfwdwlrqv wr wkh ohiw ri wkh phdq +l1h1 wkrvh pruh rswlplvwlf
rq hphujlqj pdunhwv,> lw zloo wkhuhiruh udlvh wkh suredelolw| pdvv rq wkh ohiw vlgh
ri wkh glvwulexwlrq/ dqg orzhu wkdw rq wkh uljkw1 Exw dv wklv surfhvv frqwlqxhv/

:Zh devwudfw iurp wkh edodqfh ri sd|phqwv g|qdplfv +dqg iurp vkrfnv wr Ww, dqg dvvxph d
vlpsol�hg yhuvlrq ri lplwdwlrq/ lq zklfk hdfk lqyhvwru fkrrvhv udqgrpo| khu uxoh iurp wkh vdph
srro ri uxohv +zlwk suredelolw| ghwhuplqhg e| �wqhvv ydoxhv,/ udwkhu wkdq frpsdulqj khu uxoh wr
d udqgrpo| vhohfwhg uxoh1 Ghulydwlrqv duh suhvhqwhg lq wkh Dsshqgl{1
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hyhqwxdoo| wkh srvlwlyh vnhzqhvv ghfolqhv ru glvdsshduv/ pdnlqj b| ghfolqh dqg
lqfuhdvlqj 7Z|� Wkh Dsshqgl{ vkrzv wkdw li 7Z| jhwv wrr orz/ wklv ohdgv wr d uhyhuvdo/
zlwk Z|n� � Z| : f/ ghvslwh qr ghydoxdwlrq kdylqj rffxuuhg1 Wklv zloo kdsshq
zkhq 7Z| jhwv lqwr wkh udqjh ri ydoxhv dfc Z6@%*2o1 Lq wkh vlpxodwlrqv ri wkh prgho
zlwk ? lqyhvwruv/ lw lv wkh uhyhuvdo ri 7Z| wkdw fdq wuljjhu d fulvlv zlwk vhyhudo shulrgv
ri ghydoxdwlrq1 Frqyhuvho|/ shulrgv ri ghydoxdwlrq lqyroyh qhjdwlyh vnhzqhvv/ exw
uhshdwhg ghydoxdwlrqv orzhu wkh suredelolw| pdvv wr wkh ohiw ri wkh glvwulexwlrq
dqg lqfuhdvh lw wr wkh uljkw/ hyhqwxdoo| orzhulqj 7Z| dqg udlvlqj b|� Wkh frqglwlrq
wkdw zh ghulyh vkrzv wkdw/ iroorzlqj d ghydoxdwlrq/ Z|n� � Z| : f li dqg rqo|
li Z| 	 Z4@ 

�nRe%
1 Wklv frqglwlrq lv qrupdoo| vdwlv�hg lq wkh vlpxodwlrqv gxulqj

shulrgv ri ghydoxdwlrq1 Wkxv/ lq wkh qrupdo fdvh/ d ghydoxdwlrq zrxog lqfuhdvh
wkh hvwlpdwhg suredelolw| ri ghydoxdwlrq qh{w shulrg1 Krzhyhu/ li ghydoxdwlrqv
frqwlqxh iru vhyhudo shulrgv/ 7Z| fdq ulvh wr d kljk hqrxjk ohyho wkdw wkh lqhtxdolw|
lv qrw vdwlv�hg/ wuljjhulqj d uhyhuvdo1

Wkhvh dqdo|wlfdo uhvxowv duh eruqh rxw e| wkh vlpxodwlrqv1 Iljxuh 5 +zklfk
glvsod|v d vlpxodwlrq wkdw dvvxphv Re% ' f���� vkrzv wkdw wkh g|qdplfv duh fkdu0
dfwhul}hg e| vhtxhqfhv ri ghfuhdvlqj ydoxhv ri 7Z| gxulqj zklfk zdyhv ri rswlplvp
lqgxfh pdq| lqyhvwruv wr sxw wkhlu zhdowk lqwr wkh hphujlqj pdunhw/ dqg e| vh0
txhqfhv ri lqfuhdvlqj ydoxhv ri 7Z| gxulqj zklfk zdyhv ri shvvlplvp pdnh pdq|
lqyhvwruv sxoo rxw ri wkh hphujlqj pdunhw dqg lqyhvw lq wkh XV pdunhw1

Frqvlghu wkh shulrgv gxulqj zklfk B| ' f1 Gxulqj wkhvh shulrgv/ 7Z| lv jhqhudoo|
ghfuhdvlqj1 Wkh h{shfwdwlrqdo uxohv zlwk uhodwlyho| orz ydoxhv ri Z�

|
kdyh kljkhu

�wqhvv ydoxhv wkdq wkrvh zlwk uhodwlyho| kljk ydoxhv ri Z�

|
dqg wkxv hyroxwlrqdu|

vhohfwlrq zloo idyru wkh orz Z�

|
uxohv ryhu wkh kljk Z�

|
uxohv1 Lq dgglwlrq/ dprqj

wkh qhz uxohv jhqhudwhg yld h{shulphqwdwlrq/ wkh hyroxwlrqdu| vhohfwlrq zloo idyru
wkrvh zlwk orz ydoxhv ri Z�

|
1 Wklv sxvkhv wkh ydoxh ri 7Z| grzq1 Lq rughu iru

dq lqyhvwru wr nhhs lqyhvwlqj lq wkh hphujlqj pdunhw/ khu h{shfwdwlrqdo uxoh kdv
wr uhpdlq ehorz 7Z|1 Ryhudoo/ hyroxwlrqdu| suhvvxuh zrunv wrzdugv orzhulqj wkh
ydoxhv ri 7Z| dqg Z�

|
*v1 Hyhqwxdoo|/ rqfh 7Z| uhdfkhv vx!flhqwo| orz ydoxhv/ d uhyhuvdo

rffxuv dqg wkh ydoxh ri 7Z| lqfuhdvhv/ dqg wkh vlpxodwlrqv frq�up wkdw wklv uhyhuvdo
rffxuv lq wkh prgho zlwk d �qlwh qxpehu ri lqyhvwruv dv zhoo1 Wkh lqfuhdvh lq 7Z|

zloo uhvxow lq d ghfuhdvh lq b| dqg dq lqfuhdvh lq o|1
Dw wklv srlqw/ wzr wklqjv fdq kdsshq dqg zklfk ri wkhp rffxuv ghshqgv rq wkh

ohyho ri uhvhuyhv khog e| wkh hphujlqj pdunhw fhqwudo edqn1 Rq wkh rqh kdqg/ li
-| lv orz hqrxjk dw wkh srlqw zkhq wkh uhyhuvdo wdnhv sodfh/ d ghfuhdvh lq 7b| pd|
uhvxow lq d zlwkgudzdo ri ghsrvlwv vx!flhqw wr wuljjhu d ghydoxdwlrq +ru ghidxow,1
Li wklv kdsshqv/ d vhtxhqfh ri shulrgv gxulqj zklfk B| : f vwduwv/ ohdglqj wr d
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vhtxhqfh ri lqfuhdvlqj ydoxhv ri 7Z| dqg ghfuhdvlqj ydoxhv ri 7b|1
Rq wkh rwkhu kdqg/ dw wkh prphqw zkhq wkh uhyhuvdo wdnhv sodfh/ wkh ohyho ri

