
WKH LPSDFW RI VFKHGXOHG PDLQWH0

QDQFH RQ WKH IDLOXUH SURFHVV RI

HOHFWULF UDLO YHKLFOHV

FK1 Q1 VWDYURSRXORV dqg V1G1 IDVVRLV

Vwrfkdvwlf Phfkdqlfdo V|vwhpv +VPV, Jurxs/ Ghsduwphqw ri Phfkdqlfdo
dqg Dhurqdxwlfdo Hqjlqhhulqj/ Xqlyhuvlw| ri Sdwudv/ JU 598 33 Sdwudv/ Juhhfh/
~{vwdyurs/ idvvrlv�Cphfk1xsdwudv1ju

Devwudfw1 Wklv sdshu dgguhvvhv wkh vwrfkdvwlf prgholqj dqg lpsdfw dv0
vhvvphqw ri vfkhgxohg pdlqwhqdqfh dfwlrqv rq wkh uholdelolw| ri hohfwulf udlo
yhklfohv/ wkh odwwhu h{suhvvhg lq whupv ri uhfrughg Wlphv Ehwzhhq Idloxuhv
+WEIv,1 Wkh vwxg| lv edvhg xsrq klvwrulfdo wlph vhulhv gdwd iurp wkh Dwkhqv
Hohfwulf Udlozd|v dqg lqwhuyhqwlrq dqdo|vlv zlwklq d qryho qrq0vwdwlrqdu|
Ixqfwlrqdo Vhulhv prgholqj iudphzrun/ zklfk doorzv iru wkh prgholqj/ vfkhgxohg
pdlqwhqdqfh lpsdfw dvvhvvphqw/ dqdo|vlv/ dv zhoo dv idloxuh wlph suhglfwlrq1 Wkh
uhvxowv ri wkh vwxg| lqglfdwh wkdw lqwhuyhqwlrq prghov lqfrusrudwlqj vfkhgxohg
pdlqwhqdqfh h�hfwv duh vljql�fdqwo| ehwwhu wkdq wkhlu xqdffrxqwlqj frxqwhusduwv1
Ixuwkhupruh/ wkh vwdwlvwlfdo vljql�fdqfh ri wkh pdlqwhqdqfh h�hfwv lv ghprq0
vwudwhg/ dqg uholdelolw| suhglfwlrq lv vkrzq wr eh ihdvleoh1

Nh| Zrugv1 Pdlqwhqdqfh h�hfwv/ vwrfkdvwlf uholdelolw|/ idloxuh surfhvv
dqdo|vlv/ lqwhuyhqwlrq dqdo|vlv/ qrq0vwdwlrqdu| wlph vhulhv1

4 LQWURGXFWLRQ

Lq uhsdludeoh v|vwhpv wkh idloxuh surfhvv/ zklfk
pd| eh h{suhvvhg lq whupv ri wkh vhulhv ri
Wlphv Ehwzhhq Idloxuhv +WEIv,/ lv h{shfwhg wr
eh d�hfwhg e| pdmru uhsdluv dqg pdlqwhqdqfh
dfwlrqv dqg srolflhv1 Wkh vwrfkdvwlf prgholqj
dqg dvvhvvphqw ri wkhvh uhodwlrqvklsv pd| eh
dq lpsruwdqw wrro iru hydoxdwlqj pdlqwhqdqfh
srolflhv dqg ghvljqlqj ixwxuh dfwlrqv1

Lq wkh frqwh{w ri vwrfkdvwlf srlqw surfhvvhv ^45`/
d xqlw lv pdlqo| vxssrvhg wr eh lq hlwkhu d JDQ
+Jrrg Dv Qhz, ru EDR +Edg Dv Rog, srvw0
pdlqwhqdqfh vwdwh/ zkloh pdlqwhqdqfh srolflhv
ghshqg khdylo| rq wkh xqghuo|lqj dvvxpswlrqv

ri wkh vwrfkdvwlf surfhvv prgholqj wkh sdwwhuq ri
v|vwhp idloxuhv ^4/ </ 8`1

Wlph vhulhv prgholqj kdv ehhq vkrzq wr surylgh
d surshu iudphzrun iru h�hfwlyho| ghvfulelqj
wkh vwrfkdvwlf ghshqghqflhv suhvhqw lq uholdelolw|
+vxfk dv WEI, vhulhv ^46/ 44`/ dqg pd| eh wkxv
xvhg iru uholdelolw| prgholqj/ pdlqwhqdqfh lpsdfw
dvvhvvphqw wkurxjk wkh lqwurgxfwlrq ri surshu
h{sodqdwru| yduldeohv/ xqghuo|lqj gdwd vwuxfwxuh
dqdo|vlv/ dv zhoo dv suhglfwlrq1

