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Vhfwrudo Hpsor|phqw H�hfwv ri Wudgh dqg
Surgxfwlylw| lq Hxursh

Ilols Deudkdp dqg Hoohq Eurfn�

Iheuxdu| 57/ 5333

Devwudfw

Wklv sdshu dvvhvvhv wkh lpsdfw ri wudgh dqg whfkqrorj| lq wkh Hx0
urshdq fdvh1 D iudphzrun lv ghyhorshg zklfk lqfrusrudwhv hpsor|0
phqw h�hfwv ri +l, h{sruw h{sdqvlrq +ll, lpsruw frpshwlwlrq dqg +lll,
oderxu vdylqj surgxfwlylw| lpsuryhphqwv1 Lq wklv frqwh{w/ hylghqfh lv
irxqg iru wkh k|srwkhvlv wkdw lqwhuqdwlrqdo wudgh lqgxfhv dgmxvwphqwv
lq whfkqrorj|1

MHO fodvvl�fdwlrq =I 49 = Wudgh dqg Oderxu Pdunhw Lqwhudfwlrqv

�Idfxow| ri Hfrqrplfv dqg Dssolhg Hfrqrplfv dw wkh Ndwkrolhnh Xqlyhuvlwhlw Ohxyhq/
Ehojlxp1 Wkh dxwkruv duh judwhixo wr P1 Yhuehhn dqg M1 Nrqlqjv zkrvh ghwdlohg vxjjhv0
wlrqv juhdwo| lpsuryhg wkh sdshu1 Wklv sdshu dovr ehqh�whg iurp wkh 4<<; Frqihuhqfh
rq Hpslulfdo Lqyhvwljdwlrqv lq Lqwhuqdwlrqdo Wudgh lq Sxugxh Xqlyhuvlw|/ Zhvw Odid|hwwh1
Zh hvshfldoo| zrxog olnh wr wkdqn wkh rujdqlvhu Mrq Kdyhpdq dqg wkh glvfxvvdqw Zlooldp
Kxwfklqvrq1 Rwkhu xvhixo frpphqwv fdph iurp wkh vhplqduv dw ]HL lq Erqq dqg wkh
Fhqwuh Xqlyhuvlwdluh gx Ox{hperxuj1



4 Lqwurgxfwlrq

Lq uhfhqw |hduv/ d jurzlqj qxpehu ri duwlfohv lqyhvwljdwh wkh lpsdfw ri lq0
whuqdwlrqdo wudgh rq oderxu pdunhwv1 Prvw ri wkh sdshuv irfxv rq wkh XV
h{shulhqfh dqg ylhz lqwhuqdwlrqdo wudgh vshfldolvdwlrq dv rqh srvvleoh h{sod0
qdwlrq iru mre orvvhv1 Dowkrxjk glvvhqwlqj rslqlrqv h{lvw +Zrrg/ 4<<7,/ wkh
frqvhqvxv ylhz lv wkdw lqwhuqdwlrqdo wudgh rqo| sod|v d plqru uroh dqg wkdw
wkh sulpdu| gulylqj irufh ri XV oderxu pdunhw wuhqgv lv whfkqrorjlfdo fkdqjh
+Ehupdq/ Erxqg dqg Julolfkhv/ 4<<7/ Nuxjpdq dqg Odzuhqfh/ 4<<9,1

Wklv sdshu vwxglhv wkh lpsdfw ri lqwhuqdwlrqdo wudgh rq vhfwrudo hpsor|0
phqw lq d Hxurshdq frqwh{w1 Wkhuh duh wkuhh ydolg uhdvrqv iru grlqj vr1
Iluvw/ Hxurshdq frxqwulhv duh pxfk pruh rshq wkdq wkh Xqlwhg Vwdwhv1 Lq
4<<9/ wkh h{sruw2JGS udwlr lv 63 ( iru wkh HX048 zkhuhdv lw lv 44 ( iru wkh
XV41 Hvshfldoo| wkh Qhwkhuodqgv dqg Ehojlxp zklfk h{shulhqfh uhvshfwlyho|
dq h{sruw2JGS udwlr ri 86 ( dqg 9; ( duh w|slfdo h{dpsohv ri vpdoo rshq
hfrqrplhv zlwk d kljk ghjuhh ri rshqqhvv1 Nuxjpdq +4<<8, dprqj rwkhuv
dujxhv wkdw wkh hyroxwlrq ri h{sruwv dqg lpsruwv fdqqrw h{sodlq XV oderxu
pdunhw ghyhorsphqwv ehfdxvh wkh XV hfrqrp| lv mxvw qrw rshq hqrxjk iru
wudgh wr pdwwhu d orw1 Wxuqlqj wklv dujxphqw durxqg/ zh h{shfw vljql�fdqw
hpsor|phqw h�hfwv iurp Hxurshdq wudgh1

Wkh vhfrqg prwlydwlrq uhihuv wr wkh uljlg oderxu pdunhwv lq Hxursh1 Iru
wkh HX048/ wkh xqhpsor|phqw udwh fxuuhqwo| vwdqgv dw 43 ( +RHFG/ 4<<<,1
Plqlpxp zdjhv/ vwurqj xqlrqv dqg rwkhu lqvwlwxwlrqdo ihdwxuhv suhyhqw zdjhv
iurp jrlqj grzq lq rughu wr eulqj grzq xqhpsor|phqw1 Pruhryhu/ wkh uhdo0
orfdwlrq ehwzhhq vhfwruv lq wkh Hxurshdq hfrqrplhv lv vorz dqg txlwh olplwhg
gxh wr lqvx!flhqw oderxu prelolw| dqg jhqhurxv xqhpsor|phqw ehqh�wv +vhh
Ghfuhvvlq dqg Idwdv/ 4<<8/ iru d frpsdulvrq ri wkh XV dqg wkh Hxurshdq h{0
shulhqfh,1 Wklv mxvwl�hv d ghwdlohg orrn dw wudgh0uhodwhg hpsor|phqw fkdqjhv
dw wkh vhfwrudo ohyho dqg zrxog lpso| wkdw wkh dvvxpswlrq ri ixoo oderxu
prelolw| lq frqyhqwlrqdo wudgh prghov vhuyhv dw ehvw dv d orqj0uxq dssur{0
lpdwlrq1 Lq wkh Hxurshdq fdvh/ lw lv dovr lpsruwdqw wr frqvlghu klulqj dqg
�ulqj frvwv zklfk pdnh fkdqjhv lq hpsor|phqw pruh gl!fxow1

D wklug dqg �qdo uhdvrq frqfhuqv wkh glfkrwrp| ehwzhhq whfkqlfdo fkdqjh
dqg lqwhuqdwlrqdo wudgh wkdw xqghuolhv wkh ghedwh rq XV oderxu pdunhw gh0

4Wkhvh �jxuhv duh fdofxodwhg zlwk gdwd iurp wkh Qdwlrqdo Dffrxqwv ri wkh RHFG
Vwdwlvwlfdo Frpshqglxp 4<<;251
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yhorsphqwv1 Lqwhuqdwlrqdo wudgh dqg whfkqrorjlfdo surjuhvv duh vhhq dv px0
wxdoo| h{foxvlyh h{sodqdwlrqv ri hpsor|phqw fkdqjhv1 Lq Hxursh krzhyhu/
exvlqhvv ohdghuv dqg frpsdq| vxuyh|v xvxdoo| hpskdvlvh wkh olqn ehwzhhq
lqwhuqdwlrqdo wudgh dqg wkh lqwurgxfwlrq ri qhz whfkqrorjlhv dqg surgxfwlrq
phwkrgv +vhh Deudkdp dqg Nrqlqjv/ 4<<<,1 H{sruw h{sdqvlrq jlyhv ulvh wr
surgxfwlylw| jdlqv dqg lq wkh fdvh ri lpsruw frpshwlwlrq frpsdqlhv pd| hqg
xs uhvwuxfwxulqj1 Wkhruhwlfdoo| vshdnlqj/ wklv phdqv wkdw wudgh yduldeohv
lq xhqfh surgxfwlylw| dqg wkhuhiruh lqgluhfwo| d�hfw hpsor|phqw1 Khqfh/ d
glvwlqfwlrq vkrxog eh pdgh ehwzhhq gluhfw dqg whfkqrorj|0lqgxfhg lqgluhfw
h�hfwv ri wudgh rq hpsor|phqw1 Dq lqqrydwlrq ri wklv sdshu lv wr ghyhors d
iudphzrun wkdw doorzv xv wr hpslulfdoo| glvwlqjxlvk ehwzhhq wkrvh gluhfw dqg
lqgluhfw h�hfwv1

Wkh uhpdlqghu ri wkh sdshu lv vwuxfwxuhg dv iroorzv1 Lq wkh qh{w sdud0
judsk/ zh dqdo|vh wkh uhodwlrq ehwzhhq wudgh/ whfkqrorj| dqg oderxu pdunhwv
edvhg rq wkh h{lvwlqj wkhruhwlfdo dqg hpslulfdo olwhudwxuh1 Lq vhfwlrq 5/ zh
ghulyh d Hxurshdq prgho iru hpsor|phqw dgmxvwphqwv wkdw vhuyhv dv wkh ed0
vlv iru wkh hpslulfdo zrun1 Wkh wklug vhfwlrq suhvhqwv wkh hvwlpdwlrq uhvxowv1
Wkh sdshu hqgv zlwk d vxppdu| ri wkh pdlq lqvljkwv1

5 Uhylhz ri wkh olwhudwxuh

Wkh Khfnvfkhu0Rkolq0Vdpxhovrq +KRV, wkhru| lv wkh prvw frpprq iudph0
zrun wr dgguhvv wkh hpsor|phqw h�hfwv ri wudgh1 Wklv wkhru| lv edvhg rq
dvvxpswlrqv ri shuihfw lqwhuvhfwrudo prelolw| ri doo surgxfwlrq idfwruv dqg
ixoo hpsor|phqw51 Lqwhuqdwlrqdo wudgh ohdgv 0 wkurxjk d zruog0zlgh htxdolvd0
wlrq ri surgxfw sulfhv 0 wr d vshfldolvdwlrq dffruglqj wr uhodwlyh dexqgdqfh
ri surgxfwlrq idfwruv1

Lq d vw|olvhg yhuvlrq ri wkh prgho wkdw lv w|slfdoo| dssolhg wr lqgxvwul0
dolvhg frxqwulhv olnh Hxursh/ wzr w|shv ri oderxu +vnloohg dqg xqvnloohg, duh
hpsor|hg lq d vnloo0lqwhqvlyh h{sruw vhfwru dqg dq lpsruw0frpshwlqj vhfwru
zlwk uhodwlyho| pruh xqvnloohg oderxu1 Iurp d vhfwrudo shuvshfwlyh/ dq h{sdq0
vlrq ri wudgh ohdgv wr dq lqfuhdvh lq ghpdqg iru jrrgv ri wkh h{sruw vhfwru
zklfk fuhdwhv qhz mrev lq wklv vhfwru1 Zh gh�qh wkh srvlwlyh uhodwlrq ehwzhhq

5Uhfhqw zrun e| Gdylv +4<<;, gursv wkh k|srwkhvlv ri ixoo hpsor|phqw e| frqvlghulqj
plqlpxp zdjhv1
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dq h{sdqvlrq ri h{sruw ghpdqg dqg wrwdo vhfwrudo hpsor|phqw dv wkh h{sruw
ghpdqg h�hfw1

Rq wkh rwkhu kdqg/ wkh lpsruw0frpshwlqj vhfwru h{shulhqfhv lqfuhdvhg
frpshwlwlrq iurp frxqwulhv zlwk d uhodwlyh dexqgdqfh ri fkhds xqvnloohg
oderxu1 Gxh wr wklv lpsruw frpshwlwlrq/ mrev duh orvw1 Wkh qhjdwlyh lp0
sdfw ri lpsruw frpshwlwlrq rq wrwdo vhfwrudo hpsor|phqw lv fdoohg wkh lpsruw

frpshwlwlrq h�hfw lq wklv sdshu1

Wkh lpsruw frpshwlwlrq dqg h{sruw ghpdqg h�hfwv dulvh qdwxudoo| lq d
wkhruhwlfdo iudphzrun wkdw dqdo|vhv wkh uroh ri xqlrqv lq wkh wudqvplvvlrq ri
wudgh vkrfnv +Eudqghu dqg Vshqfhu +4<;;,/ Gul!o dqg ydq ghu Sorhj +4<<8,/
Jdvwrq dqg Wuh"hu +4<<8,/ Kxl}lqjd +4<<6,/ Ph}}hwwl dqg Glqrsrxoxv +4<<4,/
Qd|oru +4<<;, dqg Ydqghqexvvfkh dqg Nrqlqjv +4<<;,,1 Zkloh wkh wkhruhw0
lfdo vhw0xs ri wkh prgho ydulhv/ wkhvh sdshuv duh fdvw lq whupv ri lqwhu�up
ulydou| lq rqh lqgxvwu|1 Lpsruw frpshwlwlrq wdnhv wkh irup ri d ghfolqh lq
rxwsxw ru pdunhw vkduh ri wkh grphvwlf �up zlwk uhvshfw wr lwv iruhljq frp0
shwlwru+v,1 Lq d vwudljkwiruzdug zd|/ wklv ohdgv wr wkh grphvwlf uhgxfwlrq
lq wkh vhfwrudo hpsor|phqw ohyho fdswxuhg e| wkh lpsruw frpshwlwlrq h�hfw1
Wkh h{sruw ghpdqg h�hfw iroorzv iurp wkh idfw wkdw wudgh lqwhjudwlrq r�huv
grphvwlf �upv wkh rssruwxqlw| wr shqhwudwh lq wkh iruhljq pdunhw/ udlvlqj
h{sruwv dqg vhfwrudo hpsor|phqw lq wkh krph frxqwu|1

