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Vlplodulw| ri Vxsso| dqg Ghpdqg Vkrfnv
Ehwzhhq wkh Hxur Duhd dqg wkh FHHFv

Mdunr Ilgupxf
Rhvwhuuhlfklvfkh Qdwlrqdoedqn

mdunr1�gupxfCNXOhxyhq1df1eh

Llnnd Nrukrqhq
ERILW/ Edqn ri Ilqodqg

llnnd1nrukrqhqCeri1�

Qryhpehu ;/ 5334

Devwudfw

Zh dvvhvv wkh fruuhodwlrq ri vxsso| dqg ghpdqg vkrfnv ehwzhhq
wkh frxqwulhv ri wkh hxur duhd dqg wkh dffhvvlrq frxqwulhv lq wkh 4<<3v1
Vkrfnv duh uhfryhuhg iurp hvwlpdwhg vwuxfwxudo YDU prghov ri rxw0
sxw jurzwk dqg lq dwlrq1 Zh �qg wkdw vrph dffhvvlrq frxqwulhv kdyh
d txlwh kljk fruuhodwlrq ri wkh xqghuo|lqj vkrfnv zlwk wkh hxur duhd1
Krzhyhu/ hyhq iru pdq| dgydqfhg dffhvvlrq frxqwulhv/ wkh vkrfnv uh0
pdlq vljql�fdqwo| pruh lglrv|qfudwlf1 Ixuwkhupruh/ pdq| HX frxq0
wulhv vhhp wr kdyh d pxfk kljkhu fruuhodwlrq zlwk wkh fruh hxur duhd
frxqwulhv wkdq lq wkh suhylrxv ghfdghv1 Frqwlqxlqj lqwhjudwlrq zlwklq
wkh HX vhhpv wr kdyh doljqhg wkh exvlqhvv f|fohv ri wkhvh frxqwulhv dv
zhoo1

Nh|zrugv= rswlpxp fxuuhqf| duhd/ HPX/ HX hqodujhphqw/ vwuxfwxudo
YDU1
MHO Fodvvl�fdwlrq Qxpehuv= H65/ I751

Dfnqrzohgjhphqwv= Zh ehqh�whg iurp frpphqwv e| Pdwklogh Pdxuho/ Mxnnd

Sluwwloç/ Shwhu Edfnì/ Mhvxv Fuhvsr0Fxduhvpd/ Mdnxe Erurzvnl/ Dorlv Jh|hu dqg

Urehuw Nxqvw1 Zh dfnqrzohgjh odqjxdjh dgylfh e| Luhqh P kogrui1 Wkh ylhzv

h{suhvvhg lq wklv sdshu duh wkrvh ri wkh dxwkruv dqg gr qrw qhfhvvdulo| uhsuhvhqw

wkh srvlwlrq ri wkh Rhvwhuuhlfklvfkh Qdwlrqdoedqn ru ri wkh Edqn ri Ilqodqg1



4 Lqwurgxfwlrq

Zh h{dplqh wkh fruuhodwlrq ri vxsso| dqg ghpdqg vkrfnv ehwzhhq wkh Fhqwudo

dqg Hdvwhuq Hxursh frxqwulhv +FHHFv, dqg wkh hxur duhd1 Rxu sxusrvh lv wr

dvvhvv zkhwkhu wkh dffhvvlrq frxqwulhv ehorqj wr wkh vdph rswlpxp fxuuhqf|

duhd dv wkh fxuuhqw phpehuv ri wkh prqhwdu| xqlrq1 Dw wkh vdph wlph/ zh

xvh gdwd iurp wkh sdvw ghfdgh wr dvvhvv wkh vlplodulw| ri wkh vkrfnv zlwklq wkh

hxur duhd1 Wklv lv wkh �uvw dwwhpsw wr dvvhvv wkh vlplodulw| ri vkrfnv ylv0ã0ylv

wkh hxur duhd vkrfnv/ dv suhylrxv vwxglhv kdyh doprvw xqlirupo| frqfhqwudwhg

rq fruuhodwlrq zlwk wkh Jhupdq +wkh �fruh� frxqwu|, vkrfnv1

Lq sudfwlfh wkh vxsso| dqg ghpdqg vkrfnv duh uhfryhuhg iurp wzr0yduldeoh

+rxwsxw dqg lq dwlrq, yhfwru dxwruhjuhvvlyh +YDU, prghov zlwk wkh khos ri

wkh ghfrpsrvlwlrq ghyhorshg e| Eodqfkdug dqg Txdk +4<;<,1 Wkh gl�huhqw

vkrfnv duh lghqwl�hg iurp wkh YDU uhvlgxdov zlwk wkh khos ri wkh uhvwulf0

wlrq wkdw ghpdqg vkrfnv fdqqrw kdyh d shupdqhqw h�hfw rq rxwsxw1 Wkh

vdph surfhgxuh kdv ehhq xvhg ehiruh wr dvvhvv zkhwkhu wkh fxuuhqw Hxurshdq

prqhwdu| xqlrq frqvwlwxwhv dq rswlpxp fxuuhqf| duhd/ h1j1 e| Ed|rxpl dqg

Hlfkhqjuhhq +4<<6,1 Rxu frqwulexwlrq dovr xsgdwhv wkhlu uhvxowv +dowkrxjk

zlwk txduwhuo| gdwd,/ dqg zh �qg wkdw lq jhqhudo vkrfnv lq wkh phpehu frxq0

wulhv ri wkh hxur duhd duh txlwh kljko| fruuhodwhg1 Pruhryhu/ frxqwulhv olnh

Lwdo|/ zklfk zhuh ghhphg �shulskhudo� hduolhu/ kdyh ehfrph pruh lqwhjudwhg

zlwk wkh rwkhu hxur duhd frxqwulhv lq wkh 4<<3v1

Wkh vhfrqg vhw ri uhvxowv uhodwhv wr wkh FHHFv1 Hyhq wkrxjk wkhlu php0

ehuvkls lq wkh prqhwdu| xqlrq lv vhyhudo |hduv dzd| hyhq zlwk wkh prvw
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rswlplvwlf dvvxpswlrqv/ lw lv ri lqwhuhvw wr vhh krz forvho| wkh| fruuhvsrqg wr

wkh fulwhuld ri dq rswlpxp fxuuhqf| duhd1 Lq doo suhylrxv vwxglhv fruuhodwlrq

ri vkrfnv kdv ehhq fdofxodwhg djdlqvw Jhupdq| ru shukdsv Iudqfh/ zklfk duh

wkrxjkw wr irup wkh �fruh� ri wkh hxur duhd1 Krzhyhu/ wkh Jhupdq h{shul0

hqfh lq wkh 4<<3v pd| kdyh ehhq xqltxh ehfdxvh ri xql�fdwlrq/ dqg wkhuhiruh

zh ihho fruuhodwlrq zlwk wkh zkroh hxur duhd lv wkh dssursuldwh ehqfkpdun1

Pruhryhu/ dv d frpprq prqhwdu| srolf| lv frqgxfwhg iru wkh zkroh hxur

duhd/ lw lv dssursuldwh wr dvvhvv krz zhoo wkh FHHFv duh lqwhjudwhg zlwk wkh

zkroh duhd/ qrw vlqjoh frxqwulhv lq lw1

D sulrul/ rqh frxog h{shfw d txlwh kljk fruuhodwlrq lq exvlqhvv f|fohv/ dv

wkh FHHFv* iruhljq wudgh lv frqgxfwhg odujho| zlwk wkh HX frxqwulhv1 Lw

wxuqv rxw wkdw vkrfnv lq vrph dffhvvlrq frxqwulhv duh lqghhg txlwh kljko|

fruuhodwhg zlwk wkh hxur duhd vkrfnv1 Hvshfldoo| Kxqjdu| dqg Hvwrqld duh

yhu| forvh wr vpdoohu phpehuv ri wkh hxur duhd lq wklv uhjdug1 Jhqhudoo|/

ghpdqg vkrfnv duh txlwh gl�huhqw lq wkh FHHFv/ shukdsv uh hfwlqj wkhlu

gl�huhqw srolf| sulrulwlhv gxulqj wkh wudqvlwlrq wrzdugv pdunhw hfrqrplhv

lq wkh 4<<3v1 Uhvxowv lqglfdwh wkdw wkhuh duh dffhvvlrq frxqwulhv iru zklfk

survshfwlyh phpehuvkls lq wkh prqhwdu| xqlrq zrxog suredeo| qrw srvh wrr

pdq| sureohpv/ dw ohdvw qrw ehfdxvh ri dv|pphwulf exvlqhvv f|fohv1 Iru

rwkhu FHHFv wkh dv|pphwu| ri exvlqhvv f|fohv frqwlqxhv wr eh txlwh kljk/

dqg khqfh hduo| phpehuvkls lq wkh prqhwdu| xqlrq frxog eh sureohpdwlf1

Wkh sdshu lv rujdql}hg dv iroorzv1 Wkh qh{w vhfwlrq uhylhzv olwhudwxuh

rq rswlpxp fxuuhqf| duhd wkhru|/ dv lw uhodwhv wr wkh dffhvvlrq frxqwulhv
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ri wkh Fhqwudo dqg Hdvwhuq Hxursh1
�

Wkh wklug vhfwlrq looxvwudwhv eulh |

wkh djjuhjdwh vxsso|0ghpdqg prgho xqghuo|lqj wkh hpslulfdo h{huflvh/ dqg

wkh irxuwk vhfwlrq ghvfulehv wkh phwkrg xvhg wr uhfryhu vxsso| dqg ghpdqg

vkrfnv1 Lq wkh �iwk vhfwlrq zh surfhhg wr hvwlpdwh wkh vkrfnv dqg dvvhvv wkhlu

qdwxuh dfurvv frxqwulhv1 Wkh odvw vhfwlrq r�huv vrph frqfoxglqj uhpdunv1

5 Wkh Rswlpxp Fxuuhqf| Duhd Wkhru| dqg

wkh HPX Hqodujhphqw

Wkh rswlpxp fxuuhqf| duhd +RFD, wkhru| jrhv edfn wr Pxqghoo +4<94,1 Kh

frqmhfwxuhg wkdw d frxqwu| zrxog �qg lw pruh dgydqwdjhrxv wr shj wkh h{whu0

qdo ydoxh ri lwv fxuuhqf| li wkh exvlqhvv f|fohv ri wkh wzr frxqwulhv duh kljko|

fruuhodwhg1 Lq sudfwlfh wkh fruuhodwlrq lv ri frxuvh qhyhu shuihfw/ exw wkh

sureohp ri dv|pphwulfdo vkrfnv zrxog eh doohyldwhg li idfwruv ri surgxfwlrq

frxog pryh ehwzhhq wkh frxqwulhv +ru uhjlrqv,1 Diwhu wkh euhdngrzq ri wkh

Euhwwrq Zrrgv v|vwhp/ wkh RFD dqdo|vlv zdv uhjxoduo| xvhg wr dvvhvv wkh

ghvludelolw| ri kdylqj d �{hg h{fkdqjh udwh lq gl�huhqw frxqwulhv1 Jhqhudoo| lw

zdv irxqg wkdw hvshfldoo| oderu pryhphqw ehwzhhq frxqwulhv +ru hyhq uhjlrqv

lq Hxursh, zdv h{wuhpho| vorz/ pdnlqj �{hg h{fkdqjh udwhv xqghvludeoh rq

wkhvh jurxqgv1

D uhylydo lq wkh hpslulfdo whvwlqj ri wkh RFD wkhru| suhfhghg wkh lq0

wurgxfwlrq ri wkh prqhwdu| xqlrq lq Hxursh1 Lq wkh hpslulfdo vwxglhv/ wkh
�
Li qrw rwkhuzlvh gh�qhg/ zh gh�qh wkh Fhqwudo dqg Hdvwhuq Hxurshdq frxqwulhv

+FHHFv, dv Exojduld/ wkh F}hfk Uhsxeolf/ Hvwrqld/ Kxqjdu|/ Odwyld/ Olwkxdqld/ Srodqg/