Zlwklq vxfk d wlph vhulhv frqwh{w/ h{sodqdwru|
yduldeohv kdyh ehhq frqvlghuhg lq vwxglhv vxfk
dv Vlqjsxuzdood ^43`/ zklfk lqyhvwljdwhv wkh
lqwhuuhodwlrqvklsv ehwzhhq d vhulhv ri rshudwlqj



wlphv dqg d vhulhv ri pdlqwhqdqfh +grzq, wlphv
iru d frpsoh{ v|vwhp xvlqj wudqvihu ixqfwlrq
dqg furvv vshfwudo dqdo|vlv/ Nkrvkjriwddu hw

do1 ^9`/ zklfk lqyhvwljdwhv wkh lqfrusrudwlrq
ri h{sodqdwru| yduldeohv +surjudp frpsoh{lw|
phdvxuhv, zlwklq d vriwzduh txdolw| prgho xvlqj
DULPD[ +Lqwhjudwhg DxwrUhjuhvvlyh Prylqj
Dyhudjh zlwk h[rjhqrxv lqsxwv, prghov ^6`/
dqg Rnrjedd dqg Shqj ^;`/ zklfk xvhv d wlph
vhulhv lqwhuyhqwlrq dqdo|vlv phwkrgrorj| iru
suhyhqwlyh2suhglfwlyh pdlqwhqdqfh pdqdjhphqw
ri pxowlxqlw v|vwhpv1

Wkh dlp ri wkh suhvhqw vwxg| lv wkh vwrfkdvwlf
prgholqj dqg lpsdfw dvvhvvphqw ri wkh vfkhgxohg
pdlqwhqdqfh dfwlrqv rq v|vwhp uholdelolw|1 Wkh
vwxg| lv edvhg xsrq wkh sdudgljp ri hohfwulf udlo
yhklfoh uholdelolw| xvlqj uhwurvshfwlyh vhulhv ri
wlphv +np wudyhohg, ehwzhhq idloxuhv +WEIv, iru
yhklfohv ri wkh Dwkhqv Hohfwulf Udlozd|v/ dorqj
zlwk wkh fruuhvsrqglqj vfkhgxohg pdlqwhqdqfh
uhfrugv1 Wkh dssurdfk xvhg lv edvhg xsrq d
qryho qrq0vwdwlrqdu| Ixqfwlrqdo Vhulhv +IV, wlph
vhulhv iudphzrun ^44` zlwklq zklfk wkh vfkhgxohg
pdlqwhqdqfh dfwlrqv duh wuhdwhg dv ghwhuplqlvwlf
lqwhuyhqwlrqv ^7`1

Wkh vwxg| frqvwlwxwhv dq h{whqvlrq ri wkh zrun
uhsruwhg lq Vwdyursrxorv dqg Idvvrlv ^44` rq
qrq0vwdwlrqdu| Ixqfwlrqdo Vhulhv w|sh uholdelolw|
prgholqj/ irfxvlqj rq wkh iroorzlqj vshfl�f
remhfwlyhv= +d, Vwrfkdvwlf prgholqj dqg lpsdfw
dvvhvvphqw ri wkh vfkhgxohg pdlqwhqdqfh dfwlrqv
rq v|vwhp uholdelolw|> +e, fulwlfdo frpsdulvrq zlwk
vwrfkdvwlf uholdelolw| prgholqj yld uhsuhvhqwdwlrqv
wkdw gr qrw dffrxqw iru pdlqwhqdqfh dfwlrqv>
dqg/ +f, prgho0edvhg WEI vhulhv dqdo|vlv dqg
suhglfwlrq1

5 WKH IXQFWLRQDO VHULHV

PRGHOLQJ IUDPHZRUN

Wkh Ixqfwlrqdo Vhulhv iudphzrun srvwxodwhv prg0
holqj yld qrq0vwdwlrqdu| Ixqfwlrqdo Vhulhv +IV,
Wlph0ghshqghqw DxwrUhjuhvvlyh Prylqj Dyhu0
djh +WDUPD, prghov/ zklfk duh suhvhqwo| dxj0
phqwhg zlwk dq h{rjhqrxv h{flwdwlrq sduw +wkh
fruuhvsrqglqj prghov duh uhihuhhg wr dv WDU0
PD[, lq rughu wr dffrxqw iru wkh suhvhqfh ri
wkh ghwhuplqlvwlf lqwhuyhqwlrq uhsuhvhqwlqj pdlq0
whqdqfh dfwlrqv1 WDUPD[ prghov duh ri wkh
frqyhqwlrqdo DUPD[ irup/ exw zlwk sdudphwhuv

