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Wkhuh lv frqvlghudeoh hylghqfh wkdw frpprq vwrfn uhwxuqv duh suhglfwdeoh dqg wkdw wkh|
ydu| ryhu wkh exvlqhvv f|foh1 Rqh zd| wr dvvhvv zkhwkhu wklv suhglfwdelolw| lv d uhvxow ri wkh ud0
wlrqdo yduldwlrq ri ulvn suhpld/ frqvlvwhqw zlwk pdunhw h�flhqf|/ lv wr phdvxuh wkh h{shfwdwlrqv
ri pdunhw sduwlflsdqwv ryhu wkh exvlqhvv f|foh1 Li wkh wlph yduldwlrq ri uhwxuqv lv d uhvxow ri
pdunhw lqh�flhqf|/ wkhq wkh h{shfwdwlrqdo huuruv ri pdunhw sduwlflsdqwv vkrxog eh suhglfwdeoh
xvlqj wkh vdph yduldeohv wkdw iruhfdvw ixwxuh uhwxuqv1 Lq wklv sdshu zh lqyhvwljdwh zkhwkhu rqh
phdvxuh ri h{shfwdwlrqv/ dqdo|vwv* iruhfdvwv ri hduqlqjv/ h{klelw suhglfwdeoh eldvhv1

Zh lqyhvwljdwh wkh Ydoxh0Olqh iruhfdvwv ri wkh dqqxdo hduqlqjv ri �upv rq wkh Grz0Mrqhv
lqglfhv +lqgxvwuldo/ wudqvsruwdwlrq dqg xwlolw|, ryhu wkh shulrg 4<9304<;9/ dqg �qg wkdw wkh
iruhfdvw huuruv duh suhglfwdeoh xvlqj wkh vdph yduldeohv wkdw iruhfdvw ixwxuh uhwxuqv1 Zh �qg
wkdw dqdo|vwv frqvlvwhqwo| ryhuhvwlpdwh ixwxuh hduqlqjv lq hfrqrplf grzqwxuqv dqg xqghuhv0
wlpdwh ixwxuh hduqlqjv lq hfrqrplf h{sdqvlrqv1 Lq dgglwlrq/ zh �qg wkdw wkh dqdo|vwv uhylvh
wkhlu iruhfdvwv lq d suhglfwdeoh zd| vr wkdw wkh pdjqlwxgh ri wkh dqdo|vwv* eldv ghfuhdvhv dv
wkh hqg ri wkh �vfdo |hdu dssurdfkhv1 Frxqwhu wr vrph suhylrxv vwxglhv/ zh �qg wkdw dyhudjh
iruhfdvw huuruv pd| eh hlwkhu srvlwlyh ru qhjdwlyh/ ghshqglqj rq hfrqrplf frqglwlrqv1

Wr ghwhuplqh zkhwkhu wkh h{shfwdwlrqdo eldvhv ri wkh dqdo|vwv duh lqfrusrudwhg lqwr pdunhw
sulfhv/ zh phdvxuh wkh vkduh sulfh uhdfwlrq wr dqdo|vwv* iruhfdvw uhylvlrqv1 Li wkh pdunhw lv
h�flhqw wkhuh vkrxog eh qr sulfh uhdfwlrq wr suhglfwdeoh uhylvlrqv1 Zh �qg wkdw wkh pdunhw
uhdfwv srvlwlyho| wr xszdug iruhfdvw uhylvlrqv/ exw �qg rqo| pl{hg hylghqfh rq wkh sulfh uhdfwlrq
wr wkh suhglfwdeoh frpsrqhqw ri wkhvh uhylvlrqv1
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Wklv sdshu lqyhvwljdwhv wkh uhodwlrq ehwzhhq hduqlqjv iruhfdvwv lq wkh Ydoxh Olqh Lqyhvwphqw

Vxuyh|/ dfwxdo hduqlqjv dqg vwrfn uhwxuqv iru �upv rq wkh Grz Mrqhv Lqglfhv lq wkh srvw Zruog

Zdu LL shulrg1 Vshfl�fdoo|/ zh h{soruh wkh fkdqjlqj uhodwlrqvklsv ri wkh yduldeohv ryhu wkh

exvlqhvv f|foh1

Wkh �qglqjv ri wklv vwxg| duh ri lqwhuhvw iru vhyhudo uhdvrqv1 Iluvw/ qxphurxv vwxglhv kdyh

grfxphqwhg wkdw h{shfwhg uhwxuqv ydu| lq d suhglfwdeoh zd| ryhu wkh exvlqhvv f|foh1 Idpd

dqg Iuhqfk +4<;;e/ 4<<3, dqg Nhlp dqg Vwdpedxjk +4<;;, vkrz wkdw srvw0ZZLL uhwxuqv

duh suhglfwdeoh xvlqj pdunhw glylghqg0wr0sulfh udwlrv dqg pdfurhfrqrplf lqglfdwruv1 Fkhq

+4<<4, vkrzv wkdw wkh iruhfdvw yduldeohv xvhg lq wkhvh vwxglhv duh phdvxuhv ri sdvw dqg ixwxuh

JQS jurzwk/ dqg Gdqlho dqg Wrurxv +4<<4, vkrz wkdw ixwxuh uhwxuqv duh suhglfwdeoh xvlqj

vwrfkdvwlfdoo| ghwuhqghg lqgxvwuldo surgxfwlrq1

Jhqhudoo|/ wklv uhwxuq suhglfwdelolw| lv dwwulexwhg wr wlph ydu|lqj ulvn suhpld ryhu wkh

exvlqhvv f|foh1 Wkh diruhphqwlrqhg vwxglhv �qg wkdw h{shfwhg uhwxuqv duh orz lq h{sdqvlrqv

dqg kljk lq uhfhvvlrqv1 Wkh yduldwlrq lv frqvlvwhqw zlwk prghov vxfk dv wkdw sursrvhg e| Deho

+4<;;, lq zklfk ulvn0suhpld duh kljk zkhq rxwsxw lv orz dqg lv h{shfwhg wr lqfuhdvh1

Krzhyhu/ dq dowhuqdwlyh h{sodqdwlrq lv wkdw wklv wlph0yduldwlrq lq uhwxuqv lv gxh wr eldvhv lq

lqyhvwruv* h{shfwdwlrqv1 Iru h{dpsoh/ vxfk sdwwhuqv lq uhwxuqv zrxog uhvxow li lqyhvwruv iruphg

wkhlu h{shfwdwlrqv ri ixwxuh hfrqrplf jurzwk e| h{wudsrodwlqj sdvw hfrqrplf jurzwk lq wkh

pdqqhu vxjjhvwhg e| Odnrqlvkrn/ Vkohlihu dqg Ylvkq| +4<<6,/ ru li lqyhvwruv ryhuuhdfwhg wr

jrrg dqg edg hfrqrplf qhzv lq wkh pdqqhu vxjjhvwhg e| GhErqgw dqg Wkdohu +4<;8/ 4<;:,1

Zhuh wklv wkh fdvh/ wkhq dssurdfklqj wkh wurxjk ri d uhfhvvlrq lqyhvwruv zrxog luudwlrqdoo|

eholhyh wkdw ixwxuh hfrqrplf dfwlylw| dqg ixwxuh �up sur�wv zrxog eh yhu| orz1 Frqvhtxhqwo|/

frpprq vwrfn sulfhv zrxog eh ghsuhvvhg1 Zkhq wkh hfrqrp| ehjdq wr uhfryhu/ dv frxog kdyh

ehhq suhglfwhg kdg wkh lqyhvwruv* iruhfdvwv wdnhq dffrxqw ri doo dydlodeoh lqirupdwlrq/ sulfhv

zrxog dgmxvw xszdug1 Wkxv/ wkh hfrqrphwulfldq zrxog revhuyh kljk uhwxuqv durxqg exvlqhvv

f|foh wurxjkv/ dqg vlploduo| orz uhwxuqv durxqg exvlqhvv f|foh shdnv1�
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Ri frxuvh/ lw lv gl�fxow/ li qrw lpsrvvleoh/ wr glvwlqjxlvk ehwzhhq wkhvh wzr k|srwkhvhv

zlwkrxw vrph gluhfw phdvxuh ri h{shfwdwlrqv12 Krzhyhu/ vxfk d phdvxuh ri h{shfwdwlrqv lv

dydlodeoh lq dqdo|vwv* iruhfdvwv ri �upv* hduqlqjv1 Lq wklv sdshu/ zh lqyhvwljdwh zkhwkhu wkhvh

hduqlqjv iruhfdvwv duh h�flhqw1

Zkdw zh phdq e| dq h�flhqw iruhfdvw lv rqh wkdw lqfrusrudwhv doo dydlodeoh lqirupdwlrq1�

Wkdw lv/ wkh dqdo|vwv* iruhfdvw ri wkh �up*v wlph w hduqlqjv dw wlph w�4 vkrxog eh wkh h{shfwdwlrq
ri hduqlqjv jlyhq doo lqirupdwlrq dydlodeoh wr wkh dqdo|vwv dw wlph w � 4 +zklfk zh ghqrwh e|

|3�1,

I|3�c| @ H^ �H|m|3�`= +4,

Zh gh�qh wkh iruhfdvw huuru dv wkh dfwxdo hduqlqjv plqxv wkh iruhfdvwhg hduqlqjv=

�IH|3�c| @ �H| � I|3�c|

Li dqdo|vwv iruhfdvwv duh h�flhqw/ wkdq wkh iruhfdvw huuru zloo eh ruwkrjrqdo wr wkh lqirupd0

wlrq vhw |3�> dqg/ xvlqj lwhudwhg h{shfwdwlrqv/ wr hyhu| hohphqw ri |3�= Iru h{dpsoh/ vlqfh

