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Devwudfw

Lq d krxvlqj lqvxudqfh pdunhw exloglqjv kdyh gl�huhqw gdpdjh suredelolwlhv1
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41 Lqwurgxfwlrq

Wkh ehqh�wv ri olehudol}lqj krxvlqj lqvxudqfh pdunhwv kdyh ehhq txhvwlrqhg
e| uhfhqw hylghqfh iurp Vzlw}huodqg dqg Jhupdq|1 Lq Vzlw}huodqg krxv0
lqj lqvxudqfh lv pdqgdwru|1 Lq vhyhq fdqwrqv wkh krxvlqj lqvxudqfh pdunhw
lv frpshwlwlyh/ zkloh lq wkh rwkhu 4< fdqwrqv wkh frpsxovru| lqvxudqfh lv
surylghg e| vwdwh prqrsrolhv1 Li Vzlw}huodqg lv jrlqj wr dffhsw wkh 6ug HX
jxlgholqh rq lqvxudqfh/ zklfk lv fxuuhqwo| ehlqj ghedwhg/ wklv frxog phdq wkh
hqg ri wkh vwdwh prqrsrolhv1 Yrq Xqjhuq0Vwhuqehuj ++4<<7,/+4<<8,/+4<<9,,
frpsduhg wkh whupv ri lqvxudqfh lq wkh fdqwrqv kdylqj d vwdwh prqrsro| zlwk
wkh whupv lq wkh fdqwrqv zkhuh wkhuh lv frpshwlwlrq1 Kh irxqg wkdw/ iru yhu|
vlplodu surgxfwv/ wkh vwdwh prqrsrolhv fkdujh sulfhv ehlqj 73( orzhu wkdq
wkrvh ri sulydwh lqvxuhuv/ wkdw wkh| vshqg vxevwdqwldoo| pruh rq �uh suhyhq0
wlrq/ dqg wkdw wkh| kdyh vxevwdqwldoo| orzhu gdpdjh udwhv�doo wklv zlwkrxw
pdnlqj orvvhv1 Kh frqfoxghg wkdw wkh derolvkphqw ri wkh vwdwh lqvxudqfh
prqrsrolhv lv d edg lghd li hfrqrplf h!flhqf| lv wkh xowlpdwh dlp14

Vlplodu �qglqjv kdyh ehhq rewdlqhg iru Jhupdq|1 Wkhuh 46 uhjlrqdo
prqrsrolhv kdg suhydlohg lqfoxglqj wkh wzr elj vrxwkhuq vwdwhv ri Edghq0
Z uwwhpehuj dqg Edyduld> lq wkh uhvw ri wkh frxqwu| krxvlqj lqvxudqfh pdu0
nhwv zhuh frpshwlwlyh1 Wkh 6ug HX jxlgholqh/ zklfk zdv dgrswhg lq 4<<5 dqg
wrrn h�hfw rq Mxo| 4 4<<7/ ohg wr wkh derolvkphqw ri wkh vwdwh prqrsrolhv
lq wkh krxvlqj lqvxudqfh pdunhw1 Dv d uhvxow wkhuh kdv ehhq hqwu| lq wkhvh
pdunhwv dqg suhplxp udwhv kdyh lqfuhdvhg e| pruh wkdq 83( vlqfh 4<<5 lq
wkh vwdwh ri Edghq0Z uwwhpehuj +Hssoh dqg Vfkçihu +4<<9,,1 Ihoghu +4<<9,
uhsruwv iru 4<<6 d gl�huhqfh ri 63( ehwzhhq wkh suhpld ri vwdwh prqrsro|
lqvxuhuv dqg sulydwh lqvxuhuv +dyhudjhv ri pruh wkdq 83 lqvxuhuv iru vwdqgdug
rqh0 ru wzr idplo| krxvhv,1 Vlqfh wkhq wkh udwhv ri wkh iruphu prqrsrolhv
kdyh jrqh xs/ ohdglqj wr d frqyhujhqfh ri suhplxp udwhv15 Wkh prqrsrolvwv*

4Wkh prqrsro| lqvxuhuv kluhg Suri1 yrq Xqjhuq0Vwhuqehuj iurp wkh Xqlyhuvlw| ri
Odxvdqqh dv dq lqgxvwuldo rujdql}dwlrqv h{shuw1 Wkh sulydwh lqvxuhuv zkr zdqw wr hqwhu
wkh prqrsrol}hg krxvlqj lqvxudqfh pdunhwv zhuhq*w kdss| derxw klv �qglqjv dqg wkh|
kluhg Suri1 Vfklsv iurp wkh HWK ] ulfk wr kdyh dqrwkhu orrn dw wkh pdunhw1 Kh dujxhv
+Vfklsv 4<<8, wkdw qrw wkh vwdwh prqrsrolhv exw wkh sulydwh lqvxuhuv duh fkhdshu1 Wkh lvvxh
zdv �qdoo| vhwwohg zlwk d sdshu e| Nlufkjçvvqhu +4<<9, zkr dujxhv udwkhu frqylqflqjo|
wkdw wkhuh lv uhdoo| vrphwklqj wr yrq Xqjhuq0Vwhuqehuj*v vw|ol}hg idfwv1 Vhh Dsshqgl{ E
iru pruh ghwdlov rq wklv glvsxwh1

5Lq Edghq0Z uwwhpehuj wkh wzr iruphu vwdwh prqrsro| lqvxuhuv zhuh wudqviruphg lqwr
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pdunxsv rq gdpdjh udwhv ryhu wkh shulrg 4<;3 0 4<<7 zhuh derxw kdoi wkh
pdunxs ri frpshwlwlyh �upv/ dqg gdpdjh udwhv ri wkh vwdwh prqrsrolhv zhuh
orzhu1

Wkhuh lv wkxv vrph hylghqfh wkdw lq wkh krxvlqj lqvxudqfh pdunhw vwdwh
prqrsrolhv rxwshuirup sulydwh lqvxuhuv lq d frpshwlwlyh hqylurqphqw1 Vlqfh
wkh suhpld ri wkh iruphu vwdwh prqrsrolhv kdyh jrqh xs wr wkh ohyhov ri wkh
sulydwh lqvxuhuv diwhu wkh pdunhwv kdyh ehhq rshqhg xs iru frpshwlwlrq/ wkh
uhdvrq iru wklv ehwwhu shuirupdqfh vhhpv qrw wr eh wkdw wkh prqrsrolhv duh
uxq e| wkh vwdwh dqg wkh frpshwlwruv duh sulydwh1 Dssduhqwo|/ wkhq/ wkh
krxvlqj lqvxudqfh pdunhw lv ehwwhu vhuyhg e| d prqrsrolvw/ eh lw sulydwh ru
vwdwh/ wkdq e| vhyhudo lqvxuhuv frpshwlqj djdlqvw hdfk rwkhu1

Yrq Xqjhuq0Vwhuqehuj +4<<9, h{sodlqv wkh sulfh gl�huhqwldov e| vhoolqj
frvwv lqfxuuhg lq d frpshwlwlyh lqgxvwu|1 Kh �qgv wkdw wkh frvwv ri dftxlvlwlrq
pdnh xs ehwzhhq 48( wr 53( ri wkh dqqxdo suhplxp sd|phqw1 Ihoghu +4<<9,
rewdlqv vlplodu uhvxowv xvlqj Jhupdq gdwd1 Nlufkjçvvqhu +4<<9, h{sodlqv wkh
kljkhu gdpdjh udwhv ri sulydwh lqvxuhuv e| wkh idfw wkdw lq fdvh ri d gdpdjh
d sulydwh lqvxuhu kdv wr eh yhu| ohqlhqw lq dzduglqj frpshqvdwlrq lq rughu
qrw wr orvh glvdssrlqwhg fxvwrphuv wr d frpshwlwru16

Yrq Xqjhuq0Vwhuqehuj*v pdunhwlqj frvw h{sodqdwlrq grhv qrw ixoo| h{0
sodlq wkh sulfh dqg gdpdjh gl�huhqwldov ehwzhhq prqrsro| dqg frpshwlwlyh
lqvxuhuv1 Vhoolqj frvwv ri xs wr 53( fdqqrw ixoo| dffrxqw iru sulfh gl�hu0
hqfhv ri 73(1 Wr eh pruh suhflvh/ hyhq li zh vxewudfw pdunhwlqj frvwv iurp
wrwdo dgplqlvwudwlyh frvwv/ lq Vzlw}huodqg wkh uhvlgxdo dgplqlvwudwlyh frvwv
ri wkh vwdwh prqrsrolhv duh 14 Vzlvv Iudqf +iu, shu 4333 iu lqvxudqfh ydoxh
orzhu wkdq wkh fruuhvsrqglqj �jxuh ri wkh sulydwh lqvxuhuv1 Pruh lpsru0
wdqwo|/ wkh pdunhwlqj frvw h{sodqdwlrq fdqqrw ixoo| h{sodlq wkh gl�huhqfh lq
wkh gdpdjh udwhv +yrq Xqjhuq0Vwhuqehuj/ sulydwh fruuhvsrqghqfh,1 Pruh0
ryhu/ li frqvxphuv fduh prvwo| derxw �jhwwlqj wkh orzhvw sulfh�/ wkhq vhoolqj
frvwv vkrxog qrw kdyh pxfk elwh dq|zd|17

sxeolf olplwhg frpsdqlhv dqg wkhq phujhg xqghu wkh dhjlv ri wkh vdylqjv edqnv �qdqfldo
jurxs +Hssoh dqg Vfkçihu +4<<9,,1

6Rolyhu Kduw vxjjhvwhg wkdw mxvw wkh rssrvlwh lv wkh fdvh= wkh �uvw wklqj lqvxuhuv riwhq
gr lq fdvh ri dq dfflghqw lv wr wu| wr jhw ulg ri wkh fxvwrphu1

7Vxssrvh wkdw frqvxphuv duh qrw lqwhuhvwhg lq ylvlwv e| vdohv uhsuhvhqwdwlyhv/ jorvv|
eurfkxuhv hwf1 Doo frqvxphuv zdqw wr kdyh lv wkh pdqgdwru| lqvxudqfh dw d orz sulfh1
Wkhq wkh vwdwh prqrsrolhv vkrxog qrw ihdu hqwu| diwhu wkh rshqlqj ri wkh pdunhw1 E|
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Lq wklv sdshu zh surylgh dqrwkhu h{sodqdwlrq iru wkhvh hpslulfdo revhuyd0
wlrqv1 Zh vhw xs d prgho zkhuh zh wu| wr fdswxuh vrph ri wkh lqvwlwxwlrqdo
shfxoldulwlhv ri wkh uhjxodwhg krxvlqj lqvxudqfh pdunhwv xqghu frqvlghudwlrq1
Lq wkh prgho/ exloglqjv duh hlwkhu ri kljk ru orz gdpdjh suredelolw|1 Qhlwkhu
rzqhuv qru lqvxuhuv nqrz d exloglqj*v gdpdjh w|sh1 Lqvxuhuv xvh lpshuihfw
whvwv wr �qg rxw derxw wkh gdpdjh suredelolw|1 Lpshuihfw phdqv wkdw d orz0
ulvn krxvh pd| eh dvvljqhg wr wkh kljk0ulvn fodvv dqg ylfh yhuvd1 Li d krxvh
lv dvvljqhg wr wkh kljk0ulvn fodvv/ wkh rzqhu vkrxog lqyhvw wr wxuq lw lqwr d
orz0ulvn exloglqj1 Wr irfxv rq wkh lpsolfdwlrqv ri wkh lpshuihfw dvvljqphqwv/
zh dvvxph whvw frvwv wr eh }hur1

Lqvxuhuv r�hu wkh pdqgdwru| lqvxudqfh dw d xqlirup sulfh1 Lqvxudqfh lv
rqo| dydlodeoh li d exloglqj lv dvvljqhg wr wkh orz0ulvn fodvv ru wkh rzqhu
kdv pdgh wkh lqyhvwphqw1 Lqvxuhuv gr qrw h{solflwo| frqglwlrq wkhlu suhpld
rq wkhlu frpshwlwruv* whvw uhvxowv/ dowkrxjk wkh| zloo lqihu wkhvh uhvxowv dqg
udwlrqdoo| dgmxvw wkhlu suhpld1 Li wkh pdunhw lv d prqrsro|/ wkh rxwfrph
lv vlpsoh1 Doo wkh krxvhv duh whvwhg e| wkh prqrsrolvw1 Wkrvh sdvvlqj wkh
whvw jhw wkh lqvxudqfh zlwkrxw ixuwkhu kdvvoh> wkrvh idlolqj wkh whvw pxvw eh
xsjudghg wr jhw wkh pdqgdwru| lqvxudqfh1

Wkh slfwxuh fkdqjhv/ krzhyhu/ zkhq vhyhudo lqvxuhuv duh dfwlyh1 Qrz
wkrvh krxvh rzqhuv zkr idlo wkh whvw lq wkh �uvw urxqg wu| wkhlu oxfn zlwk d
vhfrqg frpsdq|1 Li wkh| idlo wkh whvw rqfh djdlq/ wkh| grq*w orvh dq|wklqj1
\hw wkh| fdq eh oxfn| dqg sdvv wklv wlph/ wkxv vdylqj rq wkh lqyhvwphqw
frvw18 Zh �uvw vkrz wkdw wklv lpshuihfw whvw vfhqdulr pd| fuhdwh d qdwxudo
prqrsro|/ l1h1/ d vlwxdwlrq zkhuh lw lv rswlpdo wr vxeplw krxvhv wr d vlqjoh
whvw1 Li wkh lqyhvwphqw frvw lv qrw wrr kljk/ wkh kdup d vhfrqg whvw grhv

vdylqj rq pdunhwlqj h{shqvhv wkh| kdyh orzhu frvwv wkdq wkh sulydwh frpshwlwruv zklfk
wkh| fdq sdvv rq wr frqvxphuv lq wkh irup ri orzhu sulfhv1 Wkhuh duh diwhu doo d orw ri
pdunhwv zkhuh glvfrxqwhuv r�hulqj qr0iuloov surgxfwv duh grlqj d jrrg mre1 Wklqn/ h1j1/ ri
wkh XV0dluolqh pdunhw zkhuh fxw0sulfh fduulhuv gr qrw hyhq vkrz xs lq wkh pdmru uhvhuydwlrq
v|vwhpv/ |hw kdyh dpsoh ri fxvwrphuv1 Hyhq lq wkh lqvxudqfh exvlqhvv kdylqj orzhu sulfhv
wkdq wkh frpshwlwlrq fdq eh vx!flhqw wr dwwudfw fxvwrphuv1 Lq Jhupdq| wkhuh h{lvwv
d vxffhvvixo lqvxudqfh frpsdq| h{foxvlyho| iru flylo vhuydqwv1 Wklv lqvxuhu lv w|slfdoo|
fkhdshu wkdq lwv frpshwlwruv1 Rqh olnho| uhdvrq iru wklv lv wkdw wkh frpsdq| whqgv qrw
wr zrun zlwk vdohv uhsuhvhqwdwlyhv> dqrwkhu uhdvrq frxog eh wkdw wkh lqvxuhu lv qrw yhu|
jhqhurxv lq dzduglqj frpshqvdwlrq1