ehlqj h{solflw ixqfwlrqv ri wlph/ wkdw lv/

D+E> w, � \w @ E+E> w, �[w�qg .F+E> w, �Zw +4,

zlwk w � wr lqglfdwlqj glvfuhwh wlph +suhvhqwo|
idloxuh qxpehu,/ wr wkh vwduwlqj wlph/ \w wkh qrq0
vwdwlrqdu| uholdelolw| +WEI, vhulhv prghohg/ [w

wkh h{rjhqrxv h{flwdwlrq +lqwhuyhqwlrq yduldeoh,/
dqg Zw dq lqqrydwlrqv +xqfruuhodwhg, vhtxhqfh
zlwk }hur phdq dqg srvvleo| ydu|lqj yduldqfh1
qg uhsuhvhqwv wkh wlph ghod| ehwzhhq wkh lq0
whuyhqwlrq yduldeoh dqg \w/ dqg D+E> w,/ E+E> w,
dqg F+E> w, wkh wlph0ghshqghqw DxwrUhjuhvvlyh
+DU,/ h[rjhqrxv +[,/ dqg Prylqj Dyhudjh +PD,
sro|qrpldov ri rughuv qd> qe> dqg qf/ uhvshfwlyho|/

D+E> w,
7

@ 4 . d4+w, � E . ====. dqd+w, � E
qd +5,

E+E> w,
7

@ e3+w, . e4+w, � E. ====. eqe+w, � E
qe +6,

F+E> w,
7

@ 4 . f4+w, � E . ====. fqf+w, � E
qf +7,

zlwk E lqglfdwlqj wkh edfnvkliw rshudwru +E � \w
7
@ \w�4,/ dqg dqd+w, 9@ 3/ eqe+w, 9@ 3/ fqf+w, 9@ 3/
iru vrph w � wr1

Lq Ixqfwlrqdo Vhulhv WDUPD[ prg0
hov wkh prgho sdudphwhuv ehorqj wr d
s0glphqvlrqdo vxevsdfh vsdqqhg e| wkh
edvlv ixqfwlrqv iJ4+w,> J5+w,> = = = Js+w,j/

dl+w,
�

@
Ss

m@4
dlm �Jm+w, +4 � l � qd,

el+w,
�
@
Ss

m@4
elm �Jm+w, +3 � l � qe,

fl+w,
�

@
Ss

m@4
flm �Jm+w, +4 � l � qf,

zlwk wkh fruuhvsrqglqj prgho ehlqj uhihuuhg wr
dv WDUPD[+qd> qe> qf,s1

Wkh lghqwl�fdwlrq ri wkh lqwhuyhqwlrq +WDU0
PD[, prgho +4, lv edvhg xsrq wkh prgholqj
iudphzrun ri Ehq Pudg hw do1 ^5`/ zklfk dffrxqwv
iru sdudphwhu hvwlpdwlrq dv zhoo dv ixqfwlrqdo
edvlv glphqvlrqdolw|/ edvlv ixqfwlrq/ dqg prgho
rughu vhohfwlrq1 Gxulqj lghqwl�fdwlrq hdfk
uholdelolw| dqg lqwhuyhqwlrq vhulhv lv glylghg lqwr
wzr glvmrlqw sduwv= Wkh �uvw lv xvhg iru prgho
hvwlpdwlrq +hvwlpdwlrq vhw,/ zkhuhdv wkh odwwhu lv
uhvhuyhg iru prgho ydolgdwlrq +ydolgdwlrq vhw,1

Sdudphwhu hvwlpdwlrq lv dfklhyhg yld wkh
Sro|qrpldo0Dojheudlf +S0D, phwkrg/ iroorzhg e|
Suhglfwlrq Huuru +SH, uh�qhphqw ^5`1 Prgho vh0
ohfwlrq lv edvhg xsrq plqlpl}dwlrq ri wkh Uhvlg0
xdo +suhglfwlrq huuru, Vxp ri Vtxduhv +UVV,
dqg wkh Dndlnh Lqirupdwlrq Fulwhulrq +DLF, ^:/
s1 74<`1 Wkh �qdo dffhswdqfh ri wkh vhohfwhg
prgho ghshqgv xsrq vxffhvvixo ydolgdwlrq/ zklfk
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Iljxuh 4= +d, WEI vhulhv D> +e, vfkhgxohg pdlq0
whqdqfh lqwhuyhqwlrq vhulhv1

lv edvhg xsrq wkh d0srvwhulrul h{dplqdwlrq ri
wkh }hur0phdq/ vwdwlrqdulw|/ dqg xqfruuhodwhgqhvv
k|srwkhvhv iru wkh prgho uhvlgxdov/ dv zhoo dv
xsrq h{dplqdwlrq ri wkh prgho*v suhglfwlyh shu0
irupdqfh zlwklq wkh ydolgdwlrq vhw1