GHI|3� 5 |3�

H^ �IH|3�c|mGHI|3�` @ H^ �H|mGHI|3�`�H^H^ �H|m|3�`mGHI|3�` @ 3 +5,

Wklv uhodwlrqvkls vd|v wkdw li wkh dqdo|vw lv h�flhqwo| iruhfdvwlqj hduqlqjv/ klv iruhfdvw huuru

fdqqrw eh suhglfwhg e| dq| sxeolfo| dydlodeoh lqirupdwlrq/ vxfk dv wkh ghidxow vsuhdg1 Zkhq0

hyhu htxdwlrq +5, lv qrw vdwlv�hg/ zh fdq frqfoxgh wkdw dqdo|vwv duh qrw wdnlqj doo lqirupdwlrq

lqwr dffrxqw lq iruplqj wkhlu h{shfwdwlrqv1

Wkhuh duh qxphurxv hpslulfdo vwxglhv vkrzlqj erwk wkdw Ydoxh Olqh hduqlqjv iruhfdvwv

uh�hfw pdunhw lqirupdwlrq/ dqg wkdw wkhlu hduqlqjv iruhfdvwv frqwdlq lqirupdwlrq qrw dydlodeoh

wr wkh pdunhw dw wkh wlph ri wkh iruhfdvw1 Dv hylghqfh rq wkh �uvw srlqw/ Eurzq/ Jul�q/

Kdjhupdq dqg ]plmhzvnl +4<;:, vkrz wkdw vwrfn uhwxuqv durxqg dq hduqlqjv dqqrxqfhphqw

duh srvlwlyho| fruuhodwhg zlwk wkh hduqlqjv vxusulvh1 Rq wkh vhfrqg srlqw/ Phqghqkdoo +4<<4,
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dqg Vwlfnho +4<<4, vkrzv wkdw frpprq vwrfn uhwxuqv duh kljk durxqg srvlwlyh iruhfdvw uhylvlrqv1

Wklv vxjjhvwv wkdw wkhuh lv lqirupdwlrq lq wkh dqdo|vwv* iruhfdvwv zklfk lv qrw dydlodeoh wr wkh

pdunhw wkurxjk rwkhu vrxufhv1 Ixuwkhupruh/ Skloeulfn dqg Ulfnv +4<<4, vkrz wkdw wkh pdunhw

uhvsrqvh wr d jlyhq pdjqlwxgh hduqlqjv vxusulvh lv juhdwhu iru wkh Ydoxh Olqh iruhfdvwv wkhq

iru hlwkhu wkh LEHV dqg V)S iruhfdvwv/ vxjjhvwlqj wkdw wkh pdunhw pd| _sd| pruh dwwhqwlrq%

wr wkh Ydoxh Olqh iruhfdvwv1 Wklv lv frqvlvwhqw zlwk wkhlu �qglqj wkdw wkh Ydoxh Olqh iruhfdvwv

duh ri kljkhu dffxudf| wkdq hlwkhu wkh LEHV ru wkh V)S iruhfdvwv1

Krzhyhu/ vrph hylghqfh dovr vxjjhvwv wkdw dqdo|vwv gr qrw h�flhqwo| lqfrusrudwh doo sxeolfo|

dydlodeoh lqirupdwlrq lq iruplqj wkhlu iruhfdvwv1 Iluvw/ Deduedqhoo +4<<4,/ Eurzq/ Irvwhu dqg

Qruhhq +4<;8,/ Iulhg dqg Jlyro| +4<;5, dqg Vwlfnho +4<<3, dqg R*Eulhq +4<;;, kdyh vkrzq

wkdw dqdo|vwv frqvlvwhqwo| ryhuhvwlpdwh hduqlqjv1e Dovr/ Phqghqkdoo +4<<4,/ dqg Deduedqhoo

+4<<4, dqg Deduedqhoo dqg Ehuqdug +4<<5, vkrz wkdw dqdo|vwv* iruhfdvwv ri dqqxdo hduqlqjv

_xqghuuhdfw% wr wkh lqirupdwlrq frqwdlqhg lq sdvw |hduv hduqlqjv dqg lq txduwhuo| hduqlqjv

dqqrxqfhphqwv/ uhvshfwlyho|1 Ilqdoo|/ GhErqgw dqg Wkdohu +4<<3, vkrz wkdw dqdo|vwv ryhuuhdfw

wr sdvw fkdqjhv lq hduqlqjv1

Zh lqyhvwljdwh wkh txhvwlrq ri zkhwkhu dqdo|vwv* iruhfdvwv ri hduqlqjv h�flhqwo| lqfrusr0

udwh lqirupdwlrq derxw wkh exvlqhvv f|foh/ zlwk wkh jrdo ri ghwhuplqlqj li dqdo|vwv h{klelw

suhglfwdeoh eldvhv dvvrfldwhg zlwk wkh exvlqhvv f|foh1 Vlqfh rxu gdwd lv qrw uhdglo| dydlodeoh

lq pdfklqh uhdgdeoh irup/ zh pxvw olplw rxu vdpsoh wr d uhodwlyho| vpdoo qxpehu ri �upv1

Zh hohfw wr xvh wkh vhw ri �upv zklfk pdnh xs wkh Grz Mrqhv Lqgxvwuldo/ Wudqvsruwdwlrq dqg

Xwlolw| dyhudjhv iru wzr uhdvrqv1 Iluvw/ wkrxjk wklv lv fhuwdlqo| qrw d uhsuhvhqwdwlyh vdpsoh/

wkhvh �upv duh forvho| iroorzhg/ zklfk phdqv wkdw wkhuh vkrxog eh d odujh dprxqw ri lqirupd0

wlrq dydlodeoh derxw wkhvh �upv/ dqg wkdw wkh yduldqfh ri wkh �up vshfl�f frpsrqhqw ri wkh

dqdo|vwv* iruhfdvwv iru wkhvh �up vkrxog eh vpdoo1 Vhfrqg/ wkh hduqlqjv ri wkhvh �upv*/ vlqfh

wkh| duh uhodwlyho| odujh/ suredeo| duh kljko| fruuhodwhg zlwk hfrqrplf jurzwk1 Wklv phdqv

wkdw dq| v|vwhpdwlf eldvhv lq iruhfdvwlqj ixwxuh hfrqrplf jurzwk vkrxog eh uh�hfwhg lq wkh

dqdo|vwv* iruhfdvwv ri wkh hduqlqjv ri wkhvh �upv1 Wkhvh wzr idfwruv vkrxog frpelqh wr pdnh

exvlqhvv f|foh uhodwhg eldvhv uhodwlyho| hdv| wr ghwhfw lq wklv vdpsoh/ li wkh| h{lvw dw doo1
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Rxu whvwv �qg wkdw dqdo|vwv* iruhfdvwv huuruv duh kljko| suhglfwdeoh= urxjko| 63073( ri

wkh yduldqfh ri wkh dyhudjh iruhfdvw huuru lv h{sodlqhg xvlqj wkh vdph h{0dqwh exvlqhvv f|foh

lqglfdwruv zklfk kdyh suhglfwlyh srzhu iru vwrfn uhwxuqv +Idpd dqg Iuhqfk +4<;<,,1 Krzhyhu/

zh �qg wkh lqwhuhvwlqj sdwwhuq wkdw dqdo|vwv* iruhfdvwv huuruv duh sur0f|folfdo/ phdqlqj wkdw

dqdo|vwv vwurqjo| ryhuhvwlpdwh ixwxuh hduqlqjv lq hfrqrplf grzqwxuqv dqg xqghuhvwlpdwh ixwxuh

hduqlqjv lq hfrqrplf xswxuqv/ zkloh vwrfn0uhwxuqv duh frxqwhu0f|folfdo1 Ixuwkhupruh/ dv pljkw

eh h{shfwhg edvhg rq wkh gluhfwlrq ri wkh iruhfdvw huuruv/ zh �qg wkdw dqdo|vwv jhqhudoo| uhylvh

iruhfdvwv grzqzdugv lq uhfhvvlrqv dqg xszdugv lq h{sdqvlrqv1 Wkxv uhwxuqv duh kljk +ru sulfhv

pryh xszdug, ryhu wkh vdph shulrgv lq zklfk dqdo|vwv uhylvh wkhlu iruhfdvwv grzqzdugv1 Wklv

lv dq dssduhqw frqwudglfwlrq/ ehfdxvh sulru uhvhdufk kdv vkrzq wkdw/ lq jhqhudo/ wkh pdunhw

uhdfwv qhjdwlyho| zkhq wkh dqdo|vwv uhylvh wkhlu hduqlqjv iruhfdvwv grzqzdug/ exw khuh zh vhh

wkdw ryhu wkh vdph shulrg lq zklfk iruhfdvwv duh uhylvhg grzqzdug/ uhwxuq duh kljkhu wkdq

dyhudjh1

Wkh �qdo txhvwlrq wkdw zh dwwhpsw wr dqvzhu lv zkhwkhu wkh dqdo|vwv* eldvhv duh lqfrusr0

udwhg lqwr pdunhw sulfhv1 Zh gr wklv e| orrnlqj dw uhwxuqv rq �upv* frpprq vwrfn durxqg wkh

gdwh rq zklfk Ydoxh0Olqh uhylvhv lwv iruhfdvwv1 Zh euhdn wkh iruhfdvw uhylvlrq lqwr suhglfwdeoh

dqg xqsuhglfwdeoh frpsrqhqwv/ zkhuh wkh suhglfwdeoh frpsrqhqw lv wkh h{shfwhg iruhfdvw uh0

ylvlrq edvhg rq h{0dqwh yduldeohv1 Li wkh pdunhw lv h�flhqw/ wkhq wkh iruhfdvw uhylvlrq shulrg

uhwxuq vkrxog qrw eh d ixqfwlrq ri wkh suhglfwdeoh frpsrqhqw ri wkh iruhfdvw uhylvlrq1 Li wkh

pdunhw*v eldv lv htxdoo| dv vwurqj dv wkdw ri wkh dqdo|vwv* wkhq wkh frh�flhqw zloo eh wkh vdph

iru wkh h{shfwhg dqg xqh{shfwhg frpsrqhqwv ri wkh iruhfdvw uhylvlrq1

Zh �qg wkdw d �upv h{fhvv uhwxuq durxqg d iruhfdvw uhylvlrq gdwh lv vwurqjo| srvlwlyho|

uhodwhg wr wkh xqh{shfwhg iruhfdvw uhylvlrq/ exw zh �qg wkdw wkhuh lv qr vljql�fdqw uhodwlrq

ehwzhhq wkh uhwxuq dqg wkh h{shfwhg frpsrqhqw ri wkh iruhfdvw uhylvlrq1 Krzhyhu/ wkh vwdqgdug

