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4Wkh dxwkruv wkdqn dqrq|prxv uhihuhhv iru yhu| khosixo uhpdunv1 Wkh �uvw dxwkru zrxog olnh wr

wkdqn wkh Qhzwrq Wuxvw dqg Guhvgqhu Nohlqzruw Ehqvrq iru �qdqfldo vxssruw1 Wkh vhfrqg dxwkru

zrxog olnh wr wkdqn Lqtxluh iru �qdqfldo vxssruw1



Devwudfw

Wkh sxusrvh ri wklv sdshu lv wr dvvhvv wkh lqfuhphqwdo ydoxh ri kljkhu prphqwv lq prg0

hoolqj FDSPv ri hphujlqj pdunhwv1 Zklovw lw lv uhfrjqlvhg wkdw hphujlqj pdunhwv duh

xqolnho| wr |lhog vhqvleoh uhvxowv lq d phdq0yduldqfh zruog/ wkh kljk vnhzqhvv dqg nxuwrvlv

suhvhqw lq hphujlqj pdunhwv uhwxuqv pdnh rxu dvvhvvphqw srwhqwldoo| lqwhuhvwlqj1 Jhqhudo0

l}hg phwkrg ri prphqwv +JPP, lv xvhg iru wkh hvwlpdwlrq1 Zh dovr suhvhqw qhz yhuvlrqv

ri kljkhu0prphqw pdunhw prghov ri wkh gdwd jhqhudwlqj surfhvv ri wkh lqglylgxdo hphujlqj

pdunhwv dqg xvh wkhvh wr lghqwli| prgho sdudphwhuv1 Zh �qg vrph hylghqfh wkdw hphuj0

lqj pdunhwv duh ehwwhu h{sodlqhg zlwk dgglwlrqdo v|vwhpdwlf ulvnv vxfk dv fr0vnhzqhvv dqg

fr0nxuwrvlv wkdq wkh frqyhqwlrqdo phdq0yduldqfh FDSP1

Nh|zrugv= FDSP/ Gdwd Jhqhudwlqj Surfhvv/ Hphujlqj Pdunhwv/ Kljkhu Prphqwv/ Nxu0

wrvlv/ Vnhzqhvv1

MHO Fodvvl�fdwlrq= G;4/ J44/ J45
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VXPPDU\

Pdq| hpslulfdo vwxglhv rq hphujlqj pdunhwv vxjjhvw wkdw phwkrgv ri frqyhqwlrqdo �0

qdqfh vxfk dv wkh phdq0yduldqfh FDSP duh kljko| plvohdglqj zkhq dssolhg wr sulflqj

dvvhwv1 Wkhuh duh pdq| h{sodqdwlrqv jlyhq> qrq0vwdwlrqdulw| gxh wr hyroylqj ghjuhhv ri pdu0

nhw lqwhjudwlrq/ wkh lpsruwdqfh ri qrq0hfrqrplf idfwruv vxfk dv srolwlfdo ulvn/ wkh suhvhqfh

ri vxuylyruvkls dqg uh0hphujlqj eldv lq hphujlqj pdunhwv gdwd> frxqwu| vhohfwlrq eldv/ dqg

wkh hyroxwlrq iurp dq hphujlqj pdunhw wr d pdwxuh rqh1

Lq wklv vwxg|/ zh irfxv rq wkh kljko| vljql�fdqw vnhzqhvv dqg nxuwrvlv suhydohqw lq

hphujlqj pdunhwv gdwd1 Wkh txhvwlrq zh h{soruh lq wklv vwxg| lv zkhwkhu hphujlqj pdunhwv

pd| eh ehwwhu h{sodlqhg zlwk dgglwlrqdo ulvn idfwruv vxfk dv kljkhu prphqwv/ h1j1/ vnhzqhvv

dqg nxuwrvlv1 Zh ghyhors kljkhu prphqw FDSPv/ dqg whvw wkhp xvlqj jhqhudol}hg phwkrg

ri prphqwv vlqfh wkh glvwulexwlrq ixqfwlrq ri hphujlqj pdunhwv uhwxuq lv qrw nqrzq1 Rxu

hpslulfdo uhvxowv vkrz wkdw hphujlqj pdunhwv duh ehwwhu h{sodlqhg zlwk kljkhu0prphqwv

FDSPv1 Lq dgglwlrq/ fr0nxuwrvlv kdv dw ohdvw dv pxfk h{sodqdwru| srzhu dv fr0vnhzqhvv iru

wkh frxqwulhv xvhg lq wklv vwxg|1

Lq dgglwlrq/ zh dovr xvh dq dowhuqdwlyh dssurdfk xvlqj gdwd jhqhudwlqj surfhvvhv frq0

glwlrqlqj rq wkh pdunhw dv lq Vkdush*v pdunhw prgho1 Wklv lv ehfdxvh wkh kljk pxowl0

froolqhdulw| lq vdpsoh fr0prphqwv vhhpv wr pdnh lw kdug wr mrlqwo| hvwlpdwh fr0vnhzqhvv

dqg fr0nxuwrvlv1 Wr uhgxfh wkhvh gl!fxowlhv/ vshfl�f prghov duh lqwurgxfhg dv fdqglgdwh

gdwd jhqhudwlqj surfhvvhv> wkhvh duh wkh txdgudwlf dqg fxelf pdunhw prghov1 Zh vkrz wkdw

kljkhu0prphqw gdwd jhqhudwlqj surfhvvhv duh frqvlvwhqw zlwk kljkhu0prphqw FDSPv/ dqg

hpslulfdo whvwv uhyhdo wkdw wkh froolqhdulw| lq wkh sdudphwhuv dsshduv wr eh uhgxfhg1

Zh qrwh wkdw zklovw wkh xvh ri kljkhu prphqwv vhhpv wr h{sodlq hphujlqj pdunhwv

ehwwhu wkdq frqyhqwlrqdo FDSPv/ wkh kljkhu0prphqw FDSPv duh edvhg rq dq dvvxpswlrq

ri vwdwlrqdulw| lq hphujlqj pdunhw uhwxuqv1 Vlqfh wkhuh lv fohdu hyroxwlrq lq wkhvh pdunhwv/

5



rxu edvlf dvvxpswlrq lv suredeo| lqdssursuldwh1 Lq ixwxuh uhvhdufk/ zh krsh wr lqyhvwljdwh

wklv sureohp ixuwkhu e| frpelqlqj wkh lghdv ri wklv sdshu zlwk wkh hyroylqj prghov ri Ehndhuw

dqg Kduyh| +4<<8,1
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4 LQWURGXFWLRQ

Uhvhdufk rq hphujlqj pdunhwv lqyhvwphqw kdv lghqwl�hg wkh iroorzlqj ihdwxuhv> kljk uhwxuqv/

kljk yrodwlolw|/ orz fruuhodwlrq ehwzhhq hphujlqj dqg pdwxuh pdunhwv dqg orz fruuhodwlrq

ehwzhhq hphujlqj pdunhwv zklfk kdv lqfuhdvhg wkurxjk wlph1 Pxfk ri wkh uhvhdufk kdv

frqfhqwudwhg rq wkh txhvwlrq ri wkh xvhixoqhvv ri frqyhqwlrqdo �qdqfh wr sulfh dvvhwv lq

hphujlqj pdunhwv1 Wkh uhvxowv vxjjhvw wkdw wkh phdq0yduldqfh FDSP lv kljko| plvohdglqj

dqg wkdw d fdslwdol}dwlrq zhljkwhg sruwirolr vhulrxvo| xqghushuirupv vxfk vlpsoh frqvwuxfwv

dv dq htxdoo| zhljkwhg sruwirolr/ iru h{dpsoh1

H{sodqdwlrqv iru wkh wkhruhwlfdo vkruwfrplqjv lqyroyh qrq0vwdwlrqdulw| gxh wr/ iru h{dp0

soh/ hyroylqj ghjuhhv ri pdunhw lqwhjudwlrq/ wkh lpsruwdqfh ri qrq0hfrqrplf idfwruv/ vxfk

dv srolwlfdo ulvn/ dqg wkh lqdghtxdf| ri wzr0ixqg vhsdudwlrq dqg uhsuhvhqwdwlyh djhqw edvhg

dujxphqwv1 Ehndhuw/ Hue/ Kduyh|/ dqg Ylvndqwd +4<<:, glvfxvv wkh deryh dqg dovr suhvhqw

rwkhu h{sodqdwlrqv frqfhuqhg zlwk wkh qdwxuh ri gdwd> wkh suhvhqfh ri vxuylyruvkls eldv/

wkh gdwd duh fkrvhq ryhu d vkruw shulrg/ wkh gdwd plvv wkh orqjhu shulrg ri hduolhu idloxuh

+uh0hphujlqj eldv,> wkhuh lv dovr wkh suhvhqfh ri frxqwu| vhohfwlrq eldv1 Rwkhu uhihuhqfhv iru

wkh deryh glvfxvvlrq duh qxphurxv1 Uhvxowv rq sruwirolr hydoxdwlrq fdq eh irxqg lq Pdvwhuv

+4<<;,1

Lw lv suredeo| xqolnho| wkdw dq| yhuvlrq ri wkh FDSP zloo zrun lq wkhvh pdunhwv1 Rqh

uhdvrq pd| eh gxh wr olehudolvdwlrq zlwklq wkh vdpsoh shulrg vxfk wkdw d orfdo FDSP zdv

ydolg ehiruh wkh vwuxfwxudo euhdn dqg d zruog FDSP zdv ydolg diwhu wkh euhdn/ vhh Ehndhuw

dqg Kduyh| +4<<8/ 4<<:,1 Pruh uhfhqwo| vrph pdunhwv/ l1h1/ Pdod|vld/ kdyh ehhq wu|lqj wr

hqjlqhhu d uhyhuvh surfhvv/ uhihuuhg wr dv vxephujlqj pdunhwv1 Doo lq doo/ d frqyhqwlrqdo

prgho zloo idfh gl!fxowlhv1

Lw lv olnho| wkdw rqh fdqqrw prgho ulvn suhpld lq wkrvh pdunhwv zlwkrxw lqfoxglqj sr0

olwlfdo2vrfldo yduldeohv1 Krzhyhu/ zh duh qrw dzduh ri pxfk prghoolqj zrun wkdw xvhv wkh
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kljko| vljql�fdqw vnhzqhvv dqg nxuwrvlv suhydohqw lq hphujlqj pdunhwv gdwd> vhh iru h{dp0

soh/ Ehndhuw/ Hue/ Kduyh|/ dqg Ylvndqwd +4<<;, iru wkh hylghqfh ri vljql�fdqw vnhzqhvv dqg

nxuwrvlv lq wkhvh pdunhwv1 Vlqfh wkhuh h{lvwv d olwhudwxuh rq wkh lqfrusrudwlrq ri kljkhu pr0

phqwv lqwr ulvn suhpld/ vhh Duglwwl +4<9:,/ Mhdq +4<:4/ 4<:6,/ Lqjhuvroo +4<:8,/ Nudxv dqg

Olw}hqehujhu +4<:9,/ Iulhqg dqg Zhvw�hog +4<;3,/ Vhduv dqg Zhl +4<;8/ 4<;;,/ Krpdlidu

dqg Judgg| +4<;;,/ dqg Olp +4<;<,/ lw vhhpv zruwkzkloh wr h{soruh wklv prghoolqj vwudw0

hj|/ li rqo| wr holplqdwh lw dv d srwhqwldo h{sodqdwlrq1 Wkhuhiruh/ wkurxjkrxw wklv vwxg|/ zh

lpsolflwo| dvvxph wkdw kljkhu0prphqwv ri uhwxuqv h{lvw> iru wkh wkuhh0prphqw FDSPv/ wkh

�uvw wkuhh prphqwv duh dvvxphg wr h{lvw dqg iru wkh irxu0prphqw FDSPv/ wkh �uvw irxu

prphqwv duh dvvxphg wr h{lvw1

Dowkrxjk d wkhru| ri dvvhw sulflqj xvlqj fr0vnhzqhvv lv zhoo0nqrzq/ d wkhru| lqyroylqj

fr0vnhzqhvv dqg fr0nxuwrvlv lv qrw1 Krpdlidu dqg Judgg| +4<;;, ghulyh d kljkhu prphqw

FDSPzlwk Vkdush*v +4<97, phwkrgrorj| dqg whvw wkh kljkhu prphqw FDSP xvlqj sulqflsdo

frpsrqhqw uhjuhvvlrq/ odwhqw urrw uhjuhvvlrq/ dqg ruglqdu| ohdvw vtxduh uhjuhvvlrq1 Lq wklv

sdshu zh ghyhors kljkhu prphqw FDSPv lq d gl�huhqw zd|/ vhh vhfwlrq 4/ dqg whvw wkhp

xvlqj Kdqvhq*v +4<;5, jhqhudol}hg phwkrg ri prphqwv +JPP,1 Wr lpsohphqw dqg hvwlpdwh

wkhvh prghov/ fhuwdlq pdujlqdo udwhv ri vxevwlwxwlrq ehwzhhq gl�huhqw prphqwv qhhg wr eh

lghqwl�hg1 Zh dfklhyh wklv e| frqvlghulqj +d, txduwlf dssur{lpdwlrqv wr xwlolw| ixqfwlrqv/

+e, orjdulwkplf xwlolw|> wkhvh fdofxodwlrqv h{whqg h{lvwlqj uhvxowv lq wkh qrq0qrupdo FDSP

olwhudwxuh1

Lq vhfwlrq 5/ zh ghvfuleh rxu gdwd dqg hvwlpdwlrq whfkqltxh1 Iroorzlqj Olp +4<;<,/ zh

xvh d pxowlyduldwh dssurdfk zlwk jhqhudol}hg phwkrg ri prphqwv +JPP,1 Wklv surfhgxuh

lv nqrzq wr eh frqvlvwhqw exw lqh!flhqw uhodwlyh wr pd{lpxp olnholkrrg1 Krzhyhu/ lw kdv wkh

lpsruwdqw surshuw| ri ehlqj lpsohphqwdeoh zlwkrxw kdylqj wr vshfli| wkh gdwd jhqhudwlqj

surfhvv +GJS, iru uhwxuqv1 Lw dovr dyrlgv wkh phdvxuhphqw huuru sureohp suhvhqw lq wud0
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glwlrqdo furvv0vhfwlrqdo dvvhw sulflqj prgho vxfk dv Nudxv dqg Olw}hqehujhu +4<:9,/ Iulhqg

dqg Zhvw�hog +4<;3,/ Vhduv dqg Zhl +4<;;,/ Krpdlidu dqg Judgg| +4<;;,1

Wkhuh lv hqruprxv gl!fxow| lq dvvhvvlqj wkh fruuhfw gdwd jhqhudwlqj surfhvv iru hphuj0

lqj pdunhw uhwxuqv1 Rxu uhvxowv uh hfw wkh gl!fxow| ri prghoolqj uhwxuqv lq wkhvh pdunhwv>

vnhzqhvv dqg nxuwrvlv pryh lq d froolqhdu pdqqhu zlwk wkh pdunhw1 Wr uhgxfh wkhvh gl!fxo0

wlhv/ vshfl�f prghov duh lqwurgxfhg dv fdqglgdwh GJSv lq vhfwlrq 6> wkhvh duh wkh txdgudwlf

dqg fxelf pdunhw prghov1 Dvvxplqj wkdw wkh gdwd duh jhqhudwhg e| wkhvh surfhvvhv lpsolhv

vshfl�f uhvwulfwlrqv iru wkh kljkhu prphqw FDSPv zklfk duh suhvhqwhg lq Wkhruhp 7> wkhvh

uhvxowv duh qhz wr wkh olwhudwxuh1 Wkh uhodwlrqvkls ehwzhhq wkh kljkhu0prphqw FDSPv dqg

wkh kljkhu0prphqw pdunhw prghov lv lqyhvwljdwhg dqg wkh kljkhu0prphqw pdunhw prghov

duh hvwlpdwhg iru wkh hphujlqj pdunhwv1 Zh suhvhqw frqfoxvlrqv lq vhfwlrq 71

5 KLJKHU0PRPHQW FDSPv

Lq wklv vhfwlrq/ zh suhvhqw ydulrxv yhuvlrqv ri wkh kljkhu0prphqw FDSP1 Lw lv dvvxphg wkdw

wkhuh lv d uhsuhvhqwdwlyh +pdwxuh0pdunhw, lqyhvwru/ dqg wkdw doo uhwxuqv duh lq xqlwv ri shulrg

4 frqvxpswlrq1 Zh vxssrvh wkdw wkhuh lv d ulvnohvv dvvhw zkrvh uhwxuq lv ui dqg Q ulvn|

dvvhwv zkrvh lwk uhwxuq lv uhsuhvhqwhg dv ul1 Lqyhvwphqw sursruwlrqv rq wkh ulvnohvv dvvhw

dqg wkh Q ulvn| dvvhwv duh {3 dqg {l +l@4/ 5/ 6/ 111/ Q,/ zkhuh {3.
SQ

l@4 {l @ 41 Zh dvvxph

wkdw iru wkh lqyhvwru/ wkh lqlwldo lqyhvwphqw lv 4 dqg wkh hqg ri shulrg zhdowk lv uhsuhvhqwhg

dv z1 Wkhq wkh hqg ri shulrg zhdowk lv

z @ {3+4 . ui , .