Dprqj wkh h{whqvlyh hpslulfdo zrun lq wklv duhd/ zh irfxv rq vwxglhv
zklfk frqfhqwudwh rq wudgh0uhodwhg wrwdo hpsor|phqw fkdqjhv dw wkh vhfwrudo
ohyho1 Uhyhqjd +4<<5, iru wkh XV dqg Qhyhq dqg Z|sorv} +4<<<, iru Jhupdq/
Iuhqfk/ Lwdoldq dqg XN pdqxidfwxulqj xvh d surgxfw sulfh phwkrgrorj| dqg
irfxv rq wkh lpsruw frpshwlwlrq h�hfw1 Uhyhqjd �qgv d vwdwlvwlfdoo| vljql�0
fdqw exw vpdoo lpsdfw ri lpsruw sulfhv rq vhfwrudo hpsor|phqw1 Qhyhq dqg
Z|sorv} �qg qr fohdu sdwwhuq iru wkh KRV h�hfw ri lpsruw frpshwlwlrq rq
hpsor|phqw exw wkh| gr revhuyh d gudvwlf uhvwuxfwxulqj lq xqvnloohg oderxu
lqwhqvlyh lqgxvwulhv1 Wkh zrun e| Iuhhpdq dqg Uhyhqjd +4<<<, dqg e| Oduuh
+4<<8, gudz d gluhfw olqn ehwzhhq wudgh  rzv dqg hpsor|phqw lq RHFG
frxqwulhv1 Wklv kdv wkh dgydqwdjh ri qrw kdylqj wr xvh lqwhuqdwlrqdo sulfh
gdwd zklfk duh riwhq ri orzhu txdolw| wkdq wkh uhsruwhg wudgh yroxphv +vhh
Vodxjkwhu dqg Vzdjho/ s1 4:04;,1 Olnh prvw ri wkh hpslulfdo uhvhdufk/ wkrvh
vwxglhv �qg rqo| vpdoo oderxu pdunhw dgmxvwphqwv wr lqwhuqdwlrqdo wudgh1

D jurzlqj olwhudwxuh orrnv dw wkh uhodwlrq ehwzhhq lqwhuqdwlrqdo wudgh dqg
surgxfwlylw|1 Dv rqh ri wkh �uvw/ Zrrg +4<<7, dvvhuwhg wkdw lqwhuqdwlrqdo
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frpshwlwlrq ohdgv �upv lq wkh dgydqfhg hfrqrplhv wr udlvh surgxfwlylw| e|
irfxvlqj rq oderxu0vdylqj lqqrydwlrqv1 Wklv lpsolhv wkdw wkhuh lv dq lqgluhfw
qhjdwlyh hpsor|phqw h�hfw zklfk zh fdoo lq wklv sdshu wkh surgxfwlylw| h�hfw

ri lqwhuqdwlrqdo wudgh rq hpsor|phqw1

Orrnlqj dw wklv uhdvrqlqj pruh fduhixoo|/ wkh wudgh0uhodwhg surgxfwlylw|
h�hfw rq hpsor|phqw uhtxluhv= +l, h{sruwv ru2dqg lpsruw frpshwlwlrq d�hfw
whfkqrorj| +phdvxuhg e| surgxfwlylw|, dqg +ll, wklv lqfuhdvh lq surgxfwly0
lw| d�hfwv hpsor|phqw1 Qrwh wkdw/ lq sulqflsoh/ wkh �uvw frqglwlrq fdq jr
lq erwk gluhfwlrqv1 Rq wkh rqh kdqg/ grphvwlf frpsdqlhv pd| qrw eh deoh
wr frsh zlwk iruhljq frpshwlwlrq1 Lq wklv fdvh/ lqwhuqdo uhvwuxfwxulqj lq wkh
irup ri od|0r�v grhv qrw nhhs xs zlwk wkh ghfolqh lq vdohv vr wkdw grphv0
wlf �upv duh frqiurqwhg zlwk idoolqj surgxfwlylw|1 Rq wkh rwkhu kdqg/ wudgh
pd| lqgxfh �upv wr vxffhvvixoo| lqwurgxfh surgxfwlylw|0hqkdqflqj whfkqror0
jlhv1 Wklv vlwxdwlrq lv pruh sodxvleoh zlwk odujh klulqj dqg �ulqj frvwv zklfk
duh suhvhqw lq wkh Hxurshdq hfrqrplhv vhh Ehuwrod +4<<3,/ Juxee dqg Zhoov
+4<<6,/ Ehqwrolod dqg Ehuwrod +4<<3,/ Jduledogl +4<<;, dqg Errwk +4<<:,1
Vxfk klulqj dqg �ulqj frvwv xqdpeljrxvo| ghfuhdvh hpsor|phqw yduldwlrq lq
uhvsrqvh wr ydulrxv hfrqrplf vkrfnv1 Iru wkh XV/ Ehuqdug dqg Mhqvhq +4<<;
dqg 4<<<, �qg qr hylghqfh iru d srvlwlyh lpsdfw ri h{sruwv rq surgxfwlylw|1
Fdxvdolw| jrhv lq wkh rwkhu gluhfwlrq = pruh surgxfwlyh �upv ehfrph ehwwhu
h{sruwhuv1 Wkh uhvxowv ri Odzuhqfh +4<<<, zkr xvhv erwk sulfh dqg txdqwlw|
phdvxuhv lqglfdwh wkdw lpsruw frpshwlwlrq kdv d srvlwlyh lpsdfw rq XV wrwdo
idfwru surgxfwlylw|1 Wklv h�hfw zdv pdlqo| suhvhqw lq vnloo0lqwhqvlyh vhfwruv
dqg lqgxvwulhv frpshwlqj zlwk ghyhorslqj frxqwulhv1 Zlwk vwxglhv iru Hxursh
odfnlqj/ zh ixuwkhu h{soruh wkh olqn ehwzhhq lqwhuqdwlrqdo wudgh dqg surgxf0
wlylw|1 Exw zh jr d vwhs ixuwkhu e| h{solflwo| frpsxwlqj wkh hpsor|phqw
h�hfwv ri wudgh0uhodwhg surgxfwlylw| fkdqjhv1

6 D Hxurshdq prgho iru hpsor|phqw dgmxvw0

phqwv

614 Wkh vhw0xs ri wkh prgho

Lq wkh iroorzlqj sdjhv zh sursrvh d Hxurshdq prgho iru hpsor|phqw dgmxvw0
phqwv zklfk h{solflwo| uhodwhv fkdqjhv lq oderxu dqg wrwdo idfwru surgxfwlylw|
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wr h{sruwv dqg lpsruwv lq dgglwlrq wr fdswxulqj wkh h{sruw ghpdqg dqg lp0
sruw frpshwlwlrq h�hfwv rq vhfwrudo hpsor|phqw1 Wklv prgho vhuyhv dv d
edfnjurxqg iru wkh hpslulfdo dqdo|vlv zklfk lv wkh sulpdu| irfxv ri wklv sd0
shu1 Zh frqvlghu rqh uhsuhvhqwdwlyh vhfwru iru zklfk d prgho ri prqrsrolvwlf
frpshwlwlrq lv frqvwuxfwhg1 Surgxfw gl�huhqwldwlrq lv frqvlvwhqw zlwk wkh
revhuydwlrq wkdw wkh HX0frxqwulhv* wudgh zlwk hdfk rwkhu dqg wkh uhvw ri wkh
zruog lv pdlqo| ri wkh lqwud0lqgxvwu| w|sh1 Lq rxu ghulydwlrqv/ wkh vxevfulsw
� uhihuv wr d vshfl�f frxqwu|1 Dvvxph wkdw wkhuh duh 6 frxqwulhv1 Lq hdfk
frxqwu|/ wkhuh duh ?� lghqwlfdo �upv lq wkh uhsuhvhqwdwlyh lqgxvwu|1 Wkhuhiruh/
�upv zlwklq wkh vdph frxqwu| fkdujh wkh vdph sulfh1

Wkh zruogzlgh uhdo frqvxpswlrq Ef� ri wkh surgxfwv ri d uhsuhvhqwd0
wlyh lqgxvwu| lv h{suhvvhg lq d Gl{lw0Vwljolw} iudphzrun1 Lq wkh iroorzlqj
h{suhvvlrq/ f� uhihuv wr wkh vhfwrudo surgxfwlrq ri frxqwu| �1 Ehfdxvh ri wkh
dvvxpswlrq ri ?� lghqwlfdo �upv lq wkh vhfwru ri wklv frxqwu| �/ f� htxdov
?��%� zkhuh %� ghqrwhv wkh surgxfwlrq ri dq lqglylgxdo �up1 j +zlwk j " �,
lv wkh hodvwlflw| ri vxevwlwxwlrq1

f '

#
6[
�'�

f
Ej3��*j
�

$j*Ej3��

'

#
6[
�'�

E?��%��
Ej3��*j

$j*Ej3��

+4,

Vwdqgdug xwlolw| pd{lplvdwlrq +vhh Gl{lw dqg Vwljolw}/ 4<::, |lhogv wkh
iroorzlqj ghpdqg ixqfwlrq iru wkh rxwsxw ri frxqwu| � =

f� ' ?��%� '
�
R�
�

�
3j

�
.

�
+5,

zlwk R� dv wkh sulfh zklfk suhydlov iru doo �upv lq frxqwu| �/ � '
�

6S
�'�

R�3j�

� �

�3j

dv wkh sulfh lqgh{ ri pdqxidfwxulqj frqvxpswlrq dqg . ' R��f� dv wkh zruog0
zlgh h{shqglwxuhv rq wkh surgxfwv ri wkh uhsuhvhqwdwlyh vhfwru1 Wkh lqyhuvh
ghpdqg ixqfwlrq lv wkhq htxdo wr=

R� '
.

f

�
f�

f

�
3�*j

'
.

f

�
?��%�

f

�
3�*j

+6,

Qh{w/ zh wxuq wr wkh vxsso| vlgh ri wkh prgho1 Wrwdo frvwv ri dq lqglylgxdo
�up lq frxqwu| � duh wkh vxp ri �{hg frvwv E8�� dqg yduldeoh frvwv ��� Wkh
yduldeoh frvwv duh ghwhuplqhg e| wkh frvw ri oderxu E��� dqg fdslwdo Eo��1
Iru wkh yduldeoh frvw ixqfwlrq/ d Frqvwdqw Uhwxuqv wr Vfdoh Free0Grxjodv
ixqfwlrq lv xvhg +vhh Yduldq 4<;7/ s15<,1 Wkhuhiruh/ wkh wrwdo frvwv �|J|

� duh =
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�|J|
� ' 8� n �� ' 8� ng���

3�
� ��

�
�

� �o
�3�

�

� %� +7,

zkhuh g� ' �
3�

�

� � E�� ���
E�

�
3��

Lq wklv h{suhvvlrq/ �� uhihuv wr whfkqrorjlfdo surjuhvv dqg g� uhihuv wr d
frqvwdqw1 Zkhq xvlqj h{suhvvlrq +7,/ ghfolqlqj dyhudjh frvwv dqg hfrqrplhv
ri vfdoh duh lqwurgxfhg1 Wkh sur�wv ri dq lqglylgxdo �up duh jlyhq e| =
Z� ' R��f� � �|J|

� 1 Iurp h{suhvvlrq +6, dqg dvvxplqj wkdw �upv duh vxi0
�flhqwo| vpdoo vr wkdw wkh| duh qrw deoh wr lq xhqfh djjuhjdwh surgxfwlrq
zkhq wkhlu lqglylgxdo surgxfwlrq ulvhv/ wkh shufhlyhg hodvwlflw| ri ghpdqg
htxdov j� Zkhq S� ghqrwhv pdujlqdo frvwv/ wkh �uvw rughu frqglwlrq uhgxfhv
wr =

R��
�
��

�

j

�
' S� +8,

zlwk S� ' g���
3�
� ��

�
�

� �o
�3�

�

� �

Frpelqlqj h{suhvvlrqv +6, dqg +8, jlyhv wkh htxloleulxp vhfwrudo gh0
pdqg2rxwsxw ri d uhsuhvhqwdwlyh vhfwru lq frxqwu| � =

f� '
�

j

j � �

�
3j

�S3j� �.j�f�3j +9,

Iru ghulylqj wkh frqglwlrqdo oderxu ghpdqg E,�� ri dq lqglylgxdo �up/ zh
dsso| Vkhsdug*v ohppd wr +7, =

,� ' g���
3�
� �����

�
�
3�

� �o
�3�

�

� �%� +:,

Ehfdxvh �upv zlwklq d vhfwru duh lghqwlfdo/ wrwdo vhfwrudo hpsor|phqw
htxdov u� ' ?��,� =

u� ' g���
3�
� �����

�
�
3�

� �o
�3�

�

� �f� +;,

Vxevwlwxwlqj +9, lqwr +;, dqg xvlqj wkh h{suhvvlrq iru S�/ oderxu ghpdqg
ri d uhsuhvhqwdwlyh vhfwru uhgxfhv wr =

*? Eu�� ' C� n j� *? E.�� Ej � �� � *? Ef� +<,

� E��� Ej � �� n �� � *? E���� E�� ��� � Ej � �� � *? Eo��

n Ej � �� � *? E���

zlwk C� ' E�� j�� *? Eg�� n *? E���� j� *? Ej� n j� *? Ej � ��

9



615 Wkh h{sruw ghpdqg h�hfw

Lq htxdwlrq +<,/ wkh yduldeoh . fdswxuhv wkh h�hfw ri dq h{sdqvlrq lq zruog0
zlgh h{shqglwxuhv rq vhfwrudo hpsor|phqw1 Dffruglqj wr wkh wkhruhwlfdo
prgho zkhuh j lv odujhu wkdq 4/ zh h{shfw wkdw dq lqfuhdvh lq wklv yduldeoh
srvlwlyho| lq xhqfhv vhfwrudo oderxu ghpdqg1 Iru wkh sxusrvh ri wklv sdshu/
zh uhodwh wklv yduldeoh . wr wkh h{sruw ghpdqg h�hfw glvfxvvhg hduolhu1 Iru
wklv uhdvrq/ zh phdvxuh . e| wrwdo vhfwrudo h{sruw ghpdqg +.f� �1

616 Wkh lpsruw frpshwlwlrq h�hfw

Lq rxu prgho/ hqkdqfhg iruhljq frpshwlwlrq lv fdswxuhg e| dq lqfuhdvh lq wkh
vhfwrudo rxwsxw ri d iruhljq frxqwu| �1 Zlwk wkh dlg ri htxdwlrqv +4, dqg +<,/
zh frpsxwh wkh lpsdfw ri lqfuhdvhg iruhljq rxwsxw rq vhfwrudo hpsor|phqw
ri frxqwu| � =

B *? Eu��

B *? Ef��
'

B *? Eu��

B *? Ef�
�
B *? Ef�

B *? Ef��
' � Ej � �� �

�
���f�

.

