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Devwudfw

Lq wklv sdshu zh lqyhvwljdwh wkh pdunhw sulflqj ri ghulydwlyh zduudqwv1 Zh frxsoh wkh Eodfn0

Vfkrohv prgho zlwk d qrqolqhdu fruuhfwlrq ixqfwlrq wr ixuwkhu fdswxuh frqwudfw ihdwxuhv1 Wkh

qrqolqhdu fruuhfwlrq lv edvhg rq wkh orfdo olqhdu nhuqho uhjuhvvlrq whfkqltxh zlwk wlph wr pdwxulw|

ri wkh zduudqw/ prqh|qhvv ri wkh zduudqw dqg yrodwlolw| ri wkh xqghuo|lqj vwrfn dv wkh uhjuhvvruv1

Wkh ghulydwlyh zduudqwv zulwwhq rq wkh KVEF frpprq vwrfn wudghg lq wkh Krqj Nrqj Vwrfn

H{fkdqjh duh xvhg dv wkh gdwd vdpsoh1 Rxu vhpl0sdudphwulf dssurdfk lv irxqg wr vxevwdqwldoo|

lpsuryh wkh prgho*v delolw| wr ghvfuleh wkh pdunhw sulflqj vwuxfwxuh ri ghulydwlyh zduudqwv1 Wkh

shuirupdqfh lpsuryhphqw gxh wr wkh qrqolqhdu fruuhfwlrq lv vljql�fdqw iru erwk lq0vdpsoh dqg

rxw0ri0vdpsoh vhwwlqjv1 Lq dgglwlrq/ zh �qg frqvlvwhqf| lq wkh pdunhw sulflqj ehkdylru dfurvv

zduudqwv lvvxhg dw gl�huhqw wlphv dqg e| gl�huhqw �qdqfldo lqvwlwxwlrqv1 Vshfl�fdoo|/ zh �qg qr

hylghqfh wkdw wkh lghqwlw| ri zduudqw lvvxhu fdq kdyh dq h�hfw rq wkh sulflqj ri zduudqwv1

Nh|zrugv= Zduudqwv/ Eodfn0Vfkrohv Prgho/ Orfdo Olqhdu Nhuqho Uhjuhvvlrq1
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Vlqfh wkhlu ruljlqdwlrq lq 4<;3*v/ ghulydwlyh zduudqwv kdyh ehfrph d yhu| srsxodu zd| ri uhsdfndjlqj

vhfxulwlhv lqwr xqlwv pruh dffhvvleoh wr vpdoo lqyhvwruv1 Ghulydwlyh zduudqwv duh orqj whup rswlrqv

lvvxhg e| d frpsdq|/ w|slfdoo| dq lqyhvwphqw edqn/ wkdw jlyh wkh kroghu wkh uljkw wr sxufkdvh

+ru vhoo, vrph �up*v frpprq vwrfn dw d suh0ghwhuplqhg sulfh +wkh h{huflvh sulfh, rq ru ehiruh dq

h{sludwlrq gdwh�1 Uhfhqwo|/ ghulydwlyh zduudqwv kdyh ehhq lvvxhg rq rwkhu xqghuo|lqj dvvhwv vxfk dv

lqglfhv ru edvnhwv ri olvwhg htxlwlhv1 Ghulydwlyh zduudqwv gl�hu iurp htxlw| zduudqwv +ru vrphwlphv

uhihuuhg wr dv frusrudwh zduudqwv, lq dq lpsruwdqw zd|1 Htxlw| zduudqwv duh lvvxhg e| wkh olvwhg

frpsdq| dv d sduw ri wkh glylghqg surjudp dqg2ru vrph �qdqflqj sdfndjhv1 Zkhq htxlw| zduudqwv

duh h{huflvhg/ qhz frpprq vkduhv zloo eh uhohdvhg dqg wkxv uhvxow lq d gloxwlrq h�hfw1 Ghulydwlyh

zduudqwv duh/ rq wkh rwkhu kdqg/ lvvxhg e| d wklug sduw|/ dqg wkh wrwdo qxpehu ri vkduhv rxwvwdqglqj

zloo qrw eh d�hfwhg gxh wr h{huflvh ri zduudqwv1 Wklv sdshu irfxvhv rq wkh pdunhw sulflqj ehkdylru

ri ghulydwlyh zduudqwv1

Zduudqwv r�hu lqyhvwruv lqfuhdvhg jhdulqj ryhu kroglqj wkh xqghuo|lqj vhfxulwlhv lq wkh fdvh ri

fdoo zduudqwv/ dqg vhuyh dv d frqyhqlhqw phdqv ri khgjlqj lq wkh fdvh ri sxw zduudqwv1 Lqghhg/

ghulydwlyh zduudqwv duh srsxodu lq vrph pdunhwv vxfk dv Jhupdq|/ Vzlw}huodqg dqg Krqj Nrqj1

Ghulydwlyh zduudqwv fdq eh pruh srsxodu wkdq vwdqgdug h{fkdqjh wudghg rswlrqv zkhq erwk w|shv

ri frqwudfwv duh dydlodeoh rq wkh vdph xqghuo|lqj dvvhw1 Vxfk lv lqghhg wkh fdvh lq Krqj Nrqj

iru vhyhudo Kdqj Vhqj lqgh{ frpsrqhqw vwrfnv1 Ghvslwh wkhlu dssduhqw vxffhvv/ olwwoh v|vwhpdwlf

uhvhdufk kdv ehhq ghyrwhg wr wkh xqghuvwdqglqj ri wkhlu hpslulfdo fkdudfwhulvwlfv/ hvshfldoo| lq

whupv ri wkhlu pdunhw sulflqj1

Wr sulfh ghulydwlyh zduudqwv/ lw lv qdwxudo wr hpsor| wkh rswlrq sulflqj wkhru| slrqhhuhg e|

Eodfn dqg Vfkrohv +4<:6,/ ehfdxvh ghulydwlyh zduudqwv duh h�hfwlyho| rswlrqv1 Olnh wkh ruglqdu|

rswlrqv/ wkh surshuwlhv ri d zduudqw duh lq sduw lqkhulwhg iurp wkrvh ri wkh xqghuo|lqj dvvhwv

dqg lq sduw ghshqg rq wkh ihdwxuhv ri wkh frqwudfw1 Wkh olwhudwxuh rq htxlw| zduudqwv vxfk dv

Vfkzduw} +4<::,/ Qruhhq dqg Zroivrq +4<;4,/ Ihuul/ hw do1 +4<;9,/ dqg Ohrqdug dqg Vrow +4<<3,

vxjjhvwv wkdw wkh Eodfn0Vfkrohv prgho shuirupv dv zhoo dv vrph pruh frpsolfdwhg sulflqj prghov

iru zduudqw sulflqj12 Wkh frqfoxvlrq uhdfkhg lq wklv erg| ri vwxglhv vhhpv lqfrqvlvwhqw zlwk wkh

jhqhudo hpslulfdo �qglqjv derxw wkh Eodfn0Vfkrohv prgho zkhq lw lv dssolhg wr h{fkdqjh0wudghg

vwdqgdug rswlrqv1 Lw lv zhoo nqrzq/ iru h{dpsoh/ wkdw wkh Eodfn0Vfkrohv prgho xqghusulfhv wkh

h{fkdqjh wudghg rswlrqv ehfdxvh wkh lpsolhg yrodwlolw| lv rq dyhudjh vxevwdqwldoo| kljkhu wkdq wkh

klvwrulfdo ru uhdol}hg yrodwlolw| ri wkh xqghuo|lqj dvvhw1 Wkh Eodfn0Vfkrohv prgho lv dovr nqrzq

wr h{klelw v|vwhpdwlf sulflqj eldvhv pdqlihvwhg lq wkh skhqrphqd vxfk dv vploh2vplun dqg whup

vwuxfwxuh ri lpsolhg yrodwlolwlhv1 Wkh frqfoxvlrq derxw zduudqw sulflqj pd| lq sduw eh d uhvxow

ri d jhqxlqh gl�huhqfh dv wr krz zduudqwv ylv0d0ylv vwdqgdug rswlrqv duh sulfhg lq wkh pdunhw

sodfh/ ru vlpso| gxh wr wkh lqdghtxdf| ri wkh phwkrg hpsor|hg lq wkrvh vwxglhv lq slfnlqj xs wkh

Eodfn0Vfkrohv prgho*v v|vwhpdwlf eldvhv1 Wr glvhqwdqjoh wkhvh wzr fdxvhv/ lw lv hvvhqwldo wr hpsor|
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d vxlwdeoh dqdo|wlfdo wrro wkdw kdv wkh �h{lelolw| wr dffrxqw iru wkh Eodfn0Vfkrohv prgho*v eldvhv li

dq|1

Lq wklv sdshu/ zh ghylvh d vhpl0sdudphwulf phwkrg iru wkh sulflqj ri ghulydwlyh zduudqwv1 Rxu

phwkrg frxsohv wkh sdudphwulf Eodfn0Vfkrohv prgho zlwk d qrq0sdudphwulf qrqolqhdu fruuhfwlrq

ixqfwlrq wkdw ghshqgv rq wkh pdwxulw| dqg h{huflvh sulfh ri wkh zduudqw dqg wkh klvwrulfdo yrodwlolw|

ri wkh xqghuo|lqj dvvhw1 Wkh qrqolqhdu fruuhfwlrq lv edvhg rq wkh nhuqho uhjuhvvlrq whfkqltxh/ zklfk

wkxv ehduv uhvhpeodqfh wr wkh phwkrg ri D�lw0Vdkdold +4<<9,/ Eurdglh/ hw do1 +4<<9, dqg D�lw0

Vdkdold dqg Or +4<<;,1 Rxu phwkrg gl�huv iurp wkhluv lq wzr lpsruwdqw zd|v/ krzhyhu1 Iluvw/

lqvwhdg ri dsso|lqj nhuqho uhjuhvvlrq gluhfwo| rq rswlrq sulfhv +ru lpsolhg yrodwlolwlhv,/ zh frxsoh

lw zlwk wkh sdudphwulf Eodfn0Vfkrohv prgho1 Lq d zd|/ zh uho| rq wkh nhuqho uhjuhvvlrq wr slfn xs

wkh dvshfwv ri zduudqw sulflqj wkdw wkh Eodfn0Vfkrohv prgho idlov wr fdswxuh dv rssrvhg wr uho|lqj

wrwdoo| rq wkh qrq0sdudphwulf whfkqltxh wr shuirup wkh sulflqj wdvn1 Rxu irupxodwlrq zklfk irfxvhv

rq prgholqj wkh Eodfn0Vfkrohv prgho huuru lv frqfhswxdoo| vlplodu wr wkdw ri Mdftxlhu dqg Mduurz

+4<<<,/ dowkrxjk wkh whfkqltxhv iru pdnlqj wkh dgmxvwphqw duh gl�huhqw1 Vhfrqg/ zh kdyh hpsor|hg

wkh orfdo olqhdu nhuqho uhjuhvvlrq phwkrg lqvwhdg ri wkh Qdgdud|d dqg Zdwvrq orfdo frqvwdqw nhuqho

uhjuhvvlrq phwkrg xvhg lq D�lw0Vdkdold +4<<9,/ Eurdglh/ hw do1 +4<<9, dqg D�lw0Vdkdold dqg Or +4<<;,1

Rxu dgrswlrq ri d orfdo olqhdu nhuqho uhjuhvvlrq lv prwlydwhg e| wkh idfw wkdw lw kdv ehwwhu dv|pswrwlf

dqg erxqgdu| surshuwlhv +vhh Idq +4<<5,,1

Prvw ri wkh suhylrxv vwxglhv rq zduudqwv frqfhqwudwh rq htxlw| zduudqwv lq X1V1 dqg Mdsdq1

Lq wklv sdshu/ zh xvh wkh gdwd rq wkh ghulydwlyh zduudqwv wudghg lq Krqj Nrqj1 Wkh lvvxdqfh

dqg wudglqj ri ghulydwlyh zduudqwv duh lqfuhdvlqj vwhdglo| lq Krqj Nrqj1 Lq idfw/ Krqj Nrqj

kdv ehfrph wkh Dvldq ohdghu lq zduudqw wudglqj dqg kdv wkh wklug odujhvw h{fkdqjh0olvwhg zduudqw

pdunhw lq wkh zruog�1 Wr gdwh v|vwhpdwlf hpslulfdo vwxglhv rq wkh sulflqj ri ghulydwlyh zduudqwv duh

olplwhg1 Wr rxu nqrzohgjh/ wkhuh duh rqo| wzr vwxglhv dfwxdoo| ghdo zlwk Krqj Nrqj*v ghulydwlyh

zduudqwv1 Zhl +4<<:, uholhv rq d orzhu sulflqj erxqg dv d phdqv wr lqyhvwljdwh wkh sulflqj ehkdylru

ri ghulydwlyh zduudqwv wudghg lq Krqj Nrqj1 Kh frqfoxghv wkdw ghulydwlyh zduudqwv duh kljkhu

wkdq wkh prgho*v suhglfwlrq gxh wr d vkruw0vdoh uhvwulfwlrq1 Fkdqj/ Fkdqj/ dqg Olp +4<<;, hpsor|

dq lqirupdwlrq0wlph rswlrq sulflqj prgho wr vwxg| ghulydwlyh zduudqwv dqg vkrz lwv shuirupdqfh

vxshulru wr wkh Eodfn0Vfkrohv prgho1 Lq wklv sdshu/ zh dsso| wkh vhpl0sdudphwulf sulflqj phwkrg wr

Krqj Nrqj*v ghulydwlyh zduudqwv1 Zh uho| rq wkh phwkrg*v �h{lelolw| lq slfnlqj xs gdwd uhjxodulwlhv

zlwkrxw ehlqj vxemhfw wr wkh uljlglw| lpsrvhg e| sdudphwulf prghov1 Rxu �qglqjv duh h{shfwhg wr

eulqj d ehwwhu xqghuvwdqglqj ri ghulydwlyh zduudqw sulflqj lq jhqhudo dqg wkh Krqj Nrqj pdunhw

lq sduwlfxodu1

Ghulydwlyh zduudqwv zulwwhq rq Krqj Nrqj Vkdqjkdl Edqnlqj Frusrudwlrq ryhu wkh shulrg iurp

Vhswhpehu/ 4<<6 wr Ghfhpehu/ 4<<: duh xvhg lq wklv vwxg|1 Zh glylgh wkh gdwd vdpsoh lqwr wzr

jurxsv= rqh dv wkh lq0vdpsoh gdwd vhw dqg wkh rwkhu wkh rxw0ri0vdpsoh gdwd vhw1 Rxu uhvxowv uhyhdo

wkdw wkh Eodfn0Vfkrohv prgho zkhq dssolhg wr ghulydwlyh zduudqwv dovr h{klelwv wkh vdph v|vwhpdwlf

sulflqj eldvhv vlplodu wr wkrvh revhuyhg rq wkh h{fkdqjh0wudghg vwdqgdug rswlrqv1 Edvhg rq wkh

lq0vdpsoh revhuydwlrqv/ zh rewdlq d vxlwdeoh orfdo olqhdu nhuqho uhjuhvvlrq ixqfwlrq iru fruuhfwlqj wkh

Eodfn0Vfkrohv sulfh1 Rxu uhvxowv lqglfdwh wkdw wkh orfdo olqhdu nhuqho uhjuhvvlrq ixqfwlrq fdq fdswxuh

wkh v|vwhpdwlf sulflqj sdwwhuqv rplwwhg e| wkh Eodfn0Vfkrohv prgho1 Rxu vhpl0sdudphwulf phwkrg
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rxwshuirupv wkh Eodfn0Vfkrohv prgho hyhq diwhu d olqhdu uhjuhvvlrq dgmxvwphqw lv dgghg rq wr wkh

Eodfn0Vfkrohv prgho1 Wklv frqfoxvlrq lv uhdfkhg luuhvshfwlyh ri wkh vhwwlqj ehlqj lq0vdpsoh dqg

rxw0ri0vdpsoh1 Zh dovr �qg qr vljql�fdqw gl�huhqfh lq pdunhw sulflqj dfurvv ghulydwlyh zduudqwv

lvvxhg e| gl�huhqw �qdqfldo lqvwlwxwlrqv/ hyhq wkrxjk vrph lvvxhv dsshdu wr kdyh kljkhu Eodfn0

Vfkrohv lpsolhg yrodwlolwlhv1 Lq rwkhu zrugv/ wkh shufhswlrq ri vrph zduudqw lvvxhuv kdyh grplqdqw

lq�xhqfh lq wkh pdunhw sodfh dqg wkhlu lvvxhv frppdqg d kljkhu suhplxp lv pruh olnho| gxh wr wkh

gl�huhqfh lq frqwudfw vshfl�fdwlrqv1

Wkh uhpdlqghu ri wklv sdshu lv rujdql}hg dv iroorzv1 Dq h{srvlwlrq ri wkh vhpl0sdudphwulf

sulflqj phwkrg lv jlyhq lq Vhfwlrq 51 Wkh ghulydwlyh zduudqwv gdwd vhw lv ghvfulehg lq Vhfwlrq 61