8F|qlfv fodlp wkdw wklv h�hfw lv qrw rqo| dw zrun lq lqvxudqfh dqg/ vd|/ fuhglw pdunhwv/
exw dovr lq wkh shhu0uhylhzlqj surfhvv ri hfrqrplf mrxuqdov1
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lq jhwwlqj suhylrxvo| fruuhfwo| dvvljqhg kljk0ulvn krxvhv zurqj h{fhhgv wkh
ehqh�wv ri fruuhfwlqj d ihz ri wkh �uvw urxqg*v plvmxgjhg orz0ulvn krxvhv1

Wkh qh{w txhvwlrq zh dvn lv zkhwkhu wkh qdwxudo lqvxudqfh prqrsro| lv
vxvwdlqdeoh lq wkh vhqvh ri Edxpro/ Sdq}du/ dqg Zloolj +4<;5,1 Vlqfh wkh
lqfxpehqw prqrsrolvw kdv wkh orzhvw srvvleoh gdpdjhv/ vkrxogq*w kh eh deoh
wr fkdujh d sulfh wkdw/ rq wkh rqh kdqg grhvq*w phdq orvvhv iru klp dqg wkdw/
rq wkh rwkhu kdqg lv orz hqrxjk wr suhyhqw sur�wdeoh hqwu|B Zh frqvlghu
wkh frqfhsw ri vxvwdlqdelolw| lq wkh suhvhqw frqwh{w dssursuldwh ehfdxvh wkh
vwdwh prqrsro| lqvxuhuv fodlp qrw wr eh sur�w pd{lpl}huv19 Li wkh qdwxudo
prqrsro| lv vxvwdlqdeoh/ wkh| fdq nhhs hqwudqwv rxw ri wkh exvlqhvv zlwkrxw
pdnlqj orvvhv dqg/ dw wkh vdph wlph/ wkh| fdq vwloo wu| wr iroorz wkhlu zhoiduh
jrdov/ zkdwhyhu wkhvh pd| eh1

Lw wxuqv rxw wkdw li wkh lqyhvwphqw frvw lv ehorz d wkuhvkrog ydoxh/ wkh
qdwxudo prqrsro| lv lqghhg vxvwdlqdeoh zkloh li wkh frvw lv deryh wklv fulwlfdo
ydoxh/ wklv lv qr orqjhu wkh fdvh1 Wkxv/ zkhq wkh prqrsro| lv qrw vxvwdlq0
deoh/ rxu prgho h{sodlqv wkh vw|ol}hg idfwv wkdw dv orqj dv wkh prqrsro| lv
surwhfwhg/ gdpdjhv duh orz dqg lqyhvwphqwv lq �uh suhyhqwlrq hwf1 duh kljk1
Zkhq wkh pdunhw lv rshqhg wr frpshwlwlrq/ wkhuh lv lqh!flhqw hqwu| dqg doo
wkh gdpdjh udwhv jr xs ehfdxvh krxvh rzqhuv lqyhvw wrr olwwoh lq wkhlu exlog0
lqjv1 Qrwlfh wkdw zh gr qrw pdnh dq| vwdwhphqwv derxw sulfhv dqg sur�wv lq
wklv vhfwlrq1

Wkh frqfhsw ri vxvwdlqdelolw| kdv ehhq fulwlfl}hg rq vhyhudo jurxqgv1
Pruhryhu/ lw jlyhv xv wrr olwwoh vwuxfwxuh wr vd| vrphwklqj derxw sulfhv1
Wkhuhiruh/ zh ghulyh qh{w wkh htxloleulxp lqgxvwu| vwuxfwxuh iru d Vwdfnho0
ehuj0w|sh jdph lq zklfk �uvw wkh lqfxpehqw dqg wkhq wkh hqwudqw fkrrvhv
klv2khu sulfh1 Khuh zh dvvxph wkdw erwk lqvxuhuv vhhn wr pd{lpl}h sur�wv1

Zh �qg wkdw zkhq wkh prqrsro| lv qrw vxvwdlqdeoh/ wkh lqfxpehqw zloo
dozd|v dffrpprgdwh hqwu|1 Kh grhv vr e| fkdujlqj wkh pd{lpxp srvvl0
eoh sulfh zklfk wkh hqwudqw/ lq wxuq/ voljkwo| xqghufxwv1 Li wkh prqrsro| lv
vxvwdlqdeoh/ lq htxloleulxp wzr wklqjv pd| kdsshq1 Hlwkhu wkh lqfxpehqw

9Wkh prqrsro| lqvxuhuv duh lqghshqghqw sxeolf frusrudwlrqv1 Wkhlu dlp lv wr r�hu
lqvxudqfh iru wkh hqwluh fdqwrq dw uhdvrqdeoh udwhv1 Wkh| duh qrw gluhfwo| vxevlgl}hg e|
wkh fdqwrqv1 Lqghhg/ wkh| whqg wr eh sur�wdeoh1 Sur�wv duh xvhg wr dffxpxodwh uhvhuyhv
ru wkh| duh glvwulexwhg wr fxvwrphuv1 Qhyhuwkhohvv/ wkh prqrsrolhv gr qrw sd| wd{hv1
Krzhyhu/ wklv lqgluhfw vxevlg| lv e| qr phdqv vx!flhqw wr h{sodlq wkh revhuyhg sulfh
gl�huhqwldov1
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dffrpprgdwhv hqwu| lq wkh zd| mxvw ghvfulehg/ ru kh nhhsv wkh hqwudqw rxw
e| fkdujlqj d olplw sulfh1: Dffruglqjo|/ iru wkh fdvh ri dffrpprgdwhg hqwu|
rxu prgho h{sodlqv wkh hpslulfdo revhuydwlrq wkdw diwhu hqwu| wkh lqfxpehqw
fkdujhv wkh vdph kljk sulfh dv wkh hqwudqw1 Lq vxppdu| zh pd|/ wkhuhiruh/
frqfoxgh wkdw iru wkh dssursuldwh udqjh ri lqyhvwphqw frvwv rxu prgho h{0
sodlqv wkh vw|ol}hg idfwv ri wkh Vzlvv dqg Jhupdq krxvlqj lqvxudqfh pdunhwv
suhww| zhoo1

Rxu sdshu lv uhodwhg wr wkh olwhudwxuh rq wkh hfrqrplfv ri whvwlqj lq hq0
ylurqphqwv ri dv|pphwulf lqirupdwlrq1 Jxdvfk dqg Zhlvv +4<;3/ 4<;4, dqg
Qdohex� dqg Vfkduivwhlq +4<;:,/ iru h{dpsoh/ frqvlghu oderu pdunhwv zlwk
dv|pphwulf lqirupdwlrq1 Zrunhuv nqrz wkhlu surgxfwlylwlhv zkloh �upv gr
qrw1 Lq htxloleulxp kljk surgxfwlylw| zrunhuv fkrrvh wr eh whvwhg dqg jhw d
kljk zdjh li wkh| sdvv zkloh orz surgxfwlylw| zrunhuv suhihu qr whvw dqg d orz
zdjh1 Lq wkhvh prghov whvwv duh/ hvvhqwldoo|/ vfuhhqlqj ghylfhv wr ryhufrph
wkh dv|pphwulhv ri lqirupdwlrq1 Lq frqwudvw/ rxu prgho lv fkdudfwhul}hg e|
v|pphwulf lqirupdwlrq dqg wkh sxusrvh ri wkh whvw lv wr uhgxfh wkh xqfhu0
wdlqw|1

Eurhfnhu +4<<3, frqvlghuv edqnv xvlqj fuhglw0zruwklqhvv whvwv lq dq dv|p0
phwulf lqirupdwlrq vhw0xs1 Olnh xv kh kdv wkh h�hfw wkdw wkh pruh edqnv duh
dfwlyh/ wkh pruh dssolfdqwv sdvv wkh fuhglw0zruwklqhvv whvw ri dw ohdvw rqh
edqn1 Krzhyhu/ kh grhv qrw doorz iru dfwlyh phdvxuhv wr uhgxfh wkh ghidxow
suredelolw|1 Wkhvhv phdvxuhv duh fuxfldo wr rxu vwru|1 Kh lv pdlqo| lqwhuhvwhg
lq fkdudfwhul}lqj wkh pl{hg vwudwhj| htxloleulxp zkhq pdq| edqnv duh dfwlyh1
Rxu pdlq irfxv lv rq wkh qdwxudo prqrsro| surshuw| fuhdwhg e| lpshuihfw
whvwv dqg wkh h{whqg wr zklfk wklv qdwxudo prqrsro| fdq eh vxvwdlqhg1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq wkh qh{w vhfwlrq
zh ghvfuleh wkh edvlf prgho1 Lq vhfwlrq 6 zh ghulyh wkh qdwxudo prqrsro|
frqglwlrq1 Lq wkh vxevhtxhqw vhfwlrq zh dqdo|}h wkh vxvwdlqdelolw| ri wkh
qdwxudo prqrsro|1 Lq vhfwlrq 8 zh ghulyh wkh lqgxvwu| htxloleulxp1 Vhfwlrq
9 frqfoxghv1

:Wkurxjkrxw wkh sdshu zh xvh wkh whup olplw sulfh iru d sulfh orz hqrxjk wr nhhs wkh
hqwudqw rxw ri wkh pdunhw1
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51 Wkh Prgho

Zh frqvlghu d krxvlqj lqvxudqfh pdunhw zlwk d frqwlqxxp ri krxvhv kdylqj
wrwdo pdvv 41 Hdfk krxvh lv vxemhfw wr rqh +dqg mxvw rqh, gdpdjh fdxvhg e|
�uh/ vwrup/ ru  rrglqj vd|1 Wkh ohyho ri gdpdjhv lv wkh vdph iru hdfk krxvh
dqg qrupdol}hg wr �� Wkh ulvnv ri h{shulhqflqj d gdpdjh duh lqghshqghqw1;

Krxvhv duh ri w|sh | ' �c , zkhuh � : � : , : f duh wkh suredelolwlhv
ri vx�hulqj iurp wkh gdpdjh1 Wkhvh gl�huhqw gdpdjh suredelolwlhv pd| eh
gxh wr krz zhoo wkh krxvh zdv exlow/ wkh frqglwlrq ri wkh vrlo/ hwf1 Jlyhq
rxu qrupdol}dwlrq ri wkh ohyho ri gdpdjh/ � dqg , dw wkh vdph wlph ghqrwh
wkh h{shfwhg gdpdjhv shu krxvh1 D krxvhrzqhu grhv qrw nqrz zklfk w|sh
ri krxvh kh rzqv1 Wkhuhe|/ zh uxoh rxw dq| srvvlelolw| ri vljqdolqj dqg
vfuhhqlqj lq wkh krxvlqj lqvxudqfh pdunhw1 Ohw b 5 Efc �� eh wkh iudfwlrq
ri �0krxvhv dqg E� � b� wkh iudfwlrq ri ,0exloglqjv1 Wkh dyhudjh h{shfwhg
gdpdjh suredelolw| Ewkh dyhudjh h{shfwhg gdpdjh, lq wkh lqvxudqfh pdunhw
lv S ' b�n E�� b�,�

Wkh krxvlqj lqvxudqfh pdunhw lv vxemhfw wr uhjxodwlrq1 Zlwk rxu dvvxps0
wlrqv zh wu| wr fdswxuh wkh lqvwlwxwlrqdo idfwv ri wkh Vzlvv dqg Jhupdq krxv0
lqj lqvxudqfh pdunhwv1 Hdfk krxvhrzqhu lv uhtxluhg wr sxufkdvh frpsohwh
lqvxudqfh iru klv krxvh/ phdqlqj dq lqvxudqfh fryhudjh ri � lv frpsxovru| iru
hdfk exloglqj1 Vlqfh frpsohwh lqvxudqfh lv pdqgdwru|/ zh qhhg qrw ixuwkhu
erwkhu derxw wkh frqvxphuv* ulvn suhihuhqfhv1 Doo zh qhhg wr dvvxph lv/ txlwh
uhdolvwlfdoo|/ wkdw frqvxphuv wu| wr jhw wkh pdqgdwru| krxvlqj lqvxudqfh dv
fkhds dv srvvleoh1 Pruhryhu/ lq rughu qrw wr zrun rq rshq vhwv/ ohw wkhuh eh
d pd{lpxp sulfh R4@ wkdw �upv fdq fkdujh iru wkh pdqgdwru| lqvxudqfh1
Ghpdqg lv wkxv frpsohwho| lqhodvwlf xs wr wkh pd{lpxp sulfh R4@ � Wr kdyh
vxusoxv lq wkh pdunhw/ ohw R4@ : �1<

Krxvh lqvxuhuv fdqqrw shuihfwo| prqlwru wkh w|sh ri d krxvh1 Hdfk lqvxuhu
srvvhvvhv/ krzhyhu/ dq lpshuihfw whvw wr ghwhuplqh wkh gdpdjh suredelolw|

;Dq| lqghshqghqfh dvvxpswlrq lq wkh sdshu fdq eh uhod{hg wr cqrw shuihfwo| fruuhodwhg
udqgrp yduldeohv*1

<Vxssrvh wkdw iru sulfhv h{fhhglqj spd{ frqvxphuv uxq wkh ulvn ri ylrodwlqj wkh odz e|
qrw jhwwlqj lqvxudqfh1 Qrwh wkdw wkh xqghujudgxdwh wh{werrn prqrsrolvw zrxog fkdujh
h{dfwo| spd{= Lq Jhupdq| dqg Vzlw}huodqg wkh vwdwh prqrsrolhv fkdujh orzhu sulfhv wkdq
lqvxuhuv rshudwlqj lq d frpshwlwlyh hqylurqphqw/ phdqlqj wkdw wkh prqrsrolhv gr qrw
fkdujh wkh pd{lpxp sulfh1 Wklv vhhpv wr lqglfdwh wkdw sur�w pd{lpl}dwlrq lv lqghhg qrw
wkhlu xowlpdwh wdujhw1
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ri d krxvh1 Dv dq h{dpsoh wklqn ri wkh whvw vlpso| dv wkh lqvxuhu*v h{shuw
dvvhvvlqj wkh ulvn ri wkh exloglqj143 Vxfk d whvw udqgrpo| dvvljqv wkh krxvh
wr rqh ri wkh wzr fdwhjrulhv M dqg u� Ohw ^EA m|� eh wkh suredelolw| wkdw d
krxvh lv dvvljqhg wr A ' Mcu frqglwlrqdo rq ehlqj | ' �c ,1 Wkh suredelolwlhv
ri wkh irxu srvvleoh rxwfrphv duh wkxv