Q[

l@4

{l+4 . ul, +4,

Qrwh wkdw wkh sruwirolr uhwxuq iru wkh lqyhvwru lv us @ {3ui .
SQ

l@4 {lul=

Wkh �uvw irxu prphqwv ri wkh hqg ri shulrg zhdowk dqg wkhlu uhodwlrqvkls zlwk v|vwhpdwlf

ulvn phdvxuhv +l1h1/ ehwd/ v|vwhpdwlf vnhzqhvv/ dqg v|vwhpdwlf nxuwrvlv, fdq eh ghulyhg dv lq
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Nudxv dqg Olw}hqehujhu +4<:9, +vhh Dsshqgl{ 4,1 Wkdw lv/ li zh gh�qh wkh v|vwhpdwlf ulvn

phdvxuhv/ �ls> �ls> dqg �ls dv

�ls @
H^iul �H+ul,jius �H+us,j`

H^ius �H+us,j5`
+5,

�ls @
H^iul �H+ul,jius �H+us,j

5`

H^ius � H+us,j6`
+6,

�ls @
H^iul �H+ul,jius �H+us,j

6`

H^ius �H+us,j7`
+7,

wkhq lw iroorzv wkdw

�+z, @
[Q

l@4
{l�ls�+us, +8,

zkhuh �+}, @ H^i} �H+},j5`4@5/

�+z, @
[Q

l@4
{l�ls�+us, +9,

zkhuh �+}, @ H^i} �H+},j6`4@6/ dqg

�+z, @
[Q

l@4
{l�ls�+us, +:,

zkhuh �+}, @ H^i} � H+},j7`4@7 dqg } lv d udqgrp yduldeoh + zh qrwh wkdw wkh deryh

sdudphwhuv doo kdyh wkh surshuw| wkdw wkh| duh krprjhqhrxv ri ghjuhh 4 lq {,1 Wkh phdvxuhv/

�ls> �ls> dqg �ls> duh nqrzq dv ehwd/ v|vwhpdwlf vnhzqhvv dqg v|vwhpdwlf nxuwrvlv dqg/ dv zh

vkdoo vhh/ duh qdwxudo phdvxuhv ri v|vwhpdwlf ulvn/ ru h{srvxuh/ ri dq dvvhw wr pdunhw yduldqfh/

vnhzqhvv dqg nxuwrvlv1 Khuh zh xvh wkh vxevfulsw s wr uhihu wr wkh sruwirolr ri lqwhuhvw1

Wkurxjkrxw wklv vwxg|/ �+},> �+},> dqg �+}, duh fdoohg dv vwdqgdug ghyldwlrq/ vnhzqhvv/ dqg

nxuwrvlv1 Qrwh wkdw vnhzqhvv dqg nxuwrvlv duh jhqhudoo| gh�qhg dv H^i} � H+},j6`@�+},6

dqg H^i} �H+},j7`@�+},7> uhvshfwlyho|1 Lq wklv vwxg| zh fdoo wkhvh h{suhvvlrqv *qrupdolvhg

vnhzqhvv* dqg *qrupdolvhg nxuwrvlv* wr vhsdudwh wkhp iurp rxu gh�qlwlrqv lq +9, dqg +:, 1
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Wkh lqyhvwphqw sureohp lv ghvfulehg qh{w> wkh lqyhvwru pd{lpl}hv wkh h{shfwhg xwlolw|

ri hqg ri shulrg zhdowk vxemhfw wr d exgjhw frqvwudlqw dv iroorzv=

Pd{ H^X+z,` @ i+H+z,> �+z,> �+z,> �+z,, +;,

vxemhfw wr 4 @ {3 .
[Q

l@4

{l

Wdnlqj wkh �uvw rughu frqglwlrqv iru wkh Odjudqjldq zklfk lv iruphg iru wkh deryh pd{lpl}d0

wlrq sureohp dqg vroylqj iru wkh lqyhvwru*v htxloleulxp frqglwlrq/ zh rewdlq wkh iroorzlqj

htxdwlrq +vhh Dsshqgl{ 5,1

H+ul,� ui @

�
gH+z,

g�+z,

�
�
ls
�+us, .

�
gH+z,

g�+z,

�
�
ls
�+us, .

�
gH+z,

g�+z,

�
�ls�+us, +<,

Lq rughu wr pryh iurp wkh lqglylgxdo htxloleulxp prgho wr d pdunhw htxloleulxp prgho/

zh qhhg d sruwirolr vhsdudwlrq wkhruhp1 Xqghu wklv wkhruhp/ doo lqglylgxdo lqyhvwruv pd{l0

pl}h wkhlu xwlolw| zlwk wzr ixqgv> d ulvnohvv dvvhw dqg wkh pdunhw sruwirolr1 Wklv lv uhihuuhg wr

dv wzr ixqg prqh| vhsdudwlrq +WIPV,1 Frqglwlrqv zklfk hqvxuh WIPV duh wkdw doo djhqwv

kdyh d k|shuerolf devroxwh ulvn dyhuvlrq +KDUD, xwlolw| zlwk wkh vdph �fdxwlrxvqhvv� sd0

udphwhu1 Lq wklv fdvh/ wkh lqglylgxdo lqyhvwru*v rswlpxp sruwirolr frpsrvlwlrq lv htxlydohqw

wr wkdw ri wkh pdunhw sruwirolr1 Wkhuhiruh/ htxdwlrq +<, ehfrphv

H+ul,� ui @

�
gH+z,

g�+z,

�
�
lp

�+up, .

�
gH+z,

g�+z,

�
�
lp

�+up, .

�
gH+z,

g�+z,

�
�lp�+up, +43,

zkhuh up lv wkh udwh ri uhwxuq rq wkh pdunhw sruwirolr1 Zh suhvhqw wkh deryh uhvxow dv

wkhruhp 41

Wkhruhp 4 Wkh irxu0prphqw FDSP fdq eh uhsuhvhqwhg dv

H+ul,� ui @ �4�lp . �5�lp . �6�lp +44,

zkhuh �4 @
gH+z,

g�+z,
�+up,/ �5 @

gH+z,

g�+z,
�+up, dqg �6 @

gH+z,

g�+z,
�+up,1

Surri1 Vhh deryh1
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Uhpdun 4 Zh h{shfw wkh pdunhw sulfh ri ehwd uhgxfwlrq/ �4/ wr eh srvlwlyh dv lq wkh frqyhq0

wlrqdo FDSP1 Rq wkh rwkhu kdqg/ wkh pdunhw sulfh ri fr0vnhzqhvv/ �5/ vkrxog eh qhjdwlyh

+srvlwlyh, zkhq �+up, A 3 +�+up, ? 3,/ vlqfh gH+z,

g�+z,
@ �

CH^X+z,`@C�+z,

CH^X+z,`@CH+z,
? 3 xqghu qrq0

lqfuhdvlqj devroxwh ulvn dyhuvlrq/ vhh htxdwlrqv +48, dqg +4:,1 Wkhuhiruh/ �5 lv h{shfwhg

wr kdyh wkh rssrvlwh vljq dv �+up,> vhh Nudxv dqg Olw}hqehujhu +4<:9,1 Ilqdoo|/ wkh pdu0

nhw sulfh ri fr0nxuwrvlv/ �6> lv h{shfwhg wr eh srvlwlyh/ vlqfh
gH+z,

g�+z,
@ � CH^X+z,`@C�+z,

CH^X+z,`@CH+z,
A 3/

vhh htxdwlrqv +48, dqg +4;,1 Wkdw lv/ wkh srvlwlyh �6 lv dq dgglwlrqdo phdvxuh ri ghjuhh ri

glvshuvlrq lq uhwxuqv dqg wkxv vkrxog kdyh wkh vlplodu h{sodqdwlrq wr �41

Uhpdun 5 Li �6 @ 3/ zh kdyh wkh Nudxv dqg Olw}hqehujhu +4<:9, +NO, wkuhh0prphqw

FDSP1 Zh uhihu wr htxdwlrq +44, dv wkh NO irxu0prphqw FDSP1

Lw lv lpsruwdqw wr qrwh wkdw htxdwlrq +44, kdv ehhq ghulyhg zlwkrxw dq| dvvxpswlrqv

dexw wkh GJS jhqhudwlqj uhwxuqv1 Lqghhg wklv vhfwlrq lv zulwwhq frqvflrxvo| wu|lqj wr dyrlg

vshfli|lqj d prgho iru hphujlqj pdunhw uhwxuqv1 Dxwkruv qrwdeo|/ Nudxv dqg Olw}hqehujhu

+4<:9/ 4<;6,/ kdyh vshfl�hg d GJS uhodwlqj ul wr d txdgudwlf frqglwlrqdo h{shfwdwlrq ixqfwlrq

+FHI, lq up1 Wklv fdq wkhq eh xvhg wr pdnh lqihuhqfhv derxw fr0vnhzqhvv1 Olnhzlvh/ li

zh zhuh wr dgg d fxelf FHI/ zh frxog prgho fr0nxuwrvlv1 Vxfk dq dssurdfk zloo eh ohiw wr

vhfwlrq 61

Hpslulfdo uhvxowv rq wkh wkuhh0prphqw FDSP duh qrw frqvlvwhqw= NO irxqg vljql�fdqw

frh!flhqwv rq ehwd dqg fr0vnhzqhvv/ zkloh Iulhqg dqg Zhvwhu�hog +4<;3, glg qrw1 Vhduv dqg

Zhl +4<;8, dujxhg wkdw wkh hpslulfdo ydoxh ri pdunhw ulvn suhplxp/ H+up,� ui > fdq d�hfw

wkh hvwlpdwlrq ri dvvhw sulflqj prghov/ wkdw lv/ frh!flhqwv rq ehwd dqg fr0vnhzqhvv1 Zkhq

zh dsso| htxdwlrq +43, wr wkh pdunhw sruwirolr/ zh rewdlq wkh iroorzlqj htxdwlrq1

H+up,� ui @

�
gH+z,

g�+z,

�
�+up, .

�
gH+z,

g�+z,

�
�+up, .

�
gH+z,

g�+z,

�
�+up, +45,

<



vlqfh �lp @ �lp @ �lp @ 4 zkhq l lv wkh pdunhw sruwirolr1 Glylglqj htxdwlrq +43, e|

htxdwlrq +45,/ zh suhvhqw dv d fruroodu| wr wkhruhp 4 wkh Vhduv dqg Zhl +4<;8, yhuvlrq ri

wkh irxu0prphqw FDSP1

Fruroodu| 5 Wkh Vhduv dqg Zhl +4<;8, +VZ, irxu0prphqw FDSP lv uhsuhvhqwhg dv

H+ul,� ui @ +e4�lp . e5�lp . e6�lp,+H+up,� ui , +46,

zkhuh e4 @ �+up,

�+up,.n4�+up,.n5�+up,
/ e5 @ n4�+up,

�+up,.n4�+up,.n5�+up,
/ e6 @ n5�+up,

�+up,.n4�+up,.n5�+up,
/

n4 @
gH+z,@g�+z,

gH+z,@g�+z,
/ dqg n5 @

gH+z,@g�+z,

gH+z,@g�+z,
1

Uhpdun 6 Li n5 @ 3/ zh kdyh wkh VZ wkuhh0prphqw FDSP1

Khuh/ n4 lv lqwhusuhwhg dv wkh pdunhw*v pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq vnhzqhvv

dqg ulvn dqg n5 lv wkh pdunhw*v pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq nxuwrvlv dqg ulvn1

Wkhuhiruh/ wkh frh!flhqwv ri NO prghov kdyh wkh iroorzlqj uhodwlrqvkls zlwk wkrvh ri VZ

prghov= �4 @ e4+H+up,� ui , dqg �5 @ e5+H+up,� ui ,1

Wkhruhwlfdoo|/ wkh pdunhw ulvn suhplxp lv dozd|v srvlwlyh1 Krzhyhu/ lq sudfwlfh/ wkhuh

pd| eh d shulrg zkhq wkh vdpsoh ydoxh ri wkh pdunhw ulvn suhplxp kdv d qhjdwlyh vljq1

VZ dujxh wkdw wkh whvwv ri dvvhw sulflqj prgho pd| eh d�hfwhg e| wkh vljq ri wkh pdunhw

ulvn suhplxp1 Wkhvh irupxodh ghshqg xsrq wkh dvvxpswlrq wkdw htxdwlrq +44, krogv iru wkh

pdunhw dv zhoo/ zklfk zloo eh glvfxvvhg odwhu1

Iru wkh VZ irxu0prphqw FDSP lq htxdwlrq +46,/ zh ixuwkhu lqyhvwljdwh wkh pdujlqdo

udwhv ri vxevwlwxwlrq1 Wkh lqyhvwru*v h{shfwhg xwlolw| ri hqg ri shulrg zhdowk ixqfwlrq pd|

eh dssur{lpdwhg dv iroorzv xvlqj d Wd|oru vhulhv derxw H+z,=

H^X+z,` r X+H+z,, .
X 33+H+z,,

5$
�+z,5 +47,

.
X 333+H+z,,

6$
�+z,6 .

X 3333+H+z,,

7$
�+z,7

Wkh qrq0vdwldwlrq dqg ghfuhdvlqj pdujlqdo xwlolw| frqglwlrqv uhtxluh X 3+H+z,, A 3 dqg

X 33+H+z,, ? 3/ uhvshfwlyho|1 Lq dgglwlrq/ wkh vx!flhqw frqglwlrq iru wkh qrq0lqfuhdvlqj
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devroxwh ulvn dyhuvlrq lv X 333+H+z,, A 31 Wxuqlqj wr suhihuhqfh iru wkh irxuwk prphqw/

Vfrww dqg Kruydwk +4<;3, vkrz lq Wkhruhp 5 wkdw X 3333+H+z,, ? 34 1 Wkhuhiruh/ xvlqj wkhvh

frqglwlrqv/ zkhq zh gl�huhqwldwh htxdwlrq +47, zlwk uhvshfw wr H+z,/ �+z,> �+z,/ �+z,> zh

rewdlq5

CH^X+z,`

CH+z,
r X 3+H+z,, A 3 +48,

CH^X+z,`

C�+z,
r X 33+H+z,,�+z, ? 3 +49,

CH^X+z,`

C�+z,
r

X 333+H+z,,

5$
�+z,5 A 3 +4:,

CH^X+z,`

C�+z,
r

X 3333+H+z,,

6$
�+z,6 ? 3 +4;,

Qrwh wkdw wkh udwhv ri wkh pdujlqdo vxevwlwxwlrq fdq eh uhsuhvhqwhg dv n4 @ CH^X+z,`@C�+z,

CH^X+z,`@C�+z,

dqg n5 @ CH^X+z,`@C�+z,
CH^X+z,`@C�+z,

> xvlqj htxdwlrqv +D518,/ +D519,/ dqg +D51:, lq Dsshqgl{ 51

Uhpdun 7 Wkh pdujlqdo udwhv ri vxevwlwxwlrq zloo kdyh wkh iroorzlqj vljqv> n4 ? 3 dqg

n5 A 3=

Qhjdwlyh n4 kdv wkh lqwhusuhwdwlrq wkdw udwlrqdo lqyhvwruv suhihu srvlwlyh vnhzqhvv dqg

uhgxfhg ulvnv1 Rq wkh rwkhu kdqg/ n5 lv srvlwlyh/ vlqfh lqyhvwruv glvolnh glvshuvlrq zklfk erwk

yduldqfh dqg nxuwrvlv phdvxuh1 Dv phqwlrqhg lq Vfrww dqg Kruydwk +4<;3,/ X 3333+H+z,, ? 3

pd| eh h{sodlqhg lq wkh vdph zd| dv X 33+H+z,, ? 31 Wkdw lv/ lqyhvwruv glvolnh/ lq wkh deryh

vhqvh/ glvshuvlrq ri zhdowk iru d jlyhq h{shfwhg zhdowk1 Lw wkhuhiruh iroorzv wkdw lq vrph

vlwxdwlrqv/ nxuwrvlv pd| ehfrph dq dgglwlrqdo ulvn phdvxuh iru dvvhwv zklfk yduldqfh dorqh

idlov wr h{sodlq1

Iru wkh irxu0prphqw FDSP/ lw vhhpv wr eh gl!fxow wr lghqwli| n4 dqg n51 Rqh vroxwlrq

lv wr xvh d nqrzq xwlolw| ixqfwlrq zklfk lv sdudphwhu0iuhh1 Rqh reylrxv fdqglgdwh lv orj0

xwlolw|/ X+z, @ oq+z,1 Lq wklv fdvh/ zh fdq uhsuhvhqw wkh FDSP zlwk vnhzqhvv dqg nxuwrvlv

dv iroorzv +vhh Dsshqgl{ 6,>

H+ul,� ui @ +O4�lp . O5�lp . O6�lp,+H+up,� ui , +4<,
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zkhuh O4 @
H+z,5�+up,

5

H+z,5�+up,5�H+z,�+up,6.�+up,7
> O5 @ �

H+z,�+up,
6

H+z,5�+up,5�H+z,�+up,6.�+up,7
> dqg O6 @

�+up,
7

H+z,5�+up,5�H+z,�+up,6.�+up,7
=

Wr vxppdul}h wklv vhfwlrq/ zh suhvhqw vhyhq prghov lq wdeoh 41 Lq wkh iroorzlqj vhfwlrq/

wkh hvwlpdwlrq phwkrg iru hdfk prgho lv ghvfulehg dqg uhvxowv iroorz1

6 HPSLULFDO WHVWV

Doo hpslulfdo whvwv lq wklv sdshu duh suhvhqwhg iurp dq Dphulfdq lqyhvwru* srlqw ri ylhz1