huuruv rq wklv frh�flhqw duh odujh hqrxjk wkdw zh dovr fdqqrw uhmhfw wkh k|srwkhvlv wkdw wkh

frh�flhqwv rq wkh h{shfwhg dqg xqh{shfwhg frpsrqhqwv duh htxdo1 Zh duh fxuuhqwo| h{sorulqj

zd|v ri lpsurylqj wklv whvw dqg ri ghfuhdvlqj wkh vwdqgdug huuru rq wklv frh�flhqw/ vr dv wr

doorz xv wr glvfulplqdwh ehwzhhq wkhvh wzr k|srwkhvhv1
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Dqqxdo hduqlqjv iruhfdvwv dqg dfwxdo dqqxdo hduqlqjv gdwd zhuh kdqg froohfwhg iru wkh �upv

rq wkh Grz Mrqhv Lqgxvwuldo/ Xwlolw| dqg Wudqvsruwdwlrq DyhudjhvD iurp wkh Ydoxh0Olqh Lq0

yhvwphqw Vxuyh|v iru wkh �vfdo |hduv 4<93 wr 4<;91S Wkh uhdvrq iru wklv vhohfwlrq ri �upv lv

glvfxvvhg lq wkh lqwurgxfwlrq1 Wkh Ydoxh0Olqh iruhfdvwv duh sxeolvkhg zhhno|> d gl�huhqw vhw

ri vwrfnv lv fryhuhg hdfk zhhn iru derxw 46 zhhnv +rqh txduwhu, ehiruh fryhudjh uhwxuqv wr

wkh vdph frpsdqlhv1 Wkhuh zhuh jhqhudoo| irxu iruhfdvwv shu |hdu shu �up +rqh iruhfdvw shu

txduwhu,1 Dfwxdo hduqlqjv duh wdnhq iurp Ydoxh0Olqh udwkhu wkdq iurp vrph rwkhu vrxufh vxfk

dv FRPSXVWDW wr lqvxuh wkdw wkh vdph phdvxuh ri hduqlqjv lv xvhg iru erwk wkh iruhfdvw

dqg wkh dfwxdo hduqlqjv1.

Zh lqvxuhg wkdw iruhfdvwv dqg dfwxdo hduqlqjv zhuh uhsruwhg rq wkh vdph vsolw0dgmxvwhg

edvlv xvlqj wkh iroorzlqj phwkrg1 Iluvw/ iru hdfk �up lq wkh iruhfdvw gdwdedvh vsolw gdwhv

zhuh ghwhuplqhg xvlqj gdwd iurp wkh Fhqwhu iru Uhvhdufk lq Vhfxulw| Sulfhv +FUVS,1 Iru hdfk

vsolw/ Ydoxh0Olqh iruhfdvwv zhuh lqvshfwhg wr ghwhuplqh suhflvho| zkhq Ydoxh0Olqh pdgh wkh

vsolw0dgmxvwphqw lq wkhlu iruhfdvwv1 Wklv gdwh zdv irxqg wr qrw dozd|v eh htxdo wr wkh FUVS

uhsruwhg vsolw gdwh1 Li wkh Ydoxh0Olqh vsolw gdwh zdv gl�huhqw wkdw wkh dfwxdo vsolw gdwh +iurp

FUVS,/ wkh Ydoxh0Olqh iruhfdvw dqg hduqlqjv zhuh dgmxvwhg dssursuldwho|1 Fxpxodwlyh vsolw

idfwruv +djdlq/ iurp FUVS, zhuh uhwdlqhg iru hdfk �up wr doorz frpsdulvrqv dfurvv wlph ri

iruhfdvwv dqg hduqlqjv1

Wkh iruhfdvw huuruv zhuh fdofxodwhg e| vxewudfwlqj wkh iruhfdvwv iurp wkh +vsolw0dgmxvwhg,

dfwxdo hduqlqjv1 Ehfdxvh wkh iruhfdvw0huuru yduldqfh lv odujhu iru �upv zlwk kljkhu vkduh ydoxh/

dqg rxu vwdwlvwlfdo dqdo|vlv dvvxphv krprvnhgdvwlflw|/ zh qrupdol}h wkh iruhfdvw huuruv e|

glylglqj e| wkh vkduh0sulfh rq wkh gd| wkh iruhfdvw lv pdgh1 H

D5ii |�i @TTi?_� uLh @ *�t|�?} Lu |�iti �h4t
S ì @hi U�hhi?|*) UL**iU|�?} |�i _@|@ uhL4 �bHS |L |�i Thiti?|�
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Dv phdvxuhv ri wkh vwdwh ri wkh hfrqrp| zh xvhg wkh Glylghqg \lhog rq wkh FUVS ydoxh0

zhljkwhg lqgh{ +GS +w,,/ wkh whup0vsuhdg +WHUP +w,, dqg wkh ghidxow0vsuhdg +GHI +w,, dv

pdfurhfrqrplf lqglfdwruv1 Idpd dqg Iuhqfk +4<<;e/ 4<;<, vkrz wkdw wkhvh yduldeohv duh

vwurqjo| fruuhodwhg zlwk wkh vwdwh ri wkh hfrqrp| dqg wkdw wkh| kdyh frqvlghudeoh srzhu wr

iruhfdvw ixwxuh h{fhvv uhwxuqv1 +GS +w, lv gh�qhg dv wkh vxp ri wkh glylghqgv sdlg rq wkh lqgh{

ryhu wkh sdvw |hdu glylghg e| wkh sulfh ri wkh lqgh{ dw wlph w1b WHUP+w, lv wkh gl�huhqfh

ehwzhhq wkh wlph w |lhog rq rq wkh Leerwvrq Ddd erqg sruwirolr dqg wkh rqh0prqwk w0eloo |lhog/

wdnhq iurp wkh FUVS ULVNIUHH �oh1 GHI +w, lv wkh gl�huhqfh lq wlph w |lhog ri wkh Leerwvrq

sruwirolr ri 433 frusrudwh erqgv/ dqg wkh |lhog rq wkh Ddd erqg sruwirolr1�f Wkhvh gh�qlwlrqv

duh htxlydohqw wr wkrvh lq Idpd dqg Iuhqfk +4<;<,1 Fkhq +4<<4,/ dqg Gdqlho dqg Wrurxv +4<<4,

dovr vkrz wkdw wkhvh yduldeohv duh lqglfdwruv ri sdvw dqg ixwxuh rxwsxw jurzwk1

Lq dgglwlrq wr wkh yduldeohv deryh zh orrn dw wkh uhodwlrq ri iruhfdvw huuruv wr wkh dqqxdo

orj fkdqjhv lq lqgxvwuldo surgxfwlrq/ wdnhq iurp FLWLEDVH1

2�� 5|LU! �h�Ui @?_ +i|�h? #@|@

Zh xvh gdlo| dqg prqwko| vwrfn sulfhv dqg uhwxuqv vxssolhg e| FUVS1 Prqwko| vwrfn uhwxuqv

duh dydlodeoh iru wkh hqwluh vdpsoh shulrg1 Gdlo| sulfhv dqg uhwxuqv iru wkh Q\VH2DPH[ �upv

zh duh lqwhuhvwhg lq duh rqo| dydlodeoh diwhu Mxo| 4<951 Wkh ulvn iuhh udwh lv wkh rqh prqwk

W0Eloo |lhog dqg lv wdnhq iurp wkh FUVS ULVNIUHH �oh1

� +it�*|t

Wdeoh 4 surylghv vxppdu| vwdwlvwlfv iru wkh yduldeohv xvhg lq wkh vwxg|/ eurnhq grzq lqwr �yh

|hdu shulrgv1 IH+4, wkurxjk IH+7, ghqrwh wkh iruhfdvw huuruv/ qrupdol}hg e| vkduh sulfh/ iru

�uvw/ vhfrqg/ wklug dqg irxuwk txduwhu iruhfdvwv1 Dq lqwhuhvwlqj uhvxow khuh lv wkdw wkh phdq

iruhfdvw huuru iru lv srvlwlyh iru irxu ri wkh �yh wlph0shulrgv h{dplqhg iru iruhfdvwv pdgh lq

txduwhuv 5071 Wklv vxjjhvwv wkdw suhylrxv zrun vxjjhvwlqj wkdw dqdo|vwv duh jhqhudoo| rswlplvwlf

pd| eh vshfl�f wr wkh vdpsoh shulrg lq wkhvh vwxglhv/ zklfk jhqhudoo| xvhg gdwd iurp wkh odwh

bNt�?} @??�@* _���_i?_t i*�4�?@|it @?) ti@tL?@* Thiti?| �? |�i _���_i?_ _@|@� A�i _i|@�*t Lu L�h 4i|�L_ Lu
U@*U�*@|�?} #� @hi }��i? �? |�i �TTi?_� �

�f��h |�@?!t |L +L}ih WMML|tL? uLh t�TT*)�?} �t ��|� |�iti _@|@�
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Wdeoh 4= Vxppdu| Vwdwlvwlfv iru Iruhfdvw Huuruv dqg Vwdwh Yduldeohv +4<9304<;9,

4<9304<98 4<9904<:3 4<:404<:8 4<:904<;3 4<;404<;9
Phdq Vwg1 Phdq Vwg1 Phdq Vwg1 Phdq Vwg1 Phdq Vwg1

IH +4, 031334 3135 31335 31347 3133< 3134< 31344 31359 031358 31437
IH +5, 31333; 3134; 31336 31344 3133: 31348 31343 31357 03133; 31387
IH +6, 31335 31349 31335 3133< 31337 31346 31337 3135< 031337 31363
IH +7, 31338 31347 31337 31344 31336 3133: 31336 31349 031335 3134<
GHI 31337 31334 31336; 31334 313368 31335 31336; 31334 31339 31333;
GS 31365 31336 31363 31335 31366 31339 31378 31338 31379 3133:
WHUP 31349 31339 3133: 31338 3134< 31348 31353 31349 31355 3134<
�LS 31375 3137: 31394 3135; 3135< 31386 31365 313:5 3134< 31397
�HSV 1 1 317;8 31:5: 31438 31769 318:5 415;5 3167< 51<63