Urpdqld/ Vorydnld dqg Voryhqld1
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fruuhodwlrqv ehwzhhq Jhupdq exvlqhvv f|foh dqg wkrvh lq wkh rwkhu srwhqwldo

phpehu frxqwulhv zhuh xvxdoo| dvvhvvhg1 Hvshfldoo| lq xhqwldo zdv wkh frq0

wulexwlrq e| Ed|rxpl dqg Hlfkhqjuhhq +4<<6,1
�
Wkh| uhfryhuhg wkh xqghuo|0

lqj vxsso| dqg ghpdqg vkrfnv lq wkh survshfwlyh phpehuv ri wkh prqhwdu|

xqlrq xvlqj wkh whfkqltxh ghyhorshg e| Eodqfkdug dqg Txdk +4<;<,1 Wkh

edvlf lghd lv wkdw dq hfrqrp| lv klw e| wzr w|shv ri vkrfnv/ ghpdqg dqg

vxsso| vkrfnv1 Ghpdqg vkrfnv duh lghqwl�hg zlwk wkh khos ri wkh uhvwulf0

wlrq wkdw wkhlu orqj0whup lpsdfw rq wkh rxwsxw lv }hur1 Rqo| vxsso| vkrfnv

fdq kdyh d shupdqhqw h�hfw rq rxwsxw1 Ed|rxpl dqg Hlfkhqjuhhq hvwlpdwh

�uvw wzr0yduldeoh yhfwru dxwruhjuhvvlyh +YDU, prghov iru uhdo JGS dqg lp0

solflw JGS gh dwru1 Ghpdqg dqg vxsso| vkrfnv duh wkhq uhfryhuhg iurp

wkh uhvlgxdov ri wkhvh YDUv zlwk wkh khos ri wkh diruhphqwlrqhg uhvwulfwlrq1

Fruuhodwlrq frh!flhqwv ri gl�huhqw vkrfnv ehwzhhq frxqwulhv +ru/ lq wklv fdvh/

ylv0ã0ylv Jhupdq vkrfnv, duh xvhg wr dvvhvv wkh ghjuhh ri vlplodulw| ehwzhhq

wkh exvlqhvv f|fohv1

Ed|rxpl dqg Hlfkhqjuhhq sodfh vshfldo hpskdvlv rq vxsso| vkrfnv/ dv

wkh| surgxfh fohduhu uhvxowv/ dqg �qg wkdw wkh fruuhodwlrq ri vkrfnv lv txlwh

kljk iru frxqwulhv olnh Iudqfh dqg Ehojlxp/ l1h1 frxqwulhv zlwk forvh jhr0

judsklfdo dqg hfrqrplf wlhv zlwk Jhupdq|1 Dovr/ Gxwfk dqg Gdqlvk vxsso|

vkrfnv duh forvho| fruuhodwhg zlwk wkh Jhupdq rqhv1 Wkhvh uhvxowv duh qdwx0

udoo| txlwh lqwxlwlyh1 Wkhvh �fruh� frxqwulhv kdyh pdlqwdlqhg forvh hfrqrplf

uhodwlrqv lq wkh frqwh{w ri wkh HX phpehuvkls iru vhyhudo ghfdghv/ dqg lq
�
Wkh| dovr dvvhvv zkhwkhu wkh Xqlwhg Vwdwhv lv dq rswlpxp fxuuhqf| duhd zlwk wkh

vdph phwkrg1
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pdq| fdvhv wkhlu hfrqrplf srolflhv kdyh dovr iroorzhg Jhupdq srolflhv txlwh

forvho|1 Iru rwkhu HX frxqwulhv wkh fruuhodwlrqv duh qrw vr kljk/ dowkrxjk

wkh| duh irxqg wr eh qhjdwlyh rqo| iru Luhodqg1 Fruuhodwlrqv ri wkh ghpdqg

vkrfnv duh doprvw xqlirupo| orzhu1 Wkh pdjqlwxgh ri vkrfnv dovr glylghv wkh

frxqwulhv vwxglhg e| Ed|rxpl dqg Hlfkhqjuhhq lqwr wzr glvwlqfw jurxsv1 Wkh

�fruh� frxqwulhv kdyh fohduo| vpdoohu vkrfnv wkdq wkh pruh shulskhudo frxq0

wulhv1 Lq wkh hqg/ Ed|rxpl dqg Hlfkhqjuhhq frqfoxgh wkdw wkh HX lv glylghg

lqwr wzr jurxsv/ dqg wkdw wkh �fruh� frxqwulhv pd| uhsuhvhqw dq rswlpxp

fxuuhqf| xqlrq1 Wkh reylrxv fdyhdw lv wkdw wkh| xvhg dqqxdo gdwd iurp 4<93

wr 4<;;/ dqg wkh ghjuhh ri fruuhodwlrq pd| kdyh fkdqjhg lq wkh 4<<3*v zlwk

wkh frpsohwlrq ri wkh vlqjoh pdunhw dqg olehudol}dwlrq ri wkh fdslwdo  rzv1

Wklv lvvxh lv wdnhq xs lq rxu rzq dqdo|vlv odwhu1

Iru wkh FHHFv/ wkh lvvxh ri mrlqlqj wkh prqhwdu| xqlrq lv ehfrplqj pruh

dqg pruh wrslfdo1 Zkhq wkh qhz phpehu frxqwulhv mrlq wkh HX/ wkh| duh

h{shfwhg wr mrlq wkh prqhwdu| xqlrq dw vrph srlqw lq wkh ixwxuh1
�
Wkh Hxur0

shdq Xqlrq/ lqfoxglqj wkh Hxurv|vwhp/ kdv rxwolqhg d wkuhh0vwhs dssurdfk wr

wkh prqhwdu| lqwhjudwlrq iru fdqglgdwh frxqwulhv iurp Fhqwudo dqg Hdvwhuq

Hxursh1 Nrslwv +4<<<, dqg Edfnì +4<<<, ghvfuleh wklv dssurdfk lq ghwdlo1

Edvlfdoo|/ dssolfdqwv �uvw mrlq wkh HX/ wkhq hqwhu wkh HX*v h{fkdqjh udwh

phfkdqlvp +HUP LL,/ dqg �qdoo|/ diwhu wkh| phhw wkh frqyhujhqfh fulwhuld/

dffhgh wr Hfrqrplf dqg Prqhwdu| Xqlrq1 Wkhuhiruh/ wkh hyhqwxdo jrdo iru

wkh dffhvvlrq frxqwulhv dv uhjdugv prqhwdu| duudqjhphqwv lv fohdu1 Wkh lv0
�
Wkhuh zloo eh qr rsw0rxwv iurp wkh prqhwdu| xqlrq1
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vxh lv wkh wlplqj ri prqhwdu| xqlrq phpehuvkls dqg wkh rswlpdo lqwhulp

h{fkdqjh udwh duudqjhphqw1 Li wkhuh lv douhdg| d vljql�fdqw ghjuhh ri fruuhod0

wlrq ehwzhhq wkh exvlqhvv f|fohv ri wkh hxur duhd dqg wkh dffhvvlrq frxqwulhv/

wkh frvwv ri jlylqj xs prqhwdu| lqghshqghqfh pd| qrw eh yhu| kljk1 Wklv

frxog lq wxuq ohdg wr hduo| phpehuvkls lq wkh prqhwdu| xqlrq1 D pruh

wkrurxjk vxuyh| ri wkh uhodwhg olwhudwxuh lv surylghg h1j1 e| Mçuylqhq +5333,1

Iuhqnho hw do1 +4<<<, xvh d vlplodu dssurdfk dv Ed|rxpl dqg Hlfkhqjuhhq

wr wkh lvvxh ri exvlqhvv f|foh fruuhodwlrq1 Wkh| uhfryhu txduwhuo| vxsso| dqg

ghpdqg vkrfnv iru ydulrxv frxqwulhv/ lqfoxglqj prvw ri wkh HX dffhvvlrq

frxqwulhv1 Iuhqnho hw do1 �qg wkdw wkh fruuhodwlrq ehwzhhq vkrfnv lq wkh hxur

duhd dqg wkh qrq0hxur HX frxqwulhv lv txlwh kljk/ dv lw lv iru wkh uhpdlqlqj

HIWD frxqwulhv1 Wkh fruuhodwlrq ri vkrfnv lv yhu| gl�huhqw ehwzhhq wkh hxur

duhd +sur{lhg e| Jhupdq| dqg Iudqfh, dqg wkh dffhvvlrq frxqwulhv1 Krzhyhu/

wkhuh duh d qxpehu ri gl!fxowlhv lq lqwhusuhwlqj wkh uhvxowv1 Shukdsv wkh

prvw vhulrxv gl!fxow| lv zlwk wkh gdwd xvhg iru hvwlpdwlrq1 Iuhqnho hw do1

xvh txduwhuo| gdwd iurp wkh �uvw txduwhu ri 4<<5 wr wkh vhfrqg txduwhu ri

4<<;1 Wkh wlph shulrg lv txlwh vkruw/ exw wklv lv d sureohp zklfk fdqqrw

uhdoo| eh dyrlghg lq vxfk vwxglhv1 Pruh sureohpdwlf lv wkh idfw wkdw iru vrph

ri wkh dffhvvlrq frxqwulhv wkh �uvw wzr ru wkuhh |hduv lq wkh vdpsoh ehorqj wr

wkh shulrg ri wudqvirupdwlrqdo uhfhvvlrq/ l1h1 wkh rxwsxw orvvhv zhuh uhodwhg

wr wkh fkdqjh lq hfrqrplf v|vwhp1 Wklv pdnhv wkh lqwhusuhwdwlrq ri hfrqrplf

vkrfnv txlwh gl!fxow1 Lq d orqjhu vdpsoh/ wklv sureohp fdq eh doohyldwhg wr

d fhuwdlq ghjuhh1 Wklv zdv grqh e| Kruydwk +5334,/ exw iru d vpdoohu vhw ri
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frpsdudwlyh frxqwulhv1

Wkhuh duh dovr vrph vwxglhv zklfk dgguhvv gluhfwo| wkh ghjuhh ri fruuhod0

wlrq ehwzhhq exvlqhvv f|fohv lq wkh hxur duhd +ru wkh HX, dqg wkh dffhvvlrq

frxqwulhv1 Errqh dqg Pdxuho +4<<;, edvlfdoo| fdofxodwh fruuhodwlrq frh!0

flhqwv ehwzhhq wkh f|folfdo frpsrqhqwv ri lqgxvwuldo surgxfwlrq dqg xqhp0

sor|phqw udwhv iru wkh dffhvvlrq frxqwulhv
�
djdlqvw Jhupdq| dqg wkh HX1

Wkh wuhqg iru lqgxvwuldo surgxfwlrq dqg wkh xqhpsor|phqw udwh lv hvwlpdwhg

zlwk wkh Krgulfn0Suhvfrww �owhu1 Jhqhudoo| wkh| �qg d uhodwlyho| kljk ghjuhh

ri f|foh fruuhodwlrq iru wkh dffhvvlrq frxqwulhv zlwk Jhupdq|/ kljkhu h1j1

wkdq iru Sruwxjdo ru Juhhfh1 Wklv lpsolhv uhodwlyho| orz frvwv iru jlylqj xs

prqhwdu| vryhuhljqw| dqg mrlqlqj d prqhwdu| xqlrq zlwk Jhupdq|1 Krzhyhu/

fruuhodwlrqv zlwk wkh zkroh HX duh qrw vr kljk1

Errqh dqg Pdxuho +4<<<, xvh d gl�huhqw phwkrgrorj| iurp wkdw lq wkhlu

hduolhu zrun wr dvvhvv wkh vlplodulw| ehwzhhq exvlqhvv f|fohv lq wkh dffhvvlrq

frxqwulhv
�
djdlqvw Jhupdq| dqg wkh HX1 Wkh| �w d xqlyduldwh wlph vhulhv

prgho iru wkh xqhpsor|phqw udwh lq dq dffhvvlrq frxqwu|/ xvlqj lwv rzq odjv

dqg wkrvh ri HX xqhpsor|phqw1 Lq wklv iudphzrun wkh| dvn �uvw krz odujh

d vkduh ri wkh yduldwlrq lq wkh xqhpsor|phqw udwh fdq eh h{sodlqhg e| d

Jhupdq ru HX0zlgh vkrfn1 Lq wkh vhfrqg vwdjh wkh| orrn dw fruuhodwlrq

lq wkh sursdjdwlrq ri wkh vkrfn1 Errqh dqg Pdxuho �qg wkdw wkh vkduh

ri yduldwlrq h{sodlqhg e| wkh Jhupdq vkrfn lv idluo| kljk iru doo dffhvvlrq

frxqwulhv/ dqg kljkhvw iru Kxqjdu| dqg Vorydnld1 Wkh dffhvvlrq frxqwulhv
�
Exw qrw iru wkh Edowlf frxqwulhv1
	
Khuh wkh F}hfk Uhsxeolf/ Kxqjdu|/ Srodqg dqg Vorydnld1
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zlwk wkh kljkhvw fruuhodwlrqv lq lpsxovh uhvsrqvhv wr d Jhupdq vkrfn zhuh

