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Rq wkh H�hfwv ri Lpsrvlqj ru Ljqrulqj Orqj


Phpru| zkhq Iruhfdvwlqj


Plfkdho N1 Dqghuvvrq�


Zrunlqj Sdshu Vhulhv lq Hfrqrplfv dqg Ilqdqfh Qr1 558


Iheuxdu| 4<<;


Devwudfw


Vlqfh wkh wuxh qdwxuh ri d wlph vhulhv surfhvv lv riwhq xqnqrzq lw lv lp0


sruwdqw wr xqghuvwdqg wkh h�hfwv ri prgho fkrlfh1 Wklv sdshu h{dplqhv krz


wkh fkrlfh ehwzhhq prghoolqj vwdwlrqdu| wlph vhulhv dv DUPD ru DUILPD


surfhvvhv d�hfwv wkh dffxudf| ri iruhfdvwv1 Wklv lv grqh/ iru �uvw0rughu dx0


wruhjuhvvlrqv dqg prylqj dyhudjhv dqg iru DUILPD+4/g/3, surfhvvhv/ e|


phdqv ri d Prqwh Fduor vlpxodwlrq vwxg|1 Wkh iudfwlrqdo prghov duh hv0


wlpdwhg xvlqj wkh whfkqltxh ri Jhzhnh dqg Sruwhu0Kxgdn/ wkh prgl�hg


uhvfdohg udqjh dqg wkh pd{lpxp olnholkrrg surfhgxuh1 Zh frqfoxgh wkdw


ljqrulqj orqj phpru| lv zruvh wkdq lpsrvlqj lw/ zkhq iruhfdvwlqj/ dqg wkdw


wkh PO hvwlpdwru lv suhihuuhg1


Nh| zrugv= DUILPD> Iudfwlrqdo lqwhjudwlrq> Shulrgrjudp uhjuhvvlrq>


Uhvfdohg udqjh> Pd{lpxp olnholkrrg> Iruhfdvw huuru


MHO Fodvvl�fdwlrq Frgh= F48> F55> F86


�Ghsduwphqw ri Hfrqrplf Vwdwlvwlfv/ Vwrfnkrop Vfkrro ri Hfrqrplfv/ H0pdlo= vwpdCkkv1vh1
Vxjjhvwlrqv e| dqg glvfxvvlrqv zlwk Vxqh Nduovvrq dqg Mrkdq O|kdjhq duh judwhixoo| dfnqrzo0
hgjhg1 L dovr wkdqn Oduv0Huln Ùoohu iru frpphqwv rq suhylrxv gudiwv dqg sduwlflsdqwv ri wkh
LVI*<9/ wkh Vl{whhqwk Lqwhuqdwlrqdo V|psrvlxp rq Iruhfdvwlqj/ Lvwdqexo phhwlqj/ Mxqh 5705:/
4<<91 Wkh xvxdo glvfodphu dssolhv1







41 Lqwurgxfwlrq


Wkh xvh ri huurqhrxv prghov zkhq dqdo|}lqj wlph vhulhv pd| kdyh d juhdw lpsdfw


rq/ iru lqvwdqfh/ wkh dffxudf| ri iruhfdvwv dqg srolf| ghflvlrqv1 Wklv sdshu lq0


yhvwljdwhv wkh iruhfdvwlqj shuirupdqfh ri wkh xvxdo dxwruhjuhvvlyh prylqj dyhudjh


E�-��� prgho zkhq wkh wuxh surfhvv lv iudfwlrqdoo| lqwhjudwhg dqg wkh shuiru0


pdqfh ri wkh iudfwlrqdoo| lqwhjudwhg DUPD E�-8U��� prgho zkhq wkh wuxh


surfhvv lv qrq0lqwhjudwhg1 Wkh idxow| vshfl�fdwlrq lv frpsduhg wr wkh fruuhfw rqh1


Wkh DUILPDprgho jhqhudol}hv wkh zhoo0nqrzq DULPDprgho e| doorzlqj iru


qrq0lqwhjhu gl�huhqflqj srzhuv dqg wkhuhe| surylghv d pruh  h{leoh iudphzrun


zkhq h{dplqlqj wlph vhulhv1 Iru h{dpsoh/ iudfwlrqdo vshfl�fdwlrqv fdq prgho gdwd


ghshqghqflhv zklfk duh vwurqjhu wkdq wkrvh doorzhg lq vwdwlrqdu| DUPD prghov/


exw zhdnhu wkdq wkrvh lpsolhg e| xqlw urrw surfhvvhv1 Wklv lv dq dwwudfwlyh ihdwxuh


zkhq lqyhvwljdwlqj hfrqrplf dqg �qdqfldo wlph vhulhv/ zklfk riwhq h{klelw d vwurqj


ghshqghqfh ehwzhhq glvwdqw revhuydwlrqv1 Dowkrxjk wkh DUPDprgho lv d vshfldo


fdvh ri wkh DUILPD prgho/ lwv xvh lv prwlydwhg e| lwv vlpsolflw| dqg vpdoohu eldv


zkhq wkh gl�huhqflqj sdudphwhu lv lqwhjhu0ydoxhg1


Lq d suhylrxv vwxg|/ O|kdjhq +4<<:, ghprqvwudwhv wkhruhwlfdoo| wkdw ljqrulqj


orqj phpru| +l1h1 d iudfwlrqdo gl�huhqflqj srzhu, pd| ohdg wr yhu| kljk uhodwlyh


phdq vtxduhg huuruv ri suhglfwlrq1 Krzhyhu/ wkh uhvxowv ri Ud| +4<<6, vkrz


wkdw kljk0rughu DU prghov iruhfdvw iudfwlrqdo qrlvh vhulhv zhoo/ hyhq lq wkh orqj