uhvhuyhv pd| eh kljk hqrxjk vr wkdw hyhq wkrxjk wkhuh lv d ghfuhdvh lq 7b| dqg
khqfh lq wkh dprxqw ri ghsrvlwv/ wkhuh lv qr qhhg iru ghydoxdwlrq1 Li B| uhpdlqv
htxdo wr f dw wkh wlph shulrg zkhq wkh uhyhuvdo ri 7Z| rffxuv/ wkh h{shfwdwlrqv ri wkh
lqyhvwruv zkr lqyhvwhg lq wkh hphujlqj pdunhw zloo eh ylqglfdwhg/ dqg wkh surfhvv
ri ghfolqlqj 7Z| zloo eh vhw r� djdlq1 Krzhyhu/ dqrwkhu uhyhuvdo zloo hyhqwxdoo|
wdnh sodfh rqfh djdlq/ dqg zkhq wkdw lv frxsohg zlwk d orz ohyho ri uhvhuyhv/ d
ghydoxdwlrq lv wuljjhuhg1

Qh{w/ frqvlghu zkdw kdsshqv gxulqj d ghydoxdwlrq1 Wkh ydoxhv ri 7Z| duh lq0
fuhdvlqj dqg ri 7b| duh ghfuhdvlqj1 Ghfuhdvhv lq 7b| uhvxow lq ixuwkhu ghsohwlrq ri
uhvhuyhv/ dqg ixuwkhu ghydoxdwlrq1 Exw d uhyhuvdo ri wkh gluhfwlrq ri 7Z| pryhphqw
zloo rffxu djdlq rqfh 7Z| h{fhhgv Z6@%*E� n Re%�1 Wklv zloo uhvxow lq d +xvxdoo|
vpdoo, lqfuhdvh lq 7b| wkdw lv vx!flhqw wr vhw B| ' f1

7151 Dq hslvrgh ri ghydoxdwlrq

Lq wkh dfwxdo vlpxodwlrqv/ lw lv lqwhuhvwlqj wr orrn dw wkh ehkdylru ri 7Z|/ 7b| dqg o|
durxqg wkh wlph ri d ghydoxdwlrq1 Wkxv zh wdnh d sduwlfxodu lqvwdqfh ri ghydoxd0
wlrq/ ehwzhhq | ' SS dqg | ' ..1 Iljxuh � suhvhqwv wkh ehkdylru ri 7Z|/ 7b|c -|*(|

dqg o| gxulqj wklv lqwhuydo/ dqg Iljxuh e wkh glvwulexwlrq ri wkh ydoxhv ri Z�

|
iru

wkh ? lqyhvwruv lq rxu srsxodwlrq1
Ehwzhhq | ' SS dqg | ' .�/ wkhuh duh lqfuhdvhv dqg ghfuhdvhv lq 7Z|/ exw

ryhudoo lw wdnhv orz ydoxhv/ ehwzhhq 313484 dqg 3135691 Iljxuh e vkrzv wkdw iru
revhuydwlrqv 990:4/ gxulqj zklfk B| ' f/ prvw ri wkh pdvv ri wkh glvwulexwlrq
lv frqfhqwudwhg ehorz wkh phdq ydoxh/ 7Z|c ohdglqj wr 7b| :: f�D1 Lqlwldoo|/ dw
| ' S./ 7Z| +dqg khqfh o|� lqfuhdvhv1 Wklv fdxvhv -| wr jr grzq/ exw lw ghfuhdvhv
iurp d vx!flhqwo| kljk ohyho/ vr wkdw wkh frpelqdwlrq ri d ghfuhdvh lq 7b|c zklfk
lpsolhv d zlwkgudzdo ri ghsrvlwv/ dqg ri dq lqfuhdvh lq o|c zklfk lpsolhv kljkhu
lqwhuhvw sd|phqwv/ grhv qrw uhvxow lq ghydoxdwlrq/ mxvw d vpdoohu ohyho ri -|1 +Iurp
Iljxuh �/ lw lv fohdu wkdw -|*(| ghfuhdvhv gxulqj wkhvh shulrgv1, Wkhq/ dw | ' SH/
7Z| ghfuhdvhv djdlq/ dqg wkh uhyhuvhg surfhvv wdnhv sodfh1 Krzhyhu/ vxevhtxhqw
kljkhu ydoxhv ri 7Z|/ dw | ' .f dqg .�/ eulqj -| wr d orzhu ohyho1

Dw | ' .2/ 7Z| lqfuhdvhv djdlq dqg wklv wlph/ uhvhuyhv duh vr orz wkdw ghydoxdwlrq
kdv wr wdnh sodfh1 Wkxv/ B| : f �uvw rffxuv dw | ' .21 Hyhq wkrxjk lw lv d vpdoo
ghydoxdwlrq ri rqo| f�fe/ lw wuljjhuv odujh fkdqjhv lq h{shfwdwlrqv1 Wkh dyhudjh
ydoxh ri Z| jrhv iurp f�f2Sb lq | ' .2 wr f�fDH� lq | ' .�c wkh �uvw shulrg iroorzlqj
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wkh lqlwldo ghydoxdwlrq1 Wklv kxjh lqfuhdvh lq 7Z| uhvxowv lq d ghfuhdvh lq 7b|1 Lq
idfw/ d vhtxhqfh ri uhshdwhg ghydoxdwlrqv lv vhw r� zlwk lqfuhdvlqj ydoxhv ri 7Z| dqg
ghfuhdvlqj ydoxhv ri 7b|1 Lq Iljxuh e/ revhuydwlrqv :50:8 vkrz wkdw/ dv ghydoxdwlrq
zlshv rxw srvlwlyh uhwxuqv lq hphujlqj pdunhwv/ wkh glvwulexwlrq vwduwv vkliwlqj
wrzdugv wkh uljkw dqg dw | ' .e dqg .D/ prvw ri wkh pdvv kdv qrz vkliwhg wr wkh
uljkw ri 7Z|1

Qrwh wkdw dw wkh wlph zkhq wkh ghydoxdwlrq surfhvv vwduwv/ wkh ydoxh ri 7Z|c f�f2Sbc
lv ohvv wkdq Z6@%*E�nRe%� dqg wkxv lw lv lq wkh uhjlrq zkhuh +iru wkh olplwlqj fdvh,
wkh ydoxh ri 7Z| lv ulvlqj1 Wklv lv frq�uphg lq rxu vlpxodwlrqv> wkh ydoxh ri 7Z| lv
ulvlqj gxulqj wkh shulrgv zkhq B| : f1

