
4 Lqwurgxfwlrq

Wudglwlrqdoo|/ wkh lqyhvwljdwruv orrnlqj iru hfrqrplf  xfwxdwlrqv ru wu|lqj wr glvsuryh

wkhlu h{lvwhqfh kdyh frqvlghuhg wkh dfwxdo pdfurhfrqrplf wlph vhulhv dv d olqhdu

frpelqdwlrq ri glvwlqfw/ qrw qhfhvvdulo| pxwxdoo| lqghshqghqw frpsrqhqwv1 Dv d

uxoh/ rqh glvwlqjxlvkhv ehwzhhq wkh iroorzlqj frpsrqhqwv= +d, wuhqg +li wkh vhulhv

lv qrw vwdwlrqdu|/ glvsod|lqj vhfxodu xszdug ru grzqzdug pryhphqw,> +e, f|foh+v,/

zklfk lv rqh ri wkh prvw glvsxwdeoh frqfhswv ri pdfurhfrqrplf dqdo|vlv/ gxudwlrq ri

zklfk udqjhv iurp 50; |hduv +frpprq exvlqhvv f|fohv, wr 73093 |hduv +wkh vr0fdoohg

orqj/ ru Nrqgudwlhy/ zdyhv,> +f, vhdvrqdo frpsrqhqw +v|vwhpdwlf pryhphqwv zlwklq

rqh |hdu,> dqg �qdoo| +g, zklwh qrlvh +vhuldoo| xqfruuhodwhg/ vwdwlrqdu| frpsrqhqw,1

Vlqfh doo wkhvh frpsrqhqwv duh qrw revhuydeoh/ wkhuh kdv ehhq d odujh ydulhw| ri

gl�huhqw vljqdo0h{wudfwlrq phwkrgv +VHWv, sursrvhg1 E| wkh yhu| vdph uhdvrq lw lv

yluwxdoo| lpsrvvleoh wr mxgjh/ zklfk ri wkhvh phwkrgv xqfryhuv wkh �wuxh wuhqg� ru

�wuxh f|foh�1

Hyhq zkhq wkh phwkrgv ghsduw iurp wkh vdph gh�qlwlrq ri f|foh/ wkh| fdq suhww|

hdvlo| jlyh ulvh wr wkh frpsohwho| gl�huhqw slfwxuhv ri wkh pdfurhfrqrplf  xfwxdwlrqv1

Wklv kdv h{wuhpho| lpsruwdqw lpsolfdwlrqv iru wkh irupxodwlrq dqg whvwlqj ri wkh

wkhruhwlfdo prghov ri wkh exvlqhvv f|foh dv zhoo dv iru wkh pdnlqj dqg hydoxdwlqj

hfrqrplf srolf| ghflvlrqv/ vlqfh lw d�hfwv wkh vw|ol}hg idfwv +hpslulfdo uhjxodulwlhv,

dqg wxuqlqj srlqwv gdwlqj ri wkh exvlqhvv f|fohv/ zklfk duh edvhg rq wkh hvwlpdwhv ri
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wkh f|folfdo frpsrqhqw ri wkh ruljlqdo vhulhv1

Wkhuhiruh vrph fulwhuld duh qhhghg wr fkrrvh dprqj wkhvh phwkrgv wkrvh zklfk

duh wkh prvw dghtxdwh wr wkh sureohp ri wkh exvlqhvv f|foh uhvhdufk1 Wkh sulqflsdo

fulwhuld rqh fdq xvh wr �vruw� wkhvh phwkrgv iurp wkh vwdqgsrlqw ri wkhlu xvhixoqhvv

iru wkh dqdo|vlv ri hfrqrplf  xfwxdwlrqv duh wkh vwulfwqhvv ri wkh xqghuo|lqj prgho

+wkdw lv/ krz uhvwulfwlyh duh wkh frqvwudlqwv lpsrvhg e| wkh fruuhvsrqglqj whfkqltxh

rq wkh wuhqg2f|foh ehkdylru,/ wkh ghjuhh ri wkh glvwruwlrqv lqwurgxfhg e| hdfk phwkrg

lqwr wkh vljqdo+v,/ dqg wkh delolw| wr suhglfw wkh f|folfdo pryhphqwv ri wkh hfrqrp|

lq wkh ixwxuh1

Lq wklv sdshu zh frqfhqwudwh xsrq wkh �glvwruwlrq dvshfw� wr whvw wkh vljqdo h{0

wudfwlqj whfkqltxhv1 Rqh fdq whvw wkh vljqdo0h{wudfwlrq phwkrgv orrnlqj dw wkhp

iurp gl�huhqw dqjohv1 Wkrvh ghshqg rq wkh xvhv rqh pdnhv ri wkh exvlqhvv f|foh

hvwlpdwhv1 Wkh prvw lpsruwdqw xvh ri wkh hvwlpdwhv ri wkh f|folfdo frpsrqhqwv duh

+4, wkh ghwhuplqdwlrq ri wkh vr0fdoohg vw|ol}hg idfwv +prphqwv ri ydulrxv rughuv, wr

exlog dqg fkhfn wkh pdfurhfrqrplf prghov/ +5, orfdol}dwlrq ri wkh wxuqlqj srlqwv ri

wkh exvlqhvv f|foh/ zklfk pd| vhuyh dv d edvlv iru wkh iruhfdvwlqj ri wkh f|foh dqg

khqfh ri wlpho| ghflvlrq0pdnlqj lq wkh duhd ri wkh frxqwhuf|folfdo srolf|1

Krzhyhu/ wkh sureohp ri xwprvw lpsruwdqfh lv wkdw wkh VHWv jlyh gl�huhqw uhvxowv

erwk lq whupv ri wkh vw|ol}hg idfwv dqg lq whupv ri wkh f|foh fkurqrorj|1 Wkhuhiruh/

vlqfh zh gr qrw nqrz wkh wuxh GJS ri wkh wlph vhulhv revhuyhg lq uhdolw|/ zh fdqqrw
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fkrrvh dprqj wkhvh VHWv wr vd| zklfk ri wkhp xqfryhu wkh wuxwk1 Wklv ljqrudqfh

xqghuplqhv doo wkh frqfoxvlrqv pdgh edvhg rq dq| ri wkh ghwuhqglqj phwkrgv1 Lqghhg/

krz fdq zh vd| wkdw/ iru h{dpsoh/ rxu prgho uhsolfdwhv wkh uhdolw| zhoo/ li zh gr qrw

hyhq lpdjlqh wklv uhdolw|B

Wklv sdshu wulhv wr whvw vhyhudo vljqdo0h{wudfwlrq whfkqltxhv xvlqj dv d fulwhulrq

wkhlu shuirupdqfh lq whupv ri wkh vw|ol}hg idfwv1 Wkh dwwhpswv wr �jxuh rxw wkh lpsdfw

ri wkh whfkqltxhv rq wkh vw|ol}hg idfwv kdyh ehhq douhdg| pdgh lq wkh olwhudwxuh1 Rqh

fdq phqwlrq/ iru h{dpsoh/ Fdqryd +4<<8,/ +4<<;d,/ dqg +4<<<,1 Krzhyhu/ rxu uhvhdufk

gl�huv iurp wkh suhylrxv rqhv lq wkdw lw dssolhv wkh vljqdo0h{wudfwlrq whfkqltxhv wr

wkh vlpxodwhg gdwd zlwk nqrzq surshuwlhv dqg qrw wr wkh dfwxdo pdfurhfrqrplf wlph

vhulhv/ dv lw grhv/ iru lqvwdqfh/ Fdqryd +4<<;d,1 Wkxv/ zh srvvhvv wkh h{dfw nqrzohgjh

derxw doo wkh prphqwv ri wkh jhqhudwhg vhulhv1 Lq rwkhu zrugv/ zh nqrz wkh wuxh

vw|ol}hg idfwv1

Wkh lghd lv wr whvw ydulrxv vljqdo0h{wudfwlrq whfkqltxhv iurp wkh ylhzsrlqw ri wkh

glvwruwlrqv wkh| lqwurgxfh lqwr wkh vw|ol}hg idfwv ri wkh h{wudfwhg f|fohv1 Khqfh lw

zrxog eh qdwxudo wr surfhhg dv iroorzv=

41 Jhqhudwh vljqdo +f|foh, zlwk nqrzq vw|ol}hg idfwv/ h1j1 �uvw dqg vhfrqg rughu

prphqwv1

51 Dgg wklv vljqdo wr vrph nlqg ri wuhqg/ dssduhqwo| uhplqglqj wkrvh zh revhuyh

lq wkh uhdo olih1
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61 Xvh d ghwuhqglqj whfkqltxh wr h{wudfw wkh klgghq vljqdo1

71 Frpsxwh wkh prphqwv lq txhvwlrq ri wkh hvwlpdwh ri wkh vljqdo dqg fdofxodwh dq

djjuhjdwh phdvxuh ri ghyldwlrq ri wkhvh prphqwv iurp wkrvh ri wkh jhqhudwhg

wuxh vljqdo dv zhoo dv vrph phdvxuhv ri wkh vlplodulw| ri wkh vlpxodwhg dqg

h{wudfwhg vhulhv1

81 Gr wkh deryh h{huflvh iru gl�huhqw vljqdo0h{wudfwlrq whfkqltxhv iru d odujh

hqrxjk qxpehu ri gudzv/ dyhudjh wkh uhvxowv ryhu doo wkh gudzv/ dqg frpsduh

wkh uhvxowlqj djjuhjdwh phdvxuhv ri ghyldwlrqv dfurvv wkhvh phwkrgv1

5 Gdwd0Jhqhudwlqj Surfhvvhv

Zh vlpxodwhg wzr vljqdo vhulhv/ hdfk ri zklfk frqvlvwv ri wzr frpsrqhqwv= wkh frpprq

frpsrqhqw/ zklfk pdnhv wkhp lqwhughshqghqw/ dqg wkh lglrv|qfudwlf frpsrqhqw/

zklfk lqwurgxfhv wkhlu rzq g|qdplfv1

Wr wkhvh f|folfdo vhulhv vrph wuhqgv zhuh dgghg vr wr fuhdwh wkh wuhqghg vhulhv

ri wkh w|sh zh jhqhudoo| revhuyh lq wkh uhdo olih1 Zh kdyh frqvlghuhg �yh sulqflsdo

fdvhv= +4, glvwlqfw ghwhuplqlvwlf wuhqgv> +5, frpprq ghwhuplqlvwlf wuhqg> +6, glvwlqfw

vwrfkdvwlf wuhqgv> +7, frpprq vwrfkdvwlf wuhqg lqghshqghqw ri wkh f|folfdo frpsr0

qhqwv> +8, frpprq vwrfkdvwlf wuhqg fruuhodwhg zlwk wkh f|folfdo frpsrqhqwv1 Lq hdfk

fdvh wkh f|folfdo frpsrqhqwv zhuh jhqhudwhg lq wkh vdph zd|1 Wkh rqo| gl�huhqfh

zdv wkh GJS ri wkh wuhqg1
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Wkh f|folfdo frpsrqhqwv duh frqvwuxfwhg dv iroorzv=

