
Dq DUFK Urexvw VWDU Whvw

Plfkdho N1 Dqghuvvrq/ Euxqr Hnoxqg dqg Mrkdq O|kdjhq

Zrunlqj Sdshu Vhulhv lq Hfrqrplfv dqg Ilqdqfh Qr1 64:
Vwrfnkrop Vfkrro ri Hfrqrplfv

Pd| 4<<<

Devwudfw

Wkh OP w|sh olqhdulw| whvw iru VWDU qrqolqhdulwlhv lv vhyhuho| glv0
wruwhg zkhq wkh surfhvv lv jryhuqhg e| frqglwlrqdo khwhurvnhgdvwlflw|1
Lq rughu wr fruuhfw wkh whvw zh sursrvh d sdudphwulf errwvwuds1 Lw lv
vkrzq/ e| phdqv ri Prqwh Fduor phwkrgv/ wkdw wkh errwvwuds whvw lv
doprvw h{dfw1
Nh| zrugv= Vprrwk wudqvlwlrq dxwruhjuhvvlyh prghov> Errwvwuds>
Sdudphwulf uhvdpsolqj> Vl}h glvwruwlrq> Srzhu
MHO Fodvvl�fdwlrq= F45> F55

4 Lqwurgxfwlrq
D qrqolqhdu ehkdylru ri dq hfrqrplf yduldeoh lv lqwxlwlyho| dsshdolqj1 Iru
h{dpsoh/ lw lv sodxvleoh wkdw xqhpsor|phqw udwhv uhdfw gl�huhqwo| lq shulrgv
ri frqwudfwlrq dqg h{sdqvlrq/ gxh wr oderu pdunhw uhjxodwlrqv dqg hpsor|0
phqw frvwv/ vxfk dv wudlqlqj dqg dgyhuwlvhphqw1 Vlploduo|/ exvlqhvv f|fohv
pd| dovr eh dujxhg wr h{klelw qrqolqhdu ihdwxuhv1

Wkh �uvw vwhs lq d qrqolqhdu prgholqj surfhgxuh lv wr whvw wkh k|srwkhvlv
ri olqhdulw|1 Gxh wr wkh frpsoh{lw| ri wkh qrqolqhdu zruog/ d vshfl�f w|sh
ri qrqolqhdulw| jhqhudoo| frqvwlwxwhv wkh dowhuqhuqdwlyh k|srwkhvlv1 Rqh do0
whuqdwlyh prgho idplo| lv vprrwk wudqvlwlrq dxwruhjuhvvlrqv +VWDU,/ zklfk
pd| eh uhjdughg dv wzr vwdwh dxwruhjuhvvlyh prghov zlwk vprrwk wudqvl0
wlrqv ehwzhhq wkh vwdwhv1 Wkh prgholqj surfhgxuh lv ghvfulehg e| Whuçvyluwd
+4<<7d,1
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Zkhq whvwlqj iru d VWDU w|sh qrqolqhdulw| lw lv lpsruwdqw wkdw wkh vhfrqg
prphqw lv fruuhfwo| vshfl�hg1 Iru lqvwdqfh/ Oxqgehuj dqg Whuçvyluwd +4<<;,
ghprqvwudwh wkdw frqglwlrqdo khwhurvnhgdvwlflw| glvwruwv wkh whvw dqg wkdw d
urexvwl�hg yhuvlrq ri wkh whvw vwdwlvwlf vx�huv iurp d vhyhuh srzhu orvv1 Dv
dq dowhuqdwlyh/ zh lqwurgxfh wzr errwvwuds surfhgxuhv lq rughu wr dgmxvw wkh
fulwlfdo ydoxhv1 Wkh errwvwuds whvwlqj dssurdfk lv h{shfwhg wr eh forvh wr
h{dfw/ erwk iru lqghshqghqw dqg khwhurvnhgdvwlf huuruv/ dqg vwloo kdyh srzhu
djdlqvw VWDU dowhuqdwlyhv1

Lw lv ghprqvwudwhg wkdw wkh surfhgxuh zrunv zhoo li wkh sdudphwulf ds0
sur{lpdwlrq ri wkh vhfrqg prphqw vwuxfwxuh lv uhdvrqdeo| forvh wr wkh wuxh1