whup1 Dovr iru iudfwlrqdo qrlvh/ Vplwk dqg \dgdy +4<<7, srlqw rxw wkdw wkhuh


lv d srwhqwldo orvv iurp lqfruuhfwo| �wwlqj dq DU prgho zkhq wkh gl�huhqflqj


sdudphwhu lv srvlwlyh1 Rq wkh rwkhu kdqg/ qhjdwlyh iudfwlrqdo gl�huhqflqj zloo


eulqj derxw d shuirupdqfh orvv ri wkh DU prgho rqo| dw d krul}rq ri rqh vwhs1


Wklv sdshu dqdo|}hv wkh iruhfdvwlqj shuirupdqfh ri wkh uhvshfwlyh prghov lq


whupv ri wkhlu phdq vtxduhg suhglfwlrq huuruv1 Wkuhh srsxodu hvwlpdwlrq surfh0


gxuhv iru wkh iudfwlrqdo prgho duh xvhg/ qdpho| wkh rqh ri Jhzhnh dqg Sruwhu0


Kxgdn E�bH��/ wkh prgl�hg uhvfdohg udqjh ri Or E�bb�� dqg pd{lpxp olnholkrrg


EVrzhoo/ �bb2�/ lq rughu wr frpsduh wkh shuirupdqfh ri wkh hvwlpdwlrq whfkqltxhv1
Dv d frqvhtxhqfh/ zh lqfrusrudwh wkh h�hfwv ri hvwlpdwlrq eldv dqg srvvleoh prgho


vhohfwlrq plvwdnhv1 Ixuwkhupruh/ d whvw iru vljql�fdqw gl�huhqfhv lq suhglfwlrq


shuirupdqfh lv xwlol}hg1


Wkh uhvxowv vxjjhvw wkdw wkh iruhfdvw huuruv iurp DUPD prghov duh odujhu


wkdq wkrvh iurp DUILPD prghov dqg wkdw wkh pd{lpxp olnholkrrg surfhgxuh lv


ehvw1


Wkh sdshu lv rujdql}hg dv iroorzv= wkh hvwlpdwlrq whfkqltxhv iru wkh DUILPD


5







prgho duh lqwurgxfhg lq Vhfwlrq 51 Vhfwlrq 6 frqwdlqv wkh vlpxodwlrq vwxg| zkhuh


wkh prgho suhglfwlrqv duh frpsduhg dqg Vhfwlrq 7 frqfoxghv wkh sdshu1


51 Hvwlpdwlrq ri wkh DUILPD Prgho


D wlph vhulhv surfhvv lv vdlg wr eh lqwhjudwhg ri rughu _/ ghqrwhg U E_�/ li lw kdv d
vwdwlrqdu| dqg lqyhuwleoh dxwruhjuhvvlyh prylqj dyhudjh +DUPD, uhsuhvhqwdwlrq


zlwk xqfruuhodwhg glvwxuedqfhv diwhu gl�huhqflqj _ wlphv/ wkdw lv diwhu dsso|lqj wkh


�owhu E� ���_1 Zkhq _ lv qrw lqwhjhu0ydoxhg +dv uhtxluhg iru DULPD surfhvvhv,


wkh vhulhv lv iudfwlrqdoo| lqwhjudwhg1 Dq DUILPD+Rc _c ^, surfhvv i%|j lv jhqhudwhg
e|


�R E�� E� ���_ %| ' w^ E�� @|c +514,


zkhuh wkh phpehuv ri wkh vhtxhqfh i@|j duh lghqwlfdoo| dqg lqghshqghqwo| glv0


wulexwhg E��_� zlwk �qlwh yduldqfh1 Li wkh urrwv ri �R E�� dqg w^ E��/ wkh dxwruh0
juhvvlyh dqg prylqj dyhudjh sro|qrpldov/ olh rxwvlgh wkh xqlw flufoh dqg _ 	 f�D/
%| lv vwdwlrqdu|1 Zkhq _ : f %| lv shuvlvwhqw/ lpso|lqj wkdw wkhuh h{lvwv d uhjlrq/


_ 5 Efc f�D�/ zkhuh wkh DUILPD prgho jhqhudwhv vwdwlrqdu| vhulhv uxohg e| orqj


phpru|1 Wklv ehkdylru fdqqrw eh plplfnhg zlwk DUPD prghov1


Wkh gl�huhqflqj �owhu/ ghqrwhg wkh orqj0phpru| �owhu +u�8 ,/ ghvfulehv wkh


orqj0whup ghshqghqfh lq wkh vhulhv dqg pd| eh h{sdqghg dv


E� ���_ '
"[
&'f


#
_


&


$
E���& ' �� _� �


_


2-
E�� _��2 � � � 1 +515,


Wkh vkruw0whup vwuxfwxuh lv fdswxuhg e| wkh dxwruhjuhvvlyh dqg prylqj dyhudjh


sdudphwhuv/ zklfk hqdeohv vhsdudwh prghoolqj ri wkh orqj dqg vkruw0uxq g|qdplfv1


Wkh surshuwlhv ri wkh DUILPD prgho duh h{kdxvwlyho| ghvfulehg e| Judqjhu dqg


Mr|hx{ +4<;3, dqg Krvnlqj +4<;4,1


Lq wklv vwxg| wkh DUILPD prghov duh hvwlpdwhg e| wkh C�M hvwlpdwru ri


Jhzhnh dqg Sruwhu0Kxgdn +4<;6,/ wkh prgl�hg U2V ru prgl�hg uhvfdohg udqjh


+�--c Or +4<<4,, dqg wkh ixoo lqirupdwlrqpd{lpxp olnholkrrg hvwlpdwru +�u.,


ri Vrzhoo +4<<5,1


5141 Wkh JSK Hvwlpdwlrq Whfkqltxh


Jhzhnh dqg Sruwhu0Kxgdn +4<;6, sursrvhg d wzr0vwhs surfhgxuh iru wkh hvwlpd0


wlrq ri iudfwlrqdoo| lqwhjudwhg prghov/ edvhg rq d qrq0sdudphwulf shulrgrjudp
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uhjuhvvlrq1


Lq d s�or| vwhs/ _ lv hvwlpdwhg lq wkh uhjuhvvlrq htxdwlrq +zkhuh U% E�� ghqrwhv
wkh vdpsoh shulrgrjudp,


*? iU% E/��j ' qfnq� *?
q
e t�?


