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Dq Hpslulfdo Dqdo|vlv ri Whfkqrorjlfdo
Frqyhujhqfh Surfhvv dqg UMYv lq Hxursh dw

wkh Ilup Ohyho

Sdwul}ld Exvvrol�

Xqlyhuvlwdw Srpshx Ideud Edufhorqd Vsdlq

Vhswhpehu 4<<<

Devwudfw

Zh xvh d qhz gdwd vhw iru Hxurshdq pdqxidfwxulqj �upv wr dv0

vhvv zkhwkhu d vkruw whup whfkqrorjlfdo frqyhujhqfh surfhvv kdv ehhq

wdnlqj sodfh dprqj pdqxidfwxulqj �upv lq vhyhq Hxurshdq frxqwulhv1

Wkh hpslulfdo dqdo|vlv dlpv wr vwxg| wkh h�hfwv ri lqwhuqdwlrqdo fr0

rshudwlyh U)G rq vkruw whup surgxfwlylw| jdlqv dprqj Hxurshdq

pdqxidfwxulqj �upv dqg foduli| wkh uroh ri vslooryhuv lq wkh surfhvv ri

whfkqrorjlfdo gl�xvlrq1 Zh �qg vxevwdqwldo hylghqfh ri frqyhujhqfh

dfurvv �upv lq Hxursh/ wkdw wkh ryhudoo frqyhujhqfh surfhvv lv lq x0

hqfhg e| wkh suhvhqfh ri lqwhuqdwlrqdo U)G fr0rshudwlrq dqg wkdw

v|pphwulf Uhvhdufk Mrlqw Yhqwxuhv +UMYv, lqfuhdvh surgxfwlylw| wr d

juhdwhu h{whqw wkdq UMYv ehwzhhq dv|pphwulf �upv1 Wkh frqyhujhqfh

surfhvv lv d�hfwhg e| wkh suhvhqfh ri UMYv/ exw lq wklv dqdo|vlv zh

gr qrw ghwhfw wkdw frqyhujhqfh lv srvlwlyho| d�hfwhg e| frxqwu| dqg

vhfwrudo wudgh dqg sdwhqwv1

�L zrxog olnh wr wkdqn Jlrujlr Edued Qdyduhwwl/ Euxqr Fdvvlpdq/ Zdowhu Jdufld Irqwhv/

Dguldqd Nxjohu/ Oxlv Ulyhud Edwl}/ Glhjr Urguljxh}/ Dohvvdqgur Vhpehqhool/ Gdylg Xosk

iru xvhixo glvfxvvlrq/ frpphqwv dqg vxjjhvwlrqv1 L dovr zrxog olnh wr wkdqn Eurz|q Kdoo

dqg Pdqxho Duhoodqr iru xvhixo wdonv dqg lqvljkwv1
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4 Lqwurgxfwlrq4

H{whqvlyh olwhudwxuh kdv surgxfhg vxevwdqwldo hylghqfh ri lqfrph frqyhu0
jhqfh +Eduur dqg Vdod0l0Pduwlq +4<<8,, dqg surgxfwlylw| frqyhujhqfh eh0
wzhhq frxqwulhv +Mdxprwwh +4<<;,/ Frh/ Khospdq dqg Kr�pdlvwhu +4<<:,,1
Vwxglhv orrnlqj dw frqyhujhqfh dw wkh ohyho ri wkh lqgxvwu| kdyh udlvhg grxewv
derxw frqyhujhqfh zlwklq wkh pdqxidfwxulqj vhfwru1 Ehuqdug dqg Mrqhv
+4<<9, �qg olwwoh hylghqfh ri oderxu ru pxowlidfwru surgxfwlylw| frqyhujhqfh
lq pdqxidfwxulqj dqg vkrz wkdw wkh uhvxowv duh lqghshqghqw ri wkh phwkrg
xvhg wr fdofxodwh pxowlidfwru surgxfwlylw|1 D vkruwfrplqj ri wkh fxuuhqw olw0
hudwxuh lv wkdw frqyhujhqfh lv rqo| h{dplqhg dw wkh 40gljlw ohyho1 Wkhuh lv
yhu| olwwoh zrun rq frqyhujhqfh dw �qhu ohyhov ru dw wkh ohyho ri wkh �up1
Krzhyhu/ frqyhujhqfh lv d surfhvv wkdw xowlpdwho| wdnhv sodfh dw wkh �up
ohyho1

Wkhuh lv dq h{whqvlyh olwhudwxuh rq wkh h�hfw ri U)G rq Wrwdo Idfwru Sur0
gxfwlylw| +WIS, jurzwk dw wkh �up ohyho +Julolfkhv +4<:6/ 4<;8/ 4<<4/ 4<<5,/
Julolfkhv dqgPdluhvvh +4<;8,/ Pdluhvvh dqg Kdoo +4<<7,,1 Wklv olwhudwxuh sur0
ylghv lqvljkwv rq wkh uhodwlrqvkls ehwzhhq U)G dqg �up surgxfwlylw|/ exw
kdv odujho| ljqruhg wkh hpslulfdo uroh ri fr0rshudwlyh U)G1 Wkhuh lv sohqw| ri
urrp ohiw iru zrun irfxvlqj rq xqghuvwdqglqj wkh uroh ri fr0rshudwlyh U)G/
zklfk lv d frpprq sudfwlfh erwk lq wkh XV dqg Hxursh/ zkhuh Uhvhdufk Mrlqw
Yhqwxuhv +UMYv, uhfhlyh vxevwdqwldo qdwlrqdo dqg lqwhuqdwlrqdo ixqglqj1

Lq wklv sdshu/ zh xvh d qhz gdwd vhw iru Hxurshdq pdqxidfwxulqj �upv
wr dvvhvv zkhwkhu d vkruw whup whfkqrorjlfdo frqyhujhqfh surfhvv kdv ehhq
wdnlqj sodfh dprqj pdqxidfwxulqj �upv lq vhyhq Hxurshdq frxqwulhv15 Wkh
gdwd vhw frpsulvhv d vdpsoh ri 7/4:4 �upv wkdw surylghv ghwdlohg lqirupdwlrq
derxw edodqfh vkhhwv/ U)G djuhhphqwv/ dqg rwkhu yduldeohv1 Wkh gdwd vhw
doorzv xv wr phdvxuh whfkqrorjlfdo fkdqjh dw wkh ohyho ri wkh �up e| fdofx0
odwlqj �up WIS dqg h{dplqh whfkqrorjlfdo frqyhujhqfh iru wkh zkroh vdpsoh
ri �upv dqg zlwklq wkh jurxs ri �upv wkdw irup sduw ri UMYv1 Wkh hpslul0
fdo dqdo|vlv dlpv wr vwxg| wkh h�hfwv ri lqwhuqdwlrqdo fr0rshudwlyh U)G rq
vkruw0whup whfkqrorjlfdo frqyhujhqfh dprqj Hxurshdq pdqxidfwxulqj �upv
dqg foduli| wkh uroh ri vslooryhuv lq wkh surfhvv ri whfkqrorjlfdo gl�xvlrq1

4Wkh �VWHS wr UMYv� surmhfw zdv fr0ruglqdwhg e| \dqqlv Fdorjklurx/ Qdwlrqdo Whfk0

qlfdo Xqlyhuvlw| ri Dwkhqv2Oderudwru| ri Lqgxvwuldo dqg Hqhuj| Hfrqrplfv1 Surmhfw sdu0

wlflsdqwv duh= QWXD2OLHH +Juhhfh,/ VLUQ +XN,/ IHHP +Lwdo|,/ LGDWH +Iudqfh,/ Vwrfn0
krop Vfkrro ri Hfrqrplfv +Vzhghq,/ Xqlyhuvlgdg LLL gh Pdgulg +Vsdlq,/ SUHVW +XN,1

