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Jhqhwlf Vfuhhqlqj dqg Sulfh Glvfulplqdwlrq
lq Lqvxudqfh Pdunhwv

Plfkdho Kr|� dqg Shwhu Odpehuw&

Rfwrehu/ 4<<<

Devwudfw

Edvlqj lqvxudqfh sulfhv rq wkh uhvxowv ri dq lpshuihfw vfuhhqlqj whvw
wr lghqwli| ulvn w|shv fdq uhgxfh ru lqfuhdvh djjuhjdwh glvfulplqdwlrq
dfurvv lqvxuhgv1 Zh suhvhqw d srzhuixo dqg jhqhudo qhz iudphzrun ri
dqdo|vlv wr h{dplqh wklv lvvxh/ gudzlqj xsrq uhfhqw zrun zklfk xvhv
ghfrpsrvdeoh lqhtxdolw| lqglfhv wr phdvxuh yhuwlfdo dqg krul}rqwdo lq0
htxlw| lq wd{dwlrq1 Zh �qg wkdw/ zklovw lpsuryhg whvw shuirupdqfh
lqhylwdeo| uhgxfhv yhuwlfdo glvfulplqdwlrq +lq wkh dyhudjh sulfhv idfhg
e| gl�huhqw ulvn w|shv,/ hyhq yhu| dffxudwh whvwv fdq ohdg wr vxevwdq0
wldo krul}rqwdo glvfulplqdwlrq +zlwklq ulvn w|shv, dqg hqkdqfhg ryhudoo
glvfulplqdwlrq1 Wkhvh frqfoxvlrqv duh vkrzq wr eh urexvw wr d udqjh ri
gl�huhqw ydoxh mxgjhphqwv derxw krz wr djjuhjdwh lqglylgxdo glvfulp0
lqdwru| h�hfwv dqg wr eh sduwlfxoduo| uhohydqw wr wkh fdvh ri jhqhwlf
vfuhhqlqj1

WGhsduwphqw ri Hfrqrplfv
Xqlyhuvlw| ri Jxhosk/ Rqwdulr/ Fdqdgd

rGhsduwphqw ri Hfrqrplfv
Xqlyhuvlw|{ri \run/ Xqlwhg Nlqjgrp

Nh|zrugv= lqvxudqfh/ jhqhwlf lqirupdwlrq/ glvfulplqdwlrq
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4 Lqwurgxfwlrq

Wkhuh lv vxevwdqwldo ghedwh derxw wkh idluqhvv ri lqvxudqfh frpsdqlhv xvlqj
uhvxowv iurp jhqhwlf vfuhhqlqj whvwv wr ghwhuplqh wkh sulfh ri lqvxudqfh1 Rq
wkh rqh kdqg duh wkrvh zkr ihho lqglylgxdov vkrxog qrw eh fkdujhg gl�huhqw
udwhv iru khdowk/ olih ru glvdelolw| lqvxudqfh rq wkh edvlv ri xqdowhudeoh dqg
lqkhulwhg jhqhv4/ zkloh rwkhuv qrwh wkdw lqvxuhuv vkrxog qrw eh uhtxluhg wr
fduu| vxevwdqwldoo| kljkhu ulvnv dw zkdw zrxog h�hfwlyho| eh vxevlgl}hg udwhv1
Li rqh dgrswv d vwdqgdug hfrqrplf ylhz ri sulfh glvfulplqdwlrq/ lw pd| vhhp
fohdu wkdw sulfhv vkrxog uh hfw gl�huhqfhv lq h{shfwhg frvwv ri lqvxuhgv1 Iru
h{dpsoh/ frqvlghu wkh iroorzlqj vwdqgdug gh�qlwlrq ri sulfh glvfulplqdwlrq=

�Glvfulplqdwlrq pd| eh vdlg wr rffxu lq d pdunhw zkhuh lqglylg0
xdov idfh whupv ri wudgh wkdw duh ghwhuplqhg e| shuvrqdo fkdudf0
whulvwlfv zklfk gr qrw dsshdu gluhfwo| uhohydqw wr wkh wudqvdfwlrq1�

+rxu lwdolfv,111 Pxhvhu/ +4<;</ s1 ;89,

Vlqfh lqvxudqfh sulfhv duh edvhg rq dfwxduldo sulqflsohv wkh iroorzlqj ghi0
lqlwlrq vhhpv qdwxudo=

�Dq lqvxudqfh udwh vwuxfwxuh zloo eh frqvlghuhg wr eh xqidluo|
glvfulplqdwru| 1111 li/ doorzlqj iru sudfwlfdo olplwdwlrqv/ wkhuh duh
suhplxp gl�huhqfhv wkdw gr qrw fruuhvsrqg wr h{shfwhg orvvhv
dqg dyhudjh h{shqvhv ru li wkhuh duh h{shfwhg dyhudjh frvw gl�hu0
hqfhv wkdw duh qrw uh hfwhg lq suhplxp gl�huhqfhv�1

+rxu lwdolfv,111 Zlooldpv +4<9</ ss1 5440545,

Wkxv/ lw pljkw vhhp wkdw wkh xvh ri jhqhwlf whvwlqj/ zklfk surylghv �qhu
lqirupdwlrq rq h{shfwhg frvw gl�huhqfhv iru surylglqj lqvxudqfh wr gl�huhqw
lqglylgxdov/ zrxog eh fohduo| mxvwl�hg rq wkh jurxqgv ri uhgxflqj xqidlu sulfh
glvfulplqdwlrq1

Zh zloo dujxh lq wklv sdshu wkdw vxfk d frqfoxvlrq lv qrw reylrxv li rqh
frqvlghuv fduhixoo| krz wr phdvxuh wkh lpsdfw rq glvfulplqdwlrq iurp xvlqj
lpshuihfw lqirupdwlrq wr fodvvli| lqvxuhgv1 E| dgdswlqj vwdqgdug lqglfhv ri

4Iru d euhdgwk ri ylhzv rq wklv frqwuryhuvldo lvvxh/ vhh Krrn +4<<5,/ Odskdp +4<<9,/
Orzghq +4<<5,/ Pxuud| +4<<5,/ Srnruvnl +4<<8,/ ydq Ohhxzhq dqg Khuwrjk +4<<5, dqg wkh
edfnjurxqg vwdwhphqw rq jhqhwlf whvwlqj dqg lqvxudqfh e| wkh DVKJ Dg Krf Frpplwwhh
rq Jhqhwlf Whvwlqj2Lqvxudqfh Lvvxhv +4<<8,1
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lqhtxdolw| wr phdvxuh wkh glvshuvlrq lq sulfh0frvw gl�huhqwldov dqg dsso|lqj
uhfhqw frqfhswv iurp wkh olwhudwxuh rq yhuwlfdo dqg krul}rqwdo htxlw| zlwklq
wd{dwlrq/5 zh vkrz wkdw dq lpsuryhphqw lq wkh txdolw| ri lqirupdwlrq xvhg
wr dvvljq lqglylgxdov wr ulvn fodvvhv grhv qrw qhfhvvdulo| uhgxfh wkh djjuhjdwh
dprxqw ri glvfulplqdwlrq1 Li rqh suhvxphv wkdw wkh hohphqwdo phdvxuh ri wkh
ghjuhh ri glvfulplqdwlrq uhvxowlqj iurp fkdujlqj d sulfh gl�huhqw iurp +h{0
shfwhg, frvw vkrxog eh frqyh{ lq wkh sulfh2frvw udwlr/ wkhq d pruh lqirupdwlyh
vljqdo ri ulvn w|sh pd| lqfuhdvh wkh djjuhjdwh dprxqw ri sulfh glvfulplqdwlrq1

Wkh hvvhqfh ri wkh dqdo|vlv lq wklv sdshu vwhpv iurp wkh idfw wkdw/ do0
wkrxjk xvlqj d pruh lqirupdwlyh +|hw qrw shuihfw, vljqdo wr dvvljq lqglylgxdov
wr wkhlu wuxh ulvn fodvvhv lpsuryhv wkh dffxudf| ri wkh dvvljqphqwv/ lw dovr
phdqv wkdw wkrvh zkr duh plvfodvvl�hg idfh d juhdwhu sulfh0frvw gl�huhqwldo lq
lqvxudqfh1 Dyhudjh sulfh gl�huhqfhv ehwzhhq gl�huhqw ulvn fodvvhv ehwwhu uh0
 hfw dfwxdo h{shfwhg frvw gl�huhqfhv zkhq d pruh lqirupdwlyh vljqdo lv xvhg1
Krzhyhu/ vlqfh d pruh lqirupdwlyh vljqdo ohdgv wr d juhdwhu sulfh gl�huhq0
wldo ehwzhhq ulvn fodvvhv/ wkrvh lqglylgxdov zkr duh dvvljqhg wr lqdssursuldwh
ulvn fodvvhv idfh d kljkhu ghjuhh ri sulfh glvfulplqdwlrq wkdq wkh| zrxog li d
ohvv lqirupdwlyh vljqdo zhuh xvhg1 Wkhuh lv vrph suhylrxv uhvhdufk wkdw kdv
dgguhvvhg wkh uhodwlrqvkls ehwzhhq lpshuihfw fodvvl�fdwlrq dqg sulfh glvfulp0
lqdwlrq16 Rxu frqwulexwlrq wr wklv uhvhdufk vwhpv iurp wkh zd| zh vhsdudwh
krul}rqwdo dqg yhuwlfdo frpsrqhqwv ri idluqhvv dqg wuhdw pruh h{solflwo| wkh
lvvxh ri krz wr djjuhjdwh ryhu lqglylgxdov wr rewdlq dq ryhudoo phdvxuh ri
sulfh glvfulplqdwlrq1

5 Wkh Dqdwrp| ri Sulfh Glvfulplqdwlrq= D

Jhqhudo Prgho

Iluvw zh suhvhqw rxu jhqhudo fkdudfwhul}dwlrq iru phdvxulqj dqg ghfrpsrvlqj
wkh h{whqw ri sulfh glvfulplqdwlrq xqghu lpshuihfw fdwhjrul}dwlrq1 Lq wkh
iroorzlqj vhfwlrqv zh zloo dsso| wklv jhqhudo wkhru| wr wkh sduwlfxodu fdvh ri
d jhqhwlf vfuhhqlqj whvw iru d vlqjoh glvhdvh jhqh1

Dffruglqj wr rxu edvlf frqfhsw ri sulfh glvfulplqdwlrq/ dv rxwolqhg lq wkh
lqwurgxfwlrq ri wkh sdshu/ wkh hohphqwdo phdvxuh ri sulfh glvfulplqdwlrq idfhg
e| dq lqglylgxdo ri d jlyhq ulvn w|sh lv irxqghg rq wkh uhodwlrqvkls ehwzhhq

5Lq sduwlfxodu/ vhh Odpehuw dqg Udprv +4<<:,1
6Iru h{dpsoh/ vhh Vfkpdohqvhh +4<;7, dqg Wu|irv +4<;:,1
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wkh sulfh wkdw shuvrq lv fkdujhg dqg wkh h{shfwhg frvw ri fryhudjh wkh shuvrq
lpsrvhv rq wkh lqvxuhu1 Ohw �� eh wkh h{shfwhg frvw wr wkh lqvxudqfh frpsdq|
iurp lqvxulqj lqglylgxdov ri ulvn w|sh �1 Lq sduwlfxodu/ wklv zloo uh hfw wkh
frvw ri vwdqgdug khdowk fduh iru dq lqglylgxdo dqg zloo eh kljkhu iru wkrvh
zkr srvvhvv d sduwlfxodu glvhdvh jhqh1 Ohw whvw rxwfrphv eh lqgh{hg e| �
dqg ohw ��� eh wkh sulfhv fkdujhg wr shuvrqv zkrvh wuxh w|sh lv � dqg zkr
uhfhlyh whvw uhvxow �1 Zh zloo dvvxph d frpshwlwlyh lqvxudqfh pdunhw lq zklfk
�upv fkdujh dfwxduldoo| idlu sulfhv frqglwlrqdo rq wkh lqirupdwlrq dydlodeoh17

Wkxv/ vxpplqj ryhu lqglylgxdov ri hdfk ulvn w|sh � dv wkh| duh dvvljqhg wr
hdfk ulvn fdwhjru| �/ wkh iroorzlqj ryhudoo frqvwudlqw lv hqvxuhg e| dfwxduldo
idluqhvv ri suhplxpv dfurvv whvw rxwfrphv=

[
�

[
�

��� '
[
�

���� +4,

zkhuh �� lv wkh qxpehu ri shuvrqv ri w|sh � lq wkh srsxodwlrq1 Lq rughu wkdw
wrwdo glvfulplqdwlrq +khqfhiruwk A(, eh }hur/ hdfk shuvrq vkrxog eh fkdujhg
khu ulvn0w|sh vshfl�f sulfh/ vr wkdw

A( ' f G ��� ' �� / ;�c ;� +5,

Krul}rqwdo glvfulplqdwlrq +khqfhiruwkM(, rffxuv li olnh lqglylgxdov duh wuhdwhg
gl�huhqwo|1 Iru krul}rqwdo glvfulplqdwlrq wr eh }hur/ zh uhtxluh wkdw

M( ' f G ��� eh lqghshqghqw ri �c ;� +6,

Yhuwlfdo glvfulplqdwlrq +khqfhiruwk T(, rffxuv ehwzhhq jurxsv li wkh dyhu0
djh sulfh fkdujhg wr phpehuv ri d sduwlfxodu ulvn w|sh � ghyldwhv iurp wkh
h{shfwhg frvw ri lqvxulqj phpehuv ri wkdw jurxs1 Iru yhuwlfdo glvfulplqdwlrq
wr eh }hur/ zh uhtxluh wkdw