Hpslulfdo uhvxowv duh vxppdul}hg lq wkuhh fdwhjrulhv dqg suhvhqwhg lq Vhfwlrq 71 Ilqdoo|/ Vhfwlrq 8

frqfoxghv wkh sdshu1

2 5i4��T@h@4i|h�U Th�U�?} 4i|�L_

Frqfhswxdoo|/ zh ylhz d zduudqw sulfh frqvlvwlqj ri wzr frpsrqhqwv ~ dq lqwulqvlf ydoxh dqg d

phdvxuhphqw huuru1 Vshfl�fdoo|/ wkh zduudqw sulfh f| dw wlph w lv zulwwhq dv

f| @ S +V|>[> W � w> u|> ]|, . �| +4,

zkhuh S +V|>[> W �w> u|> ]|, vwdqgv iru wkh lqwulqvlf ydoxdwlrq ixqfwlrq ri wkh zduudqw dqg �| ghqrwhv

wkh phdvxuhphqw huuru1 Qdwxudoo|/ wkh lqwulqvlf ydoxh pxvw eh d ixqfwlrq ri V| +wkh xqghuo|lqj vwrfn

sulfh,/ [ +wkh h{huflvh sulfh ri wkh zduudqw,/ W � w +wkh pdwxulw| ri wkh zduudqw zlwk W ehlqj wkh

h{sludwlrq gdwh,/ u| +wkh ulvn0iuhh lqwhuhvw udwh,/ dqg ]| +d yhfwru ri vwdwh yduldeohv wkdw frxog

srwhqwldoo| d�hfw wkh sulfh ri zduudqw,1 Vwdwh yduldeohv pd| lqfoxgh wkh xqghuo|lqj vwrfn sulfhv

sulru wr w/ dv/ iru lqvwdqfh/ lq d qrq0Pdunryldq sulflqj vhwwlqj ru wkh orfdo yrodwlolw| wkdw dsshduv

lq wkh JDUFK dqg vwrfkdvwlf yrodwlolw| prghov1 Vwdwh yduldeohv pd| dovr lqfoxgh sdvw glylghqgv

dqg lqwhuhvw udwhv1

Wkh h{dfw lqwulqvlf ydoxdwlrq ixqfwlrq lv xqnqrzq lq sudfwlfh1 Dq| lpsohphqwdwlrq/ hlwkhu

sdudphwulf ru qrq0sdudphwulf/ wkxv fdoov iru d prgho lq lwv sodfh1 Dowkrxjk sdudphwulf prghov duh

jhqhudoo| hdvlhu wr lpsohphqw dqg fdq eh xvhg iru h{wudsrodwlrq/ wkh| duh pruh surqh wr v|vwhpdwlf

prgholqj huuruv1 Qrq0sdudphwulf prghov/ wkrxjk �h{leoh/ duh pruh gdwd lqwhqvlyh dqg fdqqrw

eh uholdeo| xvhg iru vlwxdwlrqv wkdw wkh dydlodeoh gdwd kdyh qrw |hw fryhuhg1 Lq rwkhu zrugv/ lwv

dssolfdelolw| iru h{wudsrodwlrq lv d vxvshfw1 Pruhryhu/ lpsohphqwlqj qrq0sdudphwulf whfkqltxhv

w|slfdoo| idfhv wkh gl�fxow| ri lghqwli|lqj d vxlwdeoh dqg vpdoo vhw ri idfwruv wkdw duh fulwlfdo wr

wkh shuirupdqfh ri d prgho1 Xvlqj d odujh vhw ri idfwruv kdv wr eh uxohg rxw gxh wr wkh _fxuvh ri

glphqvlrqdolw|1% Lq oljkw ri wkhvh frqvlghudwlrqv/ zh ghfrpsrvh wkh lqwulqvlf ydoxh lqwr wzr sduwv

zlwk wkh �uvw ehlqj d sdudphwulf prgho/ vshfl�fdoo| wkh Eodfn0Vfkrohv prgho/ dqg wkh vhfrqg ehlqj

wkh prgho huuru fdswxuhg e| d qrq0sdudphwulf whfkqltxh1 Vshfl�fdoo|/ wkh zduudqw sulfh lv

f| @ E+V|>[> W � w> u|, . �| . �| +5,

zkhuh E+V|>[> W � w> u|, lv wkh Eodfn0Vfkrohv sulfh iru wkh zduudqw dqg �| lv wkh prgho huuru1

Wkh deryh frqfhswxdo vhw0xs ehduv uhvhpeodqfh wr wkdw ri Mdftxlhu dqg Mduurz +4<<<,/ dowkrxjk
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wkh prgholqj whfkqltxhv lqyroyhg duh txlwh gl�huhqw1e Lq wklv sdshu/ zh xvh wkh nhuqho uhjuhvvlrq

whfkqltxh wr prgho �| e| uhodwlqj lw wr frqwudfw ihdwxuhv dqg klvwrulfdo yrodwlolw| ri wkh xqghuo|lqj

dvvhw1

Vlqfh phdvxuhphqw huuruv duh olnho| wr ghshqg rq wkh pdjqlwxgh ri zduudqw sulfhv/ zh wkxv

hpsor| wkh nhuqho uhjuhvvlrq whfkqltxh wr prgho wkh uhodwlyh prgho huuru1 Lq rwkhu zrugv/

�W
|
@

�|

f|
@ j+V|>[> W � w> u|> ]|,> +6,

ru
f| �E+V|>[> W � w> u|,

f|
@ j+V|>[> W � w> u|> ]|, . �W

|
= +7,

zkhuh �W
|
lv wkh phdvxuhphqw huuru qrupdol}hg e| wkh zduudqw sulfh1 Wkh prvw zhoo0nqrzq nhuqho

uhjuhvvlrq phwkrg lv wkh Qdgdud|d0Zdwvrq hvwlpdwru +Qdgdud|d/ 4<97> Zdwvrq/ 4<97,1 Zh kdyh/

krzhyhu/ fkrvhq wr xvh d orfdo olqhdu nhuqho uhjuhvvlrq +OONU, wr prgho j+�, ehfdxvh lw kdv ehhq

vkrzq wr kdyh ehwwhu dv|pswrwlf dqg erxqgdu| surshuwlhv +vhh Idq +4<<5,,1 Zh qrz surylgh d

eulhi ghvfulswlrq derxw wklv phwkrg dqg lwv uhodwlrq wr wkh Qdgdud|d0Zdwvrq hvwlpdwru1

Ohw wkh revhuyhg gdwd eh d vhtxhqfh ri +g . 4,0glphqvlrqdo yhfwruv/ ghqrwhg e| i{� > |�> m @

4> ===> qj zkhuh {� lv d g0glphqvlrqdo yhfwru1 Wkhq/ OONU uho|lqj rq vroylqj wkh iroorzlqj txdgudwlf

surjudpplqj sureohp=

plq
k�E%�cq�E%�

?[

�'�

i|� � ��+{,� ��+{, � +{� � {,j2N+{� � {>k, +8,

zkhuhN = ?_ $ ? lv d nhuqho ixqfwlrq dqg k 5 +?n,_ lv wkh edqgzlgwk yhfwru1 Wkh OONU hvwlpdwru

iru | dw wkh srlqw { lv wkh rswlpl}hu a��+{,/ dv lw gh�qhv wkh srvlwlrq ri wkh orfdo uhjuhvvlrq olqh dw wkh

srlqw {1 Wkh nhuqho ixqfwlrq N+}>k, lv jhqhudoo| d vprrwk srvlwlyh ixqfwlrq zklfk shdnv dw 3 dqg

ghfuhdvhv prqrwrqlfdoo| dv } lqfuhdvhv lq vl}h1 Lw h�hfwlyho| dfwv dv d zhljkwlqj vfkhph wr hqvxuh

wkdw pruh zhljkwv duh jlyhq wr wkh revhuydwlrqv zkrvh fryduldwh ydoxh {� olh forvhu wr wkh srlqw {1

Wkh plqlpl}dwlrq sureohp pxvw eh vroyhg uhshdwhgo| iru gl�huhqw {1 Lq rwkhu zrugv/ OONU lv d

surfhgxuh ri vroylqj zhljkwhg olqhdu uhjuhvvlrq uhshdwhgo| zlwk gl�huhqw uhjuhvvlrq frh�flhqwv iru

gl�huhqw srlqwv ri lqwhuhvw1 Wkh Qdgdud|d0Zdwvrq phwkrg fdvw lq whupv ri wkh deryh plqlpl}dwlrq

sureohp lv wr vhw ��+{, @ 31 Lq hvvhqfh/ lw lv d orfdo frqvwdqw nhuqho uhjuhvvlrq1 Wkh OONU

hvwlpdwru/ zkhq { lv rqh0glphqvlrqdo/ kdv wkh iroorzlqj h{solflw vroxwlrq=

a��+{, @
4

q

?[

�'�

iv2+{>k,� v�+{>k,+{� � {,jN+{� � {>k,|�

v2+{>k,vf+{>k,� v�+{>k,2

zkhuh vo+{>k, @
�
?

S?
�'�+{��{,oN+{��{>k,1 Wkh h{solflw vroxwlrq fdq dovr eh rewdlqhg iru kljkhu

glphqvlrqdo fdvhv xvlqj pdwul{ qrwdwlrq1

Rqh ri wkh fuxfldo srlqwv lq dsso|lqj nhuqho uhjuhvvlrq lv wkh fkrlfh ri wkh edqgzlgwk k/ zklfk

frqwurov wkh uhodwlyh lpsruwdqfh ri qhljkerulqj dqg glvwdqw srlqwv1 Wkh odujhu wkh edqgzlgwk lv/ wkh

ea@U^��ih @?_ a@hhL� E�bbb� i4T*L) @ �@)it�@? |iU�?�^�i ���U� hi^��hit |�i 4L_i* ihhLh |L Mi *�?i@h u�?U|�L? Lu
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vpdoohu duh wkh zhljkwv dsso|lqj wr qhljkerulqj srlqwv/ zklfk lq wxuq fdxvhv wkh uhvxowlqj hvwlpdwru

wr plvv wkh ghwdlov lq wkh fxuydwxuh ri wkh gdwd1 Dv wkh edqgzlgwk ghfuhdvhv/ wkh hvwlpdwru ehjlqv

wr wudfn wkh gdwd pruh forvho| dqg hyhqwxdoo| hqgv xs lqwhusrodwlqj wkh revhuyhg srlqwv1 D surshu

wudgh0r� lv wkh hvvhqfh ri edqgzlgwk vhohfwlrq1 Wkhuh duh vlwxdwlrqv zkhuh rqh pd| suhihu wr fkrrvh

wkh edqgzlgwk vxemhfwlyho| e| h{dplqlqj krz wkh uhvxowlqj hvwlpdwru ehkdyhv1 Wklv zrxog lqyroyh

orrnlqj dw vhyhudo hvwlpdwruv ryhu d udqjh ri edqgzlgwkv dqg vhohfwlqj wkh rqh wkdw vhhpv wr eh

wkh ehvw1 D pruh remhfwlyh dssurdfk lv wr fkrrvh wkh edqgzlgwk dxwrpdwlfdoo| xvlqj vrph vhqvleoh

remhfwlyh fulwhulrq1 Lq wklv sdshu/ zh hpsor| d yduldqw ri wkh furvv0ydolgdwlrq phwkrg1 Furvv0

ydolgdwlrq lv wr vhohfw wkh edqgzlgwk edvhg rq plqlpl}lqj wkh phdq vtxduhg huuru ehwzhhq wkh

uhdol}hg ydoxh dqg wkh hvwlpdwhg rqh1 Wklv fulwhulrq kdv dq dgydqwdjh ryhu rwkhu glvwdqfh phdvxuhv

ehfdxvh lw lv txlwh wudfwdeoh dqdo|wlfdoo|1

Wr phdvxuh wkh dffxudf| ri wkh hvwlpdwru a��/ edvhg rq d sduwlfxodu edqgzlgwk k/ zh fdofxodwh

wkh wkhruhwlfdo phdq vtxduhg huuru g+a��> �, e| lqwhjudwlqj ryhu doo srwhqwldo uhdol}dwlrqv ri { dv

iroorzv=

g+a��> �, @

]
^�+{,� a��+{,`

2z+{,s+{,g{ +9,

zkhuh s+{, lv wkh ghqvlw| ixqfwlrq jryhuqlqj wkh rffxuuhqfh ri {/ z+{, lv wkh zhljkwlqj ixqfwlrq

xvhg lq wkh nhuqho uhjuhvvlrq1 Wkh rswlpdo edqgzlgwk lv lq sulqflsoh wkh rqh wkdw plqlpl}hv wkh

phdq vtxduhg huuru1 Lq sudfwlfh/ lw fdqqrw eh grqh zlwkrxw �qglqj vxevwlwxwhv iru �+{, dqg s+{,1

W|slfdoo|/ wkh lpsohphqwdwlrq xvhv d _ohdyh0rqh0rxw% dssurdfk1 Lq rwkhu zrugv/ lw lv wr �qg dq k

wkdw plqlpl}hv lwv hpslulfdoo| htxlydohqw txdqwlw|=

q3�
?[

�'�

^|� � �W�+{�,`
2z+{�, +:,

zkhuh �W
�
+{�, lv wkh _ohdyh0rqh0rxw% nhuqho hvwlpdwru/ l1h1/ wkh hvwlpdwru iru wkh revhuydwlrq dw {� e|

vshfl�fdoo| h{foxglqj +{�> |�, iurp wkh gdwd vdpsoh1 Lq wklv sdshu/ zh hpsor| d yduldqw ri wkh _ohdyh0

rqh0rxw% phwkrg ehfdxvh lw lv wrr frpsxwdwlrqdoo| lqwhqvlyh1 Rxu furvv0ydolgdwlrq phwkrg lqyroyhv

vhwwlqj dvlgh d �{hg vhw ri gdwd srlqwv iru wkh furvv0ydolgdwlrq sxusrvh1 Zh xvh wkh uhpdlqlqj gdwd

srlqwv wr frph xs zlwk wkh nhuqho hvwlpdwh iru hyhu| srlqw lq wklv �{hg furvv0ydolgdwlrq gdwd vhw1

Wkh phdq vtxduhg huuru lv wkhq fdofxodwhg ryhu doo srlqwv lq wklv �{hg furvv0ydolgdwlrq gdwd vhw1 Lq

d vhqvh/ rxu furvv0ydolgdwlrq phwkrg lv d _ohdyh0rqh0�{hg0vhw0rxw% surfhgxuh1 Wkh vshfl�f �{hg vhw

xvhg lq wklv sdshu zloo eh ghvfulehg odwhu1

Lq vhohfwlqj wkh uhjuhvvruv wr eh xvhg lq wkh nhuqho uhjuhvvlrq/ zh dovr idfh wkh vr0fdoohg _fxuvh

ri glphqvlrqdolw|% sureohp1 Orrvho| vshdnlqj/ wkh kljkhu wkh glphqvlrq ri { lv/ wkh vsduvhu lv d

�{hg vhw ri gdwd srlqwv vfdwwhuhg lq wkh uhohydqw grpdlq1 Wkhuh duh pdq| srwhqwldo uhjuhvvruv

lq rxu vshfl�f dssolfdwlrq1 Wr ghfuhdvh wkh glphqvlrq ri wkh uhjuhvvruv/ zh frpelqh vrph ydul0

deohv> iru h{dpsoh/ xvlqj wkh h{huflvh sulfh wr vwrfn sulfh udwlr [@V| lv d qdwxudo zd| ri uhgxflqj

wkh qxpehu ri uhjuhvvruv1 Zh kdyh glvfdughg lqwhuhvw udwh yduldeoh iurp j+�, ehfdxvh rxu h{shul0

phqwv uhyhdo wkdw lw grhv qrw hqkdqfh wkh shuirupdqfh ri wkh nhuqho uhjuhvvlrq lq dq| phdqlqjixo

zd|1 Zlwk uhjdug wr rwkhu vwdwh yduldeohv/ zh kdyh irxqg wkdw wkh klvwrulfdo yrodwlolw| sod|v dq

lpsruwdqw uroh lq h{sodlqlqj wkh ghulydwlyh zduudqw sulflqj1 Wkh zrun e| Eurdglh/ hw do1 +4<<9,

xvlqj Qdgdud|d0Zdwvrq nhuqho uhjuhvvlrq dovr vxjjhvwv wkh lpsruwdqfh ri lqfoxglqj yrodwlolw| lq wkh
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uhjuhvvlrq ixqfwlrq1 Wkh klvwrulfdo yrodwlolw| fdq lq d zd| eh ylhzhg dv d sur{|/ lq wkh devhqfh

ri d gh�qlwlyh vwrfkdvwlf yrodwlolw| prgho/ wr lqwxlwlyho| uh�hfw wkh udqgrp yrodwlolw| skhqrphqrq

h{klelwhg surplqhqwo| lq htxlw| pdunhwv1 Wr vxppdul}h/ rxu �qdo OONU ixqfwlrq frqwdlqv wkuhh

uhjuhvvruv= wkh qrupdol}hg h{huflvh sulfh dqg pdwxulw| ri wkh zduudqw dqg wkh klvwrulfdo yrodwlolw|

ri wkh xqghuo|lqj vwrfn1

� #@|@

Rxu gdwd vhw frqvlvwv ri doo 8< ghulydwlyh zduudqwv vhulhv zulwwhq rq wkh frpprq vkduhv ri Krqj Nrqj

dqg Vkdqjkdl Edqnlqj Frusrudwlrq Olplwhg +khuhdiwhu/ KVEFD, olvwhg rq wkh Krqj Nrqj Vwrfn