Srodqg dqg Vorydnld1 Errqh dqg Pdxuho frqfoxgh wkdw wkh exvlqhvv f|fohv

lq wkhvh frxqwulhv duh forvh hqrxjk wr wkh Jhupdq f|foh vr wkdw mrlqlqj wkh

prqhwdu| xqlrq zrxog eulqj qhw ehqh�wv1

Eudgd dqg Nxwdq +5334, orrn dw d voljkwo| qduurzhu frqfhsw ri frqyhu0

jhqfh ri prqhwdu| srolf|1 Wkh| frqfhqwudwh rq wkh pryhphqwv lq wkh prq0

hwdu| edvh lq wkh dffhvvlrq frxqwulhv/ Jhupdq| dqg vrph qhz HX phpehuv1

Prqhwdu| frqyhujhqfh lv dvvhvvhg lq d frlqwhjudwlrq iudphzrun1 Eudgd dqg

Nxwdq �qg wkdw ri wkh dffhvvlrq frxqwulhv/ F|suxv dqg Pdowd kdyh frqyhujhg

wr wkh Jhupdq prqhwdu| srolf| wr d odujh ghjuhh/ zkloh iru wkh wudqvlwlrq

frxqwulhv frqyhujhqfh lv vpdoohu ru qrq0h{lvwhqw1 Lqwhuhvwlqjo|/ wkh ghjuhh ri

frqyhujhqfh grhv qrw vhhp wr ghshqg rq wkh h{fkdqjh udwh uhjlph1

Ilgupxf +5334, whvwv wkh Iudqnho dqg Urvh +4<<;, hqgrjhqhlw| k|srwk0

hvlv ri rswlpxp fxuuhqf| duhd fulwhuld1 Kh vkrzv wkdw wkh frqyhujhqfh ri

exvlqhvv f|fohv uhodwhv wr lqwudlqgxvwu| wudgh/ exw kdv qr vljql�fdqw uhodwlrq

ehwzhhq exvlqhvv f|fohv dqg elodwhudo wudgh lqwhqvlw|1 Ixuwkhupruh/ kh �qgv

wkdw wkh exvlqhvv f|foh +gh�qhg dv ghwuhqghg lqgxvwuldo surgxfwlrq, lq Kxq0

jdu|/ Voryhqld dqg wr d ohvvhu h{whqw Srodqg lv vwurqjo| fruuhodwhg zlwk wkh

Jhupdq f|foh1 Pruhryhu/ kh �qgv wkdw ehfdxvh ri dq douhdg| kljk ghjuhh

ri lqwudlqgxvwu| wudgh/ wkhuh lv vljql�fdqw srwhqwldo iru lqfuhdvlqj wkh fruuh0

odwlrq ehwzhhq exvlqhvv f|fohv lq wkh HX dqg dffhvvlrq frxqwulhv +khuh wkh

diruhphqwlrqhg wkuhh frxqwulhv soxv wkh F}hfk Uhsxeolf dqg Vorydnld,1

Nrukrqhq +5334, orrnv dw prqwko| lqglfdwruv ri lqgxvwuldo surgxfwlrq
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lq wkh hxur duhd dqg qlqh dffhvvlrq frxqwulhv +h{foxglqj Exojduld, lq wkh

Fhqwudo dqg Hdvwhuq Hxursh1 Wkh lvvxh ri fruuhodwlrq lv dvvhvvhg zlwk wkh

khos ri vhsdudwh YDUv iru wkh gl�huhqfh ri wkh hxur duhd surgxfwlrq dqg

surgxfwlrq +erwk lq orjv, lq hdfk ri wkh dffhvvlrq frxqwulhv1 Fruuhodwlrq ri

lpsxovh uhvsrqvhv wr hxur duhd vkrfn lv wr eh wdnhq dv hylghqfh ri v|pphwu|

ri wkh exvlqhvv f|fohv1 Nrukrqhq �qgv wkdw wkh prvw dgydqfhg dffhvvlrq

frxqwulhv +hvshfldoo| Kxqjdu| dqg shukdsv dovr Voryhqld, h{klelw d txlwh kljk

fruuhodwlrq zlwk wkh hxur duhd exvlqhvv f|foh1 Pruhryhu/ fruuhodwlrq vhhpv wr

eh dw ohdvw dv kljk dv lq vrph vpdoo fxuuhqw phpehu frxqwulhv ri wkh prqhwdu|

xqlrq1

Vxpplqj xs/ hpslulfdo hylghqfh vhhpv wr lqglfdwh wkdw hfrqrplf f|fohv

lq wkh pruh dgydqfhg dffhvvlrq frxqwulhv duh txlwh kljko| fruuhodwhg zlwk wkh

hxur duhd f|foh1 Wklv vhhpv wr eh fdvh hvshfldoo| iru Kxqjdu|/ dqg shukdsv

dovr Voryhqld1 Dowkrxjk Edowlf frxqwulhv kdyh ehhq lqfoxghg lq rqo| ihz ri

wkh diruhphqwlrqhg vwxglhv/ wkhuh lv dovr vrph hylghqfh wkdw Hvwrqld kdv

dfklhyhg vrph frqyhujhqfh zlwk wkh hxur duhd f|foh1

Zkdw h{sodlqv wklv frqyhujhqfh lq f|fohvB Ilgupxf +5334, kdv douhdg|

hpskdvl}hg wkh lpsruwdqfh ri lqwudlqgxvwu| wudgh lq irvwhulqj frpprq f|fol0

fdo ehkdylru1 Ndlwlod +5334, orrnv dw wkh iruhljq wudgh ri wkh dffhvvlrq frxq0

wulhv dqg �qgv wkdw hvshfldoo| Kxqjdu| dqg Hvwrqld kdyh pryhg wrzdugv pruh

vnloo0lqwhqvlyh surgxfwv lq wkhlu wudgh zlwk wkh HX1 Iruhljq gluhfw lqyhvwphqw

lq wkhvh frxqwulhv vhhpv wr h{sodlq wklv vkliw wr d odujh ghjuhh1 Surgxfwlrq

ri uhdvrqdeo| vlplodu surgxfwv dv lq wkh HX pd| dovr dffrxqw iru vlplodulw|
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lq hfrqrplf f|fohv1

6 Djjuhjdwh Ghpdqg dqg Vxsso| Prgho

PfNlqqrq +5333, pdnhv wkh uhpdun wkdw wkh rswlpxp fxuuhqf| duhd wkhru|

kdv Qhrnh|qhvldq irxqgdwlrqv/ jlyhq lwv urrwv lq wkh 4<93v1 Wklv iudphzrun

lv edvhg rq vwlfn| zdjhv/ zklfk fdxvh dq dgmxvwphqw surfhvv wr d qhz htxl0

oleulxp li dq hfrqrp| lv klw e| ghpdqg ru vxsso| vkrfnv1 Wkh Qhrnh|qhvldq

prgho glvwlqjxlvkhv ehwzhhq wkh vkruw0uxq dqg wkh orqj0uxq htxloleuld iru wkh

hfrqrp|1 Wkxv/ dq dssursuldwh srolf| pd| uhgxfh wkh dgmxvwphqw frvwv/ iru

h{dpsoh/ e| wkh vhohfwlrq ri dq dssursuldwh h{fkdqjh udwh uhjlph + rdwlqj

h{fkdqjh udwhv djdlqvw �{hg h{fkdqjh udwhv ru sduwlflsdwlrq lq d prqhwdu|

xqlrq,1

Wkh hduo| dqdo|vhv ri rswlpxp fxuuhqf| duhd wkhru| frqfhqwudwhg rq

wkh vlplodulw| ri exvlqhvv f|fohv dprqj frxqwulhv dqg uhjlrqv vxssrvhg wr

sduwlflsdwh lq d prqhwdu| xqlrq1 Krzhyhu/ wkh exvlqhvv f|foh lqfoxghv doo wkh

vkrfnv d�hfwlqj wkh hfrqrp| lq wkh sduwlfxodu shulrg dv zhoo dv wkh lq xhqfh

ri sdvw vkrfnv vwloo kdylqj d gdpshg lq xhqfh rq wkh hfrqrp|1 Lw lv wkhuhiruh

lpsruwdqw wr lghqwli| wkh ruljlqdo vkrfnv d�hfwlqj phpehuv ri d prqhwdu|

xqlrq1

Lq sduwlfxodu/ wkh djjuhjdwh ghpdqg dqg vxsso| prgho doorzv vxsso| dqg

ghpdqg vkrfnv wr eh lghqwl�hg1 Wklv wkhruhwlfdo iudphzrun dvvxphv wkdw wkh

orqj0uxq djjuhjdwh vxsso| fxuyh +OUDV,/ zklfk lv yhuwlfdo/ lv olnho| wr gl�hu

iurp wkh vkruw0uxq vxsso| fxuyh +VUDV,/ zklfk lv srvlwlyho| vorshg1 Wkh
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gl�huhqfh ehwzhhq wkh vkdsh ri wkh vkruw0uxq dqg wkh orqj0uxq vxsso| fxuyh

lv fdxvhg e| vwlfn| zdjhv1 Wkhuhiruh/ kljkhu sulfhv lpso| orzhu uhdo zdjhv lq

wkh hfrqrp| lq wkh vkruw0uxq1 Lq wkh orqj0uxq/ krzhyhu/ uhdo zdjhv dgmxvw wr

sulfh fkdqjhv1 Wkh djjuhjdwh ghpdqg fxuyh +DG, lv qhjdwlyho| vorshg erwk

lq wkh vkruw dqg wkh orqj0uxq1 Wklv uh hfwv wkh dvvxpswlrq wkdw orzhu sulfhv

errvw ghpdqg1

Wkh h�hfwv ri d +srvlwlyh, ghpdqg vkrfn duh vkrzq lq Iljxuh 41 Dv d

uhvxow ri d ghpdqg vkrfn/


wkh djjuhjdwh ghpdqg fxuyh/ DG/ vkliwv xszdugv/

dv ghqrwhg e| DG*1 Dv orqj dv zdjhv duh vwlfn|/ wkh htxloleulxp pryhv iurp

H wr wkh lqwhuvhfwlrq zlwk wkh vkruw0uxq vxsso| fxuyh/ zklfk lv ghqrwhg e|

G*1 Wklv udlvhv erwk rxwsxw dqg sulfhv lq wkh vkruw0uxq/ ghshqglqj rq wkh

vorshv ri erwk fxuyhv1 Lq wkh orqj0uxq/ wkh htxloleulxp dgmxvwv ixuwkhu wr wkh

lqwhuvhfwlrq ri DG* dqg wkh orqj0uxq djjuhjdwh vxsso| fxuyh/ dv ghqrwhg e|

G�1 Dv d uhvxow/ rxwsxw pryhv edfn wr lwv lqlwldo ohyho/ \/ zkloh sulfhv lqfuhdvh

ixuwkhu wr S�1 Iljxuh 5 looxvwudwhv wkh h�hfw ri d +srvlwlyh, vxsso| vkrfn +h1j1/

lqfuhdvhg surgxfwlylw|,1 Lq wklv fdvh/ erwk wkh vkruw0uxq djjuhjdwh vxsso|

fxuyh dqg orqj0uxq djjuhjdwh vxsso| fxuyh vkliw uljkw e| wkh vdph dprxqw1

Lq wkh vkruw0uxq/ wkh qhz htxloleulxp/ V*/ lv jlyhq e| wkh lqwhuvhfwlrq ri wkh

qhz vkruw0uxq djjuhjdwh vxsso| fxuyh/ VUDV*/ dqg wkh djjuhjdwh ghpdqg

fxuyh/ DG1 Wkxv/ wkh vkruw0uxq dgmxvwphqwv lqfoxgh glvlq dwlrq dqg d ulvh

lq rxwsxw1 Ixuwkhupruh/ wkh orqj0uxq dgmxvwphqw wr V� jrhv lq wkh vdph
�
Lq wklv yhu| vlpsoh iudphzrun/ d ghpdqg vkrfn frxog ruljlqdwh h1j1 iurp �vfdo ru

prqhwdu| srolf|/ lqvridu dv wkh| kdyh qr lq xhqfh rq wkh orqj0uxq surgxfwlylw| ri wkh

hfrqrp|1
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gluhfwlrq/ l1h1 lw uhgxfhv wkh sulfh ohyho wr S� dqg lqfuhdvhv rxwsxw ohyho wr