Uhwxuqv ri hphujlqj pdunhwv duh uhsuhvhqwhg lq grooduv1 Iru wkh ulvnohvv udwh ri uhwxuq/ zh

xvh wkh 6 prqwk XV wuhdvxu| eloo1 Dv d sur{| ri wkh pdunhw sruwirolr/ Prujdq Vwdqoh|

Fdslwdo Lqwhuqdwlrqdo +PVFL, zruog lqgh{ wrwdo uhwxuqv duh xvhg1 Rxu hphujlqj pdunhw

uhwxuq vhulhv iurp wkh Lqwhuqdwlrqdo Ilqdqfh Frusrudwlrq +LIF, joredo gdwd vhw frqvlvw ri

4: frxqwulhv iurp Mdqxdu| 4<;8 wr Mdqxdu| 4<<: iru d wrwdo ri 478 revhuydwlrqv1 Doo ri wkh

deryh dvvxpswlrqv pd| lqyroyh gl!fxowlhv/ exw wkh| duh vwdqgdug1

Qrwh wkdw wkh udwhv ri uhwxuq rq wkh ulvnohvv dvvhw duh qrw frqvwdqw wkurxjk wlph1 Dv lq

NO/ wkh revhuyhg h{fhvv udwhv ri uhwxuq rq wkh lqglylgxdo frxqwulhv gh dwhg e| xqlw| soxv wkh

ulvnohvv lqwhuhvw udwhv/ Ulw @ +ulw � uiw,@+4 . uiw,/ duh xvhg dqg wkh revhuyhg h{fhvv udwhv ri

uhwxuq rq wkh pdunhw sruwirolr duh dovr gh dwhg lq wkh vdph zd|1 Wklv lv d phwkrg wr pdnh

prphqwv ri wkh udwh ri uhwxuqv lqwhuwhpsrudo frqvwdqwv xqghu d fkdqjlqj ulvnohvv lqwhuhvw

udwh +vhh Idpd/ 4<:3,1 Xqghu fhuwdlq flufxpvwdqfhv/ lw doorzv xv wr xvh rqh shulrg prghov

iru wlph0vhulhv gdwd1

Wdeoh 5 uhsruwv wkh �uvw irxu prphqwv ri wkh gdwd xvhg lq wklv vwxg|1 Dv srlqwhg rxw

lq Ehndhuw/ Hue/ Kduyh|/ dqg Ylvndqwd +4<<;,/ uhwxuqv ri wkh hphujlqj pdunhwv duh kljkhu

wkdq wkh zruog pdunhw sruwirolr lq 43 rxw ri 4: hphujlqj pdunhwv1 Lq sduwlfxodu/ doo ri

wkh xqfrqglwlrqdo yrodwlolwlhv ri wkh hphujlqj pdunhwv duh kljkhu wkdq wkdw ri wkh pdunhw
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sruwirolr1 Frqvlghudwlrq ri wkh wklug dqg irxuwk prphqwv vkrzv wkdw 47 rxw ri 4: hphujlqj

pdunhwv duh qrw qrupdoo| glvwulexwhg1 Sdqho E ri wdeoh 5 vkrzv fhuwdlq vwdwlvwlfdo surshuwlhv

ri hphujlqj pdunhwv zkhq wkh pdunhw fudvk ri Rfwrehu 4<;: lv h{foxghg1 Wkh uhvxowv duh

vlplodu wr wkrvh ri sdqho D h{fhsw iru wkh pdunhw sruwirolr dqg Pdod|vld1 Wklv lqgluhfwo|

lqglfdwhv wkdw hphujlqj pdunhw uhwxuqv duh qrw forvho| fruuhodwhg zlwk ghyhorshg pdunhw

uhwxuqv1 Lq dgglwlrq/ qrwh wkdw wkh qxpehu ri vljql�fdqw frh!flhqwv ri nxuwrvlv lv odujhu wkdq

wkh fruuhvsrqglqj qxpehu ri vnhzqhvv frh!flhqwv1 Wkdw lv/ wkh pdlq vrxufh ri qrqqrupdolw|

lq hphujlqj pdunhwv lv nxuwrvlv udwkhu wkdq vnhzqhvv1

Iru wkh VZ kljkhu0prphqw FDSP zh qhhg wkh pdujlqdo udwhv ri vxevwlwxwlrq1 Lq wkh

qh{w vxevhfwlrq/ zh �uvw hvwlpdwh wkh pdujlqdo udwhv ri vxevwlwxwlrq ehwzhhq ulvn dqg vnhz0

qhvv dqg nxuwrvlv iru wkh Dphulfdq lqyhvwru1 Wkhq wkh kljkhu prphqw FDSPv zloo eh

hvwlpdwhg xvlqj hphujlqj pdunhw gdwd1

614 Hvwlpdwlrq ri wkh Pdujlqdo Udwhv ri Vxevwlwxwlrq

D srwhqwldo gl!fxow| zlwk rxu hvwlpdwlrq lv wkdw wkh pdujlqdo udwhv ri vxevwlwxwlrq/ n4 dqg

n5> lqihuuhg iurp wkh hphujlqj pdunhwv gdwd duh zlogo| lqdffxudwh phdvxuhv ri n4 dqg n51

Hphujlqj pdunhw uhwxuqv kdyh txlwh gl�huhqw vwdwlvwlfdo surshuwlhv iurp XV dvvhw uhwxuqv dqg

wkh pdujlqdo udwhv ri vxevwlwxwlrq fdofxodwhg iurp hphujlqj pdunhw uhwxuqv pd| eh gl�huhqw

iurp wkrvh fdofxodwhg iurp grphvwlf XV gdwd1 Li n4 dqg n5 duh lqihuuhg iurp hphujlqj

pdunhwv/ wkh hvwlpdwhv ri wkh pdujlqdo udwhv ri vxevwlwxwlrq duh vhqvlwlyh wr wkh frxqwulhv

vhohfwhg/ vlqfh wkh �uvw irxu prphqwv ri hphujlqj pdunhwv duh txlwh gl�huhqw dfurvv frxqwulhv/

vhh wdeoh 51 Wklv phdqv wkdw wkh lqgluhfw xwlolw| ixqfwlrq ri wkh uhsuhvhqwdwlyh XV lqyhvwru

lqihuuhg iurp rxu hphujlqj pdunhw uhwxuqv lv olnho| wr frqwdplqdwh doo rxu rwkhu uhvxowv

yld wkh qrqolqhdulw| ri wkh prgho1 Iru wkhvh uhdvrqv/ wkh pdujlqdo udwhv ri vxevwlwxwlrq

duh hvwlpdwhg vhsdudwho| xvlqj d XV gdwd edvh udwkhu wkdq hphujlqj pdunhwv gdwd1 Wklv
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surfhgxuh dvvxphv wkdw Dphulfdq lqyhvwruv kdyh wkh vdph pdujlqdo udwhv ri vxevwlwxwlrq

ryhu grphvwlf dqg ryhuvhdv lqyhvwphqw1 Lw lv rqo| wkh prphqwv wkdw pdwwhu lq wkh lqgluhfw

xwlolw| ixqfwlrq/ qrw wkh orfdwlrq ri wkh dvvhw1

Wr uhgxfh phdvxuhphqw huuruv lq ehwd/ fr0vnhzqhvv/ dqg fr0nxuwrvlv/ ulvn dvvhw sruwirolrv

duh iruphg zlwk d jurxslqj surfhgxuh vlplodu wr wkh surfhgxuhv xvhg e| Nudxv dqg Olw}hq0

ehujhu +4<:9, dqg Vhduv dqg Zhl +4<;;,1 Zh xvh prqwko| gh dwhg h{fhvv uhwxuqv rq 5:6 XV

vwrfnv lq wkh PVFL zruog xqlyhuvh iurp Mdqxdu| 4<;8 wr Mdqxdu| 4<<:1 Wkh V)S 833 lqgh{

wrwdo uhwxuqv duh xvhg dv d sur{| ri wkh pdunhw sruwirolr dqg wkh 6 prqwk XV wuhdvxu| eloo

lv xvhg iru wkh ulvnohvv udwh ri uhwxuq1

Iluvw/ zh fdofxodwh v|vwhpdwlf ulvnv xvlqj 8 |hduv prqwko| gh dwhg h{fhvv uhwxuqv1 Wkhq

vwrfnv duh udqnhg lqwr Q 0wlohv +Q jurxsv, rq wkh edvlv ri ehwd hvwlpdwhv/ dqg wkhq iru hdfk

jurxs/ vwrfnv duh udqnhg djdlq lqwr Q 0wlohv rq wkh edvlv ri fr0vnhzqhvv hvwlpdwhv> wkhuhiruh/

wkh qxpehu ri wkh ulvn dvvhw sruwirolrv iru ehwd dqg fr0vnhzqhvv lv Q5= Lq dgglwlrq/ iru

ulvn dvvhw sruwirolrv iru ehwd/ fr0vnhzqhvv/ dqg fr0nxuwrvlv/ vwrfnv duh udqnhg djdlq lqwr

Q 0wlohv rq wkh edvlv ri fr0nxuwrvlv hvwlpdwhv iru hdfk jurxsv rewdlqhg iru wkh ulvn dvvhw

sruwirolrv ri ehwd dqg fr0vnhzqhvv11 Wkhuhiruh/ wkh qxpehu ri ulvn dvvhw sruwirolrv iru ehwd/

fr0vnhzqhvv/ dqg fr0nxuwrvlv lv Q6= Wkh vxevhtxhqw 45 prqwkv gh dwhg h{fhvv uhwxuqv iru

wkh ulvn sruwirolrv duh fdofxodwhg iru hdfk jurxs1 Wklv surfhgxuh lv uhshdwhg iru wkh hqwluh

vdpsoh shulrg ehjlqqlqj hdfk Mdqxdu|1 Wkh �qdo vxevhtxhqw sruwirolr uhwxuqv frqvlvw ri

46 prqwk uhwxuqv iurp Mdqxdu| 4<<9 wr Mdqxdu| 4<<:1 Wklv surylghv ;8 prqwko| gh dwhg

h{fhvv uhwxuqv iurp Mdqxdu| 4<<3 wr Mdqxdu| 4<<: iru hdfk ri wkh Q5 +ru Q6, sruwirolrv1

Wr dyrlg d ulvn ri vsxulrxv fruuhodwlrq ehwzhhq wkh v|vwhpdwlf ulvnv ri wkh sruwirolrv

rewdlqhg deryh/ wkh vdpsoh hvwlpdwhv ri wkh v|vwhpdwlf ulvnv iru wkh sruwirolrv duh fdofxodwhg

dv iroorzv/ vhh Nudxv dqg Olw}hqehujhu +4<:9,>

e�lpw @

SW

v@4>v9@w+Ulv �Ul,+Upv �Up,
SW

v@4+Upv �Up,5
+53,
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e�lpw @

SW

v@4>v9@w+Ulv �Ul,+Upv �Up,5

SW

v@4+Upv �Up,6
+54,

e�lpw @

SW
v@4>v9@w+Ulv �Ul,+Upv �Up,6

SW

v@4+Upv �Up,7
+55,

Wkh pdujlqdo udwhv ri vxevwlwxwlrq duh fdofxodwhg xvlqj wkh JPP phwkrg1 Wkh ruwkrjr0

qdolw| frqglwlrqv duh ghulyhg dv iroorzv1 Zh rewdlq wkh iroorzlqj uhodwlrqvklsv iurp wkh VZ

irxu0prphqw FDSP lq htxdwlrq +46,> n4 @
e5�+up,

e4�+up,
dqg n5 @

e6�+up,

e4�+up,
1 Wkhvh uhodwlrqvklsv

fdq dovr eh uhsuhvhqwhg dv e5 @
n4e4�+up,

�+up,
dqg e6 @

n5e4�+up,

�+up,
= Uhsodflqj e5 dqg e6 zlwk wkhvh

uhodwlrqvklsv/ wkh VZ irxu0prphqw FDSP fdq eh uhzulwwhq dv

H+ul,� ui @ +e4�lp .
n4e4�+up,

�+up,
�lp .

n5e4�+up,

�+up,
�lp,+H+up,� ui , +56,

dqg wkhuhiruh/ rxu ruwkrjrqdolw| frqglwlrq/ kw+�,/ iru wkh hvwlpdwlrq ri n4 dqg n5 lv

H^Ulw � e3 � e4ie�lpw . e�+Up,e�lpwe�+Up,�4n4 . e�+Up,e�lpwe�+Up,�4n5jUpw` @ 3 +57,

zkhuh Ulw dqg Upw duh gh dwhg h{fhvv uhwxuqv ri sruwirolr l dqg wkh pdunhw sruwirolr dw wlph

w/ e�+Up,/ e�+Up,> e�+Up,> e�lpw> e�lpw> dqg
e�lpw duh vdpsoh hvwlpdwhv/ dqg �

3 @ +�3> �4> n4>

n5, lv d yhfwru ri sdudphwhuv wr eh hvwlpdwhg1 Wkhuhiruh/ iru wkh hvwlpdwlrq ri n4 dqg n5/ zh

kdyh 7 sdudphwhuv wr hvwlpdwh dqg Q6 ruwkrjrqdo frqglwlrqv +Q6 � 7 ghjuhhv ri iuhhgrp,1

Rq wkh rwkhu kdqg iru wkh hvwlpdwlrq ri n4/ zh kdyh wkuhh sdudphwhuv/ �
3 @ +�3> �4> n4,/

dqg Q5 ruwkrjrqdo frqglwlrqv +Q5 � 6 ghjuhhv ri iuhhgrp,1 Wkh sdudphwhuv duh hvwlpdwhg

xqwlo frqyhujhqfh e| lwhudwlqj rq wkh zhljkwlqj pdwul{1

Lq wklv vwxg|/ iru wkh hvwlpdwlrq ri n4> Q lv vhw wr 8 dqg 58 ulvn| dvvhw sruwirolrv duh

iruphg1 Iru wkh hvwlpdwlrq ri n4 dqg n5> Q lv vhw wr 6 dqg 5: sruwirolrv duh frqvwuxfwhg1 Wklv

vkrxog jlyh xv vhqvleoh hvwlpdwhv ri wkh pdujlqdo udwhv ri vxevwlwxwlrq/ uhvxowv duh uhsruwhg

lq wdeoh 61

Sdqho D ri wdeoh 6 uhsruwv wkh hvwlpdwhv ri wkh pdunhw*v pdujlqdo udwh ri vxevwlwxwlrq

ehwzhhq vnhzqhvv dqg ulvn/ en4/ iru wkh VZ wkuhh0prphqw FDSP1 Wkh prgho lv qrw uhmhfwhg
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erwk zkhq wkh pdunhw fudvk ri Rfwrehu 4<;: lv lqfoxghg dqg zkhq wkh pdunhw fudvk ri Rfwr0

ehu 4<;: lv h{foxghg1 Qrwh wkdw qhjdwlyh n4 lv h{shfwhg1 Wklv lpsolhv wkdw wkh uhsuhvhqwdwlyh

lqyhvwru olnhv srvlwlyh vnhzqhvv1 Zh kdyh qhjdwlyh n4 +0314599, zkhq wkh pdunhw fudvk ri

Rfwrehu 4<;: lv lqfoxghg exw srvlwlyh n4 +3149<6, zkhq wkh pdunhw fudvk ri Rfwrehu 4<;:

lv h{foxghg1 Krzhyhu/ wkhvh hvwlpdwhv duh qrw vljql�fdqwo| gl�huhqw iurp }hur dqg zh gr

qrw �qg hylghqfh ri d vljql�fdqw uhodwlrq ehwzhhq ulvn dqg vnhzqhvv1 Olp +4<;<, dqg Vhduv

dqg Zhl +4<;;, �qg vljql�fdqw qhjdwlyh uhodwlrqvkls ehwzhhq vnhzqhvv dqg ulvn zkhq wkh