6 UDLO YHKLFOH UHOLDELOLW\

PRGHOLQJ

Wzr uhwurvshfwlyh vhulhv +vhulhv D dqg E, ri Wlphv
+np wudyhohg, Ehwzhhq Idloxuhv +WEIv, iru yhkl0
fohv ri wkh Dwkhqv Hohfwulf Udlozd|v/ dorqj zlwk
wkhlu fruuhvsrqglqj lqwhuyhqwlrq vhulhv iruphg
iurp vfkhgxohg pdlqwhqdqfh dfwlrqv/ duh h{dp0
lqhg1 Hdfk lqwhuyhqwlrq vhulhv +[w, lv iruphg xv0
lqj dq lqglfdwru yduldeoh zklfk wdnhv wkh ydoxh
ri 3 ru 4 ghshqglqj xsrq zkhwkhu d vfkhgxohg
pdlqwhqdqfh dfwlrq glg qrw ru glg/ uhvshfwlyho|/
suhfhgh wkh w� wk idloxuh1

614 WEI Vhulhv D Prgholqj

Wkh hohfwulfdo idloxuhv ri d udlo yhklfoh/ lqfxuuhg
ehwzhhq Mdqxdu| 4<<8 dqg Ghfhpehu 4<<</
duh lqfoxghg lq wkh <50vdpsoh0orqj vhulhv D
+Iljxuh 4d,1 Wkh fruuhvsrqglqj lqwhuyhqwlrq

Wdeoh 4= DLF dqg UVV2VVV lq wkh hvwlpdwlrq dqg
ydolgdwlrq vhwv iru vhohfwhg prghov +vhulhv D> plq0
lpdo ydoxhv lq erogidfh,1

UVV2VVV
Prgho DLF Hvwlp1 Ydolg1

�43�6 +(, +(,
WDU[+4/3,6 fkhe 41698 7;1:< 97196

WDU[+3/4,6 frv 41698 7;187 9:1;3
WDU[+4/3,6 vlq 4169: 7<1<6 :8199
WDU+5,6 fkhe 41743 ;7173 <41:8
WDUPD+4/4,6 frv 41744 ;815< <31:9
WDUPD+4/4,6 vlq 4173: ;415< ;8143

+pdlqwhqdqfh, vhulhv lv vkrzq lq Iljxuh 4e1
Wkh �uvw ;3 vdpsohv frqvwlwxwh wkh hvwlpdwlrq
vhw/ zkloh wkh odwwhu 45 vdpsohv wkh ydolgdwlrq vhw1

D suholplqdu| dqdo|vlv dqdorjrxv wr wkdw lq
Vwdyursrxorv dqg Idvvrlv ^44` frq�upv wkh vhulhv
qrq0vwdwlrqdulw|1 Vxevhtxhqwo|/ WDU2WDUPD
prghov ri ydulrxv rughuv/ ixqfwlrqdo vxevsdfhv
frqvlvwlqj ri Fkhe|vkhy LL sro|qrpldov ru
vlqh2frvlqh ixqfwlrqv/ dqg edvlv glphqvlrqdolwlhv
ri s @ 5 ru 6/ duh �wwhg wr wkh frqvwdqw0phdq0
fruuhfwhg WEI vhulhv D1 Wkh qxpehu ri hvwlpdwhg
sdudphwhuv lv pdlqwdlqhg ohvv wkdq ;/ lq rughu
wr hqvxuh d Vdpsohv Shu Sdudphwhu +VSS, ydoxh
juhdwhu wkdq 431

Fdqglgdwh prghov duh h{dplqhg lq whupv ri wkhlu
dfklhyhg UVV2VVV +Uhvlgxdo Vxp ri Vtxduhv
qrupdol}hg e| wkh phdq0fruuhfwhg Vhulhv Vxp ri
Vtxduhv, dqg DLF ydoxhv zlwklq wkh hvwlpdwlrq
vhw1 Wkh ehvw fdqglgdwh WDU2WDUPD prghov
duh/ iru gl�huhqw ixpfwlrqdo edvhv/ vkrzq lq
Wdeoh 4 +orzhu sduw,1

Lq rughu wr dvvhvv wkh h�hfwv ri vfkhgxohg pdlq0
whqdqfh rq wkh idloxuh surfhvv/ WDU[+qd> qe,s
lqwhuyhqwlrq prghov zlwk ydulrxv ixqfwlrqdo
vxevsdfhv duh �wwhg wr wkh WEI � vfkhg0
xohg pdlqwhqdqfh gdwd1 Wkh wlph ghod| qg lv
vhw wr }hur wr doorz iru srvvleo| lpphgldwh h�hfwv1