H{fkdqjh ehwzhhq Vhswhpehu/ 4<<6 dqg Ghfhpehu/ 4<<:1 Gxulqj wklv shulrg/ KVEF ghulydwlyh

zduudqwv zlwk gl�huhqw pdwxulwlhv dqg h{huflvh sulfhv kdg ehhq lvvxhg e| 4< gl�huhqw �qdqfldo

lqvwlwxwlrqv1 Zh vhohfw KVEF ghulydwlyh zduudqwv ehfdxvh KVEF zdv dqg frqwlqxhv wr eh wkh

xqghuo|lqj vwrfn suhihuuhg e| �qdqfldo lqvwlwxwlrqv lq lvvxlqj ghulydwlyh zduudqwv1 Wklv suhihuhqfh

pdlqo| uh�hfwv wkh grplqdqw uroh ri KVEF lq wkh Kdqj Vhqj lqgh{/ d nh| Krqj Nrqj htxlw| pdunhw

lqgh{1 KVEF frpprq vwrfnv frqvwlwxwh derxw 43( ri wkh Kdqj Vhqj lqgh{ lq whupv ri pdunhw

fdslwdol}dwlrq1 Zlwk wkh kljk oltxlglw| ri wkh xqghuo|lqj vwrfn/ wkh KVEF ghulydwlyh zduudqwv duh

dfwlyho| wudghg lq wkh pdunhw1 Wdeoh04 surylghv d vxppdu| ri wkh fkdudfwhulvwlfv ri wkhvh zduudqwv1

Lw lv hylghqw iurp wklv wdeoh wkdw pdq| �qdqfldo lqvwlwxwlrqv uhshdwhgo| lvvxhg ghulydwlyh zduudqwv

rq wkh KVEF vwrfn gxulqj wkh vdpsoh shulrg1

Lqvhuw Wdeoh04

Wkh lqirupdwlrq derxw zduudqw h{huflvh sulfhv/ h{sludwlrq gdwh/ frqyhuvlrq udwlrv/ glylghqgv lv

frpslohg iurp ydulrxv lvvxhv ri _Vrxwk Fklqd Pruqlqj Srvw% dqg _Krqj Nrqj Hfrqrplf Mrxuqdo

Prqwko|%1 Wkh xqlwv lvvxhg dw lqlwldo olvwlqj/ lvvxh sulfh dqg lvvxh gdwh duh rewdlqhg iurp Vwrfn

H{fkdqjh Idfw Errnv +Krqj Nrqj Vwrfn H{fkdqjh/ 4<<5 wr 4<<:,1 Wkh gdlo| zduudqw forvlqj sulfhv

dqg KVEF forvlqj sulfhv duh uhwulhyhg iurp wkh Wudgh Uhfrug +Htxlw|, ri wkh Krqj Nrqj Vwrfn

H{fkdqjh1 Iljxuh04 suhvhqwv wkh sulfhv dqg klvwrulfdo yrodwlolwlhv +edvhg rq wkh suhfhglqj |hdu*v

gdlo| uhwxuqv, ri wkh KVEF vwrfn gxulqj wkh vdpsoh shulrg1 Lw lv fohdu iurp wklv sorw wkdw rxu

vdpsoh shulrg fryhuv d zlgh udqjh ri vwrfn sulfhv dqg yrodwlolwlhv1 Wkh frqfoxvlrqv uhdfkhg odwhu lq

wkh sdshu duh wkhuhiruh olnho| wr eh dssolfdeoh wr d zlgh udqjh ri pdunhw frqglwlrqv1 Vlqfh wkhuh lv

qr jxdudqwhh wkdw wkh forvlqj vwrfn sulfh lv uhfrughg dw wkh vdph wlph dv wkh forvlqj wudqvdfwlrq

iru hdfk zduudqw/ zh xvh wkh ehvw elg0dvn dyhudjh ri wkh vwrfn sulfh wudghg dw d zduudqw*v forvlqj

wudqvdfwlrq wlph dv wkh fruuhvsrqglqj xqghuo|lqj vwrfn sulfh iru wkdw sduwlfxodu zduudqwS1 Zh sur{|

wkh ulvn0iuhh lqwhuhvw udwh e| xvlqj wkh Krqj Nrqj Lqwhuedqn R�hulqj Udwh +KLERU, dydlodeoh rq

Gdwdvwuhdp1 Wkh ulvn0iuhh udwh iru dq| sduwlfxodu pdwxulw|/ li lw lv xqdydlodeoh/ lv rewdlqhg e|

lqwhusrodwlqj wkh wzr KLERUv zkrvh pdwxulwlhv vwudggoh wkh wdujhw1
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Lqvhuw Iljxuh04

Wzr h{foxvlrqdu| fulwhuld duh dssolhg wr wkh gdwd vhw1 Iluvw/ zh holplqdwh zduudqwv zlwk ohvv

wkdq rqh zhhn wr h{sludwlrq1 Wkh vkruwhu0whup zduudqwv kdyh uhodwlyho| vpdoo wlph suhplxpv/ khqfh

wkh hvwlpdwlrq ri prgho sulfh lv h{wuhpho| vhqvlwlyh wr srvvleoh phdvxuhphqw huuruv1 Lq dgglwlrq/

wkhvh vkruwhu0whup zduudqwv ehfrph lqdfwlyho| wudghg dv d sduw ri zlqglqj grzq surfhvv e| wkh

lvvxlqj �qdqfldo lqvwlwxwlrqv1 Vhfrqg/ revhuydwlrqv zklfk ylrodwh d edvlf duelwudjh sulflqj erxqg

duh h{foxghg1 Zh xvh wkh vlpsoh orzhu erxqg iru d fdoo rswlrq/ l1h1/ V| �Nh
3oA zkhuh V| lv wkh

glylghqg0dgmxvwhg vwrfn sulfh/ wr h{foxgh dq| revhuydwlrq zlwk d zduudqw sulfh orzhu wkdq wklv

erxqg1 Wkhvh h{foxvlrqv ohdyh xv zlwk <45; revhuydwlrqv1

e ,4T�h�U@* +it�*|t

Rxu hpslulfdo �qglqjv duh rujdql}hg lqwr wkuhh jurxsv1 Iluvw/ zh vwxg| wkh shuirupdqfh ri wkh

Eodfn0Vfkrohv prgho1 Vhfrqg/ zh dgg d olqhdu uhjuhvvlrq dgmxvwphqw idfwru wr wkh Eodfn0Vfkrohv

prgho wr fruuhfw iru eldvhv li dq|1 Ilqdoo|/ wkh hpslulfdo uhvxowv edvhg rq wkh vhpl0sdudphwulf

phwkrg duh suhvhqwhg1

e�� �ihuLh4@?Ui Lu |�i �*@U!�5U�L*it 4L_i*

Lq rughu wr dsso| wkh Eodfn0Vfkrohv prgho/ zh qhhg d yrodwlolw| hvwlpdwh1 Lq vrph dssolfdwlrqv/

lw lv txlwh frpprq wr vhh wkdw wkh lpsolhg yrodwlolw| ghulyhg iurp vrph rswlrqv lv xvhg wr sulfh

rwkhu rswlrqv1 Wkh lpsolhg yrodwlolw| lv/ krzhyhu/ xqvxlwdeoh iru rxu sxusrvh ri sulflqj ghulydwlyh

zduudqwv ehfdxvh zh zdqw wr xqghuvwdqg krz wkh pdunhw zduudqw sulfh lv ghwhuplqhg uhodwlyh wr

wkh xqghuo|lqj vwrfn1 Zh wkxv xvh wkh klvwrulfdo yrodwlolw| fdofxodwhg dffruglqj wr wkh Eodfn0Vfkrohv

dvvxpswlrq ri jhrphwulf Eurzqldq prwlrq1 Vshfl�fdoo|/ dq q0gd| klvwrulfdo yrodwlolw| dw wlph w/ l1h1/

�|/ lv fdofxodwhg dv iroorzv=
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Lq d vwulfw vhqvh ri wkh Eodfn0Vfkrohv prgho/ wkh odujhu q lv/ wkh ehwwhu lv wkh txdolw| ri �|1 Wkh

uhdolw| lv gl�huhqw/ krzhyhu1 Vlqfh yrodwlolwlhv duh nqrzq wr fkdqjh ryhu wlph/ d idfw frqwudu| wr wkh

suhvfulswlrq ri wkh Eodfn0Vfkrohv prgho/ wrr odujh dq q lv olnho| wr fdxvh d orvv ri fulwlfdo lqirupdwlrq

derxw wkh pdunhw frqglwlrq hpehgghg lq wkh klvwrulfdo yrodwlolw|1 Zh wkxv xvh irxu gl�huhqw wlph

ohqjwkv lq fdofxodwlqj wkh klvwrulfdo yrodwlolw| ~ 4 prqwk/ 6 prqwkv/ 9 prqwkv dqg 4 |hdu1

Vlqfh doo KVEF ghulydwlyh zduudqwv lq rxu vdpsoh duh ri Dphulfdq w|sh/ zh xvh wkh elqrpldo

wuhh phwkrg wr frpsxwh wkh zduudqw*v Eodfn0Vfkrohv sulfh1 Zh frqvwuxfw d 43330vwhs elqrpldo wuhh

dqg dgmxvw iru fdvk glylghqgv gxulqj wkh olih ri hyhu| zduudqw1

Iljxuh05 sorwv rxw wkh wlph vhulhv ri wkh shufhqwdjh sulflqj huuruv ri wkh Eodfn0Vfkrohv prgho1

Wkh Eodfn0Vfkrohv sulfhv xvhg wr jhqhudwhg wklv sorw duh frpsxwhg zlwk wkh klvwrulfdo yrodwlolw| xvlqj

wkh suhfhglqj |hdu*v gdlo| uhwxuqv1 Lw lv hylghqw wkdw wkh Eodfn0Vfkrohv prgho whqgv wr xqghusulfh

;



wkhvh zduudqwv1 Wklv uhvxow vxjjhvwv wkdw wkh Eodfn0Vfkrohv lpsolhg yrodwlolw| lqihuuhg iurp wkh

zduudqw sulfh zloo lq jhqhudo eh kljkhu wkdq wkh klvwrulfdo yrodwlolw|/ zklfk lv frqvlvwhqw zlwk wkh

zhoo0nqrzq skhqrphqrq iru wkh h{fkdqjh0wudghg vwdqgdug rswlrqv1 Frpelqlqj Iljxuhv 4 dqg 5/ zh

vhh wkdw gxulqj wkh kljk yrodwlolw| shulrgv/ wkh Eodfn0Vfkrohv prgho dfwxdoo| ryhusulfhv zduudqwv1

Wklv uhvxow lv kdugo| vxusulvlqj ehfdxvh d kljkhu klvwrulfdo yrodwlolw|/ fhwhulv sdulexv/ whqgv wr fdxvh

wkh prgho sulfh wr eh kljkhu1 Vxfk dq revhuydwlrq dovr srlqwv wrzdug wkh lpsruwdqfh ri lqfoxglqj

klvwrulfdo yrodwlolw| dv d uhjuhvvru lq frqvwuxfwlqj wkh fruuhfwlrq whup1

Lqvhuw Iljxuh05

Lq Wdeoh05/ wkh dyhudjh shufhqwdjh sulflqj gl�huhqfhv ehwzhhq wkh Eodfn0Vfkrohv prgho sulfh

dqg wkh pdunhw sulfh duh uhsruwhg iru hdfk lqglylgxdo zduudqw vhulhv1 Wkhvh uhvxowv uhfrq�up

wkh hduolhu revhuydwlrq edvhg rq wkh sorw> wkdw lv/ wkh Eodfn0Vfkrohv prgho jhqhudoo| xqghusulfhv

ghulydwlyh zduudqwv1 Wdeoh05 uhyhdov wkdw rxw ri wkh 8< zduudqw vhulhv/ 8; duh xqghusulfhg e| wkh

Eodfn0Vfkrohv prgho/ dqg wkh udqjh lv iurp 5( wr 7;(1 Wkh w0vwdwlvwlfv lqglfdwh wkdw 67 ri wkhp

duh vljql�fdqw dw wkh 8( ohyho dqg 57 duh kljko| vljql�fdqw dw wkh 4( ohyho1

Lqvhuw Wdeoh05

Wkh suhylrxv hylghqfh h{lvwv rq wkh plvsulflqj ri Krqj Nrqj*v zduudqwv e| wkh Eodfn0Vfkrohv

prgho/ exw wkh lqwhusuhwdwlrq lq wkhvh sdshuv whqgv wr txhvwlrq wkh h�flhqf| ri wkh pdunhw udwkhu

wkdq wkh uholdelolw| ri wkh Eodfn0Vfkrohv prgho1 Fkdq dqg Nzrn +4<<4,/ iru h{dpsoh/ vwxg| Krqj

Nrqj*v htxlw| zduudqwv dqg �qg d vlplodu plvsulflqj sdwwhuq1 Wkh| frqwhqg wkdw wkh Krqj Nrqj

htxlw| zduudqw sulfhv duh qrw udwlrqdoo| ghwhuplqhg ehfdxvh zduudqw pdunhwv duh wklq1 Zhl +4<<:,

frqfoxghv diwhu dqdo|}lqj Krqj Nrqj*v ghulydwlyh zduudqwv wkdw zduudqwv* pdunhw sulfhv duh eldvhg

xszdug/ dqg kh dwwulexwhv wklv uhvxow wr wkh vkruw0vdoh uhvwulfwlrq rq ghulydwlyh zduudqwv1

Lqvwhdg ri txhvwlrqlqj pdunhw h�flhqf|/ wklv sdshu h{soruhv dq dowhuqdwlyh dyhqxh ri slqqlqj wkh

sureohp rq wkh Eodfn0Vfkrohv prgho1 Zh �uvw qhhg wr xqghuvwdqg ehwwhu wkh qdwxuh ri wkh plvsulflqj

e| wkh Eodfn0Vfkrohv prgho ehiruh d qrq0sdudphwulf fruuhfwlyh phdvxuh fdq eh irupxodwhg1 Wkh

sdvw vwxg| rq h{fkdqjh0wudghg vwdqgdug rswlrqv vxjjhvw wkdw v|vwhpdwlf eldvhv pdlqo| vxuidfh lq

wzr glphqvlrqv 0 pdwxulw| dqg h{huflvh sulfh1 Lq Wdeoh06/ wkh phdq shufhqwdjh huuruv +PSH,/ phdq

vtxduhg shufhqwdjh huuruv +PVSH, dqg phdq devroxwh shufhqwdjh huuruv +PDSH, h{klelwhg e| wkh

Eodfn0Vfkrohv prgho duh fdwhjrul}hg dffruglqj wr wkhvh wzr pdlq dwwulexwhv1 Wklv wdeoh frqwdlqv

wkuhh sdqhov1 Sdqho D frqwdlqv wkh uhvxowv iru wkh zkroh gdwd vhw1 Wr vwxg| wkh h�hfwv fdxvhg e|

wkh uhfhqw Dvldq �qdqfldo fulvlv/ zh glylgh wkh vdpsoh lqwr wzr vxeshulrgv zlwk wkh gdwd ehiruh

Dxjxvw 47/ 4<<: uhsruwhg lq Sdqho E dqg wkh uhpdlqlqj rqhv lq Sdqho F1 Dv zdv phqwlrqhg hduolhu/

zh xvh irxu gl�huhqw wlph ohqjwkv wr fdofxodwh wkh klvwrulfdo yrodwlolw| ri wkh xqghuo|lqj vwrfn1 Wkh

uhvxowv duh wkxv uhsruwhg iru hdfk rqh ri wkhvh irxu phdvxuhv1

Lqvhuw Wdeoh06

Wdeoh06 lqglfdwhv wkdw PSHv duh jhqhudoo| srvlwlyh dqg PVSHv diwhu wkh �qdqfldo fulvlv duh

sduwlfxoduo| kljk1 Zh vhh iurp wklv wdeoh wkdw wkhuh lv d vwurqj srvlwlyh uhodwlrq ehwzhhq PVSH
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dqg prqh|qhvv phdvxuhg e| [@V|1 Wklv uhodwlrq h{lvwv iru doo pdwxulw| fdwhjrulhv dqg iru erwk

ehiruh dqg diwhu wkh Dvldq �qdqfldo fulvlv1 Lw lv dovr wuxh iru irxu gl�huhqw phdvxuhv ri klvwrulfdo

yrodwlolw|1 PVSHv jhqhudoo| lqfuhdvh zlwk wlph wr pdwxulw| iru lq0wkh0prqh| zduudqwv1 Exw iru dw0

wkh0prqh| dqg rxw0ri0wkh0prqh| zduudqwv/ PVSHv iru vkruwhu pdwxulwlhv duh jhqhudoo| kljkhu wkdq

wkrvh iru orqjhu pdwxulwlhv1 Zh qrwh wkdw xvlqj wkh PDSH fulwhulrq ohdgv wr vlplodu frqfoxvlrqv/

zklfk lpsolhv wkdw rxu frqfoxvlrqv duh qrw gxh wr d ihz rxwolhuv1

e�2 A�i �*@U!�5U�L*it 4L_i* ��|� @ *�?i@h hi}hitt�L? ULhhiU|�L?