S�| ' k��| n q�0�|

S2| ' k2�| n q
2
02|

�| q �U(Efc ��

0�| ' 4�0�|3� n #�|

02| ' 4
2
02|3� n #

2|3
EEC #�|

#
2|

4
FFD � �UU(

3
EEC
3
EEC f

f

4
FFD c

3
EEC � f

f �

4
FFD
4
FFD

Wkh glvwxuedqfh whup �| lv frpprq iru erwk vhulhv +S�| dqg S2|,/ zkloh 02| dqg 0�|

duh pxwxdoo| lqghshqghqw � vlqfh .E#
�|#2r� ' f ;|c r � dqg uhsuhvhqw wkh vshfl�f

frpsrqhqw ri hdfk vljqdo vhulhv1 Wkh frpprq frpsrqhqw lv qrw fruuhodwhg zlwk wkh

vshfl�f frpsrqhqwv dw dq| odj ru ohdg= .E�|#�r� ' f ;|c r dqg � ' �c 21

Wkh wuhqghg vhulhv iru wkh fdvhv +4, dqg +6, zhuh fuhdwhg lq wkh iroorzlqj zd|=

+4, Glvwlqfw ghwhuplqlvwlf wuhqgv=

+�| ' @�|n K�|
2 n S�|
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+2| ' @2|n K2|
2 n S2|

Wkh �uvw wzr vxppdqgv rq wkh uljkw0kdqg vlgh irup wkh wuhqg ri wkh revhuyhg

vhulhv/ +�| dqg +2|/ zkloh wkh odvw rqh +S�| ru S2|, lv wkh f|folfdo frpsrqhqw/ ru vljqdo1

Wkh sdudphwhuv k�c k2/ q�/ q2 ghwhuplqh wkh uhodwlyh lpsruwdqfh ri wkh frpprq

dqg vshfl�f vkrfnv lq wkh g|qdplfv ri erwk f|folfdo frpsrqhqwv1 Wkh dxwruhjuhvvlyh

sdudphwhuv/ 4
�
dqg 4

2
/ lqwurgxfh wkh �orqj phpru|� lqwr wkh vshfl�f frpsrqhqw

surfhvvhv dqg/ lq wxuq/ lqwr wkh f|folfdo frpsrqhqwv wkhpvhoyhv1 Wkxv/ li 4� dqg 42

duh gl�huhqw iurp }hur/ wkh wudqvlwru| frpsrqhqwv/ S�| dqg S2|/ duh qr orqjhu zklwh

qrlvh/ exw glvsod| fhuwdlq shuvlvwhqfh lq wkhlu ehkdylru1 Zh wklqn wkdw wklv pd| eh d

pruh uhdolvwlf dssurdfk wr wkh f|folfdo frpsrqhqw/ wkdq wkdw uhgxflqj wklv frpsrqhqw

wr d phuh zklwh qrlvh1

+5, Frpprq ghwhuplqlvwlf wuhqg lv rewdlqhg iurp wkh suhylrxv GJS e| lpsrvlqj

wzr frqvwudlqwv= @� ' @2 dqg K� ' K2�

+6, Glvwlqfw vwrfkdvwlf wuhqgv=

+�| ' }�| n S�|

+2| ' }2| n S2|

zkhuh wkh wuhqgv }�| dqg }2| duh=
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}�| ' B n }�|3� n 1
�|

}2| ' B n }2|3� n 1
2|

Wkh qrlvh whupv/ 1
�| dqg 1

2|c duh lqghshqghqwo| dqg lghqwlfdoo| glvwulexwhg=3
EEC 1�|

1
2|

4
FFD � �UU(

3
EEC
3
EEC f

f

4
FFD c

3
EEC � f

f �

4
FFD
4
FFD

+7, Frpprq vwrfkdvwlf wuhqg lqghshqghqw ri wkh f|folfdo frpsrqhqwv lv gh�qhg dv

iroorzv=

+�| ' }| n S�|

+2| ' }| n S2|

zkhuh

}| ' B n }|3� n 12|

+8, Frpprq vwrfkdvwlf wuhqg fruuhodwhg zlwk wkh f|folfdo frpsrqhqwv lv gh�qhg

doprvw dv wkh surfhvv +7,/ wkh rqo| gl�huhqfh ehlqj=

}| ' B n }|3� n �|

:



Vr wkdw wkh wuhqg lv fruuhodwhg erwk zlwk S�| dqg zlwk S2| yld wkhlu frpprq glv0

wxuedqfh/ �|1

Wkh wkhruhwlfdo prphqwv ri wkh surfhvvhv S�| dqg S2|c uhjdugohvv ri wkh qdwxuh ri

wkh wuhqgv/ duh frpsxwhg dv iroorzv=

.ES�|� ' .ES2|� ' f

�J�ES�|c S�r� '

;AA?
AA=

k2
�
n q2

�

�342
�

c li | ' r

4
�|3r�
�

�342
�

q2
�
c rwkhuzlvh

Dqdorjrxvo|/

�J�ES2|c S2r� '

;AA?
AA=

k2
2
n q2

2

�342
2

c li | ' r

4
�|3r�
2

�342
2

q2
2
c rwkhuzlvh

Dovr/

�J�ES�|c S2r� '

;AA?
AA=

k�k2c li | ' r

fc rwkhuzlvh

Wkh wklug rughu fhqwudo prphqw=

7&e�?errES�|� ' 7&e�?errES2|� ' f

Wkh irxuwk rughu fhqwudo prphqw=

g�o|Jr�rES�|� ' g�o|Jr�rES2|� ' f

;



Wkh ohqjwk ri hdfk vlpxodwhg vhulhv zdv fkrvhq wr eh 583 revhuydwlrqv � d vwdq0

gdug ohqjwk iru wkh Srvw ZruogZdu LL pdfurhfrqrplf yduldeohv phdvxuhg dw txduwhuo|

iuhtxhqf|1 Wkhuh zhuh 833 lqghshqghqw gudzv pdgh/ vr wkdw zh jrw 833 sdluv ri wkh

wuhqghg vhulhv iru hdfk ri wkh �yh fdvhv fruuhvsrqglqj wr gl�huhqw GJSv ri wkh wuhqgv1

6 Hvwlpdwlrq

Zh wulhg wkh iroorzlqj whq vljqdo0h{wudfwlrq phwkrgv= Iluvw0rughu gl�huhqfh +IRG,/

Olqhdu wuhqg �owhu +OW,/ Txdgudwlf �owhu/ ru vhfrqg0rughu sro|qrpldo +TW,/ Ph0

gldq �owhu +PHG,/ Krgulfn0Suhvfrww �owhu +KSI,/ Edqgsdvv �owhu +ESI,/ Iuhtxhqf|0

grpdlq �owhu +IGI,/ Orfdoo| zhljkwhg uhjuhvvlrq +OZU,/ Fdwhusloodu +ru �Fdw� iru

vkruwqhvv,/ Drnl*v phwkrg/ dqg Zhvw*v phwkrg1 Wkh ghwdlov ri wkh dojrulwkpv dqg

prwlydwlrq ri vrph ri wkhvh phwkrgv dq lqwhuhvwhg uhdghu fdq �qg lq= KSI�Krgulfn

dqg Suhvfrww +4<<:,> ESI � Ed{whu dqg Nlqj +4<<8,> OZU � Khlohu +4<<<,> PHG

�Zhq dqg ]hqj +4<<<,> Fdwhusloodu � Gdqlory dqg ]kljomdyvn| +4<<:,/ Jro|dqglqd/

Qhnuxwnlq dqg ]kljomdyvn| +5334, ru Jklo dqg \lrx +4<<9,/ Jklo dqg Wdulffr +4<<:,>

Drnl*v phwkrg � Drnl +4<<7,> Zhvw*v phwkrg � Zhvw/ Sudgr/ dqg Nu|vwdo +4<<<,1

Wr frpsduh wkh shuirupdqfh ri gl�huhqw vljqdo0h{wudfwlrq whfkqltxhv zh lqwur0

gxfhg dqg frpsxwhg wkh dyhudjh phdvxuh ri ghyldwlrqv +��(,/ zklfk phdvxuhv wkh

dyhudjh glvwdqfh ehwzhhq wkh �uvw irxu prphqwv +phdqv/ yduldqfhv/ dxwrfryduldqfhv/

fryduldqfhv/ vnhzqhvvhv/ dqg nxuwrvlvhv, ri wkh vlpxodwhg dqg h{wudfwhg vhulhv=

<
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zkhuh wr� lv d prphqw ri wkh vlpxodwhg vhulhv/ dqg we� lv d prphqw ri wkh h{wudfwhg

vljqdo vhulhv1

Dqrwkhu phdvxuh lv frqvwuxfwhg lq vxfk d zd| wkdw lw lv erxqghg zlwklq dfc �o

lqwhuydo dqg wkdw wkh lpsdfw ri wzr odujh glvfuhsdqflhv ehwzhhq vrph prphqwv lv

dwwhqxdwhg1 Lw lv fdoohg dyhudjh h{srqhqwldo phdvxuh ri ghyldwlrqv +��(., dqg lw

lv frpsxwhg dv iroorzv=

��(. '
�

6

6[
�'�

i�� i TE� mwr� � we� m�j

Lw lv dovr fdofxodwhg iru wkh �uvw irxu prphqwv dv ��(1 Lq rughu wr glvhqwdqjoh

wkh lq xhqfh ri wkh vhfrqg0rughu prphqwv/ zklfk duh fxuuhqwo| wkh prvw ghpdqghg

e| wkh exvlqhvv f|foh uhvhdufkhuv/ zh frpsxwhg ��(. iru wkhvh prphqwv rqo|1 Lw lv

fdoohg ��(.2 lq wkh ehorz glvfxvvlrq1 Erwk phdvxuhv duh lqyhuvho| uhodwhg wr wkh

shuirupdqfh= wkh forvhu ��(. ru ��(.2 lv wr 4/ wkh srruhu lv wkh shuirupdqfh

ri wkh fruuhvsrqglqj VHW1

Wkhuh zdv dovr rqh vwdqgdug phdvxuh ri wkh vlplodulwlhv ehwzhhq wzr vhulhv xvhg/

qdpho| wkh Wkhlo*v lqhtxdolw| frh!flhqw +Wkhlo,1 Wkh glvfxvvlrq ri wklv phdvxuh fdq

eh irxqg/ iru lqvwdqfh/ lq Slqg|fn dqg Uxelqihog +4<<4/ ss1 66:0674,1 Wkh Wkhlo*v

lqhtxdolw|/ X/ lv gh�qhg dv=
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Wkh uhvxowv ri wkh vlpxodwlrq duh vxppdul}hg lq wkh wdeohv ri wkh Dsshqgl{1