^� G' ^EMm��c �� ^� ' ^Eum��c

^, G' ^EMm,�c dqg �� ^, ' ^Eum,��

Ohw ^, 	 ^� zklfk lpsolhv wkdw pruh ,0 wkdq �0krxvhv duh dvvljqhg wr u1
Wkh sdudphwhuv ^, dqg ^� duh wkh vdph iru doo lqvxuhuv1 Li dq lqvxuhu dssolhv
klv whvw uhshdwhgo|/ wkh rxwfrphv duh shuihfwo| fruuhodwhg phdqlqj wkdw d
exloglqj*v �uvw dvvljqphqw grhvq*w fkdqjh lq ixuwkhu urxqgv1 Dq lqvxuhu wkxv
grhvq*w jdlq dgglwlrqdo lqirupdwlrq e| dsso|lqj klv whvw pruh wkdq rqfh144

Lq frqwudvw/ wkh whvwv ri gl�huhqw lqvxuhuv duh vwrfkdvwlfdoo| lqghshqghqw iru
dq| jlyhq krxvh phdqlqj wkdw wkh dvvljqphqw ri rqh lqvxuhu grhvq*w d�hfw
wkh fkdqfhv zlwk dqrwkhu frpsdq|1 Wr irfxv h{foxvlyho| rq wkh uroh ri wkh

43Vxfk whvwv duh frpprqo| xvhg/ lq sduwlfxodu zkhq odujh ydoxhv duh dw vwdnh/ vxfk dv
lq lqgxvwuldo �uh lqvxudqfh1 Lq wkh prqrsro| fdqwrqv d gluhfw vxevlgldu| ri wkh prqrsro|
lqvxuhuv +wkh Ihxhusrol}hl, lv lq fkdujh ri wkh prqlwrulqj1 Sulydwh lqvxuhuv dovr wu| wr dvvhvv
wkh gdpdjh suredelolwlhv ri exloglqjv1 Dffruglqj wr Vfklsv +4<<8,/ rqh ri wkh dgydqwdjhv
ri wkh sulydwh ryhu wkh prqrsro| lqvxuhuv lv wkdw wkhlu suhpld ehwwhu uh hfw wkh xqghuo|lqj
ulvnv1 Wkh| judqw/ h1j1/ glvfrxqwv li wkh rzqhu pdnhv dgglwlrqdo lqyhvwphqwv lq vdihw|1
Dffruglqj wr wkh Ihxhusrol}hl ri wkh fdqwrq Ehuq/ rxu dssurdfk lv ehvw vxlwhg iru odujh
ulvnv/ zkhuh wkhuh lv lqghhg lqglylgxdo gdpdjh dvvhvvphqw e| gl�huhqw frpsdqlhv1 Iru
vpdoo ulvnv wkh vlwxdwlrq lv vrphzkdw gl�huhqw1 Lq wkh prqrsro| fdqwrqv wkh lqvxuhu
vwulfwo| hqirufhv wkh uhjxodwlrqv1 Lq wkh frpshwlwlyh fdqwrqv sulydwh lqvxuhuv vhhp wr kdyh
ohvv lqfhqwlyh wr gr vr1 Khuh wzr vwrulhv fdq vxssruw wkh od{ vwdqgdugv1 Hlwkhu krxvhrzqhuv
nhhs rq fdoolqj xs lqvxuhuv xqwlo wkh| �qg vrpherg| r�hulqj lqvxudqfh zlwkrxw lqvshfwlqj
wkh krxvh/ dq rxwfrph vlplodu lq vslulw wr rxu dssurdfk1 Ru/ li hqirufhphqw lv d sxeolf
jrrg/ d prqrsrolvw hqirufhv uhjxodwlrqv ehfdxvh kh dssursuldwhv wkh hqwluh ehqh�wv wkhuhri1
Lq d frpshwlwlyh hqylurqphqw qr lqvxuhu hqirufhv uhjxodwlrqv> hyhu|erg| wulhv wr iuhh0ulgh
rq wkh rwkhuv +vhh Duqrww dqg Vwljolw} +4<;9,,1

44Lqvxuhuv whqg wr xvh wkhlu rzq lq krxvh h{shuwv/ w|slfdoo| rqh h{shuw iru d sduwlfxodu
uhjlrq1 Lw vhhpv uhdvrqdeoh wr dvvxph wkdw wkh vdph h{shuw uhdfkhv wkh vdph frqfoxvlrq
zkhq kh kdv d vhfrqg orrn dw d exloglqj1 Zh glvfxvv uhdvrqv zk| lqvxuhuv xvh wkhlu rzq
whvwv lq Vhfwlrq 61

:



plvfdwhjrul}dwlrqv/ whvw frvwv duh dvvxphg wr eh }hur1 Zh zloo frpphqw rq
srvlwlyh whvw frvwv lq wkh Frqfoxvlrqv1

Wr ixuwkhu h{sodlq wkh whvw/ vxssrvh mxvw rqh lqvxuhu lv dfwlyh1 Fdoo klp
wkh clqfxpehqw*1 Doo krxvh rzqhuv jr wr wkh lqfxpehqw zkr dssolhv wklv
whvw1 E| wkh odz ri odujh qxpehuv kh dvvljqv b^� �0krxvhv wr M/ bE� � ^��

�0krxvhv wr u/ E� � b�^, ,0krxvhv wr M/ dqg E� � b�E� � ^,� ,0krxvhv wr u1
Dffruglqjo|/ wkh sursruwlrq ri �0krxvhv lq wkh vhw ri krxvhv dvvljqhg wr M lv
SE�mM� ' b^�*db^� n E� � b�^,o dqg wkh sursruwlrq ri ,0krxvhv lq wkh M0vhw
lv SE,mM� ' �� SE�cM�1 Dqdorjrxvo|/ wkh sursruwlrq ri ,0krxvhv lq wkh vhw ri
krxvhv dvvljqhg wr u lv SE,mu� ' E�� b�E�� ^,�*dE�� b�E�� ^,� n bE�� ^��o

dqg wkh sursruwlrq ri �0krxvhv lq wkh u0vhw lv SE�mu� ' �� SE,mu�1
Wkh dyhudjh gdpdjh lq fodvv M lv/ wkhuhiruh/ SM ' SE�mM��n SE,mM�, 	 �

dqg lq wkh u fodvv Su ' SE�mu�� n SE,mu�, : ,1 Wkh dvvxpswlrq ^, 	 ^� wkhq
lpsolhv Su 	 S 	 SM / zklfk phdqv wkdw wkh krxvhv dvvljqhg wr u kdyh orzhu
h{shfwhg gdpdjh wkdq wkh krxvhv dvvljqhg wr M dqg/ pruh lpsruwdqwo|/ wkdq
wkh dyhudjh lq wkh hfrqrp|1

Li d krxvh kdv ehhq dvvljqhg wr fodvv Mc vrphwklqj vxvslflrxv kdv ehhq
irxqg1 Wkh krxvh rzqhu fdq wkhq lqyhvw lq klv exloglqj wr ghfuhdvh wkh
suredelolw| ri h{shulhqflqj d gdpdjh1 Pruh vshfl�fdoo|/ li wkh rzqhu lqyhvwv
% : f/ klv krxvh lv fhuwdlqo| dq ,0rqh1 Li klv krxvh lv ri w|sh , dq|zd|/
lqyhvwlqj % grhv qrw kxuw/ l1h1/ wkh lqyhvwphqw qhlwkhu orzhuv qru lqfuhdvhv
wkh h{shfwhg gdpdjh1 Lq wklv fdvh wkh lqyhvwphqw lv vlpso| d zdvwh ri prqh|
wkdw/ krzhyhu/ lv qrw kdupixo1 \hw/ li wkh krxvh lv ri w|sh �/ wkh lqyhvwphqw
orzhuv wkh h{shfwhg gdpdjh e| +� � ,� vr wkdw wkh lqyhvwphqw ri % wxuqv d
�0krxvh lqwr d ,0krxvh145 Lw lv h!flhqw wr lqyhvw lq �0krxvhv/ l1h1/ % 	 E��,�146

45Qrwh wkdw rxu txdolwdwlyh uhvxowv gr qrw fkdqjh li wkh lqyhvwphqw zhuh cohvv surgxfwlyh*
lq wkh vhqvh wkdw diwhu wkh lqyhvwphqw ri { rqo| wkh whvw dvvljqv wkh exloglqj wr O lqvwhdg
ri ehlqj ri w|sh o iru vxuh1 Pruh lpsruwdqwo|/ qrwh wkdw li wkh krxvh kdv ehhq dvvljqhg wr
O ru kdv qrw ehhq whvwhg dw doo/ qrwklqj vxvslflrxv kdv wxuqhg xs dqg wkh rzqhu fdqqrw
lqyhvw1 Zh wkxv dvvxph wkdw eolqg lqyhvwphqw lv qrw srvvleoh1 Dw wkh hqg ri vhfwlrq 7 zh
zloo h{sodlq krz rxu uhvxowv fkdqjh zlwk eolqg lqyhvwphqw1

46Zh dvvxph lq wkh wkhruhwlfdo prgho wkdw lqyhvwphqwv duh h!flhqw wdnlqj lqwr dffrxqw
lqyhvwphqw frvwv dqg h{shfwhg orvvhv1 Zh odfn wkh gdwd wr whvw zkhwkhu wklv dvvxpswlrq
lv vdwlv�hg lq uhdolw|1 Fulwlfv fodlp wkdw wkh prqrsro| lqvxuhuv pd| eh wrr wrxjk rq
uhjxodwlrqv1 Dv rqh uhihuhh srlqwv rxw/ d prqrsrolvw zkr fdqqrw h{wudfw dgglwlrqdo vxusoxv
lq wkh lqvxudqfh pdunhw gxh wr sulfh uhjxodwlrq/ grhv vr e| lqgxflqj h{fhvvlyh lqyhvwphqw1
Wkh rqo| hylghqfh zh kdyh lq vxssruw ri rxu dvvxpswlrq lv wkdw wkh prqrsro| lqvxuhuv

;



Vlqfh krxvh rzqhuv gr qrw nqrz wkhlu exloglqj*v w|sh/ wkh rqo| dydlodeoh
phdqv wr �qg rxw derxw wkh gdpdjh suredelolw| lv dsso|lqj wkh whvw1 Ohw
xv vwlfn wr wkh vlwxdwlrq zlwk mxvw rqh lqvxuhu/ wkh lqfxpehqw1 Vxssrvh wkh
lqfxpehqw dgkhuhv wr wkh iroorzlqj vlpsoh srolf|= Wkh krxvhv dvvljqhg wr M

duh uhtxluhg wr lqyhvw % wr jhw wkh lqvxudqfh zkloh wkrvh dvvljqhg wr u jhw
wkh lqvxudqfh zlwkrxw lqyhvwphqw147 Zlwk wklv srolf| bE�� ^�� �0rzqhuv gr
qrw lqyhvw/ b^� �0rzqhuv h!flhqwo| lqyhvw/ E� � b�^, ,0rzqhuv xqqhfhvvdulo|
lqyhvw/ dqg E�� b�E�� ^,� ,0rzqhuv fruuhfwo| gr qrw lqyhvw1

Zh dvvxph wkdw ghvslwh wkhvh mxgjhphqw huuruv/ wkh wrwdo frvw ri wklv
srolf| A�� lv orzhu wkdq wkh frvw ri qrw whvwlqj dqg lqyhvwlqj dw doo1 Irupdoo|/

A�� ' bE�� ^���n b^�E, n %� n E�� b�E�� ^,�, n E�� b�^,E, n %� 	 Sc

ru s G'
b^�E�� ,�

E�� b�^, n b^�
: %c

phdqlqj wkdw wkh qhw ehqh�w ri wkh lqyhvwphqwv lq wkh �0exloglqjv h{fhhgv
wkh frvwv ri wkh huurqhrxv lqyhvwphqwv lq wkh ,0exloglqjv1 Li wkh lqfxpehqw
iroorzv wklv srolf|/ kh lqfxuv h{shfwhg gdpdjhv2frvwv

S� G' d�� bE�� ^��o, n bE�� ^��� ' , n E�� ,�bE�� ^��1 +4,

Qrwh wkdw S� 	 Su1 Frpsduhg wr wkh vfhqdulr zkhuh rqo| exloglqjv dvvljqhg
wr u duh lq wkh srro/ wkh prqrsrolvw dggv doo wkh M0exloglqjv zklfk duh ri
w|sh , diwhu wkh lqyhvwphqw/ wkxv orzhulqj h{shfwhg frvwv1

61 Frpshwlwlrq

Ohw xv qrz dqdo|}h wkh frqvhtxhqfhv ri lqwurgxflqj frpshwlwlrq lq wkh krxv0
lqj lqvxudqfh pdunhw1 Wr nhhs pdwwhuv vlpsoh zh frqvlghu wkh vlwxdwlrq zkhuh
mxvw rqh lqvxuhu frqwhpsodwhv hqwhulqj wkh krxvlqj lqvxudqfh pdunhw148 Fdoo
wklv lqvxuhu wkh chqwudqw*1

yroxqwdulo| vshqg grxeoh wkh dprxqw rq �uh suhyhqwlrq wkdq gr sulydwh lqvxuhuv +4615
yhuvxv 9 fhqwlphv shu 4333 iudqfv lqvxudqfh ydoxh,1

47Wkh dvvxpswlrq wkdw eolqg lqyhvwphqwv duh qrw srvvleoh uxohv rxw wkh srvvlelolw| ri
wkh lqvxuhu dozd|v fodlplqj wkdw wkh exloglqj idlohg wkh whvw wkxv uhtxlulqj wkh lqyhvwphqw
iurp doo rzqhuv1

48Iru dq dqdo|vlv ri frpshwlwlrq lq wkh suhvhqfh ri wkh h{whuqdolw| fuhdwhg e| lpshuihfw
whvwv zlwk pruh wkdq wzr sod|huv/ vhh Eurhfnhu +4<<3,1

<



Wkh hqwudqw xvhv d whvw dv ghvfulehg lq wkh suhylrxv vhfwlrq/ l1h1/ wkh hq0
wudqw*v whvw sdudphwhuv duh dovr ^� dqg ^,1 Ixuwkhupruh/ wkh lqfxpehqw*v dqg
wkh hqwudqw*v whvwv duh vwrfkdvwlfdoo| lqghshqghqw iru dq| jlyhq krxvh1 Wkh
lqvxuhuv* h{shuwv xvh wzr gl�huhqw phfkdqlvpv wr �qg rxw derxw d exlog0
lqj*v ulvn fodvv ghyhorshg e|/ vd|/ wzr gl�huhqw whfkqlfdo xqlyhuvlwlhv1 Wkh
wzr phfkdqlvpv xvh gl�huhqw surfhgxuhv wr jhqhudwh wkh lqirupdwlrq/ exw qr
phfkdqlvp lv ehwwhu wkdq wkh rwkhu1

Gxh wr uhjxodwlrq lqvxuhuv kdyh wr r�hu wkh pdqgdwru| lqvxudqfh frqgl0
wlrqdo rq ehlqj dvvljqhg wr u ru kdylqj lqyhvwhg %1 Pruhryhu/ lqvxuhuv kdyh
wr fkdujh d xqlirup sulfh iru wkh pdqgdwru| lqvxudqfh/ l1h1/ wkh| pd| qrw
glvfulplqdwh ehwzhhq wkrvh krxvhv dvvljqhg wr u dqg wkrvh exloglqjv ehlqj
xsjudghg149