VZ wkuhh0prphqw FDSP lv qrw uhmhfwhg1 Krzhyhu/ wkhlu uhvxowv duh vhqvlwlyh wr wkh vdpsoh

shulrg xvhg1

Sdqho E ri wdeoh 6 uhsruwv wkh hvwlpdwhv ri n4 dqg n5 iru wkh VZ irxu0prphqw FDSP lq

htxdwlrq +46,1 Qrwh wkdw lq wklv irxu0prphqw FDSP/ en4 kdv wkh fruuhfw vljq +qhjdwlyh, erwk
zkhq wkh pdunhw fudvk ri Rfwrehu 4<;: lv lqfoxghg +061:<97, dqg zkhq wkh pdunhw fudvk

ri Rfwrehu 4<;: lv h{foxghg +031637:,1 Krzhyhu/ qrqh ri wkhp duh vljql�fdqwo| gl�huhqw

iurp }hur1 Rq wkh rwkhu kdqg/ dowkrxjk zh h{shfw srvlwlyh en5 +wkh uhsuhvhqwdwlyh lqyhvwru

lv dyhuvh wr nxuwrvlv,/ wkh hvwlpdwhv zkhq wkh pdunhw fudvk ri Rfwrehu 4<;: lv lqfoxghg

dqg zkhq wkh pdunhw fudvk ri Rfwrehu 4<;: lv h{foxghg duh qhjdwlyh +051:;;: dqg 0419;89/

uhvshfwlyho|,1 Djdlq doo hvwlpdwhv duh qrw vljql�fdqwo| gl�huhqw iurp }hur/ vxjjhvwlqj wkdw

wkh h{shfwhg uhodwlrqvkls ehwzhhq vnhzqhvv dqg ulvn lv qrw vwurqj1

Zh gr qrw �qg srvlwlyh hylghqfh rq d uhodwlrqvkls ehwzhhq ulvn dqg vnhzqhvv ru nxu0

wrvlv iru XV lqyhvwruv iru wkh jlyhq vdpsoh shulrg1 Zh eholhyh wkdw lw lv gl!fxow wr �qg

vljql�fdqw hvwlpdwhv ri n4 dqg n5 lq pdwxuh pdunhwv/ vlqfh wkh uhwxuqv lq wkhvh pdunhwv duh

forvh wr qrupdo dqg gr qrw kdyh vljql�fdqwo| odujh vnhzqhvv ru nxuwrvlv1 Lq rxu h{dpsoh/

wklv dujxphqw lv vxssruwhg e| wkh idfw wkdw wkh hvwlpdwhv ri wkh qrupdolvhg vnhzqhvv dqg

qrupdolvhg h{fhvv nxuwrvlv ri wkh V)S 833 lqgh{ uhwxuq lq wdeoh 6 duh qrw vljql�fdqwo| gli0

ihuhqw iurp }hur zkhq wkh 4<;: pdunhw fudvk lv h{foxghg1 Zkhq wkh 4<;: pdunhw fudvk lv
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lqfoxghg/ zh kdyh vljql�fdqw hvwlpdwhv erwk iru qrupdolvhg vnhzqhvv dqg qrupdolvhg h{fhvv

nxuwrvlv1 Krzhyhu/ wkh 4<;: pdunhw fudvk/ rqh revhuydwlrq/ grhv qrw vhhp hqrxjk wr jlyh

xv vljql�fdqw hvwlpdwhv ri n4 dqg n51

Dqrwkhu uhdvrq zk| zh idlo wr kdyh vljql�fdqw hvwlpdwhv ri n4 dqg n5 pd| eh wkh wlph0

ydu|lqj surshuwlhv ri ulvnv1 Wkh vwxglhv ri Iulhqg dqg Zhvwhu�hog +4<;3,/ Olp +4<;<,/ dqg

Vhduv dqg Zhl +4<;;, vxjjhvw wkdw hvwlpdwhv ri n4 fkdqjh lq gl�huhqw vdpsoh shulrgv1 Wlph0

ydu|lqj v|vwhpdwlf ulvnv pd| eh dq dssursuldwh wrro iru wkh dqdo|vlv1 Lq dgglwlrq/ hvwlpdwhv

ri kljkhu prphqwv duh pruh vhqvlwlyh wr d vpdoo qxpehu ri h{wuhph uhwxuqv1 Lq wklv fdvh/

dowkrxjk zh frqvwuxfw sruwirolrv lq dq dssursuldwh zd| wr uhgxfh phdvxuhphqw huuruv/ h{

srvw uhwxuqv pd| kdyh txlwh gl�huhqw surshuwlhv iurp h{ dqwh uhwxuqv hvshfldoo| lq kljkhu

prphqwv1

615 Hvwlpdwlrq Surfhgxuh ri Kljkhu Prphqw FDSP

Wkh irxu0prphqw FDSP lv whvwhg xvlqj Kdqvhq*v +4<;5, jhqhudol}hg phwkrg ri prphqwv

+JPP,> wklv surfhgxuh lv glvwulexwlrq iuhh dqg lv xvhg zkhq wkh dvvxpswlrq ri qrupdolw|

lv qrw dssursuldwh1 Wkh hylghqfh suhvhqwhg lq sdqho E ri wdeoh 5 vwurqjo| vxjjhvwv wkdw lw

zrxog eh lqdssursuldwh wr dvvxph qrupdolw| iru hphujlqj pdunhw uhwxuqv1 Zh h{sodlq wkh

JPP hvwlpdwlrq iru wkh VZ irxu0prphqw FDSP ri htxdwlrq +46,1 Ghwdlohg h{sodqdwlrqv

iru wkh rwkhu prghov iroorz odwhu1 Qrwh wkdw doo wkh rwkhu prghov xvh wkh vdph surfhgxuh

gl�hulqj rqo| lq wkh ruwkrjrqdolw| frqglwlrqv lpsrvhg1

Iroorzlqj wkh wkuhh0prphqw FDSP ri Olp +4<;<,/ wkh ruwkrjrqdolw| frqglwlrqv/ k
w
+�,/

iru hvwlpdwlqj wkh VZ irxu0prphqw FDSP duh
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zkhuh l @ 4> ===>Q dqg Q lv wkh qxpehu ri hphujlqj pdunhwv1 Wkh �uvw Q ruwkrjrqdolw|

frqglwlrqv frph iurp wkh irxu0prphqw FDSP ri htxdwlrq +46,1 Wkh qh{w 6Q ruwkrjrqdolw|

frqglwlrqv duh Q frqglwlrqv iru ehwd/ Q frqglwlrqv iru fr0vnhzqhvv/ dqg Q frqglwlrqv iru

fr0nxuwrvlv1 Wkh odvw irxu ruwkrjrqdolw| frqglwlrqv duh iru phdq/ yduldqfh/ vnhzqhvv/ dqg

nxuwrvlv ri wkh pdunhw uhwxuqv1 Wkhuhiruh/ zh kdyh 7Q.7 ruwkrjrqdolw| frqglwlrqv dqg 6Q.9

sdudphwhuv/ � � +�4p> �5p> ===> �Qp/ �4p> �5p> ===> �Qp/ �4p> �5p> ===> �Qp/ �+Up,/ �+Up,/

�+Up,/ �+Up,/ n4/ n5,
3/ wr eh hvwlpdwhg1 Wkhuh duh Q � 5 ryhulghqwli|lqj uhvwulfwlrqv lq wkh

v|vwhp1 Wkh qxpehuv ri wkh ryhulghqwli|lqj uhvwulfwlrqv iru wkh rwkhu prghov duh h{sodlqhg

odwhu1

Zlwkrxw orvlqj dv|pswrwlf h!flhqf|/ zh dsso| d olqhdu Wd|oru vhulhv dssur{lpdwlrq derxw

rxu vdpsoh hvwlpdwruv wr ghdo zlwk wkh qrqolqhdulw| ri wkh ruwkrjrqdolw| frqglwlrqv16Iru wkh

rqh0vwhs Jdxvv0Qhzwrq surfhgxuh/ wkh JPP hvwlpdwh/ e�W / lv wkh ydoxh ri� wkdw plqlpl}hv

^jW +�,`3 V
�4

W
^jW +�,`

zkhuh

jW +�, �W�4

W[
w@4

kw+�,

4;



dqg

VW � W�4

W[
w@4

�
kw+�,

� �
kw+�,

�
3

+66,

dqg vdpsoh hvwlpdwruv ri wkh sdudphwhu yhfwru/ �> duh fdofxodwhg iurp wkh gh�qlwlrq ri hdfk

sdudphwhu1

Wkh JPP hvwlpdwh fdq eh wuhdwhg dv li

e�W � Q+�3> +W eGWV
�4

W
eG3

W
,�4, +67,

zkhuh

eGW @
CjW +�,

C�3

m
�@e�W

+68,

Wkh Odjudqjh Pxowlsolhu +OP, whvw vwdwlvwlf iru wkh ydolglw| ri wkh uhvwulfwhg irxu0prphqw

FDSP lv

W

k
jW +e�,

l
3

V
�4

W

k
jW +e�,

l
$ "5+Q � 5, +69,

vlqfh zh kdyh Q � 5 ghjuhhv ri iuhhgrp1 Qrwh wkdw wklv whvw vwdwlvwlf lv htxlydohqw wr wkdw ri

wkh ryhulghqwli|lqj uhvwulfwlrqv/ vhh Kdqvhq +4<;5,1

Wkhuh lv d vwdwlvwlfdo sureohp lq hvwlpdwlqj kljkhu0prphqw FDSPv> wkh v|vwhpdwlf ulvn

phdvxuhv/ �
lp
> �

lp
> dqg �lp> duh froolqhdu1 Wkh fruuhodwlrq pdwul{ rewdlqhg iurp vdpsoh

hvwlpdwruv/ �
lp
> �

lp
> dqg �

lp
lv uhsruwhg lq wdeoh 71 Lw lv dssduhqw wkdw wkh gdwd duh txlwh

froolqhdu zklfk pd| zhoo ohdg wr lghqwl�fdwlrq sureohpv1

D uhihuhh kdv frpphqwhg wkdw zkhq doo 4: hphujlqj pdunhwv duh frqvlghuhg mrlqwo|/

wkh JPP v|vwhp ehfrphv wrr odujh1 Iru h{dpsoh/ iru rxu VZ irxu prphqw FDSP/ zh

kdyh :5 +4: � 7 . 7, ruwkrjrqdolw| frqglwlrqv1 Lq wklv fdvh/ wkh hvwlpdwlrq uhvxowv pd|

ehfrph xquholdeoh/ vhh Ihuvrq dqg Irhuvwhu +4<<7, dqg Ehndhuw dqg Xulv +4<<9, iru ixuwkhu

glvfxvvlrq rq wklv srlqw1 Wkh uhihuhh dovr vxjjhvwv jurxslqj hphujlqj pdunhwv vhqvleo| wr

dyrlg froolqhdulw| sureohp lq wkh JPP v|vwhp1
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Dffruglqjo| zh kdyh glylghg rxu hphujlqj pdunhwv lqwr jurxsv wr uhgxfh wkh ruwkrjrqdo0

lw| frqglwlrqv dqg srvvleoh pxowlfroolqhdulw|1 Lq suhylrxv zrun Kzdqj dqg Vdwfkhoo +4<<;,

dqdo|vh erwk fxuuhqf| dqg htxlw| uhwxuq lq hphujlqj pdunhwv/ dqg vxjjhvw wkdw wkhuh duh

gl�huhqw uhjlrqdo idfwruv lq hphujlqj pdunhwv1 Wkh| �qg wkdw hphujlqj pdunhwv idfwruv

fdq eh uhodwhg wr Dvld/ Vrxwkhuq Dvld/ Odwlq Dphulfd/ Fhqwudo Dphulfd/ dqg Plggoh Hdvw

jurxslqjv1 Lq wklv vwxg|/ zh glylgh wkh 4: hphujlqj pdunhwv lqwr wkuhh jurxsv dqg hvwlpdwh

d JPP v|vwhp iru hdfk ri wkh wkuhh jurxsv1 Wkh wkuhh jurxsv duh wkh Dvldq jurxs zklfk

lqfoxghv Lqgld/ Nruhd/ Wkdlodqg/ Wdlzdq/ Pdod|vld/ Sdnlvwdq/ dqg Sklolsslqhv +: frxqwulhv,/

wkh Odwlq Dphulfdq Jurxs zklfk lqfoxghv Dujhqwlqd/ Eud}lo/ Fkloh/ Ph{lfr/ Frorpeld/ dqg

Yhqh}xhod +9 frxqwulhv,/ dqg wkh Rwkhu Frxqwu| jurxs zklfk lqfoxghv Juhhfh/ ]lpedezh/

Mrugdq/ dqg Qljhuld +7 frxqwulhv,1 Wklv uhgxfhv wkh qxpehu ri ruwkrjrqdolw| frqglwlrqv wr

65 +:� 7 . 7, iru wkh Dvldq jurxs zlwk wkh VZ irxu prphqw FDSP dqg ohvv iru wkh rwkhu

wzr jurxsv1

61514 Phdq0yduldqfh FDSP +Prgho L,

Wdeoh 8 uhsruwv wkh uhvxowv ri wkh JPP hvwlpdwhv ri wkh phdq0yduldqfh FDSP iru wkh

hphujlqj pdunhwv1 Wkdw lv/

H+Ul, @ �4�lp +6:,

zkhuh �4 @ H+Up,= Iru wkh phdq0yduldqfh FDSP/ wkh ruwkrjrqdolw| frqglwlrqv frqvlvw ri

htxdwlrqv +6:,/ +59,/ dqg +5<, dqg wkh qxpehu ri wkh ryhulghqwli|lqj uhvwulfwlrqv lv Q 1

Wdeoh 8 vkrzv wkdw wkh OP vwdwlvwlfv gr qrw uhmhfw wkh phdq0yduldqfh FDSP h{fhsw iru

wkh Odwlq Dphulfdq jurxs1 Qrwh wkdw Dvldq pdunhwv duh uhodwlyho| zhoo h{sodlqhg zlwk wkh

wudglwlrqdo phdq0yduldqfh FDSP1 Wkh ydoxh ri wkh dgmxvwhg U5 lv uhodwlyho| kljk1 Lqgld dqg

Sdnlvwdq duh qrw h{sodlqhg e| wkh phdq0yduldqfh FDSP1 Wkh uhvxowv duh frqvlvwhqw zlwk

Kzdqj dqg Vdwfkhoo +4<<;, zkr vkrz wkdw Hdvwhuq Dvld kdv gl�huhqw idfwruv iurp wkrvh ri
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Vrxwkhuq Dvld vxfk dv Lqgld/ Sdnlvwdq/ dqg Vul Odqndq1

Rq wkh rwkhu kdqg/ wkh phdq0yduldqfh FDSP lv uhmhfwhg iru wkh Odwlq Dphulfdq pdunhwv

erwk zkhq wkh pdunhw fudvk ri Rfwrehu 4<;: lv lqfoxghg dqg zkhq wkh pdunhw fudvk ri

Rfwrehu 4<;: lv h{foxghg1 Rqo| Ph{lfr zklfk kdv d vwurqj uhodwlrq zlwk wkh XV lv h{sodlqhg

e| wkh phdq0yduldqfh FDSP1 Dovr qrwh wkdw Juhhfh kdv d vljql�fdqw ehwd1 Juhhfh lv riwhq

frqvlghuhg rqh ri wkh Hxurshdq pdunhwv zklfk kdv d vljql�fdqw frqwulexwlrq wr wkh zruog

lqgh{1 Wkh ydoxhv ri wkh dgmxvwhg U5 duh vpdoo iru wkh Odwlq Dphulfd dqg Rwkhu Frxqwu|

jurxsv/ vxjjhvwlqj wkdw wkh phdq0yduldqfh FDSP lv qrw dq dssursuldwh prgho iru wkhvh

pdunhwv1

Wkh uhvxowv lq wdeoh 8 vxjjhvw wkdw wkh phdq0yduldqfh FDSP fdq eh xvhg iru Hdvwhuq

Dvldq frxqwulhv dqg frxqwulhv zklfk kdyh d forvh uhodwlrqvkls zlwk pdwxuh pdunhwv1 Rqh ri

wkh pdlq uhdvrqv zk| wkh Odwlq Dphulfdq pdunhwv duh qrw h{sodlqhg zlwk wkh phdq0yduldqfh

FDSP pd| eh wkh kljko| yrodwloh Odwlq Dphulfdq fxuuhqf| uhwxuqv/ vhh Kzdqj dqg Vdwfkhoo

+4<<;,1

61515 NO Wkuhh0prphqw FDSP +Prgho LL,

Wdeoh 9 vkrzv wkh uhvxowv ri wkh JPP hvwlpdwhv iru wkh iroorzlqj NO wkuhh0prphqw FDSP>

H+Ul, @ �4�lp . �5�lp +6;,

Wkh ruwkrjrqdolw| frqglwlrqv duh htxdwlrqv +6;,/ +59,/ +5:,/ +5<,/ +63,/ dqg +64,1 Iru wkh

NO wkuhh0prphqw FDSP/ wkh qxpehu ri wkh ryhulghqwli|lqj uhvwulfwlrqv lv Q � 51

Khuh/ zh gr qrw uhmhfw wkh prgho iru wkh Dvldq dqg Rwkhu Frxqwu| jurxsv/ exw uhmhfw

wkh prgho iru wkh Odwlq Dphulfdq jurxs dw wkh 4( ohyho dv zh glg lq wkh phdq0yduldqfh

FDSP1 Dowkrxjk wkh frh!flhqwv/ �4 dqg �5> duh qrw vljql�fdqw dv lq Iulhqg dqg Zhvw�hog

+4<;3,/ Olp +4<;<,/ dqg Vhduv dqg Zhl +4<;;,/ wkh pdunhw sulfh ri ehwd/ �4/ dqg wkh pdunhw

sulfh ri fr0vnhzqhvv/ �5/ kdyh fruuhfw vljqv zkhq wkh 4<;: fudvk lv h{foxghg> �4 dqg �5 duh
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srvlwlyh/ vlqfh �+u
p
, ? 3= Lqyhvwruv qhhg pruh uhwxuq iru wkh qhjdwlyh vnhzqhvv ri wkh pdunhw

sruwirolr ryhu wkh whvw shulrg dqg wkxv/ h{shfwhg uhwxuqv vkrxog lqfuhdvh wr wkh fr0vnhzqhvv1

Wkhvh uhvxowv gr qrw dsso| zlwk wkh fdvh zkhq wkh 4<;: fudvk lv lqfoxghg/ vlqfh Dvldq dqg

Rwkhu Frxqwu| jurxsv kdyh qhjdwlyh �51 Krzhyhu/ wkh frh!flhqwv duh lqvljql�fdqw1

Dqrwkhu lqwhuhvwlqj srlqw lv wkdw qrqh ri wkh hvwlpdwhv ri �
lp

lv vljql�fdqw zkhq wkh

4<;: fudvk lv h{foxghg/ zkloh zh fdq �qg vljql�fdqw e�
lp

lq wkh Odwlq Dphulfdq jurxs zkhq

wkh 4<;: fudvk lv lqfoxghg1 Lq sduwlfxodu/ wkh dgmxvwhg U5 lqfuhdvhv gudpdwlfdoo| iru wkh