Wdeohv 4d04f frqwdlq wkh wuxh prphqwv dqg wkh vdpsoh prphqwv ri wkh vlpxodwhg

dqg h{wudfwhg f|folfdo vhulhv1 Lq wkh Wdeohv 5d05h wkh djjuhjdwh phdvxuhv ri wkh

glvvlplodulwlhv duh suhvhqwhg1

Wdeohv iurp 4d wr 4f frpsduh wkh wuxh prphqwv zlwk wkh vdpsoh prphqwv ri

h{wudfwhg vhulhv dfurvv doo wkh whq vljqdo0h{wudfwlrq whfkqltxhv frqvlghuhg1 Vlqfh wkh

uhvxowv iru wkh surfhvvhv zlwk glvwlqfw dqg frpprq ghwhuplqlvwlf wuhqgv duh vlplodu

dv zhoo dv wkrvh iru wkh surfhvvhv zlwk glvwlqfw dqg frpprq vwrfkdvwlf wuhqgv qrw

fruuhodwhg zlwk wkh f|fohv/ lq wkh Dsshqgl{ zh uhsurgxfh rqo| wkuhh wdeohv1 Wkh

wdeohv zlwk wkh vdpsoh prphqwv iru wkh surfhvvhv zlwk frpprq ghwhuplqlvwlf wuhqg

dqg frpprq vwrfkdvwlf wuhqg qrw fruuhodwhg zlwk f|fohv duh dydlodeoh rq uhtxhvw1

Lq rughu wr mxgjh krz vljql�fdqw duh wkh gl�huhqfhv ehwzhhq wkh wuxh prphqwv dqg

wkh prphqwv ri wkh h{wudfwhg vhulhv/ zh kdyh irxqg wkh 4vw dqg wkh <<wk shufhqwlohv ri

wkh hpslulfdo glvwulexwlrqv ri wkh prphqwv ri wkh hvwlpdwhv ri wkh vljqdo1 Li wkh wuxh

prphqw olhv rxwvlgh ri wkh lqwhuydo ehwzhhq wkh 4vw dqg wkh <<wk shufhqwlohv/ wkhq wkh

gl�huhqfh ehwzhhq wkh wuxh dqg hvwlpdwhg prphqw lv wkrxjkw wr eh vljql�fdqw1 Lq

rughu wr vdyh vsdfh/ zh gr qrw uhsruw wkh shufhqwlohv1 Wkh uhvxowv ri wkh frpsxwdwlrq

ri wkh h{wuhph shufhqwlohv frqirup wr wkrvh ri fdofxodwlrq ri wkh phdq1
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Xqghu wkh ghwhuplqlvwlf wuhqg vshfl�fdwlrq +vhh Wdeoh 4d, prvw ri wkh phwkrgv/

vdyh IRG dqg OZU/ hvwlpdwh zhoo wkh phdqv ri wkh f|fohv1 IRG dqg OZU h{wudfw

f|fohv zlwk wkh phdq htxdo wr wkh vorsh ri wkh ghwhuplqlvwlf f|foh1 Krzhyhu/ prvw

ri wkh VHWv/ h{fhsw iru TW dqg OW/ xqghuhvwlpdwh wkh yduldqfhv dqg fryduldqfhv ri

hdfk lqglylgxdo vhulhv1 Lq wkh vdph wlph TW/ OW/ KSI/ ESI/ dqg Fdwhusloodu jlyh

txlwh jrrg hvwlpdwhv ri wkh furvvfryduldqfhv1 IRG ryhuhvwlpdwhv wkh furvvfryduldqfh

dw odj 3 dqg pdnhv wkh wzr f|fohv ghshqghqw dw qrq}hur odjv1 Zhvw*v phwkrg/ IGI/

PHG/ dqg OZU xqghuhvwlpdwh wkh furvvfryduldqfh ri %� dqg %2 dw }hur odj1 Wkh

kljkhu prphqwv vhhp wr eh qrw glvwruwhg e| dq| ri wkh VHWv/ zlwk wkh h{fhswlrq ri

PHG dqg OZU/ zklfk h{wudfw f|fohv zlwk yhu| kljk nxuwrvlvhv/ l1h1 zlwk odujh wdlo

glvwulexwlrqv1

Xqghu wkh vwrfkdvwlf wuhqg xqfruuhodwhg zlwk f|fohv dvvxpswlrq +vhh Wdeoh 4e,

wkh phdqv dqg vnhzqhvvhv uhpdlq xqglvwruwhg e| �owhulqj1 Wkh odujhvw glvwruwlrqv

duh lqwurgxfhg lqwr wkh vhfrqg0rughu prphqwv/ hvshfldoo| wkrvh iru hdfk lqglylgxdo

vhulhv1 Wkh fryduldqfhv dqg dxwrfryduldqfhv ri wkh f|fohv hvwlpdwhg e| TW/ OW/

KSI/ ESI/ Fdwhusloodu/ dqg Zhvw*v whfkqltxh duh vljql�fdqwo| ryhuhvwlpdwhg1 IRG

ryhuhvwlpdwhv rqo| wkh yduldqfh dqg uhqghuv dxwrfryduldqfh dw kljkhu odjv qhjdwlyh/

pdnlqj wkh f|foh uhplqg dq PD+4, surfhvv zlwk qhjdwlyh frh!flhqw1 IGI dqg PHG

vwloo xqghuhvwlpdwh wkh vhfrqg0rughu prphqwv1 KSI/ ESI/ dqg Fdwhusloodu uhsurgxfh

wkh furvvfryduldqfhv txlwh forvho|1 Lw vhhpv wkdw wkh vzlwfk iurp wkh ghwhuplqlvwlf wr
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wkh vwrfkdvwlf wuhqgv/ zklfk duh qrw fruuhodwhg wr wkh f|fohv/ grhv qrw d�hfw iru wkhvh

phwkrgv wkh uhodwlrqvklsv ehwzhhq wkh f|folfdo frpsrqhqwv1 Xqghu wkh vwrfkdvwlf

wuhqgv pruh VHWv +qdpho| TW/ OW/ Zhvw*v phwkrg/ PHG/ dqg OZU, duh glvwruwlqj

wkh irxuwk0rughu prphqwv ri wkh glvwulexwlrq ri wkh f|foh1

Wkh dvvxpswlrq ri vwrfkdvwlf wuhqg fruuhodwhg zlwk wkh f|fohv +vhh Wdeoh 4f, ohdgv

wr wkh gudvwlf fkdqjhv/ zklfk d�hfw pdlqo| wkh vhfrqg0rughu prphqwv1 Iluvw/ lw

lqwurgxfhv d nlqg ri dv|pphwu| ehwzhhq wkh f|folfdo frpsrqhqwv= wkh rqh/ zklfk

lv srvlwlyho| fruuhodwhg zlwk wuhqg/ kdv pxfk juhdwhu yduldqfh wkdq wkh f|foh zklfk

lv fruuhodwhg qhjdwlyho|1 Lw dsshduv wkdw srvlwlyh +qhjdwlyh, fruuhodwlrq ehwzhhq wkh

wuhqg dqg f|foh dffhqwxdwhv +dwwhqxdwhv, wkh yduldelolw| ri wkh revhuydeoh vhulhv dqg

khqfh wkh VHWv h{wudfw f|fohv zlwk kljkhu +orzhu, yduldqfh wkdq lq wkh fdvh zlwk qr

fruuhodwlrq1 Wkh furvvfryduldqfh dw odj }hur fkdqjhv lwv vljq +qrz lw lv srvlwlyh, dqg

jhwv pxfk kljkhu devroxwh ydoxh1 Pruhryhu/ wkh GJS vshfl�fdwlrq fkdqjh lqgxfhv d

nlqg ri whpsrudo dv|pphwu|= wkh hvwlpdwhv ri f|fohv duh fruuhodwhg kljkhu dw qhjdwlyh

odjv wkdq dw wkh srvlwlyh rqhv1 Lq rwkhu zrugv/ f|foh 4 vwduwv wr ohdg voljkwo| f|foh

51 Wkh deryh revhuydwlrqv duh wuxh iru doo VHWv/ vdyh Zhvw dqg IGI1 Wkh �uvw0 dqg

wklug0rughu prphqwv uhpdlq dv xvxdo lqwdfw1 Wkh nxuwrvlvhv duh vljql�fdqwo| qhjdwlyh

iru TW dqg OW dqg srvlwlyh iru Zhvw/ PHG/ dqg OZU1

Wkh idfw wkdw xqghu ghwhuplqlvwlf wuhqg wkh vhfrqg0rughu prphqwv duh jhqhudoo|

xqghuhvwlpdwhg/ zkloh xqghu wkh vwrfkdvwlf wuhqg wkh| duh ryhuhvwlpdwhg lv ehfdxvh
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wkh wuhqg h{wudfwhg e| pdq| ri wkh VHWv lv qrw vprrwk hqrxjk frpsduhg wr wkh

ghwhuplqlvwlf rqh dqg lv wrr vprrwk frpsduhg wr wkh vwrfkdvwlf wuhqg1 Wkhuhiruh

lq fdvh ri ghwhuplqlvwlf wuhqg/ wkh VHWv gr qrw h{wudfw doo wkh f|folfdo frpsrqhqw/

dgglqj sduw ri lw wr wkh wuhqg/ zkloh lq wkh fdvh ri vwrfkdvwlf wuhqg wkhvh phwkrgv

lqfoxgh lqwr wkh hvwlpdwh ri wkh f|foh sduw ri wkh wuhqg yduldelolw|1 Wklv �ohdndjh� ri

yduldelolw| ehwzhhq gl�huhqw wlph vhulhv frpsrqhqwv h{sodlqv dovr +lq wkh fdvh ri wkh

frpprq wuhqg fruuhodwhg zlwk wkh f|fohv, wkh srvlwlyh furvvfryduldqfhv ehwzhhq wkh

hvwlpdwhv ri wkh f|fohv zkhq wkh wuxh f|fohv duh qhjdwlyho| fruuhodwhg1

Wkhvh uhvxowv fdq eh irupdol}hg dqg vxppdul}hg dv iroorzv1 Xqghu dq| GJS wkh

hvwlpdwh ri wkh f|folfdo frpsrqhqw lv vrph olqhdu frpelqdwlrq +li/ ri frxuvh/ zh duh

xvlqj d olqhdu �owhu dv rxu VHW, ri wkh frpsrqhqwv ri wkh ruljlqdo wlph vhulhv1 Li zh

dvvxph wkh vhulhv wr eh frpsrvhg rqo| ri wuhqg dqg f|foh/ wkhq wkh hvwlpdwh ri wkh

f|foh/ 	S�|/ zrxog eh=

	S�| ' sE+�|� ' sE}�| n S�|� ' sE}�|� n sES�|�

zkhuh sE�� lv wkh lpsxovh0uhvsrqvh ixqfwlrq ri d VHW> +�| lv wkh ruljlqdo wlph vhulhv>

}�| lv d wuxh wuhqg> S�| lv d wuxh f|foh1

Vlqfh wkh remhfwlyh ri d VHW h{wudfwlqj f|folfdo frpsrqhqw lv wr holplqdwh qrq0

vwdwlrqdulw| iurp wkh ruljlqdo vhulhv/ lwv lpsxovh0uhvsrqvh ixqfwlrq fdq eh uhsuhvhqwhg

dv iroorzv=
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sEu� '
"[
�'f

k�u
�

zkhuh u lv wkh odj rshudwru> k� duh wkh VHW0vshfl�f zhljkwv1

Lq wkh fdvh ri ghwhuplqlvwlf wuhqgv wkh ruljlqdo vhulhv lv gh�qhg dv iroorzv

+�| ' ��E|� n S�|

zkhuh ��E|� lv vrph ghwhuplqlvwlf ixqfwlrq ri wlph/ iru h{dpsoh/ dq o0wk rughu sro|0

qrpldo1

Wkh f|foh fdq eh h{suhvvhg dv uhvxow ri lqwhudfwlrqv ri frpprq dqg lglrv|qfudwlf

vkrfnv=

S�| ' /���| n /�2

"[
�'f

w��u
�0�|

zkhuh /�& lv vrph qxpehu +qrw qhfhvvdulo| srvlwlyh, ghwhuplqlqj uhodwlyh zhljkwv ri

frpprq dqg lglrv|qfudwlf frpsrqhqwv ri f|foh dv zhoo dv ghjuhh dqg vljq ri fruuhod0

wlrq ehwzhhq wkh f|fohv> �| lv frpprq vkrfn/ 0�| lv lglrv|qfudwlf vkrfn1

Wkh yduldqfh ri wkh wuxh f|foh lv

T @oES�|� ' /2

��j
2

� n /2

�2

#
"[
�'f

w2��

$
j20�

dqg wkh fryduldqfh ehwzhhq wzr wuxh f|fohv zrxog eh

�J�ES�|c S2|� ' /��/2�j
2

�
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Wklv lv wuxh iru dq| vshfl�fdwlrq ri wkh wuhqg= erwk ghwhuplqlvwlf dqg vwrfkdvwlf1

Krzhyhu/ wkh prphqwv ri wkh h{wudfwhg f|foh/ 	S�|/ zloo eh gl�huhqw/ ghshqglqj rq

wkh GJS ri wkh wuhqg ehfdxvh ri wkh �ohdndjh� ri yduldelolw| ehwzhhq wkh hvwlpdwhg

frpsrqhqwv surgxfhg e| wkh VHWv1

Ghwhuplqlvwlf wuhqg+v,=

	S�| '
?[

�'f

k��u
� i��E|� n S�|j '

?[
�'f

k��u
�

+
��E|� n /���| n /�2

"[
�'f

w��u
�0�|

,

Pruh frpsdfwo| wklv fdq eh h{suhvvhg dv

	S�| ' ���E|� n /��

?[
�'f

k��u
��| n /�2

"[
�'f

�w��u
�0�|

zkhuh ���E|� ' E� � u�_
S
"

�'f k��u
���E|�c

S
"

�'f
�w��u

� '
S?