�Ej3��*j
! f +43,

Dv vhhq lq wkh deryh htxdwlrq/ wklv h�hfw lv qhjdwlyh1 Pruhryhu/ wkh
kljkhu wkh iruhljq pdunhw vkduh +dv phdvxuhg e| ���f�*.,/ wkh vwurqjhu wkh
qhjdwlyh lpsdfw rq grphvwlf vhfwrudo hpsor|phqw1 Lq rxu hpslulfdo zrun/ zh
phdvxuh iruhljq lpsruw frpshwlwlrq e| wkh lpsruw shqhwudwlrq udwlr zklfk
lv gh�qhg dv lpsruwv glylghg e| wkh gl�huhqfh ehwzhhq surgxfwlrq dqg qhw
h{sruwv1

617 Wkh surgxfwlylw|0uhodwhg dqg wrwdo h�hfwv ri lqwhu0
qdwlrqdo wudgh rq hpsor|phqw

Lq rxu wkhruhwlfdo prgho/ �� phdvxuhv wkh lpsdfw ri whfkqrorj| rq hpsor|0
phqw1 Lq wkh hpslulfdo zrun/ zh zdqw wr glvwlqjxlvk ehwzhhq wkh fdvhv ri
oderxu0vdylqj dqg oderxu0dxjphqwlqj whfkqrorjlfdo surjuhvv1 Lq dgglwlrq/
zh qhhg dq lqglfdwru wkdw fdswxuhv wkh uroh ri whfkqrorj|1 Iroorzlqj d vlp0
lodu phwkrgrorj| dv Fdug/ Nudpdu} dqg Ohplhx{ +4<<9,/ zh phdvxuh wkh
��0yduldeoh ri h{suhvvlrq +<, e| wzr surgxfwlylw| yduldeohv lq wkh uhjuhvvlrq
htxdwlrq iru vhfwrudo hpsor|phqw1 Wkh �uvw yduldeoh zh xvh lv ydoxh dgghg
shu zrunhu +YD, zklfk uh hfwv jdlqv lq dyhudjh oderxu surgxfwlylw|1 Wkh

:



rwkhu yduldeoh/ wrwdo idfwru surgxfwlylw| +WIS,6/ phdvxuhv jdlqv wkdw udlvh
surgxfwlylw| ri doo surgxfwlrq idfwruv1 Ohw �-�(� uhsuhvhqw wkh yduldeoh
xvhg +T �� ru A8��, wr suhglfw wkh ��0yduldeoh ri htxdwlrq +<, =

Ej � �� � *? E��� ' b� *? E�-�(�� n 0� +44,

Edvhg rq htxdwlrqv +<, dqg +44,/ zh vshfli| wkh vhfwrudo hpsor|phqw
htxdwlrq =

*?E.��u�|� ' k�� n q�� *? E.f��|� n ��� *? EU���|� +45,

n#�� *? E`�C.�|� n b�� *? E�-�(�|� n ���|

Lq wklv h{suhvvlrq/ � dqg | qrz ghqrwh uhvshfwlyho| lqgxvwu| dqg wlph/
@�� uhihuv wr d gxpp| zklfk fdswxuhv rplwwhg lqgxvwu| vshfl�f h�hfwv dqg
��| lv wkh huuru whup zklfk uhsuhvhqwv d frpelqdwlrq ri wkh huuru whup ri
h{suhvvlrq +44, dqg rwkhu huuru whupv gxh wr hvwlpdwlrq ri htxdwlrq +45,1
Wklv uhjuhvvlrq htxdwlrq surylghv dq hvwlpdwh ri wkh lpsdfw ri surgxfwlylw|
rq hpsor|phqw zklfk lv rqh dvshfw ri wkh surgxfwlylw| h�hfw ri lqwhuqdwlrqdo
wudgh rq hpsor|phqw1 Zkhq b lv srvlwlyh/ lqfuhdvhv lq surgxfwlylw| duh
oderxu0dxjphqwlqj1 Li b lv qhjdwlyh/ zh rewdlq wkh fdvh ri oderxu0vdylqj
surgxfwlylw| lqfuhdvhv71

Wkh rwkhu dvshfw ri wkh surgxfwlylw| h�hfw ri lqwhuqdwlrqdo wudgh rq hp0
sor|phqw frqfhuqv wkh lpsdfw ri wudgh lqwhjudwlrq rq surgxfwlylw|1 Iru wklv
sxusrvh/ zh lqwurgxfh d vhfrqg htxdwlrq zkhuh surgxfwlylw| lv uhjuhvvhg xsrq
wudgh dqg rwkhu yduldeohv =

*?E�-�(�|� ' k�2 n q2� *?E.f��|� n �2� *?EU���|� +46,

nB2� *?E-(�|� n �2��A�| n )2� *?E����|� n �2�|

Rxu pdlq irfxv lq htxdwlrq +46, lv rq wkh uhjuhvvlrq frh!flhqwv iru wkh
h{sruw dqg lpsruw yduldeoh1 Wkhvh frh!flhqwv fdq eh srvlwlyh ru qhjdwlyh gh0
shqglqj rq zkhwkhu frpsdqlhv vxffhvvixoo| lpsuryh surgxfwlylw| zkhq idfhg

6Wkh frqvwuxfwlrq ri wklv yduldeoh lv glvfxvvhg lq wkh Dsshqgl{1
7Dffruglqj wr h{suhvvlrq +<,/ lw lv dovr fohdu wkdw wkh zdjh hodvwlflw| vkrxog eh qhjdwlyh1

Dovr uhpdun wkdw wkh fdslwdo frvwv duh rplwwhg iurp wkh uhjuhvvlrq htxdwlrq1 Fdslwdo
frvwv fdq krzhyhu eh fdswxuhg e| wlph gxpplhv1 Lqwurgxflqj wkhvh wlph gxpplhv glg
qrw vljql�fdqwo| fkdqjh rxu uhvxowv1 Wkhuhiruh/ zh glg qrw lqfoxgh wlph gxpplhv lq rxu
uhjuhvvlrq htxdwlrqv1

;



zlwk lqwhuqdwlrqdo frpshwlwlrq ru duh lqvwhdg vwuxjjolqj zlwk lqwhuqdo uhvwuxf0
wxulqj1 Wkh ��� yduldeoh uhihuv wr wkh fdslwdo vwrfn shu hpsor|hh dqg lv
lqfoxghg ehfdxvh oderxu0vdylqj whfkqrorjlhv duh xvxdoo| dffrpsdqlhg e| lq0
yhvwphqw lq qhz pdfklqhu|81 -( duh U)G h{shqglwxuhv shu hpsor|hh zklfk
dfw dv dq lqsxw lqglfdwru ri lqqrydwlrq dqg ��A duh wkh uhodwlyh judqwhg
sdwhqwv zklfk duh d phdvxuh iru lqqrydwlyh rxwsxw91

Frpelqlqj wkh wzr dvshfwv mxvw phqwlrqhg |lhogv wkh surgxfwlylw| h�hfwv
ri lqwhuqdwlrqdo wudgh rq hpsor|phqw1 Iru wklv sxusrvh/ lw lv xvhixo wr vxe0
vwlwxwh htxdwlrq +46, lqwr htxdwlrq +45,1

*?E.��u��| ' k� n q� *?E.f��|� n �� *?EU���|� +47,

n#� *?E`�C.�|� n B� *?E-(�|� n ����A n )� *?E����|�

n��|

zlwk k�@k��.b�1k�2/ q ' q
�
n b��q2

/ � ' �
�
n b���2

c # ' #
�
c B ' b��B2/

� ' b���2/ ) ' b��)2
dqg ��| ' ���| n b���2�|�

Lq wklv htxdwlrq/ wkh h�hfw ri dq lqfuhdvh lq h{sruw ghpdqg rq hpsor|0
phqw zklfk rffxuv yld dq lqfuhdvh lq surgxfwlylw| htxdov b��q2

1 Dqdorjrxvo|/
b���2

uhihuv wr wkh surgxfwlylw| h�hfw ri lqfuhdvhg lpsruw frpshwlwlrq rq hp0
sor|phqw1 Htxdwlrq +47, dovr |lhogv wkh wrwdo lpsdfw ri h{sruw ghpdqg rq
hpsor|phqw dv phdvxuhg e| wkh q frh!flhqw1 Wklv wrwdo h�hfw lv wkh vxp
ri wkh h{sruw ghpdqg h�hfw/ q

�
/ dqg wkh surgxfwlylw| h�hfw ri h{sruwv rq

hpsor|phqw/ b��q2
1 Vlploduo|/ � fdswxuhv wkh wrwdo lpsdfw ri lpsruw frpsh0

wlwlrq rq wudgh dqg frqvlvwv ri wkh gluhfw +�, dqg wkh surgxfwlylw| lqgxfhg
h�hfwv +b���2

, ri lpsruw frpshwlwlrq rq vhfwrudo hpsor|phqw1

8Qrwh wkdw zkhq zh xvh wrwdo idfwru surgxfwlylw| dv wkh surgxfwlylw| yduldeoh/ fdslwdo
shu hpsor|hh zloo qrw eh lqfoxghg lq wkh uhjuhvvlrq htxdwlrq ehfdxvh wklv odvw yduldeoh lv
lqfoxghg lq wkh wrwdo idfwru surgxfwlylw| yduldeoh1

9Xqghu uhodwlyh judqwhg sdwhqwv/ zh xqghuvwdqg wkh judqwhg sdwhqwv lq d fhuwdlq |hdu
uhodwlyh wr wkh wrwdo judqwhg sdwhqwv lq wkdw |hdu1 Qrwh wkdw wklv yduldeoh lv qrw h{suhvvhg
lq orjdulwkpv ehfdxvh iru fhuwdlq |hduv wkh gdwd vkrz d ydoxh ri 31

<



7 Dq hpslulfdo lqyhvwljdwlrq

714 Gdwd ghvfulswlrq dqg hfrqrphwulf phwkrgrorj|

Zh hvwlpdwh uhjuhvvlrq htxdwlrqv +45, dqg +46, iru whq HX0frxqwulhv = Eho0
jlxp/ Ghqpdun/ Ilqodqg/ Iudqfh/ Jhupdq|/ Lwdo|/ wkh Qhwkhuodqgv/ Vsdlq/
Vzhghq dqg wkh Xqlwhg Nlqjgrp1 Iru hdfk frxqwu|/ wkh gdwd vhw fryhuv <
vhfwruv ri wkh pdqxidfwxulqj vhfwru fodvvl�hg dffruglqj wr wkh *Lqwhuqdwlrqdo
Vwdqgdug Lqgxvwuldo Fodvvl�fdwlrq* +LVLF, uhylvlrq 51 H{fhsw iru Vsdlq/ wkh
gdwd vhw vwduwv dw 4<:; dqg hqgv dw 4<<7 iru prvw frxqwulhv1 Wkh vrxufhv dqg
wkh frqvwuxfwlrq ri wkh gdwd duh glvfxvvhg lq Dsshqgl{ D1 H{fhsw iru lpsruw
shqhwudwlrq dqg uhodwlyh judqwhg sdwhqwv/ doo yduldeohv duh gh dwhg1

Olnh rwkhu wudgh0uhodwhg hpslulfdo zrun +h1j1 Frh dqg Khospdq/ 4<<8,/
zh �uvw qhhg wr frq�up zkhwkhu rxu gdwd duh qrqvwdwlrqdu|1 Zkhq wkh
gdwd duh qrqvwdwlrqdu|/ zh qhhg wr xvh �uvw gl�huhqfhv iru rxu hvwlpdwlrqv1
Krzhyhu/ xvlqj �uvw gl�huhqfhv zkhq yduldeohv wxuq rxw wr eh frlqwhjudwhg
zrxog eh frxqwhusurgxfwlyh/ vlqfh wkh orqj0whup uhodwlrqvkls ehwzhhq wkhvh
yduldeohv zrxog ehfrph revfxuhg +Juhhqh/ 4<<:,1 Zh wkhuhiruh shuiruphg
vhyhudo xqlw urrw dqg frlqwhjudwlrq whvwv1 Iluvw/ zh frpsxwhg Glfnh|0Ixoohu
+GI, dqg Dxjphqwhg Glfnh|0Ixoohu +DGI, whvwv iru wkh gdwd ri wkh lqglylgxdo
lqgxvwulhv ri wkh gl�huhqw frxqwulhv1 Lq jhqhudo/ wkhvh GI dqg DGI0whvwv
vkrz wkdw wkh k|srwkhvlv ri wkh suhvhqfh ri d xqlw urrw fdqqrw eh uhmhfwhg1
Krzhyhu/ wkh srzhu ri wkhvh whvwv lv yhu| orz vlqfh zh duh ghdolqj zlwk rqo|
vhyhqwhhq dqqxdo revhuydwlrqv lq rxu sdqho1 Wkh zrun ri Lp/ Shvdudq dqg
Vklq +4<<9, vkrzv GI dqg DGI whvwv zklfk duh txlwh hdv| wr frpsxwh zkhq
zrunlqj zlwk sdqhov zlwk d vpdoo wlph dqg furvv0vhfwlrq glphqvlrq1 Wkhlu
whvwv duh edvhg rq wkh phdq ri wkh xqlw urrw vwdwlvwlfv ri wkh lqglylgxdo
lqgxvwulhv1 Xvlqj wkh xqlw urrw dqg frlqwhjudwlrq whvwv edvhg rq wkh zrun
ri wkhvh dxwkruv/ lw wxuqv rxw wkdw lq jhqhudo wkh k|srwkhvlv ri wkh suhvhqfh
ri d xqlw urrw ri wkh gl�huhqw yduldeohv frxog qrw eh uhmhfwhg1 Pruhryhu/
wkh frlqwhjudwlrq whvwv vkrzhg wkdw wkh huuru whupv ri wkh uhjuhvvlrqv duh
qrqvwdwlrqdu| prvw ri wkh wlph1 Zh krzhyhu ghflghg wr jlyh wkh uhjuhvvlrq
uhvxowv dv zhoo lq ohyhov dv lq �uvw gl�huhqfhv +vhh Dsshqgl{ E dqg F, vlqfh
wkh hfrqrphwulfv rq xqlw urrw dqg frlqwhjudwlrq whvwv iru sdqho gdwd lv vwloo lq
surjuhvv dqg rxu hpskdvlv lv rq wkh wkhruhwlfdo prgho dqg wkh lqwhusuhwdwlrq
ri wkh hvwlpdwhg frh!flhqwv1

Wkh hpsor|phqw dqg surgxfwlylw| uhjuhvvlrq frqvwlwxwh d uhfxuvlyh prgho
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ehfdxvh wkh surgxfwlylw| htxdwlrq grhv qrw frqwdlq dq| hqgrjhqrxv yduldeohv
iurp wkh oderxu ghpdqg htxdwlrq/ zkloh wklv odwwhu htxdwlrq frqwdlqv hqgrjh0
qrxv yduldeohv frplqj iurp wkh wkh iruphu htxdwlrq1 Pruh vshfl�fdoo|/ wkh
hpsor|phqw htxdwlrq ghshqgv rq surgxfwlylw| zklfk lq wxuq lv h{sodlqhg
e| d vhw ri h{rjhqrxv h{sodqdwru| yduldeohv1 Wr fdswxuh lq wkh hpsor|phqw
htxdwlrq rqo| wkh surgxfwlylw| fkdqjhv wkdw duh h{sodlqhg e| lpsruw shqh0

wudwlrq/ h{sruw ghpdqg/ fdslwdo lqwhqvlw| dqg whfkqrorj| yduldeohv/ zh xvh d
wzr vwdjh ohdvw vtxduhv dssurdfk e| vxevwlwxwlqj wkh �wwhg ydoxhv ri wkh sur0
gxfwlylw| phdvxuh rewdlqhg e| wkh uhjuhvvlrq uhvxowv ri htxdwlrq +46, lqwr
htxdwlrq +45,1 Zh ixuwkhupruh xvh d �{hg h�hfwv dssurdfk1 Zh ghdo zlwk dq
h{kdxvwlyh vdpsoh dqg Kdxvpdq whvwv vkrz wkdw wklv �{hg h�hfwv dssurdfk
lq frpsdulvrq zlwk wkh udqgrp h�hfwv lv dssursuldwh +Pdw|dv dqg Vhyhvwuh/
4<<9,1