T( ' f G
[
�

��� ' ����/ ;� +7,

Wklv vd|v wkdw phpehuv ri hdfk ulvn w|sh sd| suhplxpv zklfk/ lq wrwdo/ fryhu
wkh frvw ri surylglqj wkhlu ulvn jurxs zlwk lqvxudqfh1

Rxu hohphqwdo phdvxuh ri sulfh glvfulplqdwlrq lv wkh h{whqw wr zklfk
sulfh gl�huv iurp h{shfwhg frvw wr wkh lqvxuhu lq udwlr irup1 Wkxv zh xvh wkh

7Zh dovr lpsolflwo| dvvxph qr dgplqlvwudwlyh frvwv1 Krzhyhu/ ordglqj idfwruv frxog eh
lqfoxghg lq wkh sulflqj htxdwlrqv zlwkrxw orvv ri jhqhudolw|1
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yduldeoh o�� ' ���*�� wr fdswxuh wkh h{whqw ri sulfh glvfulplqdwlrq zkhq dq
lqglylgxdo ri w|sh � lv dvvljqhg wr ulvn fdwhjru| � dqg fkdujhg wkh uhohydqw
sulfh1 Xqghu dfwxduldoo| idlu ulvn0w|sh vshfl�f sulflqj/ zh kdyh o�� ' �c ;�c;�1
Wklv lv wkh frqglwlrq iru }hur wrwdo sulfh glvfulplqdwlrq1 Rxu htxdwlrqv +4,
wr +7, deryh fdq qrz eh uhzulwwhq dv iroorzv=

[
�

;?
=
[
�

o��*�� � �

<@
>�� ' f +8,

A( ' f G o�� ' � / ;�c ;� +9,

M( ' f G o�� lqghshqghqw ri �c;� +:,

T( ' f G
[
�

o��*�� ' �/ ;� +;,

Wkh yduldeoh o�� lv wkh udwlr ri sulfh wr h{shfwhg frvw wr wkh lqvxuhu iru
dq lqglylgxdo zkr lv ri ulvn w|sh � zlwk whvw uhvxow �1 Wklv lv d vhqvleoh
ydoxh lq whupv ri zklfk wr phdvxuh wkh h{whqw wr zklfk dq lqglylgxdo lv
dvvhvvhg d idlu ru qrqglvfulplqdwru| sulfh18 Krzhyhu/ lw lv ohvv fohdu krz
rqh rxjkw wr djjuhjdwh ryhu lqglylgxdov wr ghwhuplqh dq ryhudoo phdvxuh ri
sulfh glvfulplqdwlrq1 Wdnlqj dq lqwxlwlrq iurp wkh phdvxuhphqw ri lqfrph
lqhtxdolw|/ rqh pd| zlvk wr dsso| lqfuhdvlqj zhljkw wr juhdwhu gl�huhqfhv lq
wklv udwlr19 Lq jhqhudo whupv wkhq/ gh�qlqj h�� dv wkh yhfwru ri doo o�� ydoxhv
iru doo lqglylgxdov lq wkh srsxodwlrq/ zh fdq djjuhjdwh wkh h{whqw wr zklfk
wkh ���*�� ydoxhv ydu| +iurp 4, e| xvlqj dq lqhtxdolw| lqgh{ Udh��o zklfk lv
frqyh{ lq wkh dujxphqwv h��1

Ohw h�� m � uhsuhvhqw wkh yhfwru ri sulfh2frvw udwlrv idfhg e| lqglylgxdov
ri d jlyhq w|sh exw dvvljqhg +srvvleo|, wr gl�huhqw ulvn fdwhjrulhv1 Vr/ iru
h{dpsoh/ li wkhuh zhuh �yh lqglylgxdov ri d jlyhq ulvn w|sh +vd| w|sh &4,/
zlwk wkuhh ri wkhp dvvljqhg wr ulvn fdwhjru| rqh dqg wkh uhpdlqlqj wzr
dvvljqhg wr ulvn fdwhjru| wzr/ wkhq wkh yhfwru h�� m �c � ' �c zrxog eh wkh

8Rqh frxog xvh wkh gl�huhqfh Slm�Fl dv dq lqglylgxdo phdvxuh ri sulfh glvfulplqdwlrq1
Krzhyhu/ wklv zrxog lpso|/ iru h{dpsoh/ wkdw dq lqglylgxdo fkdujhg '43 pruh wkdq wkh frvw
ri surylglqj klp zlwk hlwkhu dq dxwrpreloh ru d olwuh ri plon zrxog ihho htxdoo| djjulhyhg
ru glvfulplqdwhg djdlqvw lq hdfk fdvh/ zklfk vhhpv xqolnho|1 Vxfk dq dssurdfk lv xvhg e|
Vfkpdohqvhh +4<;7,1

9Wkdw lv/ wkh ghjuhh ri glvfulplqdwlrq fuhdwhg e| d shuvrq idflqj d sulfh zklfk h{fhhgv
h{shfwhg frvw e| 53( vkrxog eh ghhphg zruvh e| d idfwru vrphzkdw juhdwhu wkdq wzr
wkdq wkh ghjuhh ri glvfulplqdwlrq fuhdwhg e| d shuvrq zkr idfhv d sulfh zklfk h{fhhgv
h{shfwhg frvw e| 43(1
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yhfwru +o��c o��c o��c o�2c o�2�1 Ixuwkhupruh/ ohw
S

� h��*�� eh wkh yhfwru iruphg
e| dyhudjlqj sulfh2frvw udwlrv iru d jlyhq ulvn w|sh � ryhu wkh ydulrxv ulvn
fdwhjrulhv wr zklfk wkh| duh dvvljqhg1 Wklv yhfwru zloo wkhq eh frpsrvhg ri
wkh dyhudjh sulfh0frvw udwlrv iru hdfk ulvn w|sh1 Wkxv/ iroorzlqj wkh lqwxlwlrq
iurp wkh lqhtxdolw| phdvxuhphqw olwhudwxuh/ lw lv qdwxudo wr gh�qh wrwdo dqg
yhuwlfdo sulfh glvfulplqdwlrq dv

A( ' Udh��o +<,

dqg

T( ' U

5
7[

�

h��*��

6
8 +43,

uhvshfwlyho|1 Krul}rqwdo glvfulplqdwlrq orfdoo| +zlwklq w|sh �, lv gh�qhg dv

M(� ' Udh�� m �o +44,

dqg krul}rqwdo glvfulplqdwlrq joredoo| dv

M( '
[
�

��M(� +45,

zkhuh �� lv wkh sursruwlrq ri wkh srsxodwlrq zklfk lv ri w|sh l +�� ' ��*�
zkhuh � '

S
���,1

Wkh qdwxudo lqhtxdolw| lqglfhv Ud�o wr xvh lq vxfk dq dqdo|vlv frph iurp wkh
vr0fdoohg jhqhudol}hg hqwurs| +JH, idplo|/ ehfdxvh ri wkhlu ghfrpsrvdelolw|
surshuwlhv +Erxujxljqrq +4<:<,/ Frzhoo +4<;3,/ Vkruurfnv +4<;3/ 4<;7,,1 Lq
idfw wkhvh 0 dqg prqrwrqlf wudqvirupdwlrqv ri wkhp 0 duh wkh rqo| lqglfhv ri
uhodwlyh lqhtxdolw| wr hqmr| d cvxejurxs frqvlvwhqf|* surshuw|/ dffruglqj wr
zklfk ryhudoo lqhtxdolw| qhfhvvdulo| idoov li lw grhv vr lq d vxejurxs +Vkruurfnv
+4<;7,,/ dqg wklv zloo eh dq hvvhqwldo surshuw| iru rxu dqdo|vlv1 Doo vxfk
wudqvirupdwlrqv vdwlvi| wkh sulqflsoh ri wudqihuv dqg vfdoh lqyduldqfh1 Wkh
JH idplo| lwvhoi/ xqltxho|/ kdv wkh ghfrpsrvdelolw| surshuw| dffruglqj wr
zklfk ryhudoo lqhtxdolw| fdq eh ghfrpsrvhg dgglwlyho| lqwr ehwzhhq0jurxsv
lqhtxdolw| dqg d zhljkwhg vxp ri zlwklq0jurxs lqhtxdolwlhv1 Wkh zhljkwv duh
lqghshqghqw ri jurxs lqfrph ohyhov/ ru sulfh2frvw udwlrv lq rxu fdvh/ rqo| lq
wkh fdvh ri wkh phdq orjdulwkplf ghyldwlrq1 Iluvw/ krzhyhu/ zh dujxh wkdw doo
ri wkh deryh phqwlrqhg surshuwlhv ri dq lqhtxdolw| phdvxuh duh ghvludeoh iru
d phdvxuh ri sulfh glvfulplqdwlrq1

Wkh sulqflsoh ri wudqvihuv uhtxluhv wkdw/ iru dq| sdlu ri ydoxhv �c � zkhuh
� 	 �/ li � +wkh orzhu ydoxh, lv uhgxfhg e| vrph dprxqw zkloh � +wkh kljkhu
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ydoxh, lv lqfuhdvhg e| dq htxdo dprxqw/ wkhq wkh lqgh{ Ud�o pxvw lqfuhdvh1:

Wklv lv dq lqwxlwlyho| sohdvlqj surshuw| zkhq phdvxulqj wkh glvshuvlrq ri
sulfh2frvw udwlrv1 Vfdoh lqyduldqfh uhtxluhv wkdw wkh uhodwlyh ghjuhh ri glv0
shuvlrq lq sulfh2frvw udwlrv lv qrw fkdqjhg li rqh pxowlsolhv wkh hqwulhv ri
wkh yhfwru e| dq| srvwlyh frqvwdqw1 Wklv lpsolhv/ iru h{dpsoh/ wkdw li wkh
sulfh idfhg e| doo lqglylgxdov zhuh wr ulvh e| wkh vdph shufhqw/ wkh djjuhjdwh
uhodwlyh glvshuvlrq lq sulfh2frvw udwlrv zrxog uhpdlq xqfkdqjhg1; Vxejurxs
frqvlvwhqf| zrxog uhfrug d kljkhu wrwdo glvfulplqdwlrq li/ k|srwkhwlfdoo|/ iru
rqh w|sh wkh ghjuhh ri glvfulplqdwlrq zhuh lqfuhdvhg dqg qr fkdqjh zhuh
pdgh hovhzkhuh1

Wkh dgydqwdjh ri ixoo ghfrpsrvdelolw| lv wkdw lw shuplwv dq dgglwlrqdo
vxeglylvlrq ri ryhudoo glvfulplqdwlrq lqwr yhuwlfdo dqg djjuhjdwh +joredo, kru0
l}rqwdo frpsrqhqwv/ wkh odwwhu lwvhoi d zhljkwhg vxp ri orfdo krul}rqwdo glv0
fulplqdwlrqv1 Wr vhh wklv/ mxvw qrwh wkdw lqhtxdolw| lq wkh yhfwru h�� xvhg wr
phdvxuh glvfulplqdwlrq lv pdgh xs ri wkh lqhtxdolwlhv lq wkh yhfwruv h�� m �
dqg

S
� h��*�� / zkhq wkh jurxsv duh gh�qhg e| wkh lqgh{ �/ dqg wkdw wkh

ehwzhhq jurxsv frqwulexwlrq lv gh�qhg e| lqhtxdolw| lq wkh glvwulexwlrq ri
zlwklq0jurxs dyhudjhv1 Iru wkh JH idplo|/ wkhq/ d ghfrpsrvlwlrq ri wrwdo
glvfulplqdwlrq ri wkh irup A( ' T(n

S
� w�M(� lv dfklhyhg/ zkhuh wkh vhw

ri w� ydoxhv duh djjuhjdwlrq zhljkwv1 Zh vwdwh wkhvh uhvxowv irupdoo| ehorz1<

Wkhruhp 4 D frqwlqxrxv lqhtxdolw| phdvxuh Udh��o vdwlv�hv wkh sulqflsoh ri
wudqvihuv/ vfdoh lqyduldqfh dqg ghfrpsrvdelolw|/ li dqg rqo| li lw lv d phpehu
ri wkh jhqhudol}hg hqwurs| idplo|> l1h1/

Udh��o '
�

�

k2 � k

��
�

�

�57[
�

[
�

ok�� � �

6
8

iru vrph k 5 E�4cn4�c k 9' �c f +vhh rq iru rwkhu irupxodh iru k ' �c f,1
Wkh irupxodh iru ghfrpsrvlqj wkh phdvxuhv lqwr krul}rqwdo dqg yhuwlfdo frp0

:Iru h{dpsoh/ wkh sdlu +u4> u5, @ +4=6> 4=:, vkrxog eh ghhphg ryhudoo ohvv glvfulplqdwru|
wkdq wkh sdlu +u4> u5, @ +4=5> 4=;,1

;Wkxv/ iru h{dpsoh/ fkdujlqj hyhu| lqglylgxdo dq htxdo pxowlsolfdwlyh ordglqj zrxog
ohdyh ryhudoo glvfulplqdwlrq xqfkdqjhg1 Dowhuqdwlyho|/ rqh frxog uhpryh dq| ordglqj idf0
wruv iurp wkh sulfh dqg frqvlghu glvfulplqdwlrq lq whupv ri wkh uhodwlrqvkls ehwzhhq wkh
sxuh suhplxp dqg wkh dfwxduldo frvw ri wkh lqghpqlwlhv1

<Iru surriv vhh Erxujxljqrq +4<:<,/ Frzhoo +4<;3,/ dqg Vkruurfnv +4<;3/ 4<;7,1 Vlqfh
sulfhv duh dfwxduldoo| idlu wkh ryhudoo phdq ri wkh ulm *v lv 4> rwkhuzlvh/ rqh vkrxog glylgh
ulm e| lwv phdq lq wkh irupxodh lq Wkhruhp 41
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zkhuh o� lv wkh dyhudjh sulfh2frvw udwlr idfhg e| lqglylgxdov ri ulvn w|sh �c

�� '
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�
c dqg �� '

S
�
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�

S
�
o��
1 Lq wkh fdvh ri k ' � wkh ixqfwlrqdo irup iru

Udh��o ehfrphv

Udh��o '
�
�

�

�[
�

[
�

*?