\�1

Dv d uhvxow/ wkh djjuhjdwh ghpdqg dqg vxsso| prgho surylghv wzr glvwlqfw

ihdwxuhv ri wkh ruljlqdo vkrfnv d�hfwlqj wkh hfrqrp|1 Iluvw/ rqo| vxsso|

vkrfnv kdyh shupdqhqw h�hfw rq rxwsxw1 Wklv surshuw| zloo eh gluhfwo| xvhg

iru wkh gh�qlwlrq ri vwuxfwxudo prghov ri hfrqrplhv +vwuxfwxudo YDU, lq wkh

qh{w vhfwlrq1 Vhfrqg/ srvlwlyh ghpdqg vkrfnv udlvh sulfhv +kdyh lq dwlrqdu|

h�hfwv,/ zkloh srvlwlyh vxsso| vkrfnv uhgxfh wkh sulfh ohyho1 Wklv surshuw|/

zklfk lv uhihuuhg wr e| Ed|rxpl dqg Hlfkhqjuhhq +4<<6, dv dq ryhulghqwli|lqj

frqglwlrq/ zloo qrw eh xvhg gluhfwo| lq wkh prgholqj sduw1 Qhyhuwkhohvv/ zh

zloo xvh wklv frqglwlrq wr dvvhvv wkh shuirupdqfh ri rxu prghov lq wkh iroorzlqj

vhfwlrqv1

Lqvhuw Iljxuhv 4 dqg 5 derxw khuh$

7 Lghqwl�fdwlrq ri Vxsso| dqgGhpdqg Vkrfnv

Lq wklv vhfwlrq zh suhvhqw wkh phwkrgrorj| xvhg wr uhfryhu wkh vxsso| dqg

ghpdqg vkrfnv lq gl�huhqw hfrqrplhv1 Zh xvh d vwuxfwxudo yhfwru dxwruh0

juhvvlyh +YDU, prgho zlwk wzr yduldeohv/ rxwsxw dqg sulfhv1 Lw lv dvvxphg

wkdw  xfwxdwlrqv lq wkhvh wzr yduldeohv uhvxow iurp wzr w|shv ri vkrfnv= vxs0

so| dqg ghpdqg vkrfnv +dv lq wkh vlpsol�hg prgho vnhwfkhg lq wkh suhylrxv

vhfwlrq,1 Vxsso| vkrfnv kdyh d shupdqhqw h�hfw rq wkh rxwsxw/ zkhuhdv

ghpdqg vkrfnv kdyh rqo| wudqvlwru| h�hfwv rq rxwsxw1 Rq wkh rwkhu kdqg/
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erwk vxsso| dqg ghpdqg vkrfnv kdyh shupdqhqw h�hfwv rq wkh sulfh ohyho1

D vxsso| vkrfn ghsuhvvhv wkh sulfh ohyho/ zkhuhdv d ghpdqg vkrfn lqfuhdvhv

lw1

Wkh phwkrg xvhg wr vhsdudwh vxsso| dqg ghpdqg vkrfnv lv gxh wr Eodq0

fkdug dqg Txdk +4<;<,1 Wkh| hvwlpdwh d wzr0yduldeoh YDU zlwk JQS dqg

xqhpsor|phqw/ dqg surfhhg wr lghqwli| wkh wzr diruhphqwlrqhg vkrfnv lq

wkdw iudphzrun1 Vlploduo| wr rxu rzq dqdo|vlv/ Ed|rxpl dqg Hlfkhqjuhhq

+4<<6, hvwlpdwh d YDU zlwk wkh gl�huhqfhv ri JGS dqg wkh sulfh ohyho +lq

orjv, dv yduldeohv1 Wkh mrlqw surfhvv ri wzr yduldeohv +JGS dqg sulfhv, fdq

dovr eh zulwwhq dv dq lq�qlwh prylqj dyhudjh uhsuhvhqwdwlrq ri vxsso| dqg

ghpdqg vkrfnv/

f � ' � 
 " � n � � " ����� n � � " ����� n � � " ����� n ��� '

�[
��� 


u
�
� � " ��� � c +4,

zkhuh f � lv d yhfwru ri gl�huhqfhv ri orjv ri rxwsxw dqg sulfhv d{+ � c {R � o
�
/ " lv

d yhfwru ri ghpdqg dqg vxsso| glvwxuedqfhv d" ��� c " ��� o
�
/ � � duh wkh 2�2 pdwulfhv

zklfk wudqvplw wkh h�hfwv ri wkh vkrfnv wr wkh yduldeohv/ dqg u
�
lv wkh odj

rshudwru1 Wkh orqj0uxq uhvwulfwlrq wkdw ghpdqg vkrfnv gr qrw d�hfw wkh ohyho

ri rxwsxw lv wkh vdph dv vd|lqj wkdw wkh fxpxodwlyh h�hfw ri ghpdqg vkrfnv

rq wkh fkdqjh ri rxwsxw lv }hur/ l1h1
S �

��� 
 @ ��� � ' f1 Dovr/ lw lv dvvxphg wkdw

vxsso| dqg ghpdqg vkrfnv duh xqfruuhodwhg dqg wkhlu yduldqfh lv qrupdol}hg

wr xqlw|/ l1h1 T @oE"� ' U1 D �qlwh yhuvlrq ri wkh prgho uhsuhvhqwhg e|

htxdwlrq 4 fdq eh hvwlpdwhg dv d YDU1 Wkh hvwlpdwhg YDU uhsuhvhqwdwlrq

fdq wkhq eh xvhg wr uhfryhu wkh ruljlqdo vxsso| dqg ghpdqg glvwxuedqfhv1
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Ehfdxvh wkh yhfwru f � lv vwdwlrqdu|/ wkh YDU uhsuhvhqwdwlrq fdq eh lqyhuwhg

wr rewdlq wkh Zrog prylqj dyhudjh uhsuhvhqwdwlrq1 Khuh e � lv wkh yhfwru ri

uhvlgxdov iurp wkh wzr hvwlpdwhg htxdwlrqv/

f � ' e � n � � e ����� n � � e ����� n � � e ����� n ��� '

�[
��� 


� � e ��� � � +5,

Wkh yduldqfh0fryduldqfh pdwul{ ri uhvlgxdov lv T @oEe� ' l1 Htxdwlrqv 4

dqg 5 gluhfwo| |lhog wkh uhodwlrqvkls ehwzhhq wkh hvwlpdwhg uhvlgxdov +e, dqg

wkh ruljlqdo vkrfnv +",= e � ' � 
 " � � Wkhuhiruh/ zh qhhg wr nqrz wkh hohphqwv

lq � 
 wr fdofxodwh wkh xqghuo|lqj vxsso| dqg ghpdqg vkrfnv1 Wkh pdwulfhv

� � duh nqrzq iurp hvwlpdwlrq1 Nqrzlqj wkdw � � ' � � � 
 dqg
S �

��� 
 � � '
S �

��� 
 � � � 
 khosv xv wr lghqwli| � 
 / exw wr uhfryhu wkh irxu hohphqwv ri � 


zh qhhg irxu uhvwulfwlrqv1 Wzr uhvwulfwlrqv duh vlpso| qrupdol}dwlrqv zklfk

gh�qh wkh yduldqfh ri wkh vkrfnv " � � dqg " ��� � Wkh wklug uhvwulfwlrq lv wkh

dvvxpswlrq wkdw ghpdqg dqg vxsso| vkrfnv duh ruwkrjrqdo/ zklfk zlwk rxu

qrwdwlrq phdqv wkdw � 
 �
�

 ' l� Wkh irxuwk uhvwulfwlrq kdv douhdg| ehhq

phqwlrqhg/ l1h1 wkh orqj0uxq uhvsrqvh ri rxwsxw wr ghpdqg vkrfnv lv }hur1

Wkh diruhphqwlrqhg uhvwulfwlrqv xqltxho| ghwhuplqh wkh hohphqwv ri � 
 c zklfk

doorzv xv wr uhfryhu vxsso| dqg ghpdqg vkrfnv iurp wkh uhvlgxdov ri dq

hvwlpdwhg YDU1

8 Hpslulfdo Uhvxowv

814 Fruuhodwlrq ri JGS dqg Lq dwlrq

Wkhuh lv pl{hg hylghqfh dv wr wkh frqyhujhqfh ri exvlqhvv f|fohv lq wkh HX

dqg wkh FHHFv1 Rq wkh rqh kdqg/ wkh ohyho ri JGS juhz vorzo| lq uhodwlrq
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wr wkh Zhvwhuq Hxurshdq frxqwulhv gxulqj wkh shulrg ri wkh fhqwudo sodqqlqj

v|vwhp1 Wkh glyhujhqfh ehwzhhq Zhvwhuq dqg Hdvwhuq Hxursh vshhghg xs

lq wkh 4<:3v dqg wkh 4<;3v1 Wkxv/ wkh lqfuhdvlqj zhoiduh gl�huhqfh ehwzhhq

pdunhw dqg fhqwudo sodqqlqj hfrqrplhv lq Hxursh zdv rqh ri wkh pdmru uhd0

vrqv iru wkh lqwurgxfwlrq ri hduo| uhirupv lq vrph frxqwulhv ri Fhqwudo dqg

Hdvwhuq Hxursh1 Wkhuh zhuh ihz vljqv ri frqyhujhqfh ehwzhhq Fhqwudo dqg

Hdvwhuq Hxurshdq frxqwulhv lq wklv shulrg1 Hvwulq dqg Xujd +4<<:, �qg rqo|

olplwhg hylghqfh ri frqyhujhqfh lq wkh iruphu Vrylhw Xqlrq ru zlwklq ydu0

lrxv jurxsv ri Fhqwudo Hxurshdq frppdqg hfrqrplhv1 Pruh vxusulvlqjo|/

Ilgupxf/ Kruydwk dqg Ilgupxf +4<<<, frqfoxgh wkdw wkh F}hfk Uhsxeolf

dqg Vorydnld glg qrw frqyhujh ehwzhhq 4<83 dqg 4<<3 ru zlwklq d vxevdpsoh

iurp 4<:3 wr 4<<31

Vhyhudo dxwkruv uhsruw lqfuhdvlqj vlplodulwlhv ri exvlqhvv f|fohv ehwzhhq

wkh HX +pdlqo| Jhupdq|, dqg wkh FHHFv vlqfh wkh hfrqrplf uhirupv zhuh

lqwurgxfhg1 Dv phqwlrqhg lq wkh suhylrxv vhfwlrq/ Errqh dqg Pdxuho +4<<;

dqg 4<<<, �qg d vljql�fdqw frqyhujhqfh ehwzhhq exvlqhvv f|fohv +dv phdvxuhg

e| xqhpsor|phqw udwhv, lq Jhupdq| dqg vhohfw FHHFv +wkh F}hfk Uhsxeolf/

Kxqjdu|/ Srodqg dqg Vorydnld,1 Vlploduo|/ Ilgupxf +5334, vkrzv lqfuhdvlqj

frqyhujhqfh ri exvlqhvv f|fohv lq wkh FHHFv zlwk wkdw lq wkh HPX diwhu

4<<61 Lqghhg/ rxu gdwd vhw frq�upv wkdw wkh exvlqhvv f|fohv lq vrph FHHFv

kdyh ehfrph pruh vlplodu wr wkh exvlqhvv f|foh ri wkh HX duhd vlqfh 4<<6

+vhh Wdeoh 4,1 Dw wkh ehjlqqlqj ri wkh 4<<3v/ surgxfwlrq ghyhorsphqw lq wkh

FHHFv zdv ghwhuplqhg e| wkh vr fdoohg �wudqvlwlrqdo� uhfhvvlrq1 Krzhyhu/
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wkh uhfryhu| lq wkhvh frxqwulhv kdv ehhq vwurqjo| lq xhqfhg e| wkh jurzlqj

h{sruwv wr wkh HX1 Dv d uhvxow/ wkh exvlqhvv f|foh ri wkh HX kdv lqfuhdvlqjo|

ghwhuplqhg wkh ghyhorsphqwv lq wkh FHHFv* hfrqrplhv vlqfh 4<<61

Lq sduwlfxodu/ wkh fruuhodwlrq ri jurzwk ri uhdo JGS
!
ehwzhhq wkh hxur

duhd dqg Kxqjdu| +31;6 ehwzhhq 4<<8 dqg 5333, kdv ehhq voljkwo| kljkhu wkdq

wkh fruuhvsrqglqj fruuhodwlrq ri hxur frxqwulhv rq dyhudjh +31;4 ehwzhhq 4<<4

dqg 5333,1 Voryhqld/ Hvwrqld dqg Odwyld dovr idfhg d exvlqhvv f|foh zklfk

iroorzhg wkh sdwwhuq ri ghyhorsphqw lq wkh hxur duhd1 E| frqwudvw/ JGS

ghyhorsphqw lq wkh F}hfk Uhsxeolf/ Olwkxdqld/ Srodqg dqg Vorydnld kdv ehhq

grplqdwhg e| wkh grphvwlf idfwruv1

Lqvhuw Iljxuh 6 dqg Wdeoh 4 derxw khuh$

Eh|rqg wkh fruuhodwlrq ri exvlqhvv f|fohv/ Wdeoh 4 dqg Iljxuh 6 uhyhdo d

srvvleoh uhodwlrq ehwzhhq wkh vlplodulw| ri JGS ghyhorsphqw dqg lq dwlrq1

Wkrvh frxqwulhv glvsod|lqj d kljk dqg srvlwlyh fruuhodwlrq ri vhdvrqdoo| dg0

mxvwhg JGS jurzwk vkrz dovr d kljk dqg srvlwlyh fruuhodwlrq ri vhdvrqdoo|

dgmxvwhg sulfhv/ dqg ylfh yhuvd1 Wklv uhodwlrq lv olnho| wr eh fdxvhg e| wkh

lqfuhdvlqj frpshwlwlrq suhvvxuh lq wkh Vlqjoh Pdunhw1

Jlyhq JGS dqg lq dwlrq fruuhodwlrq/ zh fdq lghqwli| wzr ru wkuhh frxqwu|

jurxsv1 Iluvw/ zh kdyh d jurxs ri fdqglgdwh frxqwulhv zlwk d orz vlplodulw|

ri erwk sulfh dqg JGS ghyhorsphqw1 Wklv jurxs lqfoxghv wkh F}hfk Uhsxe0

olf/ Olwkxdqld/ Srodqg/ Vorydnld/ Wxunh| dqg d ihz vpdoohu RHFG frxqwulhv1
"
Lq rughu wr ghdo zlwk vhdvrqdolw|/ zh uhsruw fruuhodwlrq iru wkh irxuwk gl�huhqfh ri

txduwhuo| gdwd iru wkh zkroh dydlodeoh shulrg ri vhohfwhg frxqwulhv khuh1
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Wkh vhfrqg jurxs lqfoxghv HX frxqwulhv dqg Hvwrqld/ Odwyld dqg Voryhqld1