Hduo| uhjuhvvlrq uhvxowv srlqwhg wr dxwrfruuhodwlrq1 Lq rughu wr frp0
elqh wzr vwdjh ohdvw vtxduhv dqg d fruuhfwlrq iru dxwrfruuhodwlrq/ zh xvh wkh
phwkrgrorj| ri Idlu +4<:3,1 Wkh surgxfwlylw| htxdwlrq lv hvwlpdwhg zlwk
wkh dlg ri d Frfkudqh0Rufxww lwhudwlyh whfkqltxh1 Lq rughu wr hvwlpdwh wkh
oderxu ghpdqg htxdwlrq/ zh �uvw hvwlpdwh htxdwlrq +46, zlwkrxw d fruuhfwlrq
iru dxwrfruuhodwlrq1 Wkh �wwhg ydoxhv ri wklv htxdwlrq duh wkhq vxevwlwxwhg lq
htxdwlrq +45,1 Wkhq/ wklv htxdwlrq lv dovr hvwlpdwhg zlwk d Frfkudqh0Rufxww
lwhudwlyh phwkrg1 Zkhq xvlqj wklv dssurdfk/ wkh vwdqgdug huuruv ri wkh hp0
sor|phqw htxdwlrq duh fruuhfwhg iru wkh xvh ri wkh jhqhudwhg uhjuhvvruv iurp
wkh �uvw vwdjh1

Wr fkhfn wkh urexvwqhvv ri rxu uhvxowv/ zh shuiruphg vhyhudo frqvlvwhqf|
fkhfnv zklfk duh qrw uhsruwhg exw fdq eh rewdlqhg iurp wkh dxwkruv1 Zh hv0
wlpdwhg uhjuhvvlrqv wdnhq odjv ri vhyhudo h{sodqdwru| yduldeohv1 Lq rxu ylhz/
wklv zdv prvw ri doo qhfhvvdu| iru wkh U)G yduldeoh ehfdxvh lqyhvwphqwv lq
U)G wdnh d orqj wlph wr pdwxuh1 Lq jhqhudo/ rxu uhvxowv glg qrw vljql�0
fdqwo| fkdqjh zkhq odjjhg yduldeohv zhuh lqwurgxfhg vr wkdw zh suhvhqw wkh
hvwlpdwlrq uhvxowv zlwkrxw dq| odjv1

715 Wkh h{sruw ghpdqg h�hfw

Rqh lpsruwdqw wkhph ri wklv sdshu lv wkh frqwulexwlrq ri lqwhuqdwlrqdo wudgh
wr wrwdo vhfwrudo hpsor|phqw lq wkh Hxurshdq hfrqrp|1 Wdeohv E141/ E151/
E161 dqg E171 +vhh Dsshqgl{ E, vkrz wkh uhvxowv iru uhjuhvvlrq htxdwlrq +45,
h{suhvvhg lq ohyhov dqg �uvw gl�huhqfhv zkhq xvlqj ydoxh dgghg ru wrwdo idfwru
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surgxfwlylw| dv wkh surgxfwlylw| yduldeoh1 Wkh hvwlpdwhg uhvxowv ri wkhvh wd0
eohv duh txlwh vdwlvidfwru|1 H{fhsw iru Lwdo| dqg Vsdlq/ hvwlpdwhg frh!flhqwv
ri wkh h{sruw ghpdqg/ lpsruw shqhwudwlrq/ surgxfwlylw| dqg oderxu frvw ydul0
deohv xvxdoo| fduu| wkh h{shfwhg vljqv dqg duh lq prvw fdvhv vljql�fdqw dw
wkh frqyhqwlrqdo frq�ghqfh ohyhov1

Wdeoh 4 irfxvhv rq wkh h{sruw ghpdqg h�hfw lq juhdwhu ghwdlo e| suhvhqwlqj
wkh uhjuhvvlrq frh!flhqwv iru q

�
lq htxdwlrq +45,/ xvlqj ydulrxv hvwlpdwlrq

whfkqltxhv1 Wklv wdeoh �qgv hylghqfh iru d urexvw h{sruw ghpdqg h�hfw lq
prvw Hxurshdq frxqwulhv1 Zkhq xvlqj hlwkhu wkh hvwlpdwlrq uhvxowv lq ohyhov
ru lq �uvw gl�huhqfhv/ vwdwlvwlfdoo| uhjuhvvlrq frh!flhqwv iru h{sruwv zlwk YD
duh lq jhqhudo kljkhu zkhq WIS lv xvhg dv surgxfwlylw| yduldeoh1 Frpsdu0
lqj hodvwlflwlhv dfurvv frxqwulhv/ vwdwlvwlfdoo| vljql�fdqw uhjuhvvlrq frh!flhqwv
udqjh iurp 3139 lq Iudqfh wr 317< lq Ghqpdun1 Vwurqj h{sruw ghpdqg h�hfwv
duh dovr irxqg lq Vzhghq dqg wkh XN1 Zlwk wkh h{fhswlrq ri wklv odvw frxqwu|/
h{sruw jurzwk dsshduv wr fuhdwh pruh mrev lq wkh vpdoohu wkdq lq wkh odujhu
Hxurshdq frxqwulhv dowkrxjk gl�huhqfhv ehwzhhq hvwlpdwlrq whfkqltxhv eoxu
wklv slfwxuh vrphzkdw1

Wdeoh 4= Wkh h{sruw ghpdqg h�hfw

YD WIS

frxqwu| ohyhov �uvw gl�huhqfhv ohyhov �uvw gl�huhqfhv

Ehojlxp 3149WW 3164WW 313<WW 3153WW

Ghqpdun 3149WW 3173WW 3144W 317<W

Ilqodqg 3146WW 3174WW 3138 3147W

Iudqfh 3139WW 315:WW 313:WW 3138

Jhupdq| 3146WW 3145WW 313<W 3155W

Lwdo| 03135 3138 03136 3136

Qhwkhuodqgv 3146WW 315<WW 3144WW 3144

Vsdlq 3136 313:W 3135 3134

Vzhghq 314<WW 3165WW 3145WW 3155WW

XN 314:WW 3167WW 3154WW 3159WW

WW vljql�fdqfh dw wkh 8 ( ohyho +wzr0wdlohg whvw,
W vljql�fdqfh dw wkh 43 ( ohyho +wzr0wdlohg whvw,

Wr jhw dq lghd ri wkh lpsruwdqfh ri wkh h{sruw ghpdqg h�hfw/ zh frp0
sxwh wkh dffxpxodwhg h{sruw0lqgxfhg hpsor|phqw fuhdwlrq lq Ghqpdun dqg
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Iuhqfk pdqxidfwxulqj/ wkh frxqwulhv zlwk wkh kljkhvw dqg orzhvw vwdwlvwlfdoo|
vljql�fdqw hodvwlflwlhv1 Whqwdwlyho| dsso|lqj dq hodvwlflw| wr wkh revhuyhg
jurzwk lq uhdo h{sruwv lq wkh shulrg 4<:;04<<7 ri 317< lq wkh fdvh ri Ghqpdun
dqg 3139 lq wkh fdvh ri Iudqfh/ zh rewdlq dq dffxpxodwhg hpsor|phqw fuh0
dwlrq ri 476/;83 mrev lq Ghqpdun dqg 4;9/68: mrev lq Iudqfh1 Wklv dprxqwv
wr 5; ( ri wkh dyhudjh zrunirufh ri 833/87: shrsoh gxulqj wklv shulrg lq
Ghqpdun dqg 6 ( ri wkh dyhudjh zrunirufh ri 7/:<5/4:9 shrsoh gxulqj wkh
vdph shulrg lq Iudqfh1 Wkrvh qxpehuv duh vxevwdqwldo dqg lw lv wkhuhiruh
xqiruwxqdwh wkdw wkh vhfwrudo hpsor|phqw h�hfwv ri h{sruw h{sdqvlrq uhfhlyh
vfdqw dwwhqwlrq lq wkh wudgh0uhodwhg olwhudwxuh1

716 Wkh lpsruw frpshwlwlrq h�hfw

Wxuqlqj wr wkh lpsruw frpshwlwlrq h�hfw lq Wdeoh 5/ lqfuhdvhg lpsruw shqh0
wudwlrq ghvwur|v vhfwrudo hpsor|phqw lq d qxpehu ri frxqwulhv1 Wklv h�hfw lv
prvw suhvhqw lq wkh Vfdqglqdyldq frxqwulhv exw dovr revhuyhg lq wkh XN/ wkh
Qhwkhuodqgv dqg Ehojlxp1 Irfxvlqj djdlq wr wkh pdjqlwxgh ri wkh hpsor|0
phqw dgmxvwphqwv lqyroyhg/ zh vhohfw Ghqpdun zlwk wkh vwurqjhvw lpsruw
frpshwlwlrq h�hfw ri 031;5 dqg Ehojlxp zlwk wkh orzhvw vwdwlvwlfdoo| vljql�0
fdqw hodvwlflw| ri 031371 Zh qrwh wkdw lpsruw shqhwudwlrq lq pdqxidfwxulqj
juhz e| 57 ( iurp 4<:;04<<7 lq Ghqpdun dqg e| 7< ( lq Ehojlxp gxulqj wklv
vdph shulrg1 Iurp 4<:;04<<7/ lpsruw frpshwlwlrq frvwv wkh mre ri 8</<:6
zrunhuv ru 44 ( ri wkh dyhudjh pdqxidfwxulqj oderxu irufh lq Ghqpdun1 Iru
Ehojlxp/ 49/367 mrev 0 zklfk uhsuhvhqwv 4 ( ri wkh dyhudjh oderxu irufh gxu0
lqj 4<:;04<<7 0 zhuh orvw1 Wkhvh �qglqjv vxjjhvw wkdw iru vrph Hxurshdq
frxqwulhv lpsruw frpshwlwlrq pdwwhuv d orw/ zkloh iru rwkhuv lpsruw frpshwl0
wlrq lv qrw wkh pdlq gulylqj irufh iru hpsor|phqw dgmxvwphqwv1 Wklv fohduo|
lv lq frqwudvw zlwk wkh edvlf wkuxvw ri wkh olwhudwxuh zkhuh wkhuh lv olwwoh hyl0
ghqfh iru wkh lpsruw frpshwlwlrq h�hfw1 Dv dujxhg hduolhu/ prvw vwxglhv irfxv
rq wkh XV zklfk lv ohvv rshq wkdq Hxursh1 Wkhuhiruh/ hpsor|phqw h�hfwv
fdxvhg e| lqfuhdvhg lpsruw frpshwlwlrq pd| eh kljkhu lq Hxursh wkdq lq wkh
XV1
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Wdeoh 5= Wkh lpsruw frpshwlwlrq h�hfw

YD WIS

frxqwu| ohyhov �uvw gl�huhqfhv ohyhov �uvw gl�huhqfhv

Ehojlxp 03137WW 0314:WW 03134 03138

Ghqpdun 03178WW 03199WW 0317<WW 031;5WW

Ilqodqg 0314;WW 0314; 03154WW 0314;WW

Iudqfh 3133: 03149W 31336 031336

Jhupdq| 3138 03136 3139 03139

Lwdo| 03134 03138W 03134 03139W

Qhwkhuodqgv 03143W 03167WW 0313; 0313;

Vsdlq 3138 03137 3138 03134

Vzhghq 03178WW 031<:WW 03174WW 0316;WW

XN 03145WW 0315:WW 03149WW 03153WW

WW vljql�fdqfh dw wkh 8 ( ohyho +wzr0wdlohg whvw,
W vljql�fdqfh dw wkh 43 ( ohyho +wzr0wdlohg whvw,

717 Wudgh dqg surgxfwlylw|

Lq wkh dqdo|vlv ri wkh surgxfwlylw| h�hfwv ri lqwhuqdwlrqdo wudgh rq hpsor|0
phqw rqh lpsruwdqw frqglwlrq uhodwhg wr wkh lpsdfw ri h{sruwv dqg lpsruwv
rq surgxfwlylw|1 Wkh uhjuhvvlrq uhvxowv ri wkh surgxfwlylw| htxdwlrq +46,
duh jlyhq lq Wdeohv F141/ F151/ F161 dqg F171 dqg vxppdulvhg lq Wdeohv
6 dqg 71 Iurp Wdeoh 6/ h{sruwv hphujh dv d vwdwlvwlfdoo| vljql�fdqw vrxufh
ri surgxfwlylw| jdlqv lq yluwxdoo| doo fdvhv1 Ehojlxp wrsv wkh olvw zlwk wkh
vwurqjhvw lpsdfw ri h{sruwv rq surgxfwlylw|1 Wkh udqnlqj ri wkh rwkhu frxq0
wulhv ydulhv ghshqglqj rq zklfk hvwlpdwlrq phwkrg dqg surgxfwlylw| yduldeoh
zdv fkrvhq1 Lqwhuhvwlqj dqg sodxvleoh duh wkh frqvlvwhqwo| kljkhu frh!flhqwv
zkhq wkh wrwdo surgxfwlylw| yduldeoh lv xvhg1 H{sruw jurzwk dsshduv wr udlvh
wkh h!flhqf| ri erwk fdslwdo dqg oderxu vxfk wkdw wkh dgmxvwphqw lq oderxu
surgxfwlylw| fdswxuhv rqo| rqh irxuwk wr kdoi ri wkh jdlqv lq wrwdo idfwru
surgxfwlylw|1

Rxu hylghqfh iru surgxfwlylw| jdlqv iurp h{sruw jurzwk duh lq frqwudvw
zlwk Ehuqdug dqg Mhqvhq*v fodlp wkdw lq XV pdqxidfwxulqj wkh fdxvdolw|
jrhv wkh rwkhu zd| durxqg1 Wr fkhfn wkhlu k|srwkhvlv lq rxu gdwd vhw/ zh udq
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Judqjhu fdxvdolw| whvwv zklfk vxjjhvw wkdw/ prvw riwhq/ wkh olqn jrhv iurp
h{sruwv wr surgxfwlylw|1