�'f k��u
�E
S
"

�'f w��u
��> _ lv

wkh rughu ri gl�huhqflqj� Zh pdnh lpsxovh0uhvsrqvh ixqfwlrq ri d VHW ghshqghqw ri

wkh vhulhv ehlqj ghwuhqghg/ vlqfh vrph ri wkh phwkrgv duh gdwd0dgdswlyh dqg khqfh

wkhlu zhljkwv duh lq xhqfhg e| wkh wlph vhulhv wr zklfk wkhvh �owhuv duh dssolhg1

Khqfh wkh yduldqfh ri wkh hvwlpdwh ri f|foh lv

T @oE	S�|� ' /2

��

#
?[

�'f

k2

��

$
j2� n /2

�2

#
"[
�'f

�w
2

��

$
j20�

Iru h{dpsoh/ iru IRG �owhu/ zkrvh lpsxovh0uhvsrqvh ixqfwlrq lv s8�(Eu� ' ��uc

wkh yduldqfh ri wkh h{wudfwhg f|foh zloo eh T @oE	S�|� ' .ES�|�S�|3�� ' 2�S�Ef��2�S�E��c

zkhuh �S�E� � lv dxwrfryduldqfh ri S�| dw odj � � Iru wkh f|foh*v vshfl�fdwlrq zh duh xvlqj

khuh wklv lpsolhv wkdw T @oE	S�|� ' 2 � Ef�bee� f�DDS� ' f�..Sc zklfk fdq eh frq�uphg

49



xsrq frqvxowlqj Wdeoh 4d ri Dsshqgl{/ zkhuh wkh yduldqfhv ri wkh f|folfdo hvwlpdwhv

rvfloodwh durxqg 31::1 Iru KSI/ ESI dqg Fdwhusloodu wkh yduldqfh lv hyhq vpdoohu/

vlqfh wkh| kdyh
S?

�'f k
2

�� 5 Efc �� dqg
S
"

�'f
�w
2

�� 	
S
"

�'f w
2

�� ' �

�342
' 2�.. +uhfdoo

wkdw zh jhqhudwhg lglrv|qfudwlf sduw ri wkh f|foh dv dq DU+4, zlwk dxwruhjuhvvlyh

frh!flhqw 4 ' f�H,1 Iru lqvwdqfh/ iru ESI wkh iruphu ydulhv iurp 3145 wr 314</ zkloh

wkh odwwhu lv dssur{lpdwho| htxdo wr 41:8/ ghshqglqj rq wkh qxpehu ri whupv lq wkh

PD uhsuhvhqwdwlrq ri wkh �owhu*v lpsxovh0uhvsrqvh ixqfwlrq/ ?�

Vlploduo|/ wkh furvv0fryduldqfh lv

�J�E	S�|c 	S2|� ' /��/2�

#
?[

�'f

k��k2�

$
j2�

Iru lqvwdqfh/ zkhq zh duh hpsor|lqj d IRG/ wkh furvv0fryduldqfh ri wkh h{wudfwhg

f|foh zloo eh wzlfh dv odujh dv wkh fryduldqfh ehwzhhq wkh wuxh f|fohv=

�J�E	S8�(
�| c 	S8�(

2| � ' 2 d�S�2Ef�� �S�2E��o ' 2�S�2Ef�

ehfdxvh/ iruwxqdwho| iru xv/ �S�2E�� ' f�

Zh fdq vhh wkdw wklv lv wkh fdvh orrnlqj dw wkh furvv0fryduldqfh dw odj }hur ri wkh

IRG0h{wudfwhg f|fohv lq Wdeoh 4d1

Wkh slfwxuh ehfrphv pruh frpsolfdwhg zkhq zh wxuq wr wkh fdvh ri vwrfkdvwlf

wuhqgv1 Ohw*v xvh iru wkh vdnh ri vlpsolflw| wkh UE�� wuhqg/ wkdw lv/ }�| ' }�|3�n��|� Wkh

wuhqg vkrfnv/ ��| dqg �2|/ duh dvvxphg wr eh lqghshqghqwo| dqg lghqwlfdoo| glvwulexwhg
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dqg pxwxdoo| xqfruuhodwhg dv zhoo dv qrw fruuhodwhg wr wkh f|folfdo frpsrqhqwv/ S�|

dqg S2|1 Wkhq wkh hvwlpdwh ri f|folfdo frpsrqhqw zloo orrn olnh iroorzv=

	S�| '
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"[
�'f
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,

zklfk fdq eh h{suhvvhg dovr dv

	S�| '
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Glvwlqfw vwrfkdvwlf wuhqgv qrw fruuhodwhg zlwk f|fohv=
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dqg
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$
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Lq wklv fdvh wkh yduldqfhv ri wkh h{wudfwhg f|fohv zrxog eh dozd|v kljkhu wkdq

wkh yduldqfhv ri wkh hvwlpdwhv ri wkh f|fohv rewdlqhg lq fdvh ri ghwhuplqlvwlf wuhqgv/

dqg prvw suredeo| zloo eh kljkhu wkdq wuxh yduldqfhv1 Zkdw iru fryduldqfhv/ vlqfh

wkh wuhqgv* glvwxuedqfhv duh qrw fruuhodwhg/ wkhuh zloo eh qr gl�huhqfh ehwzhhq wkh

fryduldqfhv fruuhvsrqglqj wr wkh ghwhuplqlvwlf wuhqgv GJS dqg wkrvh fruuhvsrqglqj

wr wkh glvwlqfw vwrfkdvwlf wuhqgv1

Frpprq vwrfkdvwlf wuhqgv qrw fruuhodwhg zlwk f|fohv=
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dqg
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Zkhq frpprq wuhqg lv lqwurgxfhg/ qrw rqo| yduldqfhv � dv lq fdvh ri glvwlqfw

vwrfkdvwlf wuhqgv � ehfrph xszdug eldvhg/ exw dovr wkh fryduldqfhv1 Lw lv hdv| wr

vkrz wkdw iru IRG T @oE	S8�(�| � ' j2� n 2�S�Ef� � 2�S�E��/ zklfk jlyhq wkdw j2� ' �/

lv htxdo wr 41::91 Wkh fryduldqfh ehwzhhq wzr f|folfdo frpsrqhqwv dw }hur odj lv=

�J�E	S8�(
�| c 	S8�(

2| � ' j2� n 2�S�2Ef�� Khqfh �J�E	S
8�(
�| c 	S8�(

2| � ' �� f�D ' f�D� Frpsduh

wkhvh uhvxowv zlwk wkrvh suhvhqwhg lq Wdeoh 4e1

Frpprq vwrfkdvwlf wuhqgv fruuhodwhg zlwk f|fohv =
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Khuh zh fdq vhh wkh vrxufh ri wkh dssduhqw �dv|pphwu|� ehwzhhq erwk f|folfdo

frpsrqhqwv1 Li wkh f|foh lv srvlwlyho| +qhjdwlyho|, fruuhodwhg zlwk wkh wuhqg/ lwv

yduldqfh zrxog eh kljkhu +orzhu, wkdq lq wkh fdvh ri glvwlqfw vwrfkdvwlf wuhqgv1 Qrz/

li wkhuh lv qr fruuhodwlrq ehwzhhq wkh wuhqg dqg f|fohv/ zh zloo kdyh wkh h{wudfwhg

f|fohv* fryduldqfh ghshqglqj rqo| rq wkh yduldqfh ri wkh wuhqg glvwxuedqfh dqg wkh

fryduldqfh ehwzhhq wkh wuxh f|fohv1
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Khuh wkh fryduldqfhv ehwzhhq wuhqg glvwxuedqfhv/ rq rqh vlgh/ dqg wkh f|folfdo

frpsrqhqwv/ rq wkh rwkhu vlgh/ pd| dxjphqw ru glplqlvk wkh eldv/ ghshqglqj rq wkhlu

vljqv1 Lq wklv sduwlfxodu fdvh /�� ' �/�2/ dqg iru wkh qrq0gdwd0dgdswlyh phwkrgv olnh

IRG/ KSI/ ESI/ zkrvh lpsxovh0uhvsrqvhv gr qrw ghshqg rq wkh �owhuhg vhulhv/ wkh

odvw wzr whupv lq wkh deryh htxdwlrq r�vhw hdfk rwkhu dqg khqfh wkhuh lv qr gl�huhqfhv

ehwzhhq wkh fryduldqfhv xqghu frpprq wuhqg fruuhodwhg ru qrw zlwk wkh f|fohv1

Wkh deryh glvfxvvlrq lpsolhv wkdw wkh vshfl�fdwlrq ri wuhqg*v GJS sod|v fuxfldo

uroh zlwk uhvshfw wr wkh vw|ol}hg idfwv glvwruwlrqv1 Wkh udqgrpqhvv ri wkh wuhqg lv

lwvhoi dq lpsruwdqw vrxufh ri eldv1 Wkh juhdwhu lv yduldqfh ri wkh wuhqg glvwxuedqfhv/

wkh odujhu zloo eh wklv eldv1 Iru h{dpsoh/ iru j2� ' � wkh frqwulexwlrq ri wkh wuhqg glv0

wxuedqfhv lqwr wkh yduldelolw| ri wkh ESI0h{wudfwhg f|foh +zlwk wzr glvwlqfw vwrfkdvwlf

wuhqgv, lv durxqg 41:/ ru :;(1 Li wkh yduldqfh ri wuhqg glvwxuedqfhv zhuh vpdoohu/ wkh

yduldqfh ri wkh h{wudfwhg f|foh zrxog ghfuhdvh wrr1 Lqghhg/ zkhq zh glplqlvk j2� wr

318/ wkh yduldqfh ri wkh hvwlpdwhg f|foh idoov xs wr 31<:/ zklfk lv suhww| forvh wr wkh

wuxh ydoxh1 Krzhyhu/ zkhq j2� lv vhw wr }hur/ wkh yduldqfh ri wkh h{wudfwhg f|foh lv 318<

dqg lwv <<(0wk shufhqwloh lv htxdo wr 31::/ wkdw lv/ wkh yduldqfh lv grzqzdug eldvhg1
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Wkh odvw h�hfw lv gxh sxuho| wr wkh �owhu0ghshqghqw glvwruwlrqv1 Wkhuhiruh zh kdyh

wzr pdmru fdxvhv ri eldv= vshfl�fdwlrq ri wuhqg +vwrfkdvwlf dqg2ru frpprq wuhqg,

dqg wkh lpsdfw ri wkh �owhu1 Wkh �uvw lv eh|rqg rxu frqwuro/ zkloh wkh vhfrqg fdq eh

lq xhqfhg e| uhvhdufkhu1

Lq wkh fdvh ri qrqolqhdu VHWv +h1j1/ PHG, lw lv pxfk pruh gl!fxow wr suhglfw wkh

ehkdylru ri wkh prphqwv ri wkh h{wudfwhg f|folfdo frpsrqhqwv1

Ilqdoo|/ zh dqdo|}h wkh djjuhjdwh phdvxuhv ri wkh shuirupdqfh ri hdfk vljqdo0

h{wudfwlrq whfkqltxh suhvhqwhg lq Wdeohv 5d wr 5h1 Wkhuh wkh VHWv duh udqnhg df0

fruglqj wr wkh fruuhvsrqglqj ydoxhv ri hdfk phdvxuh1 Wkh kljkhu lv wkh srvlwlrq ri d