Odwlq Dphulfd dqg rwkhu frxqwulhv jurxsv/ hvshfldoo| zkhq wkh 4<;: fudvk lv lqfoxghg1 Khuh/

wkh dgmxvwhg U5 iru wkhvh wzr jurxsv duh qrz odujhu wkdq wkdw ri Dvld1 Iru wkh Dvldq

frxqwulhv wkh dgmxvwhg U5 lv qrw lqfuhdvhg zlwk wkh lqfoxvlrq ri fr0vnhzqhvv dqg qrqh ri wkh

fr0vnhzqhvv hvwlpdwhv duh vljql�fdqw lq wkh suhvhqfh ri wkh 4<;: pdunhw fudvk1 Wklv vxjjhvwv

wkdw iru wkhvh frxqwulhv fr0vnhzqhvv pd| qrw eh dq dssursuldwh ulvn phdvxuh1 Lw lv e| qr

phdqv fohdu/ krzhyhu/ wkdw lw lv fruuhfw wr uhjdug wkh 4<;: fudvk dv d rqh0r� el}duuh hyhqw

wr eh ljqruhg ru grzqvfdohg1

Wkh dgglwlrq ri fr0vnhzqhvv dv d ulvn phdvxuh lqfuhdvhv h{sodqdwru| srzhu ri wkh NO

wkuhh0prphqw FDSP iru vrph hphujlqj pdunhwv1 Rxu uhvxowv vxjjhvw wkdw Odwlq Dphulfd

dqg Rwkhu Frxqwu| jurxsv fdq eh h{sodlqhg ehwwhu zlwk fr0vnhzqhvv1

61516 VZ Wkuhh0prphqw FDSP +Prgho Y,

Wdeoh : vkrzv wkh uhvxowv ri wkh JPP hvwlpdwhv iru wkh VZ wkuhh0prphqw FDSP>

H+Ul, @

�
�+Up,�lp

�+Up, . n4�+Up,
.

n4�+Up,�lp
�+Up, . n4�+Up,

�
H+Up, +6<,

Lq wklv fdvh/ wkh ruwkrjrqdolw| frqglwlrqv frqvlvw ri htxdwlrqv +6<,/ +59,/ +5:,/ +5<,/ +63,/

dqg +64,/ dqg wkh qxpehu ri wkh ryhulghqwli|lqj uhvwulfwlrqv lv Q 1 Wklv gl�huv iurp wkh NO

prgho e| xvlqj wkh uhvwulfwlrqv ri wkh pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq vnhzqhvv dqg

ulvn +n4,1
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Dv h{sodlqhg deryh/ wkh pdujlqdo udwhv ri vxevwlwxwlrq uhsruwhg lq wdeoh 6 duh xvhg iru

wkh hvwlpdwlrq ri wkh VZ wkuhh0prphqw FDSP prgho lq wkh hphujlqj pdunhwv1 Wklv lv

nqrzq dv d vhtxhqwldo JPP whfkqltxh11 Wkdw lv/ frqvlvwhqw hvwlpdwhv en4 ri n4 zloo eh xvhg
dv jlyhq ydoxhv iru wkh hvwlpdwlrq ri wkh VZ wkuhh0prphqw FDSP1 Wkh vdpsolqj huuruv lq

wkh hvwlpdwlrq ri n4 vkrxog eh frqvlghuhg zkhq rwkhu sdudphwhuv lq wkh VZ wkuhh0prphqw

FDSP duh hvwlpdwhg iru wkh �{hg en4/ vhh Ehndhuw +4<<7,/ Exuqvlgh +4<<7,/ dqg Khdwrq

+4<<8, iru ixuwkhu ghwdlov1 Zh xvh Qhzh| dqg Zhvw +4<;:, phwkrg wr frqvwuxfw d frqvlvwhqw

hvwlpdwh ri wkh yduldqfh0fryduldqfh pdwul{ dv lq Ehndhuw +4<<7,1 Lq dgglwlrq/ zh xvh d pxowl0

vwhs Jdxvv0Qhzwrq surfhgxuh= xvlqj wkh suhylrxv hvwlpdwruv ri VW dqg �W / wkh fdofxodwlrq

zdv uhshdwhg xqwlo wkhuh lv qr fkdqjh lq wkh hvwlpdwhv ri �W 1

Wdeoh : uhsruwv wkh uhvxowv ri wkh pxowl0vwhs Jdxvv0Qhzwrq surfhgxuh1 Wkh OP vwdwlvwlfv

vkrz wkdw zh uhmhfw wkh VZ wkuhh0prphqw FDSP dw 4( ohyho iru Odwlq Dphulfd dqg Dvld

+irxu rxw ri vl{ fdvhv,1 Dv lq wkh NO wkuhh0prphqw FDSP/ qrqh ri wkh hvwlpdwhv ri �
lp

h{fhsw vrph Odwlq Dphulfdq frxqwulhv lv vljql�fdqw1 Zh gr qrw fdofxodwh dgmxvwhg U5 ydoxhv

iru wkh VZ wkuhh0prphqw FDSP/ vlqfh wkh VZ wkuhh0prphqw FDSP lv qrqolqhdu prgho1

Wkh VZ wkuhh0prphqw FDSP grhv qrw vhhp wr h{sodlq hphujlqj pdunhwv zhoo1 Wkh OP

vwdwlvwlfv ri VZ wkuhh0prphqw FDSP duh pxfk odujhu wkdq wkrvh ri wkh NO wkuhh0prphqw

FDSP1 Lq dgglwlrq/ wkh qxpehu ri vljql�fdqw ehwd dqg fr0vnhzqhvv lq wkh VZ wkuhh0prphqw

FDSP lv vpdoohu wkdq wkdw lq wkh NO wkuhh0prphqw FDSP1

Dowkrxjk wkh VZ wkuhh0prphqw FDSP doorzv xv wr glylgh frh!flhqwv ri wkh NO wkuhh0

prphqw FDSP lqwr wkh pdunhw ulvn suhplxp dqg wkh pdujlqdo udwhv ri vxevwlwxwlrq/ wkh

uhvxowv lq wdeoh : gr qrw vhhp wr eh hqfrxudjlqj1 Wkh NO kljkhu0prphqw FDSPv duh dq h{

dqwh prgho dv lv wkh frqyhqwlrqdo phdq0yduldqfh FDSP dqg wkxv/ wkhruhwlfdoo| zh gr qrw

h{shfw d qhjdwlyh pdunhw suhplxp1 Lq dgglwlrq/ wkh dfwxdo dyhudjh ydoxh ri rxu gh dwhg

h{fhvv pdunhw uhwxuqv xvhg lq wklv vwxg| +gh dwhg h{fhvv PVFL zruog lqgh{ wrwdo uhwxuqv,
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lv dozd|v srvlwlyh1 Wkhvh wkhruhwlfdo dqg hpslulfdo h{sodqdwlrq vxjjhvw wkdw zh pd| qrw jhw

d juhdw ghdo ri lqvljkw iurp wkh VZ kljkhu0prphqw FDSP1 Pruhryhu/ dv h{sodlqhg deryh/

zh kdyh vrph gl!fxowlhv lq hvwlpdwlqj wkh pdujlqdo vxevwlwxwlrq udwhv1

Zh wulhg wr hvwlpdwh wkh VZ irxu0prphqw FDSP dv ghvfulehg e| htxdwlrqv +58, wr +65,1

Krzhyhu/ wklv idlohg wr frqyhujh1

61517 NO Irxu0prphqw FDSP +Prgho LLL,

Lq wdeoh ; zh uhsuhvhqw wkh uhvxowv ri wkh JPP hvwlpdwhv iru wkh NO irxu0prphqw FDSP

jlyhq e| htxdwlrq +44,1 Khuh/ wkh ruwkrjrqdolw| frqglwlrqv frqvlvw ri htxdwlrqv +44,/ +59,/

+5:,/ +5;,/ +5<,/ +63,/ +64,/ dqg +65,/ dqg wkh qxpehu ri wkh ryhulghqwli|lqj uhvwulfwlrqv lv

Q � 61 Wkh vdpsoh hvwlpdwruv ri �4> �5> dqg �6 duh rewdlqhg iurp wkh JPP hvwlpdwlrq

ghvfulehg lq vxevhfwlrq 5151 Wkh OP vwdwlvwlfv lq wdeoh ; vkrzv wkdw zh gr qrw uhmhfw wkh

prgho dw wkh 8( ohyho h{fhsw Odwlq Dphulfd zkhq wkh 4<;: pdunhw fudvk lv h{foxghg1 Wkh

dgmxvwhg U5 ydoxhv duh odujhu wkdq wkrvh lq wdeohv 9 dqg 81 Wkh OP vwdwlvwlfv dqg U5 lqglfdwh

wkdw wkh NO irxu0prphqw FDSP h{sodlqv hphujlqj pdunhwv ehwwhu wkdq rwkhu prghov zh

uhsruwhg lq wkh suhylrxv vxevhfwlrqv1

Dv h{sodlqhg lq vhfwlrq 4/ zh h{shfw �4 A 3> �5 A 3> dqg �6 A 3/ vlqfh e�+up, ? 31 Qrqh

ri wkh frh!flhqwv duh vljql�fdqw h{fhsw �4 dqg �6 ri Odwlq Dphulfdq jurxs lq wkh suhvhqfh

ri wkh pdunhw fudvk1

Zkhq zh frpsduh wkh uhvxowv wr wkrvh ri wkh NO wkuhh0prphqw FDSP lq wdeoh 9/ wkh

qxpehuv ri vljql�fdqw fr0nxuwrvlv whupv duh < zkhq wkh pdunhw fudvk lv lqfoxghg dqg dovr

< zkhq wkh pdunhw fudvk lv h{foxghg/ uhvshfwlyho|/ zlwkrxw fkdqjhv lq wkh vljql�fdqfh ri

wkh hvwlpdwhg �
lp
= Lqwhuhvwlqjo|/ wkh vljql�fdqfh ri fr0vnhzqhvv lq Odwlq Dphulfd iru wkh

NO wkuhh0prphqw FDSP glvdsshduv dqg qrqh ri wkh fr0vnhzqhvv hvwlpdwhv lq wkh NO irxu0

prphqw FDSP lv vljql�fdqw1 Wklv vxjjhvwv wkdw Odwlq Dphulfdq frxqwulhv fdq eh ehwwhu
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h{sodlqhg zlwk fr0nxuwrvlv wkdq fr0vnhzqhvv zkhq wkh 4<;: pdunhw fudvk lv lqfoxghg1

Wkh dgmxvwhg U5 ydoxhv ri wkh irxu0prphqw FDSP duh doo kljkhu wkdq wkrvh ri wkh

NO wkuhh0prphqw FDSP1 Lq sduwlfxodu/ Odwlq Dphulfdq dqg Dvldq jurxsv zkhq wkh 4<;:

pdunhw fudvk lv lqfoxghg dqg Dvldq dqg Rwkhu Frxqwu| jurxsv zkhq wkh 4<;: pdunhw fudvk lv

h{foxghg vkrz vljql�fdqw ehqh�wv iurp wkh lqfoxvlrq ri wkh fr0nxuwrvlv1 Krzhyhu/ wkh Rwkhu

Frxqwu| jurxs lq wkh suhvhqfh ri wkh pdunhw fudvk dqg wkh Odwlq Dphulfdq jurxs zkhq wkh

4<;: pdunhw fudvk lv h{foxghg gr qrw kdyh odujhu dgmxvwhg U5 e| dgglqj fr0nxuwrvlv/ vhh wkh

dgmxvwhg U5 lq wdeohv 8 dqg 91

61518 NO Vhfrqg0 dqg Irxuwk0prphqw FDSP +Prgho LY,

Wkh gl�huhqw h{sodqdwru| srzhu ri v|vwhpdwlf ulvnv lq wdeohv 8/ 9/ dqg ; lv ixuwkhu lqyhvwljdwhg

e| hvwlpdwlqj wkh phdq0yduldqfh FDSPzlwk fr0nxuwrvlv1 Lq wdeoh < zh uhsruw wkh hvwlpdwlrq

uhvxowv ri wkh prgho1 Wkh FDSP zlwk fr0nxuwrvlv lv uhsuhvhqwhg dv

H+Ul, @ �4�lp . �6�lp +73,

Zkhq wkh vnhzqhvv ri wkh pdunhw sruwirolr lv qhjoljleoh/ wkdw lv/ �+up, r 3/ wkh vhfrqg whup

ri wkh uljkw kdqg vlgh ri htxdwlrq +44, pd| eh glvuhjdughg +�5 @
gH+z,

g�+z,
�+up, r 3,1 Wkh

ruwkrjrqdolw| frqglwlrqv iru wkh FDSP zlwk nxuwrvlv duh htxdwlrqv +73,/ +59,/ +5;,/ +5<,/

+63,/ +64,/ dqg +65, dqg wkh qxpehu ri ryhulghqwli|lqj uhvwulfwlrqv lv Q � 51

Dv lq wdeoh ;/ wkh vljqv rq wkh frh!flhqwv +�4 dqg �6, duh qrw dozd|v srvlwlyh dqg wkh

hvwlpdwhv duh qrw vljql�fdqw1 Wkh OP vwdwlvwlfv vkrz wkdw zh uhmhfw rqo| rqh fdvh/ wkh

Odwlq Dphulfdq jurxs zkhq wkh 4<;: pdunhw fudvk lv h{foxghg1 Wklv lv wkh vdph dv wkh

NO irxu0prphqw FDSP1 Krzhyhu/ wkh qxpehu ri vljql�fdqw ehwd dqg fr0nxuwrvlv whupv lv

odujhu wkdq wkrvh ri wkh NO irxu0prphqw dqg wkuhh0prphqw FDSPv1

Wkh dgmxvwhg U5 ydoxhv lq wdeoh < wrjhwkhu zlwk wkrvh lq wdeohv 8/ 9/ dqg ; vxjjhvw wkh iro0

orzlqj> zkhq wkh 4<;: pdunhw fudvk lv lqfoxghg/ wkh Odwlq Dphulfdq jurxs lv h{sodlqhg zlwk
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ehwd dqg fr0nxuwrvlv/ wkh Dvldq jurxs lv h{sodlqhg e| ehwd/ fr0vnhzqhvv/ dqg fr0nxuwrvlv/

dqg wkh Rwkhu Frxqwu| jurxs lv h{sodlqhg e| ehwd dqg fr0vnhzqhvv ru ehwd dqg fr0nxuwrvlv1

Rq wkh rwkhu kdqg zkhq wkh 4<;: pdunhw fudvk lv h{foxghg/ wkh Odwlq Dphulfdq jurxs lv

h{sodlqhg zlwk ehwd dqg fr0vnhzqhvv/ dqg wkh Dvldq dqg wkh Rwkhu Frxqwu| jurxsv duh

h{sodlqhg e| ehwd/ fr0vnhzqhvv/ dqg fr0nxuwrvlv1

Wkh NO vhfrqg0 dqg irxuwk0prphqw FDSP grhv qrw vhhp wr eh lqihulru wr wkh Nudxv

dqg Olw}hqehujhu wkuhh0prphqw FDSP iru hphujlqj pdunhwv1 Wkh qxpehu ri vljql�fdqw

ulvnv dqg wkh OP vwdwlvwlfv vxssruw wkh NO vhfrqg0 dqg irxuwk0prphqw FDSP udwkhu wkdq

wkh NO wkuhh0prphqw FDSP1 Wkh lqglylgxdo hphujlqj pdunhwv pd| eh ehwwhu h{sodlqhg

zlwk fr0nxuwrvlv udwkhu wkdq fr0vnhzqhvv1 Frqfoxglqj iurp wdeoh </ fr0nxuwrvlv udwkhu wkdq

fr0vnhzqhvv pd| eh d pruh dssursuldwh dgglwlrqdo ulvn phdvxuh iru wkh hphujlqj pdunhwv1

616 Vxppdu| ri JPP Uhvxowv

Wkh dgmxvwhg U5/ OP vwdwlvwlfv/ dqg qxpehu ri vljql�fdqw v|vwhpdwlf ulvnv vxssruw wkh

prghoolqj ri kljkhu prphqwv iru hphujlqj pdunhwv1 Rxu dqfloodu| dvvxpswlrqv derxw wkh

�lv dqg nlv dqg wkhlu vljqv duh qrw frqwudglfwru| wr wkh hpslulfdo �qglqjv1

Dwwhpswv wr xwlol}h orj0xwlolw|/ zklfk reyldwhv wkh qhhg wr hvwlpdwh n4 dqg n5 glg qrw

gr dq| ehwwhu/ lqghhg rxu lwhudwlrqv idlohg wr frqyhujh1 Wklv lv wkh uhdvrq zk| zh gr qrw

uhsruw uhvxowv iru wkh VZ irxu0prphqw FDSP zlwk orj0xwlolw|1 Dqrwkhu dvvxpswlrq/ wkdw

ri d vlpsoh uhsuhvhqwdwlyh djhqw/ vhhpv wrr vwurqj dv zhoo1 Lw pd| eh ehwwhu wr frqvlghu

d pxowlsoh0djhqw htxloleulxp vr wkdw ulvn suhpld duh jhqhudwhg e| pruh wkdq wzr ixqgv1