Wkh sdshu lv rxwolqhg dv iroorzv1 Vhfwlrq 5 surylghv d eulhi lqwurgxfwlrq
wr VWDUprghov dqg wkh olqhdulw| whvw/ zkloh Vhfwlrq 6 suhvhqwv wkh errwvwuds
whvw1 D Prqwh Fduor vlpxodwlrq lq Vhfwlrq 7 lqyhvwljdwhv wkh surshuwlhv ri
wkh whvwv dqg d frqfoxglqj vhfwlrq hqgv wkh sdshu1

5 Vprrwk Wudqvlwlrq Dxwruhjuhvvlrq Prghov
D Rwk0rughu vprrwk wudqvlwlrq dxwruhjuhvvlyh +VWDU, prgho kdv wkh jhqhudo
irup
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1 Wkh qrqolqhdulw| lv
lqwurgxfhg e| wkh wudqvlwlrq ixqfwlrq 8 E��1 Wzr frpprq sdudphwul}dwlrqv
ri 8 duh frqvlghuhg/ qdpho| wkh h{srqhqwldo/ |lhoglqj dq HVWDU prgho/
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Wkh idfw wkdw wkh prgho lv olqhdu zkhq 8 ' f lv xwlol}hg zkhq shuiruplqj wkh
olqhdulw| whvw1 Xqghu wkh qxoo k|srwkhvlv/ wkh sureohp zlwk xqlghqwl�hg sd0
udphwhuv duh flufxpyhqwhg xvlqj d wkuhh0whup Wd|oru h{sdqvlrq ri 8 durxqg
� ' f/ lpso|lqj wkdw wkh whvw fdq eh shuiruphg yld wkh dx{loldu| uhjuhvvlrq
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Wkh olqhdulw| whvw/ sursrvhg e| Whuçvyluwd +4<<7e,/ fruuhvsrqgv wr whvwlqj
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' f lq Ee�/ dqg kdv srzhu djdlqvw erwk OVWDU dqg
HVWDU dowhuqdwlyhv1 Wkxv/ wkh whvw fdq qrw rqo| ghwhfw qrqolqhdulw| lq wkh
gdwd/ exw dovr vxjjhvw wkh w|sh ri qrqolqhdulw|/ vhh Whuçvyluwd +4<<7d/e,1

6 Wkh Errwvwuds Whvwlqj Surfhgxuh
Wkh errwvwuds/ ghvfulehg e| Hiurq dqg Wlevkludql +4<<6,/ surylghv d ihdvleoh
phwkrg iru hvwlpdwlrq ri wkh vpdoo0vdpsoh glvwulexwlrq ri d vwdwlvwlf1 Wkh
edvlf sulqflsoh lv wr dssur{lpdwh wklv glvwulexwlrq e| d errwvwuds glvwulexwlrq/
zklfk lv uhwulhyhg e| vlpxodwlrq1 Li wkh h{huflvh lv errwvwuds k|srwkhvlv
whvwlqj wkh errwvwuds vdpsohv pxvw reh| wkh qxoo k|srwkhvlv dqg/ dv idu dv
srvvleoh/ uhvhpeoh wkh uhdo vdpsoh1

614 Wkh Errwvwuds Whvw

Dv|pswrwlf wkhru| lv rqo| h{dfw li wkh R0ydoxh lv lqghshqghqw ri wkh dfwxdo
gdwd jhqhudwlqj surfhvv dqg vdpsoh vl}h/ zklfk lv xvxdoo| qrw wkh fdvh1 D
vpdoo vdpsoh vroxwlrq lv wr uhsodfh wkh R0ydoxh e| wkh errwvwuds frxqwhusduw/
zklfk fdq eh hvwlpdwhg dv
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zkhuh - lv wkh qxpehu ri errwvwuds uhsolfdwhv/ U E�� wkh xvxdo }hur2rqh lq0
glfdwru ixqfwlrq/ 	s d uhdol}hg ydoxh ri wkh whvw vwdwlvwlf s edvhg rq d vdpsoh
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wkh ydoxh ri wkh vdph whvw vwdwlvwlf/ edvhg rq wkh
errwvwuds vdpsoh )W
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j1
Wkh wkhru| ri errwvwuds whvwlqj lv ghyhorshg e| Gdylgvrq dqg PdfNlq0