Rqfh 7Z| uhdfkhv d kljk hqrxjk ydoxh/ wkh uhyhuvdo rffxuv dqg lwv ydoxh gh0
fuhdvhv/ l1h1 7Z.S ' f�f.ff 	 7Z.D ' f�f.eef1 Dffruglqj wr wkh fdofxodwlrq xvlqj
rxu frqglwlrq xqghu zklfk wklv fdq kdsshq lq wkh olplwlqj fdvh/ 7Z| kdv wr h{fhhg
313:831 Wkh dfwxdo ydoxh ri 7Z.D lv olwwoh elw orzhu wkdq wkdw/ exw wkh uhdvrq lv wkdw
wkh ghulyhg frqglwlrq lv edvhg rq wkh dvvxpswlrq ri lq�qlwh qxpehu ri lqyhvwruv/
zkloh wkh qxpehu ri lqyhvwruv lq rxu vlpxodwlrqv lv htxdo wr 4331 Wklv ghfuhdvh lq
7Z| uhvxowv lq 7b.S ' f�2b : 7b.D ' f�2e/ rqo| d voljkwo| kljkhu ydoxh iru 7b|/ exw vxi0
�flhqw wr uhvxow lq dq lq rz ri ghsrvlwv wkdw dyrlgv ixuwkhu ghydoxdwlrq +B.S ' f,1
Rqfh B| ' f/ wkh yduldeohv vwduw prylqj lq wkh rssrvlwh gluhfwlrq +ghfuhdvh lq 7Z|

dqg lqfuhdvh lq 7b|,1 Orrnlqj dw Iljxuh e djdlq uhyhdov wkdw dw | ' ../ rqh shulrg
diwhu B| kdv djdlq ehfrph htxdo wr f/ wkh glvwulexwlrq kdv vwduwhg vkliwlqj wr wkh
ohiw dqg zloo frqwlqxh lq wkdw gluhfwlrq xqwlo djdlq prvw ri wkh pdvv lv wr wkh ohiw
ri 7Z|�

7161 Glvfxvvlrq

Wr vxp xs/ lq dq| jlyhq shulrg/ dv orqj dv Z�

|
� 7Z|/ lqyhvwru � zloo lqyhvw lq wkh

hphujlqj pdunhw dqg dv orqj dv B| ' f zloo hduq wkh uhwxuq o| : oW1 Wkxv/ dq|
lqglylgxdo lqyhvwru kdv wr eh pruh rswlplvwlf wkdq wkh dyhudjh lqyhvwru lq rughu wr
lqyhvw lq wkh hphujlqj pdunhw dqg hduq d kljkhu uhwxuq wkdq rq XV lqyhvwphqwv1
Wkh hyroxwlrqdu| g|qdplfv lq wkh devhqfh ri ghydoxdwlrq gulyh wkh ydoxh ri 7Z|

grzq/ dqg lqfuhdvh wkh sursruwlrq ri lqyhvwruv lq hphujlqj pdunhwv1 Krzhyhu/
lqfuhdvlqj rswlplvp hyhqwxdoo| frphv wr dq hqg/ rqfh 7Z| ehfrphv vpdoo hqrxjk
wr hqwhu lqwr wkh uhjlrq zkhuh d uhyhuvdo ri lwv ghfolqh rffxuv1 Wkh uhyhuvdo rffxuv
ehfdxvh wkhuh lv d olplw wr wkh qxpehu ri lqyhvwruv/ vr wkdw lqfuhdvlqj rswlplvp
fdqqrw frqwlqxh lqgh�qlwho|1 Vlploduo|/ rqfh 7Z| vwduwv lqfuhdvlqj/ lqyhvwruv ehfrph
pruh dqg pruh shvvlplvwlf derxw hphujlqj pdunhwv1 Wkh| kdyh wr eh pruh shv0
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vlplvwlf wkdq wkh dyhudjh lqyhvwru wr lqyhvw lq dq dvvhw zlwk d udwh ri uhwxuq ri
rqo| oW1 H{fhvvlyh rswlplvp lv wkhq iroorzhg e| h{fhvvlyh shvvlplvp/ zklfk dovr
frqwdlqv wkh vhhgv ri lwv rzq uhyhuvdo1 Wklv w|sh ri ehkdylru vhhpv wr fruuhvsrqg
wr zkdw lv dfwxdoo| revhuyhg lq hphujlqj �qdqfldo pdunhwv1

Wkh prgho*v edodqfh ri sd|phqw htxdwlrq uh hfwv wkh idfw wkdw wkh hphujlqj
pdunhw hfrqrp| lv ghshqghqw rq d frqwlqxdwlrq ri iruhljq lqyhvwphqw lq rzv1
Wkhlu uhyhuvdo +d �vxgghq vwrs� dv lq Fdoyr dqg Uhlqkduw 4<<<, wuljjhuv d fxu0
uhqf| fulvlv dqg ghydoxdwlrq1 Wklv/ frxsohg zlwk wkh hyroxwlrq ri khwhurjhqhrxv
eholhiv surgxfhv wkh g|qdplfv/ zklfk duh lq idfw pdlqo| gulyhq e| hyroxwlrq ri h{0
shfwdwlrqv +qrw e| vkrfnv wr wkh wudgh edodqfh,1 Hyhq wkrxjk zh gr qrw revhuyh
frqyhujhqfh ri h{shfwdwlrqv wr d sduwlfxodu htxloleulxp ydoxh/ ru h{solflw frrugl0
qdwlrq/ wkh hyroxwlrq ri h{shfwdwlrqv grhv jhqhudwh uhfxuuhqw zdyhv ri rswlplvp
dqg shvvlplvp1 Wkh shulrgv ri wlph gxulqj zklfk rswlplvp suhydlov dqg d odujh
iudfwlrq ri ghsrvlwv lv lqyhvwhg lq wkh hphujlqj pdunhw odvw rq dyhudjh ehwzhhq
43 dqg 53 prqwkv +vlqfh rxu lqwhuhvw udwhv duh fdoleudwhg wr prqwko| iuhtxhqf|,1
Wklv fdq eh frpsduhg wr vw|ol}hg idfwv frqfhuqlqj wkh dfwxdo ohqjwk ri errp shul0
rgv1 Dffruglqj wr Nohlq dqg Pdulrq +4<<7,/ iru lqvwdqfh/ klvwrulfdoo| wkh dyhudjh
ohqjwk ri dq h{fkdqjh udwh shj kdv ehhq 43 prqwkv1