Vlqfh wkh Eodfn0Vfkrohv prgho h{klelwv fohdu v|vwhpdwlf sulflqj eldvhv/ lw pd| eh srvvleoh wr fruuhfw

wkhvh eldvhv xvlqj d olqhdu uhjuhvvlrq1 Zh wkxv frqvlghu irxu olqhdu fruuhfwlrq prghov=

Prgho 4= �W
|
@ df . d�� . d2+[@V|, . d�GsS

Prgho 5= �W| @ df . d�� . d2+[@V|, . d�GsS . de�
2 . dD+[@V|,

2 . dS�+[@V|,

Prgho 6= �W| @ df . d�� . d2+[@V|, . d�GsS . de�
2 . dD+[@V|,

2 . dS�+[@V|, . d.�|

Prgho 7= �W| @ df . d�� . d2+[@V|, . d�GsS . de�
2 . dD+[@V|,

2 . dS�+[@V|, . d.�| . dH�
2
| =

Prgho 4 dwwhpswv wr fdswxuh wkh yduldwlrq lq wkh shufhqwdjh plvsulflqj +�W| , dwwulexwdeoh wr wlph0wr0

pdwxulw| +�,/ ghjuhh ri prqh|qhvv +[@V|, dqg wkh �qdqfldo fulvlv +GsS lv d gxpp| yduldeoh zlwk d

ydoxh ri 4 li wkh revhuydwlrq lv diwhu wkh �qdqfldo fulvlv dqg 3 li wkh revhuydwlrq lv ehiruh wkh �qdqfldo

fulvlv,1 Lq Prgho 5/ zh dgg txdgudwlf whupv wr wkh uhjuhvvlrq/ krslqj wr fdswxuh qrqolqhdulw| lq wkh

Eodfn0Vfkrohv plvsulflqj1 Zh dgg wkh yrodwlolw| whup +�|, wr wkh uhjuhvvlrq lq Prgho 6 ehfdxvh rxu

hduolhu uhvxowv vxjjhvw d vwurqj uhodwlrqvkls ehwzhhq sulflqj huuruv dqg yrodwlolwlhv1 Prgho 7 doorzv

iru yrodwlolw| wr hqwhu lq d txdgudwlf irup1

Wkh uhjuhvvlrq uhvxowv xvlqj doo revhuydwlrqv +Q @ <45;, duh vxppdul}hg lq Wdeoh071 Zh ohduq

iurp wkhvh uhvxowv wkdw wkh shufhqwdjh sulflqj huuru fdq eh lq sduw h{sodlqhg dzd| e| hpsor|lqj

d olqhdu uhjuhvvlrq fruuhfwlrq1 Lw dsshduv wkdw d prgho zlwk txdgudwlf whupv shuirupv ehwwhu wkdq

wkh rqh zlwkrxw1 Iru h{dpsoh/ Prgho 7 gholyhuv wkh ehvw shuirupdqfh edvhg rq wkh U2 dgmxvwhg

iru ghjuhhv ri iuhhgrp uhjdugohvv ri zklfk klvwrulfdo yrodwlolw| phdvxuh lv xvhg1 Dprqj doo/ wkh

ehvw prgho dsshduv wr eh Prgho 7 xvlqj rqh prqwk ri gdlo| uhwxuqv lq frpsxwlqj wkh klvwrulfdo

yrodwlolw|1 Lq wklv fdvh/ pruh wkdq 93( ri wkh shufhqwdjh sulflqj huuruv ri wkh Eodfn0Vfkrohv prgho

kdv ehhq holplqdwhg1

Lqvhuw Wdeoh07

Wkh w0vwdwlvwlfv vkrz d vwurqj uhodwlrq ehwzhhq wkh shufhqwdjh plvsulflqj ri wkh Eodfn0Vfkrohv

prgho dqg wkh lqglylgxdo uhjuhvvruv1 Lqwhuhvwlqjo|/ wkh gxpp| yduldeoh iru wkh Dvldq �qdqfldo fulvlv

lv dovr vljql�fdqw/ shukdsv vxjjhvwlqj wkdw wkh pdunhw vwuxfwxuh kdv fkdqjhg diwhu wkh �qdqfldo

fulvlv1 Wkh vljqv ri wkhvh uhjuhvvlrq frh�flhqwv duh qrw vwdeoh/ krzhyhu1 Wklv lv wuxh dfurvv prghov

ru xvlqj gl�huhqw klvwrulfdo yrodwlolw| phdvxuhv1

D vlpsoh fruuhfwlrq prgho vxfk dv Prgho 4 +xvlqj 4 prqwk ru 6 prqwkv ri gdlo| gdwd iru wkh

klvwrulfdo yrodwlolw|, lpsolhv wkdw wkh zduudqw zlwk d orqjhu wlph wr pdwxulw| dqg ghhshu lq wkh

prqh| whqgv wr eh xqghusulfhg pruh e| wkh Eodfn0Vfkrohv prgho1 Xsrq dgglqj txdgudwlf whupv/

l1h1/ Prghov 5/ 6 dqg 7/ wkh h{sodqdwru| srzhu ri wkh prgho lqfuhdvhv/ exw lwv lqwhusuhwdwlrq ehfrphv

ohvv fohdu1 Wkh idfw wkdw wkh txdgudwlf whupv duh vljql�fdqw vxjjhvwv wkdw wkh uhodwlrqvkls ehwzhhq
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wkh shufhqwdjh sulflqj huuruv dqg wkhvh h{sodqdwru| yduldeohv duh qrqolqhdu1 Lq wkh fdvh ri Prgho 6

zkhuh klvwrulfdo yrodwlolw| lv dgghg wr wkh uhjuhvvlrq ixqfwlrq/ d vljql�fdqwo| qhjdwlyh uhodwlrqvkls

dsshduv1 Lq idfw/ lwv pdjqlwxgh ghfuhdvhv zlwk wkh qxpehu ri gdlo| uhwxuqv xvhg lq wkh klvwrulfdo

yrodwlolw| fdofxodwlrq1 Wklv uhvxow lv dfwxdoo| qrw dw doo vxusulvlqj1 Zkhq klvwrulfdo yrodwlolw| lv kljk/

lw lqfuhdvhv wkh Eodfn0Vfkrohv prgho ydoxh iru wkh zduudqw1 Wkh Eodfn0Vfkrohv sulflqj huuru wkxv

qhhgv d grzqzdug fruuhfwlrq lq frpsdulvrq wr d orzhu klvwrulfdo yrodwlolw|1 Li zh ohw wkh qxpehu ri

gdlo| uhwxuqv xvhg lq fdofxodwlqj klvwrulfdo yrodwlolw| lqfuhdvh wr vrph srlqw/ wkhq wkh lqirupdwlrq

frqwhqw lq wkh klvwrulfdo yrodwlolw| zloo ehjlq wr ghwhulrudwh dqg judgxdoo| orvhv lwv h{sodqdwru|

srzhu1

Wkh ryhudoo shuirupdqfh ri wkh olqhdu uhjuhvvlrq fruuhfwlrq lv ehvw vhhq lq wkh wlph vhulhv sorw

suhvhqwhg lq Iljxuh05 +wkh plggoh sorw, zkhuh Prgho 7 dqg 60prqwk klvwrulfdo yrodwlolwlhv duh xvhg1

Lw lv fohdu iurp wklv sorw wkdw wkh ehqh�w ri d olqhdu uhjuhvvlrq fruuhfwlrq doprvw hqwluho| klqjhv rq

lwv fruuhfwlrq ri wkh ryhudoo ohyho ri xqghusulflqj e| wkh Eodfn0Vfkrohv prgho1 Lq rwkhu zrugv/ wkh

sulflqj huuruv diwhu wkh olqhdu fruuhfwlrq ehfrph fhqwhuhg durxqg }hur1 Frpsdulqj wkh sorwv zlwk

dqg zlwkrxw wkh olqhdu fruuhfwlrq/ lw dsshduv wkdw rwkhu dvshfwv ri wkh eldv duh olwwoh d�hfwhg1

Dowkrxjk wkh olqhdu uhjuhvvlrq fruuhfwlrq fdq jdlq h{sodqdwru| srzhu/ lw pd| vlpso| eh d uhvxow

ri lq0vdpsoh ryhu0�wwlqj1 Iurp dq dssolfdwlrq shuvshfwlyh/ wkh uhdo whvw uhvwv zlwk lwv shuirupdqfh

lq dq rxw0ri0vdpsoh vhwwlqj1 Zh wkxv glylgh wkh gdwd vdpsoh lqwr wzr jurxsv zlwk rqh wuhdwhg dv

wkh lq0vdpsoh gdwd vhw dqg wkh rwkhu rxw0ri0vdpsoh gdwd vhw1 Wkh lq0vdpsoh gdwd vhw lv dfwxdoo|

ixuwkhu glylghg lqwr wzr vxejurxsv1 Wklv ixuwkhu glylvlrq lv xqqhfhvvdu| iru wklv sduw ri dqdo|vlv/

exw lw zloo eh qhhghg iru wkh edqgzlgwk vhohfwlrq lq wkh fdvh ri wkh orfdo olqhdu nhuqho uhjuhvvlrq wr

eh frqgxfwhg odwhu1 Iru frqvlvwhqf| dqg dyrlglqj frqixvlrq/ zh wkxv pdlqwdlq wkh vdph jurxslqj

wkurxjkrxw1 Wkh rxw0ri0vdpsoh dqdo|vlv fdq eh frqgxfwhg lq wzr gl�huhqw zd|v1 Iluvw/ zh frqvwuxfw

d prgho xvlqj vrph zduudqw vhulhv dqg xvh wkh vdph v|vwhp wr sulfh rwkhu zduudqwv +l1h1/ dfurvv

zduudqwv,/ ru zh fdq frqvwuxfw wkh prgho xvlqj zduudqwv lq dq hduolhu wlph shulrg dqg xvh lw wr sulfh

zduudqwv lq wkh odwhu shulrg +l1h1/ dfurvv wlph shulrgv,1 Zh zloo frqgxfw erwk w|shv ri rxw0ri0vdpsoh

dqdo|vlv1

Iru wkh dfurvv zduudqwv dqdo|vlv/ zh glylgh xs 8< KVEF ghulydwlyh zduudqwv lqwr wkuhh jurxsv

~ 63 zduudqw vhulhv lq V�/ 47 lq V2/ dqg 48 lq V�1 Doo wkuhh jurxsv duh zhoo edodqfhg dqg fryhu

wkh zkroh vdpsoh shulrgv1 Iru wkh dfurvv wlph shulrgv dqdo|vlv/ wkh vdpsoh lv glylghg lqwr wkuhh

vxeshulrgv ~ Vhswhpehu/ 4<<6 wr Ghfhpehu/ 4<<8 lq W�/ Mdqxdu|/ 4<<9 wr Pdufk/ 4<<: lq W2/ diwhu

Pdufk 4<<: lq W�1 V� dqg V2 wrjhwkhu duh ylhzhg dv wkh lq0vdpsoh gdwd vhw dqg V� dv wkh rxw0ri0

vdpsoh gdwd vhw iru wkh dfurvv zduudqwv dqdo|vlv1 Vlploduo|/ W� dqg W2 wrjhwkhu duh ylhzhg dv wkh

lq0vdpsoh gdwd vhw dqg W� dv wkh rxw0ri0vdpsoh gdwd vhw iru wkh dfurvv wlph shulrgv dqdo|vlv1

Wkh uhvxowv lq Wdeoh08 duh edvhg rq Prgho 7 dv wkh olqhdu uhjuhvvlrq fruuhfwlrq1 Lq wklv wdeoh/

wkh udwlr ri PVSHv iru wkh Eodfn0Vfkrohv prgho zlwk dqg zlwkrxw wkh olqhdu uhjuhvvlrq fruuhfwlrq

lv wkh irfxv1 Li wkh udwlr lv ohvv wkdq rqh/ lw vxjjhvwv wkdw wkh fruuhfwlrq uhgxfhv wkh shufhqwdjh

sulflqj huuru ri wkh Eodfn0Vfkrohv prgho1 Wkh ryhudoo huuru uhgxfwlrq lv pxfk odujhu zkhq wkh olqhdu

uhjuhvvlrq lv dssolhg dfurvv zduudqwv udwkhu wkdq dfurvv wlph shulrgv1 Wkh olqhdu fruuhfwlrq lv/ ri

frxuvh/ h{shfwhg wr lpsuryh wkh ryhudoo lq0vdpsoh shuirupdqfh/ zklfk lv lqghhg wkh fdvh iru V�.V2

dqg W� . W21 Iru d vxefdwhjru| ri wkh lq0vdpsoh gdwd vhw/ wkh olqhdu fruuhfwlrq qhhg qrw kdyh

d ehwwhu shuirupdqfh/ krzhyhu1 Lqwhuhvwlqjo|/ vxfk vlwxdwlrqv gr rffxu/ iru h{dpsoh/ iru lq0wkh0
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prqh| vxefdwhjru| ri V�.V21 Wklv uhvxow vxjjhvwv wkdw wkh olqhdu uhjuhvvlrq grhv qrw shuirup wkh

fruuhfwlrq xqlirupo|1 Lq idfw/ wkh fruuhfwlrq pd| pdnh wkh prgho sulfh zruvh iru vrph fdwhjrulhv

ri zduudqwv hyhq lw lv xvhg lq0vdpsoh1

Lqvhuw Wdeoh08

Zkhq wkh shuirupdqfh lv fdvw lq wkh rxw0ri0vdpsoh frqwh{w/ wkh olqhdu uhjuhvvlrq fruuhfwlrq lq

wkh fdvh ri wkh dfurvv wlph shulrgv dqdo|vlv ehfrphv vljql�fdqwo| srruhu1 Iru wkh dfurvv zduudqwv

dqdo|vlv/ krzhyhu/ erwk lq0vdpsoh dqg rxw0ri0vdpsoh shuirupdqfhv duh derxw wkh vdph1 Vxfk d

uhvxow vxjjhvwv wkdw plvsulflqjv lq gl�huhqw zduudqw vhulhv ryhu wkh vdph wlph shulrg duh urxjko|

wkh vdph1 Wkh olqhdu uhjuhvvlrq fdq eh xvhg wr fruuhfw wkh Eodfn0Vfkrohv eldvhv li wkh eldvhv ri

vrph zduudqw vhulhv ryhu wkh vdph wlph shulrg duh nqrzq1 Lq frqwudvw wr wkh dfurvv wlph shulrgv

dqdo|vlv/ wklv w|sh ri rxw0ri0vdpsoh �qglqj lv ohvv xvhixo ehfdxvh ixwxuh zduudqw sulfhv rq d gl�huhqw

zduudqw vhulhv duh qrw dfwxdoo| dydlodeoh dw wkh wlph ri pdnlqj d fruuhfwlrq1

Lw lv uhdvrqdeo| wr wklqn wkdw wkh Dvldq �qdqfldo fulvlv pd| kdyh glvwruwhg rxu uhvxowv1 Zh wkxv

uhvwulfw rxu dwwhqwlrq wr wkh vdpsoh shulrg ehiruh Dxjxvw 47/ 4<<: dqg uhshdw wkh dqdo|vlv1 Wkh

uhvxowv lq Wdeoh08 vxjjhvw wkdw wkh shuirupdqfh ri wkh olqhdu uhjuhvvlrq fruuhfwlrq lq wkh dfurvv

zduudqwv dqdo|vlv ghwhulrudwhv vljql�fdqwo| erwk lq0vdpsoh dqg rxw0ri0vdpsoh1 Iru wkh dfurvv wlph

shulrgv dqdo|vlv/ wkh rxw0ri0vdpsoh shuirupdqfh dfwxdoo| lpsuryhv1 Lqghhg/ wkh shulrg ri Dvldq