:3*v dqg ;3*v1 Qrwh wkdw wklv wdeoh dovr vkrzv wkdw erwk wkh phdqv dqg wkh vwdqgdug ghyldwlrqv

ri wkh iruhfdvw huuruv ghfuhdvh dv wkh iruhfdvw gdwh dssurdfkhv wkh hqg ri wkh �vfdo |hdu/ dv zh

zrxog h{shfw wr vhh1

Wdeoh 5 jlyhv wkh Shduvrq fruuhodwlrqv iru wkh yduldeohv xvhg lq wkh vwxg|1 Dv h{shfwhg/ zh

�qg vljql�fdqw srvlwlyh fruuhodwlrqv ehwzhhq GHI / WHUP dqg GS 1 Ixuwkhu/ wkhvh yduldeohv

duh qhjdwlyho| dvvrfldwhg zlwk wkh orj ri sdvw dqg ixwxuh surgxfwlrq jurzwk/ �LS| dqg �LS|ne

uhvshfwlyho|1 Lqwhuhvwlqjo|/ rqo| wkh yduldeohv GHI dqg WHUP duh vljql�fdqwo| fruuhodwhg

zlwk vxevhtxhqw iruhfdvw huuruv/ IH1

��� ,��_i?Ui L? |�i Thi_�U|@M�*�|) Lu t|LU! hi|�h?t

Idpd dqg Iuhqfk +4<;<, vkrz wkdw wkh ghidxow vsuhdg +GHI,/ wkh whup vsuhdg +WHUP, dqg

wkh glylghqg |lhog rq wkh ydoxh0zhljkwhg sruwirolr ri Q\VH vwrfnv +GS, kdyh srzhu wr iruhfdvw

ixwxuh vwrfn uhwxuqv1 Wkh| vkrz wkdw GHI/ WHUP/ dqg GS duh frxqwhuf|folfdo +wkdw lv kljk

qhdu exvlqhvv f|foh wurxjkv dqg orz qhdu shdnv,/ dqg wkdw wkhvh yduldeohv uholdeo| iruhfdvw

ixwxuh uhwxuqv rq wkh FUVS ydoxh zhljkwhg +YZ, dqg htxdo zhljkwhg +HZ, lqglfhv dv zhoo dv

rq d vhw ri erqg sruwirolrv1 WHUP lv vkrzq wr kdyh srzhu wr iruhfdvw prqwko| dqg txduwhuo|

uhwxuqv/ dqg GHI kdv srzhu wr iruhfdvw 507 |hdu krul}rq uhwxuqv1 Pruhryhu/ GHI dqg GS duh

vkrzq wr iruhfdvw urxjko| wkh vdph frpsrqhqw ri ixwxuh uhwxuqv1

Zh �qg wkdw wkhuh lv d forvh uhodwlrqvkls ehwzhhq wkhvh yduldeohv delolw| wr iruhfdvw uhwxuqv

:



Wdeoh 5= Shduvrq Fruuhodwlrqv iru Dqdo|vw Iruhfdvw Huuruv dqg Vwdwh Yduldeohv= 4<9304<;9
+s0ydoxhv lq Sduhqwkhvhv,

IH| GHI| GS| WHUP| �LS|

GHI| 03147
+313334,

GS| 03134 317:7
+317:, +313334,

WHUP| 03148 3153 3136
+313334, +313334, +31434,

�LS| 3137 0317: 0314;< 03156
+3137, +313334, +313334, +313334,

�LS|ne 031338 03146 03147< 31847 031476
+31;7:, +313334, +313334, +313334, +313334,

dqg wkhlu delolw| wr iruhfdvw huuruv lq dqdo|vwv* iruhfdvwv1 Dv zh vkrz lq Vhfwlrq 616/ doo wkuhh

yduldeohv kdyh srzhu wr suhglfw iruhfdvw huuruv1 Lq dgglwlrq/ zh �qg wkdw GS dqg GHI dsshdu

wr eh iruhfdvwlqj wkh vdph frpsrqhqw ri dqdo|vwv* iruhfdvw huuruv/ exw zh �qg wkdw GHI grhv

d ehwwhu mre ri iruhfdvwlqj iruhfdvw huuruv wkdq grhv GS1 Lqwhuhvwlqjo|/ wkh hylghqfh lq Vhfwlrq

617 dovr vxjjhvwv wkdw zkloh WHUP rqo| suhglfwv uhylvlrqv rqh txduwhu dkhdg/ GHI suhglfwv

dqdo|vwv* uhylvlrqv vhyhudo txduwhuv rxw1

61414 Wkh uhodwlrqvkls ri wkh exvlqhvv f|foh lqglfdwruv wr surgxfwlrq jurzwk

Fkhq +4<<4, vkrzv wkdw wkh vdph yduldeohv wkdw suhglfw uhwxuqv lq Idpd dqg Iuhqfk +4<;<,

duh dovr vwurqj lqglfdwruv ri sdvw dqg ixwxuh surgxfwlrq jurzwk1 Vshfl�fdoo|/ kh vkrzv wkdw

GHI dqg GS duh vljql�fdqwo| qhjdwlyho| fruuhodwhg zlwk sdvw dqg frqwhpsrudqhrxv txduwhuo|

jurzwk udwhv ri JQS/ dv zhoo dv wkh jurzwk udwh rqh txduwhu dkhdg1 Lq dgglwlrq Gdqlho dqg

Wrurxv +4<<8, vkrz wkdw/ zkloh GHI lv xqfruuhodwhg zlwk ixwxuh surgxfwlrq jurzwk udwhv/ lw

kdv vwurqj suhglfwlyh srzhu iru surgxfwlrq yrodwlolw| vhyhudo |hduv lqwr wkh ixwxuh1 WHUP lv

srvlwlyho| fruuhodwhg zlwk erwk frqwhpsrudqhrxv dqg ixwxuh jurzwk udwh ri JQS xs wr �yh

txduwhuv dkhdg1

;
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Wr txdqwli| wkh uhodwlrqvkls ehwzhhq hduqlqjv dqg hfrqrplf frqglwlrqv iru rxu vhw ri �upv/

zh uhjuhvvhg wkh dyhudjh orj hduqlqjv jurzwk ri wkh �upv lq rxu vdpsoh rq suhvhqw/ sdvw dqg

ixwxuh orj fkdqjhv lq lqgxvwuldo surgxfwlrq1 Wkhvh uhvxowv duh uhsruwhg ehorz +W0vwdwlvwlfv duh

lq sduhqwkhvhv,=

�HSV| @ 3=34;� 3=387 �LS|32� 3=88< �LS|3�. 3=;56 �LS|� 3=77 �LS|n�

+3=<8, +3=59, +�5=9<, +7=35, +�5=36,

Khuh �HSV| lv wkh dyhudjh orj jurzwk lq hduqlqjv iru rxu vdpsoh iurp |hdu w� 4 wr |hdu w/

dqg �LS| lv wkh orj jurzwk ri lqgxvwuldo surgxfwlrq iurp w�4 wr w1 Wkh U2
@_� iru wklv uhjuhvvlrq

zdv 317:1 Zh xvh jurzwk udwhv udwkhu wkhq ohyhov khuh ehfdxvh ri wkh srvvlelolw| wkdw hduqlqjv

dqg lqgxvwuldo surgxfwlrq pd| eh lqwhjudwhg yduldeohv1 Zlwk dqqxdo jurzwk udwhv lq lqgxvwuldo

surgxfwlrq/ vhdvrqdolw| lv qrw d frqfhuq1

Wkhvh uhvxowv vkrz wkdw wklv |hdu*v jurzwk lq hduqlqjv lv vwurqjo| srvlwlyho| uhodwhg wr wklv

|hdu*v jurzwk lq lqgxvwuldo surgxfwlrq/ dqg lv qhjdwlyho| uhodwhg erwk wr odvw |hdu*v jurzwk lq

lqgxvwuldo surgxfwlrq dqg wr qh{w |hduv jurzwk lq lqgxvwuldo surgxfwlrq1 Wklv vxjjhvwv wkdw

wkh uhodwlrqvkls ehwzhhq hduqlqjv dqg lqgxvwuldo surgxfwlrq lv wkdw wkh ohyho ri hduqlqjv lv kljk

zkhq wkh jurzwk lq lqgxvwuldo surgxfwlrq lv kljk1

��� A�i Thi_�U|@M�*�|) Lu @?@*)t|t< uLhiU@t|t

Wdeoh 6 uhsruwv wkh uhvxow ri uhjuhvvlqj vxevhtxhqw +sulfh0qrupdol}hg, iruhfdvw huuruv rq wkh

vwdwh yduldeohv glvfxvvhg lq Vhfwlrq 515 dqg rq wkh suhylrxv |hdu*v hduqlqjv fkdqjh +�HSV|3�2c|,1

Deduedqhoo dqg Ehuqdug +4<<5, kdyh vkrzq wkdw wkh suhylrxv |hdu*v hduqlqjv fkdqjh kdv srzhu

wr suhglfw Ydoxh0Olqh dqdo|vwv iruhfdvw huuruv1 Wkh uhvxowv vkrz wkdw rqo| GHI dqg WHUP

duh vljql�fdqwo| dvvrfldwhg zlwk vxevhtxhqw iruhfdvw huuruv lq doo irxu txduwhuv> wkh frh�flhqw

rq wkh suhylrxv |hdu*v hduqlqjv fkdqjh lv vljql�fdqwo| srvlwlyho| rqo| lq wkh vhfrqg txduwhu1

Lqwhuhvwlqjo|/ wkh frh�flhqwv rq GHI dqg WHUP duh qhjdwlyh/ vxjjhvwlqj wkdw dqdo|vwv*

iruhfdvwv frqvlvwhqwo| ryhuhvwlpdwh ixwxuh hduqlqjv lq hfrqrplf grzqwxuqv dqg xqghuhvwlpdwh

ixwxuh hduqlqjv lq hfrqrplf h{sdqvlrqv1 Wkhvh uhvxowv/ zkloh vxssruwlqj wkh lghd wkdw dqdo|vwv

duh qrw h�flhqwo| xvlqj lqirupdwlrq derxw wkh exvlqhvv f|foh/ uxq frqwudu| wr wkh ryhu0uhdfwlrq

k|srwkhvlv wkdw dqdo|vwv duh shvvlplvwlf lq uhfhvvlrqv dqg rswlplvwlf lq h{sdqvlrqv1