Wkh revhuyhg g|qdplfv orrn yhu| pxfk olnh wkh g|qdplfv ri fxuuhqf| fulvlv
revhuyhg lq dfwxdo pdunhwv1 Xvxdoo| wkhuh lv qr dssduhqw uhdvrq iru d vxgghq
vkliw lq lqyhvwruv* h{shfwdwlrqv dqg d zlwkgudzdo ri ghsrvlwv iurp wkh hphujlqj
pdunhw1 Dq dqdo|vlv ri fulvhv yhuvxv qrq0fulvlv shulrgv idlov wr lghqwli| vljql�0
fdqwo| zruvh pdfurhfrqrplf ixqgdphqwdov lq wkh iruphu +Hlfkhqjuhhq/ Urvh/ dqg
Z|sorv} 4<<9,1

Lw lv zruwkzkloh wr srlqw rxw wkh gl�huhqfh ehwzhhq wkh uhvxowv ri rxu prgho
dqg prghov ri vshfxodwlyh dwwdfnv zkhuh d fxuuhqf| fulvlv fdq wdnh sodfh gxh wr wkh
h{lvwhqfh ri vxqvsrw htxloleuld +h1j1 Mhdqqh dqg Pdvvrq/ 4<<<,1 Zkloh vxqvsrw
prghov vkrz wkh srwhqwldo iru fxuuhqf| fulvlv/ wkh| gr qrw h{sodlq krz lqyhvwruv
frruglqdwh rq d fxuuhqf| fulvlv sdwk ru wkh wlplqj ri vkliwv ehwzhhq htxloleuld1
Lq vxfk prghov/ uhfxuuhqw fulvhv dqg errpv rffxu ehfdxvh ri xqh{sodlqhg mxpsv
ehwzhhq htxloleuld1 Lq wkh prgho ri wklv sdshu/ wkh dowhuqdwlrq rffxuv ehfdxvh ri
wkh lqwhudfwlrq ri p|rslf/ ru �erxqghgo| udwlrqdo/� lqyhvwruv1

Rxu prgho k|srwkhvl}hv d vlpsoh phfkdqlvp iru iruplqj h{shfwdwlrqv/ gh0
shqglqj rq erwk lplwdwlrq dqg h{shulphqwdwlrq/ wkdw fdq surgxfh wkh v|pswrpv
ri khug ehkdylru/ qdpho| vkdus vkliwv lq wkh h{shfwdwlrqv khog e| d qxpehu ri
lqyhvwruv wuljjhuhg e| olwwoh ru qr qhz lqirupdwlrq1 Wkxv �lqirupdwlrq fdvfdghv�
ru �dydodqfkhv� fdq rffxu khuh/ exw qrw ehfdxvh wkhuh lv d sulydwh vljqdo zklfk dq
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djhqw lv ohg wr ljqruh dv d uhvxow ri revhuylqj wkh ehkdylru ri rwkhuv/ dv lq prvw
prghov ri khug ehkdylru1 Lqvwhdg/ lw lv wkh vxffhvv ri hdfk lqyhvwphqw vwudwhj|
+edvhg rq wkh ydoxh dvvljqhg wr wkh h{shfwdwlrq ri ghydoxdwlrq, wkdw lq xhqfhv wkh
fkrlfh ri h{shfwdwlrq qh{w shulrg/ dqg khqfh wkh ghflvlrq wr lqyhvw ru qrw lq wkh
hphujlqj pdunhw1 Exw wklv vxffhvv +ohdglqj wr juhdwhu fdslwdo lq rzv, xowlpdwho|
ohdgv wr wrr pxfk ghew/ zklfk fdq rqo| eh vhuylfhg li pruh dqg pruh lqyhvwruv
duh dwwudfwhg wr wkh hphujlqj pdunhw�d fodvvlfdo Srq}l vfkhph1

81 Dqdo|wlfv ri d vlpsol�hg prgho

Lq rughu jr ixuwkhu lq dqdo|}lqj wkh g|qdplfv gulylqj wkh vlpxodwlrqv uhsruwhg
deryh zh vlpsoli| wkh prgho/ zkloh uhwdlqlqj lwv hvvhqwldo ihdwxuhv1 Lq sduwlfxodu/
ohw xv dvvxph wkdw wkhuh duh dq lq�qlw| ri djhqwv/ vr wkdw wkh vdpsoh iuhtxhqflhv
frqyhujh wr wkh suredelolw| ghqvlw| ixqfwlrqv/ exw wkdw hdfk fkrrvhv ehwzhhq wzr
glvfuhwh ydoxhv iru h{shfwdwlrqv ri d ghydoxdwlrq lq wkh iroorzlqj shulrg/ qdpho|
Z, dqg Z�/ fruuhvsrqglqj wr d orz dqg kljk h{shfwhg suredelolw| ri ghydoxdwlrq/
uhvshfwlyho|1 Lq wkhvh flufxpvwdqfhv/ doo wkrvh zlwk h{shfwdwlrqv Z, lqyhvw wkhlu
zhdowk lq hphujlqj pdunhwv/ vlqfh wkhlu h{shfwdwlrq lv pruh rswlplvwlf wkdq wkh
pdunhw h{shfwdwlrq/ zkloh wkrvh zlwk h{shfwdwlrq Z� lqyhvw lq wkh vdih X1V1 dvvhw1
Wkh pdunhw h{shfwdwlrq iru d ghydoxdwlrq ghshqgv rq wkh uhodwlyh vl}h ri wkh wzr
jurxsv ri lqyhvwruv/ dqg wkh g|qdplfv ri wkh prgho fdq eh vxppdul}hg lq whupv
ri wkh sursruwlrq ri lqyhvwruv zlwk wkh orz h{shfwdwlrqv/ b|/ dqg wkh wrwdo vwrfn
ri zhdowk khog e| doo lqyhvwruv/ `c zklfk lv dvvxphg frqvwdqw1 Zh olqhdul}h wkh
h{suhvvlrq iru wkh htxloleulxp lqwhuhvw udwh1 Wkxv/

7Z| ' b|Z
, n E�� b|�Z

� +814,

o| ' oW n 7Z|B
e +815,

dqg

(| ' b|`

D ghydoxdwlrq rffxuv dw |n� li/ lq wkh devhqfh ri d ghydoxdwlrq/ uhvhuyhv -|n�

zrxog kdyh jrqh qhjdwlyh=

-|n� ' -| � o|(| n A|n� n(|n� �(| 	 f
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l1h1