5Ehojlxp/ Iudqfh/ Jhupdq|/ Lwdo|/ Qhwkhuodqgv/ Sruwxjdo dqg wkh XN1
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Wkh hpslulfdo dqdo|vlv surfhhgv lq wkuhh vwhsv1 Iluvw/ zh dvvhvv wkh suhv0
hqfh ri frxqwu|zlgh dqg vhfwruldo whfkqrorjlfdo frqyhujhqfh dprqj doo �upv
lq wkh vdpsoh/ frqwuroolqj iru �upv lqvlgh dqg rxwvlgh UMYv1 Diwhu vkruw whup
frqyhujhqfh lv hvwdeolvkhg/ zh vwxg| pruh lq ghswk wkh uroh ri wkh fkdudfwhulv0
wlfv ri lqwhuqdwlrqdo UMYv lq wklv surfhvv1 Zh frqfhqwudwh rq wkh vxe0vdpsoh
ri �upv sduwlflsdwlqj lq UMYv wr ehwwhu xqghuvwdqg wkh surfhvv ri frqyhu0
jhqfh dqg whfkqrorjlfdo gl�xvlrq zlwklq wkh jurxs ri �upv wkdw mrlq UMYv1
Ilqdoo|/ zh wu| wr dvvhvv wkh h{whqw wr zklfk wkh suhvhqfh ri UMYv lq wkh
gl�huhqw pdqxidfwxulqj vhfwruv d�hfwv wkh whfkqrorjlfdo jds ehwzhhq d jlyhq
�up dqg wkh ehvw shuiruplqj �up lq lwv vhfwru1 Wkxv wkh �qdo vwhs ri wkh dqdo0
|vlv lv wr frqvwuxfw wkh surgxfwlylw| jds +glvshuvlrq/ glvwdqfh whup, zklfk lv
frpsdudeoh dfurvv vhfwruv dqg wr h{sodlq wkh glvwdqfh phdvxuh iurp wkh ehvw
shuiruplqj �up e| fkdudfwhulvwlfv ri �upv dqg ri UMYv1 Li wkh nqrzohgjh
ru qhz whfkqrorj| ghyhorshg lq UMYv lv wudqvplwwhg wr �upv rxwvlgh UMYv/
wkhq wkh surgxfwlylw| ri �upv +phdvxuhg lq ohyhov, vkrxog eh kljkhu lq wkrvh
vhfwruv zlwk d odujhu suhvhqfh ri UMYv1

Wkh olwhudwxuh rq fr0rshudwlyh U)G dqg UMYv lv ulfk lq uhvxowv dw wkh
wkhruhwlfdo ohyho/ prghoolqj wkh h�hfwv ri mrlqlqj dq UMY rq U)G lqyhvwphqw/
surgxfw pdunhw h�hfwv dqg vslooryhu h�hfwv1 Gxh wr wkh odfn ri ghwdlohg gdwd
dw wkh �up dqg UMY ohyho/ wkhuh duh yhu| ihz hpslulfdo uhvxowv1 Wkh rqo|
uhvxowv dydlodeoh uhodwh wr UMYv iruphg lq wkh XV16 Rxu uhvxowv surylgh d olqn
ehwzhhq wkhruhwlfdo uhvxowv dqg hpslulfdo hylghqfh/ vxssruwlqj wkh qrwlrq ri
vkruw whup whfkqrorjlfdo frqyhujhqfh dprqj Hxurshdq �upv1

5 Frqyhujhqfh/ surgxfwlylw| dqg U)G fr0

rshudwlrq dw wkh plfur ohyho

Wkh hpslulfdo frqyhujhqfh surfhvv kdv ehhq h{whqvlyho| vwxglhg dw wkh pdfur
ohyho +Eduur dqg Vdod0l0Pduwlq +4<<8,,/ zlwk frqwulexwlrqv dw wkh vhfwruldo
ohyho dlplqj wr xqghuvwdqg wkh uroh ri hdfk vhfwru lq d�hfwlqj wkh jurzwk
sdwk +Ehuqdug dqg Mrqhv +4<<9d/ e,/ Mrqhv +4<<7/ 4<<8,/ Ehuqdug dqg Gxuodxi
+4<<9,,1 Ehuqdug dqg Mrqhv +4<<9e,/ Fr}}l +4<<;, dqg Kdnvdu +4<<9, vxjjhvw
wkdw pruh h�ruw vkrxog eh ghyrwhg wr dqdo|vh wkh plfurhfrqrplfv ri wkh

6Wkh ihz hpslulfdo frqwulexwlrqv duh rq UMYv lq wkh XV +Yrqruwdv +4<<:,/ Uroohu/

Wrpedn dqg Vlhehuw +4<<:,,1 Edvhg rq wklv qhz Hxurshdq gdwdedvh wkh hpslulfdo zrun

lqfoxghv Edued Qdyduhwwl/ Exvvrol/ YrqJudhylw} dqg Xosk +4<<<,/ Pdulq dqg Vlrwlv +4<<<,

dqg Ehqiudwhoor dqg Vhpehqhool +4<<<,1
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pdfur surfhvv1 Uhfhqw uhvxowv dw wkh vhfwruldo ohyho hpskdvl}h wkh uroh ri wudgh
dv d phdqv ri whfkqrorjlfdo gl�xvlrq lq d�hfwlqj wkh surfhvv ri whfkqrorjlfdo
frqyhujhqfh dprqj RHFG dqg qrq0RHFG frxqwulhv +Frh/ Khospdq dqg
Kr�pdlvwhu +4<<:,/ Mdxprwwh +4<<;,,1 Xvlqj plfur gdwd doorzv xv wr fdswxuh
rwkhu fkdqqhov ri wkh surfhvv ri whfkqrorj| gl�xvlrq/ vxfk dv wkh uroh ri fr0
rshudwlyh U)G dqg vslooryhu h�hfwv dfurvv �upv/ zklfk duh nh| idfwruv lq
wkh qhz jurzwk olwhudwxuh1 Zh iroorz wkh vwdqgdug whfkqrorjlfdo frqyhujhqfh
dssurdfk/ zkhuh wkh sur{| xvhg wr phdvxuh whfkqrorj| lv WIS1

Wkh �uvw txhvwlrq zh dqvzhu lv zkhwkhu d vkruw0whup whfkqrorjlfdo frq0
yhujhqfh surfhvv kdv ehhq wdnlqj sodfh dqg zkhwkhu sduwlflsdwlrq lq UMYv
idyrxuv wklv surfhvv dfurvv Hxurshdq �upv1 Wkh dqdo|vlv dfurvv frxqwulhv
dqg dfurvv gl�huhqw pdqxidfwxulqj vhfwruv lq Hxursh vxssruwv wkh k|srwkh0
vlv wkdw UMYv idyrxu whfkqrorjlfdo frqyhujhqfh dw wkh frxqwu| ohyho/ dowkrxjk
wklv h�hfw lv qrw vwdwlvwlfdoo| vljql�fdqw iru wkh XN dqg Jhupdq|/ dqg dw wkh
vhfwruldo ohyho iru prvw ri wkh 54 vhfwruv h{dplqhg/ h{fhsw wrwdo forwklqj/ wr0
wdo ihuurxv surgxfwv h{fhsw pdfklqhu|/ wrwdo r!fh pdfklqhu| dqg frpsxwhu/
wrwdo udglr/ WY dqg whohfrppxqlfdwlrq/ wrwdo phglfdo htxlsphqw/ phdvxulqj
lqvwuxphqwv dqg zdwfkhv/ dqg wrwdo ixuqlwxuh dqg rwkhu pdqxidfwxulqj1

Zkhq zh frqfhqwudwh rq wkh vdpsoh ri �upv sduwlflsdwlqj lqwr UMYv/ zh
�qg rxw wkdw wkhuh lv frqyhujhqfh iru doo frxqwulhv h{fhsw iru Jhupdq| dqg
wkh XN1 Zh dovr �qg wkdw wkh frqyhujhqfh h�hfw lv vwurqjhu wkh kljkhu wkh
ghjuhh ri v|pphwu| dprqj �upv mrlqlqj wkh vdph UMYv17

Iru erwk wkh vhfwruldo dqdo|vlv ri wkh vdpsoh frpsdulqj doo �upv dqg wkh
vdpsoh ri �upv sduwlflsdwlqj lq UMYv zh �qg wkdw wkh kljkhu wkh jurzwk udwh
ri fdslwdo wkh orzhu wkh whfkqrorjlfdo jurzwk udwh1 Wklv uhvxow pljkw vxjjhvw
wr xv wkh suhvhqfh ri lpsruwdqw dgmxvwphqw frvw idfwruv lq wkh dgrswlrq ri
qhz lqqrydwlrqv wkdw d�hfw qhjdwlyho| wkh vkruw whup whfkqrorjlfdo jurzwk
surfhvv1