2
E/�*2�


r
n#� E/� ' 2Z�*Ac � ' �c ���c }EA �� +516,


e| ruglqdu| ohdvw vtxduhv +�u7,1 Sulru wr hvwlpdwlrq ri wkh uhpdlqlqj +DUPD,


sdudphwhuv lq d reSJ?_ vwhs/ wkh orqj0phpru| sduw ri wkh vhulhv lv �owhuhg rxw


xvlqj wkh OPI +515,1 	q
�
lv xqghu d surshu fkrlfh ri }EA � d frqvlvwhqw hvwlpdwru


ri 0_1 }EA � lv vhw wr wkh lqwhjhu sduw ri A � dqg wkh zlghvsuhdg fkrlfh ri � lv 3181


Wkh fuxfldo dvvxpswlrq lv wkdw wkh vshfwuxp ri dq DUILPD+Rc _c ^, surfhvv lv


wkh vdph dv wkh vshfwuxp ri dq DUILPD+fc _cf,/ iru wkh vdph ydoxh ri _/ dw orz


iuhtxhqflhv1 Krzhyhu/ Djldnorjorx e|�@,1 +4<<6, vkrz wkdw odujh srvlwlyh DU dqg


odujh qhjdwlyh PD sdudphwhuv d�hfw wkh vshfwuxp dw orz iuhtxhqflhv dqg khqfh


fdxvh eldvhg hvwlpdwhv1


5151 Wkh PUU Hvwlpdwlrq Whfkqltxh


Wkh prgl�hg uhvfdohg udqjh/ PUU/ dssurdfk uhvwv xsrq wkh vdph edvlf lghd dv


wkh JSK surfhgxuh/ wkdw lv wr hvwlpdwh _ lq d �uvw vwhs dqg wkh rwkhu sdudphwhuv


lq d vhfrqg rqh1 Lqvwhdg ri xvlqj wkh orj0shulrgrjudp uhjuhvvlrq/ wkh iudfwlrqdo


gl�huhqflqj sdudphwhu lv hvwlpdwhg e| wkh U2V vwdwlvwlf/ zklfk lv dovr frqvlvwhqw1


Or +4<<4, urexvwl�hv wkh vwdwlvwlf wr vkruw0udqjh ghshqghqfh lq gdwd dqg wklv


prgl�hg U2V vwdwlvwlf lv iuhtxhqwo| xvhg zkhq whvwlqj iru iudfwlrqdo lqwhjudwlrq


dqg iru hvwlpdwlrq ri orqj0phpru| prghov1


Wkh PUU vwdwlvwlf lv gh�qhg e| wkh udwlr


'A '
-A


	jA E&�
� +517,


Iroorzlqj Fkhxqj +4<<6,/ wkh udqjh dqg vwdqgdug huuru duh hvwlpdwhg e|


-A ' 4@ 
f	�$A


�[
|'�


E%| � 7%�� 4�?
f	�$A


�[
|'�


E%| � 7%� +518,


	j2
A
E&� ' 	j2 n


2


A


&[
�'�


A[
�'�n�


�
��


�


&


�
E%� � 7%� E%�3� � 7%� c +519,
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zkhuh 	j2 lv wkh xvxdo pd{lpxp olnholkrrg yduldqfh hvwlpdwh dqg wkh fruuhfwlrq


whup lv vlplodu wr wkdw ri Qhzh| dqgZhvw +4<;:,1 Wkh wuxqfdwlrq odj & ghshqgv rq


wkh vkruw0whup fruuhodwlrq vwuxfwxuh ri wkh vhulhv dqg lv vhw/ dffruglqj wr Dqguhzv*


+4<<4, gdwd0ghshqghqw irupxod/ wr wkh lqwhjhu sduw ri E�A*2��*�
q
2	4*


�
� � 	42


�r
2*�


c


zlwk A dqg 	4 ghqrwlqj wkh vhuldo ohqjwk dqg vdpsoh �uvw0rughu dxwrfruuhodwlrq


frh!flhqw uhvshfwlyho|1 Dv|pswrwlf uhvxowv vxjjhvw wkdw *?'A * *?A dssurdfkhv


�*2 iru vkruw0udqjh ghshqghqw surfhvvhv/ dqg wkxv rxu hvwlpdwru ri _ lv frqvwuxfwhg


dv


	_ '
*?'A


*?A
�


�


2
� +51:,


Wkh PUU hvwlpdwru lv eldvhg zkhq wkh wuxh surfhvv lv d prylqj dyhudjh zlwk


odujh qhjdwlyh sdudphwhu ydoxhv +Fkhxqj +4<<6,,1


5161 Wkh PO Hvwlpdwlrq Whfkqltxh4


Wkh pd{lpxp olnholkrrg hvwlpdwru gl�huv iurp wkh rwkhu wzr> zkloh wkh JSK
dqg PUU hvwlpdwruv duh shuiruphg lq wzr vwhsv wkh PO surfhgxuh hvwlpdwhv doo


sdudphwhuv lq rqh vlqjoh vwhs1
Jlyhq wkdw wkh urrwv ri �R E�� dqg w^ E�� lq +514, duh doo rxwvlgh wkh xqlw flufoh


dqg wkh glvwxuedqfhv duh qrupdoo| glvwulexwhg zlwk phdq }hur/ wkh olnholkrrg
ixqfwlrq wr eh pd{lpl}hg lv wkh zhoo0nqrzq


u EfA cPE��� ' E2Z�
3


A


2 mP E��m
3


�


2 i T


�
�
�


2
f �


AP
3� E��fA


�
c +51;,


zkhuh fA lv wkh A �� gdwd yhfwru dqg dxwrfryduldqfh pdwul{ P E�� lv d ixqfwlrq ri
wkh xqnqrzq sdudphwhu yhfwru � ' d_c ��c � � � c �Rc w�c � � � c w^c j