#
�

o��

$

dqg djjuhjdwlrq iru M( lv shuiruphg xvlqj srsxodwlrq zhljkwv +���1 Lq wkh
fdvh ri k ' f wkh ixqfwlrqdo irup iru Udh��o ehfrphv

Udh��o '
�
�

�

�[
�

[
�

o�� *? Eo���

dqg djjuhjdwlrq iru M( lv shuiruphg xvlqj wkh zhljkwv �� +l1h1/ wkh dyhudjh
udwh ri wkh sulfh2frvw udwlrv zlwklq hdfk jurxs,143

Djjuhjdwlrq xvlqj srsxodwlrq zhljkwv lv shukdsv wkh prvw dsshdolqj rq
lqwxlwlyh jurxqgv1 Krzhyhu/ e| lqvlvwlqj rq vxfk d zhljkwlqj vfkhph/ dorqj
zlwk wkh rwkhu uhtxluhphqwv phqwlrqhg lq wkh wkhruhp/ zh h�hfwlyho| dgrsw
wkh orjdulwkplf ixqfwlrq dv rxu sduwlfxodu qrupdwlyh vwdqgdug iru frpsdu0
lqj ghyldwlrqv ri sulfh2frvw udwlrv dprqj lqglylgxdov1 E| dgplwwlqj zhljkwv
zklfk duh qrw wkh srsxodwlrq zhljkwv/ zh doorz rxuvhoyhv d zlghu udqjh ri
uhodwlyh vhqvlwlylwlhv frqfhuqlqj wkh lpsdfw ri ghyldwlrqv ri sulfh2frvw udwlrv
rq rxu djjuhjdwh dvvhvvphqw ri sulfh glvfulplqdwlrq1 Lq sduwlfxodu/ d fkrlfh ri

43Li � @ 4/ wkh lqhtxdolw| phdvxuh lv riwhq uhihuuhg wr dv wkh phdq orjdulwkplf ghyldwlrq
+POG, zkloh li � @ 3/ lw lv riwhq uhihuuhg wr dv wkh Wkhlo hqwurs| phdvxuh1 Lq erwk fdvhv/
wkh phwkrg ri frpsxwlqj KGl/ KG/ dqg Y G duh wkh vdph dv iru wkh jhqhudo fdvh/ mxvw
pdnlqj wkh vxevwlwxwlrq ri wkh dssursuldwh ixqfwlrq1 Wkh fdvh � @ 5 surylghv dq lqgh{
zklfk lv ruglqdoo| htxlydohqw wr wkh frh!flhqw ri yduldwlrq dv wkh phdvxuh ri lqhtxdolw|1

;



k 	 2 sodfhv pruh hpskdvlv rq orzhu ydoxhv ri sulfh2frvw udwlrv zkloh k : 2
sodfhv pruh hpskdvlv rq kljkhu ydoxhv ri sulfh2frvw udwlrv144 Zkhq phd0
vxulqj wkh ryhudoo lqhtxdolw| ri lqfrphv lw lv qdwxudo wr sodfh pruh hpskdvlv
rq orzhu lqfrphv1 Krzhyhu/ lw lv shukdsv pruh frpshoolqj lq wkh suhvhqw
frqwh{w wr h{suhvv lqfuhdvlqj frqfhuq zlwk kljkhu sulfh2frvw udwlrv vlqfh wkh
kljkhu lv wkh udwlr o�� ' ���*��/ wkh juhdwhu lv wkh ghjuhh ri xqidyrxudeoh sulfh
glvfulplqdwlrq1 Zh zloo h{soruh wklv lvvxh lq Vhfwlrq 91

6 Dq Dssolfdwlrq wr Jhqhwlf Whvwlqj

Frqvlghu wkh lpsolfdwlrqv ri jhqhwlf whvwlqj iru d vlpsoh/ vlqjoh jhqh glvrughu1
Zh zloo prgho d vw|ol}hg ylhz ri wkh uhodwlrqvkls ehwzhhq jhqhv dqg d glvhdvh/
ru ulvn ri d shuvrq lqfxuulqj wkh glvhdvh/ zklfk dssolhv lq d vwulfw vhqvh wr
rqo| d ihz glvhdvhv145 Krzhyhu/ h{sdqglqj wkh shuvshfwlyh rq wkh uhodwlrqvkls
ehwzhhq jhqhv dqg vxvfhswlelolw| wr glvhdvh wr ehwwhu uh hfw wkh uhdolw| ri
pdq| glvhdvhv zloo rqo| vwuhqjwkhq rxu dujxphqw> zh glvfxvv wklv dvshfw
odwhu lq wkh sdshu1

Ohw � ' �c , lqglfdwh wkh wuxh ulvn w|sh ri d shuvrq/ zlwk d shuvrq ri w|sh �
+kljk ulvn, srvvhvvlqj wkh glvhdvh jhqh dqg d shuvrq ri w|sh , +orz ulvn, kdylqj
wkh �qrupdo ru khdowk|� jhqh1 Ohw � ' Rc ? ghqrwh wkh whvw uhvxow= R iru d
srvlwlyh uhvxow dqg ? iru d qhjdwlyh uhvxow1 D shuvrq zkr whvwv srvlwlyh iru wkh
jhqh lv sodfhg lqwr wkh kljk ulvn fdwhjru| dqg fkdujhg sulfh �R dqg d shuvrq
zkr whvwv qhjdwlyh lv sodfhg lqwr wkh orz ulvn fdwhjru| dqg fkdujhg sulfh �?1
Zh suhvxph wkdw wkh h{shfwhg frvw lpsrvhg rq dq lqvxuhu e| d shuvrq ri ulvn
w|sh � lv ��/ zlwk �� : �,/ dqg vr zlwk dfwxduldoo| idlu sulflqj edvhg rq whvw
uhvxowv zh kdyh �R : �?1 Lpshuihfw whvwlqj +l1h1/ wkh suhvhqfh ri idovh qhjdwlyh
dqg idovh srvlwlyh whvw uhvxowv, lpsolhv �� : �R : �? : �,1 Wkxv/ zh qhhg wr
frqvlghu irxu vlwxdwlrqv iru lqglylgxdov= +l, kljk ulvn w|shv zkr whvw srvlwlyh
dqg idfh sulfh2frvw udwlr �R*��/ ll, kljk ulvn w|shv zkr whvw +idovh, qhjdwlyh
dqg idfh sulfh2frvw udwlr �?*��/ lll, orz ulvn w|shv zkr whvw +idovh, srvlwlyh
dqg idfh sulfh2frvw udwlr �R*�,/ dqg ly, orz ulvn w|shv zkr whvw qhjdwlyh dqg

44Iru pruh glvfxvvlrq rq wklv dqg rwkhu surshuwlhv ri wklv idplo| ri lqhtxdolw| phdvxuhv/
vhh Mhqnlqv +4<<4,1

45Kxqwlqjwrq*v Fkruhd lv d glvhdvh zklfk �wv wklv vw|ol}hg ylhz yhu| zhoo1 Li dq lqglylgxdo
srvvhvvhv wkh �Kxqwlqjwrq*v jhqh� wkhq lw lv h�hfwlyho| fhuwdlq wkdw shuvrq zloo hyhqwxdoo|
vxffxpe wr wkh glvhdvh1 Pdq| glvhdvhv/ krzhyhu/ duh pxowlidfwrudo lq qdwxuh lq wkdw wkh
ulvn ri lqfxuulqj wkh glvhdvh ghshqgv rq pdq| hqylurqphqwdo idfwruv dqg srvvleo| rwkhu
jhqhv dv zhoo1

<



idfh sulfh2frvw udwlr �?*�,/ zkhuh �R*�, : �?*�, : � : �R*�� : �?*��1
Uhfdoo wkdw }hur sulfh glvfulplqdwlrq zrxog uhtxluh ��*�� ' � iru hdfk � dqg
�1

Li dq lqglylgxdo srvvhvvhv wkh glvhdvh jhqh wkhq khu suredelolw| ri lqfxuulqj
wkh glvhdvh lq wkh lqvxudqfh shulrg lv kljkhu wkdq lw rwkhuzlvh zrxog eh1 Iru
qrz/ zh suhvxph wkdw wkh rqo| ghwhuplqdqw ri wkh glvhdvh/ jlyhq fxuuhqw
nqrzohgjh/ lv zkhwkhu wkh lqglylgxdo srvvhvvhv wkh jhqh ru qrw1 D jhqhwlf
whvw surylghv lpshuihfw lqirupdwlrq1 Wkh ghjuhh ri lqirpdwlyhqhvv ri wkh whvw
fdq eh vxppdul}hg e| wkh idovh srvlwlyh dqg idovh qhjdwlyh udwhv lqkhuhqw
lq wkh whvw1 Wkh kljkhu hlwkhu wkh idovh srvlwlyh ru idovh qhjdwlyh udwh/ wkh
ohvv lv wkh lqirupdwlrq ydoxh ri wkh whvw1 Wkh iroorzlqj yduldeohv ghvfuleh wkh
uhohydqw sdudphwhuv lq wkh srsxodwlrq dqg iru wkh jhqhwlf whvw=

0s? / 0sR duh wkh udwhv ri idovh qhjdwlyhv dqg srvlwlyhv/ uhvshfwlyho|/ dvvr0
fldwhg zlwk wkh whvw>

Z�� lv wkh suredelolw| wkdw d shuvrq ri ulvn w|sh � ' �c , zrxog uhfhlyh whvw
uhvxow � ' Rc ?>

Z�� lv wkh suredelolw| wkdw d shuvrq zkr uhfhlyhv whvw uhvxow � ' Rc ? lv ri
ulvn w|sh � ' �c ,>46

^�c ^, duh wkh sursruwlrqv ri wkh srsxodwlrq wkdw duh ri ulvn w|shv �c ,
uhvshfwlyho|1

Lw lv suhvxphg wkdw kljk ulvn w|shv lpsrvh kljkhu dyhudjh ru h{shfwhg
frvwv rq wkh lqvxudqfh frpsdq| wkdq gr orz ulvn w|shv1 Ghshqglqj rq wkh
glvhdvh/ wklv frvw gl�huhqwldo frxog h{lvw iru rqh ru doo ri wkh duhdv ri khdowk/
olih dqg glvdelolw| lqvxudqfh1 Zh zloo dvvxph/ iru wkh vdnh ri glvfxvvlrq/ wkdw
wkh dssolfdwlrq frqfhuqv khdowk lqvxudqfh1

Dv qrwhg hduolhu/ zh dvvxph wkdw wkh lqvxudqfh lqgxvwu| lv frpshwlwlyh
dqg wkdw lqvxuhuv duh ulvn qhxwudo= wkh| sulfh dffruglqj wr wkh dfwxduldo frvwv
ri surylglqj lqvxudqfh1

Wkxv/ zh kdyh wkh iroorzlqj uhodwlrqvklsv dprqj wkhvh yduldeohv=

ZR� ' �� 0s?/ Z?� ' 0s?/ ZR, ' 0sR/ Z?, ' �� 0sR +46,

dqg vlqfh wkh Z��*v duh wkh frpsohphqwdu| suredelolwlhv ri wkh Z��*v/ zh fdq

46Qrwh wkdw �ml @ Su+m m l,/ wkh suredelolw| wkdw d shuvrq uhfhlyhv whvw uhvxow m jlyhq
wkdw vkh lv ri ulvn w|sh l/ zkloh �lm @ Su+l m m,/ wkh suredelolw| wkdw dq lqglylgxdo lv ri ulvn
w|sh l jlyhq wkdw vkh kdv uhfhlyhg whvw uhvxow m1
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xvh Ed|hv* wkhruhp wr ghulyh=

Z�R '
^�ZR�

^�ZR� n ^,ZR,
+47,

Z�? '
^�Z?�

^�Z?� n ^,Z?,
+48,

Z,R '
^,ZR,

^�ZR� n ^,ZR,
+49,

Z*? '
^,Z?,

^�Z?� n ^,Z?,
+4:,

Lq jhqhudwlqj rxu sulflqj htxdwlrqv zh dvvxph doo lqglylgxdov sxufkdvh
wkh vdph dprxqw ri lqvxudqfh uhjdugohvv ri zkhwkhu jhqhwlf whvwlqj lv xvhg
lq vhwwlqj sulfhv1 Li lqglylgxdov kdyh ehwwhu lqirupdwlrq frqfhuqlqj wkhlu
ulvn w|sh wkdq gr lqvxuhuv/ wkhq rqh zrxog h{shfw dgyhuvh vhohfwlrq wr dulvh/
zlwk kljk ulvn w|shv sxufkdvlqj pruh lqvxudqfh wkdq orz ulvn w|shv147 Iru
qrz/ zh dvvxph doo lqglylgxdov sxufkdvh ixoo lqvxudqfh fryhudjh uhjdugohvv ri
wkhlu lqirupdwlrq vhw dqg sulfh wkh| idfh1 Lq d srrolqj htxloleulxp/ lq zklfk
lqglylgxdov zlwk gl�huhqw lqirupdwlrq vhwv idflqj wkh vdph sulfh sxufkdvh
gl�huhqw dprxqwv ri lqvxudqfh/ wkh vdph txdolwdwlyh dvshfwv ri rxu uhvxowv
zrxog vwloo dsso|1 Zh uhwxuq wr wklv lvvxh lq Vhfwlrq 9 dovr1 Xqghu wkh
frqglwlrq ri htxdo lqvxudqfh sxufkdvhv/ wkh dfwxduldoo| idlu sulfh ri lqvxudqfh
zlwk qr udwhpdnlqj xvlqj uhvxowv iurp jhqhwlf whvwlqj zloo eh �f zkhuh