{b|n� 	 ioW n db|Z
, n E�� b|�Z

�oBejb| � EA|n� n-|�*` +816,

Dv lq wkh vlpxodwlrqv/ wkh lqyhvwruv fkdqjh wkhlu h{shfwdwlrqv rq wkh edvlv ri
wkh suhylrxv shulrg*v rxwfrphv/ dv zhoo dv h{shulphqwdwlrq wkdw lqyroyhv d udqgrp
fkrlfh ri rqh ru wkh rwkhu ghydoxdwlrq h{shfwdwlrqv1 Zh xvh d voljkwo| vlpsol�hg
yhuvlrq ri wkh lplwdwlrq rshudwru/ lq zklfk hdfk lqyhvwru ehfrphv d eodqn vodwh dw
wkh ehjlqqlqj ri | dqg vkh dgrswv d uxoh vhohfwhg e| d vslq ri d urxohwwh zkhho1
Djdlq/ uxohv duh vhohfwhg zlwk uhsodfhphqw dqg hdfk uxoh*v vorw rq d urxohwwh zkhho
lv ghwhuplqhg e| lwv uhodwlyh �wqhvv1 D uxoh wkdw lv vhohfwhg lv dvvljqhg wr lqyhvwru
� dw wlph shulrg |n�1 Lq sduwlfxodu/ lq wkh devhqfh ri h{shulphqwdwlrq/ wkh zhljkw
+ru suredelolw| ghqvlw| s|n�E�, rq hdfk ri wkh wzr ydoxhv ri wkh h{shfwdwlrqv lv
htxdo wr wkhlu uhodwlyh uhwxuq/ zklfk lq wkh devhqfh ri ghydoxdwlrq/ |lhogv=

s|n�EZ
,� '

o|
o| n oW

s|n�EZ
�� '

oW

o| n oW
+817,

zkloh h{shulphqwdwlrq rffxuv zlwk suredelolw| Re%/ dqg lqyroyhv d 83083 fkdqfh ri
fkrrvlqj Z, ru Z�1 Dv d uhvxow/ lq wkh devhqfh ri ghydoxdwlrq/

b|n� ' E�� Re%�
o|

o| n oW
n Re%*2 : �*2 +818,

Li wkhuh lv d ghydoxdwlrq dw |c lw lv dvvxphg khuh wkdw lw lv odujh hqrxjk wr zlsh
rxw wkh lqwhuhvw uhwxuq rq wkh hphujlqj pdunhw ghsrvlwv1 Khqfh/ dv ghvfulehg
deryh/ wkh uhwxuq lv wuxqfdwhg wr }hur/ lpso|lqj lq wklv fdvh wkdw

s|n�EZ
,� ' fc s|n�EZ

�� ' � +819,

vr

b|n� ' Re%*2 	 �*2 +81:,

wkdw lv/ rqo| wkrvh lqyhvwruv zkr h{shulphqw zloo kdyh d +83083, fkdqfh ri
slfnlqj Z,�

Lw lv srvvleoh wr fkdudfwhul}h wkh g|qdplfv lq wkh wzr fdvhv zkhq wkhuh lv qr
ghydoxdwlrq ru zkhq d ghydoxdwlrq rffxuv1

Qr ghydoxdwlrq dw w1
Vxevwlwxwlqj htxdwlrqv +814, dqg +815, lqwr htxdwlrq +818,/ zkhq wkhuh lv qr

ghydoxdwlrq zh kdyh
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{b|n� '
oWE�� 2b|� n iE�� Re%*2�Z

� n b|dE�� Re%*2�EZ
, � Z��� Z�o� b

2

|
EZ, � Z��jBe

2oW n db|EZ, � Z�� n Z�oBe

+81;,
Wkh qxphudwru ri wkh uljkw0kdqg0vlgh ri wkh htxdwlrq/ zklfk zh fdq fdoo }Eb|� lv
qrq0olqhdu lq b|/ exw lw fdq eh vkrzq wkdw wkhuh lv rqh ydoxh bW lq wkh lqwhuydo
Ef�Dc �� iru zklfk lw lv htxdo wr }hur1 Lqghhg/ lw fdq eh vkrzq wkdw

}�Eb|� 	 �� }��Eb|� 	 f

zkloh

}E�*2� ' E�� Re%�EZ
, n Z��Be*e : fc }E�� ' �EoW n Z,BeRe%*2� 	 f

Wkxv/ dw vrph srlqw wkh sursruwlrq ri wkrvh zlwk rswlplvwlf hphujlqj pdunhw
h{shfwdwlrqv ehfrphv vr kljk wkdw lw wuljjhuv d ghfolqh/ ohdglqj wr d fdslwdo rxw0
 rz1 Iljxuh D vkrzv wkh g|qdplfv iru d sduwlfxodu vhw ri sdudphwhu ydoxhv/ lqlwldo
uhvhuyhv/ dqg wkh wudgh edodqfh;1 Htxdwlrq +81;, jlyhv d yhuwlfdo olqh b| ' bW lq
+b|c -|� vsdfh1 Vwduwlqj iurp vrph srvlwlyh ohyho ri uhvhuyhv dqg d orz ydoxh iru
b|/ erwk uhvhuyhv dqg b| zloo lqfuhdvh xqwlo wkh yhuwlfdo olqh lv dwwdlqhg> wkhq b|
vwdelol}hv dw bW/ zkloh -| idoov +surylghg wkh wudgh edodqfh lv qrw lq wrr odujh d
vxusoxv/ dqg lv h{fhhghg e| wkh lqwhuhvw vhuylfh rq rxwvwdqglqj ghew<,1 Uhvhuyhv
ghfolqh frqwlqxrxvo| xqwlo wkh ghydoxdwlrq erxqgdu|/ htxdwlrq +816,/ lv uhdfkhg
+vkrzhg dv d gdvkhg fxuyh,1 Dw wklv srlqw/ b| ghfolqhv wr Re%*21 Surylghg wkh

wudgh edodqfh lv lq vx!flhqw vxusoxv43/ b| dqg -| erwk lqfuhdvh/ xqwlo wkh yhuwl0
fdo olqh lv rqfh djdlq uhdfkhg/ uhshdwlqj qrz wkh vdph f|foh lqgh�qlwho|1 Wkxv/
zkdwhyhu wkh lqlwldo ydoxhv ri uhvhuyhv dqg wkh sursruwlrq ri lqyhvwruv lq hphujlqj
pdunhwv/ diwhu wkh �uvw ghydoxdwlrq/ +b|c -|� ' ERe%*2c f�/ dqg khqfh vxevhtxhqw
ydoxhv duh lghqwlfdo dqg duh lqghshqghqw ri wkh lqlwldo frqglwlrqv1 Lq wkh vlpxod0
wlrqv/ wklv phdqv wkdw wkhuh duh 63 prqwkv ehwzhhq shulrgv ri ghydoxdwlrq/ zklfk
odvw 5 prqwkv1 Ri frxuvh/ lq wkh vwrfkdvwlf vlpxodwlrqv/ A| lv qrw d �{hg qxpehu/
vr wkdw wkhuh lv vrph yduldwlrq lq wkh wudmhfwrulhv1

;Wkh ydoxhv zhuh fkrvhq wr eh urxjko| frqvlvwhqw zlwk wkrvh ghvfulehg lq vhfwlrq 7> khuh/

edodqfh ri sd|phqwv yduldeohv duh glylghg e| wrwdo zhdowk/ dqg wkh XV lqwhuhvw udwh lv htxlydohqw

wr zkdw zdv hduolhu u�.�= Ww @ 3=35> U4 @ 3=43> u� @ =34/ sh{ @ 3=66> �o @ 3=35> �k @ 3=4> �
h
@ 4=