Wkh ixqfwlrqdo vxevsdfhv ri wkh DU sduw ri wkh
h{dplqhg lqwhuyhqwlrq prghov duh lghqwlfdo wr
wkrvh xvhg lq wkhlu WDUPD frxqwhusduwv/ zkloh
gl�huhqw vxevsdfhv duh xvhg lq wkh lqwhuyhqwlrq
+h{rjhqrxv, sduw1

Fdqglgdwh lqwhuyhqwlrq prghov duh h{dplqhg lq
whupv ri wkhlu dfklhyhg UVV2VVV dqg DLF ydoxhv
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Iljxuh 5= WEI vhulhv D= H{rjhqrxv +lqwhuyhqwlrq,
frh!flhqwv ri surmhfwlrq iru wkh WDU[+4/3,6
prgho +<8( frq�ghqfh lqwhuydov,1
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Iljxuh 6= Dfwxdo WEI vhulhv D +�r�, dqg
wkh Fkhe|vkhy WDU[+4/3,6 prgho0edvhg 40vwhs0
dkhdg suhglfwlrqv +���,1

zlwklq wkh hvwlpdwlrq vhw1 Fhuwdlq fdqglgdwh
WDU[ prghov duh vkrzq lq Wdeoh 4 +xsshu sduw,/
iurp zklfk d WDU[+4/3,6 prgho fkdudfwhul}hg
e| Fkhe|vkhy LL ixqfwlrqdo vxevsdfhv lv vhohfwhg
dv ehvw1 Wkh DU ixqfwlrqdo edvlv ri wklv prgho
frqvlvwv ri wkh 3wk/ 4:wk/ dqg 69wk Fkhe|vkhy
LL sro|qrpldov/ zkhuhdv wkh [ ixqfwlrqdo edvlv
frqvlvwv ri wkh 3wk/ 78wk/ dqg 9<wk sro|qrpldov1
Wkh prgho lv vxffhvvixoo| ydolgdwhg e| frq�uplqj
uhvlgxdo vwdwlrqdulw| dqg xqfruuhodwhgqhvv1

Iurp wkh uhvxowv ri Wdeoh 4 lw lv reylrxv wkdw wkh
prgho suhglfwlrq shuirupdqfh lv vxevwdqwldoo|
lpsuryhg zkhq wkh vfkhgxohg pdlqwhqdqfh lv
wdnhq lqwr dffrxqw1 Wklv lv frq�uphg e| doo
fulwhuld/ vlqfh wkh Fkhe|vkhy WDU[+4/3,6 prgho
dwwdlqv plqlpxp DLF dqg UVV2VVV ydoxhv lq
erwk wkh hvwlpdwlrq dqg ydolgdwlrq vhwv +lw vkrxog
eh qrwlfhg wkdw wkh dfklhyhg UVV2VVV ydoxhv
zlwklq wkh hvwlpdwlrq vhw duh doprvw kdoi ri wkrvh
dwwdlqhg e| prghov qrw dffrxqwlqj iru vfkhgxohg
pdlqwhqdqfh,1

Wkh lpsdfw ri pdlqwhqdqfh dfwlrqv rq wkh idloxuh
surfhvv lv irupdoo| frq�uphg e| h{dplqlqj wkh
vwdwlvwlfdo vljql�fdqfh ri wkh frh!flhqwv ri sur0
mhfwlrq ri wkh h{rjhqrxv sro|qrpldo ri wkh prgho/
zklfk duh doo gl�huhqw iurp }hur dw wkh � @ 3=38
ohyho +Iljxuh 5,1 Lw lv dovr zruwk phqwlrqlqj wkdw
dwwhpswv wr lqfuhdvh wkh h{rjhqrxv rughu glg qrw
lpsuryh wkh prgholqj h�hfwlyhqhvv zkhq mxgjhg
iurp wkh DLF srlqw ri ylhz1

Wkh Fkhe|vkhy WDU[+4/3,6 prgho edvhg 40vwhs0
dkhdg suhglfwlrqv duh/ dorqj zlwk wkh dfwxdo WEI
ydoxhv/ suhvhqwhg lq Iljxuh 6 iru wkh odwwhu kdoi ri
wkh gdwd uhfrug +hvwlpdwlrq dqg ydolgdwlrq vhwv,1
Wkh suhglfwlrqv whqg wr iroorz wkh dfwxdo WEI vh0
ulhv/ dowkrxjk wkh odujhu ghyldwlrqv duh jhqhudoo|
gl!fxow wr suhglfw1