Wkh wzr frpsdqlhv gr qrw frqglwlrq wkhlu frqwudfw whupv rq wkhlu frp0
shwlwru*v whvw rxwfrph14: Uhjxodwlrq riwhq uxohv rxw frqglwlrqlqj wkh rzq
frqwudfw whupv gluhfwo| rq wkh frpshwlwruv* whvwv ehfdxvh wklv pljkw ohdg wr
frooxvlrq1 Lqvxuhuv wkhpvhoyhv pd| eh uhoxfwdqw wr kdyh wkhlu udwhv ghshqg
rq wkh frpshwlwruv* whvwv ehfdxvh wklv pd| ohdg wr dgglwlrqdo xqfhuwdlqw| ru
hyhq vwudwhjlf pdqlsxodwlrqv14; Vxfk gluhfw frqglwlrqlqj lv vlpso| lpsrvvl0
eoh li wkh whvw uhvxowv duh revhuydeoh exw qrw yhul�deoh1 Ilqdoo|/ li frqvxphuv
vlpxowdqhrxvo| dsso| wr doo lqvxuhuv dqg wkhq slfn wkh ehvw r�hu/ dw wkh wlph
ri wkh dssolfdwlrq qr whvw uhvxowv duh dydlodeoh> dvnlqj frqvxphuv iru rwkhu
whvw uhvxowv lv xvhohvv lq vxfk d vlwxdwlrq14<

49Uhfdoo wkdw wkh srolf| ri xsjudglqj kljk0ulvn krxvhv lv h!flhqw xqghu rxu dvvxpswlrqv1
Wr sxw lw gl�huhqwo|/ lq rxu vhw0xs lqvxuhuv gr qrw zdqw wr r�hu kljk udwhv wr kljk ulvnv>
orz udwhv zlwk lqyhvwphqw lv fkhdshu1 Wkh dvvxpswlrq wkdw lqvxuhuv gr qrw glvfulplqdwh
ehwzhhq O krxvhv dqg xsjudghg krxvhv lv pdgh iru vlpsolflw|1 Doo ri rxu txdolwdwlyh uhvxowv
krog li dq xsjudghg krxvh kdv wkh vdph fkdudfwhulvwlfv dv dq O krxvh/ wkrxjk wkh dojheud
lv phvvlhu1

4:Wklv lv wkh vwdqgdug dvvxpswlrq pdgh lq wkh olwhudwxuh> vhh Eurhfnhu +4<<3,/ Jxdvfk
dqg Zhlvv +4<;3/ 4<;4,/ dqg Qdohex� dqg Vfkduivwhlq +4<;:,1

4;Dq lqvxuhu kdv d jrrg juls rq klv rzq whvw exw kh fdqqrw gluhfwo| frqwuro wkh txdolw|
ri wkh frpshwlwruv* whvwv +dv Ehqmdplq Iudqnolq sxw lw= �Li |rx zdqw vrphwklqj grqh uljkw/
gr lw |rxuvhoi�,1 Dq lqvxuhu pd| jlyh doo dssolfdqwv kh grhv qrw wdnh jrrg whvw vfruhv vr
wkdw wkh| jhw ehwwhu udwhv hovhzkhuh/ wkxv orzhulqj wkh frpshwlwruv* sur�wdelolw|1 Ru li
whvwv duh frvwo|/ dq lqvxuhu pd| wu| wr iuhh0ulgh rq wkh rwkhuv* whvwv1

4<Wkurxjkrxw wkh sdshu zh whoo wkh vwru| lq zklfk rzqhuv vhtxhqwldoo| dsso| wr wkh
lqvxuhuv1 Wkh irupdo dssdudwxv/ krzhyhu/ lv hqwluho| frqvlvwhqw zlwk wkh vhw0xs lq zklfk
hdfk rzqhu vlpxowdqhrxvo| dssolhv wr erwk frpsdqlhv dqg wkhq slfnv wkh ehwwhu ri wkh wzr
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Qhyhuwkhohvv/ qrwh wkdw iurp wkh revhuydwlrq ri sulfhv dq lqvxuhu pd| lqihu
wkh frpshwlwru*v whvw uhvxow1 Li erwk frpsdqlhv fkdujh gl�huhqw sulfhv/ wkh
h{shqvlyh lqvxuhu nqrzv wkdw doo ri khu dssolfdqwv idlohg wkh whvw ri wkh fkhds
frpshwlwru1 Lq rxu prgho lqvxuhuv udwlrqdoo| xvh wklv lqirupdwlrq/ l1h1/ wkhuh
lv Ed|hvldq xsgdwlqj1 Li/ krzhyhu/ erwk frpsdqlhv fkdujh wkh vdph sulfh/ dq
lqvxuhu fdqqrw whoo zkhwkhu dq dssolfdqw idlohg wkh frpshwlwru*v whvw1

Vxssrvh wkh hqwudqw frphv lq1 Ghqrwh wkh sulfh fkdujhg e| wkh lqfxpehqw
e| RU dqg wkh hqwudqw*v sulfh e| R.� Ohw f 	 mRU � R.m 	 %/ l1h1/ rqh lqvxuhu lv
fkhdshu wkdq wkh rwkhu exw wkh sulfh gl�huhqwldo lv orzhu wkdq wkh lqyhvwphqw
frvw1 Lq wklv vfhqdulr rzqhuv suhihu wr eh lqvxuhg e| wkh h{shqvlyh frpsdq|
zlwkrxw lqyhvwphqw udwkhu wkdq rewdlqlqj wkh pdqgdwru| lqvxudqfh iurp wkh
fkhds �up xqghu wkh frqglwlrq ri lqyhvwlqj %1

Wklv lpsolhv wkdw doo krxvh rzqhuv �uvw dsso| wr wkh fkhdshu frpsdq|1
Wkrvh zkr duh dvvljqhg wr M dqg wkxv kdyh wr lqyhvw % wr jhw lqvxudqfh iurp
wkh fkhds frpsdq| jlyh lw d vkrw zlwk wkh h{shqvlyh lqvxuhu1 Wr eh pruh
vshfl�f= Wkrvh bE��^��nE��b�E��^,� oxfn| hqrxjk wr eh dvvljqhg wr u e|
wkh fxw0udwh lqvxuhu vwd| wkhuh dqg jhw fkhds lqvxudqfh zlwkrxw lqyhvwphqw1

Wkh uhpdlqlqj b^� n E� � b�^, jr wr wkh kljk0sulfh lqvxuhu zkhuh wkhlu
krxvhv duh whvwhg d vhfrqg wlph1 Wkh h{shqvlyh lqvxuhu dvvljqv b^2

�
nE��b�^2

,

wr M dqg b^�E�� ^�� n E�� b�^,E�� ^,� wr u� Wkrvh dvvljqhg wr u sxufkdvh
lqvxudqfh iurp wkh h{shqvlyh lqvxuhu zlwkrxw lqyhvwphqw> wkrvh dvvljqhg wr
M �qdoo| hqg xs lqyhvwlqj % wr jhw wkh pdqgdwru| krxvlqj lqvxudqfh153

Wkh wrwdo frvw ri wklv srolf| ri whvwlqj wzlfh lv

A�2 ' bE�� ^���n E�� b�E�� ^,�, n b^2
�
E, n %� n b^�E�� ^���n

E�� b�^2
,
E, n %� n E�� b�^,E�� ^,�,�

Lw lv pruh h!flhqw wr whvw rqfh udwkhu wkdq wzlfh li A�� 	 A�2 ru

8 G'
b^�E�� ^��E�� ,�

E�� b�^,E�� ^,� n b^�E�� ^��
: %�

Wklv frqglwlrq rq lqyhvwphqw frvwv phdqv wkdw wkh orvv ri lqfruuhfwo| dvvljq0
lqj b^�E� � ^�� �0krxvhv wr u h{fhhgv wkh ehqh�w ri fruuhfwlqj wkh zurqj

r�huv1
53Ri frxuvh wkh| zloo sxufkdvh wkh lqvxudqfh iurp wkh fxw0sulfh frpsdq|1 \hw wkhvh

frqvlghudwlrqv gr qrw sod| d uroh lq wkh iroorzlqj h!flhqf| frqvlghudwlrqv1

44



dvvljqphqw ri wkh E�� b�^,E�� ^,� ,0krxvhv e| wkh fkhds lqvxuhu1 Wkh kdup
ri d vhfrqg whvw lq jhwwlqj d frxsoh ri wkh suhylrxvo| fruuhfwo| dvvljqhg krxvhv
zurqj h{fhhgv wkh jrrg ri fruuhfwlqj d ihz ri wkh �uvw urxqg*v plvmxgjphqwv1
Wkh uhdvrq zk| wkh vhfrqg whvw grhv zruvh wkdq wkh �uvw whvw hyhq wkrxjk lw
kdv wkh vdph fkdudfwhulvwlfv lv wkdw lq wkh vhfrqg urxqg wkh vdpsoh ri krxvhv
whvwhg lv zruvh wkdq lq wkh �uvw urxqg154

Qrwh wkdw 8 	 sc l1h1/ li % 	 8c lw lv qrw rqo| ehwwhu wr whvw rqfh lqvwhdg
ri wzlfh> % 	 8 dovr lpsolhv wkdw rqh whvw lv ehwwhu wkdq qr whvw dw doo1
Pruhryhu/ dv lv hdvlo| fkhfnhg/ % 	 8 dovr lpsolhv wkdw lw lv lqh!flhqw wr
whvw pruh wkdq wzlfh1 Zh zloo/ wkhuhiruh/ fdoo wkh krxvlqj lqvxudqfh pdunhw
d qdwxudo prqrsro| li % 	 8�55 Iurp qrz rq zh zloo frq�qh rxu dwwhqwlrq
wr wkh fdvh zkhuh wkh krxvlqj lqvxudqfh pdunhw lv d qdwxudo prqrsro|/ l1h1/
% 	 8�

71 Vxvwdlqdelolw|

Wkh �uvw txhvwlrq zh zdqw wr dvn lv zkhwkhu rxu qdwxudo lqvxudqfh prqrsro|
lv vxvwdlqdeoh lq wkh vhqvh ri Edxpro/ Sdq}du/ dqg Zloolj +4<;5/ 4<504<6,1 E|
vxvwdlqdelolw| zh phdq wkdw zlwkrxw dq| uhvwulfwlrqv rq hqwu| wkh lqfxpehqw
fdq nhhs wkh hqwudqw rxw ri wkh pdunhw1 Wr sxw lw gl�huhqwo|= Li % 	 8 /
wkh pdunhw lv d qdwxudo prqrsro|/ l1h1/ dyhudjh gdpdjhv duh dw wkh orzhvw
srvvleoh ohyho S�1 Dffruglqjo|/ wkh iroorzlqj txhvwlrq dulvhv txlwh qdwxudoo|=
Vkrxogq*w wkh prqrsrolvw eh deoh wr fkdujh d sulfh wkdw/ rq wkh rqh kdqg
grhvq*w phdq orvvhv iru klp dqg wkdw/ rq wkh rwkhu kdqg lv orz hqrxjk wr
suhyhqw sur�wdeoh hqwu|B Pruh suhflvho|/ zh kdyh wkh iroorzlqj

54Wklv skhqrphqrq lv dovr dw wkh fruh ri wkh idprxv ohprqv sureohp/ zkhuh wkh dyhudjh
txdolw| ri wkh xvhg fduv wkdw duh dfwxdoo| wudghg lv orzhu wkdq dyhudjh txdolw| ri doo fduv
ri wkh ylqwdjh> vhh Dnhuori +4<:3,1

55Wklv qdwxudo prqrsro| surshuw| ghshqgv fuxfldoo| rq wkh dvvxpswlrq wkdw wkh lqvxuhuv
gr qrw frqglwlrq wkhlu frqwudfw whupv rq wkhlu frpshwlwruv* whvw uhvxowv1 E| dsso|lqj d
vx!flhqw qxpehu ri wkh gl�huhqw whvwv dqg frqglwlrqlqj wkh suhplxp rq wkh hqwluh olvw ri
whvw uhvxowv/ lqvxuhuv frxog pdnh wkh suredelolw| ri plvmxgjphqwv duelwudulo| vpdoo1 Zkhq
zh fdoo wkh crqh0whvw0vfhqdulr* h!flhqw/ zh dvvxph wkdw wkh vrfldo sodqqhu lv vxemhfw wr wkh
vdph uhvwulfwlrq ri qrw xvlqj pruh wkdq rqh whvw dw d wlph1 Qrwlfh/ krzhyhu/ wkdw zlwk
srvlwlyh whvw frvwv rqh whvw pd| eh h!flhqw hyhq zkhq wkh sodqqhu fdq shuirup dv pdq|
whvwv dv kh zdqwv wr1 Li wkh frvw ri d vhfrqg whvw h{fhhgv wkh ehqh�wv wkhuhri/ wkh sodqqhu
zrxog jr iru rqh whvw1
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Gh�qlwlrq= Wkh sulfh ri d prqrsrolvw lv vxvwdlqdeoh li wkh pdunhw fohduv
dw wkdw sulfh/ wkh prqrsrolvw pdnhv d qrq0qhjdwlyh sur�w/ dqg qr hqwudqw
fdq pdnh d sur�w wdnlqj wkh lqfxpehqw*v sulfh dv jlyhq1 D prqrsro| lv
vxvwdlqdeoh li dqg rqo| li wkhuh h{lvwv dw ohdvw rqh vxvwdlqdeoh sulfh1

Lw wxuqv rxw wkdw li wkh lqyhvwphqw frvw lv ehorz d wkuhvkrog ydoxh/ wkh
qdwxudo prqrsro| lv lqghhg vxvwdlqdeoh zkloh li % lv deryh wkh wkuhvkrog ydoxh/
wklv lv qr orqjhu wkh fdvh1

Sursrvlwlrq 4= Ohw C G' bE��^��E��,�d^�*Eb^�E��^��nE��b�^,E��^,����o�

l, Li C 	 % 	 8 / wkh qdwxudo prqrsro| lv qrw vxvwdlqdeoh>
ll, li f 	 % � Cc wkh qdwxudo prqrsro| lv vxvwdlqdeoh1

Surri= Li wkh lqfxpehqw lv wkh vroh lqvxuhu/ kh kdv dyhudjh gdpdjh S� '

, n E�� ,�bE, � ^��� Lq rughu qrw wr pdnh orvvhv RU � S�c l1h1/ S� lv wkh orzhu
erxqg iru wkh sulfh wkh prqrsrolvw fdq fkdujh1 Qrz vxssrvh wkh hqwudqw
frphv lq zlwk d sulfh R. 5 ERU c RU n %�� Wkhq/ dv zh kdyh douhdg| h{sodlqhg/
doo frqvxphuv dsso| wr wkh fkhds lqfxpehqw dqg wkrvh dvvljqhg wr u ex|
wkhuh1 Wkrvh dvvljqhg e| wkh lqfxpehqw wr M wu| wr jhw lqvxudqfh iurp wkh
hqwudqw ehfdxvh R. 	 RU n %� Li wkh hqwudqw dvvljqv wkhp wr u/ wkh| ex|
lqvxudqfh iurp wkh hqwudqw dw wkh sulfh R.� Li wkh hqwudqw dvvljqv wkhp M/
wkh| uhwxuq wr wkh lqfxpehqw zkhuh wkh| hqg xs sd|lqj RU n % 	 R. n %� Lq
wklv vfhqdulr zlwk wzr lqvxuhuv wkh +h{shqvlyh, hqwudqw kdv dyhudjh gdpdjh