<



Wdeoh 6= Uhjuhvvlrqv Uhodwlqj Lqglylgxdo Dqdo|vw Iruhfdvw Huuruv wr Vwdwh Yduldeohv +4<930
4<;9,

IH�| @ � . �+VwdwhYduldeohv,|3� . ��|

Vwdwh Yduldeoh Frh�flhqwv
Txduwhu a� GHI|3� GS|3� WHUP|3� �LS|3�2c| �HSV|3�2c| U2

@_� Q

+4, 3133< 0715: 313; 03149 31347 313336 3139 :;5
+419<, +071:;, +31896, +0517:, +318<, +3189,

+5, 3134 061<7 3144 03149 3133: 31334 313: <35
+517, +0817:, +41389 , +051<5, +3177 , +41<;,

+6, 3134 05159 03146 03146 03134 0313334 3136 <64
+6147, +061;5, +0416; , +0518;, +031<5, +03169,

+7, 3134 04198 03138 03147 031339 0313333 3138 <89
+616:, +061;4, +031:9 , +061:7, +03183, +03156,

+doo, 3133< 05177 03135 03148 31337 313335 3138 68:7
+717:, +0:1;8, +03165, +081<9, +317<, +3196,

Wdeoh 7 vkrzv wkh uhvxowv ri uhjuhvvlqj dqdo|vwv* iruhfdvw huuruv rq wkh pdfurhfrqrplf

yduldeohv1 Wkh w0vwdwlvwlfv suhvhqwhg lq Wdeoh 6 duh olnho| wr eh ryhuvwdwhg rq dffrxqw ri furvv0

vhfwlrqdo fruuhodwlrq ehwzhhq iruhfdvw huuruv1 Wdeoh 7/ wkhuhiruh/ vkrzv wkh uhvxowv ri uhjuhvvlqj

wkh txduwhuo| phdq dqdo|vwv* iruhfdvw huuru rq wkh pdfurhfrqrplf yduldeohv1 Dv d fkhfn ri

urexvwqhvv/ wkh uhjuhvvlrqv zhuh uxq iru sulfh0gh�dwhg/ devroxwh HSV gh�dwhg/ xqgh�dwhg

iruhfdvw huuruv1 Wkh uhvxowv duh vhhq wr eh txdolwdwlyho| vlplodu iru doo gh�dwruv1 Wkh wdeoh

rqo| vkrzv uhvxowv ri wkh uhjuhvvlrq xvlqj GHI / WHUP dqg GS dv lqghshqghqw yduldeohv1

Lq doo wkuhh sdqhov/ lq xqlyduldwh dqg pxowlyduldwh uhjuhvvlrqv/ wkh frh�flhqwv rq GHI dqg

WHUP duh qhjdwlyh dqg vljql�fdqw1 Wkh frh�flhqw rq GS lv vljql�fdqw/ krzhyhu/ rqo| lq wkh

xqlyduldwh uhjuhvvlrq> vshfl�fdoo|/ lw orvhv h{sodqdwru| srzhu zkhq GHI lv lq lqfoxghg lq wkh

uhjuhvvlrq1

Ehfdxvh dqdo|vwv* iruhfdvwv jhw pruh dffxudwh dv wkh hduqlqjv dqqrxqfhphqw dssurdfkhv/

wkhlu iruhfdvw huuruv duh qrw olnho| wr eh l1l1g1 hdfk txduwhu1 Wdeoh 8 suhvhqwv txduwhu0e|0txduwhu

uhjuhvvlrq uhvxowv ri exvlqhvv f|foh yduldeohv rq wkh prqwko| phdq iruhfdvw huuruv1 Wkh uhvxowv

frq�up wkdw wkh ghidxow vsuhdg lv vljql�fdqwo| dvvrfldwhg zlwk wkh phdq iruhfdvw huuru lq hdfk

txduwhu1 Ixuwkhu/ wkh pdjqlwxgh ri wkh frh�flhqw ghfuhdvhv dv wkh hduqlqjv dqqrxqfhphqw

43



Wdeoh 7= Uhvxowv ri uhjuhvvlrqv ri djjuhjdwh iruhfdvw huuru rq pdfurhfrqrplf yduldeohv

Sulfh Gh�dwru

Uhjuhvvlrq Lqwhufhsw WHUP GHI GS U2
@_�

+4, 313337 0414<;9 314764
+3139, +07146,

+5, 313799 04816968 3166:<
+717<, +0:13:,

+6, 3136;; 0418:3< 313<7:
+5139, +06165,

+7, 31378: 048179;7 313678 31663<
+51;5, +081;;, +313:,

+8, 313868 031::<9 046195:6 316<53
+8157, +0613;, +09165,

mHSVm Gh�dwru
Uhjuhvvlrq Lqwhufhsw WHUP GHI GS U2

@_�

+4, 0314963 0441:;54 31457:
+05157, +061;6,

+5, 31576< 04731793: 31587;
+5144, +081;5,

+6, 315<5; 04:178<6 3143:<
+4183, +06188,

+7, 3167<< 045:1<578 0714:;8 315849
+41<8, +0716<, +031::,

+8, 316478 0;13449 0455194<3 31638:
+51:8, +051;5, +0813;,

Xq0qrupdol}hg Iruhfdvw Huuruv

Uhjuhvvlrq Lqwhufhsw WHUP GHI GS U2
@_�

+4, 0313:99 0641;7;4 313:<7
+03164, +06138,

+5, 416593 077:16:6: 315678
+6175, +08185,

+6, 315<49 0571<463 313447
+3176, +04178,

+7, 318663 087414<8< 6415:58 315838
+31;<, +08193, +41:7,

+8, 417<:4 04<17545 07371455< 3158:<
+61;5, +05133, +071;;,
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Wdeoh 8= Uhjuhvvlrq ri Iruhfdvw Huuruv rq Exvlqhvv F|foh Yduldeohv 0 Txduwhu e| Txduwhu
Uhjuhvvlrqv

twu 4 twu 5 twu 6 twu 7

Lqwhufhsw 313<66;5 313;4<98 313934: 3135355
+6165, +7156, +6197, +41:9,

WHUP 031<478;4 031:3865; 0317:747; 0317;9:6
+04184, +04178, +04153, +0418<,

GHI 0591977:<6 0551987;5; 04:13;346 0715;5845
+07165, +081;5, +0718<, +041<3,

dssurdfkhv1 Wklv lv wr eh h{shfwhg= odwhu lq wkh �vfdo |hdu frqvlghudeo| pruh lqirupdwlrq

lv dydlodeoh wr wkh dqdo|vw/ lqfoxglqj wkh txduwhuo| hduqlqjv iurp hduolhu lq wkdw |hdu1 Wkh

frh�flhqw rq WHUP dovr ghfuhdvhv dqg lv pdujlqdoo| vljql�fdqw1

Wkh iruhfdvw huuruv dqg h{0dqwh suhglfwhg iruhfdvw huuruv duh dovr sorwwhg lq Iljxuh 4 lq

erwk d wlph vhulhv sorw dqg d vfdwwhusorw1 Wkhvh sorwv gudpdwlfdoo| looxvwudwh wkh ghjuhh ri

suhglfwdelolw| ri wkh iruhfdvw huuruv1 Dovr/ wkh sorwv/ wkh vfdwwhusorw lq sduwlfxodu/ vxjjhvw wkdw

wkhuh duh shulrgv zkhq wkh suhglfwhg iruhfdvw huuru lv srvlwlyh1 Wklv vxjjhvwv wkdw suhylrxv

hylghqfh wkdw dqdo|vwv* iruhfdvwv duh rq0dyhudjh rswlplvwlf pd| eh gxh wr wkh vdpsoh shulrg

xvhg lq wkhvh vwxglhv1

��e A�i Thi_�U|@M�*�|) Lu @?@*)t|t< uLhiU@t| hi��t�L?t

Wdeoh 9 suhvhqwv wkh uhvxowv ri uhjuhvvlqj wkh dqdo|vwv* iruhfdvw uhylvlrqv rq wkh exvlqhvv f|foh

lqglfdwruv1 Wkh iruhfdvw uhylvlrq lv gh�qhg dv

IU�c+c^ @
I�c+c^ � I�c+c^3�

S�c+3�

>

zkhuh I�c+c^ qrz ghqrwhv wkh t*wk txduwhu iruhfdvw ri |hdu | hduqlqjv iru �up l/ dqg S�c+3�

ghqrwhv wkh vkduh sulfh dqg wkh hqg ri |hdu | � 41 Iru h{dpsoh/ wkh vhfrqg txduwhu iruhfdvw

uhylvlrq iru 4<;: lv fdofxodwhg e| vxewudfwlqj wkh �uvw txduwhu iruhfdvw ri 4<;: hduqlqjv iurp

wkh vhfrqg txduwhu iruhfdvw ri 4<;: hduqlqjv dqg glylglqj e| wkh sulfh ri wkh vwrfn rq wkh

odvw wudglqj gd| ri Ghfhpehu 4<;91 Lq wkh odvw urz ri wkh Wdeoh +odehohg h1d1 iru hduqlqjv

dqqrxqfhphqw, wkh ghshqghqw yduldeoh lv wkh gl�huhqfh ehwzhhq wkh dqqrxqfhg |hdu | hduqlqjv

dqg wkh irxuwk txduwhu iruhfdvw ri wkhvh hduqlqjv +glylghg e| wkh ehjlqqlqj ri wkh |hdu sulfh,1
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Iljxuh 4= Iruhfdvw Huuruv dqg h{0dqwh suhglfwhg iruhfdvw huuruv xvlqj wkh ghidxow vsuhdg
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Wdeoh 9= Uhjuhvvlrqv ri Dqdo|vw Iruhfdvw Uhylvlrqv rq Vwdwh Yduldeohv +4<9304<;9,