615 WEI Vhulhv E Prgholqj

Wkh hohfwulfdo idloxuhv ri d gl�huhqw udlo yhklfoh/
dovr lqfxuuhg ehwzhhq Mdqxdu| 4<<8 dqg Ghfhp0
ehu 4<<</ duh lqfoxghg lq wkh <:0vdpsoh0orqj
vhulhv E +Iljxuh 7d,1 Wkh fruuhvsrqglqj lqwhuyhq0
wlrq +pdlqwhqdqfh, vhulhv lv vkrzq lq Iljxuh 7e1
Wkh �uvw ;3 vdpsohv frqvwlwxwh wkh hvwlpdwlrq
vhw/ zkloh wkh odwwhu 4: vdpsohv wkh ydolgdwlrq vhw1

D suholplqdu| dqdo|vlv/ dqdorjrxv wr wkdw lq
Vwdyursrxorv dqg Idvvrlv ^44`/ frq�upv wkh
vhulhv qrq0vwdwlrqdulw|/ dqg wkh WDU2WDUPD
prgholqj surfhgxuh ohdgv wr wkh ehvw fdqglgdwh
prghov lqglfdwhg lq Wdeoh 51

Lq d pdqqhu dqdorjrxv wr wkdw ri fdvh D/ WDU[
lqwhuyhqwlrq prghov duh dovr �wwhg wr wkh WEI �
vfkhgxohg pdlqwhqdqfh gdwd1 Wkh DU ixqfwlrqdo
vxevsdfhv duh lghqwlfdo wr wkrvh xvhg lq wkhlu
WDUPD frxqwhusduwv/ zkloh gl�huhqw vxevsdfhv
duh xvhg lq wkh lqwhuyhqwlrq +h{rjhqrxv, sduw1

Fdqglgdwh WDU[ prghov duh vkrzq lq Wdeoh
5/ iurp zklfk d vlqh WDU[+5/4,6 prgho ^ed0
vlv ixqfwlrqv ri wkh DU sduw duh J4+w, @ 4/
J5+w, @ vlq+ 55�w

;3
, dqg J6+w, @ vlq+ 98�w

;3
,> edvlv

ixqfwlrqv ri wkh h{rjhqrxv sduw duh J4+w, @ 4/
J5+w, @ vlq+ 5�w

;3
, dqg J6+w, @ vlq+ 5<�w

;3
,` lv

vhohfwhg dv ehvw1 Wkh prgho lv vxffhvixoo|
ydolgdwhg e| frq�uplqj uhvlgxdo vwdwlrqdulw| dqg
xqfruuhodwhgqhvv1

Dv lq fdvh D/ wkh lqfoxvlrq ri wkh vfkhgxohg pdlq0
whqdqfh ohdgv wr vxevwdqwldoo| ehwwhu suhglfwlyh
shuirupdqfh iurp erwk wkh DLF dqg UVV2VVV
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Iljxuh 7= +d, WEI vhulhv E> +e, vfkhgxohg pdlq0
whqdqfh lqwhuyhqwlrq vhulhv1

ylhzsrlqwv +djdlq/ wkh dfklhyhg UVV2VVV ydoxhv
zlwklq wkh hvwlpdwlrq vhw duh doprvw kdoi ri wkrvh
dwwdlqhg e| prghov qrw dffrxqwlqj iru vfkhgxohg
pdlqwhqdqfh,1

Wkh lpsdfw ri pdlqwhqdqfh dfwlrqv rq wkh idloxuh
surfhvv lv irupdoo| frq�uphg e| h{dplqlqj
wkh vwdwlvwlfdo vljql�fdqfh ri wkh frh!flhqwv ri
surmhfwlrq ri wkh h{rjhqrxv sro|qrpldo ri wkh
prgho/ vhyhudo ri zklfk duh gl�huhqw iurp }hur dw
wkh � @ 3=38 ohyho +Iljxuh 8,1 Lq frqwudvw wr fdvh
D/ wkh �uvw rughu h{rjhqrxv sro|qrpldo lqglfdwhv
d surorqjhg h�hfw ri vfkhgxohg pdlqwhqdqfh rq
wkh idloxuh surfhvv1

Wkh vlqh WDU[+5/4,6 prgho edvhg 40vwhs0dkhdg
suhglfwlrqv duh/ dorqj zlwk wkh dfwxdo WEI
ydoxhv/ suhvhqwhg lq Iljxuh 9 iru wkh odwwhu kdoi ri
wkh gdwd uhfrug +hvwlpdwlrq dqg ydolgdwlrq vhwv,1

7 FRQFOXGLQJ UHPDUNV

+d, Wkh qrq0vwdwlrqdulw| dqg vhuldo fruuhodwlrq
vwuxfwxuh suhvhqw lq wkh WEI vhulhv ri wzr
Dwkhqv Hohfwulf Udlozd|v yhklfohv kdv ehhq

Wdeoh 5= DLF dqg UVV2VVV lq wkh hvwlpdwlrq dqg
ydolgdwlrq vhwv iru vhohfwhg prghov +vhulhv E> plq0
lpdo ydoxhv lq erogidfh,1