Wdeoh 6= Wkh surgxfwlylw| h�hfw ri h{sruwv

YD WIS

frxqwu| ohyhov �uvw gl�huhqfhv ohyhov �uvw gl�huhqfhv

Ehojlxp 3166WW 316;WW 31;5WW 31;6WW

Ghqpdun 3153WW 3158WW 31;4WW 31:<WW

Ilqodqg 3149WW 3148WW 3166WW 3168WW

Iudqfh 315;WW 3163WW 3197WW 3198WW

Jhupdq| 3153WW 314<WW 318;WW 318<WW

Lwdo| 3157WW 3156WW 3185WW 317;WW

Qhwkhuodqgv 3153WW 3155WW 31::WW 31;4WW

Vsdlq 3143WW 3149WW 3159WW 03148

Vzhghq 3159WW 3156WW 3194WW 318<WW

XN 314;WW 3147WW 3177WW 316<WW

WW vljql�fdqfh dw wkh 8 ( ohyho +wzr0wdlohg whvw,
W vljql�fdqfh dw wkh 43 ( ohyho +wzr0wdlohg whvw,

Wxuqlqj wr wkh surgxfwlylw| h�hfw ri lpsruw shqhwudwlrq +vhh Wdeoh 7,/ zh
rewdlq qhjdwlyh uhjuhvvlrq frh!flhqwv wkdw duh vwdwlvwlfdoo| vljql�fdqw iru doo
+vhyhudo, frxqwulhv zkhq wrwdo idfwru surgxfwlylw| +ydoxh dgghg shu zrunhu, lv
xvhg dv wkh ghshqghqw yduldeoh1 Odujh qhjdwlyh h�hfwv duh irxqg lq Vzhghq/
wkh Qhwkhuodqgv dqg Ghqpdun +lq wkh uhjuhvvlrqv zlwk WIS, dqg wr d ohvvhu
h{whqw lq Ehojlxp dqg Jhupdq|1 Rssrvlwh wr Zrrg*v k|srwkhvlv/ zh frq0
foxgh wkdw lqfuhdvhg lpsruw frpshwlwlrq fdxvhv d orvv lq surgxfwlylw|1 Wklv
vxssruwv wkh ylhz wkdw frpsdqlhv duh xqdeoh wr vfdoh grzq wkhlu idfwru xvh dw
wkh vdph udwh dv ulvlqj iruhljq frpshwlwlrq uhgxfhv wkhlu vdohv1 Uhvwuxfwxulqj
lv d gl!fxow surfhvv lq Hxursh1
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Wdeoh 7= Wkh surgxfwlylw| h�hfw ri lpsruw frpshwlwlrq

YD WIS

frxqwu| ohyhov �uvw gl�huhqfhv ohyhov �uvw gl�huhqfhv

Ehojlxp 03148WW 03149WW 03168WW 03167WW

Ghqpdun 0313< 0314: 031<9WW 031<;WW

Ilqodqg 03137 03137 03144WW 03146WW

Iudqfh 0313; 03147WW 03154WW 03155WW

Jhupdq| 03147WW 03153WW 03166WW 03168WW

Lwdo| 03137 03136 03156WW 03153WW

Qhwkhuodqgv 03163WW 03163WW 031;8WW 031;:WW

Vsdlq 31337 31333< 03157WW 316<WW

Vzhghq 03185WW 0318:WW 03168WW 03179WW

XN 03146 03144W 03166WW 03164WW

WW vljql�fdqfh dw wkh 8 ( ohyho +wzr0wdlohg whvw,
W vljql�fdqfh dw wkh 43 ( ohyho +wzr0wdlohg whvw,

Dv Odzuhqfh +4<<<, srlqwv rxw/ rxu uhvxowv pljkw uh hfw uhyhuvh fdxvd0
wlrq dv wkh olqn ehwzhhq lqwhuqdwlrqdo wudgh dqg surgxfwlylw| fdq jr lq erwk
gluhfwlrqv1 Lpsruw dqg h{sruw frpshwlwlrq fdq wuljjhu kljkhu surgxfwlylw|/
zkloh lq wkh phdq wlph vhfwruv frqiurqwhg zlwk idoolqj +jurzlqj, surgxfwlylw|
pd| whqg wr kdyh kljk ohyhov ri lpsruw frpshwlwlrq +h{sruwv,1 Rqh zd| wr
ghdo zlwk wklv uhyhuvh fdxvdwlrq lv wkh xvh ri dq lqvwuxphqwdo yduldeohv +LY,
dssurdfk1 Dv vxjjhvwhg e| wkh KRV wkhru|/ vnloo0 dqg fdslwdo lqwhqvlw| irup
dssursuldwh lqvwuxphqwv +vhh Odzuhqfh +4<<<,,1 Ehfdxvh ri gdwd olplwdwlrqv/
zh kdyh wdnhq wkh odjjhg wudgh yduldeohv dv lqvwuxphqwv1 Wkh frqvlvwhqf|
fkhfnv lqglfdwh wkdw wkh uhjuhvvlrq frh!flhqwv ri wkh wudgh yduldeohv duh qr
orqjhu vljql�fdqw/ hvshfldoo| zkhq xvlqj hvwlpdwlrqv lq �uvw gl�huhqfhv1 Dv
wkh vwdqgdug huuruv ri wkh LY0hvwlpdwhv duh txlwh kljk/ wkh rewdlqhg uhjuhvvlrq
uhvxowv pljkw eh dwwulexwhg wr wkh xvh ri zhdn lqvwuxphqwv:1

:Hvshfldoo| iru wkh gdwd lq �uvw gl�huhqfhv/ wkh fruuhodwlrq ehwzhhq wkh fxuuhqw dqg
odjjhg wudgh yduldeohv lv h{wuhpho| zhdn1 Wklv lv d srvvleoh lqglfdwru ri zhdn lqvwuxphqwdo
yduldeohv1
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718 Surgxfwlylw| dqg hpsor|phqw

Wkh vhfrqg frqglwlrq iru d phdqlqjixo surgxfwlylw| h�hfw ri wudgh rq hp0
sor|phqw frqfhuqv wkh hpsor|phqw dgmxvwphqw wr surgxfwlylw| fkdqjhv1 Wr
fdswxuh wklv uhodwlrqvkls/ zh hvwlpdwh htxdwlrq +45, zkhuh zh lqvwuxphqw
wkh surgxfwlylw| yduldeoh e| xvlqj wkh �wwhg ydoxhv iru YD dqg WIS iurp
wkh surgxfwlylw| uhjuhvvlrq +46,1 Edvhg rq wkh uhvxowv lq Dsshqgl{ E/ Wdeoh
8 suhvhqw wkh uhohydqw lqirupdwlrq1 Zh rewdlq prghudwh wr vwurqj qhjdwlyh
uhjuhvvlrq frh!flhqwv iru wkh surgxfwlylw| h�hfw rq hpsor|phqw zkhq ydoxh
dgghg shu zrunhu lv xvhg dv wkh surgxfwlylw| yduldeoh/ lq sduwlfxodu zkhq wkh
hpsor|phqw htxdwlrq lv hvwlpdwhg lq �uvw gl�huhqfhv1 Zlwk d ihz h{fhswlrqv/
zh gr qrw �qg d vwdwlvwlfdoo| vljql�fdqw uhodwlrqvkls ehwzhhq hpsor|phqw dqg
surgxfwlylw| zkhq WIS lv frqvlghuhg1 Dssduhqwo|/ vkrfnv wkdw udlvh oderxu
surgxfwlylw| duh oderxu0vdylqj/ prvw ri doo lq wkh Vfdqglqdyldq frxqwulhv dqg
lq wkh XN1 Exw idfwru qhxwudo surgxfwlylw| fkdqjhv gr qrw ghvwur| mrev1

Wdeoh 8= Surgxfwlylw| dqg hpsor|phqw

YD WIS

frxqwu| ohyhov �uvw gl�huhqfhv ohyhov �uvw gl�huhqfhv

Ehojlxp 03143WW 031:4WW 3137 03148

Ghqpdun 0314:WW 04178WW 03135 0317<WW

Ilqodqg 0316<WW 051;3WW 03137 03175WW

Iudqfh 0313<WW 031:4WW 03134 03137

Jhupdq| 03146WW 03167WW 31337 0315<W

Lwdo| 03137 03179WW 03134 0314:

Qhwkhuodqgv 03136 031;8WW 3136 03136

Vsdlq 0313< 03159W 03137W 0313:

Vzhghq 03148WW 04194WW 3136 0314<

XN 03146WW 04167WW 03136 31338
WW vljql�fdqfh dw wkh 8 ( ohyho +wzr0wdlohg whvw,
W vljql�fdqfh dw wkh 43 ( ohyho +wzr0wdlohg whvw,
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719 Surgxfwlylw|0uhodwhg dqg wrwdo h�hfwv ri lqwhuqd0
wlrqdo wudgh rq hpsor|phqw

Lq Wdeoh 9 zh eulqj wrjhwkhu gluhfw dqg surgxfwlylw|0lqgxfhg hpsor|phqw dg0
mxvwphqwv wr h{sruw ghpdqg1 Zh �uvw uhsurgxfh rxu hduolhu hvwlpdwhv iru wkh
h{sruw ghpdqg zkhuh YD lv xvhg dv wkh surgxfwlylw| yduldeoh1 Vxevhtxhqwo|/
zh frpsxwh wkh hodvwlflwlhv wkdw phdvxuh wkh surgxfwlylw| h�hfw ri h{sruwv
dqg lpsruw frpshwlwlrq rq hpsor|phqw iurp wkh sdudphwhu ydoxhv uhsruwhg
hduolhu wdeohv1;Vlqfh rqo| fkdqjhv lq oderxu surgxfwlylw| d�hfw hpsor|phqw/
zh rqo| uhsruw hvwlpdwhv iru wkh ydoxh dgghg shu zrunhu surgxfwlylw| ydul0
deoh1 Ilqdoo|/ zh fdofxodwh wkh wrwdo hodvwlflwlhv ri uhvshfwlyho| h{sruw ghpdqg
dqg lpsruw frpshwlwlrq rq hpsor|phqw e| vxpplqj xs wkh �jxuhv lq wkh
suhylrxv wzr froxpqv1

Wdeoh 9= Wkh surgxfwlylw| dqg wrwdo h�hfwv ri h{sruwv rq hpsor|0
phqw zlwk YD

ohyhov �uvw gl�huhqfhv

Frxqw| h{sruw ghpdqg surgxfwlylw|0 wrwdo h{sruw ghpdqg surgxfwlylw|0 wrwdo

h�hfw uhodwhg h�hfw h�hfw h�hfw uhodwhg h�hfw h�hfw

Ehojlxp 3149 03136 3146 3164 03159 3138

Ghqpdun 3149 03136 3146 3173 03169 3137

Ilqodqg 3146 03139 313: 3174 03175 03134

Iudqfh 3139 03135 3137 315: 03154 3139

Jhupdq| 3146 03135 3144 3145 03139 3139

Lwdo| 03135 03133< 03135< 3138 03143 03138

Qhwkhuodqgv 3146 031339 31457 315< 0314; 313<

Vsdlq 3136 03133< 31354 313: 03137 3136

Vzhghq 314< 03136 3149 3165 0316: 03138

XN 314: 03135 3148 3167 0314; 3149

Wdeoh 9 pdnhv dq lqwhuhvwlqj srlqw1 H{sruw jurzwk udlvhv oderxu surgxf0
wlylw| zklfk r�vhwv sduw ri wkh hpsor|phqw fuhdwhg e| ulvlqj h{sruw ghpdqg1
Zkloh ohyho hvwlpdwhv ydu| iurp frxqwu| wr frxqwu|/ h{sruw0lqgxfhg jdlqv lq
oderxu surgxfwlylw| w|slfdoo| ghvwur| rqh rxw ri hyhu| 8 wr : mrev fuhdwhg

;Wklv h�hfw lv qrw hvwlpdwhg gluhfwo| vr wkdw qr vwdwlvwlfdo vljql�fdqfh whvwv fdq eh
uhsruwhg1
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e| h{sruw h{sdqvlrq1 Wklv udwlr ulvhv wr rqh rxw ri wkuhh zrunhuv lq Iudqfh
dqg hyhq kdoi ri wkh hpsor|phqw fuhdwlrq lq Ilqodqg1 Wkhvh h{sruw0uhodwhg
surgxfwlylw| h�hfwv duh pxfk vwurqjhu zkhq xvlqj �uvw gl�huhqfhv lq wkh hv0
wlpdwlrqv1 Wklv uhgxfhv frqvlghudeo| wkh srvlwlyh hpsor|phqw h�hfwv ri dq
h{sdqvlrq lq h{sruw ghpdqg1

Lq Wdeoh : zh surylgh vlplodu lqirupdwlrq iru wkh lpsruw frpshwlwlrq ydul0
deoh1 Wkh srvlwlyh surgxfwlylw| h�hfw ri lpsruw frpshwlwlrq rq hpsor|phqw
lv qrw dv lqwxlwlyh dv wkh mrev orvw zkhq h{sruwlqj �upv dgrsw pruh h!flhqw
whfkqrorjlhv1 Prvw sodxvleo|/ zh duh fdswxulqj wkh od|0r�v suhyhqwhg e| wkh
lqdelolw| ri frpsdqlhv 0 zkhq idfhg zlwk vwurqjhu lpsruw frpshwlwlrq 0 wr
vprrwko| uhdgmxvw wkhlu oderxu irufh wr idoolqj rxwsxw ohyhov1 Lq wkh fdvh ri hv0
wlpdwlrqv lq ohyhov/ wkh surgxfwlylw| h�hfw lv 0 h{fhsw iru Ehojlxp dqg Iudqfh
0 uhodwlyho| vpdoo lq frpsdulvrq zlwk wkh lpsruw frpshwlwlrq h�hfw 1 Zkhq
krzhyhu xvlqj hvwlpdwlrqv lq �uvw gl�huhqfhv/ wkh rssrvlwh krogv1 Iru Eho0
jlxp/ Ilqodqg/ Jhupdq|/ wkh Qhwkhuodqgv/ Vzhghq dqg wkh XN/ kdoi ri wkh
mrev orvw e| lqfuhdvlqj lpsruw frpshwlwlrq duh frpshqvdwhg e| wkh srvlwlyh
surgxfwlylw| h�hfw1

Wdeoh := Wkh surgxfwlylw| dqg wrwdo h�hfwv ri lpsruw frpshwlwlrq
rq hpsor|phqw zlwk YD

ohyhov �uvw gl�huhqfhv

Frxqwu| lpsruw frpsh0 surgxfwlylw|0 wrwdo lpsruw frpsh0 surgxfwlylw|0 wrwdo

wlwlrq h�hfw uhodwhg h�hfw h�hfw wlwlrq h�hfw uhodwhg h�hfw h�hfw

Ehojlxp 03137 3134 03136 0314: 3144 03139

Ghqpdun 03178 3134 03177 03199 3157 03173

Ilqodqg 0314; 3134 0314: 0314; 3144 0313:

Iudqfh 3133: 3133: 3 03149 313< 0313:

Jhupdq| 3138 3134 3139 03136 3139 3136

Lwdo| 03134 31334 03133< 03138 3134 03137

Qhwkhuodqgv 03143 3133< 0313< 03167 3158 0313<

Vsdlq 3138 0313336 3137 03137 313335 03137

Vzhghq 03178 313: 0316; 031<: 31<4 03139

XN 03145 3134 03144 0315: 3147 03146
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8 Frqfoxvlrq

Wklv sdshu ghdov zlwk wkh vhfwrudo hpsor|phqw h�hfwv ri lqwhuqdwlrqdo wudgh
lq Hxursh1 Lw r�huv vhyhudo frqwulexwlrqv wr wkh udslgo| h{sdqglqj olwhudwxuh
rq wudgh/ whfkqrorj| dqg hpsor|phqw1

Iluvw/ zh surylgh hylghqfh wkdw wudgh pdwwhuv iru hpsor|phqw lq Hxursh1
Zlwk wklv �qglqj/ zh jr djdlqvw wkh wkuxvw ri wkh XV0irfxvhg olwhudwxuh zklfk
dwwulexwhv rqo| d vhfrqgdu| uroh wr wudgh0uhodwhg oderxu pdunhw dgmxvwphqw1
Wkh idfw wkdw prvw Hxurshdq frxqwulhv duh pruh rshq hfrqrplhv xqgrxew0
hgo| h{sodlqv sduw ri wklv uhvxow1 Exw zh dovr eholhyh wkdw/ lq d Hxurshdq
frqwh{w zlwk uljlg oderxu pdunhwv dqg olplwhg lqwhuvhfwrudo oderxu uhdoor0
fdwlrq/ rxu prghoolqj ri vhfwrudo hpsor|phqw dgmxvwphqwv h{sodlqv zk| zh
revhuyh vljql�fdqw wudgh0uhodwhg hpsor|phqw h�hfwv1 Prvw lpsruwdqwo|/ rxu
hpslulfdo zrun kljkoljkwv wkh lpsruwdqfh ri h{sruw jurzwk dv d nh| hqjlqh ri
mre fuhdwlrq1 Wklv srlqw lv riwhq orvw lq wkh olwhudwxuh zklfk irfxvhv khdylo|
rq wkh ghwulphqwdo lpsdfw ri lqfuhdvhg lpsruw frpshwlwlrq rq hpsor|phqw
dqg zdjhv1

Dv d vhfrqg frqwulexwlrq/ wklv sdshu sxwv lq grxew wkh glvwlqfwlrq eh0
wzhhq wudgh dqg whfkqrorj| dv lqghshqghqw vrxufhv ri hpsor|phqw fkdqjhv1
Lq prvw Hxurshdq frxqwulhv ri rxu vdpsoh/ lqwhuqdwlrqdo wudgh d�hfw sur0
gxfwlylw|1 Pruh vshfl�fdoo|/ ulvlqj h{sruw ghpdqg lqfuhdvhv oderxu dqg wrwdo
surgxfwlylw|/ d srlqw iuhtxhqwo| pdgh e| Hxurshdq exvlqhvv ohdghuv1 E|
frqwudvw/ vhfwruv frqiurqwhg zlwk lqfuhdvhg lpsruw frpshwlwlrq h{shulhqfh d
ghfolqh lq surgxfwlylw| lqglfdwlqj wkdw wkh uhgxfwlrq lq idfwru xvh grhv qrw
nhhs xs zlwk wkh orvv lq pdunhw vkduh1 Wklv vfhqdulr ri lq h{leoh vhfwrudo
uhvwuxfwxulqj lv frqvlvwhqw zlwk wkh frqyhqwlrqdo ylhz wkdw Hxurshdq oderxu
pdunhwv duh uljlg dqg frqvwudlqhg e| vwulqjhqw klulqj dqg �ulqj frqglwlrqv1

Wkh frqvhtxhqfhv iru hpsor|phqw ri wkh uhodwlrqvkls ehwzhhq wudgh dqg
surgxfwlylw| ohdgv wr d wklug pdmru wkhph ri wklv sdshu1 Zh vkrz wkdw hp0
sor|phqw uhvsrqgv wr wudgh0lqgxfhg fkdqjhv lq dyhudjh oderxu surgxfwlylw|1
Wkh srvvlelolw| ri vxfk dq lqgluhfw whfkqrorj|0uhodwhg olqn iurp lqwhuqdwlrqdo
wudgh wr hpsor|phqw zdv douhdg| hpskdvlvhg e| dxwkruv vxfk dv Zrrg1 Rxu
frqwulexwlrq lv wr ghyhors dqg wr dsso| d iudphzrun wkdw txdqwl�hv wklv sur0
gxfwlylw| h�hfw ri lqwhuqdwlrqdo wudgh rq hpsor|phqw1 Shukdsv wkh prvw
vwulnlqj rxwfrph ri wklv hpslulfdo h{huflvh lv wkdw sduw ri wkh hpsor|phqw
fuhdwhg e| dq h{sdqvlrq ri h{sruw ghpdqg lv qhxwudolvhg e| wkh qhjdwlyh
hpsor|phqw h�hfw ri dq h{sruw0lqgxfhg lqfuhdvh lq oderxu surgxfwlylw|1 Lq0
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whuhvwlqjo|/ wklv vxjjhvwv wkdw h{sruw jurzwk udwkhu wkdq lpsruw frpshwlwlrq
hqfrxudjhv wkh lqwurgxfwlrq ri oderxu0vdylqj surgxfwlrq phwkrgv wkdw duh vr
frpprq lq Hxurshdq lqgxvwu|1

Wkh uhvxowv ri wklv sdshu ohdyh rshq vhyhudo sdwkv iru ixwxuh uhvhdufk1 Rqh
vxjjhvwlrq lv d forvhu orrn dw wkh gl�huhqfhv lq hpsor|phqw uhvsrqvhv dfurvv
frxqwulhv1 Txlwh riwhq lq rxu uhjuhvvlrq uhvxowv/ wkh Vfdqglqdyldq frxqwulhv
exw 0 wr d ohvvhu h{whqw 0 dovr wkh XN dqg wkh Ehqhox{ frxqwulhv/ duh di0
ihfwhg pruh surirxqgo| e| wudgh dqg surgxfwlylw| wkdq wkh rwkhu Hxurshdq
frxqwulhv ri rxu vdpsoh1 Dqrwkhu surplvlqj urxwh zrxog eh wr h{sorlw wkh vhf0
wrudo glphqvlrq ri wkh sdqho dqg wr frpsduh wkh hpsor|phqw dgmxvwphqwv lq
vhfwruv zlwk gl�huhqw vwuxfwxudo fkdudfwhulvwlfv1 Ilqdoo|/ rqh frxog jhrjudsk0
lfdoo| glvdjjuhjdwh wudgh  rzv wr dqdo|vh wkh frqwulexwlrq ri ydulrxv wudglqj
sduwqhuv wr vhfwrudo hpsor|phqw fkdqjhv1 Zh lqwhqg wr dgguhvv wkhvh lvvxhv
lq ixwxuh zrun1
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Dsshqgl{ D

Wkh iroorzlqj frxqwulhv duh fryhuhg lq rxu gdwd vhw = Ehojlxp/ Ghqpdun/
Ilqodqg/ Iudqfh/ Jhupdq|/ Lwdo|/ Qhwkhuodqgv/ Vsdlq/ Vzhghq dqg wkh Xqlwhg
Nlqjgrp1 < vhfwruv ri wkh pdqxidfwxulqj vhfwru zklfk duh fodvvl�hg dffruglqj
wr wkh *Lqwhuqdwlrqdo Vwdqgdug Lqgxvwuldo Fodvvl�fdwlrq* +LVLF, uhylvlrq 5 duh
xvhg = irrg/ ehyhudjhv dqg wredffr +LVLF 64,/ wh{wlohv/ dssduho dqg ohdwkhu
+LVLF 65,/ zrrg surgxfwv dqg ixuqlwxuh +LVLF 66,/ sdshu/ sdshu surgxfwv
dqg sulqwlqj +LVLF 67,/ fkhplfdo surgxfwv +LVLF 68,/ qrq0phwdoolf plqhudo
surgxfwv +LVLF 69,/ edvlf phwdo lqgxvwulhv +LVLF 6:,/ ideulfdwhg phwdo surg0
xfwv +LVLF 6;, dqg rwkhu pdqxidfwxulqj +LVLF 6<,1 Wkh vwduwlqj |hdu ri wkh
gdwd vhw lv 4<:; iru doo frxqwulhv h{fhsw iru Vsdlq zkhuh lw lv 4<;31 Gdwd duh
xvhg xqwlo 4<<7 h{fhsw iru Ghqpdun/ Vsdlq dqg Jhupdq|1 Wkh hqg srlqwv
iru wkh �uvw wzr frxqwulhv duh 4<<5/ zkhuhdv wkh gdwd iru Jhupdq| jr xqwlo
4<<61

Wkh gdwd iru hpsor|phqw/ oderxu frvwv/ lpsruw/ h{sruw/ surgxfwlrq dqg
ydoxh dgghg duh rewdlqhg iurp wkh RHFG Vwdq Gdwdedvh iru Lqgxvwuldo
Dqdo|vlv +4<<:,1 Wkh gdwd iru hpsor|phqw fryhu wkh qxpehu ri hpsor|0
hhv dv zhoo dv vhoi0hpsor|hg/ zrunlqj sursulhwruv dqg xqsdlg idplo| zrunhuv1
Wkh jurvv zdjh gdwd shu hpsor|hh fryhu zdjhv dqg ydulrxv vxssohphqwv vxfk
dv hpsor|hu*v frpsxovru| shqvlrq ru phglfdo sd|phqwv1 H{fhsw iru wkh lp0
sruw shqhwudwlrq dqg wkh uhodwlyh judqwhg sdwhqwv/ doo yduldeohv duh h{suhvvhg
lq frqvwdqw sulfhv1 Wkh gh dwruv duh fdofxodwhg zlwk wkh dlg ri ydoxh dgghg
lq fxuuhqw dqg frqvwdqw sulfhv shu lqgxvwu|1

Iru surgxfwlylw|/ zh kdyh wzr yduldeohv = ydoxh dgghg shu zrunhu dqg
wrwdo idfwru surgxfwlylw| zklfk lv wudqviruphg lqwr lqglfhv zkhuh 4<<3 lv wkh
edvh |hdu1 Wkh shufhqwdjh fkdqjh ri wkh wrwdo idfwru surgxfwlylw| fdq eh
h{suhvvhg dv iroorzv =

�� '
�
�'� �u

�
� k�

�
�g � �u

�
+48,

Lq wklv h{suhvvlrq/ wkh �uvw whup uhihuv wr wkh shufhqwdjh fkdqjh lq wkh
rxwsxw0oderxu udwlr1 Lq wkh vhfrqg whup/ k uhihuv wr wkh fdslwdo vkduh lq sur0
gxfwlrq1 Wkhuhiruh/ E�� k� uhihuv wr wkh oderxu vkduh lq surgxfwlrq zklfk
lv fdofxodwhg dv wkh vkduh ri oderxu frvwv lq ydoxh dgghg1 Iru vrph vhfwruv/
oderxu frvwv h{fhhg ydoxh dgghg gxh wr wkh h{lvwhqfh ri h1j1 orvvhv lq wkhvh
vhfwruv ru ehfdxvh wkh lqgxvwu| uhfhlyhv vljql�fdqw qhw vxevlglhv1 Wkhuhiruh/
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dq dyhudjh lv fdofxodwhg<1
�
�g � �u

�
uhihuv wr wkh shufhqwdjh fkdqjh lq wkh

fdslwdo0oderxu udwlr1 Iru wkh fdslwdo gdwd/ zh glvwlqjxlvk wzr vhulhv1 Iru Eho0
jlxp/ Ghqpdun/ Ilqodqg/ Iudqfh/ Jhupdq| dqg Vzhghq jurvv fdslwdo vwrfn
gdwd h{suhvvhg lq 4<<3 sulfhv duh rewdlqhg iurp wkh Lqwhuqdwlrqdo Vhfwrudo
Gdwd Edvh iurp wkh RHFG Vwdwlvwlfdo Frpshqglxp 4<<;251 Iru Lwdo|/ wkh
Qhwkhuodqgv/ Vsdlq dqg wkh XN/ fdslwdo gdwd duh frqvwuxfwhg zlwk wkh dlg ri
gh dwhg lqyhvwphqw gdwd EU|� iurp wkh RHFG Vwdq Gdwdedvh iru Lqgxvwuldo
Dqdo|vlv +4<<:,431 Iroorzlqj Julolfkhv +4<:<,/ zh �uvw frpsxwh dq lqlwldo
fdslwdo vwrfn iru 4<:; +dqg 4<;3 iru Vsdlq,1 Li zh dvvxph wkdw erwk wkh gh0
suhfldwlrq udwh EB� dqg wkh dqqxdo jurzwk udwh E#� ri wkh sdvw lqyhvwphqwv
duh frqvwdqw/ wkh lqlwldo fdslwdo vwrfn Eg�b.H� htxdov =

g�b.H ' U�b.H n E�� B� �b�U�b.H n E�� B�2 �b2�U�b.H +49,

nE�� B�� �b��U�b.H n ���

' U�b.H�

#
�

�� b� E�� B�

$

zlwk b ' �*E� n #� zkhuh # lv wkh phdq dqqxdo udwh ri jurzwk ri lqyhvw0
phqwv ryhu wkh shulrg 4<:304<:;1 Olnh Vfkrww +4<<;, dqg Pdvnxv +4<<4,/ zh
xvh d ghsuhfldwlrq udwd ri 46166 shufhqw1 Diwhu kdylqj rewdlqhg wkh lqlwldo
fdslwdo vwrfn/ gh dwhg lqyhvwphqwv vhulhv duh dffxpxodwhg dqg ghsuhfldwhg
iurp 4<:; rqzdugv1