�f ' ^��� n ^,�, +4;,

Li jhqhwlf whvwlqj suhydlov dqg lqvxuhuv duh doorzhg wr fkdujh sulfhv df0
fruglqj wr whvw uhvxowv/ wkhq +srrohg, dfwxduldoo| idlu sulflqj ohdgv wr

�R ' Z�R�� n Z,R�, +4<,

�? ' Z�?�� n Z*?�, +53,

zkhuh �R dqg �? duh wkh sulfhv iru wkrvh zkr whvw srvlwlyh dqg qhjdwlyh
uhvshfwlyho|1

47Lq vxfk flufxpvwdqfhv gl�huhqwldo lqvxudqfh sxufkdvhv e| ulvn w|sh duh suhglfwhg xqghu
prghov zlwk erwk olqhdu dqg qrqolqhdu sulflqj1 Iru h{dpsohv ri wkh iruphu/ vhh Yloohqhxyh
+4<<9, dqg Kr| dqg Sroeruq +4<<;,/ zkloh iru h{dpsohv ri wkh odwwhu/ vhh Urwkvfklog dqg
Vwljolw} +4<:9,
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Wr h{dplqh wkh lvvxh ri yhuwlfdo sulfh glvfulplqdwlrq zh qhhg wr ghwhuplqh
wkh dyhudjh sulfh idfhg e| lqglylgxdov ri hdfk ulvn w|sh/ zklfk lqfoxghv erwk
lqglylgxdov zkr duh surshuo| fodvvl�hg dqg wkrvh zkr duh qrw1 Wkh dyhudjh
sulfhv idfhg e| lqglylgxdov ri ulvn w|shv � ' �c , /��/ duh jlyhq lq wkh wzr
htxdwlrqv ehorz=

�� ' ZR��R n Z?��? +54,

�, ' ZR,�R n Z?,�? +55,

Wxuqlqj wr wkh phdvxuhphqw ri glvfulplqdwlrq/ iru wkh phdq orjdulwkplf
ghyldwlrq +khqfhiruwk POG,/ zklfk lv wkh fdvh ri k ' � lq Wkhruhp 4/ wrwdo
glvfulplqdwlrq +ru lqhtxdolw| lq sulfh2frvw udwlrv, lv=

A( ' *?E.doo��.d*?Eo�o +56,

zkhuh o uhihuv wr d jhqhulf sulfh2frvw udwlr dqg h{shfwdwlrqv duh wdnhq ryhu
wkh hqwluh srsxodwlrq1 Vlqfh wkh mrlqw suredelolw| wkdw d shuvrq lv ri ulvn w|sh
� +� ' �c ,, dqg dvvljqhg wr ulvn fdwhjru| � +l1h1/ uhfhlyhv whvw uhvxow � ' Rc ?�
lv ^� � Z��/ zh kdyh

.doo ' ^�ZR�o�R n ^�Z?�o�? n ^,ZR,o,R n ^,Z?,o*? +57,

dqg

.d*?Eo�o ' ^�ZR� *?Eo�R� n ^�Z?� *?Eo�?� n ^,ZR, *?Eo,R� n ^,Z?, *?Eo*?� +58,

Yhuwlfdo glvfulplqdwlrq phdvxuhv wkh h{whqw wr zklfk wkh dyhudjh sulfh wr
frvw udwlr ydulhv ehwzhhq jurxsv=

T ( ' *?.do�o� .d*?Eo��o +59,

zkhuh o� lv wkh dyhudjh sulfh2frvw udwlr iru lqglylgxdov ri w|sh �1 Zh kdyh

.do�o ' ^�
��

��

n ^,
�,

�,

+5:,

dqg

.d*?Eo��o ' ^� *?

#
��

��

$
n ^, *?

#
�,

�,

$
+5;,

Krul}rqwdo glvfulplqdwlrq iru ulvn w|sh � lv wkh dprxqw ri glvfulplqdwlrq
iru wkdw srsxodwlrq vxejurxs> rqh phdvxuhv lw mxvw dv rqh phdvxuhv wrwdo
glvfulplqdwlrq=

M(� ' *?E.do�o��.d*?Eo��oc � ' �c , +5<,

45



zkhuh o� lv wkh sulfh idfhg e| ulvn w|sh � lqglylgxdov +ghshqglqj rq zklfk
ulvn fdwhjru| wkh| duh dvvljqhg wr,/ khqfh=

.do�o ' ZR�
�R

��

n Z?�
�?

��

c � ' �c , +63,

dqg

.d*?Eo��o ' ZR� *?
�
�R

��

�
n Z?� *?

�
�?

��

�
c � ' �c , +64,

Joredoo|/ krul}rqwdo glvfulplqdwlrq lv wkh srsxodwlrq zhljkwhg dyhudjh ri
krul}rqwdo glvfulplqdwlrq zlwklq hdfk ulvn jurxs=

M( ' ^�M(� n ^,M(, +65,

Iurp Wkhruhp 4 zh nqrz wkdw

A( ' T ( nM( +66,

Zh duh lqwhuhvwhg wr h{soruh krz doo frpsrqhqwv ri wrwdo glvfulplqdwlrq
+l1h1/ T (/ M( dqg lwv frqvwlwxhqwv M(� dqg M(,,/ dv zhoo dv wkh wrwdo lwvhoi/
duh d�hfwhg e| fkdqjlqj wkh txdolw| ri wkh vfuhhqlqj whvw1 Zh gr wklv lq wkh
qh{w vhfwlrq/ zkhuh/ �uvw/ zh vkrz wkdw iru dq| ri wkh idplo| ri phdvxuhv
wkdw dsshdu lq Wkhruhp 4/ d kljkhu txdolw| whvw +l1h1/ d whvw zlwk d orzhu idovh
srvlwlyh dqg2ru idovh qhjdwlyh udwh, dozd|v uhgxfhv yhuwlfdo glvfulplqdwlrq1
Wkhq zh h{dplqh wkh txhvwlrq ri wkh h�hfw ri wkh txdolw| ri wkh whvw rq
krul}rqwdo glvfulplqdwlrq/ zklfk lv pruh frpsoh{1

Iru wkh rwkhu phdvxuhv ri wkh JH idplo| vshfl�hg lq Wkhruhp 4/ h{suhv0
vlrqv fruuhvsrqglqj wr +56,/ +59, dqg +5<, +iru k 9' �, jhqhudwh A(/ T ( dqg
wkh M(�c � ' �c , zklovw +65, qhhgv prgl�hg zhljkwv/ dqg wkhq +66, djdlq
krogv1 Wkh vdph txhvwlrqv dv iru wkh POG fdq eh h{soruhg lq wklv pruh
jhqhudo frqwh{w/ frqfhuqlqj wkh h�hfw ri whvw txdolw| fkdqjhv1

7 Whvw Txdolw| dqg Sulfh Glvfulplqdwlrq

Iurp htxdwlrqv +4<, wkurxjk +55, lw lv vwudljkwiruzdug wr vhh wkdw �� : �� :
�, : �,1 Wkdw lv/ rq dyhudjh kljk ulvn w|shv sd| d sulfh zklfk lv ohvv wkdq
wkh h{shfwhg frvw wkh| lpsrvh rq wkh lqvxuhu exw pruh wkdq gr orz ulvn w|shv
zkr lq wxuq sd| d sulfh zklfk lv juhdwhu wkdq wkh sulfh wkh| lpsrvh rq wkh

lqvxuhu1 Vr yhuwlfdo glvfulplqdwlrq rffxuv gxh wr wkh idfw wkdw ��
��

	 � dqg
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�,
�,

: �1 Li d kljkhu txdolw| whvw +l1h1/ orzhu ydoxh ri 0s? dqg2ru 0sR, ohdgv wr

dq lqfuhdvh lq �� dqg d ghfuhdvh lq �, wkhq yhuwlfdo glvfulplqdwlrq zloo eh
uhgxfhg iru dq| ri wkh lqhtxdolw| phdvxuhv zlwk surshuwlhv dv ghvfulehg lq
Wkhruhp 4148 Wr vkrz wkdw wklv lv lqghhg wkh fdvh/ zh qhhg wr lqyhvwljdwh
krz wkh ydoxhv ri wkh suredelolwlhv Z�� dqg Z�� dqg wkh sulfhv �R dqg �? duh
d�hfwhg e| fkdqjhv lq wkh idovh srvlwlyh dqg idovh qhjdwlyh udwhv 0s? dqg 0sR1

Iurp htxdwlrq +46, wkh iroorzlqj duh reylrxv=

YZR�
Y0s?

'
YZ?,
Y0sR

' ��c
YZ?�
Y0s?

'
YZR,
Y0sR

' �c
YZ?,
Y0s?

'
YZR,
Y0s?

'
YZR�
Y0sR

'
YZ?�
Y0sR

' f

+67,
Xvlqj wkhvh uhvxowv dqg htxdwlrqv +47, wkurxjk +4:,/ d olwwoh dojheud jlyhv

wkh iroorzlqj frpsdudwlyh vwdwlfv uhvxowv iru wkh frpsohphqwdu| suredelolwlhv
Z�� +dfwxdo ydoxhv ri wkh ghulydwlyhv dsshdu lq wkh Dsshqgl{,=

YZ�R

Y0s?
c
YZ�R

Y0sR
c
YZ*?

Y0s?
c
YZ*?

Y0sR
	 f(

YZ�?

Y0s?
c
YZ�?

Y0sR
c
YZ,R

Y0s?
c
YZ,R

Y0sR
: f +68,

Wkh frpsdudwlyh vwdwlfv uhvxowv iru wkh h�hfwv ri fkdqjhv ri wkh idovh srv0
wlwlyh dqg idovh qhjdwlyh udwhv rq wkh sulfhv sdlg e| wkrvh zkr whvw srvlwlyh
dqg qhjdwlyh iru wkh glvhdvh jhqh fdq dovr eh ghulyhg1 Djdlq/ vhh wkh Ds0
shqgl{ iru wkh ydoxhv ri wkhvh sduwldo ghulydwlyhv1 Wkhvh uhvxowv duh uhtxluhg
wr xqghuvwdqg wkh h�hfwv ri fkdqjhv lq wkh dffxudf| ri wkh vfuhhqlqj whvw rq
dyhudjh sulfhv sdlg e| phphehuv ri hdfk ulvn w|sh/ exw dovr wkh| zloo eh ri
xvh odwhu lq wkh sdshu zkhq zh frqvlghu krul}rqwdo glvfulplplqdwlrq=

Y�R

Y0s?
c
Y�R

Y0sR
	 fc

Y�?

Y0s?
c
Y�?

Y0sR
: f +69,

Wkhvh uhvxowv lqglfdwh wkdw d whvw zlwk d kljkhu udwh ri idovh qhjdwlyhv
ohdgv wr +l, dq lqfuhdvh lq wkh sulfh sdlg e| wkrvh zkr whvw qhjdwlyh/ vlqfh
wkdw jurxs zloo kdyh d kljkhu sursruwlrq ri lqglylgxdov zkr duh dfwxdoo| kljk
ulvn w|shv/ dqg +ll, d ghfuhdvh lq wkh sulfh sdlg e| wkrvh zkr gr whvw srvlwlyh
vlqfh pruh lqglylgxdov zkr duh kljk ulvn w|shv duh lq idfw ehlqj sodfhg lq wkh
rwkhu fdwhjru| +l1h1/ wkh �qhjdwlyh� fdwhjru|,149 Dovr/ d whvw zlwk d kljkhu

48Wkdw lv/ li d orzhu ydoxh ri %iq dqg2ru %is ohdgv wr dq lqfuhdvh lq Sk dqg d ghfuhdvh

lq So wkhq wkh glvshuvlrq lq wkh ydoxhv ri
�
Sk
fk
> So
fo

�
idoov xqdpeljxrxvo|1

49Wklv odwwhu uhvxow/
CSs
C%iq

? 3/ lq idfw uhtxluhv wkdw wkhuh h{lvw orz ulvn w|shv dprqj
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udwh ri idovh srvlwlyhv ohdgv wr +l, d ghfuhdvh lq wkh sulfh sdlg e| wkrvh zkr
whvw srvlwlyh/ vlqfh wkdw jurxs zloo kdyh d kljkhu sursruwlrq ri lqglylgxdov
zkr duh dfwxdoo| orz ulvn w|shv/ dqg +ll, dq lqfuhdvh lq wkh sulfh sdlg e| wkrvh
zkr whvw qhjdwlyh vlqfh pruh lqglylgxdov zkr duh orz ulvn w|shv duh lq idfw
ehlqj sodfhg lq wkh rwkhu fdwhjru| +l1h1/ wkh �srvlwlyh� fdwhjru|,14:

Wkh uhodwlrqvklsv ehwzhhq wkh udwhv ri idovh qhjdwlyhv dqg idovh srvlwlyhv
dqg wkh dyhudjh sulfh sdlg e| lqglylgxdov ri d jlyhq ulvn w|sh/ krzhyhu/ duh
ohvv fohdu lqwxlwlyho|1 Frqvlghu/ iru h{dpsoh/ wkh lpsdfw ri dq lqfuhdvhg udwh
ri idovh qhjdwlyhv rq wkh dyhudjh sulfh sdlg e| kljk ulvn w|shv1 Vlqfh �R : �?/
wkh idfw wkdw pruh �0w|shv duh dvvljqhg wr wkh �qhjdwlyh fdwhjru|� dqg ihzhu
wr wkh �srvlwlyh fdwhjru|� lpsolhv d uhgxfwlrq lq wkh dyhudjh sulfh sdlg e|
�0w|shv1 Vlploduo|/ dq lqfuhdvhg udwh ri idovh srvlwlyhv lpsolhv d uhgxfwlrq lq
wkh dyhudjh sulfh sdlg e| wkrvh zkr duh dvvljqhg wr wkh �srvlwlyh fdwhjru|�1
Krzhyhu/ wkhuh lv dovr dq lqfuhdvh lq wkh sulfh ri lqvxudqfh sdlg e| wkrvh
lq wkh �qhjdwlyh fdwhjru|� dqg wklv/ lq frqmxqfwlrq zlwk wkh idfw wkdw wkh
olnholkrrg ri ehlqj dvvljqhg wr wklv fdwhjru| lv kljkhu/ kdv dq rssrvlwh h�hfw
rq ��1

Lw wxuqv rxw/ wkrxjk/ wkdw wkh ryhudoo h�hfw ri dq lqfuhdvh lq wkh udwh
ri idovh qhjdwlyhv lv d uhgxfwlrq lq wkh dyhudjh sulfh ri lqvxudqfh sdlg e|
kljk ulvn w|shv/ zklfk lpsolhv d juhdwhu ghjuhh ri sulfh glvfulplqdwlrq iru
wklv jurxs1 Vlplodu uhvxowv dsso| zlwk uhvshfw wr wkh uhodwlrqvklsv ehwzhhq
wkh dyhudjh sulfh sdlg e| lqglylgxdov ri hlwkhu ulvn jurxs dqg wkh udwhv ri
idovh srvlwlyhv dqg qhjdwlyhv1 Doo ri wkhvh uhvxowv duh vwdwhg lq wkh iroorzlqj
wkhruhp1 Gxh wr wkh dprxqw ri dojheud uhtxluhg/ wkh| duh suryhg lq wkh
Dsshqgl{1

Wkhruhp 5 D pruh dffxudwh vfuhhqlqj whvw uhgxfhv wkh dyhudjh sulfh sdlg
e| phpehuv ri wkh orz ulvn jurxs dqg lqfuhdvhv wkh dyhudjh sulfh sdlg e|
phpehuv ri wkh kljk ulvn jurxs/ wkxv uhgxflqj wkh ryhudoo ghjuhh ri yhuwlfdo
sulfh glvfulplqdwlrq1

Zh qrz wxuq rxu dwwhqwlrq wr wkh uhodwlrqvkls ehwzhhq wkh dffxudf| ri wkh
vfuhhqlqj whvw dqg wkh ghjuhh ri krul}rqwdo glvfulplqdwlrq1 Li qr vfuhhqlqj

wkrvh zkr whvw srvlwlyh +l1h1/ �so A 3/ vhh wkh Dsshqgl{, vlqfh rwkhuzlvh dq lqfuhdvhg idovh
qhjdwlyh udwh zrxog mxvw phdq ihzhu k0w|shv lq wkh jurxs whvwlqj srvlwlyh exw qrw d vpdoohu
iudfwlrq ri k0w|shv lq wkh jurxs wkdw whvwv srvlwlyh/ dqg wkhq Ss zrxog qrw fkdqjh1

4:Dv lq wkh suhylrxv irrwqrwh/ d fdyhdw lv uhtxluhg khuh= CSq
C%is

? 3 uhtxluhv wkdw wkhuh

duh kljk ulvn w|shv dprqj wkrvh zkr whvw qhjdwlyh +�qk A 3,1
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whvw ru htxlydohqwo| d frpsohwho| xqlqirupdwlyh rqh lv xvhg/ wkhq doo lqgl0
ylgxdov duh wuhdwhg wkh vdph dqg vr wkhuh lv qr krul}rqwdo glvfulplqdwlrq1
Dowhuqdwlyho|/ li d shuihfwo| lqirupdwlyh vfuhhqlqj whvw lv dydlodeoh dqg xvhg
iru sulflqj lqvxudqfh/ wkhq lqglylgxdov ri dq| ulvn w|sh � duh fkdujhg wkh vdph
sulfh +l1h1/ wkhlu ulvn0w|sh vshfl�f dfwxduldoo| idlu sulfh/ �� ' ��, dqg vr lq
wklv fdvh djdlq wkhuh lv qr krul}rqwdo glvfulplqdwlrq1 Khqfh/ lq ehwzhhq/ dq|
lpshuihfw vfuhhqlqj whvw ohdgv wr vrph krul}rqwdo glvfulplqdwlrq hyhq li wkh
whvw lv doprvw shuihfwo| dffxudwh1 Dq lpsuryhphqw lq wkh dffxudf| ri dq lp0
shuihfw vfuhhqlqj whvw zloo lq vrph fdvhv lqfuhdvh dqg lq rwkhu fdvhv ghfuhdvh
wkh ghjuhh ri krul}rqwdo glvfulplqdwlrq1 Wkh h�hfwv ri lqfuhdvhg dffxudf| ri
d vfuhhqlqj whvw rq wkh frpsrqhqwv d�hfwlqj wkh ghjuhh ri krul}rqwdo glv0
fulplqdwlrq duh pxowlidfhwhg dqg vr/ qrw vxusulvlqjo|/ wkh ryhudoo gluhfwlrqdo
h�hfw rq M( fdqqrw eh suhglfwhg xqdpeljxrxvo|1

Frqvlghu/ iru h{dpsoh/ wkh orz ulvn w|shv1 Vrph duh plvfodvvl�hg +l1h1/
uhfhlyh idovh srvlwlyh whvwv, dqg sd| wkh sulfh �R/ zkloh rwkhuv duh surshuo|
fodvvl�hg +l1h1/ uhfhlyh wuxh qhjdwlyhv, dqg sd| wkh sulfh �?> wkh udqjh ri sulfh0

frvw udwlrv iru wklv jurxs lv Eooq c o,R� '
�
�?
�,
c �R
�,

�
1 Lqfuhdvlqj wkh dffxudf| ri

wkh whvw ohdgv wr dq lqfuhdvh lq �R dqg d ghfuhdvh lq �?/ zlghqlqj wklv udqjh/
lpso|lqj juhdwhu lqhtxdolw| ru sulfh glvfulplqdwlrq iru wklv jurxs1 Krzhyhu/
wklv lqfuhdvh lq dffxudf| dovr uhgxfhv wkh iudfwlrq ri ,0w|shv zkr sd| sulfh
�R dqg lqfuhdvhv wkh iudfwlrq zkr sd| sulfh �, dqg uhgxfhv wkh dyhudjh sulfh

wr frvw udwlr iru wklv jurxs +l1h1/ �,
�,
, wrr1 Wkxv/ wkh qhw uhvxow ri dq lqfuhdvh

lq wkh dffxudqf| ri wkh whvw fdq hlwkhu lqfuhdvh ru ghfuhdvh krul}rqwdo htxlw|
iru wkh orz ulvn jurxs1 Vlplodu dujxphqwv dsso| wr wkh kljk ulvn jurxs1 Rxu
vlpxodwlrqv lq wkh qh{w vhfwlrq frq�up wklv dqg surylgh xv zlwk lqvljkw rq
krz wkh dffxudf| ri d vfuhhqlqj whvw lv uhodwhg wr wkh ghjuhh ri krul}rqwdo dqg
ryhudoo glvfulplqdwlrq1 Ri sduwlfxodu lqwhuhvw lv wkh uhodwlrqvkls ehwzhhq sd0
udphwhu ydoxhv/ zklfk vkrxog uh hfw wkh uhdolw| ri jhqhwlf whvwlqj dqg jhqhwlf
glvhdvhv/ dqg wkh h�hfw ri fkdqjlqj wkh sdudphwhu k/ zklfk uh hfwv rqh*v
ydoxhv derxw wkh ghjuhh ri krul}rqwdo glvfulplqdwlrq iru wkh ydulrxv jurxsv
ri lqglylgxdov lq vrflhw|1
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8 Vlpxodwlrq Uhvxowv iru Fkdqjhv lq Whvw Df0

fxudf|

Lq rxu vlpxodwlrqv zh frqvlghu d qxpehu ri gl�huhqw phdvxuhv ri glvfulplqd0
wlrq edvhg rq wkh hqwurs| idplo| suhvhqwhg lq vhfwlrqv 5 dqg 6 ri wklv sdshu1
Exw �uvw zh ixuwkhu ghyhors vrph lqwxlwlrq frqfhuqlqj wkh uhodwlrqvkls eh0
wzhhq wkh dprxqw ri krul}rqwdo glvfulplqdwlrq dqg wkh dffxudf| ri jhqhwlf
whvwv1

Frqvlghu wkh vlwxdwlrq ri orz ulvn w|shv idflqj dq lpshuihfw vfuhhqlqj
whvw1 Wkh ghjuhh ri krul}rqwdo glvfulplqdwlrq iru ,0w|shv lv uhsuhvhqwhg e|
wkh lqhtxdolw| lq wkhlu sulfh0frvw udwlrv dv iroorzv=

M(, ' U

#
�?d&o

�,

c
�Rd%o

�,

$
' UEooq d&oc o,Rd%o�

Wkh duurzv lqglfdwh wkh gluhfwlrq ri wkh fkdqjh lq sulfh ru sulfh0frvw udwlrv
uhvxowlqj iurp dq lqfuhdvh lq wkh ghjuhh ri dffxudf| ri d vfuhhqlqj whvw1 Wklv
uhvxowv lq lqfuhdvhg glvshuvlrq lq sulfhv sdlg e| ,0w|shv zkr duh surshuo| fodv0
vl�hg yhuvxv wkrvh zkr duh plvfodvvl�hg1 Wklv dvshfw ri lqfuhdvhg dffxudf|
ri d whvw wkdw lqfuhdvhv krul}rqwdo glvfulplqdwlrq1 Rqh pxvw uhphpehu/ krz0
hyhu/ wkdw wkh sursruwlrq ri wkrvh ,0w|shv zkr duh plvfodvvl�hg idoov/ zkloh wkh
sursruwlrq ri surshuo| fodvvl�hg ,0w|shv ulvhv/ zlwk lqfuhdvhg whvw dffxudf|
+l1h1/ ZR, idoov zkloh Z?, ulvhv,1 Lq wkh olplw/ dv wkh whvw ehfrphv shuihfwo| dffx0
udwh ZR, $ f dqg Z?, $ � dqg krul}rqwdo glvfulplqdwlrq iru ,0w|shv ydqlvkhv
dowrjhwkhu1

D vlplodu dqdo|vlv dssolhv wr wkh kljk ulvn w|shv/ zlwk=

M(� ' U

#
�?d&o

��

c
�Rd%o

��

$
' UEo�?d&oc o�Rd%o�

Dv wkh dffxudf| ri d whvw lpsuryhv/ wkh sursruwlrq ri wkrvh �0w|shv zkr duh
plv0fodvvl�hg idoov/ zkloh wkh sursruwlrq surshuo| fodvvl�hg ulvhv/ +l1h1/ Z?�
idoov zkloh ZR� ulvhv, dqg lq wkh olplw/ dv wkh whvw ehfrphv shuihfwo| dffxudwh
Z?R $ f dqg ZR� $ � dqg vr krul}rqwdo glvfulplqdwlrq iru �0w|shv ydqlvkhv1