UVV2VVV
Prgho DLF Hvwlp1 Ydolg1

�43�6 +(, +(,
WDU[+5/4,6 vlq 41677 6:188 971:4
WDU[+6/3,6 fkhe 41688 761:: 98154

WDU+5,6 vlq 416<3 ::147 991;9
WDUPD+4/4,6 vlq 416<3 :9198 :31<5
WDU+5,6 fkhe 416<: ;71:5 96146

WDU+5,6 frv 416<6 :<1;; :5177
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Iljxuh 8= WEI vhulhv E= H{rjhqrxv +lqwhuyhqwlrq,
frh!flhqwv ri surmhfwlrq iru wkh WDU[+5/4,6
prgho +<8( frq�ghqfh lqwhuydov,1

h�hfwlyho| prghohg yld qrq0vwdwlrqdu| Ixqf0
wlrqdo Vhulhv WDUPD prgholqj1

+e, Wkh Ixqfwlrqdo Vhulhv lqwhuyhqwlrq +WDU[,
prghov suryhg wr eh h�hfwlyh lq prgholqj wkh
WEI vhulhv dqg wkhlu fruuhvsrqglqj vfkhg0
xohg pdlqwhqdqfh1 Wkh lqwhuyhqwlrq +h{rjh0
qrxv, sro|qrpldo zdv ri rughu qe @ 3 ru 4/
dqg ri d ixqfwlrqdo vxevsdfh gl�huhqw iurp
wkdw ri wkh DU sduw1 Wkh odwwhu fkdudf0
whulvwlf pd| lqglfdwh wkh ghfrpsrvlwlrq ri
wkh idloxuh surfhvv lqwr wzr �sdudooho� vxe0
surfhvvhv/ hdfk rqh zlwk hdfk rzq �lqwhuqdo
vwuxfwxuh�= d vfkhgxohg pdlqwhqdqfh vxesur0
fhvv dqg d ghjudgdwlrq vxesurfhvv1 Lq dggl0
wlrq/ wkh frq�updwlrq ri d }hur wlph ghod|
+qg @ 3, ehwzhhq wkh lqwhuyhqwlrq dqg wkh
WEI vhulhv lqglfdwhv wkh �lpphgldwh� lpsdfw
ri wkh iruphu rq wkh odwwhu1

+f, Wkh Ixqfwlrqdo Vhulhv lqwhuyhqwlrq +WDU[,
prghov dffrxqwlqj iru vfkhgxohg pdlqwh0
qdqfh zhuh vkrzq wr eh vxshulru wr wkhlu
xqdffrxqwlqj +WDU2WDUPD, frxqwhusduwv
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Iljxuh 9= Dfwxdo WEI vhulhv D +�r�, dqg wkh
vlqh WDU[+5/4,6 prgho0edvhg 40vwhs0dkhdg suh0
glfwlrqv +���,1

iurp erwk wkh UVV2VVV dqg DLF ylhz0
srlqwv> dq lqgluhfw/ wkrxjk fohdu/ lqglfdwlrq
ri wkh vfkhgxohg pdlqwhqdqfh vljql�fdqfh1
Hvshfldoo| zruwkzkloh lv wkh idfw wkdw wkhlu
dfklhyhg UVV duh +zlwklq wkh hvwlpdwlrq vhw,
ri ydoxhv derxw kdoi ri wkrvh dwwdlqhg e| wkh
odwwhu prghov1

+g, Wkh lpsdfw ri wkh vfkhgxohg pdlqwhqdqfh
zdv irupdoo| frq�uphg e| dvvhvvlqj wkh vwd0
wlvwlfdo vljql�fdqfh ri wkh lqwhuyhqwlrq +h{0
rjhqrxv, frh!flhqwv ri surmhfwlrq dw wkh � @
3=38 ohyho1

Dfnqrzohgjhphqwv

Wkh dxwkruv duh judwhixo wr Pu1 Q1 Vnrxodulr0
wlv dqg wkh hqjlqhhuv ri wkh GHD Glylvlrq ri wkh
Dwkhqv Hohfwulf Udlozd|v +KVDS, iru surylglqj
wkh yhklfoh idloxuh gdwd dqg dovr iru xvhixo glvfxv0
vlrqv1 Wkh �qdqfldo vxssruw ri wkh vwxg| e| wkh
Jhqhudo Vhfuhwduldw iru Uhvhdufk dqg Whfkqrorj|/
Juhhfh/ wkurxjk wkh \SHU <8 Surjudp +Surmhfw
&774, lv dovr dfnqrzohgjhg1