Rxu sdwhqw yduldeoh phdvxuhv wkh uhodwlyh judqwhg sdwhqwv1 Xqghu uhodwlyh
judqwhg sdwhqwv/ zh xqghuvwdqg wkh judqwhg sdwhqwv lq rqh lqgxvwu| uhodwlyh
wr doo judqwhg sdwhqwv lq d fhuwdlq |hdu1 Wkh sdwhqw gdwd fryhu sdwhqwv
zlwklq wkh HSR +Hxurshdq Sdwhqw R!fh,1 Wkh fodvvl�fdwlrq lv wkh Lqwhuqd0
wlrqdo Sdwhqw Fodvvl�fdwlrq +LSF,1 Wkh frqyhuvlrq wr wkh LVLF0fodvvl�fdwlrq
lv frpsxwhg zlwk wkh dlg ri wkh fruuhvsrqgdqfh wdeoh ri Yhuvsdjhq/ ydq Pr0
hujdvwho dqg Vodeehuv +4<<7,1 H{fhsw iru Ehojlxp/ wkh gdwd iru h{shqglwxuhv
lq U)G frph iurp wkh Dqdo|wlfdo Exvlqhvv Hqwhusulvh Uhvhdufk dqg Ghyho0
rsphqw +DQEHUG, vhulhv iurp *Uhvhdufk dqg Ghyhorsphqw H{shqglwxuh lq
Lqgxvwu|* +RHFG/ 4<<8,1 Iru Ehojlxp/ gdwd iru 4<:;04<<4 duh rewdlqhg iurp

<Dqrwkhu zd| wr fdofxodwh wkh frvw vkduhv ri fdslwdo lv wr frqvwuxfw d �jxuh iru fdslwdo
vhuylfhv xvlqj wkh frqfhsw ri xvhu frvw ri fdslwdo +vhh Julolfkhv dqg Ulqjvwdg/ 4<:4,1

43D pruh frpsohwh ghvfulswlrq ri krz wkh vhfrqg fdslwdo vhulhv lv frqvwuxfwhg lv dydlodeoh
iurp wkh dxwkruv xsrq uhtxhvw1
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wkh R!fldo Exvlqhvv Hqwhusulvh Uhvhdufk dqg Ghyhorsphqw +RIIEHUG, vh0
ulhv dqg iru wkh shulrg 4<<704<<8 zh xvh gdwd ri wkh GZWF +Glhqvw yrru
Zhwhqvfkdssholmnh/ Whfkqlvfkh hq Fxowxuhoh Ddqjhohjhqkhghq,1 Doo gdwd duh
frqyhuwhg wr wkh LVLF uhylvlrq 5 dffruglqj wr wkh fruuhvsrqgdqfh wdeoh lq
RHFG +4<<7,1 Zlwk wkh dlg ri d vsolqh lqwhusrodwlrq whfkqltxh/ plvvlqj
revhuydwlrqv duh �oohg lq1
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Dsshqgl{ E

Wdeoh E141 = Wkh uhjuhvvlrq uhvxowv ri wkh hpsor|phqw htxdwlrq
zlwk YD hvwlpdwhg lq ohyhov

frxqwu| oq+LPS, oq+H[S, oq+ZDJH, oq+YD, U2

Ehojlxp 03137WW 3149WW 03148WW 03143WW 31<<

+0513<, +8153, +07188, +061:3,

Ghqpdun 03178WW 3149WW 03148WW 0314:WW 31<<

+0717<, +51;5, +05158, +06189,

Ilqodqg 0314;WW 3146WW 03147WW 0316<WW 31<<

+06159, +61:9, +05163, +0:175,

Iudqfh 3133: 3139WW 0313<WW 0313<WW 31<<

+314:, +5178, +05155, +06183,

Jhupdq| 3138 3146WW 03155WW 03146WW 31<<

+4144, +614;, +05175, +0519:,

Lwdo| 03134 03135 03137 03137 31<<

+03178, +0413<, +031;7, +0418:,

Qhwkhuodqgv 03143W 3146WW 03156WW 03136 31<<

+041;8, +61;9, +08149, +031;3,

Vsdlq 3138 3136 03138 0313< 31<<

+4186, +31<3, +0318;, +0414;,

Vzhghq 03178WW 314<WW 03155WW 03148WW 31<<

+09169, +71<9, +07155, +071:4,

XN 03145WW 314:WW 03164WW 03146WW 31<<

+05159, +71;6, +071<8, +061;;,
WW vljql�fdqfh dw wkh 8 ( ohyho +wzr0wdlohg whvw,
W vljql�fdqfh dw wkh 43 ( ohyho +wzr0wdlohg whvw,
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Wdeoh E151 = Wkh uhjuhvvlrq uhvxowv ri wkh hpsor|phqw htxdwlrq
zlwk YD hvwlpdwhg lq �uvw gl�huhqfhv

frxqwu| oq+LPS, oq+H[S, oq+ZDJH, oq+YD, U2

Ehojlxp 0314:WW 3164WW 03137 031:4WW 3157

+6166, +61;8, +031::, +061:5,

Ghqpdun 03199WW 3173WW 03134 04178WW 313:

+05186, +514<, +0313:, +05197,

Ilqodqg 0314; 3174WW 03139 051;3WW 3145

+04154, +5155, +03169, +05195,

Iudqfh 0 3149W 315:WW 03138 031:4WW 314:

+041<8, +618;, +031:4, +06187,

Jhupdq| 03136 3145WW 0314:W 03167WW 3164

+03199, +5176, +041;4, +05163,

Lwdo| 03138W 3138 03134 03179WW 314:

+0419<, +4136, +03155, +05138,

Qhwkhuodqgv 03167WW 315<WW 03154WW 031;8WW 3178

+06148, +7138, +061;6, +06137,

Vsdlq 03137 313:W 03136 03159W 3176

+04177, +41;5, +03164, +041<5,

Vzhghq 031<:WW 3165WW 3136 04194WW 3147

+06153, +5167, +314<, +06163,

XN 0315:WW 3167WW 0314; 04167WW 3167

+06148, +71<4, +0416:, +06178,
WW vljql�fdqfh dw wkh 8 ( ohyho +wzr0wdlohg whvw,
W vljql�fdqfh dw wkh 43 ( ohyho +wzr0wdlohg whvw,
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Wdeoh E161 = Wkh uhjuhvvlrq uhvxowv ri wkh hpsor|phqw htxdwlrq
zlwk WIS hvwlpdwhg lq ohyhov

frxqwu| oq+LPS, oq+H[S, oq+ZDJH, oq+WIS, U2

Ehojlxp 03134 313<WW 03148WW 3137 31<<

+031:7, +517;, +07158, +4194,

Ghqpdun 0317<WW 3144W 03145W 03135 31<<

+071;6, +41;;, +041;8, +0317:,

Ilqodqg 03154WW 3138 03145W 03137 31<<

+06199, +4179, +041;6, +031:5,

Iudqfh 31336 313:WW 03145WW 03134 31<<

+313;, +516:, +051:<, +0317<,

Jhupdq| 3139 313<W 03145 31337 31<<

+4168, +41<7, +04178, +3144,

Lwdo| 03134 03136 03137 03134 31<<

+03188, +04165, +031<6, +031;:,

Qhwkhuodqgv 0313; 3144WW 03156WW 3136 31<<

+0416<, +51:3, +071:9, +4155,

Vsdlq 3138 3135 0313< 03137W 31<<

+4188, +318:, +04144, +0419:,

Vzhghq 03174WW 3145WW 03157WW 3136 31<<

+08179, +51;7, +07165, +4135,

XN 03149WW 3154WW 03167WW 03136 31<<

+06139, +8199, +08165, +031;:,
WW vljql�fdqfh dw wkh 8 ( ohyho +wzr0wdlohg whvw,
W vljql�fdqfh dw wkh 43 ( ohyho +wzr0wdlohg whvw,
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Wdeoh E171 = Wkh uhjuhvvlrq uhvxowv ri wkh hpsor|phqw htxdwlrq

zlwk WIS hvwlpdwhg lq �uvw gl�huhqfhv

frxqwu| oq+LPS, oq+H[S, oq+ZDJH, oq+WIS, U2

Ehojlxp 03138 3153WW 03145WW 03148 3188

+04187, +519;, +07135, +04194,

Ghqpdun 031;5WW 317<W 0313: 0317<WW 3156

+061:<, +51;6, +04134, +05168,

Ilqodqg 0314;WW 3147W 03137 03175WW 315:

+06169, +41;:, +0319;, +0513;,

Iudqfh 031336 3138 03139W 03137 318;

+03143, +4138, +041<7, +0318;,

Jhupdq| 03139 3155W 03146 0315<W 315:

+031;8, +5156, +0417:, +041;:,

Lwdo| 03139W 3136 03135 0314: 314:

+041;4, +3187, +03186, +0414;,

Qhwkhuodqgv 0313; 3144 03149WW 03136 316<

+03193, +31<:, +061:6, +03155,

Vsdlq 03134 3134 0313; 0313: 3163

+0315:, +3167, +031;;, +04139,

Vzhghq 0316;WW 3155WW 03147WW 0314< 317<

+061;:, +5188, +051;8, +04178,

XN 03153WW 3159WW 03177WW 31338 3183

+05193, +6136, +09198, +3135,
WW vljql�fdqfh dw wkh 8 ( ohyho +wzr0wdlohg whvw,
W vljql�fdqfh dw wkh 43 ( ohyho +wzr0wdlohg whvw,
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Dsshqgl{ F

Wdeoh F141 = Wkh uhjuhvvlrq uhvxowv ri wkh surgxfwlylw| htxdwlrq
zlwk YD hvwlpdwhg lq ohyhov

frxqwu| oq+LPS, oq+H[S, oq+U)G, SDW oq+FDS, U2

Ehojlxp 03148WW 3166WW 3134 31334 3183WW 31<;

+0713:, +:134, +3196, +31334, +91<5,

Ghqpdun 0313< 3153WW 3136 0314< 3145 31<6

+03198, +6198, +4159, +0415:, +414;,

Ilqodqg 03137 3149WW 03133; 31335 3177WW 31<;

+031::, +71:5, +03168, +3136, +813;,

Iudqfh 0313; 315;WW 03136W 03139 318;WW 31<;

+04135, +81:;, +041;:, +03157, +917:,

Jhupdq| 03147WW 3153WW 03138 031:6 316<WW 31<;

+05156, +6188, +04165, +0416<, +615<,

Lwdo| 03137 3157WW 31338 03149W 3136 31<;

+04145, +:17<, +31<9, +041:7, +317<,

Qhwkhuodqgv 03163WW 3153WW 3135W 3156 3137 31<;

+0614<, +61;6, +41;;, +31:7, +3185,

Vsdlq 31337 3143WW 3136WW 03135 3138WW 31<<

+3147, +5189, +5187, +0314<, +5197,

Vzhghq 03185WW 3159WW 3134 313; 31;:WW 31<;

+0616:, +61;3, +3185, +315;, +81<:,

XN 03146 314;WW 3138WW 03135 3146W 31<:

+05138, +61<:, +5136, +03144, +41<6,
WW vljql�fdqfh dw wkh 8 ( ohyho +wzr0wdlohg whvw,
W vljql�fdqfh dw wkh 43 ( ohyho +wzr0wdlohg whvw,
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Wdeoh F151 = Wkh uhjuhvvlrq uhvxowv ri wkh surgxfwlylw| htxdwlrq
zlwk YD hvwlpdwhg lq �uvw gl�huhqfhv

frxqwu| oq+LPS, oq+H[S, oq+U)G, SDW oq+FDS, U2

Ehojlxp 03149WW 316;WW 3133; 3134 3187WW 3184

+061<7, +;184, +3166, +314:, +7155,

Ghqpdun 0314: 3158WW 31339 0314; 3158 315<

+04137, +71<9, +3156, +04154, +4194,

Ilqodqg 03137 3148WW 03134 03134 3148 3149

+031:8, +7197, +03189, +03149, +4186,

Iudqfh 03147W 3163WW 03135 03139 31:;WW 3168

+0419<, +913<, +04168, +0315:, +61;7,

Jhupdq| 03153WW 314<WW 03136 03154 3133; 3149

+06173, +618:, +04134, +031:6, +3137,

Lwdo| 03136 3156WW 31338 03147 3145WW 316;

+031<9, +:133, +4135, +04193, +41<;,

Qhwkhuodqgv 03163WW 3155WW 3134 3153 3148WW 314:

+06166, +716:, +417;, +31:8, +41<9,

Vsdlq 3133< 3149WW 3138WW 3135 313:WW 3179

+3135, +715:, +6195, +3149, +6184,

Vzhghq 0318:WW 3156WW 31338 3138 3197WW 314<

+061:3, +617;, +3149, +3155, +6198,

XN 03144W 3147WW 3138W 03134 314:WW 3155

+041;:, +615;, +41<4, +03139, +5194,
WW vljql�fdqfh dw wkh 8 ( ohyho +wzr0wdlohg whvw,
W vljql�fdqfh dw wkh 43 ( ohyho +wzr0wdlohg whvw,
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Wdeoh F161 = Wkh uhjuhvvlrq uhvxowv ri wkh surgxfwlylw| htxdwlrq
zlwk WIS hvwlpdwhg lq ohyhov

frxqwu| oq+LPS, oq+H[S, oq+U)G, SDW U2

Ehojlxp 03168WW 31;5WW 3133< 3134 31<9

+044183, +54148, +3179, +315:,

Ghqpdun 031<9WW 31;4WW 3137WW 0314; 31<9

+0:1;;, +4<1<:, +5146, +0418<,

Ilqodqg 03144WW 3166WW 3138WW 3134 31;:

+5143, +<198, +5175, +3156,

Iudqfh 03154WW 3197WW 03135 0315; 31;<

+051<5, +48166, +04186, +04156,

Jhupdq| 03166WW 318;WW 03134 0315: 31;<

+08136, +43164, +03178, +0318<,

Lwdo| 03156WW 3185WW 3133; 0315:W 31<3

+06195, +43167, +4138, +041;4,

Qhwkhuodqgv 031;8WW 31::WW 3134 03163 31<5

+0<1;8, +48189, +4158, +04136,

Vsdlq 03157WW 3159WW 3134 3168 31:6

+06166, +5174, +3168, +31;9,

Vzhghq 03168WW 3194WW 031334 0313< 31<5

+06175, +441<<, +03137, +03176,

XN 03166WW 3177WW 3143WW 03157 31<4

+07175, +;179, +6144, +031;3,
WW vljql�fdqfh dw wkh 8 ( ohyho +wzr0wdlohg whvw,
W vljql�fdqfh dw wkh 43 ( ohyho +wzr0wdlohg whvw,
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Wdeoh F171 = Wkh uhjuhvvlrq uhvxowv ri wkh surgxfwlylw| htxdwlrq
zlwk WIS dv surgxfwlylw| yduldeoh

frxqwu| oq+LPS, oq+H[S, oq+U)G, SDW U2

Ehojlxp 03167WW 31;6WW 3133< 31337 31;6

+0441:8, +56148, +317:, +313:,

Ghqpdun 031<;WW 31:<WW 3138WW 0314: 31;6

+0;15:, +531;<, +5183, +04185,

Ilqodqg 03146WW 3168WW 3137WW 0 3135 317;