Ryhudoo krul}rqwdo sulfh glvfulplqdwlrq lv

M( ' ^�M(� n ^,M(,

E| qrwlqj wkh uhodwlyh ydoxhv ri wkh sulfh0frvw udwlrv iru erwk w|shv/ zh fdq
ehwwhu xqghuvwdqg wkh ryhudoo lpsolfdwlrqv iru krul}rqwdo sulfh glvfulplqdwlrq
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dv lw uhodwhv wr wkh dffxudf| ri wkh whvw dqg wkh fkrlfh ri phdvxuh UE��> wkdw
lv=

o�?d&o 	 o�Rd%o 	 ooq d&o 	 o,Rd%o

Djdlq/ wkh duurzv lqglfdwh wkh gluhfwlrq ri fkdqjhv uhvxowlqj iurp d pruh
dffxudwh whvw1 D jlyhq Phqgholdq ru sxuho| jhqhwlf glvhdvh whqgv wr d"lfw d
yhu| vpdoo iudfwlrq ri wkh srsxodwlrq dqg vr ^, lv jhqhudoo| pxfk odujhu wkdq
^�c ohdglqj wr d vxevwdqwldoo| kljkhu zhljkw ehlqj sodfh rq ,0w|shv1 Pruhryhu/
lq wkh frqwh{w ri d jhqhwlf whvwlqj vfhqdulr/ wkh gl�huhqfh o,R � ooq lv olnho|
wr eh odujh dqg lqfuhdvlqj lq wkh dffxudf| ri wkh whvw dqg vr lw lv wklv gl�hu0
hqfh zklfk zloo whqg wr grplqdwh wkh ryhudoo krul}rqwdo htxlw| lpsolfdwlrqv
ri lpshuihfw fdwhjrul}dwlrq1 Iurp d qrupdwlyh vwdqgsrlqw dv zhoo/ lw pdnhv
vhqvh wr sodfh frqfhuq pruh wrzdugv lqglylgxdov prvw khdylo| shqdol}hg e|
ehlqj plvfodvvl�hg1 Wkhvh duh duh wkh orz ulvn w|shv zkr idfh wkh kljkhvw
sulfh0frvw udwlr1 Lq fkrrvlqj d vshfl�f phpehu ri wkh hqwurs| idplo| ri lq0
htxdolw| phdvxuhv/ wkh odujhu lv wkh ydoxh ri wkh sdudphwhu k/ wkh juhdwhu lv
wkh hpskdvlv rq krul}rqwdo glvfulplqdwlrq zlwklq wkh ,0w|shv +l1h1/ wkh pruh
vhqvlwlyh lv wkh phdvxuh wr yduldelolw| lq wkh kljkhu hqg ri wkh yhfwru ri sulfh0
frvw udwlrv,1 Wkxv/ erwk wkh idfwv derxw jhqhwlf glvhdvhv dqg rxu qrupdwlyh
frqfhuqv derxw plvfodvvl�fdwlrq dulvlqj iurp lpshuihfw fdwhjrul}dwlrq ohdg
wr d frqfoxvlrq wkdw/ hyhq wkrxjk yhuwlfdo sulfh glvfulplqdwlrq lv dozd|v uh0
gxfhg e| xvlqj d pruh dffxudwh jhqhwlf whvw iru sulflqj lqvxudqfh/ krul}rqwdo
sulfh glvfulplqdwlrq jhqhudwhg e| plvfodvvl�fdwlrq ri orz ulvn w|shv zloo eh
d juhdwhu frqfhuq1 Wklv lv eruqh rxw e| rxu vlpxodwlrq uhvxowv zklfk zh qrz
ghvfuleh1

Rxu �uvw vlpxodwlrq uhvxow/ ghslfwhg lq Iljxuh 4/ zdv frpsxwhg xvlqj wkh
POG +phdq orjdulwkplf ghyldwlrq, phdvxuh ri glvfulplqdwlrq1 Uhfdoo wkdw
wklv lv htxlydohqw wr d fkrlfh ri sdudphwhu ydoxh k ' � iru wkh jhqhudol}hg
hqwurs| idplo| ri lqhtxdolw| phdvxuhphqw dqg vxfk d fkrlfh lpsolhv uhodwlyho|
juhdwhu hpskdvlv rq glvshuvlrq ehwzhhq vpdoohu ydoxhv ri sulfh0frvw udwlrv1
Wkxv/ wklv uhsuhvhqwv uhodwlyho| ohvv frqfhuq zlwk plvfodvvl�fdwlrq dprqj
,0w|shv wkdq dprqj �0w|shv1 Wkh sdudphwhu ydoxhv fkrvhq iru srsxodwlrq
sursruwlrqv duh ^� ' f�ff� dqg ^, ' f�bbb/ dovr uh hfwlqj d frqvhuydwlyh
ylhz ri wkh uhodwlyh lpsruwdqfh ri orz0ulvn w|shv lq wkh srsxodwlrq14; Wkh
uhodwlyh h{shfwhg frvwv ri lqvxudqfh duh S� ' Dfc fff dqg S, ' 2c fff1 Lq wkh
frqwh{w ri khdowk lqvxudqfh wklv zrxog uhsuhvhqw d vlwxwdwlrq lq zklfk wkrvh

4;Dv qrwhg lq Vwudfkdq dqg Uhlg +4<<:,/ Phqgholdq glvhdvhv w|slfdoo| d�hfw ohvv wkdq 4
shuvrq lq 43331
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zlwk wkh jhqhwlf glvhdvh zloo idfh vxevwdqwldo frvwv iru phglfdo wuhdwhphqw Lq
wkh frqwh{w ri glvdelolw| lqvxudqfh wkhvh sdudphwhu ydoxhv uh hfw d yhu| kljk
suredelolw| ri orvv ri lqfrph1 Vlqfh wkh udqjh ri jhqhwlf glvhdvhv jhqhudwhv
d zlgh udqjh ri frvwv wkhuh lv qr qdwxudo fkrlfh iru vxfk sdudphwhuv1 Lq d
odwhu vlpxodwlrq zh frqvlghu d fdvh zlwk pxfk pruh vlplodu frvwv iru wkh wzr
w|shv1

Wr vlpsoli| wkh judsklfdo dqdo|vlv/ zh uhsuhvhqw wkh dffxudf| ri wkh whvw
e| d fkrlfh ri idovh srvlwlyh dqg qhjdwlyh udwhv zklfk duh htxdo +l1h1/ 0sR '
0s?,/ wkxv doorzlqj xv wr xvh d wzr glphqvlrqdo judsk1 Wkh wrs judsk lq
Iljxuh 4 uhsuhvhqwv wkh uhodwlrqvkls ehwzhhq krul}rqwdo glvfulplqdwlrq dqg
wkh dffxudf| ri wkh jhqhwlf whvw1 D ghfuhdvh lq 0sR/ wkh udwh ri idovh srvlwlyhv/
uhsuhvhqwv dq lqfuhdvh lq wkh dffxudf| ri wkh whvw1 Dv suhylrxvo| qrwhg/ li wkh
whvw lv hlwkhu frpsohwho| xqlqirupdwlyh +0sR ' f�D, ru shuihfwo| lqirupdwlyh
+0sR ' f,/ wkhuh lv }hur krul}rqwdo sulfh glvfulplqdwlrq1 Frqvlghudwlrq ri
lqfuhdvlqjo| dffxudwh jhqhwlf vfuhhqlqj whvwv lv uhsuhvhqwhg e| pryhphqw iurp
wkh ydoxh 0sR ' f�D wr 0sR ' f1 Dv zh fdq vhh/ erwk jurxsv idfh lqfuhdvlqj
krul}rqwdo glvfulplqdwlrq dv d uhvxow ri lqfuhdvlqj wkh dffxudf| ri wkh whvw ryhu
pxfk ri wkh udqjh ri ydoxhv iru 0sR1 Vlqfh wkh uhodwlyh srsxodwlrq sursruwlrq
ri ,0w|shv grplqdwhv wkdw ri �0w|shv/ qrw vxusulvlqjo| wkh ryhudoo dprxqw ri
krul}rqwdo glvfulplqdwlrq/ M(/ yluwxdoo| frlqflghv frlqflghv zlwkM(, lq wklv
judsk +exw vhh rq iru vrph fdvhv zkhuh wklv grhv qrw kdsshq,1

Lq wkh erwwrp judsk ri Iljxuh 4 zh frpsduh wkh vl}h ri yhuwlfdo glvfulp0
lqdwlrq wr ryhudoo krul}rqwdo glvfulplqdwlrq1 Rqh fdq vhh wkdw yhuwlfdo glv0
fulplqdwlrq dozd|v idoov dv wkh dffxudf| ri wkh whvw lpsuryhv1 Wklv frqirupv
wr wkh uhvxow ri Wkhruhp 51 Ehjlqqlqj zlwk d frpsohwho| xqlqirupdwlyh whvw/
M( ulvhv pruh txlfno| wkdq grhv T( idoo dv rqh frqvlghuv whvwv ri juhdwhu
dffxudf| dqg vr lqfuhdvlqj wkh dffxudf| ri whvwlqj lqfuhdvhv wrwdo glvfulpl0
qdwlrq xs wr wkh srlqw zkhuh wkh whvw lv doprvw shuihfwo| dffxudwh14< Wklv
phdqv wkdw xqohvv wkh vfuhhqlqj whvw lv doprvw shuihfw/ wkhuh zloo eh orzhu
ryhudoo glvfulplqdwlrq li doo lqvxuhgv duh fkdujhg wkh vdph sulfh lqvwhdg ri
xvlqj wkh uhvxowv ri vfuhhqlqj whvwv iru sulfh vhwwlqj1

		LQVHUW ILJXUH 4 KHUH::

4<Frpsxwdwlrq lqglfdwhv wkdw WG lv lqfuhdvlqj lq wkh dffxudf| ri wkh whvw xs wr d
idovh qhjdwlyh2srvlwlyh udwh ri 3133673 zkloh KG lv lqfuhdvlqj lq dffxudf| xs wr d idovh
qhjdwlyh2srvlwlyh udwh ri 31336;81
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Wklv uhvxow iroorzv ghvslwh wkh idfw wkdw wkh fkrlfh ri wkh POG dv lqhtxdo0
lw| phdvxuh lv qrw sduwlfxoduo| vhqvlwlyh wr wkh glvshuvlrq ri sulfh0frvw udwlrv
iru orz0ulvn w|shv/ wkh jurxs zklfk lqfoxghv wkrvh lqglylgxdov prvw khdylo|
glvfulplqdwhg djdlqvw dv d uhvxow ri lpshuihfw fdwhjrul}dwlrq +l1h1/ plvfodvvl0
�hg orz0ulvn w|shv,1 Lq Iljxuh 5 zh dgrsw doo ri wkh vdph sdudphwhuv dv iru
wkh h{dpsoh lq Iljxuh 4/ h{fhsw zh fkrrvh sdudphwhu ydoxh k ' D iru wkh jhq0
hudol}hg hqwurs| lqhtxdolw| lqgh{1 Dv suhylrxvo| glvfxvvhg/ dq| ydoxh iru wklv
lqgh{ lq h{fhvv ri 5 sodfhv juhdwhu zhljkw rq glvshuvlrq ri kljkhu sulfh0frvw
udwlrv wkdq orzhu rqhv dqg wkh kljkhu lv k/ wkh juhdwhu lv vxfk hpskdvlv153 Lq
wkh wrs judsk54 zh vhh wkdw wkh uhodwlyh frqwulexwlrq ri krul}rqwdo glvfulp0
lqdwlrq dprqj wkh ,0w|shv frpsohwho| grplqdwhv wkdw iru �0w|shv hyhq rq d
shu fdslwd edvlv dqg vr/ d iruwlrul/ ryhudoo krul}rqwdo glvfulplqdwlrq lv grp0
lqdwhg e| wkh M(, frpsrqhqw1 Dovr/ wkh uhodwlyh lpsruwdqfh ri krul}rqwdo
glvfulplqdwlrq frpsduhg wr yhuwlfdo glvfulplqdwlrq lv juhdwhu lq wklv fdvh dqg
wkh dffxudf| ri whvwlqj pxvw eh hyhq kljkhu ehiruh lpsuryhg dffxudf| ohdgv
wr d uhgxfwlrq lq wrwdo glvfulplqdwlrq155

		LQVHUW ILJXUH 5 KHUH::

Lq wkh h{dpsoh looxvwudwhg lq Iljxuh 6/ rqh fdq revhuyh wkh lpsruwdqw
uroh sod|hg lq wkh fkrlfh ri wkh sdudphwhu k iru wkh jhqhudol}hg hqwurs| lq0
htxdolw| lqgh{1 Khuh zh shuirup wkh vlpxodwlrqv iru wkh fdvh ri k ' ��/ d
ydoxh zklfk lpsolhv vxewdqwldoo| juhdwhu hpskdvlv rq wkh glvshuvlrq ri uho0
dwlyho| vpdoohu sulfh0frvw udwlrv/ zklfk lq rxu frqwh{w phdqv wkh gl�huhqfh
lq sulfhv sdlg e| kljk ulvn w|shv zkr duh surshuo| ru plvsurshuo| fodvvl�hg1
Li rqh*v sulqflsdo hpskdvlv rq glvfulplqdwlrq lv zlwklq wkh jurxs zkr uh0
flhyh idyrxudeoh glvfulplqdwlrq +l1h1/ wkh ydoxhv o�? 	 o�R 	 �, wkhq/ lq shu
fdslwd whupv/ M(� ehfrphv wkh pruh lpsruwdqw whup lq wkh frqvlghudwlrq
ri krul}rqwdo glvfulplqdwlrq1 Vlqfh �0w|shv uhsuhvhqw rqo| d vpdoo iudfwlrq ri
wkh srsxodwlrq/ krzhyhu/ ryhudoo krul}rqwdo glvfulplqdwlrq lv lq xhqfhg vxe0
vwdqwldoo| e| M(,/ dv fdq eh vhhq lq Iljxuh 61 Ryhudoo glvfulplqdwlrq/ A(/
lv lq wklv fdvh grplqdwhg e| yhuwlfdo glvfulplqdwlrq1 Lw lv rqo| krul}rqwdo

53Zh shuiruphg wkh vdph vlpxodwlrqv iru wkh fdvhv ri � @ 5 dqg � @ 6 dqg rewdlqhg
yhu| vlplodu uhvxowv1

54Wkh ixqfwlrqv duh uhodwlyho|  dw iru ydoxhv ri %is juhdwhu wkdq 31339 dqg vr rqo| wkdw
sduw ri hdfk ixqfwlrq qhdu wkh ruljlq lv judskhg1