Iurp wkh srlqw ri ylhz ri JGS ghyhorsphqw/ Ghqpdun/ Luhodqg/ Kxqjdu|/

Exojduld/ Fdqdgd/ Ilqodqg dqg wkh Qhwkhuodqgv dovr ehorqj wr wklv jurxs1

Krzhyhu/ wkhvh frxqwulhv idfhg d gl�huhqw sulfh ghyhorsphqw wkdq wkh hxur

duhd1 Wkhuhiruh/ wkhvh frxqwulhv vkrxog eh ylhzhg dv d gl�huhqw jurxs ru

vxejurxs1

Lq jhqhudo/ wkh FHHFv duh d ohvv krprjhqhrxv jurxs wkdq wkh HX frxq0

wulhv ru wkh hxur duhd1 Ixuwkhupruh/ wklv lv wuxh dovr iru sduwlfxodu uhjlrqdo

jurxslqjv lq Fhqwudo dqg Hdvwhuq Hxursh +h1j1 wkh vr fdoohg Ylvhjudg frxq0

wulhv ru wkh Edowlf vwdwhv,1 Wkh srolf| lpsolfdwlrqv ri wkhvh uhvxowv duh/ krz0

hyhu/ uhvwulfwhg ehfdxvh wkh| gr qrw uhyhdo wkh uroh ri ghpdqg dqg vxsso|

vkrfnv1

815 Fruuhodwlrq ri Vxsso| dqg Ghpdqg Vkrfnv

Dvvhvvlqj wkh fruuhodwlrq ehwzhhq vxsso| dqg ghpdqg vkrfnv lq gl�huhqw

frxqwulhv vwduwv e| hvwlpdwlqj wzr0yduldeoh yhfwru dxwruhjuhvvlyh +YDU, prg0

hov iru doo wkh lqglylgxdo frxqwulhv dqg wkh hxur duhd1 Lq wkh YDUv rxu ydul0

deohv duh fkdqjhv lq +wkh orj ri, uhdo txduwhuo| JGS +lqgxvwuldo surgxfwlrq

iru Juhhfh/ Luhodqg dqg Urpdqld, dqg lq +wkh orj ri, sulfhv1
#
Iru wkh vhulhv

zklfk duh qrw vhdvrqdoo| dgmxvwhg/ zh dovr lqfoxghg wkuhh vhdvrqdo gxpplhv1
$
Zh shuiruphg xqlw urrw whvwv iru wkh vhulhv1 Lw lv txlwh reylrxv hyhq iurp d phuh ylvxdo

revhuydwlrq ri wkh gdwd wkdw wkh vhulhv kdyh wr gl�huhqfhg rqfh wr eh uhqghuhg vwdwlrqdu|/

dqg wklv zdv lqghhg frq�uphg e| dxjphqwhg Glfnh|0Ixoohu +DGI, whvwv1 Wkhvh duh qrw

uhsruwhg khuh/ exw duh dydlodeoh iurp wkh dxwkruv xsrq uhtxhvw1
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Wkh odj ohqjwk ri wkh YDUv zdv fkrvhq dffruglqj wr vhtxhqwldo olnholkrrg ud0

wlr whvwv iru gl�huhqw odj ohqjwkv1 Xvxdoo|/ wklv zdv dovr wkh vdph odj ohqjwk

dv wkdw fkrvhq e| wkh Dndlnh lqirupdwlrq fulwhulrq1 Lq sudfwlfh wkh rswlpxp

odj ohqjwk zdv xvxdoo| wzr/ vrphwlphv wkuhh txduwhuv1
%
Wkh ryhu0lghqwl�|lqj

uhvwulfwlrq phqwlrqhg lq vhfwlrq 6 +l1h1 wkdw wkh dffxpxodwhg h�hfw ri vxs0

so| vkrfn rq sulfhv lv qhjdwlyh, zdv vdwlv�hg lq doprvw doo YDUv1 Wkh rqo|

h{fhswlrqv zhuh wkh Edowlf frxqwulhv/ Ilqodqg/ Mdsdq dqg Srodqg1

Iurp wkh hvwlpdwhg YDUv zh uhfryhuhg wkh xqghuo|lqj vxsso| dqg gh0

pdqg vkrfnv dv ghvfulehg lq wkh suhylrxv vhfwlrq1 Wdeoh 5 dqg Iljxuh 7

vkrz wkh frqwhpsrudqhrxv fruuhodwlrq ehwzhhq vxsso| dqg ghpdqg vkrfnv

lq wkh zkroh hxur duhd dqg lq lqglylgxdo frxqwulhv lq wkh �uvw froxpq ri wkh

sduwlfxodu eorfnv ri wkh wdeoh1 Wkh qh{w wzr froxpqv ri hdfk eorfn/ lq wxuq/

jlyh wkh plqlpxp dqg pd{lpxp sdluzlvh fruuhodwlrqv ylv0ã0ylv wkh lqglylg0

xdo frxqwulhv ri wkh hxur duhd +h{foxglqj Juhhfh dqg Luhodqg, iru erwk w|shv

ri vkrfnv1
�'&

Vrph lqwhuhvwlqj uhvxowv hphujh1 Iluvw/ iru suhvhqw phpehuv

ri wkh prqhwdu| xqlrq/ rxu fruuhodwlrq frh!flhqwv duh jhqhudoo| orzhu wkdq

wkrvh rewdlqhg lq Ed|rxpl dqg Hlfkhqjuhhq +4<<6, ylv0ã0ylv Jhupdq vkrfnv1

Wklv lv txlwh qdwxudo/ dv zh xvh txduwhuo| gdwd/ zklfk lv erxqg wr eh pruh

qrlv| wkdq dqqxdo gdwd xvhg e| Ed|rxpl dqg Hlfkhqjuhhq1 Krzhyhu/ iru

pdq| frxqwulhv iruphuo| gxeehg �shulskhudo�/ wkh fruuhodwlrq hvshfldoo| ri
(
Ghwdlov rq YDUv duh dydlodeoh iurp wkh dxwkruv xsrq uhtxhvw1

�*)
Wkh zkroh fruuhodwlrq pdwul{ ri vxsso| dqg ghpdqg vkrfnv ehwzhhq wkh dqdo|}hg

frxqwulhv lv dydlodeoh iurp wkh dxwkruv1 Wkh wh{w ehorz uhihuv wr wkh zkroh vhw ri frpsxwhg

fruuhodwlrqv1
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vxsso| vkrfnv vhhphg wr eh txlwh kljk gxulqj wkh 4<<3v1 Lq wklv uhvshfw/

rxu uhvxowv duh pruh ru ohvv lq olqh zlwk Iuhqnho hw do1 +4<<<,/ zkr fdofxodwh

fruuhodwlrq ylv0ã0ylv txduwhuo| Jhupdq dqg Iuhqfk vkrfnv1 Krzhyhu/ wkh| gr

qrw fdofxodwh fruuhodwlrqv zlwk vkrfnv ri wkh zkroh hxur duhd1

D frpsdulvrq ri Iljxuhv 6 dqg 7 uhyhdov wzr lqwhuhvwlqj ihdwxuhv1 Iluvw/

vxsso| dqg ghpdqg vkrfnv duh ohvv vwurqjo| fruuhodwhg wkdq JGS jurzwk dqg

lq dwlrq lq wkh vhohfwhg frxqwulhv1 Vhfrqg/ zh fdq �qg wzr qhduo| vhsdudwh

frxqwu| jurxsv ghvslwh wkh �uvw �qglqj1 Wkh �uvw jurxs lqfoxghv doo HX

frxqwulhv h{fhsw iru Luhodqg dqg Juhhfh/
�+�
dv zhoo dv Kxqjdu|/ dqg srvvleo|

Dxvwudold dqg Srodqg1 Wkhvh frxqwulhv vkrz d uhodwlyho| kljk fruuhodwlrq

ri dw ohdvw rqh w|sh ri wkh ghfrpsrvhg vkrfnv1 Wkh vhfrqg jurxs lqfoxghv

doo uhpdlqlqj RHFG frxqwulhv dqg wkh FHHFv1 Odwyld dqg Olwkxdqld duh

uhyhdohg wr eh rxwolhuv zlwk d kljk qhjdwlyh fruuhodwlrq ri wkh ghpdqg vkrfnv

zlwk wkh hxur duhd1

Erwk �qglqjv lqglfdwh wkdw wkh Eodqfkdug dqg Txdk ghfrpsrvlwlrq ri

YDU uhvlgxdov pd| ohdg wr vljql�fdqwo| gl�huhqw srolf| frqfoxvlrqv zlwk

uhjdug wr wkh RFD fulwhuld1 Iru h{dpsoh/ Odwyld lv irxqg wr kdyh d vlplodu

ghyhorsphqw ri erwk JGS jurzwk dqg lq dwlrq zlwk wkh hxur duh/ ghvslwh

odujho| lglrv|qfudwlf ghpdqg vkrfnv1

Lq Wdeoh 5/ wkh fruuhodwlrqv duh fdofxodwhg ylv0ã0ylv wkh hxur duhd vkrfnv1

Wkhuhiruh/ lw lv txlwh qdwxudo wkdw wklv lqglfdwru lv kljk iru wkh odujhvw hxur
�,�
Qrwh/ krzhyhu/ wkdw zh xvh lqgxvwuldo surgxfwlrq dqg surgxfhu sulfhv iru wkhvh wzr

HX frxqwulhv1
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duhd frxqwulhv olnh Jhupdq| dqg Iudqfh1 Dovr/ wkh vxsso| vkrfnv
� �
ri wkh

Ehqhox{ frxqwulhv dqg Dxvwuld duh kljko| fruuhodwhg zlwk wkh hxur duhd +fruuh0

odwlrq frh!flhqw durxqg 317�318,/ zklfk lv qrw vxusulvlqj1 Exw vxsso| vkrfnv

lq frxqwulhv olnh Sruwxjdo dqg Lwdo| kdyh dovr ehhq txlwh kljko| fruuhodwhg

zlwk wkh zkroh hxur duhd +fruuhodwlrq 3178�318,1 Wkh frqwlqxlqj lqwhjudwlrq

ri Hxurshdq hfrqrplhv � �uvw lq wkh frqwh{w ri vlqjoh pdunhw dqg wkhq lq

suhsdudwlrq iru wkh prqhwdu| xqlrq � kdv dssduhqwo| eurxjkw dovr pruh

shulskhudo frxqwulhv forvhu wr wkh �fruh1� Lw lv dovr lqwhuhvwlqj wr qrwh wkdw

wkh wkuhh HX frxqwulhv vwloo rxwvlgh wkh prqhwdu| xqlrq � Ghqpdun/ Vzhghq

dqg wkh XN � kdyh dq doprvw lghqwlfdo fruuhodwlrq ri vxsso| vkrfnv zlwk

wkh hxur duhd +3153�3158,1 Krzhyhu/ wkh| gl�hu fohduo| lq wkh fruuhodwlrq

ri ghpdqg vkrfnv/ zkhuh Ghqpdun dqg Vzhghq gr qrw vwdqg rxw iurp wkh

phpehuv ri wkh prqhwdu| xqlrq/ exw wkh XN kdv d qhjdwlyh fruuhodwlrq1 Wklv

zrxog lpso| wkdw Ghqpdun dqg Vzhghq kdyh jhduhg wkhlu hfrqrplf srolflhv

pruh wr wkh fruh hxur duhd frxqwulhv gxulqj wkh 4<<3v/ zkhuhdv wkh XN kdv

qrw1 Ri frxuvh/ Ghqpdun kdv shjjhg lwv fxuuhqf| wr wkh Ghxwvfkh Pdun

dqg wr wkh hxur douhdg| iru ryhu 53 |hduv/ zklfk kdv reylrxvo| d�hfwhg lwv

djjuhjdwh ghpdqg pdqdjhphqw1 Lq wkh fdvh ri rsw0rxwv/ rxu uhvxowv gl�hu

pdunhgo| iurp wkrvh ri Iuhqnho hw do1 +4<<<,/ prvw olnho| rzlqj wr rxu orqjhu

hvwlpdwlrq shulrg1

Iru ghpdqg vkrfnv wkh vlwxdwlrq lv vrphzkdw gl�huhqw/ dqg fruuhodwlrqv
�-�
Lq rxu ylhz/ vxsso| vkrfnv duh pruh uhohydqw lq dvvhvvlqj wkh frvwv dqg ehqh�wv ri

gl�huhqw h{fkdqjh udwh uhjlphv1 Vxsso| vkrfnv kdyh shupdqhqw rxwsxw h�hfwv/ zkhuhdv

ghpdqg vkrfnv kdyh rqo| wudqvlwru| h�hfwv1
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duh jhqhudoo| fohduo| orzhu wkdq zdv wkh fdvh lq Ed|rxpl dqg Hlfkhqjuhhq