qrq E�bbSc �bbb@�1 Lw lv vkrzq wkdw li wkh whvw vwdwlvwlf lv +dv|pswrwlfdoo|,
slyrwdo/ wkdw lv lqghshqghqw ri qxlvdqfh sdudphwhuv/ wkh vl}h0glvwruwlrq uh0
�qhphqw lv ri rughu A3�*2 zkhq xvlqj wkh errwvwuds R0ydoxh frpsduhg wr
wkh fruuhvsrqglqj dv|pswrwlf1 D ixuwkhu uh�qhphqw/ xvxdoo| dovr ri rughu
A3�*2 lv rewdlqhg zkhqhyhu wkh whvw vwdwlvwlf lv lqghshqghqw ri wkh errwvwuds
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GJS1 Pruhryhu/ wkh srzhu ri d errwvwuds whvw/ edvhg rq d slyrwdo vwdwlvwlf/
lv jhqhudoo| forvh wr wkh vl}h0dgmxvwhg dv|pswrwlf whvw1 Hyhq li wkh vwdwlvwlf
lv rqo| forvh wr slyrwdo wklv lv wuxh lq prvw fdvhv1

Wr dfklhyh dq h{dfw whvw wkh qxpehu ri errwvwuds uhsolfdwhv pxvw eh fkr0
vhq vxfk wkdw k E-n ��/ zkhuh k lv wkh ghvluhg ohyho/ lv dq lqwhjhu1 Gdylgvrq
dqg PdfNlqqrq E�bbbK� ghprqvwudwh wkdw d vpdoo qxpehu ri errwvwuds uhsol0
fdwhv lpso| d orvv lq srzhu dqg wkdw dw ohdvw - ' �bb lv uhtxluhg wr jxdudqwhh
d srzhu orvv ri qr pruh wkdq �I dw wkh f�fD ohyho1 Wkh vl}h ri d errwvwuds
whvw lv ohvv vhqvlwlyh wr wkh qxpehu ri uhsolfdwhv1

615 Frqvwuxfwlrq ri wkh Errwvwuds Vdpsohv

Iru wkh frqvwuxfwlrq ri wkh errwvwuds vdpsohv zh xvh d prgho0edvhg ds0
surdfk/ zklfk lv qdwxudo vlqfh d zhoo0gh�qhg prgho frqvwlwxwhv wkh qxoo k|0
srwkhvlv1 Wkh errwvwuds �

�

c zklfk lv frqvwuxfwhg wr suhvhuyh DUFK+4,
ghshqghqfh lq wkh uhvlgxdov/ lv frqgxfwhg dv iroorzv=

41 Hvwlpdwh wkh DUER�0DUFKE�� prgho
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zklfk fohduo| reh|v wkh qxoo0k|srwkhvlv1 Wkh dxwruhjuhvvlyh rughu R lv
ghwhuplqhg e| wkh Dndlnh lqirupdwlrq fulwhulrq E�U�� dqg wkh sdudph0
whuv duh hvwlpdwhg wkurxjk pd{lpl}dwlrq ri wkh orj0olnholkrrg ixqfwlrq1

51 Gxh wr wkh dvvxphg qrupdolw| ri wkh glvwxuedqfhv @
|

lq E��/ wkh errw0
vwuds uhvlgxdov i@W
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j duh frqvwuxfwhg dffruglqjo|> ohw 0W
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eh dq lqghshq0
ghqw gudz iurp d � Efc �� glvwulexwlrq/ wkhq wkh errwvwuds uhvlgxdov duh
frpsxwhg dv
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Ri frxuvh/ wkh surfhgxuh lv qrw olplwhg wr DUFK+4, huuruv/ lw fdq hdvlo| eh
h{whqghg wr JDUFK surfhvvhv dqg wkh odj0rughuv pd| eh vhohfwhg iurp gdwd/
h1j1 e| vrph lqirupdwlrq fulwhulrq1 Wkh uhdvrq iru rqo| frqvlghulqj DUFK
surfhvvhv dqg d suh0vshfl�hg odj0rughu lv sxuho| wlph vdylqj/ errwvwuds0Prqwh
Fduor vwxglhv duh frpsxwdwlrqdoo| ghpdqglqj1

Iru wkh vdnh ri frpsdulvrq/ d vlpsoh errwvwuds yhuvlrq/ zklfk ljqruhv wkh
DUFK/ lv dovr lqfoxghg1 Wklv uhvdpsolqj/ ghqrwhg �

7

/ gudzv uhvlgxdov @W
|

lqghshqghqwo| gluhfw iurp d qrupdo glvwulexwlrq zlwk phdq }hur dqg yduldqfh
r2
	@

1

7 Surshuwlhv ri wkh Whvwv
Wkh surshuwlhv/ wkdw lv wkh vl}h dqg srzhu/ ri wkh whvwv duh lqyhvwljdwhg e|
phdqv ri d Prqwh Fduor vlpxodwlrq1 Wkh vwxg| lqyroyhv �f fff uhsolfdwhv
+vhulhv,/ zkhuh hdfk vhulhv lv whvwhg djdlqvw VWDU xvlqj wkh dv|pswrwlf whvw
dqg wkh gl�huhqw errwvwuds whvwv1 Wkh uhmhfwlrq iuhtxhqflhv ri wkh qrqolqhdu
qxoo k|srwkhvlv duh fdofxodwhg dqg hydoxdwhg1

714 Vl}h

Wkh hpslulfdo vl}h ri wkh whvwv duh frpsxwhg iru �uvw rughu dxwruhjuhvvlrqv
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zkhuh wkh vhuldo ohqjwk A lv vhw wr Df/ �ff dqg 2ff/ dqg wkh sdudphwhu
� lv vhohfwhg dv if�fc	f�2c	f�Sc	f�bj1 Wr uhgxfh wkh lqlwldo ydoxh h�hfw
dq dgglwlrqdo �ff revhuydwlrqv duh jhqhudwhg dqg glvfdughg1 Wkh huuruv
duh frqvwuxfwhg wr glvsod| lqghshqghqfh ru frqglwlrqdo khwhurvnhgdvwlflw|
ri DUFK+4, w|sh1 Lq wkh lqghshqghqw fdvh/ @

|

lv qrupdoo| glvwulexwhg zlwk
}hur phdq dqg xqlw yduldqfh1 Wkh DUFK glvwxuedqfhv duh frqglwlrqdoo| glv0
wulexwhg dv @
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@

lv vhw wr xqlw|/ wkh sdudphwul}dwlrq lpsolhv wkdw wkh xqfrqglwlrqdo yduldqfh
ri @

|

htxdov xqlw|/ dqg wkh sdudphwhu q lv vhohfwhg dv f�D dqg f�b1
Wdeoh 4 suhvhqwv wkh vhqvlwlylw|/ dw d qrplqdo �yh shufhqw ohyho ri vljqli0

lfdqfh/ ri wkh hpslulfdo vl}h zlwk uhvshfw wr DU sdudphwhuv zkhq wkh wuxh
glvwxuedqfh surfhvv lv qrupdoo| glvwulexwhg1 Wkh hvwlpdwhg vl}h lv forvh wr
wkh qrplqdo iru wkh dv|pswrwlf whvw douhdg| dw vdpsoh vl}h Df1 Pruhryhu/ wkh
vlpsoh errwvwuds whvw �

7

lv dw ohdvw dv dffxudwh dv wkh dv|pswrwlf whvw dqg
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wkh urxwlqh �
�

/ zklfk dffrxqwv iru +qrq0h{lvwlqj, DUFK h�hfwv/ lv vrph0
zkdw frqvhuydwlyh1 Krzhyhu/ dv wkh vhuldo ohqjwk jurzv wkh vl}h dssurdfkhv
wkh ghvluhg �yh shufhqw1

Wkh hvwlpdwhg vl}hv zkhq wkh huuru whup lv frqglwlrqdoo| khwhurvnhgdvwlf
duh uhsruwhg lq Wdeoh 51 Wkh dv|pswrwlf whvw lv vhulrxvo| glvwruwhg zkhq
wkh DUFK h�hfw lv jryhuqhg e| q ' f�D/ dqg wkh hpslulfdo vl}h glyhujh
iurp wkh qrplqdo1 Wklv ehkdylru lv lqkhulwhg e| wkh vlpsoh errwvwuds whvw1
Zkhq doorzlqj iru DUFK lq wkh uhvdpsohv/ wkh errwvwuds whvw zrunv yhu|
zhoo lq wkh vhqvh wkdw wkh hpslulfdo vl}h lv forvh wr wkh qrplqdo1 Doo whvwv
uhdfw vlploduo| iru jhqhudwhg q ' f�b surfhvvhv1 Krzhyhu wkh glvwruwlrq ri
wkh dv|pswrwlf dqg vlpsoh errwvwuds whvwv duh hqkdqfhg dqg dw A ' 2ff
wkh| shdn dw doprvw HfI1 Wkh DUFK errwvwuds whvw lv voljkwo| ryhu0vl}hg dw
A ' Df/ S 	 	k 	 .��f/ exw wkh glvwruwlrq lv fruuhfwhg iru lq odujhu vdpsohv1
Iru wkh odujhvw vdpsoh wkh whvw lv forvh wr h{dfw1 Wkh uhvxowv ghprqvwudwh
wkdw d fruuhfwo| vshfl�hg errwvwuds whvwlqj surfhgxuh zrunv h{wuhpho| zhoo/
lq wkh vhqvh wkdw lwv hpslulfdo vl}h lv forvh wr wkh qrplqdo1