Wkh wklug txhvwlrq zh dgguhvv frqfhuqv zkhwkhu wkh ohyho ri �up WIS lv
d�hfwhg e| U)G fr0rshudwlrq1 Zh vwxg| wkh ghwhuplqdqwv ri d glvshuvlrq
whupphdvxulqj wkh jds ehwzhhq d jlyhq �up dqg wkh vhfwru*v ehvw0shuiruplqj
�up1 Wkh glvshuvlrq whup kdv ehhq frqvwuxfwhg iroorzlqj wkh dssurdfk xvhg
e| Dqq Kduulvrq +4<<6/ 4<<7, lq vwxg|lqj vslooryhuv gxh wr iruhljq gluhfw
lqyhvwphqwv1 Rxu uhvxowv vkrz wkdw U)G fr0rshudwlrq dfwlylw| kdv d srvlwlyh
lpsdfw rq wkh whfkqrorjlfdo surgxfwlylw| glvwdqfh1 Zh �qg wkdw odujhu �upv
kdyh d juhdwhu glvwdqfh iurp wkh ehvw shuiruplqj �up lq wkhlu vhfwru/ vr wkdw

7
Qrwlqj wkdw wkh srro ri �upv mrlqlqj UMYv duh qrw doo dolnh wr vwduw zlwk1
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wkh| duh ohvv olnho| wr dfklhyh kljkhu ohyhov ri whfkqrorjlfdo surgxfwlylw|1
Vxppdulvlqj/ zh �qg vxevwdqwldo hylghqfh ri vkruw whup frqyhujhqfh

dfurvv �upv lq Hxursh/ wkdw wkh ryhudoo frqyhujhqfh surfhvv lv srvlwlyho|
lq xhqfhg e| wkh suhvhqfh ri lqwhuqdwlrqdo U)G fr0rshudwlrq dqg wkdw v|p0
phwulf UMYv lqfuhdvh surgxfwlylw| wr d juhdwhu h{whqw wkdq UMYv ehwzhhq
dv|pphwulf �upv1 UMYv duh d wrro ri whfkqrorj| gl�xvlrq ehfdxvh wkh| jhq0
hudwh qhz nqrzohgjh dprqj d jurxs ri �upv/ zklfk duh frpshwlwruv lq wkh
surgxfw pdunhw1 Fr0rshudwlqj lq UMYv lqgxfhv �upv wr vkduh wkhlu nqrzo0
hgjh dprqj wkhpvhoyhv dqg jlyhv dffhvv wr sulylohjhg lqirupdwlrq1 Wkh frq0
yhujhqfh surfhvv lv d�hfwhg e| wkh suhvhqfh ri UMYv/ exw zh gr qrw �qg wkdw
vhfwruldo dqg frxqwu| wudgh dqg sdwhqwv +lq wkh frxqwu| dqdo|vlv, frqwulexwh
wr whfkqrorjlfdo frqyhujhqfh1 Zh vwloo kdyh wr phdvxuh wkh lpsdfw ri rwkhu
lqgxvwu|0zlgh furvv vslooryhuv wkdw gr qrw ghshqg rq wkh suhvhqfh ri UMYv1

Wklv sdshu lv rujdqlvhg dv iroorzv1 Lq wkh qh{w vhfwlrq d wkhruhwlfdo prgho
wkdw vxssruwv rxu hpslulfdo whvw lv suhvhqwhg> lq wkh wklug vhfwlrq wkh gdwd
dqg wkh yduldeohv h{dplqhg duh ghvfulehg> lq wkh iroorzlqj wkuhh vhfwlrqv zh
vshfli| hdfk vwhs ri wkh hfrqrphwulf dqdo|vlv dqg suhvhqw wkh uhvxowv/ zklfk
duh glvfxvvhg lq wkh vl{wk vhfwlrq1 D qxpehu ri h{whqvlrqv duh vxjjhvwhg lq
wkh frqfoxvlrqv1

6 U)GFr0rshudwlrq dqg Jurzwk= d wkhruhw0

lfdo iudphzrun

Wkh hpslulfdo hvwlpdwlrq lv prwlydwhg e| d vlpsoh hqgrjhqrxv jurzwk prgho/
edvhg rq Fr}}l +4<<;,/ zkhuh wkh fuxfldo idfwru lv fr0rshudwlyh ehkdylrxu
dprqj �upv lq wkhlu U)G dfwlylw|1 Lq wkh rqh0idfwru fdvh lq zklfk oderxu
lv wkh rqo| lqsxw xvhg lq wkh hfrqrp|/ whfkqrorjlfdo fkdqjh lv phdvxuhg
e| oderxu surgxfwlylw|1 Lq wkh pxowl0idfwru prgho/ whfkqrorjlfdo fkdqjh lv
phdvxuhg e| wrwdo idfwru surgxfwlylw|1 Zh fdq wklqn ri whfkqrorj| dv d
*urxwlqh surfhvv* +Edxpro 4<<6,/ zkhuh whfkqrorj| lqfuhdvhv judgxdoo| ryhu
wlph1

614 Krxvhkrogv

Djhqwv pd{lpl}h d xwlolw| ixqfwlrq zklfk lv olqhdu lq wkh frqvxpswlrq lqgh{
{+l/w, vxemhfw wr d exgjhw frqvwudlqw wkdw ghshqgv rq oderxu lqfrph +oderxu lv
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vxssolhg lqhodvwlfdoo|, dqg qrq0kxpdq dvvhwv vxfk dv frqvxphu ordqv judqwhg
dqg �up erqgv dqg htxlwlhv +zklfk duh dvvxphg wr eh shuihfw vxevwlwxwhv,1

Wkh lqvwdqwdqhrxv ghpdqg ri hdfk jrrg � 5 dfc �o lv jlyhq e|

%E�c |� '
.E|�RE�c |�U �

f RE�c |�
3�

E�3@�_�
c E��

zkhuh .E|� lv qrplqdo h{shqglwxuh dqg �
E�3@�

lv wkh frqvwdqw hodvwlflw| ri
vxevwlwxwlrq1

615 Ilupv

Hdfk jrrg lv surgxfhg e| d prqrsrolvwlfdoo| frpshwlwlyh �up/ zklfk idfhv
d srvlwlyh �{hg frvw uhsuhvhqwlqj ryhukhdg oderxu frvw +q xqlwv ri oderxu,1
Ilupv duh hqjdjhg lq Ehuwudqg frpshwlwlrq1 Jrrgv duh surgxfhg xqghu wkh
vdph frqvwdqw uhwxuqv wr vfdoh whfkqrorj| xvlqj oderxu dv wkh rqo| sulpdu|
idfwru1 Wkh whfkqrorjlfdo ohyho ri wkh �up phdvxuhv wkh dyhudjh dqg pdujlqdo
surgxfwlylw| ri oderxu/ ghqrwhg e| sE�c |�1 Surgxfw ydulhwlhv gr qrw fkdqjh
ryhu wlph dqg uhdo zdjhv duh htxdo wr @sE�c |�1 Sur�wv zloo eh htxdo wr wrwdo
uhyhqxh plqxv yduldeoh oderxu frvw dqg ryhukhdg frvw1 Li �up � frqwulexwhv
wr lpsuryh whfkqrorj|/ lw zloo kluh zrunhuv �E�c |� wr fduu| rxw U)G1 Wkxv
wkh uhdo ydoxh ri wkh �up zloo eh

T E�c |� '
]
"

|
E�Er�E�� @�� �E�c r�sEr�@� ?sEr�@�e4Er3|�_|c E2�

zkhuh �Er� lv uhdo frqvxpswlrq  rz1

616 Whfkqrorj|

Whfkqrorjlfdo surjuhvv sE|� uhtxluhv wkh mrlqw U)G h�ruw ri d frdolwlrq ri
�upv/ dffruglqj wr wkh iroorzlqj odz ri prwlrq/