VHW lq wkh udqnlqj/ wkh ehwwhu lv lwv shuirupdqfh1

Lq zkdw frqfhuqv wkh djjuhjdwh phdvxuhv ri shuirupdqfh/ wkh uhvxowv duh suhww|

vlplodu zlwklq hdfk pdmru fodvv ri wkh GJSv1 Lq rwkhu zrugv/ wkh udqnlqj dqg wkh

ydoxhv ri wkh shuirupdqfh phdvxuhv duh pruh ru ohvv wkh vdph erwk iru wkh surfhvvhv

zlwk glvwlqfw dqg frpprq ghwhuplqlvwlf wuhqgv/ rq rqh kdqg/ dqg iru erwk wkh sur0

fhvvhv zlwk glvwlqfw dqg frpprq +fruuhodwhg ru qrw zlwk wkh f|fohv, wuhqgv1 Krzhyhu/

wkhuh duh elj gl�huhqfhv ehwzhhq wkhvh wzr jurxsv ri wkh GJSv1 Lq idfw/ wkh udqnlqj

ri wkh phwkrg fkdqjhv vljql�fdqwo| ghshqglqj rq zkhwkhu rqh xvhv ghwhuplqlvwlf ru

vwrfkdvwlf wuhqgv1

Rxw ri wkh wkuhh shuirupdqfh phdvxuhv wkh pruh vlplodu dprqj wkhp duh wkh

DGP dqg Wkhlo1 Wkh odwwhu jlyhv wkh prvw vwdeoh udqnlqj1 Wkh rqo| gudvwlf fkdqjh
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lq wklv udqnlqj lv wkh idoo ri wzr VHWv +TW dqg OW, iurp wkh kljkhvw srvlwlrqv xqghu

wkh ghwhuplqlvwlf wuhqgv wr wkh orzhvw srvlwlrqv xqghu wkh vwrfkdvwlf wuhqgv1 Wklv lv

qrw vxusulvlqj/ vlqfh TW dqg OW kdyh wkh vdph GJS dv wkh ghwhuplqlvwlf wuhqgv1

Doo rwkhu phwkrgv doprvw gr qrw fkdqjh wkhlu srvlwlrqv lq wkh udqnlqj1 Wkxv/ li zh

h{foxgh TW dqg OW/ zh zloo vhh wkdw ESI vwd|v dw 4vw ru 5qg srvlwlrqv/ KSI � 4vw

ru 5qg wrr/ Fdwhusloodu � 5qg dqg 6ug/ PHG � 4vw/ 6ug dqg 7wk/ IRG � 8wk/ OZU

� 9wk/Zhvw � :wk dqg ;wk/ dqg IGI � ;wk dqg 43wk1

Vrph lghd ri wkh klhudufk| dqg jurxslqj ri wkh VHWv fdq eh rewdlqhg iurp wkh

Iljxuhv 4 dqg 51 Wkhuh wkh shuirupdqfh phdvxuhv +DGPH dqg Wkhlo frh!flhqw, ri

vhyhudo ri wkh ghwuhqglqj whfkqltxhv/ zh duh frqvlghulqj khuh/ duh sorwwhg djdlqvw hdfk

rwkhu1 Hdfk srlqw hvwlpdwh � phdq ydoxh ri wkh frh!flhqw � lv flufohg lqwr dq hoolsvh

zkrvh udgll htxdo wr rqh vwdqgdug ghyldwlrq ri hdfk phdvxuh1 Qdpho|

% ' .E�(�.�� n T @oE�(�.��
f�D ULtE/�

+ ' .ELA�� n T @oELA��
f�D t�?E/�

Dowkrxjk/ vwulfwo| vshdnlqj/ wklv lv qrw dq dssursuldwh frq�ghqfh lqwhuydo/ vlqfh

wkh wuxh glvwulexwlrq ri wkh phdvxuhv lv qrw qrupdo/ vwloo vhuyhv iru wkh looxvwudwlrq

sxusrvhv1 Wkxv/ rqh fdq vhh wkdw iru wkh ghwhuplqlvwlf wuhqgv wkhuh h{lvw wzr jurxsv

ri VHWv= uhodwlyho| jrrg shuiruphuv +KSI/ ESI/ Pl{Igz, dqg edg shuiruphuv +IRG

dqg PHG,1 Zkhq vshfl�fdwlrq lv fkdqjhg wr wkh vwrfkdvwlf wuhqgv/ wkh jrrg shuirup0

huv +wkh frpsrvlwlrq ri wkh jurxs uhpdlqv wkh vdph, vkliw qruwkhdvwzdug/ l1h1 wkhlu
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shuirupdqfh zruvhqv dqg txlwh vljql�fdqwo| � doprvw wzlfh1 Ri frxuvh/ wkh edg shu0

iruphuv pryh hyhq iduwkhu wrzdugv wkh +4/4, srlqw/ exw qrz wklv jurxs lv frpsulvhg

e| OW dqg TW1

7 Lpsurylqj shuirupdqfh ri vljqdo0h{wudfwlrq whfkqltxhv

Wkh uhvxowv rewdlqhg deryh vkrz wkdw wkh shuirupdqfh ri doo wkh VHWv duh qrw yhu|

lpsuhvvlqj zkhq wkh wuhqgv duh vwrfkdvwlf1 Rq wkh rwkhu kdqg/ wkhuh h{lvwv fhuwdlq

udqnlqj ri VHWv/ dowkrxjk qrw shuihfwo| urexvw wr ydulrxv shuirupdqfh phdvxuhv1 Wkh

txhvwlrq lv zkhwkhu zh fdq krsh wr lpsuryh wkh shuirupdqfh dqg krz wr dfklhyh wklv1

Lw vhhpv wkdw wkhuh duh dw ohdvw wkuhh zd|v ri lpsurylqj1 Wkh �uvw rqh lv wr frpelqh

gl�huhqw �owhuv krslqj wkdw wkhlu olqhdu frpelqdwlrq +pl{hg �owhu, zloo gr ehwwhu wkdq

lwv frpsrqhqwv1 Wkh vhfrqg zd| lv wr dsso| vrph pxowlyduldwh �owhu/ zklfk xvhv pruh

lqirupdwlrq dqg lv pruh h!flhqw1 Wkh wklug zd| zrxog eh wr xvh mrlqwo| erwk wkhvh

dssurdfkhv/ l1h1/ frqvwuxfw pl{hg pxowlyduldwh �owhuv1

Wkh rxwfrphv ri frqvwuxfwlqj pl{hg dqg pxowlyduldwh �owhuv duh vxppdul}hg lq

Wdeohv 5d05h ri Dsshqgl{1 Wkhuh zh xvhg wkh iroorzlqj qrwdwlrq= pl{hg �owhu zlwk

gl�huhqwldwhg zhljkwv +Pl{Igz,/ pl{hg �owhu zlwk htxdo zhljkwv +Pl{Ihz,/ pxowlydul0

dwh KSI +PxowKSI,/ pl{hg pxowlyduldwh �owhu zlwk gl�huhqwldwhg zhljkwv +PPIgz,/

pl{hg pxowlyduldwh �owhu zlwk htxdo zhljkwv +PPIhz,1

Pl{hg �owhu lv mxvw d olqhdu frpelqdwlrq ri lqglylgxdo VHWv1 Wkh sureohp lv krz

56



wr vhw wkh zhljkwv iru wklv �owhu1 Rqh vroxwlrq lv wr xvh wkh htxdo zhljkwv= �� '
�

6

iru ;� 5 i�c 2c ���c 6j c zkhuh 6 lv wkh qxpehu ri �owhuv xvhg wr frqvwuxfw wkh pl{hg

VHW1 Dqrwkhu vroxwlrq fdq eh gl�huhqwldwhg zhljkwv/ ghshqglqj/ iru h{dpsoh/ rq wkh

shuirupdqfh ri wkh lqglylgxdo ghwuhqglqj whfkqltxhv1 Iru lqvwdqfh/

�� '
LA32�S6

�'� LA
32

�

zkhuh LA� lv wkh Wkhlo*v frh!flhqw iru wkh �� |� VHW1

Zh frqvwuxfwhg pl{hg �owhu zlwk htxdo dqg gl�huhqwldwhg zhljkwv frpsxwhg dv

lqglfdwhg deryh1 Wkh �owhuv zh xvhg lq wkh frqvwuxfwlrq duh= PHG/ IRG/ dqg KSI1

Wkh| glvwruw wkh vw|ol}hg idfwv ohdvw frpsduhg zlwk rwkhu VHW zkhq wkh wuhqgv duh

vwrfkdvwlf1

Lw wxuqhg rxw wkdw pl{lqj ydulrxv �owhuv lpsuryhv xsrq wkh shuirupdqfh ri hdfk ri

wkhp dssolhg vhsdudwho|1 Wkh pl{hg VHW shuirupv ehwwhu hyhq wkdq wkh ehvw ri wkh

�owhuv ri zklfk lw lv frpsulvhg1 Prvw ri wkh lpsuryhphqw lv gxh wr wkh frpelqdwlrq

h�hfw1 Pdnlqj zhljkwv ghshqghqw rq wkh shuirupdqfh ri wkh lqglylgxdo �owhuv glplq0

lvkhv wkh vw|ol}hg idfwv glvwruwlrqv hyhq pruh/ dowkrxjk qrw vljql�fdqwo|/ frpsduhg

zlwk wkh htxdo zhljkwv pl{hg �owhu1 Wklv lv ehfdxvh wkh Wkhlo*v frh!flhqwv xvhg dv

d edvlv iru wkh zhljkwv duh qrw yhu| gl�huhqw/ wkxv pdnlqj wkh zhljkwv wkhpvhoyhv

txlwh vlplodu1 Wkh deryh lv qrw wuxh/ krzhyhu/ iru wkh ghwhuplqlvwlf wuhqgv fdvh1 Wkh

pl{hg �owhu shuirupv ehwwhu wkdq IRG dqg PHG/ exw zruvh wkdq KSI1 Wkh uhdvrq lv

reylrxvo| wkdw xqghu wklv GJS wkh �uvw wzr ghwuhqglqj whfkqltxhv glvsod| wkh zruvw
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shuirupdqfh1 Wkhuhiruh e| frpelqlqj lw zlwk d ehwwhu �owhu zh gr qrw jdlq dq|wklqj1

Pruhryhu/ wkh| glyhujh iurp wkh wuxh prphqwv lq wkh vdph gluhfwlrq � wkh| doo

xqghuhvwlpdwh/ iru lqvwdqfh/ wkh vhfrqg0rughu prphqwv dqg khqfh gr qrw r�vhw eldv

lqwurgxfhg e| wkhlu frxqwhusduwv lqfoxghg lqwr wkh pl{hg �owhu1 Wkh frqfoxvlrq lv

wkdw rqh lv olnho| wr lpsuryh wkh shuirupdqfh e| frqvwuxfwlqj wkh pl{hg �owhuv rxw

ri wkh VHWv surgxflqj wkh f|foh hvwlpdwhv/ zkrvh vdpsoh prphqwv ghyldwh lq wkh

rssrvlwh gluhfwlrqv iurp wkh wuxh prphqwv1

Qh{w dssurdfk lv wkdw ri dsso|lqj pxowlyduldwh �owhuv1 Rqh vxfk �owhu � srvvleo|

wkh vlpsohvw rqh ri doo wkh pxowlyduldwh �owhuv � zdv sursrvhg lq Nr}lfnl +4<<<,1