<Wkh frqglwlrq lv Ww.4@Z ? uw�
�

=
43Wkh frqglwlrq lv Ww.4@Z A uwsh{@5=
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91 Frqfoxvlrqv

Prghov zlwk pxowlsoh htxloleuld/ olnh wkh edvlf edodqfh ri sd|phqwv prgho zklfk
lv wkh vwduwlqj srlqw iru wkdw xvhg lq wklv sdshu/ w|slfdoo| gr qrw h{sodlq krz
lqyhvwruv frruglqdwh rq rqh ru dqrwkhu ri wkh htxloleuld1 Lqvwhdg/ d Pdunry
surfhvv lv jhqhudoo| dvvxphg wr suhglfw wkh wudqvlwlrq ehwzhhq wkhp> lw lv wkh
mxps iurp rqh htxloleulxp wr dqrwkhu wkdw surgxfhv wkh uhjlph vkliwv wkdw khos
h{sodlq wkh yrodwlolw| lq �qdqfldo pdunhwv1 Krzhyhu/ zk| lqyhvwruv vkrxog doo
fkdqjh wkhlu h{shfwdwlrqv lq vxfk d zd| dv wr surgxfh glvfrqwlqxrxv mxpsv lv qrw
h{sodlqhg1

Dowhuqdwlyh wkhrulhv ri h{shfwdwlrqv vxjjhvw zk| vxfk glvfrqwlqxrxv mxpsv
pljkw rffxu1 Rqh vwudqg ri olwhudwxuh gudzv rq dv|pphwulf lqirupdwlrq wr h{sodlq
wkh srvvlelolw| ri lplwdwlrq dqg khug ehkdylru/ exw w|slfdoo| grhv qrw prgho wkhlu
g|qdplfv1 Lq wklv sdshu/ zh gudz rq wkh olwhudwxuh rq erxqghg udwlrqdolw| wr
prgho wkh g|qdplfv ri h{shfwdwlrqv irupdwlrq/ dqg zh hpehg vxfk ehkdylru lq
d g|qdplf edodqfh ri sd|phqwv prgho wr vhh li vxfk h{shfwdwlrqv irupdwlrq fdq
dovr jlyh wkh vkdus pryhphqwv lq h{shfwdwlrqv wkdw pljkw surgxfh errp dqg exvw
f|fohv lq ohqglqj wr hphujlqj �qdqfldo pdunhwv/ dqg uhfxuuhqw fxuuhqf| fulvhv1

Rxu vlpxodwlrqv vkrz wkdw vxfk ehkdylru lv srvvleoh zlwk ohduqlqj prghov
wkdw lqfrusrudwh lplwdwlrq dqg h{shulphqwdwlrq lq wkh irupdwlrq ri h{shfwdwlrqv1
Wkxv/ wkh vlpxodwlrqv vhhp wr vtxduh zlwk wkh idfwv ri ohqglqj wr hphujlqj pdu0
nhwv/ wkdw lv dq dowhuqdwlrq ri vwurqj lq rzv/ iroorzhg e| uhyhuvdov dqg fxuuhqf|
fulvlv1 Dw wkh vdph wlph/ wkh prgho grhv qrw dvvxph wkdw doo lqyhvwruv duh wkh
vdph/ ru frruglqdwh h{solflwo| rq rqh ru dqrwkhu htxloleulxp1
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:1 Dsshqgl{= Wkh g|qdplf ehkdylru ri Zwzkhq wkhuh lv d

frqwlqxxp ri ghydoxdwlrq suredelolwlhv

:141 Xqghuvwdqglqj wkh prgho

Lq ghulylqj wkh surshuwlhv ri wkh prgho/ lw lv frqyhqlhqw wr pdnh vrph ixuwkhu
vlpsol�fdwlrqv1

Lq wklv dsshqgl{ zh ghulyh surshuwlhv ri wkh prgho lq zklfk wkh qxpehu ri
lqyhvwruv ? jrhv wr lq�qlw|/ vr wkdw zh fdq zrun zlwk d frqwlqxxp ri lqyhvwruv dqg
d frqwlqxrxv ghqvlw| ixqfwlrq ryhu wkh h{shfwhg suredelolw| ri ghydoxdwlrq1 Zh fdq
lghqwli| lqyhvwruv zlwk wkh ydoxh ri wkhlu h{shfwdwlrq lq dq| wlph shulrg1 Zh dovr
zrun zlwk wkh orj0olqhdul}hg dssur{lpdwlrq ri wkh prgho/ xvlqj wkh dssur{lpdwlrq
*L}E� n o� ' o�

Xqghu wkhvh dvvxpswlrqv/ ulvn qhxwudo lqyhvwruv vhw wkh lqwhuhvw udwh wr htxdo
wkh iruhljq udwh soxv wkh dyhudjh h{shfwhg suredelolw| ri ghydoxdwlrq Z| / wlphv
wkh �{hg h{shfwhg ghydoxdwlrq vl}h Be=

o| ' oW n Z| B
e +:14,

Ohw s|EZ� eh wkh ghqvlw| ixqfwlrq iru wkh hvwlpdwhv ri Z/ wkhq

Z| '

] �

f

s|EZ�Z_Z +:15,

b| '

]
Z|

f

s|EZ�_Z +:16,

dqg +zkhuh wrwdo zhdowk lv ` �
(| ' b|` +:17,

Dvvxplqj khwhurjhqhlw| ri h{shfwdwlrqv/ zkhwkhu b| lv juhdwhu ru ohvv wkdq
rqh0kdoi ghshqgv rq zkhwkhu wkh glvwulexwlrq ri h{shfwdwlrqv lv vnhzhg wr wkh ohiw
ru wkh uljkw +vhh Iljxuh 4,1 Li wr wkh uljkw/ wkhuh lv pruh suredelolw| pdvv wr wkh
ohiw ri wkh phdq h{shfwdwlrq/ vr b| : f�D/ dqg frqyhuvho|1