55Frpsxwdwlrq lqglfdwhv wkdw WG lv lqfuhdvlqj lq wkh dffxudf| ri wkh whvw xs wr d idovh
qhjdwlyh2srvlwlyh udwh ri 313335:4 dqg hvvhqwldoo| wkh vdph uhvxow dssolhv wr KG1
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glvfulplqdwlrq dprqj �0w|shv wkdw lv ghhphg yhu| uhohydqw dffruglqj wr wkh
fkrlfh ri sdudphwhu k ' �� dqg zlwk vr ihz �0w|shv lq wkh srsxodwlrq ryhu0
doo krul}rqwdo glvfulplqdwlrq ehfrphv uhodwlyho| ohvv lpsruwdqw1 Wkxv/ vlqfh
yhuwlfdo glvfulplqdwlrq lv dozd|v ohvv zkhq d pruh lqirupdwlyh vfuhhqlqj whvw
lv xvhg iru sulflqj lqvxudqfh/ zh kdyh wkdw wrwdo glvfulplqdwlrq lv uhgxfhg e|
dq| lqfuhdvh lq dffxudf| ri wkh vfuhhqlqj whvw1 Zh gr qrw/ krzhyhu/ wklqn
wkdw wklv lv d uhohydqw uhvxow iurp dq hwklfdo ru srolf| shuvshfwlyh vlqfh lw
vhhpv qdwxudo zkhq frqfhuqhg derxw sulfh glvfulplqdwlrq wr irfxv dw ohdvw dv
pxfk rq wkrvh zkr duh shqdol}hg e| glvfulplqdwlrq +l1h1/ wkrvh idflqj d sulfh
juhdwhu wkdq frvwv, dv rq wkrvh zkr ehqh�w iurp lw +l1h1/ wkrvh idflqj d sulfh
ohvv wkdq frvwv,1

		LQVHUW ILJXUH 6 KHUH::

Lq Iljxuh 7 zh looxvwudwh wkh uhvxowv ri vlpxodwlrqv zklfk duh edvhg rq d
fdvh zlwk ohvv gl�huhqfh lq frvwv ehwzhhq kljk dqg orz ulvn w|shv1 Uhvxowv
vlplodu wr wkh �uvw wzr fdvhv duh rewdlqhg1 Lq Iljxuh 8 zh looxvwudwh d fdvh
lq zklfk wkh srsxodwlrq sursruwlrqv duh pruh edodqfhg uhodwlyh wr vfhqdulrv
frqvlvwhqw zlwk jhqhwlf vfuhhqlqj1 Lq wklv fdvh 58( ri wkh srsxodwlrq lv
ri wkh kljk ulvn w|sh1 Wkh lpsruwdqfh ri krul}rqwdo glvfulplqdwlrq lq wkh
wzr w|shv lv vlplodu dqg wkh frqwulexwlrq ri yhuwlfdo glvfulplqdwlrq wr wrwdo
glvfulplqdwlrq lv vlplodu wr wkdw ri ryhudoo krul}rqwdo glvfulplqdwlrq1 Wkh
uhvxow lv wkdw wrwdo glvfulplqdwlrq lv idoolqj lq wkh dffxudf| ri wkh whvw iru dq|
lqlwldo whvw zlwk dffxudf| 0sR 	 f��b1 Wklv fdvh looxvwudwhv wkh lpsruwdqfh
ri wkh frqwh{w lq zklfk rqh frqvlghuv wkh lvvxh ri sulfh glvfulplqdwlrq dqg
wkh ghjuhh ri plvfodvvl�fdwlrq dvvrfldwhg zlwk lpshuihfw fdwhjrul}dwlrq1 Lq
d fdvh/ xqolnh jhqhwlf glvhdvhv/ lq zklfk wkh uhodwlyh sursruwlrq ri kljk ulvn
w|shv lq wkh srsxodwlrq lv qrw vr vpdoo/ xvlqj lpshuihfw vfuhhqlqj wr dvvljq
lqglylgxdov wr ulvn fdwhjrulhv fdq pruh hdvlo| eh mxvwl�hg rq wkh jurxqgv ri
uhgxflqj ryhudoo sulfh glvfulplqdwlrq1

		LQVHUW ILJXUH 7 KHUH::

		LQVHUW ILJXUH 8 KHUH::

9 Jhqhudol}dwlrqv

Lq rxu irupdo dqdo|vlv lq Vhfwlrqv 6 dqg 7 zh kdyh wdnhq d vlpsolvwlf ylhz
ri wkh uhodwlrqvkls ehwzhhq jhqhv dqg khdowk ulvnv1 Dowkrxjk d ihz jhqhwlf
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glvhdvhv duh txlwh zhoo uhsuhvhqwhg e| wkh vwudljkwiruzdug pdsslqj ehwzhhq
jhqr0w|sh dqg ulvn0w|sh/56 wkdw zh kdyh hpsor|hg/ prvw uhodwlrqvklsv eh0
wzhhq jhqhv dqg khdowk ulvnv duh pruh frpsoh{1 Iru wkh pdmrulw| ri jhqhwlf
glvhdvhv/ wkh surshqvlw| wr vxvwdlq wkh glvhdvh ghshqgv rq d frpelqdwlrq
ri vhyhudo jhqhwlf ghwhuplqdqwv dv zhoo dv hqylurqphqwdo lq xhqfhv157 Wkhvh
fdvhv duh uhihuuhg wr dv pxowlidfwrudo jhqhwlf glvhdvhv1 Uhfrjql}lqj wklv dvshfw
ri jhqhwlf glvhdvhv vwuhqjwkhqv wkh frqfoxvlrq wkdw edvlqj lqvxudqfh sulfhv rq
jhqhwlf vfuhhqlqj whvwv lv olnho| wr lqfuhdvh/ udwkhu wkdq uhgxfh/ wkh h{whqw ri
sulfh glvfulplqdwlrq1

Lq wkh fdvh ri pxowlidfwrudo jhqhwlf glvhdvhv/ nqrzlqj zkhwkhu dq lqglylg0
xdo srvvhvvhv d jlyhq jhqh grhv qrw surylgh d suhflvh dvvhvvphqw ri ulvn w|sh
dqg vr wkh olqn ehwzhhq d jlyhq/ lghqwl�hg jhqh dqg lwv dvvrfldwhg glvhdvh+v,
pd| eh txlwh zhdn1 Wklv lpsolhv wkdw hyhq li d sduwlfxodu jhqh ri lqwhuhvw
lv dozd|v fruuhfwo| lghqwl�hg e| wkh vfuhhqlqj whvw/ wkhuh zloo eh vxevwdqwldo
plvfodvvl�fdwlrq ri lqglylgxdov wr ulvn fdwhjrulhv1 Qrw rqo| pxvw rqh nqrz
wkdw d jlyhq jhqh lv �ghihfwlyh� lq rughu wr fruuhfwo| dvfhuwdlq dq lqglylgx0
dov ixwxuh khdowk ulvnv/ rqh pxvw dovr nqrz wkh sduwlfxodu pxwdwlrq iru wkdw
jhqh/ wkh vwdwxv ri rwkhu uhodwhg jhqhv/ dqg dovr wkh hqylurqphqwdo idfwruv
lqyroyhg zlwk wkdw glvhdvh iru wkh sduwlfxodu lqglylgxdo1 Wkh odvw ri wkhvh idf0
wruv zrxog lqfoxgh olihvw|oh fkrlfhv/ qrw doo ri zklfk duh olnho| wr eh shuihfwo|
revhuydeoh wr wkh lqvxuhu1

Qrw rqo| lv dffxudwh fodvvl�fdwlrq ri ulvnv e| jhqhwlf vfuhhqlqj whvwv xq0
olnho| lq wkh frqwh{w ri pxowlidfwrudo jhqhwlf glvhdvhv/ wkh xvh ri rqo| wzr ulvn
fodvvhv grhv qrw surshuo| uh hfw wkh wuxh ghjuhh ri frpsoh{lw|1 Dv rxu dqdo|vlv
lq Vhfwlrq 5 ri wklv sdshu uhdglo| ghprqvwudwhv/ krzhyhu/ rqh fdq lqwurgxfh
dv pdq| ulvn idfwruv dqg fodvvl�fdwlrq jurxsv dv rqh olnhv zlwkrxw fkdqjlqj
wkh txdolwdwlyh qdwxuh ri wkh dqdo|vlv1 Wkh lpsruwdqfh ri ehlqj deoh wr gr vr
lv hyhq pruh hylghqw zkhq rqh frqvlghuv wkdw lw lv qrw srvvleoh wr wuhdw lq d gl0
fkrwrprxv idvklrq hyhq wkrvh glvhdvhv zklfk dsshdu wr eh hqwluho| ghshqghqw
rq d vlqjoh jhqh dqg qr rwkhu jhqhwlf ru hqylurqphqwdo idfwruv1 Wkh glvhdvh
f|vwlf �eurvlv/ iru h{dpsoh/ kdv ehhq lghqwl�hg zlwk d vlqjoh jhqh1 Krzhyhu/
dv ri 4<<:/ pruh wkdq vl{ kxqguhg gl�huhqw pxwdwlrqv ri wkh jhqh uhvsrqvl0
eoh iru wklv glvhdvh kdg ehhq glvfryhuhg +vhh Fdvh|/ 4<<:,1 Wkh vhyhulw| ri
wkh glvhdvh ghshqgv rq zklfk ri wkh pxwdwlrqv lv uhvsrqvleoh dqg whvwlqj iru

56Idploldo uhwlqreodvwrpd lv vxfk dq h{dpsoh zlwk d vlqjoh/ vkruw jhqh ehlqj wkh lqgl0
fdwru1

57Vhh Vwudfkdq dqg Uhdg +4<<:/ fkdswhu 6, iru d ixoo glvfxvvlrq1
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wkhvh lv lpshuihfw1 Rwkhu looxvwdwlyh h{dpsohv duh uhsuhvhqwhg e| wkh vr0fdoohg
euhdvw fdqfhu jhqhv +EUFD04/5,/ zklfk duh frqwulexwruv wr wkh pxowlidfwrudo
jhqhwlf glvhdvhv ri euhdvw fdqfhu/ ryduldq fdqfhu/ dqg rwkhuv1 EUFD04/5 duh
yhu| orqj jhqhv zlwk pdq| srvvleoh gl�huhqw yduldwlrqv2pxwdwlrqv fuhdwlqj
pdq| gl�huhqw vfhqdulrv frqfhuqlqj shqhwudqfh ri wkh glvhdvhv dqg/ khqfh/
uhodwlyh khdowk ulvnv158 Vxfk frpsoh{lwlhv uhsuhvhqw wkh vwdqgdug/ udwkhu wkdq
wkh h{fhswlrq/ dqg vr vflhqwl�f ru whfkqrorjlfdo dffxudf| lq uhodwlqj jhqhv wr
khdowk ulvnv lv olnho| wr uhpdlq ohvv wkdq shuihfw1

Ehvlghv jhqhudol}lqj wkh frqwh{w ri jhqhwlf glvhdvhv/ zh fdq dovr dsso| rxu
dqdo|vlv wr vwxg| lqvxudqfh sulflqj hqylurphqwv zklfk duh pruh frpsoh{1 Lq
rxu dqdo|vlv zh edvh wkh sulfh ri lqvxudqfh/ dv ghwhuplqhg e| whvw uhvxowv
+l1h1/ srvlwlyh ru qhjdwlyh,/ rq wkh lpsolflw dvvxpswlrq wkdw erwk ulvn w|shv
sxufkdvh wkh vdph dprxqw ri lqvxudqfh1 Wkxv/ uhfdoolqj htxdwlrqv +4<, dqg
+53,/ wkh xqlw sulfh iru wkrvh uhfhlylqj whvw uhvxow � ' Rc ?/ lv

�� ' Z���� n Z,��,

Dv qrwhg hduolhu/ pdq| prghov ri wkh lqvxudqfh pdunhw wdnh dffrxqw ri wkh
idfw wkdw/ lq wkh suhvhqfh ri dv|pphwulf lqirupdwlrq/ kljk ulvn w|shv zloo w|s0
lfdoo| sxufkdvh juhdwhu dprxqwv ri lqvxudqfh wkdq zloo orz ulvn w|shv zkhq
wkh wzr w|shv duh idfhg zlwk wkh vdph sulfh ri lqvxudqfh1 Wkxv/ wkh dfwxdo
sulfh ri lqvxudqfh zloo eh d ghpdqg0zhljkwhg dyhudjh ri wkh ulvn0w|sh vsh0
fl�f dfwxduldo frvwv1 Li zh ohw u�� uhsuhvhqw wkh ghpdqg iru lqvxudqfh e| dq
lqglylgxdo ri ulvn w|sh � zlwk whvw uhvxow �/ dqg ohw u� eh wkh dyhudjh dprxqw
ri lqvxudqfh sxufkdvhg e| lqglylgxdov zlwk whvw uhvxow �/ wkhq wkh srrohg
dfwxduldoo| idlu sulfh ri lqvxudqfh zrxog eh59

�� ' Z��
u��

u�

�� n Z,�
u,�

u�

�,

Wkh txdolwdwlyh qdwxuh ri rxu uhvxowv frqfhuqlqj sulfh glvfulplqdwlrq dqg wkh
dffxudf| ri wkh vfuhhqlqj whvw zrxog shuvlvw xqghu wkhvh frqglwlrqv1 Lq idfw/

58Wkh EUFD04 jhqh vsdqv doprvw 433/333 edvhv ri wkh jhqrph dqg hqfrghv d surwhlq
ri 4/;96 dplqr dflgv1 Dv ri 4<<9/ 568 nqrzq vhtxhqfh yduldwlrqv kdg ehhq lghqwl�hg1 Wkh
EUFD05 jhqh lv pruh frpsoh{ dqg ohvv zhoo vwxglhg exw lv hyhq orqjhu dqg lv nqrzq wr
frqwdlq d odujh udqjh ri vhtxhqfh yduldwlrqv dv zhoo1 +Vhh Vflhqfh/ 4<<9/ Rfwrehu lvvxh1,