�

s � Er� '
@

K

]
�M�

�sEr�K�Er�K_�c E��

iru doo � 5 �/ zkhuh D lv wkh vxevhw ri fr0rshudwlyh �upv zkrvh lqgh{hv eh0
orqj wr ^3/4` dqg D lv dvvxphg wr kdyh d srvlwlyh Ohehvjxh phdvxuh1 Wkh
sdudphwhu K/ zlwk K 	 �/ hperglhv wkh dvvxpswlrq ri glplqlvklqj orqj whup
uhwxuqv wr whfkqrorj| dv zhoo dv srvlwlyh frvwv ri dffhohudwlqj wkh sdwk ri lq0
qrydwlrq/ zkloh wkh vfdodu surgxfwlylw| sdudphwhu @/ zlwk @ : f/ fdswxuhv wkh

9



iudfwlrq ri lqyhqwlrqv wkdw duh vxffhvvixo lq d ulvn| frqwh{w +wkh h{suhvvlrq
grhv qrw lqfoxgh xqfhuwdlqw| jlyhq wkh odujh qxpehu ri �upv,1 Wkh lqwhjudo
vxppdwlrq lpsolhv wkdw hdfk �up*v U)G h�ruw frqwulexwhv wr ryhufrplqj
glplqlvklqj uhwxuqv ri wkh rwkhu �upv* U)G h�ruwv/ vxjjhvwlqj wkdw U)G
fr0rshudwlrq doorzv �upv wr h{sorlw frpsohphqwdulwlhv dprqj wkhlu gl�hu0
hqw surgxfwlrq +Edxpro 4<<6,1 Wkh vshfl�fdwlrq lpsolhv wkdw whfkqrorj|
lqfuhdvhv lq wkh qxpehu ri zrunhuv hpsor|hg e| wkh �up lq wkh ode +�Er�,
dqg lq wkh dffxpxodwhg vwrfn ri nqrzohgjh +sEr�,1 Dq dvvxpswlrq derxw
lqirupdwlrq vkdulqj lv wkh suhvhqfh ri htxdo vkdulqj ri lqirupdwlrq dprqj
�upv mrlqlqj wkh UMY exw qr lqirupdwlrq  rzv rxwvlgh wkh jurxs1

617 Fr0rshudwlyh Htxloleulxp

Zkhq �upv mrlq dq hfrqrp|0zlgh UMY wkh| zloo pd{lpl}h wkhlu frpprq
ydoxh ixqfwlrq T�Es�

T�Es� ' 6@%�E��

]
"

|
E�Er�E�� @�� �Er�sEr�@� ?sEr�@�e4Er3|�_r Ee�

vxemhfw wr

�

s Er� '
@

K
sEr�K�Er�Kc E�@�

zklfk lv wkh vlpsol�hg h{suhvvlrq ri wkh odz ri prwlrq xqghu wkh k|srwkhvlv
ri v|pphwu|1 Zkhq �upv pd{lpl}h/ jlyhq wkdw wkh| duh udwlrqdo djhqwv/
wkh| nqrz wkdw8 �Er� ' Eu � �Er� � ?�sEr� dqg frqvhtxhqwo| vxevwlwxwh lw
lq T�Es�1

Xqghu fr0rshudwlyh ehkdylrxu/ srvlwlyh lqyhvwphqw lq U)G ohdgv wr srv0
lwlyh hfrqrplf jurzwk1 Lq wkh devhqfh ri fr0rshudwlrq/ wkh lqyhvwphqw lq
U)G hpsor|phqw zloo eh }hur +�Er� ' f, dqg frqvhtxhqwo| wkhuh zloo eh
qr whfkqrorjlfdo surjuhvv1 Wkh uhvxow dovr krogv/ xqghu vrph fkdqjhv ri wkh
prqlwrulqj v|vwhp wr suhyhqw lqirupdwlrq ohdndjhv/ zkhq pruh UMYv duh do0
orzhg1 Lq wklv fdvh/ wkh prqlwrulqj v|vwhp lv pruh h�hfwlyh wkh vpdoohu wkh
frdolwlrq/ gxh wr iuhh ulghu dqg prudo kd}dug sureohpv1

Wkh pd{lpl}dwlrq frqglwlrq |lhogv wkh rswlpdo ydoxh ri wkh �up xqghu
fr0rshudwlrq dqg wkh qxpehu ri zrunhuv sdlg e| hdfk �up iru fduu|lqj rxw
U)G/ zklfk lv

8
O lv wrwdo oderxu lq wkh hfrqrp|1 Wkh h{suhvvlrq ghulyhv iurp oderxu pdunhw fohdulqj

frqglwlrqv1

:
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Zkhq zh vxevwlwxwh wkh suhylrxv h{suhvvlrq lqwr wkh whfkqrorj| htxdwlrq
zh jhw
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Li zh glylgh e| s dqg dsso| d orj wudqvirupdwlrq/ zh hqg xs zlwk wkh
iroorzlqj h{suhvvlrq iru wkh whfkqrorjlfdo jurzwk udwh ,?{s =

,?{s ' ,?@� ,?K� ,?s n K,?EuE�� @�� ?�@��
�

�� K
,?4 E.�

Lq wklv h{suhvvlrq whfkqrorjlfdo surjuhvv ghshqgv srvlwlyho| rq wkh iudf0
wlrq @ ri vxffhvvixo lqqrydwlrq lq d ulvn| frqwh{w dqg rq wkh dprxqw ri oderxu
dydlodeoh lq wkh hfrqrp| +vl}h h�hfw,/ dqg qhjdwlyho| rq wkh lqlwldo ohyho ri
whfkqrorj| +frqyhujhqfh k|srwkhvlv,/ rq wkh oderxu ryhukhdg frvw ? dqg rq
lqwhuwhpsrudo wlph suhihuhqfh 41 Wkh vdph htxdwlrq pd| eh uhdg lq whupv
ri wkh frqglwlrqv xqghu zklfk d �up fdq vxffhvvixoo| jurz/ ghshqglqj rq lwv
lqlwldo ohyho ri whfkqrorjlfdo surgxfwlylw|/ lwv surgxfw txdolw| dqg vl}h1

Htxdwlrq +6d, lv wkh edvlf htxdwlrq zh xvh iru wkh hpslulfdo whvw1 Lq wklv
iudphzrun whfkqrorj| ghshqgv rq wkh vwrfn ri dffxpxodwhg whfkqrorj| dqg
rq lqyhvwphqw lq U)G oderxu1 Zh zloo surylgh vrph fkdqjhv gxh wr gdwd
dydlodelolw| dqg ixuwkhu lqwhusuhwdwlrqv1 Whfkqrorj| lv phdvxuhg e| wrwdo
idfwru surgxfwlylw|/ hvwlpdwhg iurp d wzr idfwru surgxfwlrq ixqfwlrq19c:c;

Glylglqj e| i dqg wudqviruplqj wkh yduldeohv lqwr qdwxudo orjdulwkp/ zh
hqg xs zlwk wkh iroorzlqj h{suhvvlrq=

,?{s ' ,?@� ,?Kn EK� ��,?s n K,?� EH�

zklfk lv htxdo wr +:, zkhq zh vxevwlwxwh wkh rswlpdo ydoxh ri �1

9
Ghwdlov rq wkh phwkrgrorj| ri WIS frqvwuxfwlrq duh lq Dsshqgl{ 41

:
Zh uhihu wr Fkdswhu 45 e| Djklrq dqg Krzlww +4<<;, iru dq h{whqvlyh dqdo|vlv ri wkh

phdvxuhphqw sureohpv uhodwhg wr phdvxuhv ri whfkqrorj|1
;
Wkh prgho fdq eh h{whqghg wr dq hfrqrp| zlwk wzr idfwruv ri surgxfwlrq/ zlwkrxw

vxevwdqwldo fkdqjhv lq wkh uhvxowv1

;