Se
2
G'

b^�E�� ^���n E�� b�^,E�� ^,�,

b^�E�� ^�� n E�� b�^,E�� ^,�
c +5,

phdqlqj wkdw zlwk d sulfh R. : Se
2
wkh hqwudqw pdnhv d sur�w1 Li % : Cc

S�n % : Se
2
� Hyhq li wkh prqrsrolvw fkdujhv wkh orzhvw srvvleoh sulfh RU ' S�c

wkh hqwudqw fdq vwloo sur�wdeo| hqwhu zlwk d sulfh R. 5 ESe
2
c S�n%�� Vkh dwwudfwv

fxvwrphuv ehfdxvh R. 	 RU n % dqg pdnhv sur�wv ehfdxvh wkh sulfh h{fhhgv
khu gdpdjhv1

Wkh lqfxpehqw orvhv fxvwrphuv wr wkh hqwudqw1 Wkhvh fxvwrphuv kdg wr
lqyhvw xqghu wkh h!flhqw srolf| dqg zhuh orz0ulvnv iru wkh lqfxpehqw1 Wkh
lqfxpehqw/ wkhuhiruh/ kdv wkh vdph dprxqw ri �0exloglqjv exw ihzhu ,0krxvhv
phdqlqj wkdw wkh +fkhds, lqfxpehqw*v dyhudjh gdpdjhv jr xs wr

SS
2
G'

bE�� ^���n dE�� b�E�� ^,� n b^2
�
n E�� b�^2

,
o,

bE�� ^�� n dE�� b�E�� ^,� n b^2
�
n E�� b�^2

,
o

: S�c +6,
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zklfk suryhv l,1
Lq frqwudvw/ li % � Cc e| fkdujlqj d olplw sulfh RU 5 dS�c4�?iS�n%c SS

2
c Se

2
�

%jo wkh lqfxpehqw nhhsv wkh hqwudqw rxw1 Li wkh hqwudqw voljkwo| xqghufxwv
wkh olplw sulfh RU / vkh pdnhv d orvv ehfdxvh R. 	 SS

2
� Li vkh fkdujhv wkh

vdph sulfh R. ' RU / zh kdyh d wlh lq zklfk erwk lqvxuhuv jhw kdoi ri wkh
pdunhw1 Lq wklv fdvh kdoi ri wkh rzqhuv dsso| wr wkh lqfxpehqw dqg wkh rwkhu
kdoi wr wkh hqwudqw1 Wkrvh dvvljqhg e| hlwkhu lqvxuhu wr M wu| wkh rwkhu
frpsdq| zkhuh wkh| �qdoo| ex| wkhlu pdqgdwru| lqvxudqfh1 Hdfk frpsdq|
kdv dyhudjh gdpdjh

S|
2
G' bE�� ^2

�
��n E�� bn b^2

�
�,� +7,

Qrwh wkdw SS
2
	 S|

2
	 Se

2
� Lq fdvh ri d wlh wkh hqwudqw dovr pdnhv orvvhv ehfdxvh

R. 	 S|
2
� Li wkh hqwudqw fkdujhv R. 5 ERU c RU n %�c vkh pdnhv orvvhv ehfdxvh

R. 	 Se
2
� Li vkh fkdujhv R. � RU n %c vkh kdv qr fxvwrphuv dqg grhvq*w

pdnh srvlwlyh sur�wv1 Li vkh xqghufxwv e| pruh wkdq %/ vkh kdv wkh zkroh
pdunhw exw pdnhv orvvhv ehfdxvh R. 	 S�� Dffruglqjo|/ olplw sulfhv RU 5
dS�c4�?iS�c SS2c Se2 � %jo duh lqghhg vxvwdlqdeoh1 Wklv suryhv ll,1

T1H1G1
Wkh lqyhvwphqw frvw wkxv sod|v d fuxfldo uroh lq ghwhuplqlqj zkhwkhu wkh

qdwxudo prqrsro| lv vxvwdlqdeoh ru qrw1 Wr vhh wklv vxssrvh wkh lqfxpehqw
fkdujhv wkh orzhvw srvvleoh sulfh RU ' S�c S� dv gh�qhg e| E��1 Iru wkrvh
krxvh rzqhuv zkrp wkh fkhds lqfxpehqw dvvljqv wr Mc wkh h�hfwlyh frvw ri
jhwwlqj lqvxudqfh wkhuh lv S� n %� Wkh| wu| wkh hqwudqw li R. 	 S� n %� Li
wkh hqwudqw dwwudfwv wkhvh fxvwrphuv/ vkh kdv dyhudjh gdpdjhv Se

2
dv gh�qhg

e| +5,1 Li Se
2
� S� n % E/ % � C�c wkh hqwudqw fdqqrw sur�wdeo| hqwhu wkh

pdunhw1 Li vkh fkdujhv d sulfh wkdw dwwudfwv fxvwrphuv/ vkh pdnhv orvvhv1 D
sulfh qrw ohdglqj wr orvvhv grhvq*w dwwudfw fxvwrphuv ehfdxvh lqyhvwphqw frvwv
duh vr orz wkdw hyhq dffrxqwhg iru % wkh lqfxpehqw r�huv wkh ehwwhu ghdo1 Lq
frqwudvw/ li Se

2
	 S� n % E/ % : C�c wkh hqwudqw fdq sur�wdeo| frph lq dqg

wkh qdwxudo prqrsro| lv qrw vxvwdlqdeoh1
Wkh fulwlfdo ydoxhv 8 dqg C ghshqg rq fhuwdlq sdudphwhuv ri wkh prgho

dqg doorz iru wkh iroorzlqj vlpsoh frpsdudwlyh vwdwlfv h{huflvhv1

Fruroodu|= Wkh qdwxudo prqrsro| lv wkh ohvv olnho| wr eh vxvwdlqdeoh/
l, wkh kljkhu lv wkh iudfwlrq ri �0krxvhv bc

47



ll, wkh odujhu lv wkh gl�huhqfh lq wkh gdpdjh suredelolwlhv E�� ,�c dqg
lll, wkh orzhu lv ^��

Surri= Uhfdoo wkdw wkh qdwxudo prqrsro| lv qrw vxvwdlqdeoh li C 	 % 	 8�

Vwudljkwiruzdug frpsxwdwlrqv frq�up wkdw 8 � C ' bE� � ^��E� � ,�� Wkh
fruroodu| iroorzv lpphgldwho|1

T1H1G1
Lqfuhdvhv lq bc E�� ,�c dqg E�� ^��c hvvhqwldoo|/ udlvh 8c l1h1/ wkh| pdnh lw

pruh olnho| wkdw zh kdyh d qdwxudo prqrsro|1 Wkhvh h�hfwv rq 8 grplqdwh wkh
h�hfwv rq Cc phdqlqj wkdw wkh ohqjwk ri wkh lqwhuydo ECc8 � zkhuh wkh qdwxudo
prqrsro| lv qrw vxvwdlqdeoh lqfuhdvhv1 Lw lv ri vrph lqwhuhvw wr qrwh wkdw
lqfuhdvlqj wkh dffxudf| ri fruuhfwo| dvvljqlqj �0krxvhv wr M/ ^�/ lqfuhdvhv
wkh suredelolw| ri kdylqj d vxvwdlqdeoh qdwxudo prqrsro|1 Wkh sureohp ri
xqvxvwdlqdelolw|/ krzhyhu/ rqo| glvdsshduv zkhq ^� ' ��

Zh kdyh wkxv vhhq lq wklv vhfwlrq wkdw li wkh lqyhvwphqw frvw lv deryh
d wkuhvkrog ydoxh zh kdyh dq xqvxvwdlqdeoh qdwxudo prqrsro|1 Li hqwu| lv
uhvwulfwhg/ rqo| rqh �up lv dfwlyh zkrvh gdpdjhv duh orz ehfdxvh frqvxphuv
lqyhvw h!flhqwo| lq wkhlu exloglqjv1 Li wkh uhvwulfwlrqv rq hqwu| duh oliwhg/
wkhuh lv lqh!flhqw hqwu|/ frqvxphuv lqyhvw wrr olwwoh lq wkhlu exloglqjv/ dqg
erwk lqvxuhuv* gdpdjh udwhv duh kljk1 Dffruglqjo| rxu prgho surylghv dq
h{sodqdwlrq iru yrq Xqjhuq0Vwhuqehuj*v +4<<9, revhuydwlrqv wkdw lq prqrs0
rolvwlf pdunhwv gdpdjh udwhv duh vxevwdqwldoo| orzhu dqg lqyhvwphqwv lq �uh
suhyhqwlrq hwf1 vxevwdqwldoo| kljkhu wkdq lq frpshwlwlyh pdunhwv156

Wr frqfoxgh wklv vhfwlrq ohw xv eulh | glvfxvv wkh vlwxdwlrq zkhuh zh
doorz iru eolqg lqyhvwphqw/ phdqlqj wkdw rzqhuv fdq lqyhvw hyhq li wkh krxvh
zdv dvvljqhg wr u ru li lw kdvq*w ehhq whvwhg dw doo1 Reylrxvo|/ iru yhu|
orz ydoxhv ri % wkhuh vkrxog eh eolqg lqyhvwphqw lq doo exloglqjv1 Eolqg

56Wr frqylqfh wkh uhdghu wkdw zh kdyh qrw ghulyhg nqlih hgjh uhvxowv/ frqvlghu wkh iro0
orzlqj sdudphwhu ydoxhv= o @ =3336> k @ =333<> � @ =8> tk @ 4 � to @ =<= Wkhq zh rewdlq
f4 @ =33366> fh

5
@ f @ =3339> I @ =3336> dqg J @ =3335:= f4 dqg fh

5
duh urxjko| wkh dyhudjh

gdpdjh udwhv lq wkh prqrsro| uhvs1 frpshwlwlyh fdqwrqv> vhh Dsshqgl{ E1 Li wkh lqyhvw0
phqw frvw lv ehorz wkh h{shfwhg gdpdjh ri d orz ulvn krxvh/ zh kdyh d qdwxudo prqrsro|
+vlqfh doo qxpehuv duh rq d |hduo| edvlv/ { kdv wr eh pxowlsolhg e| wkh lqyhvwphqw*v olihwlph
wr jhw dq hvwlpdwh ri wkh dfwxdo dprxqw,1 Li lqyhvwphqw frvwv idoo lq wkh wrs ghfloh ri wklv
udqjh/ wkh qdwxudo prqrsro| lv qrw vxvwdlqdeoh1 Wkh Fruroodu| whoov xv krz wkhvh uhvxowv
fkdqjh zlwk wkh sdudphwhu ydoxhv1 Qrwh wkdw zh kdyh gholehudwho| fkrvhq vwudljkwiruzdug
v|pphwulf sdudphwhu ydoxhv/ zklfk/ krzhyhu/ duh lq wkh vhqvleoh udqjh1
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lqyhvwphqw lv pruh h{shqvlyh wkdq whvwlqj rqfh li A�� � , n % / � G'

bE� � ^��E� � ,�*E� � E� � b�� � %� Vlqfh � 	 8c zh kdyh iru % 5 E�(8 �

wkdw rqh whvw zlwk pdqgdwru| lqyhvwphqw iru wkrvh zkr duh dvvljqhg wr M lv
rswlpdo� Lqwhuhvwlqjo|/ qrz wkh lqfxpehqw fdq qhyhu iroorz wklv srolf| dqg
suhyhqw hqwu|1 \hw/ lq wklv vhwxs hqwu| qhhg qrw eh lqh!flhqw1 Wr vhh wklv
vxssrvh wkh lqfxpehqw fkdujhv RU ' S�1 Wkrvh dvvljqhg wr M wkxv hqg xs
sd|lqj S� n % zlwk wkh lqfxpehqw1 Li wkh hqwudqw uhtxluhv eolqg lqyhvwphqw/
vkh kdv dyhudjh gdpdjh ,� E| fkdujlqj d sulfh R. 5 E,c S�� wkh hqwudqw dwwudfwv
doo ri wkh lqfxpehqw*v M0krxvhv dqg pdnhv srvlwlyh sur�wv1 Wkh lqfxpehqw*v
dyhudjh gdpdjh jrhv xs wr Su : S�� Wklv vfhqdulr plplfv wkh srolf| ri rqh
whvw zlwk pdqgdwru| lqyhvwphqw/ wkh wrwdo frvw ehlqj A���

81 Htxloleulxp

E| irfxvlqj rq wkh frqfhsw ri vxvwdlqdelolw| zh kdyh dqdo|}hg zkhwkhu ru qrw
wkh lqfxpehqw fdq nhhs wkh hqwudqw rxw ri wkh pdunhw zlwkrxw pdnlqj orvvhv1
Qhyhuwkhohvv/ wkhvh uhvxowv gr qrw dqvzhu wkh txhvwlrq zkhwkhu wkh lqfxpehqw
dfwxdoo| zdqwv wr nhhs wkh hqwudqw rxw1 Shukdsv wkh lqfxpehqw lv ehwwhu
r� e| dffrpprgdwlqj hqwu|1 Lw vhhpv shuihfwo| frqfhlydeoh wkdw fkdujlqj
d vxvwdlqdeoh sulfh phdqv orzhu sur�wv iru wkh lqfxpehqw wkdq ohwwlqj wkh
hqwudqw lq dqg ehlqj lq d gxrsro| vlwxdwlrq157

Wr dqvzhu wklv txhvwlrq zh qhhg vrph pruh vwuxfwxuh rq wkh vwudwhjlf
lqwhudfwlrq ehwzhhq wkh wzr �upv1 Vhyhudo srvvleoh prgholqj vwudwhjlhv pd|
frph wr plqg1 Iru wkh sxusrvh ri whfkqlfdo wudfwdelolw| zh frqvlghu wkh
iroorzlqj Vwdfnhoehuj0w|sh wzr vwdjh jdph158 Lq wkh �uvw vwdjh wkh lqfxpehqw
vhwv klv sulfh RU � Lq wkh vhfrqg vwdjh/ xsrq kdylqj revhuyhg RU c wkh hqwudqw
slfnv khu sulfh R.� Wr dyrlg whfkqlfdo rshqqhvv sureohpv/ zh glvfuhwl}h wkh
sulfh vsdfh wr S G' ifc 0c 20c ���c R4@ jc 0 vx!flhqwo| vpdoo1 Dffruglqjo|/ 0 lv
wkh vpdoohvw xqlw ri dffrxqw> li/ vd|/ wkh hqwudqw zdqwv wr voljkwo| xqghufxw
wkh lqfxpehqw/ vkh grhv vr e| 0� Iru qrwdwlrqdo frqyhqlhqfh dovr dvvxph
Se
2
jlyhq e| +5,/ SS