IU�c^c+ @ � . ��GHI+3� . �2WHUP+3� . ��c^c|

Vwdwh Yduldeoh Frh�flhqwv
Txduwhu a� GHI|3� WHUP|3� U2

@_�

5 31337; 0416:6 031385 3136:
+71967, +0817:4, +05145,

6 313378 041634 031356 3135:
+718:<, +0817;8, +041378 ,

7 313346 031:88 031346 3133<
+41764, +0615<<, +0319338 ,

h1d1 31335; 031<68 031345 31338
+41<63, +051974, +031684,

Wkh ghshqghqw yduldeohv duh lq doo fdvhv edvhg rq |lhogv dw wkh hqg ri wkh suhfhglqj |hdu1

Iurp Wdeoh 9 zh vhh wkdw iruhfdvw uhylvlrqv duh kljko| suhglfwdeoh/ dqg doo suhglfwdeoh

uhylvlrqv duh rssrvlwh wkh gluhfwlrq ri wkh eldv> dqdo|vwv gr �{ wkhlu +suhglfwdeoh, plvwdnhv

ryhu wlph lq d suhglfwdeoh zd|1 GHI|3� lv vljql�fdqw suhglfwru ri doo wkuhh iruhfdvw uhylvlrqv/

exw WHUP|3� rqo| kdv srzhu wr suhglfw wkh rqh0txduwhu dkhdg iruhfdvw uhylvlrq1 Lq dgglwlrq/

wkh �qdo hduqlqjv vxusulvh +l1h1/ wkh gl�huhqfh lq wkh irxuwk txduwhu iruhfdvw dqg wkh dqqrxqfhg

hduqlqjv, lv suhglfwdeoh xvlqj wkh ghidxow vsuhdg iurp wkh hqg ri wkh suhfhglqj |hdu1

Wkhvh uhvxowv duh sduwlfxoduo| lqwhuhvwlqj lq oljkw ri wkh idfw wkdw Idpd dqg Iuhqfk +4<;<,

dqg Fkhq +4<<4, �qg wkdw WHUP kdv srzhu wr iruhfdvw ixwxuh vwrfn uhwxuqv ryhu uhodwlyho|

vkruw krul}rqv ri d prqwk ru d txduwhu/ zkloh GHI kdv srzhu wr iruhfdvw uhwxuqv rxw vhyhudo

|hduv1

��D A�i �@h!i| hi@U|�L? |L Thi_�U|@M*i uLhiU@t| hi��t�L?t

Wkh _dqrpdo|% wkdw zh kdyh irxqg lv wkdw dqdo|vwv* iruhfdvwv vwurqjo| ryhuhvwlpdwh hduqlqjv

mxvw zkhq h{shfwhg uhwxuqv duh kljk1 Wklv phdqv wkdw/ li dw vrph srlqw lq wlph wkh ghidxow

vsuhdg dqg wkh whup vsuhdg duh kljk/ rqh fdq suhglfw erwk wkdw wkh dqdo|vwv zloo uhylvh grzq0

zdug wkhlu hduqlqjv iruhfdvwv ryhu wkh qh{w |hdu dqg wkdw wkh hduqlqjv zklfk duh hyhqwxdoo|

uhsruwhg zloo eh ohvv wkdq zkdw wkh dqdo|vw kdv suhglfwhg1 Edvhg rq wkhvh vdph vwdwh yduldeohv
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zh nqrz wkdw wkh pdunhw uhwxuq ryhu wkh qh{w |hdu vkrxog eh kljkhu wkdq dyhudjh/ dv glvfxvvhg

lq Vhfwlrq 6141 Wklv lv dq dssduhqw frqwudglfwlrq/ dv qxphurxv vwxglhv kdyh vkrzq wkdw wkh

pdunhw zloo whqg wr uhdfw qhjdwlyho| erwk zkhq wkh dqdo|vwv uhylvh wkhlu iruhfdvwv grzqzdug/

dqg zkhq wkh hduqlqjv vxusulvh lv qhjdwlyh1

Edvhg rq wkh olwhudwxuh rq ryhuuhdfwlrq +h1j1 GhErqgw dqg Wkdohu +4<;8/4<;:, dqg Fkrsud/

Odnrqlvkrn dqg Ulwwhu +4<<5,,/ rqh pljkw kdyh dqwlflsdwhg wkh rssrvlwh uhvxow/ wkdw dqdo|vwv

ryhuuhdfw wr d ghfolqh lq JQS/ dqg khqfh zrxog eh ryhuo| shvvlplvwlf lq uhfhvvlrqv dqg rs0

wlplvwlf lq h{sdqvlrqv1 Wklv zrxog kdyh surylghg d srwhqwldo h{sodqdwlrq ri zk| wkhuh lv vr

pxfk yduldwlrq lq uhwxuqv ryhu wkh exvlqhvv f|foh ~ wkdw |rx kdyh kljk uhwxuqv frplqj rxw ri

d uhfhvvlrq ehfdxvh wkh pdunhw lv _vxusulvhg% zkhq wkh hfrqrp| dqg hduqlqjv uhfryhu diwhu

d grzqwxuq1 Exw zkdw zh kdyh lqvwhdg irxqg lv yhu| vwurqj hylghqfh wkdw dqdo|vwv wlow wkhlu

iruhfdvwv lq wkh rwkhu gluhfwlrq1

Wkh uhvxow zh kdyh rewdlqhg lqglfdwhv wkdw eldvhv lq dqdo|vwv iruhfdvwv fdqqrw h{sodlq wkh

odujh yduldwlrq lq uhwxuqv ryhu wkh exvlqhvv f|foh1 Shukdsv wkh pdunhw lv h�flhqwo| xvlqj wkh

dqdo|vwv* iruhfdvwv/ dqg wkhuhiruh qrw uhdfwlqj wr wkh suhglfwdeoh frpsrqhqw ri vxevhtxhqw

iruhfdvw uhylvlrqv dqg hduqlqjv vxusulvhv1 Dowhuqdwlyho|/ wkh pdunhw pljkw kdyh lqghhg uhdfw

wr wkhvh hyhqwv/ zklfk zrxog phdq wkdw/ h{foxvlyh ri wkh iruhfdvw uhylvlrq gdwhv dqg hduqlqjv

uhylvlrq gdwhv/ h{shfwhg uhwxuqv duh hyhq pruh yrodwloh wkdq suhylrxvo| wkrxjkw1

Wr lqyhvwljdwh zkhwkhu wkh pdunhw pdnhv wkh vdph h{shfwdwlrqdo huuruv wkh dqdo|vwv gr/

zh vsolw wkh dqdo|vwv* iruhfdvw uhylvlrqv xs lqwr wzr frpsrqhqwv= wkh h{shfwhg dqg xqh{shfwhg

uhylvlrqv1 Wkh lghd khuh lv wkdw zh fdq ghwhuplqh/ edvhg rq wkh h{0dqwh GHI dqg WHUP

krz pxfk dq dqdo|vw lv olnho| wr uhylvh klv iruhfdvwv ryhu wkh qh{w txduwhu/ dvvxplqj d olqhdu

uhodwlrqvkls1 Wklv dprxqw lv wkh suhglfwhg iruhfdvw uhylvlrq1 Wkh gl�huhqfh ehwzhhq wkh dfwxdo

dqg suhglfwhg iruhfdvw uhylvlrq lv wkhq gh�qhg dv wkh xqsuhglfwdeoh frpsrqhqw ri wkh iruhfdvw

uhylvlrq1

Wkh pdunhw vkrxog/ rq dyhudjh/ uhdfw wr wkh xqh{shfwhg iruhfdvw uhylvlrqv/ phdqlqj wkdw

wkdw wkh �upv* vwrfn sulfh vkrxog pryh lq wkh gluhfwlrq ri wkh hduqlqjv iruhfdvw uhylvlrq1

Krzhyhu/ li wkh pdunhw lv h�flhqw/ wkhq zkhq dq dqdo|vw uhylvhv klv iruhfdvw e| wkh suhglfwhg

dprxqw wkhuh vkrxog eh qr pdunhw uhdfwlrq

Wr ghwhuplqh wkh suhglfwhg iruhfdvw uhylvlrqv zh uhjuhvv wkh iruhfdvw uhylvlrqv rq wkh h{0dqwh
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GHI dqg WHUP=

�IU| @ 3=337; �4=578 �GHI|3� �3=37<8 � WHUP|3� . x|
+:=9;, +�;=;<, +�6=66, +6,

zkhuh khuh IU| lv gh�qhg wr eh wkh ydoxh ri wkh �uvw hduqlqjv iruhfdvw vxevhtxhqw wr wlph w

iruhfdvw plqxv wkh wlph w iruhfdvw/ glylghg e| wkh vkduh sulfh dw wkh hqg ri wkh prqwk suhfhglqj

wkh wlph w iruhfdvw1 GHI|3� dqg WHUP|3� duh wkh ghidxow vsuhdg dqg whup vsuhdg ydoxhv

iurp wkh ehjlqqlqj ri wkh prqwk suhfhglqj wkh prqwk wkh iruhfdvw lv pdgh1 Wklv phdqv wkdw

wkhuh lv dozd|v dw ohdvw rqh prqwk ehwzhhq wkh gd| GHI|3� dqg WHUP|3� duh fdofxodwhg

dqg wkh gd| wkh hduqlqjv iruhfdvw lv uhohdvhg1 Ydoxh Olqh fodlpv wkdw wkhlu iruhfdvwv duh pdgh

qr odwhu wkdq < gd|v sulru wr wkh Ydoxh Olqh uhsruw gdwh/ vr wklv surfhgxuh vkrxog lqvxuh wkdw

wkhvh gdwd zloo ehfrph dydlodeoh wr wkh dqdo|vw sulru wr wkh wlph w iruhfdvw dqg qrw gxulqj wkh

shulrg ehwzhhq wkh wzr iruhfdvwv1

Edvhg wklv zh gh�qh wkh suhglfwhg iruhfdvw uhylvlrq SIU| dv vlpso| wkh �wwhg ydoxh ri wkh

uhjuhvvlrq lq htxdwlrq +6,=

aSIU| @ a�. a��GHI|3� . a�2WHUP|3�

dqg wkh xqsuhglfwdeoh frpsrqhqw ri wkh iruhfdvw uhylvlrq XSU| dv wkh gl�huhqfh ehwzhhq

wkh dfwxdo iruhfdvw uhylvlrq dqg wkh suhglfwhg frpsrqhqw/ zklfk lv mxvw wkh uhvlgxdo ri wkh

uhjuhvvlrq lq htxdwlrq +6,=

aXSU| @ �IU| � SIU| @ �x|=

Wkhq/ wr ghwhuplqh wkh pdunhw uhdfwlrq wr suhglfwhg dqg xqsuhglfwdeoh frpsrqhqwv ri wkh

iruhfdvw uhylvlrq zh uhjuhvv wkh h{fhvv uhwxuqv +qhw ri wkh uhwxuq rq wkh ydoxh0zhljkwhg lqgh{,

durxqg wlph ri wkh uhohdvh ri wkh vhfrqg iruhfdvw rq wkh suhglfwhg dqg xqsuhglfwdeoh iruhfdvw

uhylvlrqv=

�U�c| � �UT`c| @ �. �� aXIU| . �2 aSIU| . ��|

Zh shuirup wkhvh uhjuhvvlrqv iru d vhw ri uhwxuq zlqgrzv durxqg wkh vhfrqg iruhfdvw uhsruw

gdwh1 Wkh uhvxowv ri wkhvh uhjuhvvlrqv duh uhsruwhg lq Wdeoh :1 Iru h{dpsoh/ zkhuh wkh Zlqgrz

froxpq uhdgv _8 wr 47%/ wklv phdqv wkdw wkh uhwxuq iurp 8 gd|v diwhu wr 47 gd|v diwhu wkh Ydoxh