+4<<6,1 Li ghpdqg vkrfnv duh wr d odujh h{whqw d uhvxow ri qdwlrqdo hfrqrplf

srolflhv/ d orz fruuhodwlrq lv shukdsv wr eh h{shfwhg1 Krzhyhu/ wkh odxqfk ri

wkh prqhwdu| xqlrq pd| dovr phdq d kljkhu fruuhodwlrq ri ghpdqg vkrfnv lq

wkh ixwxuh1

Iru wkh dffhvvlrq frxqwulhv d txlwh gl�huhqw slfwxuh hphujhv1 Wkhuh lv

d kdqgixo ri frxqwulhv zklfk kdyh d idluo| kljk fruuhodwlrq ri vxsso| vkrfnv

zlwk wkh hxur duhd1 Hvshfldoo| Kxqjdu| vwdqgv rxw zlwk erwk kljk fruuhodwlrq

ri vxsso| +3179, dqg ghpdqg vkrfnv +3157,1 Dovr Hvwrqld +3158, dqg Odwyld

+3163, vhhp wr kdyh txlwh d kljk fruuhodwlrq ri vxsso| vkrfnv1 Kxqjdu| lv

yhu| kljko| lqwhjudwhg zlwk wkh HX erwk wkurxjk iruhljq wudgh dqg gluhfw

lqyhvwphqw +Ilgupxf/ 5334,/ dqg wkh vdph dssolhv wr Hvwrqld/ zkhuh h1j1

Ilqodqg lv wkh pdmru wudglqj sduwqhu dffrxqwlqj iru pruh wkdq rqh wklug ri

h{sruwv1 Rq wkh rwkhu kdqg/ iru pdq| dffhvvlrq frxqwulhv/ wkh fruuhodwlrq

ri vxsso| vkrfnv lv ehorz 3141 Olwkxdqld hyhq kdv d qhjdwlyh fruuhodwlrq/

zklfk pd| eh fdxvhg e| wkh shfxoldu surgxfwlrq vwuxfwxuh ri wkh frxqwu|1
� �

Krzhyhu/ lw vkrxog eh qrwhg iru wkh Edowlf frxqwulhv dqg Kxqjdu| wkdw wkh

hvwlpdwlrq shulrg zdv voljkwo| vkruwhu wkdq iru wkh rwkhu dffhvvlrq frxqwulhv/

zklfk pd| eldv wkh uhvxowv vrphzkdw/ dowkrxjk wkh gl�huhqfh lq hvwlpdwlrq

shulrgv lv qrw wrr odujh1

Dv zlwk wkh fxuuhqw phpehuv ri wkh prqhwdu| xqlrq/ wkh fruuhodwlrq ri

ghpdqg vkrfnv lv jhqhudoo| orzhu wkdq wkdw ri vxsso| vkrfnv1 Kxqjdu| dqg
�*�
Iru h{dpsoh/ rlo uh�qhu| dffrxqwv iru d vl}hdeoh vkduh ri lqgxvwuldo surgxfwlrq1
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Srodqg vwdqg rxw dv kdylqj dw ohdvw dv kljk d fruuhodwlrq dv pdq| fxuuhqw

phpehuv ri wkh prqhwdu| xqlrq1 Dovr Hvwrqld kdv txlwh d kljk fruuhodwlrq ri

ghpdqg vkrfnv zlwk wkh hxur duhd/ zkhuhdv wkh rwkhu wzr Edowlf frxqwulhv duh

qhjdwlyho| fruuhodwhg1 Vrph dffhvvlrq frxqwulhv +h1j1 Vorydnld dqg Voryhqld,

vkrz yhu| olwwoh fruuhodwlrq zlwk wkh hxur duhd ghpdqg vkrfnv1

Iljxuh 7 sorwv wkh vxsso| dqg ghpdqg vkrfnv1 Zh fdq vhh wkdw wkh odujhvw

phpehuv ri wkh prqhwdu| xqlrq kdyh wkh kljkhvw fruuhodwlrq ri erwk vxsso|

dqg ghpdqg vkrfnv/ zklfk lv wr eh h{shfwhg1 Lw lv lqwhuhvwlqj wr qrwh wkdw

wkh suhvhqw phpehuv ri wkh prqhwdu| xqlrq duh doo foxvwhuhg idluo| forvho|

wrjhwkhu1 Dovr/ Ghqpdun dqg Vzhghq dsshdu wr eh txlwh forvh wr wkh vpdoohu

prqhwdu| xqlrq phpehuv/ dv duh Hvwrqld dqg hvshfldoo| Kxqjdu|1 Rwkhu

dffhvvlrq frxqwulhv/ lqfoxglqj Wxunh| +dfwxdoo| vwloo dq dssolfdqw frxqwu|,

duh ixuwkhu dzd|1

Sdluzlvh fruuhodwlrqv ehwzhhq frxqwulhv duh dovr qrwdeoh1 Lw pd| eh vrph0

zkdw vxusulvlqj wkdw hyhq iru prvw �fruh� frxqwulhv/ wkh fruuhodwlrq zlwk Jhu0

pdq vkrfnv zdv txlwh orz lq wkh 4<<3v1 Jhupdq xql�fdwlrq dqg wkh hfrqrplf

errp zklfk iroorzhg lq Jhupdq| kdv xqgrxewhgo| lq xhqfhg wklv1 Dxvwuld

kdv wkh kljkhvw fruuhodwlrq zlwk Jhupdq vxsso| vkrfnv/ 317;1 Fruuhodwlrqv

ylv0ã0ylv Iudqfh duh jhqhudoo| fohduo| kljkhu1
� �

Frxqwulhv zlwk d vxsso| vkrfn

fruuhodwlrq ri ryhu 316 zlwk Iudqfh duh Jhupdq|/ Lwdo|/ wkh Qhwkhuodqgv/ Eho0

jlxp/ Dxvwuld/ Sruwxjdo/ wkh XN dqg Kxqjdu|1 Dovr iru ghpdqg vkrfnv/

fruuhodwlrqv zlwk Iuhqfk vkrfnv duh kljkhu wkdq zlwk Jhupdq vkrfnv1
�*�
Wklv �qglqj lv vxssruwhg e| Kruydwk +5334,1
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Wkhuh duh dovr vrph lqwhuhvwlqj uhjlrqdo foxvwhuv ri fruuhodwlrq dprqj

dffhvvlrq frxqwulhv dqg dovr vrph fxuuhqw HX frxqwulhv1 Iru h{dpsoh/ Kxq0

jduldq dqg Srolvk vxsso| vkrfnv vhhp wr eh txlwh fruuhodwhg1 Hvwrqldq vxsso|

vkrfnv duh kljko| fruuhodwhg zlwk Olwkxdqldq/ Srolvk dqg Vzhglvk vkrfnv1
�'�

Dovr Odwyldq dqg Olwkxdqldq vxsso| vkrfnv duh fruuhodwhg/ dv duh Gdqlvk dqg

Srolvk vxsso| vkrfnv1

Lqvhuw Iljxuh 7 dqg Wdeoh 5 derxw khuh$

9 Frqfoxvlrqv

Zh kdyh dvvhvvhg wkh fruuhodwlrq ri vxsso| dqg ghpdqg vkrfnv ehwzhhq wkh

hxur duhd dqg HX dffhvvlrq frxqwulhv gxulqj wkh 4<<3v1 Lq dgglwlrq/ zh kdyh

hvwlpdwhg fruuhvsrqglqj fruuhodwlrqv iru prvw suhvhqw HX frxqwulhv1 Vxs0

so| dqg ghpdqg vkrfnv zhuh uhfryhuhg iurp vwuxfwxudo yhfwru dxwruhjuhvvlyh

prghov1

Iru dffhvvlrq frxqwulhv vrph fohdu uhvxowv hphujh1 Iluvw/ wkh fruuhodwlrq

ri vxsso| vkrfnv/ zklfk lq rxu ylhz lv pruh uhohydqw dv dq RFD fulwhulrq/

gl�huv juhdwo| iurp frxqwu| wr frxqwu|1 Vhfrqg/ vrph frxqwulhv duh dw ohdvw dv

zhoo fruuhodwhg zlwk wkh hxur duhd vkrfnv dv duh pdq| fxuuhqw phpehuv ri wkh

prqhwdu| xqlrq1 Wkh wzr frxqwulhv zlwk wkh kljkhvw fruuhodwlrq ri vxsso|

vkrfnv duh Kxqjdu| dqg Hvwrqld1 Qrw frlqflghqwdoo|/ wkhvh wzr frxqwulhv

kdyh dovr uhfhlyhg prvw iruhljq gluhfw lqyhvwphqw rq d shu fdslwd edvlv/ dqg
� 	
Dqg Voryhqldq vkrfnv/ exw wklv zrxog eh kdughu wr h{sodlq e| uhjlrqdo sur{lplw| ru

forvh hfrqrplf wlhv1
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wkh| kdyh yhu| h{whqvlyh wudgh uhodwlrqv zlwk wkh hxur duhd frxqwulhv +dqg wkh