�qdqfldo fulvlv kdv dq lpsruwdqw lq�xhqfh rq rxu uhvxowv1

e�� A�i ti4��T@h@4i|h�U Th�U�?} 4i|�L_

Rxu vhpl0sdudphwulf sulflqj phwkrg frxsohv wkh Eodfn0Vfkrohv prgho zlwk d OONU ixqfwlrq wr

fruuhfw wkh Eodfn0Vfkrohv sulflqj eldvhv1 Dv glvfxvvhg hduolhu lq Vhfwlrq 5/ OONU qhhgv d edqgzlgwk

iru hyhu| uhjuhvvru1 Wkh edqgzlgwkv iru wkh wkuhh uhjuhvvruv ri rxu prgho duh wr eh vhohfwhg e|

d _ohdyh0rqh0�{hg0vhw0rxw% furvv0ydolgdwlrq phwkrg1 Wkh �{hg vhw lv V2 iru wkh dfurvv zduudqwv

dqdo|vlv dqg W2 iru wkh dfurvv wlph shulrgv dqdo|vlv1 Wklv h{sodlqv zk| zh hduolhu glylghg wkh

lq0vdpsoh gdwd vhw lqwr wzr jurxsv1 Xvlqj wkh furvv0ydolgdwlrq fulwhulrq/ zh rewdlq wkh rswlpdo

edqgzlgwkv iru wkuhh uhjuhvvruv xqghu ydulrxv vhwwlqjv1 Wkh uhvxowv duh uhsruwhg lq Wdeoh091 Wkh

rswlpdo edqgzlgwkv rewdlqhg wklv zd| duh wkhq xvhg lq erwk wkh lq0vdpsoh dqg rxw0ri0vdpsoh

dqdo|vhv1

Lqvhuw Wdeoh09

Wkh ryhudoo shuirupdqfh ri wkh vhpl0sdudphwulf sulflqj phwkrg lv ehvw vhhq lq wkh erwwrp sorw

ri Iljxuh05 lq zklfk wkh sulflqj huuruv duh pxfk vpdoohu wkdq wkrvh xqghu wkh Eodfn0Vfkrohv prgho

zlwk ru zlwkrxw wkh olqhdu uhjuhvvlrq fruuhfwlrq +plggoh sorw dqg wrs sorwv lq Iljxuh05,1 Vlplodu wr

wkh dqdo|vlv lq wkh suhfhglqj vxevhfwlrq/ zh dovr frqgxfw wkh lq0vdpsoh dqg rxw0ri0vdpsoh dqdo|vhv

dqg h{dplqh wkh udwlr ri wkh shufhqwdjh sulflqj huuruv xqghu wkh vhpl0sdudphwulf prgho dqg wkh

Eodfn0Vfkrohv prgho1 Wkh uhvxowv duh uhsruwhg lq Wdeoh0:1 Lw lv fohdu e| frpsdulqj wklv wdeoh zlwk

Wdeoh09/ wkh OONU fruuhfwlrq zrunv pxfk ehwwhu wkdq wkh olqhdu uhjuhvvlrq fruuhfwlrq1 Wkh lq0

vdpsoh uhvxow lv qrw dw doo vxusulvlqj ehfdxvh wkh OONU lv d pruh �h{leoh zd| ri fdswxulqj gdwd
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uhjxodulwlhv1 Wkh rxw0ri0vdpsoh vxshulru shuirupdqfh vxjjhvwv wkdw lw lv qrw vlpso| fdxvhg e| dq

lq0vdpsoh ryhu0�wwlqj1 Wkh prvw vljql�fdqw gl�huhqfh ehwzhhq wkh wzr fruuhfwlrq phwkrgv lv wkh

uhvxow shuwdlqlqj wr wkh dfurvv wlph shulrgv dqdo|vlv1 Wkh OONU fruuhfwlrq zrunv yhu| zhoo erwk lq0

vdpsoh dqg rxw0ri0vdpsoh/ zkhuhdv wkh olqhdu uhjuhvvlrq shuirupv udwkhu srruo|1 Dv dujxhg hduolhu/

wklv lv d pruh phdqlqjixo rxw0ri0vdpsoh vhwwlqj1 Lq rwkhu zrugv/ wkh OONU fruuhfwlrq grplqdwhv

wkh olqhdu uhjuhvvlrq phwkrg dqg sduwlfxoduo| vr iru wkh prvw uhohydqw vlwxdwlrq1

Lqvhuw Wdeoh0:

Wkh Dvldq �qdqfldo fulvlv zdv irxqg wr glvwruw wkh hduolhu uhvxow iru wkh olqhdu uhjuhvvlrq fruuhf0

wlrq1 Lq frqwudvw/ zh �qg qr vlplodu glvwruwlrq zlwk wkh OONU phwkrg1 Uhvwulfwlqj wkh dwwhqwlrq

wr wkh gdwd vhw ehiruh wkh Dvldq �qdqfldo fulvlv grhv qrw pdwhuldoo| fkdqjh rxu frqfoxvlrq derxw

wkh vhpl0sdudphwulf sulflqj phwkrg1 Lw vxjjhvwv wkdw wkh qdwxuh ri wkh qrqolqhdulw| lv wrr frp0

soh{ wr eh fdswxuhg e| d vlpsoh lqfoxvlrq ri vrph txdgudwlf whupv lq wkh uhjuhvvlrq ixqfwlrq1 Wkh

qrq0sdudphwulf phwkrg surylghv d vlpsoh dqg uholdeoh zd| ri fdswxulqj wkh frpsoh{ ixqfwlrqdo

uhodwlrqvkls1

Wkh dqdo|vhv vr idu duh uhvwulfwhg wr uhodwlyh shuirupdqfh edvhg rq udwlrv ri wkh djjuhjdwh

shufhqwdjh sulflqj huuruv xqghu gl�huhqw phwkrgv1 Lw zloo eh lqirupdwlyh wr nqrz wkh glvwulexwlrqv

ri wkh shufhqwdjh sulflqj huuruv xqghu gl�huhqw prghov1 Wkh rxw0ri0vdpsoh uhvxowv duh vxppdul}hg

lq Iljxuh06 +dfurvv zduudqwv dqdo|vlv, dqg Iljxuh07 +dfurvv wlph shulrgv dqdo|vlv,1 Wkhvh sorwv

surylgh ydulrxv shufhqwlohv iru wkh sulflqj huuruv1 Lw lv fohdu iurp wkhvh sorwv wkdw wkh Eodfn0Vfkrohv

prgho lv grzqzdug eldvhg1 Wkh olqhdu fruuhfwlrq fdq plwljdwh wr vrph h{whqw wkh sulflqj huuru/

exw lwv h�hfwlyhqhvv lv qr zd| forvh wr wkdw ri wkh OONU1 Wklv lv wuxh iru gl�huhqw fdwhjrulhv ri

zduudqwv dqg iru erwk wkh dfurvv zduudqwv dqg dfurvv wlph shulrgv dssolfdwlrqv1

Lqvhuw Iljxuh06 dqg Iljxuh07

Ghulydwlyh zduudqwv rq wkh vdph xqghuo|lqj vwrfn pd| eh lvvxhg e| gl�huhqw lvvxhuv dw wkh vdph

wlph ru dw gl�huhqw wlphv1 Wkh suhflvh whupv dqg frqglwlrqv ri ghulydwlyh zduudqwv riwhq gl�hu

dfurvv lvvxhuv wr uh�hfw wkh pdunhw frqglwlrq dw wkh wlph ri lvvxdqfh dqg2ru wkh lvvxhu*v jhqhudo

suhihuhqfhv1 Wr surwhfw wkh lqwhuhvwv ri wkh zduudqw kroghuv/ wkh uhjxodwlrqv uhtxluh zduudqw lvvxhuv

wr kdyh dghtxdwh �qdqfldo uhvhuyh ru wr vhfxuh d jxdudqwhh iurp wkh sduhqw frpsdq|1 Wkh dfwlyh

zduudqw lvvxhuv lq Krqj Nrqj duh prvwo| Hxurshdq dqg Dphulfdq �qdqfldo krxvhv.1 Vrph zduudqw

lvvxhuv duh grplqdqw sod|huv lq wkh zduudqw pdunhw/ dqg wkh| pd|/ dv d uhvxow/ frppdqg d pdunhw

srzhu wkdw fdq vhfxuh d suhplxp ryhu wkhlu frpshwlwruv> iru h{dpsoh/ lqyhvwruv pd| lqihu iurp wkh

uhsxwdwlrq ri wkhvh zduudqw lvvxhuv wkdw wkhlu zduudqw vhulhv duh ri d kljkhu oltxlglw|1 Wklv srwhqwldo

uhsxwdwlrq h�hfw lv/ krzhyhu/ lqwhuwzlqhg zlwk wkh gl�huhqfh lq wkh frqwudfwxdo whupv ri zduudqwv1

Vlqfh rxu vhpl0sdudphwulf sulflqj phwkrg fdq uhpryh wkh h�hfw ri wkh frqwudfwxdo whupv txlwh

zhoo/ lw wkxv surylghv dq _xqfrqwdplqdwhg% zd| wr h{dplqh wkh uhsxwdwlrq h�hfw1 Zh shuirup d

pxowlsoh uhjuhvvlrq dqdo|vlv zlwk wkh ghshqghqw yduldeoh ehlqj hlwkhu wkh shufhqwdjh sulflqj huuru ri

wkh Eodfn0Vfkrohv prgho ru wkdw ri wkh vhpl0sdudphwulf sulflqj phwkrg1 Wkh h{sodqdwru| yduldeohv

.�ihi}h�?ic @ OL?} kL?} M@ti_ �?@?U�@* �L�tic �@t �ih) @U|��i �? _ih��@|��i �@hh@?|t �?|�* �| �i?| M@?!h�T| @|
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duh 4: gxpp| yduldeohv wr uh�hfw wkhuh zhuh 4; zduudqw lvvxhuv lq wkh shulrg ehiruh wkh Dvldq

�qdqfldo fulvlv1 Rxu uhvxowv vxjjhvw wkdw wkh lghqwlw| ri wkh lvvxhu grhv suhglfw wkh Eodfn0Vfkrohv

sulflqj huuru> iru h{dpsoh/ wkh zduudqwv lvvxhg e| E]Z/ Shuhjulqh dqg Urehuw Iohplqj whqg wr

kdyh d kljkhu pdunhw sulfh1 Xvlqj wkh sulflqj huuru iurp wkh vhpl0sdudphwulf prgho/ krzhyhu/ wkh

frqfoxvlrq lv gl�huhqw1 Wkh uhvxow dfwxdoo| vxjjhvwv wkdw qr lvvxhu fdq frppdqg d kljkhu sulfh1

Wklv lv wuxh xvlqj wkh edqgzlgwk zklfk lv vhohfwhg edvhg rq hlwkhu wkh dfurvv zduudqwv ru dfurvv

wlph shulrgv vdpsoh glylvlrq phwkrg1 Zh fdq wkxv lqwhusuhw rxu hduolhu vljql�fdqfh uhvxow vlpso| dv

d idloxuh ri wkh Eodfn0Vfkrohv prgho wr surshuo| dffrxqw iru gl�huhqfhv lq frqwudfw vshfl�fdwlrqv1 Lq

vkruw/ lw vkrxog eh uhjdughg dv d uh�hfwlrq ri wkh lqdghtxdf| ri wkh Eodfn0Vfkrohv prgho lq sulflqj

ghulydwlyh zduudqwv udwkhu wkdq d jhqxlqh lvvxhu h�hfw1

Lqvhuw Wdeoh0;

D �L?U*�t�L?

Lq wklv sdshu zh ghylvh d vhpl0sdudphwulf sulflqj phwkrg e| frxsolqj wkh Eodfn0Vfkrohv prgho

zlwk d orfdo olqhdu nhuqho uhjuhvvlrq ixqfwlrq1 Zh xvh wklv phwkrg wr frqgxfw dq hpslulfdo vwxg|

ri wkh ghulydwlyh zduudqwv rq wkh KVEF frpprq vwrfn1 Zh �qg wkdw wkh vhpl0sdudphwulf phwkrg

zrunv zhoo erwk lq0vdpsoh dqg rxw0ri0vdpsoh1 Zh dovr �qg qr hylghqfh wkdw wkh lghqwlw| ri zduudqw

lvvxhu fdq d�hfw wkh pdunhw sulflqj ri ghulydwlyh zduudqwv1

Wkhuh lv d zlgho| khog eholhi wkdw ghulydwlyh zduudqwv duh ryhusulfhg1 Wkh idfw wkdw vr pdq|

�qdqfldo krxvhv mrlq lq wr lvvxh wkhp vhhpv wr vxjjhvw kdqgvrph sur�wv lq wkhvh dfwlylwlhv1 Wkh

vkruw0vdoh uhvwulfwlrq lpsrvhg rq wkhvh zduudqwv dovr suhyhqwv vhoolqj suhvvxuh wr pdwhuldol}h txlfno|/

dqg khqfh d srvvlelolw| ri ryhusulflqj h{lvwv1 D vhhplqjo| pruh gluhfw hylghqfh wkrxjk lv wkh uhvxow

wkdw wkh pdunhw sulfhv ri ghulydwlyh zduudqwv duh vljql�fdqwo| kljkhu wkdq wkh ydoxhv suhglfwhg

e| wkh Eodfn0Vfkrohv prgho1 Lq wklv vwxg|/ zh kdyh uhixwhg wkh hylghqfh ri ryhusulflqj edvhg rq

wkh Eodfn0Vfkrohv prgho1 Exw zh fdqqrw vd| wkdw ghulydwlyh zduudqwv duh qrw ryhusulfhg1 Zh

fdq frqfoxgh/ krzhyhu/ wkdw li ryhusulflqj rffxuv/ lw lv idluo| vwdeoh ryhu wlph dqg dfurvv gl�huhqw

zduudqw vhulhv1 D ixwxuh dqdo|vlv olqnlqj ghulydwlyh zduudqwv wr h{fkdqjh0wudghg vwdqgdug rswlrqv

rq wkh vdph xqghuo|lqj vwrfn vkrxog kdyh wkh srwhqwldo wr dqvzhu wklv txhvwlrq1

S +iuihi?Uit

+iuihi?Uit

^4` D�lw0Vdkdold/ \1/ 4<<9/ _Qrqsdudphwulf sulflqj ri lqwhuhvw udwh ghulydwlyh vhfxulwlhv%/ Hfrqr0

phwulfd 97/ 85:08931

^5` D�lw0Vdkdold/ \1 dqg Or/ D1 Z1/ 4<<;/ _Qrqsdudphwulf hvwlpdwlrq ri vwdwh0sulfh ghqvlwlhv lp0

solflw lq �qdqfldo dvvhw sulfhv%/ Mrxuqdo ri Ilqdqfh 86/ 7<<087:1

^6` Eodfn/ I1 dqg Vfkrohv/ P1/ 4<:6/ _Wkh sulflqj ri rswlrqv dqg frusrudwh oldelolwlhv%/ Mrxuqdo ri

Srolwlfdo Hfrqrp| ;4/ 96:098<1
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^7` Eurdglh/ P1/ Ghwhpsoh/ M1/ Jk|vhov/ H1 dqg Wruuhv/ R1/ 4<<9/ _Dphulfdq rswlrqv zlwk vwrfkdvwlf

yrodwlolw| dqg vwrfkdvwlf glylghqgv= d qrqsdudphwulf lqyhvwljdwlrq%/ zrunlqj sdshu/ FLUDQR/

Prqwuhdo1

^8` Fkdq/ \1N1 dqg Nzrn/ N1K1/ 4<<4/ _Dssolfdwlrq ri d sulfh dqdo|vlv prgho wr wkh Krqj Nrqj

zduudqwv pdunhw%/ zrunlqj sdshu/ Krqj Nrqj Edswlvw Xqlyhuvlw|1

^9` Fkdqj/ Fduro|q/Fkdqj/ Mdfn V1N1 dqg Olp/ N1J1/ 4<<;e/ _Sulflqj dqg Khgjlqj Krqj Nrqj

Ghulydwlyh Zduudqwv lq Lqirupdwlrq0Wlph%/ zrunlqj sdshu/ Qdwlrqdo Xqlyhuvlw| ri Vlqjdsruh1

^:` Fkhq/ D1/ 4<:8/ _D prgho ri zduudqw sulflqj lq d g|qdplf pdunhw%/ Mrxuqdo ri Ilqdqfh 58/

4374043931

^;` Fohyhodqg/ Z1/ 4<:</ _Urexvw orfdoo| zhljkwhg uhjuhvvlrq dqg vprrwklqj vfdwwhusorwv%/ Mrxuqdo

ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq :7/ ;5<0;691

^<` Idq/ M1/ 4<<5/ _Ghvljq0dgdswlyh qrqsdudphwulf uhjuhvvlrq%/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo

Dvvrfldwlrq ;:/ <<;043371

^43` Ihuul/ P1J1/ Nuhphu/ M1Z1 dqg Rehukhopdq/ K1G1/ 4<;9/ _Dq dqdo|vlv ri wkh sulflqj ri frusr0

udwh zduudqwv%/ Dgydqfhv lq Ixwxuhv dqg Rswlrqv Uhvhdufk 4/ 53405581

^44` Mdftxlhu H1 dqg Mduurz/ U1/ 4<<</ _Ed|hvldq dqdo|vlv ri frqwlqjhqw fodlp prgho huuru%/ wr

dsshdu lq Mrxuqdo ri Hfrqrphwulfv1

^45` Odxwhuedfk/ E1 dqg Vfkxow}/ S1/ _Sulflqj zduudqwv= dq hpslulfdo vwxg| ri wkh Eodfn Vfkrohv

prgho dqg lwv dowhuqdwlyhv%/ Mrxuqdo ri Ilqdqfh 78/ 44;40453<1

^46` Ohrqdug/ G1/ dqg Vrow/ P1/ 4<<3/ _Rq xvlqj wkh Eodfn0Vfkrohv Prgho wr Ydoxh Zduudqwv%/