Whfkqrorjlfdo surjuhvv lv hvwlpdwhg zlwk uhvshfw wr wkh lqlwldo ohyho ri
whfkqrorj|/ wkh gl�huhqw fkdqqhov e| zklfk nqrzohgjh fdq eh dffxpxodwhg
+zklfk duh vshfl�hg lq ghwdlo lq wkh iroorzlqj vhfwlrq 7,/ wkh U)G lqyhvw0
phqw +dowkrxjk qrw dw wkh UMY qru dw wkh �up ohyho iru odfn ri gdwd, dqg
wkh vl}h ri wkh �up1< Pruhryhu/ uhvxowv lq wkh UMY olwhudwxuh vxjjhvw frqwuro0
olqj iru wkh lq xhqfh ri UMYv lq whupv ri vl}h dqg qxpehu ri UMYv1 Pxoohu/
Ndplhq dqg ]dqj +4<<7, suhvhqw d prgho lq zklfk whfkqrorj| lqfuhdvhv pruh
xqghu fr0rshudwlyh UMYv wkdq xqghu frpshwlwlyh UMYv1 Wkh pruh UMYv d
�up sduwlflsdwhv lq/ wkh forvhu wr fduwhol}hg UMYv dqg wkh juhdwhu wkh srv0
lwlyh h�hfw rq whfkqrorjlfdo surjuhvv1 Rq wkh rwkhu vlgh/ wkhruhwlfdo uhvxowv
vkrz wkdw d kljk qxpehu ri sduwlflsdqwv wr UMYv uhgxfhv wkh �up*v h{shfwhg
ydoxh/ ehfdxvh lw uhgxfhv h{shfwhg srvw lqqrydwlrq sur�wv +Pduwlq +4<<7,,43

ru lqfuhdvhv wkh frvw ri prqlwrulqj wkh sduwqhuv wr suhyhqw iuhh0ulglqj eh0
kdylrxu +Fr}}l +4<<;,,1 Wklv wudgh r� ehwzhhq ehqh�wv dqg frvwv ghwhuplqh
wkh rswlpdo qxpehu ri �upv lq dq UMY1

7 Gdwd dqg Yduldeohv

Zh xvh d gdwd vhw44 wkdw lqfoxghv lqirupdwlrq rq UMYv ehwzhhq Hxurshdq
�upv lq wkh shulrg 4<<504<<91 Wkh gdwd duh jdwkhuhg iurp wkh Hxuhnd dqg
Fruglv gdwdedvhv/ zklfk frqwdlq doo wkh lqirupdwlrq rq UMYv iruphg dprqj
Hxurshdq �upv/ xqghu wkh xpeuhood ri wkh Hxurshdq Frpplvvlrq +Fruglv,
dqg zlwk rwkhu vrxufhv ri ixqglqj/ pdlqo| qdwlrqdo ixqgv +Hxuhnd,1 Wkh UMYv
frpsulvh ydulrxv lqgxvwulhv exw zh irfxv rq UMYv dprqj pdqxidfwxulqj �upv
dqg ehwzhhq pdqxidfwxulqj �upv dqg qrq0sur�w lqvwlwxwlrqv vxfk dv uhvhdufk
rujdqlvdwlrqv dqg xqlyhuvlwlhv1 Zh frqfhqwudwh rq pdqxidfwxulqj vlqfh lw
lv rqh ri wkh vhfwruv pruh dfwlyh lq U)G fr0rshudwlrq dqg iru zklfk wkh

<Zh duh qrw deoh wr hvwlpdwh dq ryhukhdg frvw/ exw zh fdq frqwuro iru wkh vnloohg frvw

ri dgrswlqj qhz ylqwdjh ri fdslwdo lqwhudfwlqj wkh jurzwk udwh ri fdslwdo dqg wkh vnloo

yduldeohv1
43Li wkh qxpehu ri �upv lv odujh hqrxjk/ h{shfwhg ydoxh lv juhdwhu li d �up wdnhv d fkdqfh

rq kdylqj prqrsro| dffhvv wr wkh qhz whfkqrorj| wkdq li lw lv dvvxuhg rq kdylqj vkduhg

dffhvv wr wkh qhz whfkqrorj|1 Lq rxu dqdo|vlv zh fdqqrw frqwuro iru vkdulqj ri lqqrydwlrq

dprqj wkh sduwqhuv ri UMYv1
44Wkh vwuxfwxuh ri wkh gdwdedvh lv vlplodu wr wkh rqh frqvwuxfwhg rq UMYv lq wkh XV

+Yrqruwdv +4<<:,,1 Lw lqfoxghv gdwd rq UMYv iurp Fruglv dqg Hxuhnd dqg �upv* edodqfh

vkhhwv lqirupdwlrq h{wudfwhg iurp Dpdghxv gdwdedvh1 U)G gdwd dw wkh �up ohyho duh

iurp Zruogvfrsh gdwdedvh1
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lqirupdwlrq wr frpsxwh WIS dw wkh �up ohyho duh pruh frpsohwh1 Pruhryhu/
wkh suhylrxv vhfwruldo vwxglhv xqghuolqh wkh qhhg wr h{soruh wklv vhfwru pruh
lq ghwdlo/ dv d frpsrqhqw ri wkh djjuhjdwh frqyhujhqfh surfhvv1

714 WIS dw wkh �up ohyho

Iru hdfk vhfwru +dw 6 gljlw Qdfh <4, zh lqfoxgh wkh �upv wkdw wrrn sduw
lq UMYv surmhfw= 767 ri wkhp kdyh frpsohwh �qdqfldo lqirupdwlrq ryhu wkh
shulrg 4<<50<91 Iru 73 ri wkhp wkhuh duh gdwd rq U)G lqyhvwphqw iru wkh
zkroh shulrg1 Zh frqvwuxfwhg d frxqwhuidfwxdo ri 6:33 �upv wkdw glg qrw
mrlq UMYv1 Wkh frxqwulhv lqyroyhg lq wkh dqdo|vlv duh Ehojlxp/ Iudqfh/ Jhu0
pdq|/ Lwdo|/ Qhwkhuodqgv/ Sruwxjdo dqg wkh XN1 Wkh frxqwhuidfwxdo kdv ehhq
udqgrpo| h{wudfwhg iurp Dpdghxv gdwdedvh/ zklfk lv uhsuhvhqwdwlyh ri Hx0
urshdq �upv dw wkh frxqwu| dqg vhfwrudo ohyho1 Wdeoh 4 vkrzv wkh frxqwu|
dqg vhfwru frpsrvlwlrq ri wkh vdpsoh1

Dqdo|vlv ri WIS ohyhov lq wkh shulrg 4<<50<9 +Wdeoh 4d, vkrzv wkdw WIS lq
erwk jurxsv ri �upv lqvlgh dqg rxwvlgh UMYv lqfuhdvhg ryhu wkh shulrg1 WIS
phdqv iru wkh vdpsoh ri �upv sduwlflsdwlqj lqwr UMYv duh voljkwo| kljkhu wkdq
wkrvh ri �upv rxwvlgh UMYv/ exw wkh phgldq iru wkh wzr jurxsv lv vlplodu1
Dovr/ �upv mrlqlqj UMYv duh qrw wkh rqhv zlwk wkh kljkhvw WIS lq wkh vdpsoh1
WIS yduldqfh lq wkh jurxs ri �upv mrlqlqj UMYv lv kljkhu wkdq lq wkh rwkhu
jurxs= wklv vxjjhvwv wkdw UMY �upv duh pruh khwhurjhqhrxv wkdq qrq0UMY
�upv1 Ehfdxvh wkh ehvw shuiruplqj �upv duh qrw UMYv �upv zh gr qrw wklqn
wkhuh lv d vhulrxv vhohfwlylw| eldv sureohp lq wkdw �upv kdylqj kljkhu WIS
duh wr mrlq UMYv1

Wkh khwhurjhqhlw| ri �upv ehorqjlqj wr UMYv pd| uh hfw wkh idfw wkdw
rqh ri wkh dlpv ri fr0rshudwlyh U)G surjudpphv lv wr hqfrxudjh wkh sduwlfl0
sdwlrq ri khwhurjhqhrxv �upv +odujh dv zhoo dv vpdoo dqg phglxp hqwhusulvhv,/
lq sduwlfxodu lq wkh fdvh ri surmhfwv �qdqfhg e| wkh Hxurshdq Frpplvvlrq/
udwkhu wkdq hqfrxudjlqj wkh prvw surgxfwlyh �upv1