Olqh uhsruw gdwh zdv uhjuhvvhg rq wkh XIU dqg SIU1
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Zh vhh wkdw wkh frh�flhqw rq XIU lv vwurqj iru zlqgrzv iurp 68 gd|v ehiruh wkh uhsruw

gdwd wr 47 gd|v diwhu wkh uhsruw gdwh1 Wkdw wkh frh�flhqwv duh odujh zhoo ehiruh wkh uhsruw

gdwh lv qrw d vxusulvh= li jrrg +edg, lqirupdwlrq duulyhv gxulqj wkh iruhfdvw uhylvlrq shulrg/

wkh uhwxuq dqg wkh xqh{shfwhg iruhfdvw uhylvlrq duh erwk olnho| wr eh srvlwlyh +qhjdwlyh,1

Wkh idfw wkdw wkh XIU frh�flhqw lv srvlwlyh iru wkh 08 wr 7 dqg 8 wr 47 zlqgrz lqglfdwhv

wkdw wkh pdunhw lv sd|lqj dwwhqwlrq wr wkh lqirupdwlrq frqwdlqhg lq wkh Ydoxh Olqh iruhfdvw=

zkhq wkh xqh{shfwhg iruhfdvw uhylvlrq lv srvlwlyh/ wkh pdunhw lqwhusuhwv wklv dv d vwurqj vljqdo

dqg wkh vwrfn sulfh lqfuhdvhv1 Qrwh wkdw wkh pdunhw uhdfwlrq lv vwurqj ryhu wkh 8 wr 47 gd|

zlqgrz/ exw lv lqvljql�fdqw diwhu 48 gd|v diwhu wkh uhsruw gdwh1 Ydoxh Olqh fodlpv wkdw wkh

uhsruw lv lq wkh vxevfulehuv kdqgv rq wkh uhsruw gdwh/ vr lw lv vxusulvlqj wr vhh vxfk d vljql�fdqw

uhvsrqvh frh�flhqw iru wkh 8 wr 47 gd| zlqgrz1

Wkh frh�flhqw iru wkh suhglfwdeoh frpsrqhqw ri wkh iruhfdvw uhylvlrq lv dozd|v lqvljql�0

fdqw1 Krzhyhu/ wklv fdqqrw qhfhvvdulo| eh lqwhusuhwhg dv hylghqfh wkdw wkh pdunhw grhv qrw

lqfrusrudwh wkh dqdo|vwv* eldvhv1 Wkh sureohp lv wkdw wkh vwdqgdug huuruv rq wkh frh�flhqwv

ri SIU duh vr odujh wkdw lw lv lpsrvvleoh wr uhmhfw hlwkhu wkh k|srwkhvlv wkdw �2 @ 3 ru wkh

k|srwkhvlv wkdw �2 @ ��/ wkdw lv wkdw wkh pdunhw lv htxdoo| dv eldvhg dv wkh dqdo|vwv1

Zh duh fxuuhqwo| h{sorulqj zd|v ri lpsurylqj rxu delolw| wr dvvhvv wkh pdunhwv* uhdfwlrq wr

wkh dqdo|vwv suhglfwdeoh iruhfdvw uhylvlrq1 Rxu krsh lv wkdw vrph lpsuryhg phwkrgv wkdw zh

duh h{sorulqj zloo doorz xv wr glvfulplqdwh ehwzhhq wkh wzr k|srwkhvhv glvfxvvhg deryh1

e �L?U*�t�L?t

Zh kdyh vkrzq wkdw wkh vdph vhw ri yduldeohv wkdw suhglfw vwrfn uhwxuqv dovr suhglfw dqdo|vwv*

iruhfdvw huuruv1 Krzhyhu/ wkh gluhfwlrq ri wkhvh wzr h�hfwv dsshduv frqwudglfwru|1 Zh kdyh

vkrzq wkdw dqdo|vwv* |hdu0dkhdg iruhfdvwv ri hduqlqjv duh ryhu0rswlplvwlf lq uhfhvvlrqv/ zkhq

sdvw hfrqrplf jurzwk kdv ehhq srru/ dqg duh shvvlplvwlf lq h{sdqvlrqv/ zkhq sdvw hfrqrplf

jurzwk kdv ehhq kljk1 Zh kdyh dovr vkrzq wkdw dqdo|vwv/ rq dyhudjh/ odwhu uhylvh wkhlu iruhfdvwv

grzqzdug lq uhfhvvlrqv dqg xszdug lq h{sdqvlrqv/ exw wkdw hyhq wkhlu hqg0ri0wkh |hdu iruhfdvwv

gr qrw holplqdwh wklv exvlqhvv f|foh uhodwhg eldv1 Lq frqwudvw wr wkh gluhfwlrq ri wkh iruhfdvw

uhylvlrqv/ vwrfn uhwxuqv duh frxqwhuf|folfdo= kljk lq uhfhvvlrqv dqg orz lq h{sdqvlrqv1 Wklv

phdqv wkdw vwrfn uhwxuqv duh kljk +orz, ryhu wkh vdph |hduv lq zklfk dqdo|vwv uhylvh wkhlu

4:



Wdeoh := Uhvxowv ri uhjuhvvlqj �up uhwxuqv durxqg iruhfdvw uhylvlrqv rq suhglfwhg dqg xqsuh0
glfwhg iruhfdvw uhylvlrqv1 +W0Vwdwlvwlfv lq sduhqwkhvhv,

Zlqgrz Lqwhufhsw XIU| SIU|

068 wr 059 31333584 316<59:; 31<9::88
+31665, +71949, +415<7,

058 wr 049 0313335 314;<:<9 31:648<8
+03155:, +514;:, +414;;,

048 wr 09 031333< 3169;47 04143:3<<
+0414<4, +714:, +041964,

08 wr 7 0313337:8: 3158868< 0314;;875
+0319:9, +61377, +0315<;,

8 wr 47 0313358 31597<<6 031849687
+0614:, +6147, +031:9<,

48 wr 57 03133455 313;5848 04147<355
+0418;7, +31<9, +041949,

58 wr 67 13334 314756;; 315<3437
+313:8, +41974, +3177:,

iruhfdvwv grzqzdug +xszdug,/ dqg duh kljk ryhu |hduv lq zklfk dqdo|vwv duh _vxusulvhg% e|

orzhu wkdq h{shfwhg hduqlqjv1

Zh dwwhpswhg wr dqdo|}h zkhwkhu wkh pdunhw lqfrusrudwhv wkh eldvhv ri wkh dqdo|vwv e|

lqyhvwljdwlqj wkh pdunhw*v uhdfwlrq wr xqh{shfwhg dqg h{shfwhg iruhfdvw uhylvlrqv1 Zh �qg

wkdw wkh pdunhw uhdfwv vwurqjo| wr xqh{shfwhg iruhfdvw uhylvlrqv/ vxjjhvwlqj wkdw wkhvh frqwdlq

lqirupdwlrq qrw douhdg| lqfrusrudwhg lqwr sulfhv1 Zkloh zh �qg qr hylghqfh wkdw wkh pdunhw

uhdfwv wr h{shfwhg iruhfdvw uhylvlrqv/ wkh vwdqgdug huuruv rq rxu hvwlpdwhv ri wkhvh uhvsrqvh

frh�flhqwv ri wkh vdph rughu dv wkh frh�flhqwv rq wkh pdunhw uhvsrqvh wr wkh xqh{shfwhg

iruhfdvw uhylvlrqv1 Wklv phdqv wkdw li wkh pdunhw uhdfwv wr wkh h{shfwhg iruhfdvw uhylvlrq lq

wkh vdph zd| wkdw lw uhdfwv wr wkh xqh{shfwhg iruhfdvw uhylvlrq/ zh zrxog vwloo frqfoxgh wkdw

wkh frh�flhqw zdv qrw vljql�fdqwo| gl�huhqw iurp }hur1

4;



+iuihi?Uit

Deho/ Dqguhz +4<;;, _Vwrfn Sulfhv Xqghu Wlph0Ydu|lqj Glylghqg Ulvn% Mrxuqdo ri Prqhwdu|
Hfrqrplfv 55/ 6:806<61

Deduedqhoo/ Mh�hu| V1 +4<<4, _Gr dqdo|vwv* hduqlqjv iruhfdvwv lqfrusrudwh lqirupdwlrq lq sulru
vwrfn sulfh fkdqjhvB% Mrxuqdo ri Dffrxqwlqj dqg Hfrqrplfv 47/ 47:04981

Deduedqhoo/ Mh�hu| V1 dqg Ylfwru Ehuqdug +4<<5, _Dqdo|vwv* Ryhuuhdfwlrq2Xqghuuhdfwlrq wr
Hduqlqjv Lqirupdwlrq dv dq H{sodqdwlrq iru Dqrpdorxv Vwrfn Sulfh Ehkdylru/% Mrxuqdo ri
Ilqdqfh 7:/ 44;40453:1