Mrxuqdo ri Ilqdqfldo Uhvhdufk 46/ ;40<51

^47` Qdgdud|d/ H1D1/ 4<97/ _Vrph qhz hvwlpdwhv iru glvwulexwlrq ixqfwlrqv%/ Wkhru| ri Suredelolw|

dqg Lwv Dssolfdwlrqv </ 7<:08331

^48` Qruhhq/ H1 dqg Zroivrq/ P1/ 4<;4/ _Htxloleulxp zduudqw sulflqj prgho dqg dffrxqwlqj iru

h{hfxwlyh vwrfn rswlrqv%/ Mrxuqdo ri Dffrxqwlqj Uhvhdufk 4</ 6;706<;1

^49` Vfkzduw}/ H1V1/ 4<::/ _Wkh ydoxdwlrq ri zduudqwv= lpsohphqwlqj d qhz dssurdfk%/ Mrxuqdo ri

Ilqdqfldo Hfrqrplfv 7/ :<0<61

^4:` Zdwvrq/J1V1/4<97/ _Vprrwk uhjuhvvlrq dqdo|vlv%/ Vdqnk|d1 Vhulhv D 59/ 68<06:51

^4;` Zhl/ N1F1Mrkq/ 4<<:/ _Sulflqj Ghulydwlyh Zduudqwv= Hylghqfh iurp Krqj Nrqj%/ zrunlqj

sdshu/ Krqj Nrqj Xqlyhuvlw| ri Vflhqfh dqg Whfkqrorj|1
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Table-1: Descriptive statistics for the HSBC derivative warrants. 
Code Warrant Name Listing Expire  Conversion Exercise Units Issue Issuer 

  Date Date Ratio Price Issued  Price  

     (HKD) (million) (HKD)  

477 HSBC 94 (BZW) 08/12/92 06/17/94 0.1 45.5 400 1.1 Barclays de Zoete Wedd Warrants Ltd. 
589 HSBC 94 (Harvest) 10/15/92 04/15/94 0.1 56.5 40 1.09 Harvest Top Investment Ltd. 
653 HSBC 94 (Ford Deluxe) 09/24/92 09/24/94 0.1 54 80 1.35 Ford Deluxe Investment Ltd. 
1115 HSBC 95 (ML) 07/06/94 12/08/95 0.1 87 100 1.914 Merrill Lynch International & Co. C.V. 
573 HSBC 95 (Peregn) 03/24/93 02/20/95 0.1 63.5 250 1.35 Peregrine Derivatives Ltd.  
58 HSBC 95 (SBC) 09/09/93 08/10/95 0.1 81.5 120 1.71 Swiss Bank Corp., HK 

1116 HSBC 95 (SBC) 07/07/94 12/08/95 0.1 69.5 100 2.9 Swiss Bank Corp., HK  
768 HSBC 95 (Peregn) 11/10/93 03/20/95 0.1 79.5 100 1.57 Peregrine Derivatives Ltd. 
424 HSBC 96 (BZW) 03/10/94 01/31/96 0.1 120 250 2.98 Barclays de Zoete Wedd Warrants Ltd. 
630 HSBC 96 (Peregn) 02/23/94 01/17/96 0.1 109 140 3.08 Peregrine Derivatives Ltd. 
682 HSBC 96 (R Flem) 03/03/94 02/02/96 0.1 131 300 3.075 Robert Fleming & Co. Ltd. 
515 HSBC 96 (SBC) 06/15/95 06/21/96 0.1 88.25 50 2.13 Swiss Bank Corp., HK 
1226 HSBC 97 (MS) 03/13/95 02/10/97 0.1 72.45 50 2.45 Morgan Stanley (Jersey) Ltd. 
932 HSBC 97 (BZW) 08/16/95 01/22/97 0.1 91.8 50 2.39 Barclays de Zoete Wedd Warrants Ltd. 
659 HSBC 96 (CL) 09/11/95 11/08/96 0.1 88.4 30 2.574 Credit Lyonnais Fin (Guernsey) Ltd.  
597 HSBC 96 (ML) 09/13/95 09/20/96 0.1 85 35 2.38 Merrill Lynch Int'l & Co. C. V. 
534 HSBC 96 (UBS) 12/21/95 11/28/96 0.1 90 20 2.86 Union Bank of Switzerland 
724 HSBC 97 (BT) 12/07/95 02/14/97 0.1 93.67 19 2.668 Bankers Trust Int'l plc  
380 HSBC 97 (Peregn) 02/01/96 07/30/97 0.1 105 60 2.7 Peregrine Derivatives Ltd.  
652 HSBC 97 (RF) 02/08/96 06/27/97 0.1 107.1 200 2.38 Robert Fleming & Co. Ltd.  
324 HSBC 97 (SBC) 02/15/96 07/24/97 0.1 111.6 25 2.511 Swiss Bank Corp., HK  
768 HSBC 97 (BT) 03/07/96 04/29/97 0.1 110 18 2.824 Bankers Trust Int'l plc  
914 HSBC 97 (BZW) 02/07/96 02/27/97 0.1 104.125 55 2.692 BZW Warrants Ltd. 
1709 HSBC 97 (ML) 06/12/96 07/21/97 0.1 105 50 2.08 Merrill Lynch Int'l & Co. C.V.  
1719 HSBC 97 (UBS) 07/25/96 11/03/97 0.1 106.2 25 2.36 Union Bank of Switzerland  
1771 HSBC 97 (BZW) 10/24/96 10/04/97 0.1 131.4 55 2.54 BZW Warrants Ltd.  
1720 HSBC 97 (CL) 07/31/96 07/22/97 0.1 102.85 75 2.71 Credit Lyonnais F P (G) Ltd.  
1755 HSBC 97 (ML) 10/03/96 10/06/97 0.1 146 120 1 Merrill Lynch Int'l & Co. C.V.  
1788 HSBC 97 (RF) 11/07/96 10/15/97 0.1 143.9 100 2.065 Robert Fleming & Co. Ltd.  
1741 HSBC 98 (BT) 09/11/96 02/16/98 0.1 112.2 20 3.221 Bankers Trust Int'l plc 
1744 HSBC 98 (PARIBAS) 09/11/96 02/16/98 0.1 112.2 22.3 3.221 Paribas Capital Markets Group Ltd.  
1880 HSBC 97 (BZW) 02/05/97 11/14/97 0.1 177.98 65 1.585 BZW Warrants Ltd.  
1814 HSBC 97 (CARR) 12/11/96 11/26/97 0.1 146.7 40 2.869 Indosuez W.I. Carr (D) Ltd.  
1821 HSBC 97 (CL) 12/12/96 11/16/97 0.1 184.2 180 0.998 Credit Lyonnais F P (G) Ltd.  
1866 HSBC 97 (DMG) 01/29/97 11/21/97 0.1 176.4 54 1.68 Deutsche Bank AG  
1928 HSBC 97 (DMG) 03/05/97 12/31/97 0.1 147 38 3.9988 Deutsche Bank AG  
1812 HSBC 97 (ML) 12/05/96 11/20/97 0.1 176.5 230 1 Merrill Lynch Int'l & Co. C.V.  
1920 HSBC 98 (ABN) 02/28/97 02/13/98 0.1 186 20 2.73 ABN AMRO Bank N.V.  
1898 HSBC 97 (ML) 02/19/97 11/13/97 0.1 200 100 1.28 Merrill Lynch Int'l & Co. C.V. 
1918 HSBC 98 (PARIBAS) 02/27/97 01/28/98 0.1 165.75 19 2.954 Paribas Capital Markets Group Ltd.  
1857 HSBC 98 (UBS) 01/22/97 01/05/98 0.1 165 30 2.145 Union Bank of Switzerland 
2019 HSBC 98 (BZW) 06/25/97 03/26/98 0.1 220.9 60 3.758 BZW Warrants Ltd.  
1997 HSBC 98 (CARR) 06/04/97 06/04/98 0.1 231 25 2.244 Indosuez W.I. Carr (D) Ltd. 
2035 HSBC 98 (ING) 06/25/97 05/29/98 0.1 227 27.5 3.1054 ING Baring Financial Products 
2015 HSBC 98 (ML) 06/04/97 03/31/98 0.1 231 120 2.233 Merrill Lynch Int'l & Co. C.V. 
2053 HSBC 98 (BEAR STEARNS) 08/06/97 05/15/98 0.1 292.95 28 3.2922 Bear Stearns Co. Inc.  
2170 HSBC 98 (BZW) 09/25/97 06/29/98 0.1 236 40 3.766 BZW Warrants Ltd. 
2085 HSBC 98 (CL) 08/06/97 05/07/98 0.1 300 56 2.6792 Credit Lyonnais F P (G) Ltd. 
2022 HSBC 98 (ML) 08/06/97 05/18/98 0.1 279 120 4.096 Merrill Lynch Int'l & Co. C.V.  
2127 HSBC 98 (ML) 09/12/97 06/12/98 0.1 299 100 2.3 Merrill Lynch Int'l & Co. C.V. 
2058 HSBC 98 (MS) 07/23/97 06/04/98 0.1 253.05 25.5 2.9402 Morgan Stanley (Jersey) Ltd. 
2067 HSBC 98 (MS) 08/07/97 06/17/98 0.1 292 19.5 3.5573 Morgan Stanley (Jersey) Ltd. 
2157 HSBC 98 (NW) 09/25/97 06/30/98 0.1 212.4 13.3 5.0504 NatWest Financial Products plc 
2078 HSBC 98 (SGA) 08/06/97 05/15/98 0.1 292.95 17 3.1527 SGA Societe Generale Acceptance N.V. 
2152 HSBC 98 (SGA) 09/25/97 07/01/98 0.1 234.15 16 3.233 SGA Societe Generale Acceptance N.V.  
2097 HSBC 98 (UBS) 08/06/97 05/21/98 0.1 275.1 28 2.963 Union Bank of Switzerland 
2145 HSBC 98 (UBS) 09/24/97 06/29/98 0.1 260.4 35 3.5514 Union Bank of Switzerland  
2191 HSBC 98 (ML) 11/26/97 09/04/98 0.1 182.5 40 3.722 Merrill Lynch Int'l & Co. C.V. 
2163 HSBC 98 (SGA) 12/17/97 09/30/98 0.1 185.4 12 4.709 SGA Societe Generale Acceptance N.V. 
Note: The data set consists of 59 HSBC derivative warrant series which were transacted on HKSE between September 1993 and 
December 1997. These derivative warrants were issued by 19 financial institutions. Information about warrants exercise prices, expire 
date, conversion ratios, dividends are compiled from various issues of the “South China Morning Post'', the “Hong Kong Economic 
Journal Monthly''. The units issued at initial listing, issue price and issue date are obtained from Stock Exchange Fact Books (HKSE, 1992 
to 1997). 
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Table-2: The Black-Scholes model pricing errors. 
Code Warrant Name Observations Market  Model  Price Differences t-statistic 

    Price (P m) Price (P B) [(Pm – PB )/ Pm]  

477 HSBC 94 (BZW) 58 5.081069 4.938667 0.026901 0.683947 
589 HSBC 94 (Harvest) 42 4.23869 4.073907 0.035176 0.654109 
653 HSBC 94 (Ford Deluxe) 133 3.949511 3.8499 0.023941 0.808428 

1115 HSBC 95 (ML) 305 1.604049 1.523799 0.023299 1.97364** 
573 HSBC 95 (Peregn) 307 3.639072 3.368218 0.060023 3.116692*** 
58 HSBC 95 (SBC) 451 2.348492 1.79742 0.197292 8.104017*** 

1116 HSBC 95 (SBC) 265 2.634509 2.469502 0.062579 3.179536*** 
768 HSBC 95 (Peregn) 330 2.316824 1.807122 0.150795 5.518742*** 
424 HSBC 96 (BZW) 459 0.669007 0.581314 0.022387 3.435418*** 
630 HSBC 96 (Peregn) 451 1.084645 0.873099 0.105409 6.244496*** 
682 HSBC 96 (R Flem) 471 0.546435 0.406078 0.030072 5.148959*** 
515 HSBC 96 (SBC) 202 2.858416 2.717695 0.052566 2.425914*** 

1226 HSBC 97 (MS) 306 4.238317 4.012871 0.054126 2.460266*** 
932 HSBC 97 (BZW) 230 3.042065 2.849367 0.065097 3.335983*** 
659 HSBC 96 (CL) 222 3.220721 3.109972 0.034893 1.969971** 
597 HSBC 96 (ML) 124 3.432258 3.503997 -0.02161 -1.10819 
534 HSBC 96 (UBS) 125 3.2394 3.137737 0.031172 1.157002 
724 HSBC 97 (BT) 113 3.050442 2.889326 0.051897 2.207475** 
380 HSBC 97 (Peregn) 170 3.617265 3.420213 0.076315 0.88945 
652 HSBC 97 (RF) 280 4.246107 4.072172 0.070555 0.850299 
324 HSBC 97 (SBC) 189 3.645106 3.516467 0.058797 0.592896 
768 HSBC 97 (BT) 229 3.620568 3.567237 0.039846 0.268961 
914 HSBC 97 (BZW) 126 2.31496 2.154341 0.071986 1.438167* 

1709 HSBC 97 (ML) 80 3.656312 3.583752 0.032025 0.309844 
1719 HSBC 97 (UBS) 173 6.288728 6.194674 0.024451 0.297006 
1771 HSBC 97 (BZW) 164 6.024238 5.895715 0.035023 0.397773 
1720 HSBC 97 (CL) 28 3.817857 3.692586 0.036614 0.655596 
1755 HSBC 97 (ML) 174 4.57704 4.250163 0.11518 1.064273 
1788 HSBC 97 (RF) 149 5.066779 4.797005 0.081183 0.824632 
1741 HSBC 98 (BT) 73 8.166863 7.568193 0.085456 1.335015* 
1744 HSBC 98 (PARIBAS) 95 8.151053 7.847052 0.043192 0.825765 
1880 HSBC 97 (BZW) 133 4.067143 3.743913 0.138302 1.072121 
1814 HSBC 97 (CARR) 101 4.54505 4.267095 0.078367 0.958629 
1821 HSBC 97 (CL) 194 3.483557 2.987101 0.257881 2.160349** 
1866 HSBC 97 (DMG) 103 3.419029 3.018316 0.170503 1.386857* 
1928 HSBC 97 (DMG) 23 5.667391 5.431701 0.049669 0.337 
1812 HSBC 97 (ML) 183 3.523005 3.083978 0.216424 1.831025** 
1920 HSBC 98 (ABN) 178 4.670112 4.175072 0.142286 1.956492** 
1898 HSBC 97 (ML) 152 3.197822 2.634073 0.294644 2.440787*** 
1918 HSBC 98 (PARIBAS) 46 5.034783 4.578418 0.117591 0.927921 
1857 HSBC 98 (UBS) 135 4.668704 4.235808 0.122837 1.485034** 
2019 HSBC 98 (BZW) 126 3.591667 2.777323 0.24463 3.295074*** 
1997 HSBC 98 (CARR) 134 3.520634 2.590297 0.220379 4.710297*** 
2035 HSBC 98 (ING) 93 4.157043 3.158892 0.242381 4.059583*** 
2015 HSBC 98 (ML) 140 3.326643 2.22996 0.337339 5.395682*** 
2053 HSBC 98 (BEAR STEARNS) 67 1.538328 0.638413 0.485321 6.953143*** 
2170 HSBC 98 (BZW) 64 2.072266 1.639655 0.139737 2.139479** 
2085 HSBC 98 (CL) 80 1.426212 0.473715 0.459081 7.78717*** 
2022 HSBC 98 (ML) 95 1.630684 0.776313 0.387872 6.202318*** 
2127 HSBC 98 (ML) 56 1.017554 0.434708 0.436437 6.19434*** 
2058 HSBC 98 (MS) 99 2.690556 1.729703 0.268081 4.884574*** 
2067 HSBC 98 (MS) 66 1.651667 0.796965 0.403371 6.247507*** 
2157 HSBC 98 (NW) 49 3.270408 2.699285 0.166375 1.863618** 
2078 HSBC 98 (SGA) 80 1.477925 0.603965 0.479217 7.470942*** 
2152 HSBC 98 (SGA) 64 2.200234 1.710511 0.177631 2.434424*** 
2097 HSBC 98 (UBS) 65 2.0312 1.027859 0.320438 5.508449*** 
2145 HSBC 98 (UBS) 45 1.601889 1.203872 0.095877 2.087126** 
2191 HSBC 98 (ML) 24 3.9125 3.716338 0.053212 1.48219* 
2163 HSBC 98 (SGA) 9 3.458333 3.436645 0.007305 0.176538 

Note: *** indicates significance at the 1% level, ** indicates significance at the 5% level, and * indicates significance 
at the 10% level. 
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Table-3: The percentage pricing errors by the Black-Scholes model. 
 