Krzhyhu/ sulflqj dvvhwv lq wklv vlwxdwlrq whqgv wr eh pxfk pruh frpsolfdwhg1

Wxuqlqj wr wkh uroh ri wkh pdunhw fudvk/ doo hvwlpdwlrqv zhuh uh0fdofxodwhg zlwkrxw Rfwr0

ehu 4<;:1 Wkh h�hfw ri wklv zdv dfwxdoo| plqlpdo h{fhsw wkdw fr0vnhzqhvv zdv gudpdwlfdoo|

lqfuhdvhg zlwkrxw wkh fudvk1 Wklv vhhplqjo| sdudgr{lfdo uhvxow iroorzv iurp wkh idfw wkdw
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wkh qxphudwru ri fr0vnhzqhvv glg qrw fkdqjh pxfk zlwk wkh h{foxvlrq ri wkh fudvk zklovw

wkh ghqrplqdwru zdv vxevwdqwldoo| uhgxfhg1

7 KLJKHU0PRPHQW GJS

Wkh suhylrxv vhfwlrqv dyrlg d vshfl�fdwlrq ri wkh GJS dqg xvh wkh JPP wr hvwlpdwh

wkh kljkhu0prphqw FDSPv1 Krzhyhu/ dv phqwlrqhg hduolhu/ wkh hvwlpdwhg yhuvlrqv ri wkh

kljkhu0prphqw FDSPv kdyh d vwdwlvwlfdo sureohp/ qrq0lghqwl�delolw| ehwzhhq ulvn phd0

vxuhv1 Edurqh0Dghvl +4<;8, vxjjhvwv wkh txdgudwlf pdunhw prgho fdq eh xvhg wr uhgxfh wkh

froolqhdulw| sureohp lq wkh NO wkuhh0prphqw FDSP1

Lq wklv vhfwlrq/ zh vshfli| wkh GJSv> wkh olqhdu pdunhw prgho/ wkh txdgudwlf pdunhw

prgho/ dqg wkh fxelf pdunhw prgho1 Wkh GJSv duh vkrzq wr eh frqvlvwhqw zlwk wkhlu

htxlydohqw kljkhu0prphqw FDSPv dv zhoo dv uhgxflqj wkh pxowlfroolqhdulw| ri wkh v|vwhpdwlf

ulvn phdvxuhv1

Zh �uvw frqvlghu wkh olqhdu pdunhw prgho1 Wkdw lv/ wkh GJS ri dq dvvhw l lv suhvhqwhg

dv d olqhdu ixqfwlrq ri wkh h{fhvv udwh ri uhwxuq rq wkh pdunhw sruwirolr/

ul>w � ui @ �3>l . �4>l+up>w � ui , . %l>w +74,

Vxewudfwlqj wkh h{shfwhg ydoxh ri htxdwlrq +74, iurp htxdwlrq +74,/ dqg xvlqj wkh gh�ql0

wlrq ri wkh v|vwhpdwlf ulvn phdvxuhv/ �lp> �lp> dqg �lp> lq htxdwlrq +5,/ +6,/ dqg +7,/ zh

rewdlq �lp @ �lp @ �lp @ �4>l1 Wkdw lv/ zkhq lqglylgxdo dvvhw*v h{fhvv udwh ri uhwxuq lv

vlpso| uhsuhvhqwhg dv d olqhdu ixqfwlrq ri h{fhvv udwh ri uhwxuq rq wkh pdunhw sruwirolr/ wkh

phdq0yduldqfh FDSP udwkhu wkdq kljkhu0prphqw FDSPv vkrxog eh xvhg1 Rwkhuzlvh/ wkh

v|vwhpdwlf ulvn phdvxuhv lq wkh kljkhu0prphqw FDSPv duh shuihfwo| froolqhdu1

Iru wkh iroorzlqj txdgudwlf pdunhw prgho/

ul>w � ui @ �3>l . �4>l+up>w � ui , . �5>l+up>w �H+up,,
5 . %l>w +75,
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xvlqj wkh vdph phwkrg dv lq wkh olqhdu pdunhw prgho/ zh rewdlq

�lp @ �4>l . �5>l
�+up,

6

�+up,5
+76,

�lp @ �4>l . �5>l
�+up,

7
� �+up,

7

�+up,6
+77,

Zh vxjjhvw rqo| ehwd dqg fr0vnhzqhvv/ vlqfh iru wkh wzr sdudphwhuv/ �4>l dqg �5>l> ri wkh

txdgudwlf pdunhw prgho/ rqo| wkh �uvw wzr v|vwhpdwlf ulvn phdvxuhv fdq eh ghulyhg/ xqohvv

rwkhu lqirupdwlrq rq wkh uhodwlrq ehwzhhq fr0nxuwrvlv dqg ehwd dqg fr0vnhzqhvv lv dydlodeoh>

NO dqg Jlrydqql +4<;8, surylgh ixuwkhu glvfxvvlrq rq wkh txdgudwlf pdunhw prgho1 Wkh

htxdwlrqv +76, dqg +77, jlyh xv vrph lqvljkw lqwr wkh qdwxuh ri wkh pxowlfroolqhdulw| ehwzhhq

�lp dqg �lp= Iru h{dpsoh/ li wkh zhljkwv rq �5>l lq htxdwlrqv +76, dqg +77, duh htxdo/

�lp @ �lp1 Li hlwkhu �4>l ru �5>l lv frqvwdqw iru doo l/ wkhq �lp dqg �lp zloo eh froolqhdu1

D jhqhudol}dwlrq ri htxdwlrq +75, lv wkh fxelf pdunhw prgho jlyhq ehorz

ul>w � ui @ �3>l.�4>l+up>w� ui ,.�5>l+up>w�H+up,,
5.�6>l+up>w�H+up,,

6. %l>w+78,

Zh fdq xvh htxdwlrq +78, wr hydoxdwh wkh uhodwlrqvklsv jlyhq lq htxdwlrq +44,1 Zh suhvhqw

wklv dv d wkhruhp1

Wkhruhp 6 Li zh dvvxph wkh ydolglw| ri wkh NO irxu0prphqw FDSP dv jlyhq e| +44, dqg

d GJS dv lq +78,/ wkhq wkh v|vwhpdwlf ulvn phdvxuhv/ �lp> �lp> dqg �lp> duh

�lp @ �4>l .
�5>l�+up,

6
. �6>l�+up,

7

�+up,5
+79,

�lp @ �4>l .
�5>l

�
�+up,

7
� �+up,

7
�
. �6>l

�
!+up,

8
� �+up,

6�+up,
5
�

�+up,6
+7:,

�lp @ �4>l .
�5>l

�
!+up,

8
� �+up,

5�+up,
6
�
. �6>l

�
*+up,

9
� �+up,

9
�

�+up,7
+7;,

zkhuh !+up, @ H^iup�H+up,j8`4@8/ *+up, @ H^iup�H+up,j9`4@9/ dqg wkh rwkhu sdudph0

whuv duh gh�qhg wkh vdph dv lq wkh suhylrxv vhfwlrqv1

Surri1 Vhh wkh h{sodqdwlrq ri wkh deryh olqhdu pdunhw prgho1 Zh rplw ghwdlov1
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Wkh kljkhu0prphqw FDSPv ghshqg rq wkh kljkhvw prphqw ri wkh GJS> li wkh GJS

lv txdgudwlf/ zh fdqqrw xvh wkh irxu0prphqw FDSP exw wkh wkuhh0prphqw FDSP1 Rqo|

zkhq wkh GJS lv fxelf/ fdq zh xvh wkh irxu0prphqw FDSP1 Wkhuhiruh/ li wkh xqnqrzq

GJS lv d txdgudwlf dqg wkh irxu0prphqw FDSP lv hvwlpdwhg/ wkh irxu0prphqw FDSP lv

qrw lghqwl�deoh/ dqg wkh pxowlfroolqhdulw| sureohp lq wkh v|vwhpdwlf ulvn phdvxuhv fuhdwhv

hvwlpdwlrq sureohpv1

Wdeohv 43 dqg 44 uhsruw wkh JOV hvwlpdwhv iru wkh txdgudwlf dqg fxelf pdunhw prghov1

Khuh zh gr qrw glylgh wkh 4: hphujlqj pdunhwv lqwr jurxsv/ vlqfh wkh sureohpv wkdw dulvh

lq d odujh v|vwhp lq JPP hvwlpdwlrq lv qrw h{shfwhg lq wkh JOV hvwlpdwlrq wkdw zh fduu|

rxw1 Wdeoh 43 vkrzv wkdw wkh vljql�fdqw hvwlpdwhv ri �4>l duh doo srvlwlyh dqg wkh vljql�fdqw

hvwlpdwhv ri �5>l duh doo qhjdwlyh h{fhsw rqh1 Wklv lpsolhv wkdw lqglylgxdo hphujlqj pdunhw

uhwxuqv lqfuhdvh +ghfuhdvh, dv wkh pdunhw sruwirolr lqfuhdvhv +ghfuhdvhv,/ exw ghfuhdvh dv

wkh zruog pdunhw uhwxuqv ehfrph pruh yrodwloh1 Lq dgglwlrq/ wdeoh 44 uhsruwv wkdw wkh

vljql�fdqw hvwlpdwhv ri �6>l duh doo srvlwlyh h{fhsw rqh1 Wklv kdv wkh lpsolfdwlrq wkdw wkh

hphujlqj pdunhw uhwxuqv lqfuhdvh +ghfuhdvh, dv wkh srvlwlyh +qhjdwlyh, vnhzqhvv ri wkh pdunhw

sruwirolr ehfrphv odujhu1 Krzhyhu/ wkh wrwdo qxpehu ri vljql�fdqw hvwlpdwhv lq wkh fxelf

pdunhw prgho lv ohvv wkdq wkdw lq wkh txdgudwlf pdunhw prgho1 Wkh U5 ydoxhv dovr vxjjhvw

wkdw wkhuh lv qrw pxfk jdlq iurp xvlqj wkh fxelf pdunhw prgho1

Wkh U5 ydoxhv duh uhodwlyho| vpdoo/ zkhq wkh| duh frpsduhg zlwk rwkhu U5 ydoxhv lq

wkh suhylrxv wdeohv1 Wkh gl�huhqfh frphv iurp wkh idfw wkdw wkh U5 ydoxhv lq wdeohv 8 wr <

duh rewdlqhg iurp wkh furvv0vhfwlrqdo fdofxodwlrq/ zkloh wkh U5 ydoxhv lq wdeohv 43 dqg 44

duh rewdlqhg iurp wkh vhhplqjo| xquhodwhg uhjuhvvlrqv prgho1 Wkh ehwd/ fr0vnhzqhvv/ dqg

fr0nxuwrvlv fdofxodwhg iurp wkh JOV hvwlpdwhv ri wkh GJS sdudphwhuv +vhh wkh uhodwlrqvkls

ehwzhhq v|vwhpdwlf ulvn phdvxuhv dqg �4>l> �5>l> dqg �6>l, duh qrw vljql�fdqwo| gl�huhqw iurp

wkh vdpsoh hvwlpdwruv/ �lp> �lp> dqg �lp=
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8 FRQFOXVLRQ

Wklv vwxg| sursrvhv wkh irxu0prphqw FDSP wkdw h{solflwo| lqyroyhv vnhzqhvv dqg nxuwrvlv

dv dgglwlrqdo ulvn phdvxuhv1 Zh xvh d pxowlyduldwh dssurdfk dqg hvwlpdwh wkh prghov zlwk

JPP1 olnh vwxglhv iru pdwxuh pdunhwv vxfk dv Iulhqg dqg Zhvwhu�hog +4<;3,/ Vhduv dqg

Zhl +4<;;,/ Krpdlidu dqg Judgg| +4<;;,/ dqg Olp +4<;<,/ rxu vwxg| vkrzv wkdw wkhuh

lv qr vljql�fdqw uhodwlrqvkls ehwzhhq h{shfwhg uhwxuq dqg ulvn +�4,/ vnhzqhvv +�5,/ dqg

nxuwrvlv +�6,1 Krzhyhu/ zh dovr �qg lqvljql�fdqw pdujlqdo udwhv ri vxevwlwxwlrq ehwzhhq

ulvn dqg vnhzqhvv +n4, dqg nxuwrvlv +n5,1 Wklv lv gxh wr wkh odfn ri qrupdolvhg vnhzqhvv dqg

qrupdolvhg nxuwrvlv lq XV uhwxuqv1

Ghvslwh wkh srru hvwlpdwhv ri wkh frh!flhqwv dqg pdujlqdo udwhv ri vxevwlwxwlrq/ krz0

hyhu/ kljkhu prphqw FDSPv vhhp wr eh suhihuuhg wr wkh frqyhqwlrqdo phdq0yduldqfh FDSP1

Vrph whvw vwdwlvwlfv vxfk dv wkh dgmxvwhg U5 dqg wkh OP vwdwlvwlfv uhsruwhg lq wklv vwxg|

vxjjhvw wkdw hphujlqj pdunhwv duh ehwwhu h{sodlqhg zlwk kljkhu0prphqwv FDSPv1 Lqwhuhvw0

lqjo|/ fr0nxuwrvlv kdv dw ohdvw dv pxfk h{sodqdwru| srzhu dv fr0vnhzqhvv1 Wklv lv frqvlvwhqw

zlwk wkh uhvxow lq wdeoh 5 wkdw wkh pdlq vrxufh ri qrqqrupdolw| lq hphujlqj pdunhwv lv

nxuwrvlv udwkhu wkdq vnhzqhvv1

Rxu lqlwldo dssurdfk h{solflwo| lpsrvhv wkh frqglwlrq wkdw wkh pdunhw lv h!flhqw/ �pp @

�pp @ �pp @ 4 dv lq Vhduv dqg Zhl +4<;8/ 4<;;, dqg Olp +4<;<,1 Zkhq zh xvh dq

dowhuqdwlyh dssurdfk xvlqj GJSv/ zh fdq frqglwlrq rq wkh pdunhw/ dv lq Vkdush*v pdunhw

prgho1 Lq dgglwlrq/ wkh kljk pxowlfroolqhdulw| lq vdpsoh fr0prphqwv vhhpv wr pdnh lw kdug wr

mrlqwo| hvwlpdwh fr0vnhzqhvv dqg fr0nxuwrvlv1 Wkhuhiruh/ zh vshfl�hg kljkhu0prphqw GJSv

vxfk dv wkh txdgudwlf pdunhw prgho dv lq Nudxv dqg Olw}hqehujhu +4<:9, dqg Edurqh0Dghvl

+4<;8,1 Zh vkrzhg wkdw kljkhu0prphqw GJSv duh frqvlvwhqw zlwk kljkhu0prphqw FDSPv/

zkloh uhgxflqj wkh froolqhdulw| lq wkh sdudphwhuv1

Dgglqj d qrwh ri uhdolvp wr rxu vwxg|/ zh dfnqrzohgjh wkdw zh duh dsso|lqj d vwdwlrq0
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du| dqdo|vlv wr dq hyroxwlrqdu| sureohp1 Rxu uhdvrq iru grlqj vr lv wr dvvhvv wkh ghjuhh

ri h{sodqdwlrq srvvleoh xvlqj kljkhu prphqw FDSPv zlwk hphujlqj pdunhwv gdwd1 Rxu

suhglfwdeoh frqfoxvlrq lv wkdw zklovw wkh xvh ri kljkhu prphqwv vhhpv wr lpsuryh pdwwhuv/ lw

fdqqrw frpshqvdwh iru wkh ixqgdphqwdo qrq0vwdwlrqdulw| ri hphujlqj pdunhw uhwxuqv1 Wkh

qrq0qrupdolw| ri hphujlqj pdunhw uhwxuqv lv qrw hqrxjk lq lwvhoi wr exlog prghov wkdw idlo

wr wdnh dffrxqw ri wkh hyroxwlrqdu| qdwxuh ri hphujlqj pdunhwv1 Qhyhuwkhohvv/ zh gr qrw

uhjdug wkh frqvwuxfwlrq ri wkhvh prghov dv kdylqj qr sudfwlfdo uhohydqfh1 Lq Kzdqj dqg

Vdwfkhoo +4<<;, zh kdyh xvhg prghov vlplodu wr wkh rqhv lq wklv sdshu wr dvvhvv ulvn dgmxvwhg

shuirupdqfh ri hphujlqj pdunhw ixqgv1 Zh irxqg wkhuh wkdw rxwshuirupdqfh lq hphujlqj

pdunhwv lv holplqdwhg rqfh ulvn dgmxvwphqw iru kljkhu prphqwv lv fduulhg rxw1

HQG QRWHV

41 Vfrww dqg Kruydwk +4<;3, xvh wkh h{wud frqglwlrq fdoohg vwulfw frqvlvwhqf| lq suhihuhqfh

gluhfwlrq/ vhh D6/ s<49/ Vfrww dqg Kruydwk/ 4<;31 Wklv lv d vwurqj frqglwlrq1 Pruh jhqhudoo|/

Nudxv dqg Olw}hqehujhu +4<;6, vkrz wkdw lq d Sduhwr h!flhqw doorfdwlrq/ wkh irxuwk ghulydwlyh

ri wkh djjuhjdwhg xwlolw| ixqfwlrq ri wkh uhsuhvhqwdwlyh djhqw grhv qrw h{klelw d qhjdwlyh ru

srvlwlyh vljq/ hyhq li doo wkh lqglylgxdov kdyh xwlolw| ixqfwlrqv wkdw kdyh irxuwk ghulydwlyhv

zlwk wkh vdph vljq1

51 Vwulfw frqvlvwhqf| lq suhihuhqfh zloo lpso| wkdw
CH^X+z,`

C�+z,
A 3/ vhh Vfrww dqg Kruydwk/

4<;3/ wkhruhp 41 Iru wkh dssur{lpdwlrq jlyhq e| +47,/ zh rqo| uhtxluh wkdw X 333+H+z,, A 3=

61 Wkh hvwlpdwruv rewdlqhg xvlqj wklv phwkrg duh dv|pswrwlfdoo| wkh vdph dv wkh xqprgl�hg

hvwlpdwruv/ vhh Olp +4<;<,1
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Table 1 Various Versions of the CAPM

Names Models Equations    Subsections and Tables
Model I Mean-variance CAPM Equation (37) subsection 2.2.1 and table 5
Model II Kraus-Litzenberger Three-moment CAPM Equation (38) subsection 2.2.2 and table 6
Model III Kraus-Litzenberger Four-moment CAPM Equation (11) subsection 2.2.4 and table 8
Model IV Kraus-Litzenberger 2nd and 4th moment CAPM Equation (40) subsection 2.2.5 and table 9
Model V Sears-Wei Three-moment CAPM Equation (39) subsection 2.2.3 and table 7
Model VI Sears-Wei Four-moment CAPM Equation (13) *
Model VII Sears-Wei Four-moment CAPM with Log-utility Equation (19) *

Notes : * does not report results for these models because of convergence problem. 