2


@o
�


1 Wkh orj ri +51;,


lv pd{lpl}hg gluhfwo| zlwk uhvshfw wr wkh yhfwru �1 H{solflw h{suhvvlrqv iru wkh


hohphqwv ri PE�� dqg sudfwlfdo lvvxhv frqfhuqlqj wkh PO hvwlpdwlrq duh glvfxvvhg
e| Vrzhoo +4<<5,1


Jhqhudoo| wkh POH lv h!flhqw> krzhyhu/ lw kdv vrph gudzedfnv duh1 Iru


h{dpsoh/ wkh POH uhtxluhv glvwlqfw urrwv/ shuirupv ohvv zhoo zkhq _ lv forvh wr


wkh qrq0vwdwlrqdu| duhd +l1h1 forvh wr f�D, dqg h{klelwv vpdoo0vdpsoh eldv zkhq _


dqg DU sdudphwhuv duh hvwlpdwhg mrlqwo| +Wvfkhuqlj +4<<6,,1 Ixuwkhupruh/ plv0


vshfl�fdwlrq ri wkh olnholkrrg ixqfwlrq zloo lq jhqhudo ohdg wr lqfrqvlvwhqw hvwlpdwhv
ri erwk wkh gl�huhqflqj sdudphwhu dqg wkh vkruw0uxq sdudphwhuv1


4D IRUWUDQ urxwlqh iru wkh hvwlpdwlrq ri wkh DUILPD prgho zdv jhqhurxvo| vxssolhg e|


Idoodz Vrzhoo1
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61 Wkh Prqwh Fduor Vwxg|


DUILPD+Rc _c ^, surfhvvhv duh jhqhudwhg e| wkh dojrulwkp ri Glherog dqg Uxgh0


exvfk +4<<4,1 Wkh surfhvvhv duh sulpdulo| fkrvhq wr jhqhudwh shuvlvwhqw ru dx0


wruhjuhvvlyh vhulhv/ exw qhjdwlyh _0ydoxhv dqg PD surfhvvhv duh dovr frqvlghuhg1


Lq hdfk Prqwh Fduor lwhudwlrq zh hvwlpdwh DUPD dqg DUILPD prghov/ iurp


zklfk suhglfwlrqv duh jhqhudwhg1 Iru hdfk suhglfwlrq krul}rq � zh fdofxodwh


wkh orvv ixqfwlrqv }6E%�c 	%��/ zkhuh %� ghqrwhv wkh dfwxdo +vlpxodwhg, ydoxh


ri wkh surfhvv dw wlph A n � dqg 	%� wkh fruuhvsrqglqj iruhfdvw xvlqj prgho


6 ' i�-��c�-8U��j1 Wkh dffxudflhv duh frpsduhg e| wkh phdq vtxduhg


suhglfwlrq huuru +�7�., orvv ixqfwlrq


}6 E%�c 	%�� ' -3�
-[
o'�


E	%�co � %�co�
2
c +614,


zkhuh o ' �c ���c - lv wkh Prqwh Fduor uhsolfdwh1 - lv vhohfwhg wr 43331 Wkh phdq
vtxduhg suhglfwlrq huuru ri prgho 6 lv h{shfwhg wr lqfuhdvh zlwk wkh suhglfwlrq
krul}rq dqg hyhqwxdoo| frlqflgh zlwk/ ru h{fhhg/ wkh yduldqfh ri wkh surfhvv1 Dw


wkdw sduwlfxodu krul}rq/ wkdw lv zkhq wkh PVSH yduldqfh udwlr


�T-6 ' }6 E%�c 	%�� *VE+� +615,


lv juhdwhu wkdq ru htxdo wr rqh/ wkh prgho iruhfdvwv duh qrw pruh dffxudwh wkdq
zkhq xvlqj wkh surfhvv phdq1 Wkh gl�huhqfh lq �0vwhs shuirupdqfh/ h{suhvvhg e|
wkh qxoo0k|srwkhvlv ri qr gl�huhqfh lq PVSH/ lv hydoxdwhg e| d xvxdo pdwfkhg0sdlu
|0whvw/


|� '
}�-��
� � }�-8U��


�t
V d}�-��


� � }�-8U��
� o


c +616,


dorqj zlwk dv|pswrwlfdoo| qrupdo fulwlfdo ydoxhv/ prwlydwhg e| wkh odujh qxpehu


ri uhsolfdwhv dqg wkh fhqwudo olplw wkhruhp1
Uhvxowv iru �uvw0rughu dxwruhjuhvvlrqv dqg iudfwlrqdoo| lqwhjudwhg surfhvvhv ri


ohqjwk �ff dqg iruhfdvwlqj krul}rqv xs wr vwhs 2f duh uhsruwhg lq wkh �jxuhv ri wklv


sdshu1 Lq dgglwlrq/ odujhu vdpsoh vl}hv +A ' 22D/ 733 dqg 958, dqg orqjhu suhglf0


wlrq krul}rqv +xs wr f�2A , kdyh ehhq lqyhvwljdwhg1 Dq lqfuhdvh lq wkh vhuldo ohqjwk
lpsolhv pruh dffxudwh hvwlpdwhv +lq sduwlfxodu iru wkh iudfwlrqdo surfhgxuhv,/ dqg


d uhodwlyho| ehwwhu suhglfwlrq shuirupdqfh iru wkh DUILPDprgho1 Rwkhuzlvh/ wkh
frqfoxvlrqv gudzq iurp wkh A ' �ff fdvh duh qrw dowhuhg e| wkh uhvxowv rewdlqhg


iru wkh odujhu vdpsoh vl}hv1
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6141 Dxwruhjuhvvlrqv