    Moneyness  
 Maturity Historical  E/S<=0.9  0.9<E/S<=1.1  E/S>1.1 
 Range Volatility MPE MSPE MAPE  MPE MSPE MAPE  MPE MSPE MAPE 
  0.5 1  month 0.0251 0.00454 0.03866  0.06291 0.44607 0.36258  -0.83076 7.1581 1.29032 
   3 months 0.02927 0.00395 0.03939  0.11098 0.11744 0.25427  -1.28486 5.8707 1.58047 
   6 months 0.03167 0.00362 0.03861  0.10568 0.06132 0.1918  -0.53598 1.17795 0.69346 
   1 year 0.0332 0.00385 0.03932  0.06676 0.08384 0.20782  -0.01265 0.19271 0.32408 
               
 0.5 1 1  month 0.04435 0.00523 0.05211  0.20726 0.06168 0.21725  -0.60419 3.95844 0.97965 
   3 months 0.04637 0.005 0.05233  0.19112 0.06315 0.22361  -0.21965 1.10065 0.67538 

Panel A:   6 months 0.04581 0.00512 0.05205  0.2205 0.06666 0.23487  0.13522 0.33907 0.46021 
Aggregate   1 year 0.04424 0.00553 0.0518  0.23003 0.07601 0.242  0.26382 0.22268 0.39883 
Results               

 1 1.5 1  month 0.11287 0.01915 0.11556  0.22799 0.07301 0.23624  0.59229 0.40296 0.60077 
   3 months 0.10626 0.01673 0.10799  0.20837 0.04985 0.20857  0.48599 0.29067 0.48723 
   6 months 0.10155 0.01614 0.10312  0.20063 0.04831 0.20457  0.26404 0.12471 0.27646 
   1 year 0.10002 0.01717 0.10276  0.16599 0.042 0.17632  -0.00937 0.04427 0.16085 
               
 1.5  1  month 0.06094 0.01486 0.10138  0.20709 0.05183 0.20877  0.15267 0.10753 0.25818 
   3 months 0.08049 0.01958 0.11338  0.22863 0.06439 0.22927  0.06939 0.03921 0.16022 
   6 months 0.09567 0.02323 0.11932  0.29121 0.09321 0.29121  0.08363 0.02917 0.13977 
   1 year 0.08488 0.02787 0.13101  0.22857 0.06376 0.22857  0.36411 0.14811 0.36506 
  0.5 1  month 0.02672 0.00321 0.03414  0.25052 0.12469 0.28431  0.44937 0.40985 0.56024 
   3 months 0.02801 0.00331 0.03537  0.20014 0.08774 0.23758  0.25721 0.24183 0.39234 
   6 months 0.02674 0.00286 0.03369  0.10759 0.05444 0.17744  0.03846 0.07601 0.20662 
   1 year 0.02592 0.00284 0.03331  -0.01651 0.06854 0.17526  -0.1388 0.20118 0.30523 
               
 0.5 1 1  month 0.04418 0.00508 0.05124  0.22555 0.06552 0.22752  0.22293 0.12397 0.29318 

Panel B:   3 months 0.0461 0.00496 0.05203  0.21605 0.0581 0.22046  0.24885 0.18791 0.37493 
Before   6 months 0.04483 0.00498 0.05117  0.22383 0.06158 0.22556  0.31762 0.18488 0.35581 
Financial    1 year 0.04273 0.00527 0.05041  0.21229 0.06555 0.22566  0.08065 0.1383 0.29576 
Crisis               

 1 1.5 1  month 0.11287 0.01915 0.11556  0.22799 0.07301 0.23624  0.59229 0.40296 0.60077 
   3 months 0.10626 0.01673 0.10799  0.20837 0.04985 0.20857  0.48599 0.29067 0.48723 
   6 months 0.10155 0.01614 0.10312  0.20063 0.04831 0.20457  0.26404 0.12471 0.27646 
   1 year 0.10002 0.01717 0.10276  0.16599 0.042 0.17632  -0.0094 0.04427 0.16085 
               
 1.5  1  month 0.06094 0.01486 0.10138  0.20709 0.05183 0.20877  0.15267 0.10753 0.25818 
   3 months 0.08049 0.01958 0.11338  0.22863 0.06439 0.22927  0.06939 0.03921 0.16022 
   6 months 0.09567 0.02323 0.11932  0.29121 0.09321 0.29121  0.08363 0.02917 0.13977 
   1 year 0.08488 0.02787 0.13101  0.22857 0.06376 0.22857  0.36411 0.14811 0.36506 
  0.5 1  month 0.01827 0.01017 0.05768  -0.42575 1.28315 0.56643  -1.70124 11.7469 1.78677 
   3 months 0.03454 0.00666 0.0563  -0.12126 0.19478 0.29773  -2.33347 9.69832 2.3884 
   6 months 0.05243 0.00682 0.0593  0.1007 0.07924 0.22922  -0.9266 1.92726 1.02451 
   1 year 0.06383 0.00811 0.06459  0.28365 0.1237 0.29262  0.07314 0.18695 0.3369 
               
 0.5 1 1  month 0.05503 0.01472 0.10751  0.12467 0.04433 0.17086  -1.30538 7.20911 1.5616 

Panel C:   3 months 0.06316 0.00768 0.07131  0.0785 0.08599 0.23782  -0.61682 1.87442 0.93008 
After   6 months 0.10801 0.01423 0.10801  0.20548 0.08961 0.2769  -0.01942 0.4698 0.5487 
Financial   1 year 0.14008 0.02185 0.14008  0.31018 0.12326 0.31582  0.4191 0.29422 0.48621 
Crisis               

 1 1.5 1  month NaN NaN NaN  NaN NaN NaN  NaN NaN NaN 
   3 months NaN NaN NaN  NaN NaN NaN  NaN NaN NaN 
   6 months NaN NaN NaN  NaN NaN NaN  NaN NaN NaN 
   1 year NaN NaN NaN  NaN NaN NaN  NaN NaN NaN 
               
 1.5  1  month NaN NaN NaN  NaN NaN NaN  NaN NaN NaN 
   3 months NaN NaN NaN  NaN NaN NaN  NaN NaN NaN 
   6 months NaN NaN NaN  NaN NaN NaN  NaN NaN NaN 
   1 year NaN NaN NaN  NaN NaN NaN  NaN NaN NaN 
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Table-4: The linear regression correction of the Black-Scholes percentage pricing 
errors. 
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where *
tη  is the percentage pricing error of the Black-Scholes model; τ is the time-to-maturity; tSX / is the 

moneyness; fcD is the dummy variable with a value of 1 after the financial crisis; tσ is the historical volatility 

(with four different measures). t-statistics are presented in the parentheses. The 1% and 5% critical values for 
the t-test are 2.57 and 1.96, respectively. The 1% critical values for the F-statistics for Model 1 to Model 4 
are 3.8, 2.8, 2.7 and 2.6, respectively. 
Historical  Coefficient Estimates Adjusted   

Volatility Model a0 a1 a2 a3 a4 a5 a6 a7 a8 R2 F-Stat 

1 month Model 1 0.489 0.1911 -0.543 -0.7661      0.166117 607.0593 

  (14.138) (7.674) (-14.759) (-27.822)        

 Model 2 -1.585 -1.9596 5.3682 -0.5295 -0.3689 -3.9413 2.9077   0.34616 806.3469 

  (-15.801) (-22.626) (28.651) (-20.777) (-8.9423) (-43.636) (36.964)     

 Model 3 -0.2077 -2.0971 3.6456 0.1778 0.2052 -2.6077 2.061 -2.6618  0.529638 1469.171 

  (-2.3564) (-28.534) (22.571) (7.2111) (5.6547) (-32.678) (30.215) (-59.656)    

 Model 4 -1.4076 -1.5253 3.7833 0.0029 0.0629 -2.4673 1.545 2.471 -4.2867 0.627672 1924.293 

  (-17.132) (-22.965) (26.322) (0.1309) (1.9413) (-34.722) (25.084) (22.064) (-49.01)   

             

3 months Model 1 0.2876 0.1544 -0.3065 -0.6342      0.194324 734.7929 

  (11.852) (8.8403) (-11.874) (-32.833)        

 Model 2 -0.5973 -1.0822 2.4868 -0.4643 -0.3727 -2.1071 1.9741   0.320253 717.6754 

  (-8.1821) (-17.171) (18.239) (-25.035) (-12.417) (-32.059) (34.486)     

 Model 3 0.0734 -1.3321 2.0145 -0.0282 -0.0272 -1.6418 1.6727 -1.8868  0.410899 910.4433 

  (1.0451) (-22.558) (15.793) (-1.3567) (-0.9258) (-26.295) (31.038) (-37.476)    

 Model 4 -1.132 -0.9076 1.9284 0.0253 -0.0501 -1.3944 1.1504 4.8294 -7.9803 0.51949 1234.424 

  (-16.456) (-16.763) (16.738) (1.3452) (-1.8854) (-24.614) (23.002) (31.211) (-45.41)   

             

6 months Model 1 0.0264 0.1101 0.0032 -0.1929      0.078755 261.0831 

  (1.9938) (11.546) (0.2239) (-18.289)        

 Model 2 -0.4365 -0.1443 1.1621 -0.1225 -0.2656 -0.8489 0.7592   0.160044 290.8417 

  (-10.535) (-4.033) (15.016) (-11.639) (-15.59) (-22.755) (23.365)     

 Model 3 -0.1086 -0.3185 1.0444 0.0177 -0.1116 -0.6953 0.6966 -1.09  0.246638 427.8616 

  (-2.679) (-9.2844) (14.232) (1.6243) (-6.6314) (-19.503) (22.592) (-32.394)    

 Model 4 -1.0152 -0.1707 0.8059 0.0851 -0.1644 -0.5679 0.6158 5.3621 -9.0573 0.388634 726.2337 

  (-24.475) (-5.4941) (12.153) (8.5912) (-10.82) (-17.619) (22.128) (37.394) (-46.04)   

             

1 year Model 1 -0.1001 0.1539 0.0651 0.2149      0.169216 620.6697 

  (-11.928) (25.473) (7.289) (32.17)        

 Model 2 -0.2753 0.1192 0.457 0.2404 -0.1206 -0.2887 0.2611   0.193421 365.781 

  (-10.165) (5.1) (9.0347) (34.938) (-10.826) (-11.838) (12.295)     

 Model 3 -0.1175 0.0657 0.4662 0.2576 -0.0563 -0.2241 0.2145 -0.7081  0.246889 428.437 

  (-4.3681) (2.8937) (9.5373) (38.544) (-5.0947) (-9.4565) (10.414) (-25.467)    

 Model 4 -0.3569 0.0702 0.4403 0.2609 -0.08 -0.2224 0.2479 1.0851 -2.9177 0.252942 387.2829 

  (-9.2689) (3.106) (9.0279) (39.136) (-7.0551) (-9.4246) (11.873) (5.1909) (-8.655)   
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Table-5: The mean squared percentage pricing error ratios (the linear 
regression corrected model vs. the Black-Scholes model). 

For the across-warrant analysis, the sample is divided into three groups: 30 warrant series in S1, 14 in S2, and 15 in S3. 
For the across-time analysis, the sample is divided into three subperiods: T1 (from Sep. 1993 to Dec. 1995), T2 (from 
Jan. 1996 to Mar. 1997), and T3 (after Mar. 1997). This table presents the mean squared percentage error (MSPE) ratio, 
which is the MSPE of the linear regression corrected model divided by the MSPE of the Black-Scholes model. The 
results corresponding to S1+S2 or T1+T2 are based on the in-sample analysis, whereas the results for S3 or T3 are based 
on the out-of-sample analysis. Each of four measures for the historical volatility (1 month, 3 months, 6 months and 1 
year) is used to obtain the results. 

  

  
Entire Data Set Only Observations Before 

Financial Crisis 
  Obs. 1 Month 3 Months 6 Months 1 Year  Obs. 1 Month 3 Months 6 Months 1 Year 

Across warrants            

 Total 6650 0.137565 0.180468 0.434443 0.817035  5599 0.913395 1.043424 0.760511 0.756146 
 Before Financial Crisis 5599 1.376994 1.084723 0.88864 0.820991  5599 0.913395 1.043424 0.760511 0.756146 

 In the Money 4053 2.386064 1.884995 1.118634 0.777089  4053 0.729504 0.548094 0.545029 0.696176 
Ratio of At the Money 337 0.844193 0.666836 0.513941 0.559043  337 0.510406 0.559847 0.474502 0.535547 

 in-sample  Out of  the Money 1209 1.21959 0.94309 0.861433 0.883747  1209 0.982558 1.198303 0.886809 0.816787 
MSPEs  Time to Maturity<=0.75 2517 1.418838 1.365215 1.167508 0.797945  2517 1.116497 1.090976 1.099682 0.7151 
(S1+S2) Time to Maturity>0.75 3082 1.351836 0.954128 0.793227 0.837068  3082 0.791365 1.021296 0.644468 0.784778 

 After Financial Crisis 1051 0.029561 0.069631 0.259606 0.811841       
 In the Money 282 2.674663 8.375995 3.517152 2.246237       
 At the Money 85 0.429332 0.93336 0.521688 0.29751       
 Out of  the Money 684 0.021221 0.055627 0.227383 0.782646       
 Time to Maturity<=0.75 971 0.028826 0.068271 0.25689 0.833099       
 Time to Maturity>0.75 80 0.680486 0.56958 0.412502 0.564572       

 Total 2478 0.072961 0.150229 0.414522 0.767657  2038 0.619551 0.621342 0.581408 0.742677 
 Before Financial Crisis 2038 1.181787 0.880014 0.672408 0.757097  2038 0.619551 0.621342 0.581408 0.742677 

Ratio of In the Money 1247 2.300826 1.776425 0.93745 0.75323  1247 0.698216 0.603672 0.641059 0.722361 
out-sample  At the Money 245 0.67931 0.705371 0.548321 0.595101  245 0.388762 0.497447 0.482969 0.556593 

MSPEs  Out of  the Money 546 0.984218 0.652132 0.616104 0.797898  546 0.660365 0.65016 0.58463 0.795498 
(S3) Time to Maturity<=0.75 925 1.578983 1.298929 0.755258 1.000617  925 0.566384 0.75532 0.687527 1.038999 

 Time to Maturity>0.75 1113 1.063154 0.735062 0.64456 0.690821  1113 0.635428 0.574985 0.54574 0.662033 
 After Financial Crisis 440 0.025567 0.077908 0.307868 0.777942       

 In the Money 137 4.265618 1.923032 1.453377 2.33594       
 At the Money 49 0.508397 1.318052 1.560246 0.596827       
 Out of  the Money 254 0.021992 0.061812 0.272339 0.720566       
 Time to Maturity<=0.75 433 0.02548 0.076875 0.307021 0.773216       
 Time to Maturity>0.75 7 0.283287 0.991831 1.320355 5.661759       

Across time periods            

 Total 6656 0.856352 0.985648 0.752807 0.755847  6656 0.856352 0.985648 0.752807 0.755847 
 Before Financial Crisis 6656 0.856352 0.985648 0.752807 0.755847  6656 0.856352 0.985648 0.752807 0.755847 
 In the Money 4498 0.678967 0.535628 0.534532 0.658648  4498 0.678967 0.535628 0.534532 0.658648 

Ratio of At the Money 505 0.45437 0.555547 0.485248 0.591828  505 0.45437 0.555547 0.485248 0.591828 
 in-sample  Out of  the Money 1653 0.941373 1.134445 0.874057 0.818741  1653 0.941373 1.134445 0.874057 0.818741 

MSPEs  Time to Maturity<=0.75 2662 1.097112 1.111283 1.152197 0.800887  2662 1.097112 1.111283 1.152197 0.800887 
(T1+T2) Time to Maturity>0.75 3994 0.739311 0.934288 0.630674 0.732837  3994 0.739311 0.934288 0.630674 0.732837 

 After Financial Crisis            
 In the Money            
 At the Money            
 Out of  the Money            
 Time to Maturity<=0.75            
 Time to Maturity>0.75            

 Total 2472 1.521964 3.191993 2.511752 0.93282  981 0.574123 0.304016 0.382026 0.637293 
 Before Financial Crisis 981 0.574123 0.304016 0.382026 0.637293  981 0.574123 0.304016 0.382026 0.637293 

Ratio of In the Money 802 1.367735 0.591844 0.467788 0.435782  802 1.367735 0.591844 0.467788 0.435782 
out-sample  At the Money 77 0.083729 0.130212 0.242303 0.56492  77 0.083729 0.130212 0.242303 0.56492 

MSPEs  Out of  the Money 102 0.443669 0.230048 0.391572 0.746482  102 0.443669 0.230048 0.391572 0.746482 
(T3) Time to Maturity<=0.75 780 0.554466 0.379113 0.437644 0.700556  780 0.554466 0.379113 0.437644 0.700556 

 Time to Maturity>0.75 201 0.614328 0.220716 0.33237 0.576199  201 0.614328 0.220716 0.33237 0.576199 
 After Financial Crisis 1491 1.524129 3.208678 2.581257 0.974514       

 In the Money 419 0.460565 0.833844 0.784609 0.877818       
 At the Money 134 0.346871 0.819412 0.674994 0.932201       
 Out of  the Money 938 1.529299 3.222581 2.627731 0.982015       
 Time to Maturity<=0.75 1404 1.524883 3.214532 2.607029 0.984665       
 Time to Maturity>0.75 87 0.587758 0.591151 0.56491 0.790354       
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Table-6: The bandwidth selection for the LLKR correction. 
 