715 Srzhu

Wkh h{shulphqw h{dplqlqj wkh srzhu ri wkh whvwv fryhuv wkh vshfl�fdwlrq
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zkhuh wkh wudqvlwlrq ixqfwlrq dvvxphv wkh irupv E2� dqg E��1 Dv Whuçvyluwd
E�bbe�/ iurp zkrp wkh vshfl�fdwlrqv duh eruurzhg/ zh vhw wkh � wr 2f ru �ff
iru wkh HVWDU/ dqg wr �ff ru � fff iru wkh OVWDU prgho/ dqg wkh phpehuv
ri i@

|

j duh jhqhudwhg dv lqghshqghqwo| dqg qrupdoo| glvwulexwhg zlwk phdq
}hur dqg yduldqfh f�fffe1 Pruhryhu/ zh dovr jhqhudwh glvwxuedqfhv wkdw duh
frqglwlrqdoo| khwhurvnhgdvwlf/ dv deryh/ zlwk dq xqfrqglwlrqdo yduldqfh ri
f�fffe1 Wkh hpslulfdo uhmhfwlrq iuhtxhqflhv/ wkdw lv wkh hvwlpdwhg srzhu/ lv
vwxglhg iru vhulhv ri ohqjwk A ' Dfc �ffc 2ff dqg eff1

Wkh uhmhfwlrq shufhqwdjh/ l1h1 wkh hpslulfdo srzhu ri wkh whvwv/ iru jhqhu0
dwhg VWDU surfhvvhv duh uhsruwhg lq Iljxuh 41 Jlyhq xqfruuhodwhg huuruv/ wkh
dv|pswrwlf whvw kdv kljk hvwlpdwhg srzhu douhdg| dw vpdoo vdpsoh vl}hv1 Iru
wkh OVWDU vshfl�fdwlrq/ wkh uhmhfwlrq iuhtxhqflhv lqfuhdvh zlwk �/ zkhuhdv
wkh rssrvlwh lv irxqg iru HVWDU surfhvvhv1 Wklv lv dqwlflsdwhg frqvlghulqj
wkh vkdsh ri wkh wudqvlwlrq ixqfwlrqv1 Wkh hpslulfdo srzhu ri wkh vlpsoh
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errwvwuds whvw lv forvh wr wkh dv|pswrwlf whvw/ dqg wkh DUFK errwvwuds h{0
klelw d +riwhq pdujlqdoo|, orzhu srzhu1 Wklv lv h{sodlqhg e| wkh frqvhuydwlyh
ehkdylrxu ri wkh surfhgxuh1

Zkhq wkh glvwxuedqfhv duh frqglwlrqdoo| khwhurvnhgdvwlf zh rqo| h{dp0
lqh wkh srzhu ri wkh DUFK errwvwuds/ vlqfh wkh rwkhu whvwv duh vhulrxvo|
glvwruwhg1 Wkh uhvxowv vxjjhvw wkdw wkh uhmhfwlrq iuhtxhqflhv ghfuhdvh dv wkh
DUFK sdudphwhu q ehfrphv odujhu1 Krzhyhu/ wkh whvw vwloo vkrzv delolw| wr
uhmhfw wkh olqhdulw| qxoo k|srwkhvlv/ dw ohdvw zkhq wkhuh lv 733 revhuydwlrqv
dw kdqg1