Wkh lghd lv wkdw lq vrph fdvhv zh fdq vxvshfw wkh h{lvwhqfh ri vlqjoh wuhqg/ l1h1/ wkh

idfw wkdw wkh ruljlqdo wlph vhulhv lq txhvwlrq duh frlqwhjudwhg1 Wkhuhiruh zh fdq wdnh

dgydqwdjh ri wkh frpprq wuhqg dvvxpswlrq wr ghwuhqg wkhvh vhulhv1 Rqh zd| wr gr

wklv lv wr ghwuhqg hdfk vhulhv vhsdudwho| zlwk d xqlyduldwh wuhqg dqg wkhq �qg wkh

frpprq wuhqg dv d olqhdu frpelqdwlrq ri wkh hvwlpdwhv ri lqglylgxdo wuhqgv1 Wkh

hvwlpdwhv ri f|fohv duh frpsxwhg e| vxewudfwlqj wklv hvwlpdwhg frpprq wuhqg iurp

hdfk ri wkh revhuyhg vhulhv1

Pxowlyduldwh KSI ã od Nr}lfnl shuirupv voljkwo| ehwwhu wkdq lwv xqlyduldwh frxq0

whusduw1 Rqo| iru wkh ghwhuplqlvwlf wuhqgv fdvh/ zkhq Wkhlo frh!flhqw lv xvhg dv d

shuirupdqfh phdvxuh/ lw vhhpv wkdw pxowlyduldwh �owhu lv vljql�fdqwo| ehwwhu wkdq wkh

xqlyduldwh rqh1 Krzhyhu/ d gudvwlf lpsuryhphqw lv dfklhyhg rqo| zkhq wkh vlqjoh
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wuhqg uhvwulfwlrq lv frxsohg zlwk pl{lqj ydulrxv VHWv1 Wklv ohdgv xv wr wkh wklug

vroxwlrq � wkdw ri wkh pl{hg pxowlyduldwh �owhu1

Wkh dojrulwkp pd| eh wkh iroorzlqj=

41 Zh jhw hvwlpdwhv ri wkh wuhqgv xvlqj vhyhudo xqlyduldwh VHWv1

51 Pl{hg �owhu lv frqvwuxfwhg xvlqj htxdo ru gl�huhqwldwhg zhljkwv1

61 Wkh lqglylgxdo wuhqg hvwlpdwhv iru gl�huhqw vhulhv duh frpelqhg lqwr d vlqjoh

wuhqg1 Vxewudfwlqj wklv wuhqg iurp wkh ruljlqdo wlph vhulhv zh uhfhlyh wkh pl{hg

pxowlyduldwh �owhu hvwlpdwhv ri f|fohv1

Dv Wdeohv 5g dqg 5h vkrz/ wkh pl{hg pxowlyduldwh �owhuv shuirup wkh ehvw1 Iurp

Wdeoh 5e rqh fdq vhh wkdw wkh pl{hg pxowlyduldwh �owhuv jr lpphgldwho| diwhu wkh

VHWv/ zkrvh vwuxfwxuh fruuhvsrqgv wr wkh GJS ri wkh vlpxodwhg vhulhv1 Erwk lq

wkh fdvh ri vlqjoh ghwhuplqlvwlf dqg vwrfkdvwlf wuhqgv wkh pl{hg pxowlyduldwh VHW

rxwshuirupv wkh whfkqltxhv xvhg lq lwv frpsrvlwlrq1 Ri frxuvh/ wkhlu dssolfdwlrq

pdnhv vhqvh rqo| li zh dvvxph wkh h{lvwhqfh ri frpprq wuhqg1 Djdlq/ wkh gl�huhqfh

ehwzhhq wkh PPIgz dqg PPIhz lv qrw vxevwdqwldo gxh wr olwwoh gl�huhqfhv ehwzhhq

wkh zhljkwv1
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8 Vxppdu|

Lq wklv sdshu zh kdyh frpsduhg wkh shuirupdqfh ri ydulrxv � zhoo nqrzq lq pdfurh0

frqrphwulf dqdo|vlv dqg uhodwlyho| qryho � vljqdo0h{wudfwlrq whfkqltxhv lq whupv ri

wkh glvwruwlrqv wkh| lqwurgxfh lqwr wkh vw|ol}hg idfwv ri wkh vlpxodwhg f|foh1 Wkhuh

zhuh 833 sdluv vhulhv ri ohqjwk 583 revhuydwlrqv jhqhudwhg/ hdfk ri zklfk lv frqvwuxfwhg

dv d vxp ri wzr frpsrqhqwv= f|foh dqg wuhqg1 Wkhq wkh vljqdo0h{wudfwlrq whfkqltxhv

zhuh hpsor|hg wr hvwlpdwh wkh f|folfdo frpsrqhqw1 Wkh exvlqhvv f|foh vw|ol}hg idfwv

+�uvw0/ vhfrqg0/ wklug0/ dqg irxuwk0rughu prphqwv, zhuh frpsxwhg iru wkhvh f|folfdo

frpsrqhqw hvwlpdwhv � gursslqj wkh �uvw 58 dqg wkh odvw 58 revhuydwlrqv/ vr wkdw

wkh prphqwv duh irxqg iru 533 plggoh revhuydwlrqv � dqg wkhq frpsduhg wr wkh

vdpsoh prphqwv ri wkh vlpxodwhg vhulhv1

Wkhuh zhuh wkuhh djjuhjdwh phdvxuhv ri wkh ghyldwlrqv iurp wkh wuxh ydoxhv fdo0

fxodwhg1 Wkh �uvw wkuhh � DPG/ DPGH/ dqg DPGH5 duh edvhg rq wkh frpsdulvrq

ri wkh phdqv dqg fryduldqfhv ri wkh vlpxodwhg dqg h{wudfwhg f|fohv1 Wkh irxuwk phd0

vxuh � Wkhlo*v lqhtxdolw| frh!flhqw gluhfwo| phdvxuhv wkh vlplodulwlhv ehwzhhq wkh

wzr wlph vhulhv= vlpxodwhg dqg h{wudfwhg1

Xqghu ghwhuplqlvwlf wuhqgv dvvxpswlrq wkh VHWv duh xvxdoo| xqghuhvwlpdwlqj wkh

yduldqfhv dqg dxwrfryduldqfhv ri wkh f|fohv/ zkloh xqghu wkh vwrfkdvwlf wuhqg GJS

wkh| whqg wr ryhuhvwlpdwh wkhvh prphqwv1 Pruhryhu/ lqwurgxfwlrq ri wkh frpprq

wuhqg fruuhodwhg zlwk wkh f|fohv ohdgv wr wkh lpsruwdqw glvwruwlrqv lq wkh furvvfr0
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yduldqfhv/ zklfk zhuh doprvw h{hpsw ri glvwruwlrqv xqghu doo rwkhu vshfl�fdwlrqv1

Wklv fdq eh h{sodlqhg � dw ohdvw iru wkh olqhdu VHWv � e| wkh idfw wkdw wkh vljqdo0

h{wudfwlrq phwkrgv hvwlpdwh wkh f|folfdo frpsrqhqwv dv d olqhdu frpelqdwlrq ri wuxh

wuhqgv dqg f|fohv/ ehlqj xqdeoh wr vhsdudwh rqh iurp dqrwkhu h{dfwo|1

Wkh ehvw VHWv/ uhjdugohvv ri wkh GJS xvhg wr vlpxodwh wkh wlph vhulhv/ lq wklv

froohfwlrq ri vljqdo0h{wudfwlrq phwkrgv wxuqhg rxw wr eh ESI/ KSI/ dqg Fdwhusloodu1

Wkh| dovr jlyh uhodwlyho| vlplodu uhvxowv1

Rqh fdq lpsuryh wkh shuirupdqfh ri wkh VHWv e| frqvwuxfwlqj pl{hg �owhuv/

pxowlyduldwh �owhuv/ dqg pl{hg pxowlyduldwh �owhuv1 Wkh| duh ehwwhu erwk lq whupv

ri DGP dqg Wkhlo*v frh!flhqw1 Pxowlyduldwh VHWv/ krzhyhu/ gholyhu udwkhu prghvw

uhgxfwlrq lq wkh glvwruwlrqv1 Wkh odujhvw sduw ri wkh lpsuryhphqw lv dfklhyhg e|

pl{lqj �owhuv/ wkdw lv/ e| frpsxwlqj wkhlu olqhdu frpelqdwlrqv1 Txlwh vxusulvlqjo|/ lw

wxuqv rxw wkdw olqhdu frpelqdwlrq ri lqglylgxdo VHWv shuirupv ehwwhu wkdq dq| ri lwv

frpsrqhqwv1 Wklv lv d yhu| ydoxdeoh surshuw|/ vlqfh lw doorzv wr plqlpl}h wkh vw|ol}hg

idfwv glvwruwlrqv1

Uhihuhqfhv

Drnl P1 +4<<7, �Wzr frpsohphqwdu| uhsuhvhqwdwlrqv ri pxowlsoh wlph vhulhv lq

vwdwh0vsdfh lqqrydwlrq irupv� Mrxuqdo ri Iruhfdvwlqj 46/ Lvvxh 51

Ed{whu P1/ Nlqj U1 +4<<8, �Phdvxulqj exvlqhvv f|fohv1 Dssur{lpdwh edqg0sdvv
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�owhuv iru hfrqrplf wlph vhulhv� QEHU Zrunlqj Sdshu & 83551

Fdqryd I1 +4<<8, �Grhv ghwuhqglqj pdwwhu iru ghwhuplqdwlrq ri wkh uhihuhqfh f|0

foh dqg wkh vhohfwlrq ri wxuqlqj srlqwvB� Xqlyhuvlwdw Srpshx Ideud Hfrqrplfv

Zrunlqj Sdshu Vhulhv 4461

Fdqryd I1 +4<<;d, �Ghwuhqglqj dqg exvlqhvv f|foh idfwv� Mrxuqdo ri Prqhwdu|

Hfrqrplfv 741

Fdqryd I1 +4<<;e, �Ghwuhqglqj dqg exvlqhvv f|foh idfwv= D xvhu*v jxlgh� Mrxu0

qdo ri Prqhwdu| Hfrqrplfv 741

Fdqryd I1 +4<<<, �Grhv ghwuhqglqj pdwwhu iru wkh ghwhuplqdwlrq ri wkh uhihu0

hqfh f|foh dqg wkh vhohfwlrq ri wxuqlqj srlqwvB� Wkh Hfrqrplf Mrxuqdo 43<1

Gdqlory G1O1/ ]kljomdyvn| D1D1 +hgv1,1 +4<<:, Sulqflsdo Frpsrqhqwv ri Wlph

Vhulhv= wkh Fdwhusloodu Phwkrg +lq Uxvvldq,1 Xqlyhuvlw| ri Vw1Shwhuvexuj Suhvv1

Gruipdq M1K1/ Kdyhqqhu D1 +4<<:, �Dq Lqwurgxfwlrq wr prgho vshfl�fdwlrq dqg

hvwlpdwlrq ri edodqfhg uhsuhvhqwdwlrq vwdwh vsdfh prghov�1 D Sulphu iru Xvhuv

ri VVDWV 5131

Jklo P1/ Wdulffr F1 +4<<:, �Dgydqfhg vshfwudo dqdo|vlv phwkrgv�1 Lq J1Flql

Fdvwdjqrol dqg D1Suryhq}doh +hgv1, Sdvw dqg Suhvhqw Yduldelolw| ri wkh Vrodu0
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Whuuhvwuldo V|vwhp= Phdvxuhphqw/ Gdwd Dqdo|vlv dqg Wkhruhwlfdo Prghov1