The optimal bandwidths based on the cross-validation method are reported for different regressors under different 
scenarios. h1 is the bandwidth for time to maturity, h2 is the bandwidth for moneyness and h3 is the bandwidth for 
historical volatility. 

  Historical 
Volatility 

h1 h2 h3 

1 month 0.616749 0.125778 0.006567 

3 months 0.670924 0.147863 0.001285 

6 months 0.418398 0.184017 0.002793 

 
 

Across warrants 

1 year 0.616353 0.069566 0.04161 

1 month 0.886653 0.13241 0.138289 

3 months 0.541713 0.077173 0.330192 

6 months 0.230823 0.077213 0.093231 

 
 
 
 

Entire Data Set  
  

 
Across time periods 

1 year 0.461584 0.033091 0.104281 

1 month 0.389025 0.072561 0.026362 

3 months 0.630932 0.13393 0.005668 

6 months 1.009424 0.089275 0.040345 

 
 

Across warrants 

1 year 0.326865 0.050223 0.13675 

1 month 0.886653 0.13241 0.138289 

3 months 0.541713 0.077173 0.330192 

6 months 0.230823 0.077213 0.093231 

 
 
 
 

Before Financial 
Crisis  

 
Across time periods 

1 year 0.461584 0.033091 0.104281 
 



 22

Table-7: The mean squared percentage pricing error ratios (the LLKR 
corrected model vs. the Black-Scholes model). 

For the across-warrant analysis, the sample is divided into three groups: 30 warrant series in S1, 14 in S2, and 15 in S3. 
For the across-time analysis, the sample is divided into three subperiods: T1 (from Sep. 1993 to Dec. 1995), T2 (from 
Jan. 1996 to Mar. 1997), and T3 (after Mar. 1997). This table presents the mean squared percentage error (MSPE) ratio, 
which is the MSPE of the local linear kernel regression corrected model divided by the MSPE of the Black-Scholes 
model. The results corresponding to S1+S2 or T1+T2 are based on the in-sample analysis, whereas the results for S3 or 
T3 are based on the out-of-sample analysis. Each of four measures for the historical volatility (1 month, 3 months, 6 
months and 1 year) is used to obtain the results. 

  

  
Entire Data Set Only Observations Before 

 Financial Crisis 
  Obs. 1 Month 3 Months 6 Months 1 Year  Obs. 1 Month 3 Months 6 Months 1 Year 

Across warrants            

 Total 6650 0.041596 0.028156 0.167815 0.482842  5599 0.411207 0.198242 0.325042 0.291643 
 Before Financial Crisis 5599 0.432871 0.161954 0.436814 0.403343  5599 0.411207 0.198242 0.325042 0.291643 

 In the Money 4053 0.318316 0.193473 0.222784 0.438698  4053 0.290333 0.225963 0.286386 0.396558 
Ratio of At the Money 337 0.380028 0.443314 0.438077 0.398609  337 0.350155 0.569284 0.368751 0.312968 

 in-sample  Out of  the Money 1209 0.459911 0.129417 0.517103 0.392243  1209 0.440168 0.158439 0.332657 0.252218 
MSPEs  Time to Maturity<=0.75 2517 0.933551 0.326477 0.643677 0.398569  2517 0.891595 0.389086 0.609222 0.33415 
(S1+S2) Time to Maturity>0.75 3082 0.132069 0.085346 0.366038 0.406675  3082 0.122597 0.109378 0.227817 0.261994 

 After Financial Crisis 1051 0.0075 0.011756 0.064268 0.587197       
 In the Money 282 0.158392 0.367215 0.34054 0.394478       
 At the Money 85 0.171962 0.161278 0.294823 0.517321       
 Out of  the Money 684 0.006669 0.010899 0.058545 0.602065       
 Time to Maturity<=0.75 971 0.007159 0.011214 0.062633 0.547983       
 Time to Maturity>0.75 80 0.309383 0.211238 0.1563 1.043273       

 Total 2478 0.016905 0.039222 0.160113 0.544913  2038 0.361839 0.299799 0.403888 0.552567 
 Before Financial Crisis 2038 0.290947 0.282975 0.337999 0.64083  2038 0.361839 0.299799 0.403888 0.552567 

Ratio of In the Money 1247 0.491303 0.429531 0.436157 0.541614  1247 0.740446 0.415557 0.385547 0.551353 
out-sample  At the Money 245 0.341874 0.280852 0.303055 0.583828  245 0.322798 0.324666 0.324313 0.565107 

MSPEs  Out of  the Money 546 0.216145 0.240672 0.314665 0.691877  546 0.258345 0.261317 0.427657 0.549969 
(S3) Time to Maturity<=0.75 925 0.503532 0.580084 0.617973 0.846423  925 0.507551 0.627899 0.645829 0.959814 

 Time to Maturity>0.75 1113 0.227454 0.180166 0.243895 0.584876  1113 0.318319 0.186266 0.322568 0.44174 
 After Financial Crisis 440 0.005192 0.015067 0.086545 0.451505       

 In the Money 137 0.490342 0.155492 0.496 0.498623       
 At the Money 49 0.216861 0.304504 0.568304 0.760782       
 Out of  the Money 254 0.004307 0.012677 0.073345 0.432404       
 Time to Maturity<=0.75 433 0.005176 0.014878 0.085468 0.451381       
 Time to Maturity>0.75 7 0.05362 0.181854 1.373792 0.839675       

Across time periods            

 Total 6656 0.565741 0.36251 0.328896 0.375585  6656 0.565741 0.36251 0.328896 0.375585 
 Before Financial Crisis 6656 0.565741 0.36251 0.328896 0.375585  6656 0.565741 0.36251 0.328896 0.375585 
 In the Money 4498 0.402153 0.339227 0.293843 0.439988  4498 0.402153 0.339227 0.293843 0.439988 

Ratio of At the Money 505 0.411782 0.571266 0.370596 0.474717  505 0.411782 0.571266 0.370596 0.474717 
 in-sample  Out of  the Money 1653 0.618951 0.3461 0.334299 0.33565  1653 0.618951 0.3461 0.334299 0.33565 

MSPEs  Time to Maturity<=0.75 2662 0.549304 0.597721 0.664404 0.479613  2662 0.549304 0.597721 0.664404 0.479613 
(T1+T2) Time to Maturity>0.75 3994 0.573725 0.266369 0.226299 0.322441  3994 0.573725 0.266369 0.226299 0.322441 

 After Financial Crisis            
 In the Money            
 At the Money            
 Out of  the Money            
 Time to Maturity<=0.75            
 Time to Maturity>0.75            

 Total 2472 0.027122 0.06258 0.593094 0.813355  981 0.379826 0.123425 0.142342 0.185139 
 Before Financial Crisis 981 0.379826 0.123425 0.142342 0.185139  981 0.379826 0.123425 0.142342 0.185139 

Ratio of In the Money 802 1.015844 0.260652 0.261735 0.263573  802 1.015844 0.260652 0.261735 0.263573 
out-sample  At the Money 77 0.183412 0.078573 0.091325 0.148392  77 0.183412 0.078573 0.091325 0.148392 

MSPEs  Out of  the Money 102 0.190735 0.073644 0.106623 0.165122  102 0.190735 0.073644 0.106623 0.165122 
(T3) Time to Maturity<=0.75 780 0.294856 0.126856 0.170319 0.222347  780 0.294856 0.126856 0.170319 0.222347 

 Time to Maturity>0.75 201 0.553646 0.119619 0.117366 0.149203  201 0.553646 0.119619 0.117366 0.149203 
 After Financial Crisis 1491 0.026316 0.062228 0.607804 0.901987       

 In the Money 419 0.429735 1.673726 0.916324 0.672592       
 At the Money 134 0.397431 1.395995 0.96872 0.804458       
 Out of  the Money 938 0.024561 0.053772 0.599338 0.919588       
 Time to Maturity<=0.75 1404 0.025908 0.059177 0.604149 0.929872       
 Time to Maturity>0.75 87 0.532832 1.426485 0.893756 0.396167       
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Table-8: Testing the effect of the issuers’ identity. 
 

The percentage pricing errors of the Black-Schloes model and those of the local linear kernel regression 
corrected model are regressed on the identity of the issuer. The observations before the Asian Financial 
Crisis are used for the analysis, and during this period there were 18 financial institutions issuing the 

HSBC derivative warrants. The regression model takes the form: ∑+=
i

ii Daa0
*η  where *η is the 

percentage pricing errors of the model and iD  is a dummy variable that equals 1 when the warrant is 

issued by institution i and 0 otherwise. The historical volatilities are calculated using the preceding 3 
months’ daily returns. t-statistics are presented in the parentheses. 
 

Dependent Variables  

Percentage Pricing 
Errors of the Black-
Scholes Model 

Percentage Pricing  
Errors of  the LLKR 
Adjusted Model (based 
on the across warrants 
bandwidth selection) 

Percentage Pricing  
Errors of the LLKR 
Adjusted Model ( based 
on the across time periods 
bandwidth selection) 

a0 0.00622 (0.0827) 0.00128 (0.0212) -0.0153 (-0.298) 

a1(Barclays de Zoete Wedd Warrants Ltd.) 0.16734 (2.2186) -0.012 (-0.198) -0.0147 (-0.285) 
a2(Harvest Top Investment Ltd.) 0.02784 (0.3428) 0.02057 (0.3146) 0.03563 (0.6406) 

a3(Ford Deluxe Investment Ltd.) 0.01271 (0.1647) -0.0044 (-0.071) 0.00619 (0.1171) 

a4(Merrill Lynch International & Co. C.V.) 0.138 (1.8286) -0.0161 (-0.264) 0.00959 (0.1855) 
a5(Peregrine Derivatives Ltd.) 0.17092 (2.2665) 0.03952 (0.651) 0.02072 (0.4012) 

a6(Swiss Bank Corp., HK) 0.14577 (1.9322) 0.03448 (0.5677) 0.04186 (0.8101) 
a7(Robert Fleming & Co. Ltd.) 0.26194 (3.4696) 0.00094 (0.0155) 0.00714 (0.1381) 

a8(Morgan Stanley (Jersey) Ltd.) 0.05927 (0.7799) 0.0112 (0.1831) 0.00157 (0.0301) 
a9(Credit Lyonnais Fin (Guernsey) Ltd. ) 0.113 (1.4899) -0.0048 (-0.079) 0.02697 (0.5192) 

a10(Union Bank of Switzerland) 0.04477 (0.59) -0.0198 (-0.325) 0.00038 (0.0074) 
a11(Bankers Trust Int'l plc ) 0.07355 (0.9698) -0.0268 (-0.439) -0.0021 (-0.039) 

a12(Paribas Capital Markets Group Ltd. ) 0.04878 (0.6269) 0.00446 (0.0712) 0.01633 (0.3064) 

a13(Indosuez W.I. Carr (D) Ltd. ) 0.08552 (1.1099) -0.0362 (-0.583) 0.01404 (0.266) 
a14(Deutsche Bank AG) 0.11159 (1.4403) -0.0433 (-0.694) -0.0192 (-0.362) 

a15(ABN AMRO Bank N.V. ) 0.11513 (1.4775) -0.0313 (-0.499) 0.00812 (0.1521) 
a16(ING Baring Financial Products) 0.06128 (0.736) -0.05 (-0.746) 0.00406 (0.0712) 

a17(Bear Stearns Co. Inc. ) 0.01522 (0.1431) 0.0152 (0.1775) 0.0152 (0.2087) 
       

R2 0.08156  0.0213  0.01417  
F statistic 40.8881  10.7737  7.4561  
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Figure-1. The HSBC Price and Return Volatility (based on the preceding year’s 
daily returns) 
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Figure-2. The Percentage Pricing Errors of B-S Model, B-S Model with an OLS 
Regression Correction and B-S Model with a LLKR Correction  
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Note: The historical volatilities in B-S model are calculated based on previous three monthes' daily stock returns. 
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Figure-3. The percentage pricing errors for various percentiles (5%, 25%, 50%, 75% and 95%)  in the out-of-sample (across different 
warrant series) analysis based on different pricing methods. 
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Figure-4. The percentage pricing errors for various percentiles (5%, 25%, 50%, 75% and 95%)  in the out-of-sample (across different 
time periods) analysis based on different pricing methods. 

To ta l S am p le D a ta  S e t

-5 .4

-4.4

-3.4

-2.4

-1.4

-0.4

0.6

O
LS

 (
21

 D
ay

ss
)

B
-S

 (
21

 D
ay

s)

LL
K

R
 (

21
 D

ay
s)

O
LS

 (
64

 D
ay

s)

B
-S

 (
64

 D
ay

s)

LL
K

R
 (

64
 D

ay
s)

O
LS

 (
12

5 
D

ay
s)

B
-S

 (
12

5 
D

ay
s)

LL
K

R
 (

12
5 

D
ay

s)

O
LS

 (
25

0 
D

ay
s)

B
-S

 (
25

0 
D

ay
s)

LL
K

R
 (

25
0 

D
ay

s)

P
er

ce
nt

ag
e 

P
ric

in
g 

E
rr

or
s

O u t o f the M oney

-5 .4

-4 .4

-3 .4

-2 .4

-1 .4

-0 .4

0.6

O
LS

 (
21

 D
ay

s)

B
-S

 (
21

 D
ay

s)

LL
K

R
 (

21
 D

ay
s)

O
LS

 (
64

 D
ay

s)

B
-S

 (
64

 D
ay

s)

LL
K

R
 (

64
 D

ay
s)

O
LS

 (
12

5 
D

ay
s)

B
-S

 (
12

5 
D

ay
s)

LL
K

R
 (

12
5 

D
ay

s)

O
LS

 (
25

0 
D

ay
s)

B
-S

 (
25

0 
D

ay
s)

LL
K

R
 (

25
0 

D
ay

s)

P
er

ce
nt

ag
e 

P
ric

in
g 

E
rr

or
s

A t the M oney

-5 .4

-4 .4

-3 .4

-2 .4

-1 .4

-0 .4

0 .6

O
LS

 (
21

 D
ay

s)

B
-S

 (
21

 D
ay

s)

LL
K

R
 (

21
 D

ay
s)

O
LS

 (
64

 D
ay

s)

B
-S

 (
64

 D
ay

s)

LL
K

R
 (

64
 D

ay
s)

O
LS

 (
12

5 
D

ay
s)

B
-S

 (
12

5 
D

ay
s)

LL
K

R
 (

12
5 

D
ay

s)

O
LS

 (
25

0 
D

ay
s)

B
-S

 (
25

0 
D

ay
s)

LL
K

R
 (

25
0 

D
ay

s)

P
er

ce
nt

ag
e 

P
ric

in
g 

E
rr

or
s

In  the  M o ney

-5 .4

-4.4

-3.4

-2.4

-1.4

-0.4

0.6

O
LS

 (
21

 D
ay

s)

B
-S

 (
21

 D
ay

s)

LL
K

R
 (

21
 D

ay
s)

O
LS

 (
64

 D
ay

s)

B
-S

 (
64

 D
ay

s)

LL
K

R
 (

64
 D

ay
s)

O
LS

 (
12

5 
D

ay
s)

B
-S

 (
12

5 
D

ay
s)

LL
K

R
 (

12
5 

D
ay

s)

O
LS

 (
25

0 
D

ay
s)

B
-S

 (
25

0 
D

ay
s)

LL
K

R
 (

25
0 

D
ay

s)

P
er

ce
nt

ag
e 

P
ric

in
g 

E
rr

or
s

M atu rity<=0.75

-5 .4

-4.4

-3.4

-2.4

-1.4

-0.4

0.6

O
LS

 (
21

 D
ay

s)

B
-S

 (
21

 D
ay

s)

LL
K

R
 (

21
 D

ay
s)

O
LS

 (
64

 D
ay

s)

B
-S

 (
64

 D
ay

s)

LL
K

R
 (

64
 D

ay
s)

O
LS

 (
12

5 
D

ay
s)

B
-S

 (
12

5 
D

ay
s)

LL
K

R
 (

12
5 

D
ay

s)

O
LS

 (
25

0 
D

ay
s)

B
-S

 (
25

0 
D

ay
s)

LL
K

R
 (

25
0 

D
ay

s)

P
er

ce
nt

ag
e 

P
ric

in
g 

E
rr

or
s

M a tu rity>0.75

-5 .4

-4 .4

-3 .4

-2 .4

-1 .4

-0 .4

0 .6

O
LS

 (
21

 D
ay

s)

B
-S

 (
21

 D
ay

s)

LL
K

R
 (

21
 D

ay
s)

O
LS

 (
64

 D
ay

s)

B
-S

 (
64

 D
ay

s)

LL
K

R
 (

64
 D

ay
s)

O
LS

 (
12

5 
D

ay
s)

B
-S

 (
12

5 
D

ay
s)

LL
K

R
 (

12
5 

D
ay

s)

O
LS

 (
25

0 
D

ay
s)

B
-S

 (
25

0 
D

ay
s)

LL
K

R
 (

25
0 

D
ay

s)

P
er

ce
nt

ag
e 

P
ric

in
g 

E
rr

or
s

 