:151 Qr ghydoxdwlrq

Wkh suredelolw| ghqvlw| ixqfwlrq ri wkh hvwlpdwhg suredelolw| ri ghydoxdwlrq dw
|n � lv jlyhq e| s|n�EZ�/ dvvxplqj qr ghydoxdwlrq rffxuuhg dw w=
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s|n�EZmZ 	 Z| � ' E�� Re%�
oW n Z|B

oWZ4@ n EZ|�2B
e
n Re%*Z4@ 

s|n�EZmZ � Z| � ' E�� Re%�
oW

oWZ4@ n EZ|�2B
e
n Re%*Z4@ 

Z|n� '
U
Z|

f
Zs|n�EZ�_Z ' �

2EoWZ4@ nZ2
|
Be�

ioWZ24@ n Z2|B
edE�� Re%�Z| n Re%Z4@ oj

Vr

Z|n� � Z| '
�

2EoWZ4@ nZ2
|
Be�

ioWZ4@ EZ4@ � 2Z|� n Z2| B
edRe%Z4@ � E� n Re%�Z|oj

Wkh fkdqjh lq Z|n�zloo ghshqg rq wkh vljq ri wkh fxelf lq Z| zlwklq ~�/ zklfk
zh fdq fdoo }EZ|�1 Lw fdq eh vhhq iurp dq h{sdqvlrq ri }EZ|� wkdw wkhuh duh 6 vljq
uhyhuvdov/ lpso|lqj wkdw wkhuh duh wkuhh srvlwlyh uhdo urrwv wr }EZ|� ' f1 Dw ohdvw
rqh lv lq wkh lqwhuydo ^3/Z4@ *2o/ vlqfh }Ef� : f zkloh }EZ4@ *2� 	 f1 Wkxv/ li Z|

jhwv wrr orz/ wklv ohdgv wr d uhyhuvdo/ zlwk Z|n� � Z| : f/ ghvslwh qr ghydoxdwlrq
kdylqj rffxuuhg1

:161 Ghydoxdwlrq dw w

Li d ghydoxdwlrq rffxuuhg dw w/ wkhq dvvxplqj wkdw wkh ghydoxdwlrq B| lv juhdwhu
wkdq oW n Z|B

e wkh ghqvlw| ixqfwlrq zloo eh=

s|n�EZmZ 	 Z| � ' Re%*Z4@ 

s|n�EZmZ � Z| � ' E�� Re%�
�

Z4@ � Z|

n Re%*Z4@ 

Z|n� ' Z4@ *2 n E�� Re%�Z|*2

Vr Z|n� � Z| : f li dqg rqo| li Z| 	
Z4@ 

�nRe%
zklfk lv qrupdoo| vdwlv�hg lq wkh

vlpxodwlrqv1 Wkxv/ lq wkh qrupdo fdvh/ d ghydoxdwlrq zrxog lqfuhdvh wkh hvwlpdwhg
suredelolw| ri ghydoxdwlrq qh{w shulrg1 Krzhyhu/ li ghydoxdwlrqv frqwlqxh iru
vhyhudo shulrgv/ 7Z| fdq ulvh wr d kljk hqrxjk ohyho wkdw wkh lqhtxdolw| lv qrw
vdwlv�hg/ wuljjhulqj d uhyhuvdo1
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;1 Uhihuhqfhv

Dulirylf/ Mdvplqd +4<<7,1 �Jhqhwlf Dojrulwkp dqg wkh Frezhe Prgho/� Mrxuqdo
ri Hfrqrplf G|qdplfv dqg Frqwuro 4;= 605;1

+4<<9,1 �Wkh Ehkdylru ri H{fkdqjh Udwh lq wkh Jhqhwlf Dojrulwkp
dqg H{shulphqwdo Hfrqrplhv/� Mrxuqdo ri Srolwlfdo Hfrqrp| 437= 84308741

+4<<<,1 �Hyroxwlrqdu| Dojrulwkpv lq Pdfurhfrqrplf Prgholqj= D
Vxuyh| �/ pdqxvfulsw1

Edqhumhh/ Dml} +4<<5,1 �D Vlpsoh Prgho ri Khug Ehkdylru/� Txduwhuo| Mrxuqdo
ri Hfrqrplfv 43: +Dxjxvw,=:<:0;4:1

Elnfkdqgdql/ Vxvklo/ Gdylg Kluvkohlihu/ dqg Lyr Zhofk +4<<5,1 �D Wkhru| ri
Idgv/ Idvklrq/ Fxvwrp/ dqg Fxowxudo Fkdqjh dv Lqirupdwlrqdo Fdvfdghv/� Mrxuqdo
ri Srolwlfdo Hfrqrp| 433 +8,=<<5043591

Eurfn/ Zlooldp D1 dqg Fduv Krpphv +4<<:,1 �D Udwlrqdo Urxwh wr Udqgrp0
qhvv/� Hfrqrphwulfd 98+8,= 438<0<81

Exoodug/ Mdphv dqg Mrkq Gx�| +4<<;,1 �Ohduqlqj dqg H{fhvv Yrodwlolw|/�
Plphr/ Ihghudo Uhvhuyh Edqn ri Vw1 Orxlv dqg Xqlyhuvlw| ri Slwwvexujk1

Fdoyr/ Jxloohupr +4<<;,1 �Xqghuvwdqglqj wkh Uxvvldq Yluxv +zlwk vshfldo
uhihuhqfh wr Odwlq Dphulfd,/� sdshu suhvhqwhg dw wkh Ghxwvfkh Edqn*v frqihuhqfh
rq �Hphujlqj Pdunhwv= Fdq Wkh| eh Fulvlv IuhhB� Zdvklqjwrq G1F1/ Rfwrehu 61

Fdoyr/ Jxloohupr/ dqg Hqultxh Phqgr}d +4<<9,1 �Ph{lfr*v Edodqfh0ri0Sd|phqwv
Fulvlv= D Fkurqlfoh ri d Ghdwk Iruhwrog/� Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv
74=5680971

Fdoyr/ Jxloohupr/ dqg Fduphq Uhlqkduw +4<<<,1 �Zkhq Fdslwdo Iorzv Frph
wr d Vxgghq Vwrs= Frqvhtxhqfhv dqg Srolf| Rswlrqv/� plphr/ Xqlyhuvlw| ri Pdu|0
odqg1

Fdsolq/ Dqguhz dqg Mrkq Ohdk| +4<<7,1 �Exvlqhvv dv Xvxdo/ Pdunhw Fudvkhv/
dqg Zlvgrp Diwhu wkh Idfw/� Wkh Dphulfdq Hfrqrplf Uhylhz ;7 +Mxqh,=87;0981

Fkdqj/ Urehuwr/ dqg Dqguìv Yhodvfr +4<<;,1 �Wkh Dvldq Oltxlglw| Fulvlv/�
QEHU Zrunlqj Sdshu Qr1 9:<91 Fdpeulgjh/ Pdvv1= Qdwlrqdo Exuhdx ri Hfr0
qrplf Uhvhdufk1

Fkdul/ Y1Y1/ dqg Sdwulfn Nhkrh +4<<;,1 �Krw Prqh|/� plphr +Uhvhdufk Gh0
sduwphqw/ Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv/ Dsulo,1

Fkr/ Lq0Nrr dqg Wkrpdv Vdujhqw +4<<<,1 �Hvfdslqj Qdvk Lq dwlrq1� Plphr1
Xqlyhuvlw| ri Loolqrlv/ Xuedqd0Fkdpsdljq dqg Vwdqirug Xqlyhuvlw|1