Erorjqd= Vrflhwã Lwdoldqd gl Ilvlfd +lq suhvv,1

Jklo P1/ \lrx S1 +4<<9, �Vshfwudo phwkrgv= zkdw wkh| fdq dqg fdqqrw gr iru

folpdwlf wlph vhulhv�1 lq G1Dqghuvrq dqg M1Zlooheudqg +hgv1, Ghfdgh Folpdwh

Yduldelolw|= G|qdplfv dqg Suhglfwdelolw|/ Hovhylhu1

Jro|dqglqd Q1/ Qhnuxwnlq Y1/ ]kljomdyvn| D1 +5334, Dqdo|vlv ri Wlph Vhulhv

Vwuxfwxuh= VVD dqg Uhodwhg Whfkqltxhv1 Fkdspdq dqg Kdoo2FUF1

Khlohu V1 +4<<<, �D Vxuyh| ri qrqsdudphwulf uhjuhvvlrqv� Xqlyhuvlwçw Nrqvwdq}/

]hqwuxp i u Ilqdq}hq xqg Ùnrqrphwulh Glvfxvvlrq sdshu1

Krgulfn U1M1/ Suhvfrww H1F1 +4<<:, �Srvwzdu X1V1 exvlqhvv f|fohv= Dq hpslulfdo

lqyhvwljdwlrq� Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj 5<1

431 Nr}lfnl V1 +4<<<, �Pxowlyduldwh ghwuhqglqj xqghu frpprq wuhqg uhvwulfwlrqv=

Lpsolfdwlrqv iru exvlqhvv f|foh Uhvhdufk� Mrxuqdo ri Hfrqrplf G|qdplfv dqg

Frqwuro 561

Slqg|fn U1V1/ Uxelqihog G1O1 +4<<4, Hfrqrphwulf Prghov dqg Hfrqrplf Iruh0

fdvwlqj1 Q\= PfJudz0Kloo1

Zhq \l/ Elqj ]hqj +4<<<, �D vlpsoh qrqolqhdu �owhu iru hfrqrplf wlph vhulhv

dqdo|vlv� Hfrqrplfv Ohwwhuv 971
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Zhvw P1/ Sudgr U1/ Nu|vwdo D1G1 +4<<<, �Hydoxdwlrq dqg frpsdulvrq ri HHJ

wudfhv= Odwhqw vwuxfwxuh lq qrqvwdwlrqdu| wlph vhulhv� Mrxuqdo ri Dphulfdq

Vwdwlvwlfdo Dvvrfldwlrq +wr dsshdu,1

9 Dsshqgl{

Wkh vlpxodwlrq zdv grqh xvlqj wkh iroorzlqj ydoxhv ri wkh sdudphwhuv=

F|folfdo frpsrqhqwv=

k� ' �k2 ' q
�
' q

2
' f�D

4
�
' 4

2
' f�H

+4, Glvwlqfw ghwhuplqlvwlf wuhqgv=

@� ' f�Dc @2 ' f��

K� ' �f�fff�c K2 ' f�ffff�

+5, Frpprq ghwhuplqlvwlf wuhqg=

@ ' f�D

K ' �f�fff�

+6, Glvwlqfw vwrfkdvwlf wuhqgv dqg +7, frpprq vwrfkdvwlf wuhqg=

B ' f�D

Lq wkh wdeohv zh xvh wkh iroorzlqj qrwdwlrq= >� ' .E%�|�/ ��E�� ' SJ�E%�|%�|3��/

��2E� � ' SJ�E%�|%2|3��/ r&� ' r&e�?errE%�|�c dqg &�o|� ' &�o|Jr�rE%�|�1

Wkh ehorz vwdwlvwlfv zhuh frpsxwhg iru wkh vdpsoh vl}h ri 533 revhuydwlrqv +583
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revhuydwlrqv jhqhudwhg ruljlqdoo|/ gursslqj wkhq wkh h{wuhph 83 revhuydwlrqv= 58 iurp

wkh ehjlqqlqj ri wkh vdpsoh dqg 58 iurp wkh hqg ri lw, iru 833 gudzv1

Pl{I phdqv �Pl{hg �owhu�/ zklfk lv frqvwuxfwhg dv d olqhdu frpelqdwlrq ri wkuhh

VHWv= IRG/ PHG/ dqg KSI1 Deeuhyldwlrq �hz� phdqv �htxdo zhljkwv�/ zkloh �gz�

lv �gl�huhqwldwhg zhljkwv�1 Wkh odwwhu duh fdofxodwhg edvhg rq wkh Wkhlo frh!flhqwv

fruuhvsrqglqj wr hdfk ri wkhvh whfkqltxhv zkhq ehlqj dssolhg lqglylgxdoo|1

PPI vwdqgv iru wkh �Pl{hg pxowlyduldwh �owhu�1 Lw lv d pl{hg �owhu/ zklfk lv pdgh

dovr �pxowlyduldwh� e| lpsrvlqj vlqjoh wuhqg frpsxwhg dv dq dulwkphwlf dyhudjh ri

wzr lqglylgxdo wuhqgv1
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Wdeoh 4d1 Wuxh f|fohv* prphqwv dqg wkh prphqwv ri wkh h{wudfwhg f|fohv

GJS= Glvwlqfw ghwhuplqlvwlf wuhqgv

Wuxh TW OW KSI ESI Fdw IRG Zhvw IGI PHG OZU

>
�

3 313 313 313 313 313 317; 313 313 313 317;

>2 3 313 313 313 313 313 3163 313 313 313 3163

��Ef� 31<7 31;8 31<8 318< 318< 318: 31:: 313; 313< 3159 3144

�
�
E�� 3189 3179 3189 3153 314< 314< 0315: 3135 313; 03137 3139

�
�
E2� 3177 3167 3178 3143 313< 313< 03135 03135 3137 03137 3134

�2Ef� 31<7 31;9 31;: 318< 318; 318: 31:: 313; 313< 3169 3144

�2E�� 3189 317: 317; 3153 314< 314< 0315; 3135 313; 313 3139

�
2
E2� 3177 3169 316: 3143 313< 313< 03135 03135 3137 03137 3134

�
�2
E�2� 3 313 313 3134 3135 3134 313 3135 313 3135 3134

�
�2
E��� 3 313 313 3134 3135 3135 3157 313 313 3138 03134

��2Ef� 03158 03158 03159 03157 03156 03156 03183 03137 03134 03147 03137

��2E�� 3 313 313 3134 3135 3135 3158 313 313 3138 03134

�
�2
E2� 3 313 313 3135 3135 3135 313 3135 313 3135 3134

r&� 3 03134 3134 03134 03134 03134 313 3134 03135 03134 3135

r&2 3 3134 03135 3134 3134 03134 313 3135 03134 313 3138

&�o|� 3 03137 03137 03135 03136 03134 313 313; 0313< 5148 :1<5

&�o|2 3 03139 03139 03137 3135 03136 3134 313< 03143 4144 :19;
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Wdeoh 4e1 Wuxh f|fohv* prphqwv dqg wkh prphqwv ri wkh h{wudfwhg f|fohv

GJS= Glvwlqfw vwrfkdvwlf wuhqgv

Wuxh TW OW KSI ESI Fdw IRG Zhvw IGI PHG OZU

>
�

3 313 313 313 313 03134 3183 03134 313 313 3183

>2 3 313 313 313 313 03134 3183 313 313 313 3183

��Ef� 31<7 <165 4714 5157 5145 5149 41:: 5154 313< 31;; 3173

�
�
E�� 3189 ;168 4613 416: 4159 415< 0315; 5138 313; 314< 315;

�
�
E2� 3177 :19; 4516 31;: 31:8 31;3 03136 41;8 3137 03136 3145

�2Ef� 31<7 <194 461: 514< 5146 5147 41:: 514< 313< 31;< 3173

�2E�� 3189 ;197 451< 4166 4159 415; 0315; 5138 313; 3153 315;

�
2
E2� 3177 :1<9 4514 31;6 31:9 31;3 03136 41;9 3137 03137 3145

�
�2
E�2� 3 3149 0317< 3134 3135 3134 313 3134 313 3135 3134

�
�2
E��� 3 314: 0317< 3134 3135 3134 3157 313 313 3137 03134

��2Ef� 03158 0313: 031:5 03156 03156 03156 0317< 313 03134 03148 03137

��2E�� 3 314: 03178 3136 3135 3134 3157 313 313 3137 03134

�
�2
E2� 3 314: 03175 3136 3135 313 03134 3134 313 3135 3134

r&� 3 313 3134 313 3134 03137 313 03135 03135 3135 3134

r&2 3 3134 3134 313 3134 03134 313 03135 03134 3135 03139

&�o|� 3 0315< 0316< 0313: 03139 313< 3136 4159 0313< 418: 517:

&�o|2 3 03163 0316; 03137 03136 3138 03134 4165 03144 4196 51:5
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Wdeoh 4f1 Wuxh f|fohv* prphqwv dqg wkh prphqwv ri wkh h{wudfwhg f|fohv

GJS= Frpprq vwrfkdvwlf wuhqg fruuhodwhg zlwk wkh f|fohv

Wuxh TW OW KSI ESI Fdw IRG Zhvw IGI PHG OZU

>
�

3 313 313 313 313 03135 317< 3134 313 313 317<

>2 3 313 313 313 313 03135 317< 3135 313 313 317<

��Ef� 31<7 <1; 4719 5198 518; 518< 51:9 5144 3143 4174 317;

�
�
E�� 3189 ;17 4614 415< 4155 4157 031:: 41<7 313; 314; 3163

�
�
E2� 3177 :1: 4517 31:< 31:6 31:9 03137 41:5 3137 0313: 3144

�2Ef� 31<7 ;1< 4619 41:6 419: 41:5 31:: 518; 313; 3176 3164

�2E�� 3189 ;17 4614 416: 4164 4168 3154 5177 313: 3155 3158

�
2
E2� 3177 :1: 4517 31;: 31;4 31;8 03136 5189 3137 3134 3146

�
�2
E�2� 3 :1; 4718 4143 4137 413: 03134 413< 313 3148 3154

�
�2
E��� 3 ;17 4614 418: 4184 4187 31:7 414; 3136 3176 315;

��2Ef� 03158 ;16 4613 416: 4163 4169 317< 415< 3139 3165 3158

��2E�� 3 :18 4515 31:5 3199 31:4 03159 4166 313: 03135 3145

�
�2
E2� 3 91< 4419 3173 3167 316< 03134 415< 3139 03144 3135

r&� 3 313 3134 03134 3134 03134 03134 03136 03134 03134 3136

r&2 3 3135 3134 313 3135 03137 03134 03137 03135 03136 3134

&�o|� 3 03157 03169 03136 03135 3137 03136 4158 03143 4143 71;9

&�o|2 3 03163 03174 03138 03136 3144 03134 4155 03143 6163 3175
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Wdeoh 5d1 Frpsdudwlyh shuirupdqfh ri VHWv

GJS= Wzr ghwhuplqlvwlf wuhqgv

+Qxpehuv lq eudfnhwv vwdqg iru vwdqgdug ghyldwlrqv,

Ilowhu DGP Ilowhu DGPH Ilowhu DGPH5 Ilowhu Wkhlo

TW
f�fD2

Ef�f2e�

TW
f�feH

Ef�f2��

TW
f�f�f

Ef�f22�

TW
f���f

Ef�f�e�

OW
f�fH�

Ef�f2.�

OW
f�f.D

Ef�f2e�

OW
f�fDe

Ef�f2S�

OW
f��D2

Ef�f�e�

KSI
f��bf

Ef�fDf�

KSI
f��Se

Ef�f�.�

KSI
f��.f

Ef�fe.�

KSI
f�2.S

Ef�f�H�

ESI
f��b.