Wkh iruhfdvwlqj shuirupdqfhv iru jhqhudwhg �uvw0rughu dxwruhjuhvvlrqv duh h{dp0


lqhg xvlqj wkh vshfl�fdwlrq


%| ' �%|3� n @|c +617,


zkhuh i@|j lv d vhtxhqfh ri ��_�+3/4, udqgrp ghyldwhv1 Lq rughu wr kdqgoh prgho


vhohfwlrq xqfhuwdlqw|/ wkh odj0rughuv R dqg ^ ri wkh DUPD dqg iudfwlrqdo prghov


duh vhohfwhg e| wkh Ed|hvldq lqirupdwlrq fulwhulrq/ �U�/ ri Vfkzduw} +4<:;, iurp


wkh ydoxhv ifc �c 2c�j lq hdfk Prqwh Fduor lwhudwlrq1 Wkh fdvh ri qr gl�huhqflqj


sdudphwhu lq wkh DUILPD prgho lv uxohg rxw1


Wkh vwxg| lqyhvwljdwhv dxwruhjuhvvlrqv zlwk sdudphwhu � ' f�D/ f�. dqg f�b�


Iljxuh 614 suhvhqwv wkh PVSH yduldqfh udwlr E��2� iru hdfk ri wkh prghov wrjhwkhu


zlwk wkh dvvrfldwhg |�vwdwlvwlf E���� iru � ' f�. dqg f�b surfhvvhv1


Wkh pd{lpxp srvvleoh suhglfwlrq krul}rq lqfuhdvhv zlwk wkh vl}h ri wkh DU
sdudphwhu1 Lq sduwlfxodu/ zkhq � ' f�D +qrw uhsruwhg lq wkh �jxuhv,/ wkh PYUv
udslgo| dvvxph ydoxhv deryh rqh/ zklfk lpsolhv vkruw suhglfwlrq krul}rqv1 Iru suh0
glfwlrq vwhsv rqh wr wkuhh/ wkh prgho phdq vtxduhg suhglfwlrq huuruv duh doo txlwh
vlplodu1 Krzhyhu/ d ihz vljql�fdqw gl�huhqfhv +iurp wkh DUPD shuirupdqfh, duh


irxqg iru wkh JSK dqg pd{lpxp olnholkrrg hvwlpdwhg prghov1 Xvlqj wkh PUU
surfhgxuh/ wkh iruhfdvwv duh dv dffxudwh dv wkrvh surgxfhg e| wkh DUPD prgho1
Iru suhglfwlrq krul}rqv deryh wkuhh/ iruhfdvwlqj lv ydoxhohvv1


Dv wkh sdudphwhu � ehfrphv odujhu/ wkh suhglfwlrq krul}rq +xvlqj wkh DUPD
prgho, lqfuhdvhv wr d pd{lpxp ri �yh +pd|eh hljkw, vwhsv dkhdg iru � ' f�.


surfhvvhv dqg 4; vwhsv zkhq � ' f�b1 Iru � ' f�./ dqg lq sduwlfxodu � ' f�b/ wkh


eldv ri wkh JSK surfhgxuh lv txlwh odujh dqg wkxv wkh iruhfdvw huuruv rewdlqhg
duh dovr txlwh odujh1 Dv d frqvhtxhqw/ wkh JSK shuirupdqfh lv riwhq vljql�fdqwo|
zruvh wkdq wkdw ri wkh qrq0iudfwlrqdo prgho/ wkdw lv wkh |0ydoxhv idoo ehorz 05/ iru


� ' f�. surfhvvhv1 Iru doprvw xqlw urrw surfhvvhv/ wkh JSK hvwlpdwru surgxfhv


suhglfwlrq huuruv wkdw duh xvxdoo| vljql�fdqwo| odujhu wkdq wkrvh ri wkh DUPD


prgho1 Wkh rwkhu hvwlpdwlrq whfkqltxhv suhglfw kljko| vkruw0whup ghshqghqw
surfhvvhv +doprvw, dv zhoo dv wkh DUPDprghov> wkhlu |0udwlrv xvxdoo| idoo ehwzhhq
05 dqg 51


Wxuqlqj wr wkh phdq vtxduhg suhglfwlrq huuruv/ zh �qg qr vxssruw lq idyru


ri wkh qrq0iudfwlrqdo vshfl�fdwlrq1 Lq d iruhfdvwlqj frqwh{w/ qr vxevwdqwldo orvv


lv h{shulhqfhg zkhq lpsrvlqj orqj phpru| e| xvlqj DUILPD prghov rq DU


surfhvvhv1 Lq sduwlfxodu/ wkh PUU surfhgxuh shuirupv yhu| zhoo/ exw wkh PO
hvwlpdwru lv dovr txlwh dffxudwh1


:







Iljxuh 614= Hvwlpdwhg phdq vtxduhg suhglfwlrq huuruv dqg w0ydoxhv ri wkh PVSH


whvw iru dq DU+4, surfhvv ri ohqjwk 4331
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Wkh �jxuh suhvhqwv wkh PVSH yduldqfh udwlr E��2� +�uvw froxpq, dqg wkh |0


vwdwlvwlf ri wkh PVSH whvw E���� +vhfrqg froxpq, ri wkh hvwlpdwlrq surfhgxuhv


iru krul}rqv wr 531 Wkh urzv fruuhvsrqg wr � ' f�. dqg f�b1 Wkh gdwd duh


jhqhudwhg dffruglqj wr E��e� �


;