8 Frqfoxvlrqv
Wkh dv|pswrwlf whvw iru vprrwk wudqvlwlrq dxwruhjuhvvlyh qrqolqhdulwlhv h{0
klelw d vhulrxvo| glvwruwhg vl}h/ zkhuhdv/ wkh frqfhsw ri errwvwuds whvwlqj
zrunv h{wudruglqdulo| zhoo1 Li wkh vljql�fdqfh ohyho lv fdofxodwhg e| d errw0
vwuds surfhgxuh dq h{dfw whvw lv doprvw dozd|v wkh uhvxow1 Krzhyhu/ wkh
uhvdpsolqj dojrulwkp pxvw lqfrusrudwh frqglwlrqdo khwhurvnhgdvwlflw| zkhq
wkh wuxh glvwxuedqfh surfhvv lq jryhuqhg e| DUFK1 Zkhq wkh huuruv duh ��_
qrupdoo| glvwulexwhg wkh fkrlfh ri uhvdpsolqj vfkhph lv qrw yhu| lpsruwdqw1

Wkh vlpxodwlrq uhvxowv vxjjhvw wkdw wkh errwvwuds whvwlqj surfhgxuh kdv
srzhu djdlqvw VWDU dowhuqdwlyhv/ hyhq li wkh glvwxuedqfh surfhvv lv frqgl0
wlrqdoo| khwhurvnhgdvwlf1

Li sulru lqirupdwlrq/ vxfk dv wkhru| ru whvw uhvxowv/ vxjjhvwv wkdw wkh vhulhv
dw kdqg gr qrw kdyh DUFK/ wkh dv|pswrwlf whvw kdv qlfh vl}h surshulwlhv dqg
kljkhvw srvvleoh srzhu1 Rwkhuzlvh/ wkh whvw uhtxluhv d DUFK suhvhuylqj
errwvwuds1

Dfnqrzohgjhphqwv
Ilqdqfldo vxssruw wr Plfkdho Dqghuvvrq iurp wkh Vzhglvk Uhvhdufk Frxqflo
iru Kxpdqlwlhv dqg Vrfldo Vflhqfhv +KVIU, dqg wr Mrkdq O|kdjhq iurp wkh
Wruh Eurzdogkv Irxqgdwlrq iru Vflhqwl�f Uhvhdufk dqg Hgxfdwlrq lv judwh0
ixoo| dfnqrzohgjhg1

:



Uhihuhqfhv
Gdylgvrq/ U1 dqg M1J1 PdfNlqqrq/ 4<<9/ Wkh srzhu ri errwvwuds whvwv1 Txhhqv
Lqvwlwxwh iru Hfrqrplf Uhvhdufk Glvfxvvlrq Sdshu Qr1 <6:1

Gdylgvrq/ U1 dqg M1J1 PdfNlqqrq/ 4<<<d/ Wkh vl}h glvwruwlrq ri errwvwuds
whvwv1 Iruwkfrpplqj Hfrqrphwulf Wkhru|1

Gdylgvrq/ U1 dqg M1J1 PdfNlqqrq/ 4<<<e/ Errwvwuds whvwv= Krz pdq| errw0
vwudsvB Iruwkfrpplqj Hfrqrphwulf Uhylhzv1

Hiurq/ E1 dqg U1M1 Wlevkludql/ 4<<6/ Dq lqwurgxfwlrq wr wkh errwvwuds1 Fkds0
pdq ) Kdoo/ Qhz \run1

Oxqgehujk/ V1 dqg W1 Whuçvyluwd/ 4<<;/ Prghoolqj hfrqrplf kljk0iuhtxhqf|
wlph vhulhv zlwk VWDU0VWJDUFK prghov/ Zrunlqj Sdshuv lq Hfrqrplfv
dqg Ilqdqfh/ Qr 5<4/ Vwrfnkrop Vfkrro ri Hfrqrplfv1

Whuçvyluwd/ W1 4<<7d/ Vshfl�fdwlrq/ hvwlpdwlrq/ dqg hydoxdwlrq ri vprrwk wudq0
vlwlrq dxwruhjuhvvlyh prghov/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq
;</ 53;054;1

Whuçvyluwd/ W1 4<<7e/ Whvwlqj olqhdulw| dqg prghoolqj qrqolqhdu wlph vhulhv/
N|ehuqhwlnd 63/ 64<06631

;



Wdeoh 4= Uhmhfwlrq shufhqwdjh ri wkh VWDU whvwv zkhq wkh gdwd iroorz dq
DU+4, surfhvv zlwk qrupdo huuruv1