Ef�fD��

ESI
f��Sb

Ef�f�b�

ESI
f��.H

Ef�feH�

ESI
f�2H2

Ef�f�.�

FDW
f��bb

Ef�fD��

FDW
f��.f

Ef�f�H�

FDW
f��.b

Ef�feS�

FDW
f�2b�

Ef�f�.�

Pl{Igz
f�2D.

Ef�fDD�

Pl{Igz
f�2�f

Ef�f�H�

Pl{Igz
f�22D

Ef�fe.�

Pl{Igz
f���.

Ef�f�D�

Pl{Ihz
f��f�

Ef�fDH�

Pl{Ihz
f�2�H

Ef�f�H�

Pl{Ihz
f�2eb

Ef�fe��

Pl{Ihz
f�e�2

Ef�f�2�

Zhvw
f��2S

Ef�fSf�

Zhvw
f�2D�

Ef�f�.�

IRG
f�2S�

Ef�f�e�

PHG
f�ebD

Ef�f���

IRG
f���f

Ef�fD��

IGI
f�2De

Ef�f�.�

PHG
f�2S2

Ef�fe.�

IRG
f�D�b

Ef�f2S�

IGI
f���e

Ef fSf�

IRG
f�2DH

Ef f���

Zhvw
f�2.b

Ef feD�

Zhvw
f�..D

Ef f2S�
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Wdeoh 5e1 Frpsdudwlyh shuirupdqfh ri VHWv

GJS= Frpprq ghwhuplqlvwlf wuhqg

+Qxpehuv lq eudfnhwv vwdqg iru vwdqgdug ghyldwlrqv,

Ilowhu DGP Ilowhu DGPH Ilowhu DGPH5 Ilowhu Wkhlo

TW
f�fD�

Ef�f2e�

TW
f�fDf

Ef�f22�

TW
f�f��

Ef�f2D�

TW
f���D

Ef�f�H�

OW
f��2�

Ef�f�b�

OW
f���2

Ef�f���

OW
f�fb�

Ef�fe.�

PxowKSI
f��Hf

Ef�f�S�

PxowKSI
f��ef

Ef�fe.�

PxowKSI
f��2.

Ef�f�b�

PxowKSI
f���D

Ef�feb�

OW
f�2f�

Ef�f2b�

PPIgz
f��H�

Ef�fe.�

PPIgz
f��S�

Ef�f�.�

KSI
f��.2

Ef�fe2�

PPIgz
f�2�f

Ef�f�D�

KSI
f��bf

Ef�fee�

KSI
f��Se

Ef�f�e�

ESI
f��..

Ef�feH�

PPIhz
f�2S2

Ef�fef�

ESI
f��bS

Ef�fD��

ESI
f��SH

Ef�f�H�

PPIgz
f��.H

Ef�feS�

KSI
f�2.S

Ef�f�S�

FDW
f�2f�

Ef�fDe�

FDW
f��.2

Ef�fef�

FDW
f��H�

Ef�fDf�

ESI
f�2Hf

Ef�f�S�

PPIhz
f�2�H

Ef�fDS�

PPIhz
f��bf

Ef�fe2�

PPIhz
f�2fS

Ef�fD��

FDW
f�2Hb

Ef�f�H�

Pl{Igz
f�2D�

Ef�feH�

Pl{Igz
f�2fH

Ef�f���

Pl{Igz
f�22�

Ef�fe��

Pl{Igz
f���.

Ef�f�S�

Pl{Ihz
f���.

Ef fSf�

Pl{Ihz
f�2eH

Ef f�.�

Pl{Ihz
f�2DS

Ef feS�

Pl{Ihz
f�e2D

Ef f�2�
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Wdeoh 5f1 Frpsdudwlyh shuirupdqfh ri VHWv

GJS= Wzr vwrfkdvwlf wuhqgv

+Qxpehuv lq eudfnhwv vwdqg iru vwdqgdug ghyldwlrqv,

Ilowhu DGP Ilowhu DGPH Ilowhu DGPH5 Ilowhu Wkhlo

Pl{Igz
f�2eS

Ef�feb�

Pl{Igz
f�2ff

Ef�f�2�

Pl{Igz
f��.b

Ef�f�D�

Pl{Igz
f�D2D

Ef�f2e�

Pl{Ihz
f�2D2

Ef�fD��

Pl{Ihz
f�2fS

Ef�f�2�

PHG
f��He

Ef�fee�

Pl{Ihz
f�D2.

Ef�f2e�

IGI
f��2�

Ef�fDS�

PHG
f�2e.

Ef�f�H�

Pl{Ihz
f��H.

Ef�f�e�

PHG
f�DeS

Ef�f2��

PHG
f��H�

Ef�fHb�

IGI
f�2Df

Ef�f�D�

IGI
f�2.�

Ef�fe��

FDW
f�DD�

Ef�f2S�

FDW
f�eff

Ef��ff�

FDW
f�2HD

Ef�fDD�

Zhvw
f�2bS

Ef��2.�

ESI
f�DD2

Ef�f2S�

ESI
f�e�2

Ef��f��

Zhvw
f��ff

Ef��fD�

FDW
f���f

Ef�f.H�

KSI
f�DDS

Ef�f2D�

IRG
f�e��

Ef�feb�

ESI
f��f�

Ef�fDD�

IRG
f��eD

Ef�f���

IRG
f�S�b

Ef�f2e�

KSI
f�e.f

Ef��2f�

KSI
f���S

Ef�fSf�

ESI
f��De

Ef�f.H�

Zhvw
f�.�S

Ef�fS2�

Zhvw
f�bHH

E���2��

IRG
f��2�

Ef�f�f�

KSI
f��Hf

Ef�fHS�

TW
f�.�S

Ef�fe��

TW
e�S

E2 f�

TW
f�S.b

Ef fH��

TW
f�Hbe

Ef ��b�

OW
f�.SH

Ef fe��
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Wdeoh 5g1 Frpsdudwlyh shuirupdqfh ri VHWv

GJS= Frpprq vwrfkdvwlf wuhqg qrw fruuhodwhg zlwk f|fohv

+Qxpehuv lq eudfnhwv vwdqg iru vwdqgdug ghyldwlrqv,

Ilowhu DGP Ilowhu DGPH Ilowhu DGPH5 Ilowhu Wkhlo

PPIgz
f�22S

Ef�feD�

PPIgz
f��H.

Ef�f���

PPIgz
f��Hf

Ef�f�2�

PPIgz
f�eef

Ef�f2H�

PPIhz
f�2��

Ef�fe��

PPIhz
f��bf

Ef�f2b�

PPIhz
f��H�

Ef�f2b�

PPIhz
f�eee

Ef�f2b�

Pl{Igz
f���2

Ef�fS��

Pl{Igz
f�2e.

Ef�f�S�

PHG
f�22H

Ef�fe��

Pl{Igz
f�D22

Ef�f2��

Pl{Ihz
f����

Ef�fDH�

Pl{Ihz
f�2eb

Ef�f�e�

Pl{Igz
f�2D�

Ef�f�H�

Pl{Ihz
f�D2e

Ef�f2��

IGI
f���D

Ef�fS2�

IGI
f�2D.

Ef�f�H�

Pl{Ihz
f�2De

Ef�f�b�

PxowKSI
f�D2H

Ef�f�S�

PHG
f�e2e

Ef�fb2�

PHG
f�2.S

Ef�f�.�

IGI
f�2Hf

Ef�feD�

PHG
f�De2

Ef�f2f�

IRG
f�eSD

Ef�fD2�

IRG
f��e�

Ef�f�2�

IRG
f��.e

Ef�f�2�

FDW
f�DD2

Ef�f2.�

FDW
f�S��

Ef��SH�

Zhvw
f��DH

Ef��Hb�

Zhvw
f��He

Ef�2eH�

ESI
f�DD2

Ef�f���

ESI
f�S.�

Ef��HD�

FDW
f�e�f

Ef�f.��

FDW
f�D2D

Ef��fS�

KSI
f�DD.

Ef�f�2�

KSI
f�.ef

Ef �bb�

ESI
f�e2S

Ef f..�

ESI
f�DD�

Ef ���

IRG
f�S�.

Ef f22�
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Wdeoh 5h1 Frpsdudwlyh shuirupdqfh ri VHWv

GJS= Frpprq vwrfkdvwlf wuhqg fruuhodwhg zlwk f|fohv

+Qxpehuv lq eudfnhwv vwdqg iru vwdqgdug ghyldwlrqv,

Ilowhu DGP Ilowhu DGPH Ilowhu DGPH5 Ilowhu Wkhlo

PPIhz
f�2.b

Ef�feS�

PPIgz
f�2�b

Ef�f�2�

PPIhz
f�22D

Ef�f���

PPIgz
f�eD.

Ef�f�f�

PPIgz
f�2H�

Ef�fD2�

PPIhz
f�2�b

Ef�f�f�

PPIgz
f�22.

Ef�f���

PPIhz
f�eD.

Ef�f�f�

IGI
f���f

Ef�fSf�

IGI
f�2DD

Ef�f�H�

IGI
f�2.H

Ef�fee�

PxowKSI
f�D��

Ef�f�2�

Pl{Igz
f��De

Ef�fS��

Pl{Igz
f�2Sb

Ef�f�S�

PHG
f�2He

Ef�f�S�

Pl{Igz
f�Def

Ef�f22�

Pl{Ihz
f��Db

Ef�fS��

Pl{Ihz
f�2.D

Ef�f�S�

Pl{Igz
f�2He

Ef�f�b�

Pl{Ihz
f�DeS

Ef�f2��

IRG
f�Df.

Ef�fDS�

PHG
f��22

Ef�f���

Pl{Ihz
f�2b2

Ef�f�H�

FDW
f�DDS

Ef�f2��

PHG
f�DSe

Ef��2b�

IRG
f��ef

Ef�f���

Zhvw
f��.�

Ef�2ee�

ESI
f�DDS

Ef�f2.�

FDW
f�Se�

Ef��.D�

Zhvw
f��D�

Ef��HH�

IRG
f��.e

Ef�f�H�

KSI
f�DSf

Ef�f�f�

ESI
f�SSS

Ef��Sf�

FDW
f�ef�

Ef�f.D�

FDW
f�D��

Ef���2�

PHG
f�DSS

Ef�f2f�

KSI
f�.�.

Ef �bb�

ESI
f�e�D

Ef fSb�

ESI
f�D�2

Ef �f�

IRG
f�SeD

Ef f22�
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DGP: Two deterministic trends

ADME

Th
ei

l
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DGP: Common deterministic trend
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Iljxuh 4= Frpsdudwlyh shuirupdqfh ri VHWv iru wkh surfhvvhv zlwk ghwhuplqlvwlf

wuhqgv
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DGP: Two stochastic trends
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DGP: Common stochastic trend correlated with

ADME

Th
ei

l

0.12 0.36 0.60 0.84

0.40
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0.50

0.55
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0.65

0.70

0.75
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FOD5
LT5
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HPF5
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Iljxuh 5= Frpsdudwlyh shuirupdqfh ri VHWv iru wkh surfhvvhv zlwk vwrfkdvwlf wuhqgv
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