UHIHUHQFHV

^4` Dvfkhu K1/ Ihlqjrog K1 Uhsdludeoh V|vwhpv

Uholdelolw|= Prgholqj/ Lqihuhqfh/ Plvfrqfhs0

wlrqv dqg Wkhlu Fdxvhv1 Pdufho Ghnnhu/ Qhz
\run/ 4<;71

^5` Ehq Pudg U1/ Idvvrlv V1G1/ Ohylww M1D1
D sro|qrpldo0dojheudlf phwkrg iru qrq0
vwdwlrqdu| WDUPD vljqdo dqdo|vlv 0 sduwv L
dqg LL1 Vljqdo Surfhvvlqj/ Yro1 98/ 4<<;/ ss1
406;1

^6` Er{ J1H1S1/ Mhqnlqv J1P1 Wlph Vhulhv Dqdo|0

vlv= Iruhfdvwlqj dqg Frqwuro1 Kroghq0Gd|/ Vdq
Iudqflvfr/ 4<:91

^7` Er{ J1H1S1/ Wldr J1F1 Lqwhuyhqwlrq dqdo|0
vlv zlwk dssolfdwlrqv wr hfrqrplf dqg hqyl0
urqphqwdo sureohpv1 Mrxuqdo ri wkh Dphulfdq

Vwdwlvwlfdo Dvvrfldwlrq/ Yro1 :3/ 4<:8/ ss1 :30
:<1

^8` Krnvwdg S1 Wkh idloxuh lqwhqvlw| surfhvv dqg
wkh irupxodwlrq ri uholdelolw| dqg pdlqwhqdqfh
prghov1 Uholdelolw| Hqjlqhhulqj dqg V|vwhp

Vdihw|/ Yro1 8;/ 4<<:/ ss1 9<0;51

^9` Nkrvkjriwddu W1P1/ V}der U1P1 Lqyhvwljdw0
lqj DULPD prghov ri vriwzduh v|vwhp txdo0
lw|1 Vriwzduh Txdolw| Mrxuqdo/ Yro1 7/ 4<<8/ ss1
6607;1

^:` Omxqj O1 V|vwhp Lghqwl�fdwlrq= Wkhru| iru wkh

Xvhu1 Suhqwlfh0Kdoo/ Hqjohzrrg Fol�v/ Q1M1/
4<;:1

^;` Rnrjedd R1J1/ Shqj [1 Wlph vhulhv lqwhuyhq0
wlrq dqdo|vlv iru suhyhqwlyh2suhglfwlyh pdlq0
whqdqfh pdqdjhphqw ri pxowlxqlw v|vwhpv1
Surfhhglqjv ri wkh LHHH Lqwhuqdwlrqdo Frq0

ihuhqfh rq V|vwhpv/ Pdq dqg F|ehuqhwlfv/
Sduw 8/ Vdq Glhjr/ FD/ 4<<;/ ss1 798<079971

^<` Vklq L1/ Olp W1M1/ Olh F1K1 Hvwlpdwlqj sdudp0
hwhuv ri lqwhqvlw| ixqfwlrq dqg pdlqwhqdqfh hi0
ihfw iru uhsdludeoh xqlw1 Uholdelolw| Hqjlqhhu0

lqj dqg V|vwhp Vdihw|/ Yro1 87/ 4<<9/ ss1 40431

^43` Vlqjsxuzdood Q1G1 Dqdo|}lqj dydlodelolw| xv0
lqj wudqvihu ixqfwlrq prghov dqg furvv vshf0
wudo dqdo|vlv1 Qdydo Uhvhdufk Orjlvwlfv Txdu0

whuo|/ Yro1 5:/ 4<;3/ ss1 40491

^44` Vwdyursrxorv Fk1Q1/ Idvvrlv V1G1 Qrq�
vwdwlrqdu| ixqfwlrqdo vhulhv prgholqj dqg
dqdo|vlv ri kdugzduh uholdelolw| vhulhv= d frp0
sdudwlyh vwxg| xvlqj udlo yhklfoh lqwhuidlo0
xuh wlphv1 Uholdelolw| Hqjlqhhulqj dqg V|vwhp

Vdihw|/ Yro1 9;/ 5333/ ss1 49<04;61

^45` Wkrpsvrq Z1D1 Mu1 Rq wkh irxqgdwlrqv ri
uholdelolw|1 Whfkqrphwulfv/ Yro1 56/ 4<;4/ ss1
40461

^46` Zdoov O1D1/ Ehqghoo D1 Wlph vhulhv phwkrgv
lq uholdelolw|1 Lq Dgydqfhv lq Uholdelolw| Whfk0

qrorj| V|psrvlxp/ Qdwlrqdo Fhqwuh ri V|v0
whpv Uholdelolw|/ XNDHD/ Zduulqjwrq/ 4<;9/
F5262404;1
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