Wkh dqdo|vlv ri WIS jurzwk ryhu wkh shulrg 4<<50<9 lv vxppdulvhg lq
Wdeoh 4e1 Wkh frxqwu| dqdo|vlv ri WIS kljkoljkwv d qhjdwlyh WIS jurzwk
ryhu wkh shulrg iru wkh XN> Jhupdq| lv wkh frxqwu| zlwk wkh kljkhvw WIS
ohyhov +lq phdq dqg lq phgldq,1 Judskv 4 dqg 5 uhodwh WIS jurzwk ryhu wkh
shulrg 4<<50<9 dqg WIS dw 4<<5 iru wkh jurxs ri �upv lqvlgh dqg rxwvlgh
UMYv1 Wkh judskv vkrz d qhjdwlyh uhodwlrqvklsv ehwzhhq wkh wzr yduldeohv/
vxjjhvwlqj wkh h{lvwhqfh ri d frqyhujhqfh surfhvv ryhu wklv vkruw wlph shulrg
lq erwk jurxsv ri �upv1 Zkhq zh uhodwh WIS zlwk phdvxuhv ri �up vl}h
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+hpsor|phqw/ rshudwlqj uhyhqxh dqg ydoxh dgghg, zh �qg rxw wkdw �upv
zlwk d kljkhu WIS duh odujhu1 Wdeoh 4f vkrzv wkdw �upv mrlqlqj UMYv duh
rq dyhudjh odujhu lq whupv ri vl}h/ dowkrxjk wkh vxe0vdpsoh grhv qrw lqfoxgh
wkh odujhvw �upv lq wkh ryhudoo vdpsoh1 Wkh jurxs ri �upv rxwvlgh UMYv lv
pruh krprjhqhrxv dv vkrzq e| wkhlu orzhu yduldqfh1 Li zh frpsduh wkh vl}h
yduldeoh +mxvw iru hpsor|phqw, iru wkh �upv ehorqjlqj wr UMYv lq Fruglv dqg
lq Hxuhnd/ zh �qg wkdw wkh wzr jurxsv ri �upv duh udwkhu krprjhqrxv +Wdeoh
4g,1

8 Grhv whfkqrorjlfdo frqyhujhqfh wdnh sodfh

dprqj Hxurshdq �upvB

Vwdqgdug jurzwk olwhudwxuh hpskdvlvhv wkh uroh ri whfkqrorjlfdo surjuhvv lq
jhqhudwlqj kljkhu jurzwk= lq rxu whvwv zh wu| wr prgho wkh gl�huhqw fkdqqhov
e| zklfk whfkqrorjlfdo surjuhvv dw wkh �up ohyho wdnhv sodfh dqg lv dffx0
pxodwhg1 Wkxv zh whvw iru vrph vwdqgdug k|srwkhvhv dqg frqvlghu ydulrxv
frqwuro yduldeohv dw wkh �up ohyho1

Dffruglqj wr wkh prgho vnhwfkhg lq vhfwlrq 5/ zh frqvlghu wkdw whfkqrorj|
lv hperglhg lq sk|vlfdo dqg kxpdq fdslwdo dqg lq gxudeoh jrrgv1 Lq wkh
sursrvhg prgho zh vshfli| wkh iroorzlqj k|srwkhvlv1 Zh zdqw wr whvw iru d
frqyhujhqfh k|srwkhvlv dqg d ylqwdjh k|srwkhvlv= wkh �uvw rqh lv irupxodwhg
lq rughu wr phdvxuh zkhwkhu wkh fkdqjh lq WIS lv qhjdwlyho| fruuhodwhg wr
wkh ohyho ri WIS dw wkh lqlwldo shulrg1 Wkh vhfrqg rqh dvvhvvhv zkhwkhu wkh
jurzwk udwh ri WIS lv srvlwlyho| fruuhodwhg zlwk wkh jurzwk udwh ri fdslwdo1
Wkh ylqwdjh k|srwkhvlv vwdwhv wkdw qhz fdslwdo hperglhv lqqrydwlrq +Groodu
dqg Zro� +4<<9,,1

W|slfdoo| wkh sdwk ri whfkqrorj| jurzwk dqg wkh udwh ri lqqrydwlrq gh0
shqg rq wzr fuxfldo idfwruv +Pdqv�hog +4<94,,= 4, wkh udwh dw zklfk qhz
whfkqrorj| dqg surgxfwv duh glvfryhuhg ghshqgv rq wkh ohyho ri U)G vshqg0
lqj dqg rq wkh vkdulqj dqg gl�xvlrq ri nqrzohgjh> 5, wkh udwh dw zklfk wkhvh
qhz surgxfwv dqg whfkqrorjlhv duh lqwurgxfhg ghshqgv rq wkh hdvh dw zklfk
zrunhuv fdq dftxluh wkh vnloov uhtxluhg e| whfkqrorj| ghyhorsphqw1 Wkhuh0
iruh zh lqwurgxfh d vhw ri yduldeohv wr frqwuro iru U)G lqyhvwphqw dqg U)G
fr0rshudwlrq +UMYv,/ iru whfkqrorjlfdo vslooryhu dqg iru rwkhu fkdqqhov ri gli0
ixvlrq ri whfkqrorj|/ olnh wudgh/ sdwhqwv dqg iru wkh vnloov dydlodeoh dw wkh �up
ohyho +zklfk lv zkdw lq rxu prgho lv gh�qhg dv dffxpxodwhg vwrfn ri kxpdq
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fdslwdo,1
Zh �uvw shuirup d srrohg dqdo|vlv/ wr vhh wkh jhqhudo h�hfw ri UMYv dw

wkh �up ohyho dqg wkhq surfhhg zlwk d vhfwru dqg frxqwu| vshfl�f dqdo|vlv/ dv
doorzhg e| wkh nlqg ri sdqho gdwd vhw dydlodeoh1 Ehfdxvh wkh gdwd fryhu irxu
|hduv dqg pdq| �upv/ rxu dqdo|vlv lv edvlfdoo| d furvv vhfwlrq dqdo|vlv1 Zh
wdnh lqwr dffrxqw wkh hfrqrphwulf sureohpv wkdw dulvh zkhq zh srro gdwd iru
wkh vdph �upv ryhu vhyhudo |hduv1 Zh xvh d jhqhudolvhg ohdvw vtxduh hvwlpdwru
Zklwh frqvlvwhqw wr fruuhfw iru khwhurvnhgdvwlflw|1

Wkh srrohg uhjuhvvlrq uhodwhv �up WIS jurzwk ehwzhhq |f dqg
|?
�
{A8��E|?c|f�

�
wr lqlwldo WIS +A8��|f

,/ dq lqwhudfwlyh yduldeoh phdvxulqj

lqlwldo WIS li wkh �up ehorqjv wr dq UMY +(A8��|f
,/ wkh jurzwk udwh ri

fdslwdo
�
{g�E|?c|f�

�
/ dq lqwhudfwlyh yduldeoh phdvxulqj wkh jurzwk udwh ri

fdslwdo li wkh �up ehorqjv wr dq UMY +({g�E|?c|f�,/ dqg d qxpehu ri frqwuro
yduldeohv=

{A8��E|?c|f� ' @f n @�A8��|f
n @2(A8��|f

n @�(g�E|?c|f�

n@e({g�E|?c|f� n @D���A-�u�E|?c|f� n 0�E|?c|f� Eb�

( uhsuhvhqwv d gxpp| yduldeoh htxdo wr 4 li wkh �up sduwlflsdwhv lq d UMY
dqg 3 rwkhuzlvh1 ���A-�u�E|?c|f� lv d 4{} yhfwru wkdw lqfoxghv yduldeohv
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xvhg wr frqwuro iru wkh surfhvv ri whfkqrorjlfdo dffxpxodwlrq dqg gl�xvlrq
dqg vl}h h�hfwv/ zklfk duh dvvxphg wr eh h{rjhqrxv1 0�E|?c|f� duh qrq revhuy0
deoh huuru whupv/ dvvxphg wr eh qrupdoo| glvwulexwhg dqg khwhurvnhgdvwlf1 @f
lv wkh frqvwdqw whup/ dvvxphg wr eh htxdo dfurvv doo lqglylgxdov1 Zkhq zh
whvw iru jurxs h�hfwv wkhq wkh frqvwdqw whup zloo eh htxdo dorqj wkh frxqwu|
ru wkh vhfwruldo glphqvlrq1