2
gh�qhg e| +6,/ dqg % duh lq S159 Ulvn qhxwudo lqvxuhuv

57Vhh/ h1j1/ Kd| dqg Pruulv +4<<4/ 8:908;3, ru Wluroh +4<;;/ 63;0644, iru fulwlfdo glvfxv0
vlrqv ri wkh frqfhsw ri vxvwdlqdelolw|1

58Zh fkrrvh wkh ohdghu0iroorzhu udwkhu wkdq vlpxowdqhrxv sulflqj jdph wr dyrlg pl{hg
vwudwhj| htxloleuld1

59Wr eh irupdoo| fruuhfw gh�qh Fh
5
dqg Ff

5
dv wkh vpdoohvw qxpehuv lq S juhdwhu ru htxdo

wr fh
5
dqg ff

5
zrun zlwk Fh

5
dqg Ff

5
lqvwhdg ri fh

5
dqg ff

5
=
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vhhn wr pd{lpl}h h{shfwhg sur�wv1 Zh irfxv rq vxejdph shuihfw htxloleuld1
Wkh iroorzlqj vhohfwlrq uxoh jxdudqwhhv xqltxhqhvv ri wkh htxloleulxp= Li dq
lqvxuhu lv lqgl�huhqw ehwzhhq wzr sulfhv/ kh2vkh jrhv iru wkh kljkhu rqh1

Zh qrz kdyh wr ghdo lq pruh ghwdlo zlwk wkh srvvlelolw| wkdw wkh hqwudqw
sxwv wkh lqfxpehqw rxw ri exvlqhvv e| xqghufxwwlqj zlwk E%n 0�� Jlyhq wkh
lqfxpehqw*v sulfh/ wkh hqwudqw frpsduhv xqghufxwwlqj e| 0 dqg jhwwlqj d
iudfwlrq ri wkh pdunhw zlwk gdpdjhv S2

S
zlwk xqghufxwwlqj e| E% n 0� dqg

jhwwlqj wkh zkroh pdunhw zlwk gdpdjhv S�� Wkh hqwudqw suhihuv xqghufxwwlqj
e| 0 udwkhu wkdq xqghufxwwlqj e| E%n 0� li ERU � SS

2
�EbE�� ^�� n E�� b�E��

^,� n b^2
�
nE�� b�^2

,
� � RU � %� S� / RU G' R � E%n S�� SS

2
�*Eb^�E�� ^�� n

E� � b�^,E� � ^,�� n SS
2
� Reylrxvo|/ wkh lqfxpehqw zloo dozd|v fkrrvh sulfhv

ehorz R ehfdxvh kh lv wkhq lq wkh pdunhw dqg pdnhv srvlwlyh sur�wv zkhuhdv
sur�wv duh }hur zkhq rxw ri exvlqhvv1 Ghshqglqj rq wkh sdudphwhu ydoxhv/
wkh hqwudqw*v ehvw dqvzhu wr RU ' R lv wr hlwkhu xqghufxw voljkwo| ru wr jr iru
wkh uhvlgxdo ghpdqg1 Wklv dfwxdoo| jlyhv ulvh wr vhyhudo whglrxv vxefdvhv1 Li
zh uhvwulfw rxu dwwhqwlrq wr wkh fdvh R4@ � Rc wkh hqwudqw*v ehvw dqvzhu wr
wkh kljkhvw sulfh wkh lqfxpehqw pd| fkdujh RU ' R4@ lv wr voljkwo| xqghufxw1
Qrwh wkdw wklv dvvxpswlrq lpsolhv lq sduwlfxodu % : SS

2
� S�1

Jlyhq wklv vlpsoli|lqj dvvxpswlrq/ wkh htxloleulxp kdv d udwkhu vwudljkw0
iruzdug vwuxfwxuh1 Hlwkhu wkh lqfxpehqw fkdujhv d olplw sulfh wkdw nhhsv wkh
hqwudqw rxw ri wkh pdunhw +irupdoo|/ wkh hqwudqw fkdujhv R4@ dqg kdv qr fxv0
wrphuv jlyhq wkh lqfxpehqw*v sulfh,> ru wkh lqfxpehqw dffrpprgdwhv hqwu|1
Lq wklv fdvh wkh lqfxpehqw fkdujhv R4@ zklfk wkh hqwudqw/ lq wxuq/ voljkwo|
xqghufxwv1 Zh kdyh wkxv lqh!flhqw hqwu| dqg wkh lqvxuhuv uls r� frqvxphuv1
Wkh lqfxpehqw*v fkrlfh ghshqgv rq zkdwhyhu rswlrq lv pruh sur�wdeoh iru
klp1

Sursrvlwlrq 5= Ohw R4@ � E%nS��SS
2
�*Eb^�E��^��nE��b�^,E��^,��nSS

2
�

Lq wkh xqltxh vxejdph shuihfw htxloleulxp
l, li 4�?iSS

2
c Se

2
� %j � S� : E R4@ � Se

2
�db^�E�� ^�� n E�� b�^,E�� ^,�oc

sW
U
' 4�?iSS

2
c Se

2
� %j dqg RW

.
' R4@ (

ll, li 4�?iSS
2
c Se

2
� %j � S� � E R4@ � Se

2
�db^�E�� ^�� n E�� b�^,E�� ^,�oc

sW
U
' R4@ dqg RW

.
' R4@ � 0�

Wkh surri lv uhohjdwhg wr wkh Dsshqgl{ D1 Wkh edvlf dujxphqw lv dv iroorzv1
Wkhuh duh wzr fodvvhv ri vxejdphv/ rqh zlwk hqwu| dqg rqh zlwkrxw1 Li wkh
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lqfxpehqw fkdujhv wkh olplw sulfh sU ' 4�?iSS
2
c Se

2
�%jc wkh hqwudqw vwd|v rxw

ri wkh exvlqhvv e| fkrrvlqj R4@ � Wkh lqfxpehqw kdv wkh hqwluh pdunhw dqg
pdnhv wkh sur�w 4�?iSS

2
c Se

2
� %j � S��

Pruh lqwhuhvwlqj duh wkh fdvhv zkhuh wkhuh lv hqwu|1 Wkhuh zh �uvw vkrz
wkdw wkh hqwudqw zloo qhyhu fkdujh wkh vdph sulfh dv wkh lqfxpehqw1 Li wkh
hqwudqw voljkwo| xqghufxwv wkh lqfxpehqw/ vkh kdv orzhu dyhudjh gdpdjhv
SS
2
	 S|

2
/ S|

2
jlyhq e| +7,/ dqg d odujhu folhqwhoh1

Wklv phdqv wkdw wkh hqwudqw hlwkhu xqghufxwv wkh lqfxpehqw e| 0 ru jrhv
iru wkh uhvlgxdo ghpdqg e| fkdujlqj R4@ � Li wkh lqfxpehqw fkdujhv d yhu|
orz sulfh/ wkh hqwudqw zloo rsw iru wkh uhvlgxdo ghpdqg> lq frqwudvw/ li wkh
lqfxpehqw txrwhv d yhu| kljk sulfh/ wkh hqwudqw zloo xqghufxw1 Wklv lpsolhv/
wkdw wkhuh h{lvwv dq lqfxpehqw*v sulfh 	RU zkhuh wkh hqwudqw lv lqgl�huhqw
ehwzhhq wkh wzr vwudwhjlhv1 Iru dq| sulfh RU � 	RU / wkh hqwudqw rswv iru
wkh uhvlgxdo ghpdqg e| fkdujlqj R4@ 1 Reylrxvo|/ dprqj wkhvh vxejdphv
	RU jhqhudwhv wkh kljkhvw sur�w iru wkh lqfxpehqw1 Iurp wkh gh�qlwlrq ri 	RU
iroorzv wkdw erwk lqvxuhuv pdnh wkh vdph sur�w/ wkh lqfxpehqw zlwk wkh orz
sulfh dqg wkh hqwudqw zlwk wkh kljk sulfh1

Iru dq| sulfh RU : 	RU c wkh hqwudqw zloo xqghufxw wkh lqfxpehqw e| 0�

Dffruglqjo|/ li wkh lqfxpehqw fkrrvhv wklv xqghufxwwlqj vfhqdulr/ kh zloo
reylrxvo| gr vr zlwk R4@ � Qhyhuwkhohvv/ e| fkrrvlqj R4@ dqg ehlqj xqghufxw
wkh lqfxpehqw pdnhv wkh vdph sur�w dv li kh slfnv 	RU dqg wkh hqwudqw lv wkh
pruh h{shqvlyh lqvxuhu15: Wkxv/ jlyhq rxu vhohfwlrq uxoh/ wkh lqfxpehqw
fkrrvhv R4@ dqg pdnhv wkh sur�w ER4@ � Se

2
�db^�E� � ^�� n E� � b�^,E� �

^,�o� Ghshqglqj rq zkhuh wkh lqfxpehqw*v sur�wv duh kljkhu/ zh revhuyh lq
htxloleulxp d olplw sulfh ru dffrpprgdwhg hqwu|1 Qrwh wkdw zkhq hqwu|
rffxuv sulfhv duh kljk1 Dffruglqjo|/ rxu prgho lv deoh wr frsh zlwk Ihoghu*v
+4<<9, revhuydwlrq wkdw wkh prqrsro| lqvxuhu*v diwhu hqwu| udwhv zhqw xs wr
wkh sulydwh lqvxuhuv* kljk ohyhov1

Lw lv ri vrph lqwhuhvw wr frpsduh wkh frqfhsw ri vxvwdlqdelolw| zlwk wkh
htxloleulxp lqgxvwu| vwuxfwxuh ri rxu jdph1 Zkhq wkh prqrsro| lv qrw
vxvwdlqdeoh/ wkh lqfxpehqw fhuwdlqo| dffrpprgdwhv hqwu| ehfdxvh fkduj0
lqj d olplw sulfh phdqv orvvhv li wkh prqrsro| lv xqvxvwdlqdeoh1 Zkhq wkh
prqrsro| lv vxvwdlqdeoh/ wkh lqfxpehqw hlwkhu dffrpprgdwhv hqwu| ru kh
fkdujhv d olplw sulfh wkdw nhhsv wkh hqwudqw rxw1 Li wkh sur�wv iurp fkduj0

5:Iru fhuwdlq sdudphwhu frqvwhoodwlrqv spd{ hyhq |lhogv d kljkhu sur�w wkdq asL 1

4;



lqj d vxvwdlqdeoh olplw sulfh duh srvlwlyh exw orz/ wkh lqfxpehqw suhihuv wkh
gxrsro|1 Wkxv/ lq rxu lqvxudqfh h{dpsoh/ vxvwdlqdelolw| lv qhfhvvdu| exw qrw
vx!flhqw wr suhyhqw lqh!flhqw hqwu|1

91 Frqfoxvlrqv

Zh kdyh suhvhqwhg d prgho ri dq lqvxudqfh pdunhw zkhuh wkh xvh ri lpshuihfw
whvwv fuhdwhv d qdwxudo prqrsro|= lq wkh h!flhqw pdunhw vwuxfwxuh exloglqjv
vkrxog eh whvwhg rqo| rqfh1 Wkh kdup ri d vhfrqg whvw lq jhwwlqj d frxsoh ri
suhylrxvo| fruuhfwo| dvvljqhg krxvhv zurqj h{fhhgv wkh jrrg ri fruuhfwlqj d
ihz ri wkh �uvw urxqg*v plvmxgjphqwv1 Zh vkrz wkdw wklv qdwxudo lqvxudqfh
prqrsro| qhhg qrw eh vxvwdlqdeoh/ l1h1/ lw lv qrw srvvleoh iru wkh lqfxpehqw
wr fkdujh d qrq0orvv pdnlqj sulfh wkdw nhhsv wkh hqwudqw rxw1 Pruhryhu/ zh
vkrz iru d sduwlfxodu pdunhw vwuxfwxuh wkdw lq htxloleulxp wkh lqfxpehqw
pd| dffrpprgdwh hqwu| hyhq wkrxjk wkh qdwxudo prqrsro| lv vxvwdlqdeoh1
Li wkhuh lv hqwu|/ erwk/ wkh lqfxpehqw dqg wkh hqwudqw uls r� frqvxphuv zlwk
kljk sulfhv1

Rxu prgho lv deoh wr h{sodlq wkuhh zhoo hvwdeolvkhg vw|ol}hg idfwv iurp wkh
Jhupdq dqg Vzlvv krxvlqj lqvxudqfh pdunhwv1 Wkhuh gdpdjh udwhv kdyh ehhq
irxqg wr eh vxevwdqwldoo| orzhu iru uhjlrqv zlwk d prqrsro| wkdq iru uhjlrqv
zkhuh wkhuh lv frpshwlwlrq1 Pruhryhu/ lqyhvwphqwv lq �uh suhyhqwlrq hwf1
duh frqvlghudeo| kljkhu lq wkh prqrsrolvwlf pdunhwv wkdq lq wkh frpshwlwlyh
rqhv1 Ilqdoo|/ diwhu oliwlqj uhvwulfwlrqv rq hqwu|/ wkh iruphu prqrsro| lqvxuhuv
fkdujh wkh vdph kljk sulfhv dv wkh sulydwh lqvxuhuv1 Qrwh wkdw wkh vw|ol}hg
idfwv krog iru vpdoo dv zhoo dv iru odujh ulvnv +Ihoghu dqg Eulqnpdqq4<<9,15;

Rxu dssurdfk lv ehvw vxlwhg wr h{sodlq wkh hpslulfdo revhuydwlrqv iru odujh
ulvnv1 Yrq Xqjhuq0Vwhuqehuj*v pdunhwlqj frvw lv d vhqvleoh h{sodqdwlrq iru
vpdoo ulvnv1 Dffruglqjo|/ wkh wzr h{sodqdwlrqv vkrxog shukdsv eh vhhq dv
frpsohphqwv udwkhu wkdq vxevwlwxwhv1

Qrwh wkdw wkh prgho grhv qrw h{sodlq wkh hpslulfdo revhuydwlrq wkdw wkh
lqfxpehqw*v sulfhv zhqw xs diwhu wkh pdunhw zdv rshqhg1 Lq vhfwlrq 7 zh gr
qrw ghulyh sulfhv1 E| zrunlqj zlwk wkh frqfhsw ri vxvwdlqdelolw| zh rewdlq
uhvxowv derxw gdpdjh udwhv dqg lqyhvwphqw ehkdylru zlwkrxw vshfli|lqj wkh

5;Wkh vxufkdjhv ri sulydwh lqvxuhuv rq gdpdjh udwhv duh vrphzkdw orzhu iru odujh ulvnv
wkdq iru vpdoo ulvnv zklfk Ihoghu dqg Eulqnpdqq wdnh dv lqglfdwlrq ri pruh frpshwlwlrq
lq wkh odujh ulvnv pdunhw1
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lqvxuhuv* remhfwlyh ixqfwlrqv> wkh olplwhg vwuxfwxuh ri wklv vhfwlrq/ krzhyhu/
grhvq*w doorz xv wr ghwhuplqh wkh sulfhv frpsdqlhv fkdujh1