Froh/ Kdurog/ dqg Wlprwk| M1 Nhkrh +4<<9,1 �D Vhoi0Ixo�oolqj Prgho ri Ph{0
lfr*v 4<<70<8 Ghew Fulvlv/� Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 74=63<0631
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Grroh|/ Plfkdho +4<<<,1 �D Prgho ri Fulvhv lq Hphujlqj Pdunhwv/� Hfrqrplf
Mrxuqdo/ iruwkfrplqj1

Hlfkhqjuhhq/ Eduu|/ Dqguhz Urvh/ dqg Fkduohv Z|sorv} +4<<9,1 �Frqwdjlrxv
Fxuuhqf| Fulvhv/� QEHU Zrunlqj Sdshu Qr1 89;41

Mhdqqh/ Rolylhu/ dqg Sdxo Pdvvrq +4<<<,1 �Fxuuhqf| Fulvlv/ Vxqvsrwv/ dqg
Pdunry0Vzlwfklqj Uhjlphv� Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ iruwkfrplqj1

Ndvd/ Nhqqhwk +4<<<,1 �Ohduqlqj/ Odujh Ghyldwlrqv/ dqg Uhfxuuhqw Fxuuhqf|
Fulvhv/� Plphr/ Ihghudo Uhvhuyh Edqn ri Vdq Iudqflvfr1

Nohlq/ Plfkdho dqg Qdqf| Pdulrq +4<<7,1 �H{sodlqlqj wkh Gxudwlrq ri H{0
fkdqjh Udwh Shjv/� QEHU Zrunlqj Sdshu 79841

Nuxjpdq/ Sdxo +4<:<,1 �D Prgho ri Edodqfh ri Sd|phqwv Fulvhv/� Mrxuqdo ri
Prqh|/ Fuhglw/ dqg Edqnlqj 44=6440581

+4<<9,1 �Duh Fxuuhqf| Fulvhv Vhoi0ixo�oolqj/� QEHU Pdfurhfrqrplfv
Dqqxdo/ Fdpeulgjh= PLW Suhvv1

+4<<<,1 Wkh Uhwxuq ri Ghsuhvvlrq Hfrqrplfv/ Qhz \run= Z1 Z1
Qruwrq1

OhEdurq/ Eodnh/ Z1 Euldq Duwkxu/ dqg Ulfkdug Sdophu +4<<<,1 �Wlph Vhulhv
Surshuwlhv ri dq Duwl�fldo Vwrfn Pdunhw1� Mrxuqdo ri Hfrqrplf G|qdplfv dqg
Frqwuro 56= 47;:048491

Ohh/ Lq Kr +4<<:,1 �Pdunhw Fudvkhv dqg Lqirupdwlrqdo Dydodqfkhv/� sdshu
suhvhqwhg dw d FHSU2HVUF2JHL frqihuhqfh rq Wkh Ruljlqv dqg Pdqdjhphqw ri
Ilqdqfldo Fulvhv +Fdpeulgjh/ Xqlwhg Nlqjgrp= Mxo| 44045,1

Ohwwdx/ Pduwlq/ dqg Kdudog Xkolj +4<<<,1 �Uxohv ri Wkxpe yhuvxv G|qdplf
Surjudpplqj/� Dphulfdq Hfrqrplf Uhylhz ;<+Pdufk,=47;0:71

Pdufhw/ Doehuw dqg Mxdq Sdeor Qlfrolql +4<<:,1 �Uhfxuuhqw K|shulq dwlrqv
dqg Ohduqlqj1� Hfrqrplfv Zrunlqj Sdshu 577/ Xqlyhuvlwdw Srpshx Ideud1

Pdvvrq/ Sdxo +4<<<,1 �Frqwdjlrq= Pdfurhfrqrplf Prghov zlwk Pxowlsoh
Htxloleuld/� Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh 4;=8;:09351

Plqwrq0Ehggrhv/ ]dqq| +4<<8,1 �Zk| wkh LPI Qhhgv Uhirup/� Iruhljq Di0
idluv :7 +Pd|2Mxqh,=4560661

Pruulv/ Vwhskhq/ dqg K|xq Vrqj Vklq +4<<;,1 �Xqltxh Htxloleulxp lq d Prgho
ri Vhoi0Ixo�oolqj Dwwdfnv/� Dphulfdq Hfrqrplf Uhylhz ;; +Mxqh,=8;:0<:1

Revwihog/ Pdxulfh +4<;9,1 �Udwlrqdo dqg Vhoi0ixo�oolqj Edodqfh ri Sd|phqwv
Fulvhv/� Dphulfdq Hfrqrplf Uhylhz :9=:50;41

+4<<7,1 �Wkh Orjlf ri Fxuuhqf| Fulvhv/� Fdklhuv Hfrqrpltxhv hw
Prqìwdluhv Qr1 76=4;<05461 Sdulv= Edqtxh gh Iudqfh1

58



+4<<:,1 �Ghvwdelol}lqj H�hfwv ri H{fkdqjh0Udwh Hvfdsh Fodxvhv/�
Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv +Dxjxvw,1

Udghohw/ Vwhyhq/ dqg Mh�uh| Vdfkv +4<<;,1 �Wkh Hdvw Dvldq Ilqdqfldo Fulvlv=
Gldjqrvlv/ Uhphglhv/ Survshfwv/� Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw| 4=40<31

Vdfkv/ Mh�uh|/ Ddurq Wruqhoo/ dqg Dqguìv Yhodvfr +4<<9,1 �Wkh Ph{lfdq Shvr
Fulvlv= Vxgghq Ghdwk ru Ghdwk Iruhwrog/� Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv
74=5980;61

Wd|oru/ S1G1 dqg O1E1 Mrqnhu +4<:;,1 �Hyroxwlrqdu| Vwdeoh Vwudwhjlhv dqg
Jdph G|qdplfv1� Pdwkhpdwlfdo Elrvflhqfhv 73= 47804891

Vdujhqw/ Wkrpdv M1 +4<<6,1 Erxqghg Udwlrqdolw| lq Pdfurhfrqrplfv= wkh Duqh
U|gh Phpruldo Ohfwxuhv1 R{irug= Foduhqgrq Suhvv1

+4<<<,1 Wkh Frqtxhvw ri Dphulfdq Lq dwlrq1 Sulqfhwrq/ Qhz Mhuvh|/
Sulqfhwrq Xqlyhuvlw| Suhvv1
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Figure 1. Portfolio Shares (average λ) and the Distribution of Devaluation Expectations (π)
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Figure 2. Simulation With Fixed δe, pex = 0.33
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Figure 3. Process of Devaluation

(With Fixed δe, pex = 0.33)
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Figure 4. Simulated Distribution of Devaluation Probabilities

(With Fixed δe, pex = 0.33)
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Figure 4 (concluded). Simulated Distribution of Devaluation Probabilities

(With Fixed δe, pex = 0.33)
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