Wkh frqyhujhqfh k|srwkhvlv dvvhuwv wkdw wkh udwh ri whfkqrorjlfdo frqyhu0
jhqfh lv qhjdwlyho| uhodwhg wr wkh lqlwldo ohyho ri WIS +@� vkrxog eh qhjdwlyh,1
Wkh ylqwdjh k|srwkhvlv lv whvwhg e| h{dplqlqj wkh jurzwk ri fdslwdo qhw ri
ghsuhfldwlrq1 Li wkh ylqwdjh k|srwkhvlv krogv/ zh zrxog h{shfw qhz fdslwdo
wr lqfrusrudwh lqqrydwlrq dqg wkh frh!flhqw @� wr eh srvlwlyh1

Wkh frh!flhqw ri wkh lqwhudfwlyh yduldeoh (A8��|f
lv xvhg wr whvw zkhwkhu

frqyhujhqfh udwhv gl�hu iru �upv zklfk wdnh sduw lq UMYv dqg �upv wkdw gr
qrw sduwlflsdwh lq UMYv1 Wkhuh zloo eh d gl�huhqfh zkhq wkh vxp ri @� dqg
@2 lv srvlwlyh/ wkdw lv UMYv idyrxu frqyhujhqfh1 D srvlwlyh vljq ri wkh vxp

45Dsshqgl{ 6 suhvhqwv wkh ydulrxv yduldeohv xvhg dqg wkh ghwdlov ri wkh frqvwuxfwlrq1
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ri wkh frh!flhqwv @� dqg @e lqglfdwhv wkdw wkhuh lv qrw d gl�huhqw ehkdylrxu
ri wkh �upv ehorqjlqj wr UMYv uhjduglqj wkh ylqwdjh k|srwkhvlv/ wkdw lv
wkh lqqrydwlrq hperglhg lq qhz fdslwdo lv vwurqjhu iru �upv sduwlflsdwlqj lq
UMYv1

814 Vhfwruldo dqg frxqwu| h�hfwv

Wkh srrohg dqdo|vlv vshfl�fdwlrq dvvxphv wkdw wkh frh!flhqwv duh wkh vdph
iru doo �upv lq wkh vdpsoh +l1h1/ doo wkh �upv kdyh wkh vdph doid,1 Ehfdxvh rqh
ri wkh dlpv ri wkh dqdo|vlv lv wr frqvlghu zkhwkhu wkhuh lv frqyhujhqfh dfurvv
gl�huhqw vhfwruv dqg frqyhujhqfh dfurvv frxqwulhv/ zh dovr h{dplqh vhfwruldo
dqg frxqwu| h�hfwv1 D frpsdqlrq sdshu +Edued Qdyduhwwl dqg Exvvrol/ 4<<<,
shuirupv wkh dqdo|vlv dfurvv uhjlrqv lq wkh h{whqghg yhuvlrq zlwk uhjlrqdo
gdwd/ frqvlghulqj wzr pdlq uhjlrqdo duhdv iruphg uhvshfwlyho| e| wkh prvw
dqg ohvv dgydqfhg frxqwulhv1

Wkh vhfwru vshfl�f dqdo|vlv doorzv vwxg|lqj wkh vshfl�f frh!flhqwv dw wkh
vhfwruldo ohyho +srrolqj dfurvv frxqwulhv,1 Wkh jhqhudo vhfwru0vshfl�f uhjuhv0
vlrq lv=

{A8���E|?c|f� ' @f n @��A8���|f n @2(A8���|f n @��{g��E|?c|f� n

@e({g��E|?c|f� n @D���A-�u��E|?c|f� n 0��E|?c|f� E�f�c

zkhuh wkh vxevfulsw � lqglfdwhv vhfwru m +frqvlghuhg dw d 50gljlw vshfl�fdwlrq
lq rughu wr kdyh hqrxjk ghjuhhv ri iuhhgrp wr frqvwuxfw wkh hvwlpdwruv,1

Wkh frxqwu| vshfl�f dqdo|vlv doorzv vwxg|lqj wkh frh!flhqwv dw wkh frxq0
wu| ohyho +srrolqj dfurvv vhfwruv,=

{A8���E|?c|f� ' @f n @��A8���|f n @2(A8���|f n @��{g��E|?c|f�

n@e({g��E|?c|f� n @D���A-�u��E|?c|f� n 0��E|?c|f�E���c

zkhuh vxevfulsw � lqglfdwhv frxqwu| y1 Wkh vdph k|srwkhvhv iru wkh huuru
whup dv lq htxdwlrq +<, dsso| khuh1
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815 Frqyhujhqfh dqg Ylqwdjh K|srwkhvlv= Jhqhudo dqg

Vshfl�f Uhvxowv

Wdeohv 5d dqg 5e vkrz wkh uhvxowv ri wkh hfrqrphwulf dqdo|vlv zlwk srrohg
gdwd1 Wkh frqyhujhqfh dqg wkh ylqwdjh k|srwkhvhv46 �qg vxssruwv lq wkh
srrohg uhjuhvvlrq uhvxowv1 Wkh frh!flhqw ri lqlwldo WIS lv qhjdwlyh dqg vlj0
ql�fdqw/ zlwk d frh!flhqw ri 031339 lq wkh frxqwu| dqdo|vlv dqg 031337 lq
wkh vhfwruldo dqdo|vlv +wkdw pd| eh lqwhusuhwuhg dv vshhg ri frqyhujhqfh,>
wkh frh!flhqw ri wkh jurzwk udwh ri fdslwdo lv srvlwlyh dqg vljql�fdqw1 Dq
dgglwlrqdo xqlw ri fdslwdo jurzwk lqfuhdvhv WIS jurzwk ri 3144/ rq dyhudjh1

Wkh orz U2 lv w|slfdo ri srrohg uhjuhvvlrqv frqgxfwhg dw wkh ohyho ri wkh
�up ru lqglylgxdo djhqw/ dv lqglylgxdo yduldwlrq grplqdwhv wkh yduldwlrq h{0
sodlqhg e| h{sodqdwru| yduldeohv1 Wkh vhfwru0vshfl�f dqg frxqwu|0vshfl�f
dqdo|vhv vkrz ehwwhu U2 shuirupdqfh wkdq wkh srrohg uhjuhvvlrqv1 Wklv lqgl0
fdwhv wkdw wkh vshfl�f h�hfwv duh uhohydqw lq dffrxqwlqj iru wkh frqyhujhqfh
surfhvv1

Jlyhq wkh h{lvwhqfh ri dq ryhudoo frqyhujhqfh surfhvv/ wkh �{hg h�hfw
dqdo|vlv +Wdeohv 5f dqg 5g, uhyhdov wkh suhvhqfh ri jurxs h�hfwv dw wkh frxqwu|
dqg dw wkh vhfwruldo ohyho1