!
Whvw 031< 0319 0315 313 315 319 31<

W @ 83
Dv| 8174 71;: 71:< 715< 7154 61:< 8136
E
7

71:9 71:9 8147 8134 71<3 7199 8167
E
�

7133 6178 6169 6156 613: 6145 61<4
W @ 433

Dv| 816< 813; 71:7 7164 717: 61<3 7187
E
7

71;4 71:< 71<4 7198 8137 71;< 71:7
E
�

714: 6178 6154 61;; 61;9 6179 61;4
W @ 533

Dv| 8137 81:3 8154 71;8 814; 7175 7194
E
7

8134 7194 8134 71<7 8138 8153 8148
E
�

717: 714< 615; 6176 6196 7143 7176
Wkh qxpehu uhsruwhg lv wkh uhmhfwlrq shufhqwdjh ri wkh olq0
hdulw| whvw1 Erog idfh ghqrwhv d vljql�fdqw ghyldwlrq iurp
wkh qrplqdo +8(, vl}h/ edvhg rq wkh <8( dffhswdqfh lqwhu0
ydo +7=9> 8=7,1 Dv| ghqrwhv wkh dv|pswrwlf whvw dqg E

7

dqg
E
�

wkh errwvwuds whvwlqj surfhgxuhv uhvshfwlyho|1

<



Wdeoh 5= Uhmhfwlrq shufhqwdjh ri wkh VWDU whvwv zkhq wkh gdwd iroorz dq
DU+4, surfhvv zlwk DUFK+4, huuruv1

!
Whvw 031< 0319 0315 313 315 319 31<

W @ 83 � @ 3=8
Dv| 4:163 55145 58157 58137 58136 54139 4;157
E
7

4619< 54158 59146 59138 581<7 5514< 4:178
E
�

813; 815; 71<4 8149 814< 813: 71;4
W @ 433

Dv| 55159 6418< 6:13< 681<< 69133 5<1<< 561:6
E
7

4<1:< 631;7 691;6 69189 6:139 64179 56133
E
�

717: 7194 71:; 7185 7187 7169 7159
W @ 533

Dv| 5<17: 75156 7<1<4 7;14: 7;145 7317< 6317;
E
7

5:196 74183 7<175 7;148 7;155 75153 5<1;
E
�

7195 71:7 7189 71;8 71:4 717: 7176
W @ 83 � @ 3=<

Dv| 65168 6<1:: 78138 7817: 771:5 74133 6;133
E
7

581:9 6:1<9 77194 78197 78158 74139 651:5
E
�

9135 914< 91<9 91:: :13; 9164 9155
W @ 433

Dv| 7:1;6 8:1;9 96177 95156 9419< 891:5 84178
E
7

73156 8817: 9517; 9514< 95135 8:147 79196
E
�

8137 818; 817: 818< 819; 8177 71<8
W @ 533

Dv| 97164 :617< ::199 ::17< :91;7 :619: 981:<
E
7

8;137 :5138 :919; :91<4 :9188 :6164 93167
E
�

8166 813< 719< 8135 8136 71:6 71<<
Vhh qrwh wr Wdeoh 41 Wkh huuruv iroorz dq DUFK surfhvv zlwk sd0
udphwhu �=
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Iljxuh 4= Uhmhfwlrq shufhqwdjh ri wkh VWDU whvwv zkhq wkh gdwd iroorz dq
HVWDU ru dq OVWDU surfhvv1
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Asymptotic Test
Simple Bootstrap Test
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γ=100
γ=1000

Wkh �jxuhv uhsruw wkh uhmhfwlrq iuhtxhqflhv iru wkh dv|pswrwlf dqg wkh errwvwuds
whvwv1 Wkh jhqhudwhg glvwxuedqfhv duh qrupdoo| glvwulexwhg1
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7

β = 0.0 β = 0.5 β = 0.9

γ=100
γ=1000

Wkh �jxuhv uhsruw wkh uhmhfwlrq iuhtxhqflhv iru wkh DUFK errwvwuds whvw E
�

1
Wkh jhqhudwhg glvwxuedqfhv iroorz dq DUFK surfhvv zlwk sdudphwhu �=
Vhh qrwh wr Iljxuh 41 Wkh gdwd duh jhqhudwhg dffruglqj wr htxdwlrq +;,1

44