59Lq Yloohqhxyh +4<<9,/ iru h{dpsoh/ wklv irupxod lv uhihuuhg wr dv wkh dyhudjh folhqwhoh

ulvn1 Rwkhu irupxodh zrxog eh uhohydqw li qrqolqhdu sulflqj shuvlvwv exw wkh hvvhqfh ri wkh
dujxphqw uhpdlqv1
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wkh h{whqw ri krul}rqwdo sulfh glvfulplqdwlrq idfhg e| plvfodvvl�hg orz ulvn
w|shv/ zklfk zh vdz lq wkh suhylrxv vhfwlrq whqgv wr grplqdwh wkh ryhudoo
ghjuhh ri sulfh glvfulplqdwlrq lq wkh frqwh{w ri jhqhwlf vfuhhqlqj/ lv hyhq
juhdwhu jlyhq wklv frqvlghudwlrq1 Wklv iroorzv ehfdxvh/ zlwk u�R : uR : u,Rc
wkh h{whqw wr zklfk orz ulvn w|shv zkr duh plvfodvvl�hg idfh xqidyrxudeoh
glvfulplqdwlrq lv h{dfhuedwhg e| dgyhuvh vhohfwlrq frqvlghudwlrqv1

Wkxv/ qdwxudo jhqhudol}dwlrqv lq uhjdugv wr wkh uhdolw| ri erwk jhqhwlf glv0
hdvhv dqg lqvxudqfh pdunhw sulflqj uhlqirufhv rxu frqfoxvlrqv wkdw lpsuryhg
dffxudf| ri jhqhwlf vfuhhqlqj lv olnho| wr ohdg wr dq lqfuhdvh lq wkh ryhudoo
dprxqw ri sulfh glvfulplqdwlrq1

: Frqfoxvlrqv

Lq wklv sdshu zh kdyh h{sorlwhg wkh uhodwlrqvkls ehwzhhq ghfrpsrvdeoh lq0
htxdolw| phdvxuhv dqg wkh frqfhswv ri krul}rqwdo dqg yhuwlfdo htxlw| lq rughu
wr surylgh d srzhuixo dqg jhqhudo iudphzrun zlwklq zklfk wr dgguhvv wkh
lvvxh ri sulfh glvfulplqdwlrq dulvlqj iurp wkh xvh ri lpshuihfw fdwhjrul}dwlrq
lq lqvxudqfh sulflqj1 Zh ghyhorshg d sduwlfxodu dssolfdwlrq wr ghwhuplqh
zkhwkhu xvlqj uhvxowv iurp vfuhhqlqj whvwv iru jhqr0w|sh wr ulvn0udwh lqvxu0
dqfh suhplxpv lv pruh ru ohvv glvfulplqdwru| wkdq fkdujlqj doo khwhurjhqhrxv
lqglylgxdov wkh vdph dyhudjh sulfh1 Zh frqfoxgh wkdw wkh xvh ri vxfk lqiru0
pdwlrq ohdgv wr pruh/ udwkhu wkdq ohvv/ djjuhjudwh glvfulplqdwlrq1 Wkh uhd0
vrqv iru wklv frqfoxvlrq uhyroyh durxqg wkh uhdolwlhv dvvrfldwhg zlwk jhqhwlf
glvhdvhv dv zhoo dv frpshoolqj qrupdwlyh frqfhuqv1

Dq| vlqjoh Phqgholdq glvhdvh d�hfwv rqo| d vpdoo iudfwlrq ri wkh srsx0
odwlrq exw pdq| vxfk glvhdvhv kdyh h{wuhphpo| ghwulphqwdo khdowk lpsolfd0
wlrqv1 Hyhq yhu| dffxudwh jhqhwlf whvwv/ zklfk ohdg wr d vpdoo iudfwlrq ri
lqglylgxdov ehlqj plvfodvvl�hg/ fdq jhqhudwh vxevwdqwldo krul}rqwdo lqhtxlw|
zlwklq hlwkhu ulvn fodvv gxh wr wkh vljql�fdqw gl�huhqfhv lq wkh frvwv ri lq0
vxudqfh surylvlrq1 Dowkrxjk yhuwlfdo glvfulplqdwlrq lv dozd|v uhgxfhg e| wkh
lqwurgxfwlrq ri d pruh dffxudwh vfuhhqlqj whvw/ wkh idfw wkdw prvw lqglylgxdov
duh ri wkh orz ulvn w|sh phdqv wkdw xvh ri srsxodwlrq zhljkwv e| ulvn w|sh
gh0hpskdvlvhv wkh lpsruwdqfh ri yhuwlfdo glvfulplqdwlrq uhodwlyh wr krul}rqwdo
glvfulplqdwlrq1

Sulfh glvfulplqdwlrq shuvlvwv zkhq lqglylgxdov idfh gl�huhqw sulfh0frvw ud0
wlrv iru d surgxfw1 Iurp d qrupdwlyh shuvshfwlyh/ lw lv frpshoolqj wr sodfh
lqfuhdvhg frqfhuq rq wkh glvshuvlrq lq sulfh0frvw udwlrv ehwzhhq lqglylgxdov
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iru zkrp wkh ohyhov ri wkrvh udwlrv duh kljkhu1 Wkh uhdvrq iru grlqj vr lv
wkdw wkrvh zlwk wkh kljkhvw sulfh0frvw udwlrv uhvxowlqj iurp lpshuihfw fdwhjr0
ul}dwlrq duh wkrvh zkr duh prvw khdylo| glvfulplqdwhg djdlqvw1 Xvlqj vlpxod0
wlrqv zh irxqg wkdw/ hyhq zlwk d frqvhuydwlyh ydoxh mxgjhphqw uhjduglqj wkh
uhodwlyh lpsruwdqfh ri sulfh0frvw udwlrv dfurvv gl�huhqw jurxsv/5: lqfuhdvhg
dffxudf| ri d vfuhhqlqj whvw ohdgv wr dq ryhudoo lqfuhdvh lq sulfh glvfulplqd0
wlrq xs wr yhu| kljk ghjuhhv ri dffxudf|1 Wklv frqfoxvlrq iroorzv ehfdxvh/
hyhq wkrxjk lqfuhdvhg dffxudf| lq vfuhhqlqj uhgxfhv wkh qxpehu ri lqglylgx0
dov zkr duh plvfodvvl�hg/ dw wkh vdph wlph lpsuryhg whvw dffxudf| lqfuhdvhv
wkh glvshuvlrq lq sulfh0frvw udwlrv ehwzhhq lqglylgxdov surshuo| fodvvl�hg dqg
plvfodvvl�hg1

Wzr ixuwkhu frqvlghudwlrqv uhlqirufh rxu frqfoxvlrqv1 Iluvwo|/ wkh idfw wkdw
prvw jhqhwlf glvhdvhv duh pxowlidfwrudo zhdnhqv wkh srwhqwldo wr xvh jhqhwlf
whvwlqj wr suhglfw khdowk ulvnv zlwk shuihfw dffxudf|1 Wkxv/ wkh olplwlqj fdvh
ri shuihfw whvwlqj/ lq zklfk glvfulplqdwlrq zrxog eh holplqdwhg/ lv xqolnho|
iru prvw jhqhwlf glvhdvhv1 Vhfrqg/ dgyhuvh vhohfwlrq frqvlghudwlrqv h{dfhu0
edwh wkh lpsruwdqfh ri shqdol}lqj wkrvh orz ulvn w|shv zkr duh plvfodvvl�hg
dqg lw lv wklv dvshfw ri lpshuihfw whvwlqj zklfk qdwxudoo| dulvhv dv wkh prvw
surplqhqw rqh lq rxu dqdo|vlv dqg frqfoxvlrqv1

Ilqdoo|/ zh hpskdvlvh wkdw frqvlghudwlrqv ri glvfulplqdwlrq iurp xvlqj/ ru
qrw xvlqj/ dydlodeoh lpshuihfw lqirupdwlrq wr fdwhjrul}h ulvnv lq dq lqvxudqfh
pdunhw lv qrw wkh rqo| uhohydqw lvvxh zkhq ghflglqj rq zkhwkhu ru qrw lqvxuhuv
vkrxog eh doorzhg wr xvh vxfk lqirupdwlrq15; Lw lv dovr lpsruwdqw wr dgguhvv
h!flhqf| dqg glvwulexwlrqdo lpsolfdwlrqv1 Krzhyhu/ frqfhuq ryhu htxlw| lq
wkh frqwh{w ri glvfulplqdwru| sulflqj zloo xqgrxewhgo| uhpdlq d ohjdo dqg
uhjxodwru| frqfhuq iru srolf|0pdnhuv dqg vr kdylqj d �up irxqgdwlrq iru
phdvxuhphqw ri glvfulplqdwlrq lv dqg zloo uhpdlq lpsruwdqw1

5:Qdpho|/ xvlqj wkh POG phdvxuh +iru zklfk � @ 4,/ zklfk dfwxdoo| sodfhv uhodwlyho|
pruh frqfhuq rq orzhu sulfh0frvw udwlrv/ dqg dovr � @ 5 / zklfk sodfhv htxdo zhljkw rq wkh
glvshuvlrq ri sulfh0frvw udwlrv iru doo ydoxhv1

5;Vxfk frqvlghudwlrqv duh dgguhvvhg/ iru h{dpsoh/ lq Furfnhu dqg Vqrz +4<;9,/ Grkhuw|
dqg Wklvwoh +4<<9,/ Oljrq dqg Wklvwoh +4<<9,/ Grkhuw| dqg Srvh| +4<<;,/ Kr| +4<;5/ 4<;7,/
Kr| dqg Sroeruq +4<<;,/ Wdeduurfn +4<<7,1
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Urwkvfklog/ P1/ dqg M1 Vwljolw} +4<:9,/ �Htxloleulxp lq Frpshwlwlyh Lq0
vxudqfh Pdunhwv= Dq Hvvd| rq wkh Hfrqrplfv ri Lpshuihfw Lqirupdwlrq/�
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41 Ydoxhv ri Sduwldo Ghulydwlyhv
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51 Surri ri Wkhruhp 5

E| d pruh dffxudwh vfuhhqlqj whvw zh phdq rqh lq zklfk hlwkhu wkh udwh ri
idovh qhjdwlyhv ru srvwlyhv +ru erwk, lv orzhu1 Zh vkrz wkdw d kljkhu udwh ri
hlwkhu idovh qhjdwlyhv ru srvlwlyhv lpsolhv d kljkhu dyhudjh sulfh iru orz ulvn
w|shv dqg d orzhu dyhudjh sulfh iru kljkhu ulvn w|shv1 Wklv lpsolhv dq lqfuhdvh

lq wkh udwlr �,
�,

dqg dq ghfuhdvh lq wkh udwlr ��
��

zklfk phdqv dq xqdpeljxrxv
lqfuhdvh lq wkh ryhudoo ghjuhh ri sulfh glvfulplqdwlrq1

Uhfdoolqj htxdwlrqv +54, dqg +55,/ dqg xvlqj wkh uhvxowv iurp sduw 4 ri
wkh Dsshqgl{/zh kdyh
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Wklv h{suhvvlrq zloo eh srvlwlyh surylghg wkh whup lq wkh eudfnhwwv i�j lv
srvlwlyh> l1h1/ surylghg

Z?,
d^�Z?� n ^,Z?,o

:
ZR,

d^�ZR� n ^,ZR,o

ru
Z?,d^�ZR� n ^,ZR,o : ZR,d^�Z?� n ^,Z?,o

ru
Z?,ZR� : ZR,Z?�

dqg wklv lv vr vlqfh iru dq| lqirupdwlyh whvw 0sRc 0s? 	 �
2
/ zklfk lpsolhv

Z?, : Z?� dqg ZR� : ZR,1 Xvlqj vlplodu vwhsv/ zh fdq vkrz wkdw

Y��

Y0sR
' E�� � �,�^�^,

+
Z2?�

d^�Z?� n ^,Z?,o2
�

Z2R�
d^�ZR� n ^,ZR,o2

,

zklfk lv qhjdwlyh surylghg wkh whup lq eudfnhwv i�j lv qhjdwlyh/ zklfk/ diwhu
d ihz dojheudlf vwhsv/ lv htxlydohqw wr uhtxlulqj wkdw

Z?,ZR� : Z?�ZR,

63



zklfk zh vdz deryh lv vr iru dq| lqirupdwlyh whvw +0sRc 0s? 	 �
2
,1

Wkxv/ zh kdyh hvwdeolvkhg wkh iroorzlqj wzr uhvxowv=

Y�,

Y0s?
: f +D4,

Y��

Y0sR
	 f +D5,

Gxh wr rxu dvvxpswlrq ri srrohg dfwxduldoo| idlu sulflqj zh kdyh wkdw

^��� n ^,�, ' ^��� n ^,�,

lq zklfk wkh uljkw vlgh lv lqghshqghqw ri 0s? dqg 0sR +dv duh ^� dqg ^,,1 Wkxv/
zh kdyh wkh iroorzlqj wzr uhvxowv1
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n ^,

Y�,

Y0s?
' f
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zklfk/ lq frqmxqfwlrq zlwk htxdwlrqv +D4, dqg +D5, lpso|
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: f +D6,

Y��
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	 f +D7,

Wkxv/ dq lqfuhdvh lq hlwkhu ru erwk ri wkh udwhv ri idovh srvlwlyhv dqg qhjdwlyhv

lqfuhdvhv �, dqg ghfuhdvhv ��/ lqfuhdvlqj wkh glvshuvlrq lq wkh ydoxhv
��
��
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�,

/ surylqj Wkhruhp 51
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