+0516<, +43173, +41<:, +0315<,

Iudqfh 03155WW 3198WW 03134 0314< 31:3

+06148, +481<8, +031;7, +031<4,

Jhupdq| 03168WW 318<WW 03134 0315< 3187

+0818:, +4413;, +03186, +031<7,

Lwdo| 03153WW 317;WW 31336 03156W 317:

+6167, +<1:3, +3183, +04197,

Qhwkhuodqgv 031;:WW 31;4WW 3133; 0313< 31:4

+0431;3, +4:13;, +31;8, +0316:,

Vsdlq 316<WW 03148 31335 31666 313<

+5166, +0413<, +3137, +31:8,

Vzhghq 03179WW 318<WW 03135 03133< 3188

+07139, +44184, +031<8, +03137,

XN 03164WW 316<WW 3144WW 03159 3174

+07154, +:1:5, +6173, +031<4,
WW vljql�fdqfh dw wkh 8 ( ohyho +wzr0wdlohg whvw,
W vljql�fdqfh dw wkh 43 ( ohyho +wzr0wdlohg whvw,
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Uhihuhqfhv

Deudkdp/ I1/ Nrqlqjv/ M1 +4<<<,/ �Grhv wkh Rshqlqj ri Fhqwudo dqg Hdvwhuq
Hxursh Nloo Mrev lq wkh Zhvw B�/ Wkh Zruog Hfrqrp|/ 55 +7,/ s1 8;809341

Ehqwrolod/ V1/ Ehuwrod/ J1 +4<<3,/ �Ilulqj Frvwv dqg Oderxu Ghpdqg = Krz
Edg lv Hxurvfohurvlv B�/ Uhylhz ri Hfrqrplf Vwxglhv/ 8:/ s1 6;407351

Ehupdq/ H1/ Erxqg/ M1/ Julolfkhv/ ]1 +4<<7,/ �Fkdqjhv lq wkh Ghpdqg iru
Vnloohg Oderu zlwklq XV Pdqxidfwxulqj Hylghqfh iurp wkh Dqqxdo Vxuyh| ri
Pdqxidfwxuhuv�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 5/ s1 69:06<:1

Ehuqdug/ D1E1/ Mhqvhq/ M1E1 +4<<:,/ �H{sruwhuv/ Vnloo Xsjudglqj dqg wkh
Zdjh Jds�/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 75 +425,/ s1 60661

Ehuqdug/ D1E1/ Mhqvhq/ M1E1/+4<<;,/ �H{sruwlqj dqg Surgxfwlylw|�/ 58 s1

Ehuqdug/ D1E1/ Mhqvhq/ M1E1 +4<<<,/ �H{fhswlrqdo H{sruwhu Shuirupdqfh =
Fdxvh/ H�hfw ru Erwk B�/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 7:+4,/ s1 40
581

Ehuwrod/ J1 +4<<3,/ �Mre Vhfxulw|/ Hpsor|phqw dqg Zdjhv�/ Hxurshdq Hfr0
qrplf Uhylhz/ 67/ s1;840;;91

Errwk/ D1 +4<<:,/ �Dq Dqdo|vlv ri Ilulqj Frvwv dqg Wkhlu Lpsolfdwlrqv iru
Xqhpsor|phqw Srolf|�/ fkdswhu 45 lq gh od Ghkdvd dqg Vqrzhu +hg1,/ Xqhp0
sor|phqw Srolf| = Jryhuqphqw Rswlrqv iru wkh Oderxu Pdunhw/ Fdpeulgjh
Xqlyhuvlw| Suhvv/ 8<4 s1

Eudqghu/ M1D1/ Vshqfhu/ E1M1 +4<;;,/ �Xqlrql}hg Roljrsro| dqg Lqwhuqdwlrqdo
Wudgh Srolf|�/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 57/ s1 54:05671

Fdug/ G1/ Nudpdu}/ I1/ Ohplhx{/ W1 +4<<9,/ �Fkdqjhv lq wkh Uhodwlyh Vwuxf0
wxuh ri Zdjhv dqg Hpsor|phqw = d Frpsdulvrq ri wkh Xqlwhg Vwdwhv/ Fdqdgd
dqg Iudqfh�/ Q1E1H1U1 Zrunlqj Sdshu Vhulhv/ q� 87;:/ Qdwlrqdo Exuhdx ri
Hfrqrplf Uhvhdufk/ Pdvvdfkxvhwwv/ 85 s1

Frh/ G/ Khospdq/ H1 +4<<8,/ �Lqwhuqdwlrqdo U)G Vslooryhuv�/ Hxurshdq Hfr0
qrplf Uhylhz/ 8/ s1 ;8<0;;:1

Gdylv/ G1U1 +4<<;,/ �Grhv Hxurshdq Hpsor|phqw Surs xs Dphulfdq Zdjhv
B�/ Dphulfdq Hfrqrplf Uhylhz/ ;;+6,/ s1 7:;07<71

Ghfuhvvlq/ M1/ Idwdv/ D1 +4<<8,/ �Uhjlrqdo Oderxu Pdunhw G|qdplfv lq Hx0
ursh�/ Hxurshdq Hfrqrplf Uhylhz/ 6<+<,/ s1 495:049881
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Gl{lw/ D1/ Vwljolw}/ M1H1 +4<::,/ �Prqrsrolvwlf Frpshwlwlrq dqg Rswlpxp
Surgxfw Glyhuvlw|�/ Dphulfdq Hfrqrplf Uhylhz/ 9:/ s1 5<:063;1

Gul!o/ M1/ ydq ghu Sorhj/ I1 +4<<8,/ �Wudgh Olehudolvdwlrq zlwk Lpshuihfw
Frpshwlwlrq lq Jrrgv dqg Oderxu Pdunhwv�/ Vfdqglqdyldq Mrxuqdo ri Hfr0
qrplfv/ <:/ s1 55605761

Idlu/ U1F1 +4<:3,/ �Wkh Hvwlpdwlrq ri Vlpxowdqhrxv Htxdwlrq Prghov zlwk
Odjjhg Hqgrjhqrxv Yduldeohv dqg Iluvw Rughu Vhuldoo| Fruuhodwhg Huuruv�/
Hfrqrphwulfd/ 6;+6,/ s1 83:08491

Iuhhpdq/ U1/ Uhyhqjd/ D1 +4<<<,/ �Krz Pxfk Kdv Wudgh D�hfwhg Zhvwhuq
Mre Pdunhwv B� lq Ghzdwulsrqw/ P1/ Vdslu/ D1/ Vhnndw/ N1 +hg1,/ Wudgh dqg
Mrev lq Hxursh1 Pxfk Dgr derxw Qrwklqj B/ R{irug Xqlyhuvlw| Suhvv/ s1
;0651

Jduledogl/ S1 +4<<;,/ �Mre Iorz G|qdplfv dqg Ilulqj Uhvwulfwlrqv�/ Hxur0
shdq Hfrqrplf Uhylhz/ 75/ q� 5/ s1 57805:81

Jdvwrq/ Q1/ Wuh hu/ G1 +4<<8,/ �Xqlrq Zdjh Vhqvlwlylw| wr Wudgh dqg Surwhf0
wlrq = Wkhru| dqg Hylghqfh�/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 6< +425,/
s1 40591

Juhhqh/ Z1K1 +4<<:,/ Hfrqrphwulf Dqdo|vlv/ Qhz \run Xqlyhuvlw|/ 43:8 s1

Julolfkhv/ ]1/ Ulqjvwdg/ Y1 +4<:4,/ Hfrqrplhv ri Vfdoh dqg wkh Irup ri wkh
Surgxfwlrq Ixqfwlrq = Dq Hfrqrphwulf Vwxg| ri Qruzhjldq Pdqxidfwxulqj
Hvwdeolvkphqw Gdwd/ Qruwk0Kroodqg/ Dpvwhugdp dqg Orqghq/ 537 s1

Julolfkhv/ ]1 +4<:<,/ �Lvvxhv lq Dvvhvvlqj wkh Frqwulexwlrq ri Uhvhdufk dqg
Ghyhorsphqw wr Surgxfwlylw| Jurzwk�/ Ehoo Mrxuqdo ri Hfrqrplfv/ 43+4,/ s1
<504491

Juxee/ G1/ Zhoov/ Z1 +4<<6,/ �Hpsor|phqw Uhjxodwlrq dqg Sdwwhuqv ri Zrun
lq HF Frxqwulhv�/ lq R1H1F1G1 Hfrqrplf Vwxglhv/ q� 54/ Zlqwhu 4<<6/ s1 :0
891

Kxl}lqjd/ K1 +4<<6,/ �Lqwhuqdwlrqdo Pdunhw Lqwhjudwlrq dqg Xqlrq Edujdlq0
lqj�/ Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv/ <8/ s1 57<05881

Lp/ N1V1/ Shvdulq/ P1K1/ Vklq/ \1 +4<<9,/ Whvwlqj Xqlw Urrwv lq Khwhurjhqrxv
Sdqhov/ Xqlyhuvlw| ri Fdpeulgjh/ 56 s1

Nuxjpdq/ S1/ Odzuhqfh/ U1 +4<<9,/ �Wudgh/ Mrev dqg Zdjhv� lq Nuxjpdq S1
hgv/ Srs Lqwhuqdwlrqdolvp/ PLW Suhvv/ Fdpeulgjh/ s1 6807;1
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Nuxjpdq/ S1 +4<<8,/ �Jurzlqj Zruog Wudgh = Fdxvhv dqg Frqvhtxhqfhv�/
Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw| 4<<824/ s165:06::1

Oduuh/ E1 +4<<8,/ �Wkh Lpsdfw ri Wudgh rq Oderxu Pdunhwv = dq Dqdo|vlv e|
Lqgxvwu|�/ R1H1F1G1 Mrev Vwxg| Zrunlqj Sdshu Vhulhv/ q� 9/ Sdulv/ 66 s1

Odzuhqfh/ U1]1 +4<<<,/ �Grhv d Nlfn lq wkh Sdqwv Jhw \rx Jrlqj ru Grhv
lw Mxvw Kxuw B Wkh Lpsdfw ri Lqwhuqdwlrqdo Frpshwlwlrq rq Whfkqrorjlfdo
Fkdqjh lq XV Pdqxidfwxulqj�/ 53 s1

Pdvnxv/ N1 +4<<4,/ Frpsdulqj Lqwhuqdwlrqdo Wudgh Gdwd dqg Surgxfw dqg
Qdwlrqdo Fkdudfwhulvwlfv Gdwd iru wkh Dqdo|vlv ri Wudgh Prghov lq Krrshu/
S1/ Ulfkdugvrq/ M1G1 +hg,/ Lqwhuqdwlrqdo Hfrqrplf Wudqvdfwlrqv/ Xqlyhuvlw|
ri Fklfdjr/ s1 4:0931

Pdw|dv/ O1/ Vhyhvwuh/ S1 +4<<9,/ �Wkh Hfrqrphwulfv ri Sdqho Gdwd = d Kdqg0
errn ri Wkhru| dqg Dssolfdwlrqv/ Noxzhu Gruguhfkw/ <55 s1

Ph}}hwwl/ F1/ Glqrsrxorv/ H1 +4<<4,/ �Grphvwlf Xqlrql}dwlrq dqg Lpsruw
Frpshwlwlrq�/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 64/ s1:<04331

Qd|oru/ U1 +4<;;,/ �Lqwhuqdwlrqdo Wudgh dqg Hfrqrplf Lqwhjudwlrq zkhq
Oderxu Pdunhwv duh Jhqhudoo| Xqlrqlvhg�/ Hxurshdq Hfrqrplf Uhylhz/ 75+:,/
s145840459;1

Qhyhq/ G1/ Z|sorv}/ F1 +4<<<,/ �Uhodwlyh Sulfhv/ Wudgh dqg Uhvwuxfwxulqj
lq Hxurshdq Lqgxvwu|� lq Ghzdwulsrqw/ P1/ Vdslu/ D1/ Vhnndw/ N1 hgv/ Wudgh
dqg Mrev lq Hxursh1 Pxfk Dgr derxw Qrwklqj B/ R{irug Xqlyhuvlw| Suhvv/
s1 ;0651

R1H1F1G1 +4<<8,/ Uhvhdufk dqg Ghyhorsphqw H{shqglwxuh lq Lqgxvwu|/ Sdulv/
567 s1

R1H1F1G1 +4<<:,/ Wkh R1H1F1G1 Vwdq Gdwdedvh iru Lqgxvwuldo Dqdo|vlv/ Sdulv/
695 s1

R1H1F1G1 +4<<<,/ Pdlq Hfrqrplf Lqglfdwruv/ Iheuxdu|/ Sdulv/ 54: s1

Uhyhqjd/ D1 +4<<5,/ �H{sruwlqj MrevB Wkh Lpsdfw ri Lpsruw Frpshwlwlrq
rq Hpsor|phqw dqg Zdjhv lq X1V1 Pdqxidfwxulqj�/ Txduwhuo| Mrxuqdo ri
Hfrqrplfv/ 43:+4,/ s1 58805;71

Vfkrww/ S1N1 +4<<;,/ Rqh Vl}h Ilwv Doo B Wkhru|/ Hylghqfh dqg Lpsolfdwlrqv
ri Frqhv ri Glyhuvl�fdwlrq/ plphr1
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Vodxjkwhu/ P1/ Vzdjho/ S1 +4<<:,/�Wkh h�hfwv ri Joredolvdwlrq rq Zdjhv lq
wkh Dgydqfhg Hfrqrplhv�/ LPI Zrunlqj Sdshu/ +<:276,/ 66 s1

Ydqghqexvvfkh/ K1/ Nrqlqjv/ M1 +4<<;,/ �Joredolvdwlrq dqg wkh H�hfwv ri
Qdwlrqdo yhuvxv Lqwhuqdwlrqdo Frpshwlwlrq rq wkh Oderxu Pdunhw = Wkhru|
dqg Hylghqfh iurp Ehojldq Ilup Ohyho Gdwd�/ Fhqwuh iru Hfrqrplf Vwxglhv
Glvfxvvlrq Sdshu Vhulhv GSV <;+54,/ 56 s1

Yduldq/ K1U1 +4<;7,/ Plfurhfrqrplf Dqdo|vlv/ Qhz \run = Qruwrq/ 6;7 s1

Yhuvsdjhq/ E1/ ydq Prhujdvwho/ W1/ Vodeehuv/ P1 +4<<7,/ PHULW Frqfru0
gdqfh Wdeoh = L1S1F10L1V1L1F1 +uhy15,/ 53 s1

Zrrg/ D1 +4<<7,/ Qruwk0Vrxwk Wudgh/ Hpsor|phqw dqg Lqhtxdolw| = Fkdqj0
lqj Iruwxqhv lq d Vnloo0Gulyhq Zruog1 Foduhqgrq = R{irug/ 838 s1
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