               Table 2   Statistical Properties of Emerging Markets Returns

A. The First Four Moments of Emerging Markets Monthly Returns - 87 Market Crash Included

Mean Standard     Normalised        Normalised Jarque-Bera (χ2(2))
Deviation     Skewness     Excess Kurtosis

3 Month Treasury Bill 0.4836 0.1391 -0.0582 -0.8356* 4.30

Market Portfolio 0.7389 4.1172 -0.8400** 3.4145** 87.49**

Greece 1.0433 10.6924 0.8131** 3.6292** 95.55**

Argentina 1.7178 22.1976 0.3413* 7.9997** 389.45**

Brazil 0.7965 18.6065 -0.5772** 2.7326** 53.16**

Chile 2.3414 7.5944 -0.0525 -0.0902 0.12

Mexico 1.6373 14.1496 -2.5179** 13.6087** 1272.11**

India 0.4136 9.3931 0.2482 0.5015 3.01

Korea 0.5534 8.0101 0.3289 -0.0088 2.61

Thailand 1.0643 8.9447 -0.8012** 3.5682** 92.43**

Zimbabwe 1.7897 8.7361 0.1766 2.2272** 30.72**

Jordan 0.0796 4.6921 0.1068 1.1560** 8.35 *

Colombia 1.9170 8.0836 1.1363** 2.6627** 74.04**

Venezuela 0.7336 14.1033 -1.3266** 6.1726** 272.72**

Taiwan 1.2000 13.5401 -0.1512 1.8391** 20.99**

Malaysia 0.5891 7.5910 -0.9332** 3.5182** 95.83**

Pakistan 0.5060 6.9609 0.7881** 3.6939** 97.45**

Philippines 2.2517 9.7324 0.0456 2.6773** 43.36**

Nigeria 0.0543 16.6513 -3.1868** 25.2309** 4091.56**

B. The First Four Moments of Emerging Markets Monthly Returns - 87 Market Crash Excluded

Mean Standard     Normalised        Normalised Jarque-Bera (χ2(2))
Deviation     Skewness     Excess Kurtosis

3 Month Treasury Bill 0.4840 0.1395 -0.0656 -0.8461 * 4.43

Market Portfolio 0.8756 3.7873 -0.2021 0.7578 * 4.46

Greece 1.1423 10.6628 0.8144 ** 3.6977 ** 98.64**

Argentina 1.9019 22.1637 0.3321 8.1215 ** 401.17**

Brazil 0.9575 18.5698 -0.5973 ** 2.8237 ** 56.79**

Chile 2.5070 7.3535 0.1149 -0.4768 1.69

Mexico 2.0338 13.3659 -2.5457 ** 15.9036 ** 1684.69**

India 0.4105 9.4259 0.2484 0.4778 2.87

Korea 0.5688 8.0359 0.3223 -0.0290 2.52

Thailand 1.3602 8.2334 -0.1618 1.0315 ** 7.06 *

Zimbabwe 1.7265 8.7334 0.1920 2.2689 ** 31.99**

Jordan 0.0860 4.7079 0.1025 1.1291 ** 7.96 *

Colombia 1.9212 8.1117 1.1309 ** 2.6222 ** 72.45**

Venezuela 0.7072 14.1489 -1.3176** 6.1098 ** 267.49**

Taiwan 1.5148 13.0440 0.0538 1.5970 ** 15.48**

Malaysia 0.8487 6.9419 -0.2360 0.3158 1.95

Pakistan 0.5149 6.9843 0.7818 ** 3.6476 ** 95.16**

Philippines 2.3412 9.7063 0.0348 2.7566 ** 45.94**

Nigeria 0.0580 16.7093 -3.1768 ** 25.0455 ** 4033.68**

Notes: * denotes siginificance at 5% level and ** denotes siginificance at 1% level. 
Morgan Stanley world index is used for the market portfolio. Deflated excess returns are used for the 
market portfolio and emerging markets



                                         Table 3  GMM Estimates of the Marginal Rates of Substitution

A. Three-moment CAPM
Estimates Normalised

Mean of Market Portfolio 0.8475
Sample Estimates Standard Deviation of Market Portfolio 4.2001

Market Crash of October 1987 Included Skewness of Market Portfolio -4.8976 -1.5855
Kurtosis of Market Portfolio 7.7044 8.3215

GMM Estimates Marginal Rate of Substitution Between Skewness and Risk (k1) -0.1266 (1.4736)

Lagrange Multiplier Statistics - χ2(22) 16.9016
Mean of Market Portfolio 1.0239

Sample Estimates Standard Deviation of Market Portfolio 3.6406
Market Crash of October 1987 Excluded Skewness of Market Portfolio -2.2615 -0.2397

Kurtosis of Market Portfolio 5.0779 0.7849
GMM Estimates Marginal Rate of Substitution Between Skewness and Risk (k1) 0.1693 (0.2574)

Lagrange Multiplier Statistics - χ2(22) 24.2233
Notes : The three-moment CAPM in equation (30) is used for the GMM estimate of k1.  Chi-Square (22) statistics at 10% is 30.8. 

Values in parenthesis are the standard errors of the estimates. Values in the 'normalised' column are sample etimated normalised skewness and normalised excess kurtosis.

B. Four-moment CAPM
Estimates

GMM Estimates Marginal Rate of Substitution Between Skewness and Risk (k1) -3.7964 (5.9402)
Market Crash of October 1987 Included Marginal Rate of Substitution Between Kurtosis and Risk (k2) -2.7887 (4.0337)

Lagrange Multiplier Statistics - χ2(23) 20.1909
GMM Estimates Marginal Rate of Substitution Between Skewness and Risk (k1) -0.3047 (2.0027)

Market Crash of October 1987 Excluded Marginal Rate of Substitution Between Kurtosis and Risk (k2) -1.6856 (7.3457)

Lagrange Multiplier Statistics - χ2(23) 25.8026
Notes : The four-moment CAPM in equation (13) is used for the GMM estimates of k1 and k2.  Chi-Square (23) statistics at 10% is 32.0.



        Table 4  Correlation Matrix between βim, γim, and θim

A. Market Crash of October 1987 Included
βim γim θim

βim 1

γim 0.6673 1

θim 0.8873 0.8826 1

A. Market Crash of October 1987 Excluded
βim γim θim

βim 1

γim 0.2612 1

θim 0.9386 0.3712 1



        Table 5  GMM Estimates of Mean-variance CAPM

A. Market Crash of October 1987 Included
Countries Beta            Lagrange Multiplier Test Adjusted

  Chi-Square R-Square
Argentina -0.1661 (0.5596) 19.2529** 0.0899

Latin Brazil 0.6249 (0.4223)    (Degrees of Freedom: 6)
America Chile 0.4009 (0.1865)*

Mexico 1.3657 (0.3066)**

Colombia 0.1485 (0.1481)
Venezuela -0.3096 (0.2746)

India -0.2277 (0.1776) 5.8164 0.2149
Korea 0.6023 (0.1558)**    (Degrees of Freedom: 7)

Asia Thailand 0.8235 (0.2392)**

Taiwan 0.8252 (0.3287)**

Malaysia 0.8107 (0.1910)**

Pakistan 0.0799 (0.1266)
Philippines 0.9535 (0.2261)**

Greece 0.4482 (0.2126)* 5.9612 0.0464
Other Zimbabwe 0.1971 (0.1842)    (Degrees of Freedom: 4)

Countries Jordan 0.1385 (0.1049)
Nigeria 0.3122 (0.3102)

B. Market Crash of October 1987 Excluded
Countries Beta            Lagrange Multiplier Test Adjusted

  Chi-Square R-Square
Argentina -0.4721 (0.6014) 23.3978** 0.0591

Latin Brazil 0.5455 (0.4838)    (Degrees of Freedom: 6)
America Chile 0.1895 (0.1647)

Mexico 0.8529 (0.2221)**

Colombia 0.2254 (0.1711)
Venezuela -0.4059 (0.3150)

India -0.2345 (0.2036) 5.0968 0.2163
Korea 0.6753 (0.1574)**    (Degrees of Freedom: 7)

Asia Thailand 0.7052 (0.1922)**

Taiwan 0.7349 (0.3318)*

Malaysia 0.6934 (0.1541)**

Pakistan 0.0970 (0.1475)
Philippines 1.0701 (0.2538)**

Greece 0.4365 (0.2444)* 4.9969 0.0750
Other Zimbabwe 0.3149 (0.1907)*    (Degrees of Freedom: 4)

Countries Jordan 0.1490 (0.1197)
Nigeria 0.3395 (0.3677)

Notes: ** denotes significance at 1% and * denotes significance at 5%. 
Numbers in parentheses are standard errors. The CAPM estimated is

E(Ri ) - r f   = (E(Rm) - r f  ) β i 



     Table 6  GMM Estimates of Kraus-Litzenberger Three-Moment CAPM 

A. Market Crash of October 1987 Included
Countries Beta            Co-skewness        Kraus-Litzenberger (1976) Lagrange Multiplier Test Adjusted

α 1 α 2   Chi-Square R-Square

Argentina -0.3605 (0.5655) 4.3880 (1.5129)** 0.6526 0.2851 14.0651** 0.3089
Latin Brazil 0.4892 (0.4292) 3.2379 (1.2170)** (1.3011) (0.3292)    (Degrees of Freedom: 4)

America Chile 0.3032 (0.1974) 1.9471 (0.9131)*

Mexico 1.1198 (0.3616)** 4.1734 (2.0827)*

Colombia 0.1571 (0.1512) 0.0408 (0.1745)
Venezuela -0.2132 (0.2752) -1.4043 (0.5494)**

India -0.1986 (0.1722) -0.1989 (0.3136) 1.3524 -0.1615 4.9826 0.2558
Korea 0.5713 (0.1577)** 0.0161 (0.2633) (0.9992) (0.3805)    (Degrees of Freedom: 5)

Asia Thailand 0.8287 (0.2788)** 2.6818 (2.4250)
Taiwan 0.8684 (0.3680)** 2.9329 (2.6610)

Malaysia 0.8065 (0.2127)** 2.1808 (2.0532)
Pakistan 0.0829 (0.1226) -0.0928 (0.1590)

Philippines 0.9897 (0.2244)** 1.6814 (1.2023)
Greece 0.4510 (0.2069)* 0.6977 (0.7244) 4.8183 -1.9001 0.9416 0.7319

Other Zimbabwe 0.1390 (0.1861) -0.4539 (0.4749) (3.7150) (1.9751)    (Degrees of Freedom: 2)
Countries Jordan 0.1247 (0.0949) 0.2337 (0.2271)

Nigeria 0.0810 (0.2645) -0.1446 (0.2484)

B. Market Crash of October 1987 Excluded
Countries Beta            Co-skewness        Kraus-Litzenberger (1976) Lagrange Multiplier Test Adjusted

α 1 α 2   Chi-Square R-Square

Argentina -0.2776 (0.6024) 10.7892 (12.1322) 2.2005 0.1534 15.7981** 0.3696
Latin Brazil 0.3154 (0.4508) 6.7817 (8.0795) (1.5568) (0.2531)    (Degrees of Freedom: 3)

America Chile 0.2973 (0.1630)* 1.4210 (1.8135)
Mexico 0.6910 (0.2371)** 1.4938 (2.2841)

Colombia 0.3046 (0.1567)* 0.1381 (1.2004)
Venezuela -0.1054 (0.2892) -5.3016 (6.5286)

India -0.2273 (0.2006) -0.1251 (1.1785) 1.0084 0.1327 2.8400 0.5609
Korea 0.6553 (0.1588)** -0.4719 (1.0729) (0.8485) (0.2458)    (Degrees of Freedom: 5)

Asia Thailand 0.6048 (0.2112)** 4.3329 (5.3127)
Taiwan 0.5482 (0.3441) 5.1181 (6.4922)

Malaysia 0.6569 (0.1602)** 2.9922 (3.7053)
Pakistan 0.0966 (0.1465) -0.3278 (0.6964)

Philippines 0.9045 (0.2766)** 5.2197 (6.5957)
Greece 0.3322 (0.2205) -0.1184 (2.8129) 3.0577 0.0562 2.1532 0.4252

Other Zimbabwe 0.3521 (0.1787)* 0.4599 (1.4982) (2.2279) (0.5678)    (Degrees of Freedom: 2)
Countries Jordan 0.0835 (0.1141) 0.9390 (2.2144)

Nigeria 0.2069 (0.3502) -1.1654 (2.4932)
Notes: ** denotes significance at 1% and * denotes significance at 5%. Numbers in parentheses are standard errors. The three-moment CAPM estimated is

E(Ri ) - r f   = α 1  β i   +  α 2  γ i



     Table 7  GMM Estimates of the Sears-Wei Three-Moment CAPM 

A. Market Crash of October 1987 Included
Countries Beta            Co-skewness    Marginal Rate of Lagrange Multiplier Test

Substitution,  k1   Chi-Square
Argentina -0.2352 (0.5592) 3.0413 (1.5962)* -0.0762 18.3257**

Latin Brazil 0.5810 (0.4223) 2.4827 (1.3035)*    (Degrees of Freedom: 6)
America Chile 0.2997 (0.1848) 1.2873 (0.9725)

Mexico 1.2170 (0.2890)** 2.6217 (2.2558)
Colombia 0.0838 (0.1491) -0.0162 (0.2215)
Venezuela -0.3093 (0.2731) -1.1109 (0.6244)*

India -0.2113 (0.1528) 0.3623 (27.1801) -0.0762 33.2984**

Korea 0.8426 (0.1231)** -1.4376 (33.1106)    (Degrees of Freedom: 7)
Asia Thailand 0.3098 (0.1252)** 3.0454 (35.9829)

Taiwan 0.3307 (0.2147) 3.6698 (49.8408)
Malaysia 0.3918 (0.1090)** 1.9604 (29.3719)
Pakistan 0.1498 (0.1028) -0.6788 (21.5858)

Philippines 0.7566 (0.2057)** 6.2330 (65.7401)
Greece 0.4248 (0.2122)* 0.5103 (1.1966) -0.0762 5.9314

Other Zimbabwe 0.2131 (0.1836) -0.2746 (0.7604)    (Degrees of Freedom: 4)
Countries Jordan 0.1317 (0.1048) 0.2565 (0.4019)

Nigeria 0.3066 (0.3075) -0.0837 (0.4896)

B. Market Crash of October 1987 Excluded
Countries Beta            Co-skewness    Marginal Rate of Lagrange Multiplier Test

Substitution,  k1   Chi-Square
Argentina 0.3179 (0.5586) 1.5638 (6.9722) 0.1552 29.8616**

Latin Brazil 0.5087 (0.4986) 1.9612 (6.7243)    (Degrees of Freedom: 6)
America Chile 0.5029 (0.1678)** 0.2635 (1.7795)

Mexico 0.8861 (0.2266)** 0.5793 (2.8248)
Colombia 0.2329 (0.1763) -0.3747 (2.0441)
Venezuela -0.2515 (0.3578) -1.3355 (5.4844)

India -0.1348 (0.2219) 0.2302 (32.0763) 0.1552 18.0976*

Korea 0.7458 (0.1637)** -0.4047 (27.9801)    (Degrees of Freedom: 7)
Asia Thailand 0.3980 (0.1683)** -0.0483 (35.4312)

Taiwan 0.3008 (0.2826) -0.9132 (52.8443)
Malaysia 0.4484 (0.1484)** 0.6586 (23.5707)
Pakistan 0.1579 (0.1625) -0.5712 (26.2289)

Philippines 0.6525 (0.2120)** -0.9978 (58.3052)
Greece 0.4449 (0.2366)* -0.0250 (2.3713) 0.1552 5.9529

Other Zimbabwe 0.2901 (0.1900) 0.4824 (1.2224)    (Degrees of Freedom: 4)
Countries Jordan 0.1367 (0.1213) 0.8921 (1.8387)

Nigeria 0.3127 (0.3695) -1.2667 (2.1351)
Notes: ** denotes significance at 1% and * denotes significance at 5%. Numbers in parentheses are standard errors.
The three-moment CAPM estimated is
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     Table 8  GMM Estimates of Kraus-Litzenberger Four-Moment CAPM 