Dw wklv srlqw lw vhhpv dssursuldwh wr glvfxvv wkh edvlf dvvxpswlrqv gulylqj
rxu uhvxowv lq pruh ghwdlo1 Whvwlqj krxvhv wr dvvhvv wkhlu gdpdjh suredelolw|
lv frpprq sudfwlfh/ hyhq lq frxqwulhv zlwk gl�huhqw lqvwlwxwlrqv iurp wkh
rqhv zh frqvlghu15< Lw lv reylrxv wkdw doo wkhvh whvw0surfhgxuhv whqg wr eh
lpshuihfw1 Lqvxuhuv dovr riwhq lqvlvw rq kdylqj wkh exloglqj phhw fhuwdlq
+plqlpxp, vdihw| vwdqgdugv udwkhu wkdq udlvlqj wkh suhplxp/ lq sduwlfxodu/
li wklv lv lqh!flhqw dv lq rxu vhw0xs163 Pruhryhu/ vxfk d �qh0wxqlqj ri suhpld
ohdgv wr vxevwdqwldoo| kljkhu wudqvdfwlrqv frvwv wkdq wkh xvh ri vwdqgdugl}hg
frqwudfwv1 Ilqdoo|/ lw lv frpprq sudfwlfh wkdw lqvxudqfh frpsdqlhv vhqg wkhlu
rzq h{shuwv wr dvvhvv odujh ulvnv164

Wklv odvw ihdwxuh dfwxdoo| fuhdwhv rxu lqh!flhqf|1 Lw lv wkh whvwlqj sduw ri
wkh exvlqhvv wkdw fuhdwhv wkh qdwxudo prqrsro|/ qrw wkh lqvxudqfh dfwlylw|1
Lw lv ehfdxvh hdfk lqvxuhu kdv lwv rzq sursulhwdu| whvwlqj wkdw frqvxphuv
fdq h{sorlw wkh lpshuihfwlrq ri whvwlqj surfhgxuhv/ zklfk/ lq wxuq/ pdnhv
frpshwlwlrq lqh!flhqw1 Li wkh whvwlqj surfhgxuh lv prqrsrol}hg dqg lqvxudqfh
frpsdqlhv uhtxluh wkdw wkh prqrsrolvwv*v whvw lv sdvvhg/ wkdq frpshwlwlrq lq
wkh lqvxudqfh exvlqhvv lv qrw lqh!flhqw1 Vxfk d surfhgxuh lv/ h1j1/ frpprq
sudfwlfh lq Jhupdq| dqg wkh XN iru dxwr lqvxudqfh1 Jryhuqphqw djhqflhv
fkhfn wkh vdihw| ri fduv hyhu| vr riwhq dqg zlwkrxw kdylqj sdvvhg fduv jhw qr
lqvxudqfh165

Dqrwkhu zd| wr vroyh rxu sureohp lv dv iroorzv= Ehiruh frqgxfwlqj wkh
whvw/ krxvhrzqhuv sd| d  dw suhplxp zklfk lqfoxghv krxvlqj lqvxudqfh soxv
dgglwlrqdo lqyhvwphqw lqvxudqfh1 Wkhq wkh whvw lv shuiruphg dqg wkh lqvxuhu

5<Lq Fdoliruqld/ iru h{dpsoh/ wkh vhoohu ri d krxvh pxvw surylgh d cwhuplwh uhsruw* ghvfule0
lqj wkh jhqhudo frqglwlrq ri wkh exloglqj1 Wr jhw d pruwjdjh/ edqnv jhqhudoo| uhtxluh wkh
ex|hu wr �{ dq|wklqj wkh uhsruw remhfwhg wr dqg wkh ex|hu pxvw rewdlq krxvlqj lqvxudqfh1
Lq wkh XN wkh pruwjdjh frpsdq|/ zklfk riwhq dovr vxssolhv krxvlqj lqvxudqfh/ vhqgv rqh
ri lwv djhqwv wr lqvshfw wkh krxvh iru vdoh1

63Uhfdoo wkdw lq rxu prgho lw lv fkhdshu wr xsjudgh dqg sd| orz udwhv udwkhu wkdq wr
sd| kljk udwhv1

64Vhh/ h1j1/ kwws=22zzz1ehvwuhylhz1frp2dufklyhv24<<<03<2sffryhu1kwpo rq krz ulvnv ri
dpxvhphqw sdunv duh dvvhvvhg1

65Dqhfgrwdo hylghqfh vxjjhvwv/ wkrxjk/ wkdw rxu dvvxpswlrq ri shuihfw fruuhodwlrq ri wkh
rxwfrphv e| uhshdwhgo| dsso|lqj wkh vdph whvw lv qrw wuxh iru wkhvh djhqflhv1 Lw lv dozd|v
d jrrg vwudwhj| wr wu| dqrwkhu rxwohw ri wkh djhqf| li wkh fdu idlohg wkh whvw1
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sd|v iru dq| lqyhvwphqw1 Li wkh lqvxuhu lqyhvwv h!flhqwo|/ kh kdv dyhudjh frvw
A��� Ehuwudqg0frpshwlwlrq dprqj lqvxuhuv zloo gulyh grzq sulfhv wr A��

vr wkdw zlwk wklv irup ri frqwudfwlqj frpshwlwlrq lpsohphqwv wkh h!flhqw
rxwfrph1 Wklv wkhruhwlfdoo| dsshdolqj sursrvdo lq zklfk wkh lqvxuhu ehduv
wkh lqyhvwphqw ulvn jlyhv/ krzhyhu/ ulvh wr d qhz vhw ri sureohpv= li wkh
lqvxudqfh frpsdq| lv jrlqj wr sd| iru vdihw| lqyhvwphqwv dq|zd|/ zk| vkrxog
rzqhuv gr vr lq wkh �uvw sodfhB Zh zrxog uxq lqwr d prudo kd}dug sureohp
frqfhuqlqj vdihw| lqyhvwphqwv1 Lq rxu lqvwlwxwlrqdo vhwxs krxvhrzqhuv ehdu
wkh lqyhvwphqw ulvn dorqh dqg/ dffruglqjo|/ kdyh surshu lqfhqwlyhv frqfhuqlqj
lqyhvwphqw1 Wkh| jhw/ krzhyhu/ ixoo lqvxudqfh iru wkh ulvn ri  rrglqj hwf1
Khuh zh kdyh lq plqg wkdw frqvxphuv kdyh olwwoh lq xhqfh rq wkh xqghuo|lqj
fdxvhv vxfk dv/ vd|/ hduwktxdnhv ru Ho Qlôr1

Zh kdyh gholehudwho| dvvxphg wkh whvw wr eh frvwohvv= D frvwo| whvw zrxog
rqo| uhlqirufh wkh qdwxudo prqrsro| surshuw|166 Wr vhh wklv/ frqvlghu rxu
vhwxs zlwkrxw lqyhvwphqwv rzqhuv fdq pdnh1 Vxfk d pdunhw lv fohduo| d
qdwxudo prqrsro|/ dq| gxsolfdwlrq ri whvw frvwv lv lqh!flhqw1 Wkhuh frxog
hdvlo| eh hqwu|/ dqg li vr/ sulfhv zrxog ulvh1 Dffruglqjo|/ vxfk d vlpsoh
vhwxs zlwk frvwo| whvwv fdq dovr h{sodlq lqh!flhqw hqwu| dqg ulvlqj sulfhv1
Qhyhuwkhohvv/ lw fdqqrw frsh zlwk lqfuhdvlqj gdpdjh udwhv1 Li wkhuh lv hqwu|
lq vxfk d pdunhw/ hyhqwxdoo| doo krxvhv zloo sdvv wkh whvw vrphzkhuh dqg
sulfhv kdyh wr uh hfw wklv1 Wkh dyhudjh gdpdjh udwh lq wkh hfrqrp| vwd|v/
krzhyhu/ wkh vdph1 Lq frqwudvw/ lq rxu prgho wkh dyhudjh gdpdjh udwh jrhv
xs ehfdxvh wkhuh lv wrr olwwoh lqyhvwphqw1 Dgglqj srvlwlyh whvw frvwv zrxog/ ri
frxuvh/ lqfuhdvh wkh h{sodqdwru| srzhu ri rxu prgho1 Iru/ vd| lqgxvwuldo �uh
lqvxudqfh zkhuh wkh h{shuwv dvvhvvlqj wkh xqghuo|lqj ulvnv duh h{shqvlyh/ wkh
qdwxudo prqrsro| surshuw| vkrxog eh pruh olnho| wr krog wkdq iru lqvxudqfh
eudqfkhv zkhuh whvw frvwv duh udwkhu orz1 Srvlwlyh whvw frvwv frxog dovr khos
wr h{sodlq wkh idfw wkdw prqrsro| lqvxuhuv kdyh orzhu dgplqlvwudwlyh frvwv
wkdq frpshwlwlyh lqvxuhuv +vhh Dsshqgl{ E,1 Iru hdfk whvw wkh prqrsrolvw
shuirupv/ kh kdv d folhqw> iru lqvxuhuv zrunlqj lq frpshwlwlyh hqylurqphqwv
wklv lv w|slfdoo| qrw wkh fdvh1

D �qdo srlqw lv shukdsv zruwk phqwlrqlqj= Vfuhhqlqj dqg whvwlqj zloo sod|

66Vr zrxog dq| qrwlrq ri �{hg frvwv= zlwk �{hg frvwv wkhuh lv rqo| rqh dfwlyh �up lq
wkh h!flhqw pdunhw vwuxfwxuh1 Zh uxohg rxw �{hg frvwv lq rughu qrw wr eoxu rxu lpshuihfw
whvw skhqrphqrq zlwk rwkhu irufhv fdoolqj iru d qdwxudo prqrsro|1
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dq hyhu pruh lpsruwdqw uroh lq rwkhu lqvxudqfh pdunhwv/ wkh survshfwv ehlqj
juhdwhvw lq khdowk lqvxudqfh zkhuh surjuhvv lq jhqhwlf dqdo|vlv pd| fdxvh
vxevwdqwldo fkdqjhv1 D ehwwhu xqghuvwdqglqj ri lpshuihfw whvw surfhgxuhv
vkrxog wkxv eh ri lqwhuhvw eh|rqg wkh udwkhu qduurz �hog ri krxvlqj lqvxudqfh1
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Dsshqgl{ D

Surri ri Sursrvlwlrq 5= Zh kdyh wr glvwlqjxlvk ehwzhhq wkh vxejdphv lq zklfk
wkh lqfxpehqw nhhsv wkh hqwudqw rxw dqg wkh vxejdphv lq zklfk wkh lqfxpehqw
dffrpprgdwhv hqwu|1 Vxssrvh wkh lqfxpehqw fkdujhv olplw sulfhv sU � plqifS

2
> fe

2
�

{j= Li wkh hqwudqw xqghufxwv zlwk s. ? sU / vkh pdnhv orvvhv ehfdxvh s. ? fS
2
= Li

vkh fkdujhv s. @ sU / vkh pdnhv orvvhv ehfdxvh s. ? f|
2
= Li wkh hqwudqw fkdujhv

s. 5 +sU > sU . {,> vkh pdnhv orvvhv ehfdxvh s. ? fe
2
= Li wkh hqwudqw fkdujhv s. �

sU . {> vkh pdnhv }hur sur�wv ehfdxvh vkh hlwkhu mxvw euhdnv hyhq ru vkh kdv qr
fxvwrphuv1 Jlyhq rxu vhohfwlrq uxoh/ s. @ s4@ +A k, lv wkh ehvw dqvzhu iru
wkh hqwudqw li wkh lqfxpehqw slfnv d olplw sulfh sU � plqifS

2
> fe

2
� {j= Reylrxvo|/

s�
U
=@ plqifS

2
> fe

2
� {j lv wkh sur�w pd{lpl}lqj olplw sulfh1 Li wkh prqrsro| lv qrw

vxvwdlqdeoh/ l1h1/ li { A fe
2
� f�> s

�

U
|lhogv d orvv ri fe

2
� { � f�= Li/ krzhyhu/ wkh

prqrsro| lv vxvwdlqdeoh/ s�
U
|lhogv d sur�w �U+s�U, @ plqifS

2
> fe

2
� {j � f� � 3=

Qrz vxssrvh wkh lqfxpehqw fkdujhv plqifS
2
> fe

2
� {j ? sU � s4@ = Zlwk wkhvh

sulfhv wkh hqwudqw fdq frph lq dqg pdnh d sur�w1 Wkh hqwudqw zloo qhyhu fkdujh
s. @ sU 1 Zlwk wkdw sulfh vkh kdv kdoi ri wkh pdunhw dqg dyhudjh gdpdjhv f|

2
= Vkh

pdnhv d sur�w +s. � f|
2
,@5= Li vkh xqghufxwv wkh lqfxpehqw e| %> vkh kdv orzhu

dyhudjh gdpdjh fS
2
? f|

2
dqg d odujhu folhqwhoh �+4� t�, . +4� �,+4� t,, . �t2

�
.

+4 � �,t2
,
A 4@5= Wkxv/ iru % vx!flhqwo| vpdoo/ xqghufxwwlqj sU lv ehwwhu iru wkh

hqwudqw wkdq d wlh1
Dffruglqjo|/ wkh hqwudqw hlwkhu xqghufxwv ru wdnhv wkh uhvlgxdo ghpdqg e|

txrwlqj d kljkhu sulfh wkdq wkh lqfxpehqw1 Lq erwk fdvhv wkh hqwudqw*v sur�wv ulvh
olqhduo| lq s. xs wr wkh  rru ri s4@ 1 Wkhuhiruh/ wkh hqwudqw hlwkhu xqghufxwv zlwk
wkh vpdoohvw srvvleoh dprxqw/ l1h1/ s. @ sU � % ru vkh wdnhv wkh uhvlgxdo ghpdqg
zlwk wkh kljkhvw srvvleoh sulfh s. @ plqisU . {> s4@ j=

Li sU � fS
2
> wkh hqwudqw jrhv iru wkh uhvlgxdo ghpdqg e| fkdujlqj s. @ plqisU.