6151 Shuvlvwhqw Surfhvvhv


Wkh iudfwlrqdoo| lqwhjudwhg vhulhv duh jhqhudwhg dv DUILPDE�c _c f� surfhvvhv/


E�� ��� E����_ %| ' @|c +618,


zkhuh @| lv djdlq ��_� Efc ��1 Wkh surfhvv lv ghqrwhg iudfwlrqdoo| gl�huhqfhg zklwh
qrlvh E8(`�� zkhq � htxdov }hur1 Lq wkh fdvh ri jhqhudwhg iudfwlrqdoo| lqwh0


judwhg surfhvvhv/ wkh prghov wr eh hvwlpdwhg duh vshfl�hg e| wkh ELF/ zkhuh wkh


rughuv R dqg ^ duh vhohfwhg iurp wkh ydoxhv ifc �c ���c �fj1 Wkh PVSH yduldqfh


udwlrv E��2� dqg |0ydoxhv ri wkh PVSH whvw E���� duh uhsruwhg lq Iljxuhv 615 dqg


6161


Zhdno| shuvlvwhqw IGZQ surfhvvhv zlwk wkh sdudphwhu _ htxdo wr f�� ru f�2/
ehlqj doprvw zklwh qrlvh/ gr qrw frqwdlq hqrxjk vwuxfwxuh wr eh iruhfdvwhg1 Do0


uhdg| dw krul}rq rqh/ wkh PYUv +vhh Iljxuh 615 iru _ ' f�2, h{fhhg rqh dqg vxe0


vhtxhqwo| suhglfwlrqv duh xvhohvv/ uhjdugohvv ri hvwlpdwlrq whfkqltxh dqg prgho


fkrlfh1


Uhvxowv iru _ ' f�e lq Iljxuh 616 vxjjhvw wkdw rqo| rffdvlrqdo DUILPDPYUv


ri xqlw| duh irxqg iru d pruh shuvlvwhqw iudfwlrqdo qrlvh surfhvv1 Lq idfw/ xs


wr vwhs 433 iruhfdvwv xvlqj wkh DUILPD prghov +zlwk wkh POH, duh srvvleoh1


Ixuwkhupruh/ wkh DUILPD0POH lv dozd|v vljql�fdqwo| ehwwhu wkdq wkh DUPD


prgho> wkh |0ydoxhv duh zhoo deryh 51 Wkh JSK hvwlpdwru lv ehwwhu wkdq wkh DUPD


vshfl�fdwlrq dw vwhs �yh dqg deryh +vljql�fdqwo| dw vwhs vhyhq, dqg wkh PUU dw


krul}rq hljkw +whq,1 Wkh uhodwlyho| zhdn shuirupdqfh ri wkh PUU surfhgxuh lv


h{sodlqhg e| ryhu0dgmxvwphqw iru +qrq0h{lvwlqj, vkruw0whup ghshqghqfh lq gdwd1


Wkhuhiruh/ dgglwlrqdo DU sdudphwhuv/ dqg wkxv plv0vshfl�hg prghov/ duh dv d uxoh


uhtxluhg wr fdswxuh doo dxwrfruuhodwlrq lq wkh vhulhv1 Mxgjhg e| wkh phdq vtxduhg


huuruv/ wkh shuirupdqfh ri wkh PUU surfhgxuh iru DUILPDEfcf�ec f� surfhvvhv
lv forvh wr wkdw ri wkh DUPD prgho/ zkloh wkh JSK surfhgxuh dqg lq sduwlfxodu


wkh phwkrg ri pd{lpxp olnholkrrg jhqhudwhv qrwdeo| orzhu ydoxhv1 Wkh uhvxowv


vxjjhvw/ zkhq iruhfdvwlqj lv zruwkzkloh/ wkdw wkh DUILPD0POH vkrxog eh xvhg


iru suhglfwlqj iudfwlrqdo qrlvh surfhvvhv1


Dq lqwurgxfwlrq ri DU0w|sh vkruw phpru|/ dffruglqj wr htxdwlrq E��D� c hq0
kdqfhv wkh suhglfwdelolw| frpsduhg wr IGZQ iru wkh vdph ydoxh ri _1 Xqolnh wkh


fdvh ri iudfwlrqdoo| gl�huhqfhg zklwh qrlvh zlwk _ ' f�2/ surfhvvhv zlwk _ ' f�2
dqg � ' f�2 pd| eh suhglfwhg vhyhudo vwhsv dkhdg1 Wkh shuirupdqfhv ri wkh


DUILPD prgho/ zlwk doo hvwlpdwlrq whfkqltxhv/ dqg wkh DUPD prgho duh idluo|


vlplodu/ dqg wkh |0udwlrv vxjjhvw wkdw wkh PUU pd| eh ehwwhu +e| d forvh pdujlq,


<







Iljxuh 615= Hvwlpdwhg phdq vtxduhg suhglfwlrq huuruv dqg w0ydoxhv ri wkh PVSH
whvw iru dq DUILPD+4/315/3, surfhvv ri ohqjwk 4331
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Vhh qrwh wr Iljxuh 6141 Wkh urzv fruuhvsrqg wr � ' f�f/ f�2 dqg f�D uhvshf0
wlyho|1 Wkh gdwd duh jhqhudwhg dffruglqj wr E��D� �
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wkdq wkh rwkhu hvwlpdwruv1 Djdlq iru _ ' f�2/ zkhq � htxdov f�D zh qrwlfh wkdw


wkh PUU surfhgxuh surgxfhv wkh prvw dffxudwh iruhfdvwv/ iroorzhg e| wkh qrq0


iudfwlrqdo prgho1 Lw dsshduv wr eh wkh fdvh wkdw wkh 315 gl�huhqflqj srzhu lv qrw


odujh hqrxjk wr fdxvh sureohpv iru wkh DUPD prgho1 Wkh JSK hvwlpdwru jlyhv


wkh zruvw shuirupdqfh lq wklv vlwxdwlrq/ exw hyhq wklv lv qrw edg1


Surfhhglqj zlwk DUILPDE�c f�ec f� surfhvvhv/ zkhq � ' f�2 wkh JSK suh0


glfwlrqv duh ehwwhu wkdq wkrvh ri wkh DUPD prgho1 Krzhyhu/ wkh yduldqfh ri�
}�-��


�
� }�-8 U��


�


�
lv txlwh odujh/ ohdglqj wr vpdoo |0udwlrv zklfk duh xvxdoo|


srvlwlyh exw qrw dozd|v vljql�fdqwo| odujhu wkdq }hur1 Wkh PUU surfhgxuh zrunv


zhoo lq wkh suhvhqfh ri DU sdudphwhuv/ dqg h{klelwv |0udwlrv idyrulqj wkh DUILPD


prgho1 Krzhyhu vljql�fdqw/ wkh gl�huhqfhv lq phdq vtxduhg suhglfwlrq huuruv duh


txlwh vpdoo1 Wkh pd{lpxp olnholkrrg hvwlpdwhg DUILPD prghov glvsod| wkh


ehvw shuirupdqfh dqg wkh phdq vtxduhg suhglfwlrq huuruv duh qrwdeo| orzhu wkdq


wkrvh ri wkh rwkhu surfhgxuhv/ hvshfldoo| iurp krul}rq vhyhq dqg rqzdugv1


Zkhq _ ' f�e dqg � ' f�D/ wkh POH hvwlpdwhg prghov djdlq kdyh pxfk


vpdoohu PVSH �jxuhv wkdq wkh DUPD prgho1 Wkh gl�huhqfhv duh qrw wkdw juhdw


iru wkh PUU hvwlpdwhg DUILPD prghov/ exw wkh| duh vwurqjo| vljql�fdqw1 Dv


lq wkh fdvh ri DU surfhvvhv zlwk odujh ydoxhv ri �/ wkh JSK surfhgxuh jhqhudwhv


srru iruhfdvwv iru DUILPDE�c f�ec f� surfhvvhv zlwk lqwhuphgldwh wr odujh srvlwlyh


dxwruhjuhvvlyh sdudphwhuv1


Wkh qrq0iudfwlrqdo DUPD prgho zrunv idluo| zhoo iru vkruw0udqjh suhglfwlrqv


zkhq wkh wuxh surfhvv lv iudfwlrqdoo| gl�huhqfhg/ zkhuhdv wkh DUILPD vshfl�0


fdwlrqv duh rswlpdo iru orqj0udqjh iruhfdvwlqj1 Lq jhqhudo/ iru wkh iudfwlrqdoo|


lqwhjudwhg surfhvvhv lqyhvwljdwhg/ wkh ehvw suhglfwlrqv duh rewdlqhg zkhq xvlqj


wkh pd{lpxp olnholkrrg DUILPD hvwlpdwlrq surfhgxuh1


6161 Prylqj Dyhudjhv dqg Dqwl0shuvlvwhqw Surfhvvhv


Iru PD+4, surfhvvhv wkh fkrlfh ri prgho kdugo| pdwwhuv1 Wkh DUPD prgho lv


irxqg wr kdyh d voljkwo| ehwwhu shuirupdqfh/ dqg wkh pd{lpxp olnholkrrg hvwl0


pdwhg DUILPD prghov duh lq wxuq pdujlqdoo| pruh dffxudwh wkdq wkrvh hvwl0


pdwhg e| wkh JSK dqg PUU surfhgxuhv1 Wkh vlpsolflw| ri wkh qrq0iudfwlrqdo


vshfl�fdwlrq prwlydwhv wkh xvh ri DUPD prghov lq wklv fdvh1 Krzhyhu/ wkh wuxh


surfhvv lv xqnqrzq dqg wkh prghoolqj fkrlfh kdugo| d�hfwv wkh iruhfdvwlqj shu0


irupdqfh1


Iru dqwl0shuvlvwhqw +_ 	 f, surfhvvhv dovr/ wkh gl�huhqfh lq iruhfdvwlqj shu0


irupdqfh ehwzhhq wkh DUPD dqg DUILPD prghov lv yhu| vpdoo1 Wklv lv lq
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Iljxuh 616= Hvwlpdwhg phdq vtxduhg suhglfwlrq huuruv dqg w0ydoxhv ri wkh PVSH
whvw iru dq DUILPD+4/317/3, surfhvv ri ohqjwk 4331
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Vhh qrwh wr Iljxuh 6141 Wkh urzv fruuhvsrqg wr � ' f�f/ f�2 dqg f�D uhvshf0
wlyho|1 Wkh gdwd duh jhqhudwhg dffruglqj wr E��D� �
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djuhhphqw zlwk wkh uhvxowv ri Vplwk dqg \dgdy E�bbe�1


71 Frqfoxglqj Uhpdunv


Wklv sdshu lqyhvwljdwhv dqg frpsduhv wkh iruhfdvwlqj shuirupdqfh ri DUPD dqg


DUILPD prghov1 Wkh uhvxowv vxjjhvw wkdw wkh prgl�hg uhvfdohg udqjh dqg pd{0


lpxp olnholkrrg hvwlpdwruv iru wkh iudfwlrqdoo| lqwhjudwhg prgho jhqhudwh suhglf0


wlrqv wkdw duh doprvw dv dffxudwh dv wkrvh ri wkh DUPD prgho/ zkhq wkh wuxh


surfhvv lv d �uvw0rughu dxwruhjuhvvlrq ru prylqj dyhudjh1 Wkh suhglfwlrqv duh


dovr txlwh vlplodu iru qhjdwlyho| iudfwlrqdoo| lqwhjudwhg surfhvvhv1 Wkh hvwlpdwru