HX lq jhqhudo,1 Kxqjdu| dovr kdv d kljk fruuhodwlrq ri ghpdqg vkrfnv1 Iru

pdq| rwkhu dffhvvlrq frxqwulhv/ wkh ghjuhh ri fruuhodwlrq lv fohduo| orzhu1 Wklv

krogv hyhq iru pdq| dgydqfhg wudqvlwlrq frxqwulhv/ h1j1 wkh F}hfk Uhsxeolf

dqg Voryhqld1 Lq Odwyld dqg Olwkxdqld/ wkh ghpdqg vkrfnv duh qhjdwlyho|

fruuhodwhg/ hyhq wkrxjk iru Odwyld wkh fruuhodwlrq ri vxsso| vkrfnv lv srvlwlyh1

Iru wkh suhvhqw HX phpehuv rxu uhvxowv gl�hu iurp wkrvh ri vrph suhyl0

rxv vwxglhv/ zklfk xvhg pdlqo| gdwd xs wr wkh ehjlqqlqj ri wkh 4<<3v1 Zh

�qg wkdw vrph frxqwulhv suhylrxvo| frqvlghuhg �shulskhudo� +vxfk dv Lwdo|

dqg Sruwxjdo, duh dfwxdoo| txlwh kljko| fruuhodwhg zlwk wkh hxur duhd vkrfnv1

Pruhryhu/ pdq| suhvhqw phpehuv ri wkh prqhwdu| xqlrq duh pruh fruuh0

odwhg zlwk Iuhqfk wkdq Jhupdq vkrfnv/ zklfk pd| shukdsv eh h{sodlqhg e|

wkh lq xhqfh ri Jhupdq xql�fdwlrq1 Wkhuhiruh phuh fruuhodwlrqv zlwk wkh

Jhupdq vkrfnv frxog jlyh d txlwh plvohdglqj slfwxuh ri wuxh hfrqrplf frq0

yhujhqfh/ erwk iru wkh dffhvvlrq frxqwulhv dqg wkh suhvhqw phpehuv ri wkh

prqhwdu| xqlrq1 Rxu uhvxowv zrxog vxssruw wkh fodlpv wkdw forvhu hfrqrplf

srolf| frrshudwlrq zlwklq wkh iudphzrun ri wkh HX kdv dovr lqfuhdvhg wkh

fruuhodwlrq ri exvlqhvv f|fohv dprqj wkh phpehu frxqwulhv1 Wklv reylrxvo|

kdv lpsolfdwlrqv iru wkh dffhvvlrq frxqwulhv dv zhoo1

Frqfhuqlqj wkh dffhvvlrq frxqwulhv/ rxu �qglqjv vhhp wr dw ohdvw sduwldoo|

frq�up uhvxowv ri h1j1 Errqh dqg Pdxuho +4<<<,/ Ilgupxf +5334, dqg Nrukr0

qhq +5334,1 Lq doo wkhvh vwxglhv wkh Kxqjduldq hfrqrplf f|foh lv txlwh zhoo

fruuhodwhg zlwk wkh Hxurshdq f|foh1 Wkh vdph dssolhv wr Voryhqld dqg shu0

58



kdsv dovr wr Hvwrqld1 Wkh odwwhu wzr duh yhu| vpdoo hfrqrplhv jhrjudsklfdoo|

forvh wr wkh HX/ dqg wkhuhiruh lw lv qrw vxusulvlqj wkdw wkhlu hfrqrplf f|fohv

duh fruuhodwhg zlwk wkdw ri wkh HX +ru hxur duhd,1 Iru wkh rwkhu dffhvvlrq

frxqwulhv/ wkh fruuhodwlrq zdv shukdsv qrw yhu| kljk gxulqj wkh 4<<3v/ exw

wkh vlwxdwlrq pd| kdyh fkdqjhg ryhu wlph1

Uhihuhqfhv

Edfnì/ Shwhu +4<<<,/ cH{fkdqjh Udwh Uhjlphv lq Fhqwudo dqg Hdvwhuq Hx0

ursh= D Eulhi Uhylhz ri Uhfhqw Fkdqjhv/ Fxuuhqw Lvvxhv dqg Ixwxuh Fkdo0

ohqjhv*/ Irfxv rq Wudqvlwlrq Qr1 5/ 7:09:1

Ed|rxpl/ Wdplp dqg Eduu| Hlfkhqjuhhq +4<<6,/ cVkrfnlqj Dvshfwv ri Hx0

urshdq Prqhwdu| Lqwhjudwlrq1*1 Lq= Wruuhv/ Iudqflvfr dqg Iudqfhvfr Jldyd}}l

+hgv1, Jurzwk dqg Dgmxvwphqw lq wkh Hxurshdq Prqhwdu| Xqlrq1 R{irug=

Fdpeulgjh Xqlyhuvlw| Suhvv/ 4<605631

Eodqfkdug/ Rolylhu dqg Gdqq| Txdk +4<;<,/ cWkh G|qdplf H�hfwv ri

Djjuhjdwh Ghpdqg dqg Vxsso| Glvwxuedqfhv/* Dphulfdq Hfrqrplf Uhylhz

:</ +7,= 98809:61

Errqh/ Odxuhqfh dqg Pdwklogh Pdxuho +4<<;,/ Hfrqrplf Frqyhujhqfh ri

wkh FHHFv zlwk wkh HX1 Glvfxvvlrq Sdshu Qr1 534;/ FHSU/ Orqgrq1

Errqh/ Odxuhqfh dqg Pdwklogh Pdxuho +4<<<,/ Dq Rswlpdo Fxuuhqf| Duhd

Shuvshfwlyh ri wkh HX Hqodujhphqw wr wkh FHHFv1 Glvfxvvlrq Sdshu Qr1

544</ FHSU/ Orqgrq1

Eudgd/ Mrvhi F1 dqg Dol P1 Nxwdq +5334,/ cWkh Frqyhujhqfh ri Prqhwdu|

Srolf| Ehwzhhq Fdqglgdwh Frxqwulhv dqg wkh Hxurshdq Xqlrq1* Hfrqrplf
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V|vwhpv 158/ +6,= 54805641

Hvwulq/ Vdxo dqg Xujd/ Jlrydqql +4<<:,/ Frqyhujhqfh lq Rxwsxw lq Wudq0

vlwlrq Hfrqrplhv= Fhqwudo dqg Hdvwhuq Hxursh/ 4<:30<8/ Glvfxvvlrq Sdshu

Qr1 4949/ FHSU Orqgrq1

Ilgupxf/ Mdunr +5334,/ Wkh Hqgrjhqhlw| ri wkh Rswlpxp Fxuuhqf| Duhd

Fulwhuld/ Lqwudlqgxvwu| Wudgh/ dqg HPX Hqodujhphqw1 Glvfxvvlrq Sdshu Qr1

439253341 OLFRV/ Fhqwuh iru Wudqvlwlrq Hfrqrplfv/ Ndwkrolhnh Xqlyhuvlwhlw

Ohxyhq1

Ilgupxf/ Mdq/ Kruydwk/ Mxolxv dqg Mdunr Ilgupxf +4<<<, cVwdelolw| ri

Prqhwdu| Xqlrqv= Ohvvrqv iurp wkh Euhdnxs ri F}hfkrvorydnld/* Mrxuqdo ri

Frpsdudwlyh Hfrqrplfv 5: +7,= :860;41

Iudqnho/ Mh�uh| D1/ dqg Dqguhz N1 Urvh +4<<;,/ cWkh Hqgrjhqhlw| ri wkh

Rswlpxp Fxuuhqf| Duhd Fulwhuld/* Hfrqrplf Mrxuqdo 43;/ Mxo| 4<<;/ ss1

77<= 433<043581

Iuhqnho/ Plfkdho/ Qlfnho/ Fkulvwldqh dqg J qwhu Vfkplgw +4<<<,/ Vrph

Vkrfnlqj Dvshfwv ri HPX Hqodujhphqw1 Ghxwvfkh Edqn Uhvhdufk Qrwh Qr1

<<07/ Iudqnixuw dp Pdlq1

Kruydwk/ Mxolxv +5333,/ Vxsso| dqg Ghpdqg Vkrfnv lq Hxursh= Odujh07

HX Phpehuv/ Ylvhjudg08 dqg Edowlf06 Frxqwulhv1 Plphr1 Fhqwudo Hxurshdq

Xqlyhuvlw|/ Exgdshvw1

Mçuylqhq/ Pdunhwwd +5333,/ Fhqwudo dqg Hdvwhuq Hxursh= Survshfwv iru

HPX Phpehuvkls1 Glvfxvvlrq Sdshu Qr1 971 Ilqqlvk Plqlvwu| ri Ilqdqfh/

Khovlqnl1

5:



Ndlwlod/ Ylooh +5334,/ Dffhvvlrq Frxqwulhv* Frpsdudwlyh Dgydqwdjh lq

wkh Lqwhuqdo Pdunhw= D Wudgh dqg Idfwru Dqdo|vlv1 Glvfxvvlrq Sdshu Qr1

6253341 Edqn ri Ilqodqg/ Lqvwlwxwh iru Hfrqrplhv lq Wudqvlwlrq/ Khovlqnl1

Nrslwv/ Jhrujh +4<<<,/ Lpsolfdwlrqv ri HPX iru H{fkdqjh Udwh Srolf| lq

Fhqwudo dqg Hdvwhuq Hxursh1 Zrunlqj Sdshu Qr1 <<2</ LPI/ Zdvklqjwrq1

Nrukrqhq/ Llnnd +5334,/ Vrph Hpslulfdo Whvwv rq wkh Lqwhjudwlrq ri Hfr0

qrplf Dfwlylw| Ehwzhhq wkh Hxur Duhd dqg wkh Dffhvvlrq Frxqwulhv1 Glv0

fxvvlrq Sdshu Qr1 <253341 Edqn ri Ilqodqg/ Lqvwlwxwh iru Hfrqrplhv lq

Wudqvlwlrq/ Khovlqnl1

PfNlqqrq/ Urqdog L1 +5333,/ cPxqghoo/ wkh Hxur dqg wkh Zruog Groodu

Vwdqgdug/* Mrxuqdo ri Srolf| Prgholqj 55 +6,= 64406571

Pxqghoo/ Urehuw1 +4<94,/ cD Wkhru| ri Rswlpxp Fxuuhqf| Duhd/* Dphu0

lfdq Hfrqrplf Uhylhz 84/ +Vhswhpehu,= 98:09981
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Iljxuh 6= Fruuhodwlrq ri JGS dqg Lq dwlrq zlwk wkh Hxur Duhd
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Wdeoh 4= Fruuhodwlrq ri JGS dqg Lq dwlrq zlwk wkh Hxur Duhd
JGS jurzwk Lq dwlrq

Frxqwu| Hxur duhd
.

Plq
/

Pd{
/

Hxur duhd
.

Plq
/

Pd{
/

Dxvwuld 3197 314: 3199 317; 3136 31;:

Ehojlxp 31<4 317; 31;7 3174 3136 31;<

Ilqodqg 3196 314: 31:9 03154 0313; 3153

Iudqfh 31<6 3193 31;< 3169 3139 31::

Jhupdq| 31;; 3168 31;6 3193 0313: 31<5

Juhhfh 3175 3177 31:3 3139 314: 31;6

Luhodqg 319< 3148 317: 317: 3138 3184

Lwdo| 31;; 317: 31;7 319; 03158 31:3

Qhwkhuodqgv 31;8 318< 31<3 03156 03158 3153

Sruwxjdo 31:8 3185 31;6 3198 0313; 31<5

Ghqpdun 318: 313; 3196 3137 0317: 315;

Vzhghq 318< 3143 3195 3156 0313: 31;8

XN 3168 03135 31:9 316: 03157 318:

Exojduld 318: 03136 3193 3145
0

0315:
0

3194
0

F}hfk Uhs1 03155 03196 3159 3153 03186 31:7

Hvwrqld 3168 03184 31:3 3167 0318; 31;5

Kxqjdu| 31;6 3138 31;6 3137 0318< 31:;

Odwyld 3175 0315< 319: 3167 03195 31;6

Olwkxdqld 3139 03196 3194 315< 03198 31;9

Srodqg 03133 03168 3183 3146 03187 31:8

Urpdqld 03136 03153 3167 0315; 03153 319;

Vorydnld 03167 03184 3143 3145 3144 319<

Voryhqld 3168 3144 318: 3178 0317: 31::

Dxvwudold 3153 3133 3186 3148 03147 316:

Fdqdgd 318< 3148 31:6 3133 03153 3169

Mdsdq 0313< 03153 313; 315: 03139 31:<

Qhz ]hdodqg 03147 03157 3143 3166 03157 3174

Qruzd| 313: 0314; 3157 0315; 03195 3167

Vzlw}huodqg 31:9 3183 31:; 317: 03173 31:<

Wxunh| 03155 0316: 03143 03144 03167 31:5

X1V1D1 3183 3144 3199 3165 03148 31:6
Qrwh= Vhh Gdwd Dsshqgl{ iru gdwd ghvfulswlrq1

.
0 fruuhodwlrq ri qdwlrqdo vkrfnv

zlwk wkh vkrfnv ri wkh djjuhdwh ri wkh Hxur duhd/
/
0 plqlpxp dqg pd{lpxp

ydoxh ri fruuhodwlrq ylv0ã0ylv wkh lqglylgxdo frxqwulhv ri wkh hxur duhd1
0
h{foxglqj

4<<:=4�4<<:=71
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Iljxuh 7= Fruuhodwlrq ri Vxsso| dqg Ghpdqg Vkrfnv
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Wdeoh 5 Fruuhodwlrq ri Vkrfnv zlwk wkh Hxur Duhd
Frxqwu| Vxsso| Vkrfnv Ghpdqg Vkrfnv

Hxur duhd
.

Plq
/

Pd{
/

Hxur duhd
.