{> s4@ j= Li sU @ s4@ / wkh hqwudqw xqghufxwv zlwk s. @ s4@ � %= Qh{w qrwh
wkdw li wkh hqwudqw xqghufxwv/ khu sur�wv duh dovr olqhdu lq wkh lqfxpehqw*v sulfh
sU ehfdxvh s. @ sU � %= Vlploduo|/ li wkh hqwudqw jrhv iru wkh uhvlgxdo ghpdqg/ khu
sur�wv ulvh olqhduo| lq sU xs wr wkh  rru ri s4@ � { zkhuh wkh| uhpdlq frqvwdqw
ehfdxvh s. @ plqisU . {> s4@ j= Iurp wkh lqwhuphgldwh ydoxh wkhruhp zh fdq/
wkhuhiruh/ frqfoxgh wkdw wkhuh h{lvwv d xqltxh asU 5 +fS

2
> s4@ , vxfk wkdw wkh hqwudqw

lv lqgl�huhqw ehwzhhq jrlqj iru uhvlgxdo ghpdqg dqg xqghufxwwlqj1 Irupdoo|/ asU lv
gh�qhg e|

^asU � fS
2
`^�+4� t�, . +4� �,+4� t,, . �t2

�
. +4� �,t2

,
` @
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^plqiasU . {> s4@ j � fe
2
`^�t�+4� t�, . +4� �,t,+4� t,,` @ = a�=

Fdoo wkh dvvrfldwhg sur�w a�= Li wkh lqfxpehqw fkdujhv sU ? asU / wkh hqwudqw jrhv iru
wkh uhvlgxdo ghpdqg dqg wkh lqfxpehqw*v sur�wv ulvh olqhduo| lq sU = Wkxv/ dprqj
wkhvh sulfhv asU lv wkh ehvw fkrlfh iru wkh lqfxpehqw1 Zlwk wkdw sulfh wkh lqfxpehqw
pdnhv sur�w a� dqg vr grhv wkh hqwudqw1

Li wkh lqfxpehqw fkdujhv sU A asU > wkh hqwudqw xqghufxwv1 Wkh lqfxpehqw*v
sur�wv duh lqfuhdvlqj lq sU vr wkdw sU @ s4@ lv wkh ehvw fkrlfh1 Li plqiasU .

{> s4@ j @ s4@ > �U+ s4@ , @ a�= Li plqiasU . {> s4@ j @ asU . {> �U+ s4@ , A a�=

Wkxv/ iru sU A s�
U
/ jlyhq rxu vhohfwlrq uxoh/ wkh lqfxpehqw dffrpprgdwhv hqwu|

e| fkdujlqj s@
U
=@ s4@ zklfk wkh hqwudqw/ lq wxuq/ xqghufxwv zlwk s. @ s4@ �

%= Wkh lqfxpehqw*v sur�w lv �U+s
@

U
, @ +s4@ � fe

2
,^�t�+4 � t�, . +4 � �,t,+4 �

t,,`= Frqvhtxhqwo|/ li �U+s�U, A �U+s
@
U
,> sW

U
@ s�

U
dqg sW

.
@ s4@ > li �U+s�U, � �U+s

@
U
,>

sW
U
@ s4@ dqg sW

.
@ s4@ � %=

T1H1G

Dsshqgl{ E

Wkh Vzlvv Krxvlqj Lqvxudqfh Glvsxwh= Wkh glvsxwh zdv hvvhqwldoo| derxw wkuhh lv0
vxhv1 Iluvw/ gdpdjh udwhv/ phdvxuhg lq fhqwlphv shu 4333 iudqfv lqvxudqfh ydoxh/
deeuhyldwhg fw24333 iu1 Dyhudjh gdpdjh udwhv ryhu wkh shulrg 4<;7 0 4<<6 zhuh
651; fw24333 iu iru wkh vwdwh prqrsrolhv dqg 8814 fw24333 iu iru wkh sulydwh lqvxuhuv1
Khuh wkh sulydwh lqvxuhuv dujxh wkdw wkh| rshudwh pdlqo| lq wkh pruh ulvn| prxq0
wdlq fdqwrqv dqg/ wkhuhiruh/ kdyh kljkhu gdpdjh udwhv1 \hw/ hyhq zkhq zh orrn
dw wkh glvdjjuhjdwh ohyho dqg frpsduh vlplodu ulvnv/ wkh edvlf �qglqjv uhpdlq wkh
vdph1 Lq wkh sulydwho| lqvxuhg prxqwdlq fdqwrq Rezdoghq wkh gdpdjh udwh zdv
:918 fw24333 iu dqg lq wkh qhljkerulqj sxeolfo| lqvxuhg prxqwdlq fdqwrq Qlzdoghq
891< fw24333 iu1 Lq wkh sulydwho| lqvxuhg wrzq Jhqhyd wkh gdpdjh udwh zdv 691:
fw24333 iu/ lq wkh sxeolfo| lqvxuhg ]xulfk +dqg qhljkerulqj Odxvdqqh, 4;16 +4;18,
fw24333 iu1

Vhfrqg/ wkh sduwlhv glvdjuhh rq krz wr kdqgoh wkh vxufkdujhv rq gdpdjh udwhv
iru �uh suhyhqwlrq/ ryhukhdgv/ dqg sur�wv1 Yrq Xqjhuq0Vwhuqehuj frqvlghuv wkh
devroxwh ydoxhv ri 6414 fw24333 iu iru wkh vwdwh prqrsrolhv dqg 861< fw24333 iu
iru wkh sulydwh lqvxuhuv1 Li zh vxewudfw iurp wkhvh vxufkdujhv wkh h{shqvhv iru
�uh suhyhqwlrq/ wkh gl�huhqfh ehfrphv hyhq pruh vwulnlqj/ 4:1: fw24333 iu iru
wkh prqrsrolhv dqg 7:1< fw24333 iu iru wkh sulydwh lqvxuhuv1 Vfklsv/ lq frqwudvw/
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frpsxwhv wkh udwlr wrwdo suhpld2gdpdjh udwhv/ jlylqj ulvh wr 49716( iru wkh sulydwh
dqg 4<817( iru wkh prqrsro| lqvxuhuv1 Lw lv qrw hqwluho| fohdu zkhwkhu wklv udwlr
fdq eh xvhg wr pdnh phdqlqjixo frpsdulvrqv> lq dq| fdvh lw lv idyrudeoh iru lqvxuhuv
zlwk kljk gdpdjh udwhv1

Wklug/ wkh sduwlhv wr wkh glvsxwh udq vhyhudo uhjuhvvlrqv wr vxevwdqwldwh wkhlu
fodlpv1 Khuh wkh lqwhuhvwlqj ihdwxuh lv wkdw Vfklsv zrunv zlwk xqzhljkwhg uhjuhv0
vlrqv zkhuhdv yrq Xqjhuq0Vwhuqehuj xvhv zhljkwhg uhjuhvvlrqv1 Wklv lv lpsruwdqw
ehfdxvh wkh wkuhh vpdoo fdqwrqv Vfkd�kdxvhq/ Vfkz|}/ dqg Xul zlwk mxvw 6( ri doo
wkh exloglqjv lq Vzlw}huodqg duh h{wuhph rxwolhuv lq idyru ri Vfklsv1 Nlufkjçvvqhu
+4<<9, uhuxqv Vfklsv* xqzhljkwhg uhjuhvvlrqv zlwkrxw wkhvh rxwolhuv/ dqg rewdlqv
wkh rssrvlwh ri klv txdolwdwlyh uhvxowv1 Pruhryhu/ Vfklsv* uhjuhvvlrqv duh lqvljqli0
lfdqw zlwk d qhjdwlyh U2= Yrq Xqjhuq0Vwhuqehuj*v zhljkwhg uhjuhvvlrqv/ e| dqg
odujh/ ydolgdwh klv fodlpv1 Iru h{dpsoh/ Nlufkjçvvqhu rewdlqv

suhplxp udwh @ 8<=9;6
+:=5:,

. 3=::; gdpdjh udwh
+7=96,

� 53=7:5 gxpp|/
+8=3:,

U2 @ 3=974> VHU @ 49=34> M=E= @ 3=6;:>

zkhuh VHU phdvxuhv wkh vwdqgdug huuru ri wkh uhjuhvvlrq dqg M1E1 jlyhv wkh ydoxh
ri wkh Mdutxh0Ehud0whvw iru qrupdolw| ri wkh uhvlgxdov1 Wkh gxpp| yduldeoh wdnhv
rq 4 iru prqrsro| fdqwrqv dqg 3 rwkhuzlvh1 Khuh wkh frh!flhqw ri wkh gxpp|
yduldeoh whoov xv wkdw/ fhwhulv sdulexv/ wkh suhpld ri wkh prqrsro| lqvxuhuv duh 53
fw24333 iu ehorz wkh suhpld ri sulydwh lqvxuhuv1

Odvw exw qrw ohdvw lw lv lpsruwdqw wr vwuhvv wkdw qhlwkhu Nlufkjçvvqhu qru L zhuh
kluhg e| dq| ri wkh sduwlhv wr wkh glvsxwh/ qru glg zh uhfhlyh dq| sd|phqwv1 Rxu
lqwhuhvw lq wklv fdvh lv sxuho| dfdghplf1 Nlufkjçvvqhu lv prvwo| lqwhuhvwhg lq wkh
uhdvrqv wkdw ohw Vfklsv zulwh klv uhsruw iurp d sxeolf fkrlfh shuvshfwlyh167 L dp
lqwhuhvwhg lq wkh vw|ol}hg idfwv iurp dq LR shuvshfwlyh1 L kdyh ghvfulehg wkh glvsxwh
iru wkh iroorzlqj uhdvrq= Vfklsv* dwwdfn lq wkh hqg uhvxowhg lq d eurdg frqvhqvxv
wkdw wkhuh lv uhdoo| vrphwklqj wr yrq Xqjhuq0Vwhuqehuj*v vw|ol}hg idfwv1

67Vhh/ h1j1/ Frrwhu dqg Hprqv +5333, iru d phfkdqlvp ghwhuulqj vodqwhg dqg
idovh h{shuw whvwlprq| lqfoxglqj �mxqn vflhqfh�1
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Uhihuhqfhv

Dnhuori/ J1/ 4<:3/ Wkh Pdunhw iru cOhprqv*= Txdolw| Xqfhuwdlqw| dqg wkh
Pdunhw Phfkdqlvp/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ ;7/ 7;;0833

Duqrww/ U1 dqg Vwljolw}/ M1/ 4<;9/ Prudo Kd}dug dqg Rswlpdo Frpprglw|
Wd{dwlrq/ Mrxuqdo ri Sxeolf Hfrqrplfv/ 5</ 4057

Edxpro/ Z1/ Sdq}du/ M1/ dqg Zloolj/ U1/ 4<;5/ Frqwhvwdeoh Pdunhwv dqg wkh
Wkhru| ri Lqgxvwu| Vwuxfwxuh +Dfdghplf Suhvv,

Eurhfnhu/ W1/ 4<<3/ Fuhglw0Zruwklqhvv Whvwv dqg Lqwhuedqn Frpshwlwlrq/
Hfrqrphwulfd/ </ 75<0785

Frrwhu/ U1 dqg Hprqv/ Z1/ 5333/ Wuxwk0Uhyhdolqj Phfkdqlvpv iru Frxuwv/
XF Ehunhoh| Odz dqg Hfrqrplfv Zrunlqj Sdshu 5333046/ iws=22zzz0
yzl1xqleh1fk2zsdshuv2hprqv2 zlwb34331sgi

Hssoh/ N1 dqg Vfkçihu/ U1/ 4<<9/ Wkh Wudqvlwlrq iurpPrqrsro| wr Frpshwl0
wlrq= Wkh Fdvh ri Krxvlqj Lqvxudqfh lq Edghq0Z uwwhpehuj/ Hxurshdq
Hfrqrplf Uhylhz/ 73/ 445604464

Ihoghu/ V1/ 4<<9/ Iluh lqvxudqfh lq Jhupdq|= D Frpsdulvrq ri Sulfh0Shuiru0
pdqfh ehwzhhq Vwdwh Prqrsrolhv dqg Frpshwlwlyh Uhjlrqv/ Hxurshdq
Hfrqrplf Uhylhz/ 73/ 446604474

Ihoghu/ V1dqg Eulqnpdqq/ K1/ 4<<9/ Ghuhjxolhuxqj ghu Jheçxghyhuvlfkhuxqj
lp Hxursçlvfkhq Elqqhqpdunw= Ohkuhq i u glh Vfkzhl}/ Vfkzhl}hulvfkh
]hlwvfkuliw i u Yronvzluwvfkdiw xqg Vwdwlvwln/ 465/ 78:07:5

Jxdvfk/ O dqg Zhlvv/ D1/ 4<;3/ Zdjhv dv Vruwlqj Phfkdqlvpv lq Frp0
shwlwlyh Pdunhwv zlwk Dv|pphwulf Lqirupdwlrq= D Wkhru| ri Whvwlqj/
Uhylhz ri Hfrqrplf Vwxglhv/ 7:/ 9860997

Jxdvfk/ O dqg Zhlvv/ D1/ 4<;4/ Vhoi0Vhohfwlrq lq wkh Oderu Pdunhw/ Dphul0
fdq Hfrqrplf Uhylhz/ :4/ 5:805;7

Kd|/ G1 dqg Pruulv/ G1/ 4<<4/ Lqgxvwuldo Hfrqrplfv dqg Rujdql}dwlrq +R{0
irug Xqlyhuvlw| Suhvv,

59



Nlufkjçvvqhu/ J1/4<<9/ Lghrorjlh xqg Lqirupdwlrq lq ghu Srolwlnehudwxqj=
Hlqljh Ehphunxqjhq xqg hlq Idooehlvslho/ Kdpexujhu Mdkuexfk i u Zluw0
vfkdiwv0 xqg Jhvhoovfkdiwvsrolwln/ 74/ 43074

Qdohex�/ E1 dqg Vfkduivwhlq/ G1/ 4<;:/ Whvwlqj lq Prghov ri Dv|pphwulf
Lqirupdwlrq/ Uhylhz ri Hfrqrplf Vwxglhv/ 87/ 59805::

Vfklsv/ E1/ 4<<8/ Ùnrqrplvfkh Dujxphqwh i u zlunvdphq Zhwwehzhue dxfk
lpYhuvlfkhuxqjv}zhlj �Jheçxghihxhu0 xqgJheçxghhohphqwduvfkçghq�/
xqsxeolvkhg pdqxvfulsw/ HWK0] ulfk

Wluroh/ M1/ 4<;;/ Wkh Wkhru| ri Lqgxvwuldo Rujdql}dwlrq +PLW Suhvv�

Yrq Xqjhuq0Vwhuqehuj/ W1/ 4<<7/ Glh Ndqwrqdohq Jheçxghyhuvlfkhuxqjhq=
Hlqh Ùnrqrplvfkh Dqdo|vh/ Uhvhdufk Sdshu <738/ GHHS/ Xqlyhuvlw| ri
Odxvdqqh

Yrq Xqjhuq0Vwhuqehuj/ W1/ 4<<8/ Nulwlvfkh ßehuohjxqjhq }x ghp Jxwdfkwhq
yrq Surihvvru Vfklsv ehu glh Ndqwrqdohq Jheçxghyhuvlfkhuxqjvprqr0
sroh/ Uhvhdufk Sdshu <835/ GHHS/ Xqlyhuvlw| ri Odxvdqqh

Yrq Xqjhuq0Vwhuqehuj/ W1/ 4<<9/ Wkh Olplwv ri Frpshwlwlrq= Krxvlqj Lq0
vxudqfh lq Vzlw}huodqg/ Hxurshdq Hfrqrplf Uhylhz/ 73/ 444404454
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