A. Market Crash of October 1987 Included
Countries Beta            Co-skewness    Co-kurtosis       Kraus-Litzenberger (1976) Lagrange Multiplier Test Adjusted

α 1 α 2 α 3   Chi-Square R-Square

Argentina -0.2735 (0.5445) 2.4148 (1.9374) 0.3097 (0.6350)  -6.8755* -0.9120  6.1857* 4.0432 0.8680
Latin Brazil 0.3982 (0.3912) 2.2398 (1.6816) 0.8111 (0.3510)* (3.8163) (1.0850) (2.9170)    (Degrees of Freedom: 3)
America Chile 0.1105 (0.1661) 0.8044 (1.0366) 0.5503 (0.3220)*

Mexico 1.0021 (0.2962)** 1.4360 (2.2327) 1.7245 (0.6178)**

Colombia -0.0212 (0.1537) -0.0325 (0.3551) 0.1882 (0.1326)
Venezuela -0.2681 (0.2604) -0.9959 (0.9525) -0.3833 (0.2704)

India -0.2122 (0.1747) -0.0521 (0.2335) -0.1913 (0.1187) 6.2822 3.9333 -9.1157 0.9240 0.7403
Korea 0.6037 (0.1514)** -0.0255 (0.2409) 0.3438 (0.1221)** (7.0614) (6.0249) (12.3959)    (Degrees of Freedom: 4)

Asia Thailand 0.8216 (0.2777)** 2.7040 (2.3255) 1.6346 (0.4367)**

Taiwan 0.8749 (0.3594)** 2.9871 (2.5386) 1.7828 (0.4721)**

Malaysia 0.8391 (0.2161)** 2.2161 (1.9793) 1.4644 (0.3629)**

Pakistan 0.1055 (0.1116) -0.0292 (0.1367) 0.0332 (0.0456)
Philippines 0.8401 (0.2273)** 1.4389 (1.0576) 0.9744 (0.2433)**

Greece 0.4672 (0.2131)* 0.5608 (0.8149) 0.7609 (0.1299)** 5.8229 -0.7827 -1.9953 0.8560 0.7343
Other Zimbabwe 0.1448 (0.1868) -0.3589 (0.5195) -0.2637 (0.1623) (4.1364) (4.0986) (4.6666)    (Degrees of Freedom: 1)
Countries Jordan 0.1057 (0.1023) 0.2110 (0.2537) 0.1265 (0.0928)

Nigeria 0.1033 (0.2904) -0.1922 (0.3040) 0.1556 (0.1296)

B. Market Crash of October 1987 Excluded
Countries Beta            Co-skewness    Co-kurtosis       Kraus-Litzenberger (1976) Lagrange Multiplier Test Adjusted

α 1 α 2 α 3   Chi-Square R-Square

Argentina -0.2555 (0.6016) 10.4321 (10.5650) -0.2615 (0.7698) 2.8003 0.1568 -0.4775 15.7894** 0.3712
Latin Brazil 0.3209 (0.4523) 6.9989 (7.5721) 0.5785 (0.5610) (3.1288) (0.2529) (2.4001)    (Degrees of Freedom: 3)
America Chile 0.2974 (0.1629)* 1.4744 (1.7013) 0.2433 (0.1706)

Mexico 0.6860 (0.2319)** 1.6703 (2.2681) 0.7722 (0.2069)**

Colombia 0.3247 (0.1765)* 0.2655 (1.2198) 0.5857 (0.1585)**

Venezuela -0.1280 (0.3188) -5.5679 (6.2577) -0.6739 (0.4655)
India -0.2651 (0.2151) -0.9959 (1.7098) -0.3551 (0.1980)* -2.8462 -0.2449 3.7297 2.1662 0.7352
Korea 0.6339 (0.1614)** -0.5464 (1.1604) 0.5723 (0.1661)** (3.7133) (0.4895) (3.5975)    (Degrees of Freedom: 4)

Asia Thailand 0.5170 (0.2172)** 4.6942 (5.8607) 0.9967 (0.3814)**

Taiwan 0.5873 (0.3620) 4.6307 (6.3161) 1.1686 (0.5624)*

Malaysia 0.6254 (0.1580)** 3.5637 (4.3531) 0.9215 (0.2216)**

Pakistan 0.0303 (0.1525) -0.9247 (1.1897) -0.0222 (0.0900)
Philippines 0.8676 (0.2804)** 4.6934 (6.3668) 1.5131 (0.4887)**

Greece 0.4214 (0.2446)* -0.0998 (2.1106) 0.8279 (0.2674)** 7.3458 -0.1767 -2.6033 0.4189 0.8257
Other Zimbabwe 0.2470 (0.1885) 0.5034 (1.1200) 0.0182 (0.1619) (5.7803) (0.7813) (3.0823)    (Degrees of Freedom: 1)
Countries Jordan 0.1375 (0.1269) 0.9783 (1.7754) 0.2699 (0.2024)

Nigeria 0.0990 (0.2789) -1.2669 (1.9591) 0.2834 (0.2153)
Notes: ** denotes significance at 1% and * denotes significance at 5%. Numbers in parentheses are standard errors. The four-moment CAPM estimated is

E(Ri ) - r f   = α 1  β i   +  α 2  γ i   + α 3  θ i



     Table 9  GMM Estimates of Kraus-Litzenberger Second- and Fourth-Moment CAPM 

A. Market Crash of October 1987 Included
Countries Beta            Co-kurtosis     Kraus-Litzenberger (1976) Lagrange Multiplier Test Adjusted

α 1 α 3   Chi-Square R-Square

Argentina -0.1266 (0.4831) 0.3770 (0.6129) -5.3487 4.2478 6.1082 0.8593
Latin Brazil 0.5943 (0.3460)* 0.9074 (0.3443)** (2.9863) (2.2005)    (Degrees of Freedom: 4)

America Chile 0.1127 (0.1569) 0.5460 (0.2926)*

Mexico 0.9465 (0.2635)** 1.6870 (0.5457)**

Colombia -0.0414 (0.1523) 0.1997 (0.1251)
Venezuela -0.3756 (0.2658) -0.4609 (0.2736)*

India -0.1948 (0.1705) -0.2247 (0.1361)* 1.6804 -0.4713 4.5508 0.2538
Korea 0.5705 (0.1561)** 0.3602 (0.1384)** (1.3350) (0.8838)    (Degrees of Freedom: 5)

Asia Thailand 0.8473 (0.2768)** 1.6423 (0.4618)**

Taiwan 0.8874 (0.3676)** 1.8050 (0.4953)**

Malaysia 0.8184 (0.2152)** 1.4395 (0.3957)**

Pakistan 0.0874 (0.1209) 0.0281 (0.0494)
Philippines 0.9869 (0.2249)** 1.1077 (0.2836)**

Greece 0.4739 (0.2130)* 0.7564 (0.1304)** 5.8727 -2.7068 0.9239 0.6650
Other Zimbabwe 0.1568 (0.1839) -0.2581 (0.1643) (3.7425) (2.2894)    (Degrees of Freedom: 2)

Countries Jordan 0.0966 (0.0839) 0.1209 (0.0868)
Nigeria 0.1321 (0.2516) 0.1599 (0.1281)

B. Market Crash of October 1987 Excluded
Countries Beta            Co-kurtosis     Kraus-Litzenberger (1976) Lagrange Multiplier Test Adjusted

α 1 α 3   Chi-Square R-Square

Argentina 0.1666 (0.4949) 0.2133 (0.7550) 1.7905 0.4485 16.6484** 0.1577
Latin Brazil 0.5162 (0.4163) 0.7534 (0.5199) (2.8412) (1.8993)    (Degrees of Freedom: 4)

America Chile 0.3528 (0.1619)* 0.3237 (0.1736)*

Mexico 0.7016 (0.2279)** 0.8043 (0.2082)**

Colombia 0.2918 (0.1760)* 0.6116 (0.1610)**

Venezuela -0.2442 (0.3084) -0.8147 (0.4456)*

India -0.2515 (0.2085) -0.3811 (0.1980)* -1.1257 1.7968 2.9034 0.6427
Korea 0.6272 (0.1547)** 0.5860 (0.1692)** (2.2127) (1.7209)    (Degrees of Freedom: 5)

Asia Thailand 0.5644 (0.2134)** 1.0384 (0.3858)**

Taiwan 0.5603 (0.3545) 1.1592 (0.5767)*

Malaysia 0.6575 (0.1553)** 0.9467 (0.2227)**

Pakistan 0.0634 (0.1543) -0.0103 (0.0918)
Philippines 0.8921 (0.2762)** 1.5166 (0.4910)**

Greece 0.4298 (0.2383)* 0.8158 (0.2673)** 6.8025 -2.4800 0.5460 0.7676
Other Zimbabwe 0.2545 (0.1885) 0.0290 (0.1611) (4.9611) (2.8957)    (Degrees of Freedom: 2)

Countries Jordan 0.1184 (0.1089) 0.2471 (0.1943)
Nigeria 0.1370 (0.2486) 0.3049 (0.2023)

Notes: ** denotes significance at 1% and * denotes significance at 5%. Numbers in parentheses are standard errors. The three-moment CAPM estimated is
E(Ri ) - r f   = α 1  β i   +  α 3  θ i



       Table 10  GLS Estimates Based on Quadratic Market DGP

A. Market Crash of October 1987 Included
Countries α0,i STD α1,i STD α2,i STD

Greece 0.8756 1.0062 0.4070 0.2289* -0.0079 0.0243
Argentina 4.4622 2.0655* -0.5873 0.4698 -0.1372 0.0499**

Brazil 1.8761 1.7309 0.4292 0.3937 -0.0830 0.0419*

Chile 2.9395 0.6984** 0.1738 0.1589 -0.0432 0.0169**

Mexico 2.3858 1.2652* 0.7375 0.2878** -0.0768 0.0306**

India 0.6787 0.8924 -0.2418 0.2030 -0.0051 0.0216
Korea -0.4141 0.7225 0.6848 0.1643** 0.0274 0.0175

Thailand 2.1843 0.7407** 0.4689 0.1685** -0.0871 0.0179**

Zimbabwe 1.3116 0.8298 0.1954 0.1887 0.0198 0.0201
Jordan 0.0273 0.4447 0.1274 0.1012 -0.0025 0.0108

Colombia 1.6706 0.7696* 0.1602 0.1750 0.0076 0.0186
Venezuela 0.2366 1.3374 -0.1325 0.3042 0.0353 0.0323

Taiwan 2.3212 1.2062* 0.5610 0.2744* -0.0912 0.0292**

Malaysia 1.2512 0.6091* 0.5949 0.1386** -0.0654 0.0147**

Pakistan 0.3395 0.6639 0.0800 0.1510 0.0064 0.0161
Philippines 2.1227 0.8707** 0.7180 0.1980** -0.0239 0.0211

Nigeria -0.4712 1.5865 0.2663 0.3609 0.0195 0.0384
R2 0.0732

B. Market Crash of October 1987 Excluded
Countries α0,i STD α1,i STD α2,i STD

Greece 0.6960 1.0663 0.3845 0.2350 0.0077 0.0380
Argentina 5.1883 2.1833** -0.5468 0.4812 -0.1971 0.0777**

Brazil 2.7666 1.8216 0.5044 0.4015 -0.1580 0.0649**

Chile 2.7069 0.7381** 0.1349 0.1627 -0.0223 0.0263
Mexico 1.6316 1.3266 0.6300 0.2924* -0.0105 0.0472
India 0.5478 0.9459 -0.2580 0.2085 0.0062 0.0337
Korea -0.3603 0.7662 0.6990 0.1689** 0.0223 0.0273

Thailand 2.1431 0.7855** 0.4383 0.1731** -0.0819 0.0280**

Zimbabwe 1.6125 0.8766* 0.2351 0.1932 -0.0064 0.0312
Jordan 0.1652 0.4704 0.1422 0.1037 -0.0143 0.0167

Colombia 1.6537 0.8163* 0.1606 0.1799 0.0089 0.0291
Venezuela -0.4197 1.4083 -0.1956 0.3104 0.0911 0.0501*

Taiwan 2.3138 1.2795* 0.5330 0.2820* -0.0889 0.0456*

Malaysia 1.1875 0.6458* 0.5682 0.1423** -0.0587 0.0230**

Pakistan 0.2249 0.7036 0.0690 0.1551 0.0161 0.0251
Philippines 2.6773 0.9121** 0.7731 0.2010** -0.0711 0.0325**

Nigeria -0.6133 1.6825 0.2562 0.3708 0.0314 0.0599
R2 0.0565

Notes: ** denotes significance at 1% and * denotes significance at 5%. 
The quadratic market DGP estimated is
                       Ri,t  - r f   = α 0,i  + α 1,i  (Rm,t - r f )  +  α 2,i  (Rm,t - E(Rm)) 2   + ε i,t



                         Table 11  GLS Estimates Based on Cubic Market DGP

A. Market Crash of October 1987 Included
Countries α0,i STD α1,i STD α2,i STD α3,i STD

Greece 0.4772 1.0249 0.1095 0.2884 0.0442 0.0395 0.0045 0.0027*

Argentina 5.2017 2.1075** -0.0352 0.5931 -0.2340 0.0811** -0.0084 0.0056
Brazil 2.4631 1.7675 0.8676 0.4975* -0.1598 0.0681* -0.0066 0.0047
Chile 2.8332 0.7172** 0.0944 0.2018 -0.0293 0.0276 0.0012 0.0019

Mexico 1.8950 1.2892 0.3711 0.3628 -0.0126 0.0496 0.0056 0.0034
India 0.6731 0.9176 -0.2460 0.2583 -0.0044 0.0353 0.0001 0.0024
Korea -0.3786 0.7429 0.7113 0.2091** 0.0228 0.0286 -0.0004 0.0020

Thailand 1.9739 0.7579** 0.3118 0.2133 -0.0596 0.0292* 0.0024 0.0020
Zimbabwe 1.6516 0.8446* 0.4492 0.2377* -0.0246 0.0325 -0.0039 0.0022*

Jordan 0.0526 0.4572 0.1463 0.1287 -0.0058 0.0176 -0.0003 0.0012
Colombia 1.4588 0.7878* 0.0021 0.2217 0.0353 0.0303 0.0024 0.0021
Venezuela -0.0436 1.3716 -0.3417 0.3860 0.0720 0.0528 0.0032 0.0036

Taiwan 2.0629 1.2370* 0.3682 0.3481 -0.0574 0.0476 0.0029 0.0033
Malaysia 1.1021 0.6241* 0.4836 0.1757** -0.0459 0.0240* 0.0017 0.0016
Pakistan 0.2952 0.6825 0.0469 0.1921 0.0122 0.0263 0.0005 0.0018

Philippines 2.1892 0.8950** 0.7677 0.2519** -0.0325 0.0345 -0.0008 0.0024
Nigeria -0.6575 1.6301 0.1273 0.4588 0.0439 0.0628 0.0021 0.0043

R2 0.0807

B. Market Crash of October 1987 Excluded
Countries α0,i STD α1,i STD α2,i STD α3,i STD

Greece 0.9391 1.0482 -0.3218 0.3640 0.0446 0.0400 0.0140 0.0056**

Argentina 4.9295 2.1802* 0.2052 0.7571 -0.2364 0.0831** -0.0149 0.0116
Brazil 2.7323 1.8292 0.6039 0.6352 -0.1632 0.0698* -0.0020 0.0097
Chile 2.6681 0.7404** 0.2477 0.2571 -0.0282 0.0282 -0.0022 0.0039

Mexico 1.6378 1.3323 0.6122 0.4626 -0.0096 0.0508 0.0004 0.0071
India 0.4818 0.9482 -0.0665 0.3293 -0.0038 0.0362 -0.0038 0.0050
Korea -0.3585 0.7695 0.6940 0.2672** 0.0225 0.0293 0.0001 0.0041

Thailand 2.2904 0.7776** 0.0104 0.2700 -0.0596 0.0297* 0.0085 0.0041*

Zimbabwe 1.4856 0.8729* 0.6036 0.3031* -0.0257 0.0333 -0.0073 0.0046
Jordan 0.2172 0.4701 -0.0088 0.1632 -0.0064 0.0179 0.0030 0.0025

Colombia 1.8264 0.8049** -0.3412 0.2795 0.0351 0.0307 0.0099 0.0043*

Venezuela -0.5277 1.4110 0.1182 0.4900 0.0747 0.0538 -0.0062 0.0075
Taiwan 2.5197 1.2715* -0.0650 0.4415 -0.0576 0.0485 0.0118 0.0068*

Malaysia 1.2730 0.6440* 0.3199 0.2236 -0.0458 0.0246* 0.0049 0.0034
Pakistan 0.2021 0.7063 0.1353 0.2453 0.0127 0.0269 -0.0013 0.0038

Philippines 2.9147 0.8906** 0.0835 0.3093 -0.0351 0.0340 0.0136 0.0047**

Nigeria -0.5281 1.6881 0.0085 0.5862 0.0443 0.0644 0.0049 0.0090
R2 0.0727

Notes: ** denotes significance at 1% and * denotes significance at 5%. 
The cubic market DGP estimated is

Ri,t  - r f   = α 0,i  + α 1,i  (Rm,t - r f )  +  α 2,i  (Rm,t - E(Rm)) 2   + α 3,i (Rm,t - E(Rm)) 3  + ε i,t