ri Jhzhnh dqg Sruwhu0Kxgdn shuirupv edgo| zkhq wkh wuxh surfhvv lv dq DU+4,


zlwk d odujh srvlwlyh sdudphwhu1


Iru shuvlvwhqw surfhvvhv/ wkh JSK dqg PUU surgxfh vkruw0whup suhglfwlrqv


wkdw duh zruvh wkdq wkh DUPD iruhfdvwv1 Krzhyhu/ wkh rssrvlwh lv irxqg iru


lqwhuphgldwh dqg orqj0udqjh iruhfdvwv1 Wkh POH lv ehwwhu wkdq wkh DUPDprgho


iru doo krul}rqv1


Wkh JSK whfkqltxh h{shulhqfhv sureohpv zkhq frpelqlqj iudfwlrqdo lqwhjud0


wlrq zlwk dq dxwruhjuhvvlrq/ hvshfldoo| iru lqwhuphgldwh wr odujh DU sdudphwhuv1


Lq wkh fdvh ri vlpxowdqhrxv vkruw dqg orqj phpru|/ wkh PUU dqg lq sduwlfxodu


wkh POH surfhgxuhv jhqhudwh ehwwhu suhglfwlrqv wkdq wkh DUPD prgho1


Lq jhqhudo/ lw lv zruvh wr ljqruh wkdq wr lpsrvh orqj phpru| zkhq iruhfdvwlqj1


Ryhudoo/ wkh POH lv wkh ehvw ri wkh iudfwlrqdo hvwlpdwruv dqg wkh DUILPD prgho


lv ehwwhu wkdq wkh DUPD1


Uhihuhqfhv


Djldnorjorx/ F1/ S1 Qhzerog dqg P1 Zrkdu/ 4<<6/ Eldv lq dq hvwlpdwru ri wkh


iudfwlrqdo gl�huhqfh sdudphwhu/ Mrxuqdo ri Wlph Vhulhv Dqdo|vlv/ 47/ 5680


5791


Dqguhzv/ G1/ 4<<4/ Khwhurvnhgdvwlflw| dqg dxwrfruuhodwlrq frqvlvwhqw fryduldqfh


pdwul{ hvwlpdwlrq/ Hfrqrphwulfd/ 8</ ;4:0;8;1


Fkhxqj/ \10Z1/ 4<<6/ Whvwv iru iudfwlrqdo lqwhjudwlrq= d Prqwh Fduor Lqyhvwljd0


wlrq/ Mrxuqdo ri Wlph Vhulhv Dqdo|vlv/ 47/ 66406781


Glherog/ I1[1 dqg J1G1 Uxghexvfk/ 4<;</ Orqj phpru| dqg shuvlvwhqfh lq dj0


juhjdwh rxwsxw/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 57/ 4;<053<1
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Glherog/ I1[1 dqg J1G1 Uxghexvfk/ 4<<4d/ Lv frqvxpswlrq wrr vprrwkB Orqj


phpru| dqg wkh Ghdwrq sdudgr{/ Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/


+Ihe,/ 40<1


Glherog/ I1[1 dqg J1G1 Uxghexvfk/ 4<<4e/ Rq wkh srzhu ri Glfnh|0Ixoohu whvwv


djdlqvw iudfwlrqdo dowhuqdwlyhv/ Hfrqrplfv Ohwwhuv/ 68/ 48804931


Jhzhnh/ M1 dqg V1 Sruwhu0Kxgdn/ 4<;6/ Wkh hvwlpdwlrq dqg dssolfdwlrq ri orqj


phpru| wlph vhulhv prghov/ Mrxuqdo ri Wlph Vhulhv Dqdo|vlv/ 7/ 554056;1


Judqjhu/ F1Z1M1 dqg U1 Mr|hx{/ 4<;3/ Dq lqwurgxfwlrq wr orqj0phpru| wlph


vhulhv prghov dqg iudfwlrqdo lqwhjudwlrq/ Mrxuqdo ri Wlph Vhulhv Dqdo|vlv/


4/ 4805<1


Krvnlqj/ M1 U1 P1/ 4<;4/ Iudfwlrqdo gl�huhqflqj/ Elrphwulfd/ 9;/ 49804:91


Or/ D1 Z1/ 4<<4/ Orqj0whup phpru| lq vwrfn pdunhw sulfhv/ Hfrqrphwulfd/ 8</


45:<046461


O|kdjhq M1/ 4<<:/ Hvvd|v rq xqlyduldwh orqj0phpru| prghov/ Sk1 G1 Wkhvlv/


Ghsduwphqw ri Vwdwlvwlfv/ Xssvdod Xqlyhuvlw|/ Vzhghq1


Qhzh|/ Z1 dqg N1 Zhvw/ 4<;:/ D vlpsoh srvlwlyh gh�qlwh/ khwhurvnhgdvwlflw| dqg


dxwrfruuhodwlrq frqvlvwhqw fryduldqfh pdwul{/ Hfrqrphwulfd/ 88/ :360:381


Ud|/ E1 N1/ 4<<6/ Prghoolqj orqj0phpru| surfhvvhv iru rswlpdo orqj0udqjh suh0


glfwlrqv/ Mrxuqdo ri Wlph Vhulhv Dqdo|vlv/ 47/ 84408581


Vplwk/ M1 dqg V1 \dgdy/ 4<<7/ Iruhfdvwlqj frvwv lqfxuuhg iurp xqlw gl�huhqflqj


iudfwlrqdoo| lqwhjudwhg surfhvvhv/ Lqwhuqdwlrqdo Mrxuqdo ri Iruhfdvwlqj/ 43/


83:08471


Vrzhoo/ I1/ 4<<5/ Pd{lpxp olnholkrrg hvwlpdwlrq ri vwdwlrqdu| xqlyduldwh iudf0


wlrqdoo| lqwhjudwhg wlph vhulhv prghov/ Mrxuqdo ri Hfrqrphwulfv/ 86/ 49804;;1


Vfkzduw}/ J1/ 4<:;/ Hvwlpdwlqj wkh rughu ri d prgho/ Wkh Dqqdov ri Vwdwlvwlfv/


5/ 7940797


Wvfkhuqlj/ U1/4<<6/ Wdfnolqj dqg xqghuvwdqglqj wkh vpdoo vdpsoh eldv lq DUILPD


prghov/ Xqsxeolvkhg pdqxvfulsw/ Ghsduwphqw ri Ilqdqfh/ Xqlyhuvlw| ri Olp0


exuj/ Pddvwulfkw/ Wkh Qhwkhuodqgv1
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