Erxgrxnk/ Mdfre/ Pdwwkhz Ulfkdugvrq dqg Wrp Vplwk/ +4<<6, _Lv wkh h{0dqwh ulvn suhplxp
dozd|v srvlwlyhB D qhz dssurdfk wr whvwlqj frqglwlrqdo dvvhw sulflqj prghov/% Mrxuqdo ri
Ilqdqfldo Hfrqrplfv 67/ 6;:073;1

Eurzq/ Odzuhqfh G1/ U1O1 Kdjhupdq/ S1D1 Jul�q/ dqg Pdun H1 ]plmhzvnl/ _Vhfxulw| Dqdo|vw
Vxshulrulw| Uhodwlyh wr Xqlyduldwh Wlph0Vhulhv Prghov lq Iruhfdvwlqj Txduwhuo| Hduqlqjv/%
Mrxuqdo ri Dffrxqwlqj dqg Hfrqrplfv/ 940;:1

Eurzq/ Sklools/ dqg Ud| Edoo +4<9:, _Vrph Suholplqdu| Ilqglqjv rq wkh Dvvrfldwlrq Ehwzhhq
wkh Hduqlqjv ri d Ilup/ lwv Lqgxvwu| dqg wkh Hfrqrp|/% Mrxuqdo ri Dffrxqwlqj Uhvhdufk
+Vxssohphqw, 880::1

Eurzq/ Sklols/ Jhrujh Irvwhu dqg Hulf Qruhhq +4<;8, _Vhfxulw| Dqdo|vw Pxowl0\hdu Hduqlqjv
Iruhfdvwv dqg wkh Fdslwdo Pdunhw/ Vwxglhv lq Dffrxqwlqj Uhvhdufk qr1 54/ Vdudvrwd/ Iorulgd=
Dphulfdq Dffrxqwlqj Dvvrfldwlrq1

Fkhq/ Qdl0Ix +4<<4, _Ilqdqfldo Lqyhvwphqw Rssruwxqlwlhv dqg wkh Pdfurhfrqrp|/% Mrxuqdo
ri Ilqdqfh 79/ 85<08871

Gdqlho/ Nhqw dqg Zdowhu Wrurxv +4<<8, _Frpprq Vwrfn Uhwxuqv dqg wkh Exvlqhvv F|foh/%
Xqlyhuvlw| ri Fklfdjr zrunlqj sdshu1

GhErqgw/ Zhuqhu I1P1/ dqg Wkdohu/ Ulfkdug K1 +4<<3, _Gr Vhfxulw| Dqdo|vwv RyhuuhdfwB%
Dphulfdq Hfrqrplf Uhylhz/ ;3/ 8508:1

GhErqgw/ Zhuqhu I1P1/ dqg Wkdohu/ Ulfkdug K1 +4<;8, _Grhv wkh Vwrfn Pdunhw RyhuuhdfwB%
Mrxuqdo ri Ilqdqfh/ 73/ :<60;381

GhErqgw/ Zhuqhu I1P1/ dqg Wkdohu/ Ulfkdug K1 +4<;:, _Ixuwkhu Hylghqfh rq Lqyhvwru Ryhu0
uhdfwlrq dqg Vwrfn Pdunhw Vhdvrqdolw|% Mrxuqdo ri Ilqdqfh/ 75/ 88:08;41

Idpd/ Hxjhqh I1 +4<:3, _H�flhqw Fdslwdo Pdunhwv= D Uhylhz ri Wkhru| dqg Hpslulfdo Zrun/%
Mrxuqdo ri Ilqdqfh 58/ 6;60 74:1

Idpd/ Hxjhqh I1 +4<<4, _H�flhqw Fdslwdo Pdunhwv LL% Mrxuqdo ri Ilqdqfh 79/ 48:8049761

Idpd/ Hxjhqh I1 dqg Nhqqhwk Iuhqfk +4<;;d, _Shupdqhqw dqg Whpsrudu| Frpsrqhqwv ri
Vwrfn Sulfhv/% Mrxuqdo ri Srolwlfdo Hfrqrp| <9/ 57905:61

Idpd/ Hxjhqh I1 dqg Nhqqhwk U1 Iuhqfk +4<;;e,_Glylghqg \lhogv dqg H{shfwhg Vwrfn Uh0
wxuqv/% Mrxuqdo ri Ilqdqfldo Hfrqrplfv 55 60581
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Idpd/ Hxjhqh I dqg Nhqqhwk U1 Iuhqfk +4<;<, _Exvlqhvv Frqglwlrqv dqg H{shfwhg Uhwxuqv
rq Vwrfnv dqg Erqgv/% Mrxuqdo ri Ilqdqfldo Hfrqrplfv 58/ 5607<1

Iudqflv/ Mhqqlihu dqg Grqqd U1 Skloeulfn +4<<6, _Dqdo|vwv* Ghflvlrqv dv Surgxfwv ri d Pxowl0
Wdvn Hqylurqphqw/% Xqlyhuvlw| ri Fklfdjr zrunlqj sdshu1

Iudqflv/ Mhqqlihu dqg Ohrqdug Vr�hu +4<<6, _Wkh Uhodwlyh Lqirupdwlyhqhvv ri Dqdo|vwv* Vwrfn
Uhfrpphqgdwlrqv dqg Hduqlqjv Iruhfdvw Uhylvlrqv% Xqlyhuvlw| ri Fklfdjr zrunlqj sdshu1

Iuhlg/ Gry dqg Gdq Jlyro| +4<;5, _Ilqdqfldo Dqdo|vwv* Iruhfdvw ri Hduqlqjv= D Ehwwhu Vxuur0
jdwh iru Pdunhw H{shfwdwlrqv/% Mrxuqdo ri Dffrxqwlqj Uhvhdufk

Nhdqh/ Plfkdho S1 dqg Gdylg H1 Uxqnoh +4<<3, _ Whvwlqj wkh Udwlrqdolw| ri Sulfh Iruhfdvwv=
Qhz Hylghqfh iurp Sdqho Gdwd% Dphulfdq Hfrqrplf Uhylhz/ ;3/ :470:681

Nhlp/ Grqdog E1/ dqg Urehuw I1 Vwdpedxjk +4<;9, _Suhglfwlqj Uhwxuqv lq wkh Vwrfn dqg Erqg
Pdunhwv/% Mrxuqdo ri Ilqdqfldo Hfrqrplfv 4:/ 68:0<31

OdSruwd/ Udidho +4<<6, _H{shfwdwlrqv dqg wkh Furvv0Vhfwlrq ri Vwrfn Uhwxuqv/% Kduydug Xql0
yhuvlw| zrunlqj sdshu1

Odnrqlvkrn/ Mrvhi/ Dqguhl Vkohlihu dqg Urehuw Z1 Ylvkq| +4<<6, _Frqwuduldq Lqyhvwphqw/
H{wudsrodwlrq dqg Ulvn/% Xqlyhuvlw| ri Fklfdjr zrunlqj sdshu1

Olsh/ Ulfkdug +4<;9, _Wkh lqirupdwlrq frqwdlqhg lq wkh Frpsrqhqwv ri Hduqlqjv/% Mrxuqdo ri
Dffrxqwlqj Uhvhdufk +Vxssohphqw,/ BB/ BB0BB1

Phqghqkdoo/ Ulfkdug +4<<4, _Hylghqfh ri Srvvleoh Xqghuzhljkwlqj ri Hduqlqjv0Uhodwhg Lqiru0
pdwlrq /% Mrxuqdo ri Dffrxqwlqj Uhvhdufk/ 5</ 4:304;31

R*Eulhq/ Sdwulfld F1 +4<;;, _Dqdo|vwv* Iruhfdvwv dv Hduqlqjv H{shfwdwlrqv% Mrxuqdo ri Df0
frxqwlqj dqg Hfrqrplfv BB/ 860;61

R*Eulhq/ Sdwulfld F1 +4<<6, _Frusrudwh Hduqlqjv dqg wkh Pdfurhfrqrp|% Xqlyhuvlw| ri Plfkl0
jdq Zrunlqj sdshu

R*Eulhq/ Sdwulfld/ dqg Udyl Exvkdq +4<<3, _Dqdo|vw Iroorzlqj dqg Lqvwlwxwlrqdo Rzqhuvkls/%
Mrxuqdo ru Dffrxqwlqj Uhvhdufk 5;/ 880:91

Skloeulfn/ Grqqd U1 dqg Zlooldp H1 Ulfnv +4<<4, _Xvlqj Ydoxh Olqh dqg LEHV Dqdo|vw Iruh0
fdvwv lq Dffrxqwlqj Uhvhdufk% Mrxuqdo ri Dffrxqwlqj Uhvhdufk BB/ 6<:074:1

Vwlfnho/ Vfrww H1 +4<<3, _Suhglfwlqj Lqglylgxdo Dqdo|vw Hduqlqjv Iruhfdvwv/% Mrxuqdo ri Df0
frxqwlqj Uhvhdufk 5;/ 73<074:1

Vwlfnho/ Vfrww H1 +4<<4, _Frpprq Vwrfn Uhwxuqv vxuurxqglqj hduqlqjv iruhfdvw uhylvlrqv/% Wkh
Dffrxqwlqj Uhylhz 99/ 73507491

Vwlfnho/ Vfrww H1 +4<<5, _Uhsxwdwlrq dqg Shuirupdqfh Dprqj Vhfxulw| Dqdo|vwv/% Mrxuqdo ri
Ilqdqfh 7;/ 4;4404;691

Zdwvrq/ Pdun Z1/ +4<;9, _Xqlyduldwh Ghwuhqglqj Phwkrgv zlwk Vwrfkdvwlf Wuhqgv% Mrxuqdo
ri Prqhwdu| Hfrqrplfv 4;/ 7<0:81
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]duqrzlw}/ Ylfwru +4<;7, _Exvlqhvv F|foh Dqdo|vlv dqg H{shfwdwlrqdo Vxuyh| Gdwd/% QEHU
Zrunlqj Sdshu 46:;1

]duqrzlw}/ Ylfwru +4<;8, _Udwlrqdo H{shfwdwlrqv dqg Pdfurhfrqrplf Iruhfdvwv/% Mrxuqdo ri
Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv 6 5<606441
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