Plq
/

Pd{
/

Dxvwuld 316; 03155 317; 313; 0313; 3169

Ehojlxp 3186 313; 317: 3133 3134 3179

Ilqodqg 3163 03155 317< 3139 03154 314;

Iudqfh 319< 3159 3193 3163 03144 3193

Jhupdq| 3199 3144 317; 314; 0314< 3168

Juhhfh 3138 03137 3156 03134 0313: 3167

Luhodqg 03147 03184 3149 3146 03154 3158

Lwdo| 3185 3144 3188 318: 0313: 3174

Qhwkhuodqgv 317: 313: 3193 3137 03143 316<

Sruwxjdo 3178 3143 3177 313< 03144 315;

Vsdlq 3155 313; 3188 3149 03154 3193

Ghqpdun 314; 03145 3169 3146 03144 314<

Vzhghq 3157 0313: 3185 313< 03136 3177

XN 3154 0313: 3164 03146 03157 3158

Exojduld 03136 0315< 316: 3136 0314; 3166

F}hfk Uhs1 3137 03135 315< 03148 0318: 3153

Hvwrqld 3158 0314: 3174 3145 03179 3153

Kxqjdu| 3179 03143 319: 3158 03185 3177

Odwyld 3163 03147 317; 0317< 03186 3134

Olwkxdqld 03144 03169 3169 0317< 03158 3165

Srodqg 313; 03175 3167 315; 03157 317<

Urpdqld 3135 0315< 3167 3136 0315; 313;

Vorydnld 3138 0317; 314; 03138 03163 3174

Voryhqld 3148 03153 316: 0314; 03149 317<

Dxvwudold 3147 03165 316: 3149 03166 3173

Fdqdgd 0313< 0314; 3158 0313: 03143 314<

Mdsdq 03145 03166 3138 3145 03153 3157

Q1 ]hdo1 3153 03134 3157 03138 0317; 316<

Qruzd| 3158 313: 316; 03143 03169 3148

Vzlw}huo1 3149 3136 315; 3133 0315< 3156

Wxunh| 313: 03149 3155 03137 03169 3168

X1V1D1 313: 03145 3165 03144 03155 314:
Qrwh= Vhh Gdwd Dsshqgl{ iru gdwd ghvfulswlrq1

.
0 fruuhodwlrq ri qdwlrqdo vkrfnv

zlwk wkh vkrfnv ri wkh djjuhdwh ri wkh Hxur duhd/
/
0 plqlpxp dqg pd{lpxp ydoxh

ri fruuhodwlrq ylv0ã0ylv wkh lqglylgxdo frxqwulhv ri wkh hxur duhd1
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Gdwd Dsshqgl{

Zh xvh txduwhuo| JGS lq frqvwdqw dqg fxuuhqw sulfhv1 Li srvvleoh/ wkhvh gdwd

duh xvhg wr frqvwuxfw wkh lpsolflw JGS gh dwru/ zklfk lv rxu suhihuuhg sulfh

yduldeoh1 Krzhyhu/ zh kdyh wr xvh wkh lqgxvwuldo surgxfwlrq dqg surgxfhu

sulfh lqgh{ iru Urpdqld/ Juhhfh dqg Luhodqg1 Li srvvleoh/ JGS yduldeohv

duh wdnhq iurp wkh RHFG*v Txduwhuo| Qdwlrqdo Dffrxqw gdwdedvh/ zklfk

surylghv vhdvrqdoo| dgmxvwhg gdwd iru doo HX frxqwulhv dqg xqdgmxvwhg gdwd

iru wkh F}hfk Uhsxeolf dqg Wxunh|1 Wkh gdwd iru wkh rwkhu dffhvvlrq frxqwulhv

lv froohfwhg iurp qdwlrqdo sxeolfdwlrqv1

Wkh ohqjwk ri wkh wlph vhulhv iru wkh dffhvvlrq frxqwulhv ydulhv/ exw xvxdoo|

lw vwduwv iurp 4<<6 ru 4<<7 +4<<8 lq wkh fdvh ri wkh Edowlf frxqwulhv dqg

Kxqjdu|,1 Wkh gdwd wkhuhiruh rplwv wkh shulrg ri wudqvirupdwlrqdo uhfhvvlrq

lq wkh dffhvvlrq frxqwulhv1 Wklv suredeo| pdnhv wkh uhvxowv pruh dssolfdeoh

iru wkh suhvhqw wlph shulrg dv zhoo1

Iru wkh HX frxqwulhv/ wkh ohqjwk ri wkh wlph vhulhv ydulhv dv zhoo +wkh

wlph vhulhv duh edvlfdoo| dydlodeoh iurp wkh 4<93v ru 4<:3v lq qhduo| doo fdvhv

h{fhsw iru Vzhghq dqg Wxunh|,/ exw vxsso| dqg ghpdqg vkrfnv duh fdofxodwhg

iurp prghov zlwk wkh hvwlpdwlrq shulrg vwduwlqj iurp 4<<41 Wklv uhvwulfwlrq

zdv fkrvhq lq rughu wr hqvxuh d ehwwhu frpsdudelolw| ehwzhhq wkh HX dqg

wkh dffhvvlrq frxqwulhv1 Qhyhuwkhohvv/ wkh frpsdulvrq ri wkh hvwlpdwlrqv iru

wkh zkroh dydlodeoh shulrg dqg iru wkh 4<<3v frq�upv wkh urexvwqhvv ri rxu

uhvxowv iru doo HX frxqwulhv zlwk wkh h{fhswlrq ri Wxunh|1 Wkh wlph vhulhv

iru wkh hxur duhd/ dv sxeolvkhg e| wkh Hxurvwdw/ duh dydlodeoh rqo| iurp wkh
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ehjlqqlqj ri 4<<41

Erwk uhdo JGS dqg wkh JGS gh dwru duh uhedvhg wr 433 lq 4<<8 iru

doo frxqwulhv1 Zh xvh wkh �uvw gl�huhqfhv ri wkh qdwxudo orjdulwkp ri wkh

wudqviruphg vhulhv iru rxu hvwlpdwlrqv1 Wdeohv D14 dqg D15 jlyh ghvfulswlyh

vwdwlvwlfv ri wkh �uvw gl�huhqfh ri rxwsxw dqg sulfh vhulhv1
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Wdeoh D14 Ghvfulswlyh vwdwlvwlfv ri JGS jurzwk

Frxqwu| Shulrg Phdq Phgldq Plqlpxp Pd{lpxp Vw1ghy1

Hxur duhd 4<<4=505333=7 31337;: 313388; 031339;9 3134788 313378;

Dxvwuld
.10

4<<4=405333=7 313388< 313387: 0313485; 3135;:5 3133::<

Ehojlxp
. 0

4<<4=505333=6 3133874 3133:38 031353;7 3135468 3133<3<

Ilqodqg 4<<4=505333=7 3133;95 313494< 0313;748 3138;46 3137379

Iudqfh
.10

4<<4=405333=7 313379< 3133939 03133867 313445< 3133778

Jhupdq| 4<<4=505333=6 3133733 31336<4 0313455: 313545< 313399:

Juhhfh
/ 0

4<<4=505333=7 3133485 31349:7 03145645 31438:8 3139897

Luhodqg
. / 0

4<<4=405333=4 3135787 3135854 0313:<3; 313;;;7 3136469

Lwdo|
. 0

4<<4=405333=7 3133763 31337:5 03133;<6 3134:;: 31338<4

Qhwkhuo1
0

4<<4=505333=6 3133:4; 31339;9 0313384: 31346<8 31337:4

Sruwxjdo
0

4<<4=505333=6 3133:65 3133:3; 031356:4 3136<79 313489<

Ghqpdun
0

4<<4=505333=5 313397; 0313357; 031367<8 3139974 3136367

Vzhghq
.

4<<6=505333=7 3133:95 3133;<4 031344;< 3134;33 3133:33

XN
.10

4<<4=405333=7 31338;8 3133883 0313387< 313476: 3133755

Exojduld 4<<7=505333=7 03133474 03133477 0313;97< 313;636 3136;;;

F}hfk Uhs1 4<<7=505333=7 313399; 3137463 03139979 313:446 3138:98

Hvwrqld 4<<8=505333=7 31348;: 313899: 03147338 314648: 313;::;

Kxqjdu| 4<<8=505333=7 3133;3: 3136;35 0314576; 313;65< 313:533

Odwyld 4<<8=505333=7 31345:7 31338:4 03137765 313;89: 313669;

Olwkxdqld 4<<8=505333=7 3134597 3139;79 0314:4<< 314<5:6 3145<77

Srodqg 4<<8=505334=4 31343:9 313764: 314:473 3145544 31438<5

Urpdqld
/ 0

4<<5=405333=7 0313379 31339: 0314:<; 313<<4 3139:39

Vorydnld 4<<6=505333=6 3134:66 3134458 03134894 31439:7 3135565

Voryhqld 4<<7=405333=7 3133<<3 313488; 03138887 313:;49 3136<54

Dxvwudold
. 0

4<<4=405333=7 3133;;< 3134388 03133;49 313546: 31339<9

Fdqdgd
.10

4<<4=405333=7 3133:59 3133:<: 03134669 3134935 313389;

Mdsdq
.20

4<<4=405333=7 3133639 3133644 03136547 3135;63 313433:

Q1 ]hdo1
. 0

4<<4=405333=7 3133996 3133;98 03135856 3135<84 313436<

Qruzd|
.20

4<<4=405333=7 3133:<3 31337:< 03133<6; 3136443 3134356

Vzlw}huo1
.10

4<<4=405333=7 313355< 3133533 03133;<9 3134455 31337:6

Wxunh|
0

4<<4=405333=7 3133;3; 03139:<; 031634<: 317598< 315:4:8

X1V1D1
.20

4<<4=405333=7 3133;68 3133:;8 03133787 3135353 31337<;

Qrwh=
.
0 vhdvrqdoo| dgmxvwhg wlph vhulhv/

/
0 lqgxvwuldo surgxfwlrq/

0
0 wkh ghvfulswlyh

vwdwlvwlfv iru d vxe0udqjh ri wkh zkroh dydlodeoh shulrg1 Wkh zkroh wlph vhulhv zhuh
xvhg iru wkh urexvwqhvv dqdo|vhv dv lqglfdwhg lq wkh wh{w1
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Wdeoh D15 Ghvfulswlyh vwdwlvwlfv ri lq dwlrq

Frxqwu| Shulrg Phdq Phgldq Plqlpxp Pd{lpxp Vw1ghy1

Hxur duhd 4<<4=505333=7 31337<8 313378< 03133764 31347;6 3133763

Dxvwuld
.

4<<4=405333=7 31337<6 3133778 03133533 3134466 3133665

Ehojlxp
0

4<<4=505333=6 31337;< 313376< 0313333: 31343<5 313363:

Ilqodqg
0

4<<4=505333=7 31337:4 31333<8 03135677 313773< 3134:::

Iudqfh
.

4<<4=405333=6 31336:8 31336:3 03133358 3134688 313359:

Jhupdq| 4<<4=505333=6 31337;< 3133776 031334;7 3134:63 31337:5

Juhhfh
/ 0

4<<4=505333=7 3134;3: 3134:6: 03133<:; 3137969 31346<<

Luhodqg
/ 0

4<<4=505333=7 3133855 313388< 031345:9 3135:;7 3133;<3

Lwdo|
.

4<<4=405333=7 3133;<; 3133:;; 03133395 31358:3 31338:9

Qhwkhuo1
0

4<<4=505333=6 3133846 313385< 03133569 313455; 3133669

Sruwxjdo
0

4<<4=505333=6 3134634 3134554 03134594 313697; 3134434

Ghqpdun
0

4<<4=505333=5 31338:; 3133:3; 0313545< 313567: 31344:5

Vzhghq
.

4<<6=505333=7 3133734 31336;4 03133<;7 313444: 313379;

XN
.10

4<<4=405333=7 3133:49 3133:38 03133775 3134<86 3133844

Exojduld 4<<7=505333=7 3148654 313;58: 03155693 41888<: 3169499

F}hfk Uhs1 4<<7=505333=7 31349;< 31349;7 03136:87 3137;;7 3134<94

Hvwrqld 4<<8=505333=7 3135885 31365;8 031393;6 3146695 3137<:;

Kxqjdu| 4<<8=505334=4 313643; 3135:3; 0313337; 31456:8 3135<<7

Odwyld 4<<8=505333=7 3135:8; 31374:3 03137;7; 31435;4 3137495

Olwkxdqld 4<<8=505333=7 31349:8 313459: 03134<73 313:8<6 313577;

Srodqg 4<<7=505333=7 3136943 3136444 03133463 314549; 313554:

Urpdqld
/ 0

4<<5=405333=7 3147;;5 313<975 3135377 3175::9 314497<

Vorydnld 4<<6=505333=6 3134:66 3134458 03133463 313;488 3135565

Voryhqld 4<<7=505333=7 3134993 03134853 0313:;49 31566;9 313;;<8

Dxvwudold
. 0

4<<4=405333=7 31336<5 313367: 03133638 3135734 3133833

Fdqdgd
.10

4<<4=405333=7 3133739 31336<< 03133<37 3134873 31337:3

Mdsdq
.20

4<<4=405333=7 03133349 03133383 03133;48 3134446 313377;

Q1 ]hdo1
. 0

4<<4=405333=7 3133744 31336;< 0313494: 313579< 3133:;6

Qruzd|
.20

4<<4=405333=7 3133:;6 3133:7< 03137<93 03137<93 3134<37

Vzlw}huo1
.10

4<<4=405333=7 3133696 3133637 031335<< 031335<< 3133764

Wxunh|
0

4<<4=505333=6 3146933 3145675 03134484 316<::6 313:55<

X1V1D1
.20

4<<4=405333=7 3133849 3133838 31334<4 31334<4 31334<3

Qrwh=
.
0 vhdvrqdoo| dgmxvwhg wlph vhulhv/

/
0 lqgh{ ri surgxfhu sulfhv/

0
0 wkh

ghvfulswlyh vwdwlvwlfv iru d vxe0udqjh ri wkh zkroh dydlodeoh shulrg1 Wkh zkroh
wlph vhulhv zhuh xvhg iru wkh urexvwqhvv dqdo|vhv dv lqglfdwhg lq wkh wh{w1

6;
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