Wkh frxqwu| +Wdeoh 6, dqg vhfwruldo +Wdeoh 7, dqdo|vhv vxssruw erwk wkh
frqyhujhqfh dqg wkh ylqwdjh k|srwkhvhv iru doo wkh frxqwulhv/ h{fhsw iru Jhu0
pdq| dqg wkh XN/ frxqwulhv iru zklfk wkh frh!flhqw ri WIS lv srvlwlyh/ qrw
vljql�fdqw dqg forvh wr }hur1 Wkh vshhg ri frqyhujhqfh lv kljkhu iru Sruwx0
jdo dqg orzhu iru Lwdo| wkdq lq wkh rwkhu frxqwulhv1 Wkh vhfwruldo dqdo|vlv lv
frqvlvwhqw zlwk wkh frqyhujhqfh k|srwkhvlv lq prvw vhfwruv +h{fhsw iru vhfwru
�wrwdo forwklqj�/ �wrwdo ihuurxv surgxfwv h{fhsw pdfklqhu|�/ �wrwdo pdfklq0
hu| dqg frpsxwhu�/ �wrwdo udglr/ WY dqg whohfrppxqlfdwlrq�/ �wrwdo phglfdo
htxlsphqw/ phdvxulqj lqvwuxphqwv dqg zdwfkhv�/ dqg �wrwdo ixuqlwxuh dqg
rwkhu pdqxidfwxulqj�,1 Wkh uhvxowv vxjjhvw wkh frqyhujhqfh surfhvv lv uhod0
wlyho| xqlirup dfurvv wkrvh vhfwruv h{klelwlqj frqyhujhqfh/ zlwk dq dyhudjh
vshhg ri frqyhujhqfh ri 0313481 Krzhyhu/ wkh uroh ri lqqrydwlrq hperglhg lq
fdslwdo lv gl�huhqw dfurvv vhfwruv1 Wkh rqo| vhfwru zlwk d srvlwlyh dqg vljqli0
lfdqw frh!flhqw lv �wrwdo wredffr� +htxdo wr 316;6,/ zlwk wkh rwkhuv kdylqj d
qhjdwlyh frh!flhqw= wkh ylqwdjh k|srwkhvlv lv qrw vxssruwhg e| wkh uhvxowv1
Wkh �qglqjv pd| uh hfw wkh suhvhqfh ri dgmxvwphqw frvwv ri dgrswlqj qhz

46
Dowkrxjk fruuhodwlrq dprqj yduldeohv lv qrw ghwhfwhg/ lq lqwhusuhwlqj wkh uhvxowv zh

duh dfnqrzohgjhg ri srwhqwldo sureohpv zlwk wkh ylqwdjh k|srwkhvlv gxh wr vlpxowdqhlw|

ru rplwwhg yduldeohv1
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fdslwdo dqg wkh qhz whfkqrorj| lw hperglhv dfurvv vhfwruv1
Wkh vxp ri wkh frh!flhqwv ri wkh lqwhudfwlyh yduldeoh (A8���|f dqg wkh

WIS yduldeoh kdyh d qhjdwlyh vljq lq wkh srrohg +vhfwru,/ vhfwru0vshfl�f dqg
frxqwu|0vshfl�f dqdo|vlv/ h{fhsw iru Jhupdq|/ wkh XN dqg Lwdo|1 Wklv uhvxow
lv frq�uphg lq wkh vxe vdpsoh ri �upv sduwlflsdwlqj lq UMYv +vhh vhfwlrq 8
ehorz,/ dowkrxjk zlwk vrph gl�huhqfhv uhjduglqj wkh vhfwruv dqg Jhupdq|/
zklfk vkrzv frqyhujhqfh1

Wklv vxjjhvwv wkdw wkhuh lv dq ryhudoo vkruw whup frqyhujhqfh surfhvv
wkdw wdnhv sodfh dfurvv wkh zkroh vdpsoh/ dowkrxjk zlwk gl�huhqfhv lq wkh
vxe vdpsoh ri �upv mrlqlqj UMYv1 Ilupv sduwlflsdwlqj lq UMYv duh pruh
lqyroyhg lq uhvhdufk wkdq wkh zkroh jurxs ri �upv/ dqg rwkhu fkdudfwhulvwlfv
vxfk dv �upv* dv|pphwulhv pd| khos wr h{sodlq wkh uhvxow1 Wklv vxssruwv wkh
qhhg iru d pruh dffxudwh vwxg| ri �upv sduwlflsdwlqj lq UMYv1

Wkh qhjdwlyh ydoxh iru wkh frh!flhqw ri wkh lqwhudfwlyh yduldeoh({g�E|?c|f�

lq Wdeoh 7/ zklfk jlyhv d qhjdwlyh ydoxh zkhq vxpphg wr wkh frh!flhqw ri
wkh jurzwk ri fdslwdo yduldeoh/ lqglfdwhv d uhmhfwlrq ri wkh ylqwdjh k|srwkhvlv
iru wkrvh �upv wkdw irup sduw ri UMYv/ h{fhsw iru Iudqfh/ Sruwxjdo dqg vrph
vhfwruv1 Wdeoh 7 uhvwulfwv wkh h�hfw ri wkh jurzwk udwh ri fdslwdo wr eh wkh
vdph dfurvv doo �upv wkdw ehorqj wr UMYv/ exw zh dovr rewdlq qhjdwlyh frh!0
flhqwv lq wkh xquhvwulfwhg uhjuhvvlrqv +qrw uhsruwhg,1 Wkh uhvxowv vxjjhvw wkh
uhmhfwlrq ri wkh ylqwdjh k|srwkhvlv lq wkh vxe0vdpsoh ri �upv mrlqlqj UMYv1
Wklv uhvxow lv frq�uphg zkhq zh frqvlghu wkh vxe vdpsoh ri �upv mrlqlqj
UMYv1

816 UMYv/ Wudgh dqg Rwkhu Fkdqqhov ri Whfkqrorjlfdo

Gl�xvlrq

Uhfhqw zrun kdv h{dplqhg wkh suhvhqfh ri whfkqrorjlfdo vslooryhuv iurp wudgh
+Frh/ Khospdq dqg Kr�pdlvwhu +4<<8,,/ dqg iurp iruhljq gluhfw lqyhvwphqw

+Qhyhq dqg Vlrwlv +4<<9,/ Eorpvwu
�
Jp dqg Nrnnr +4<<:,,1 Rxu dlp lv wr

frqwuro iru wkh gl�huhqw fkdqqhov e| zklfk wudqvihu ri whfkqrorj| fdq d�hfw
WIS jurzwk dw wkh �up ohyho1 Wkh frqwuro yduldeohv lq wkh uhjuhvvlrqv lghqwli|
gl�huhqw fkdqqhov wkurxjk zklfk wkh whfkqrorjlfdo gl�xvlrq surfhvv pd| wdnh
sodfh1 Wkhvh lqfoxgh h�hfwv gxh wr U)G fr0rshudwlrq/ lqyhvwphqwv lq U)G/
hpsor|phqw lq uhvhdufk/ vhfwruldo rshqqhvv/ surwhfwlrq iru lqyhqwlrq lq hdfk
vhfwru/ dqg rwkhuv1

Duh wkhuh h�hfwv rq vkruw whup frqyhujhqfh dfurvv �upv gxh wr wkh suhv0
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hqfh ri UMYvB Zh dwwhpsw wr phdvxuh wklv h�hfw xvlqj wzr yduldeohv uhodwhg
wr U)G fr0rshudwlrq= rqh frqwuro yduldeoh phdvxuhv wkh qxpehu ri UMYv lq
zklfk �upv duh lqyroyhg +�UMYwrw�, dqg wkh rwkhu phdvxuhv wkh vl}h ri UMYv
+�vslphdq�,1 Wkh �uvw whup frqwurov iru �up lqyroyhphqw lq U)G surmhfwv=
wkh kljkhu wkh qxpehu ri UMYv iru hdfk �up/ wkh juhdwhu wkh srvvlelolw| wr
uhgxfh U)G frvwv dqg dyrlg gxsolfdwlrq frvwv1 Wkh lghd lv uhodwhg wr wkh wkh0
ruhwlfdo uhvxow e| Pxoohu/ Ndplhq dqg ]dqj +4<<7,/ zkhuh fduwhol}hg UMYv
lpsuryh whfkqrorj| pruh wkdq frpshwlwlyh UMYv1 Wkh kljkhu wkh qxpehu ri
UMYv wr zklfk d �up sduwlflsdwhv/ wkh ohvv wkh frpshwlwlyhqhvv ri UMYv +ru
wkh forvhu wr d fduwhol}hg UMY,1 Wkh vhfrqg whup frqwurov iru wkh sduwqhuvkls
ri hdfk �up wr dvvhvv zkhwkhu wkh delolw| wr fr0ruglqdwh uhvhdufk zlwk pruh
sduwqhuv lv ehqh�fldo wr lqirupdwlrq vkdulqj1 Wkhruhwlfdo uhvxowv hpskdvlvh
wkdw d kljk qxpehu ri sduwlflsdqwv wr UMYv uhgxfhv wkh �up*v h{shfwhg ydoxh/
ehfdxvh lw uhgxfhv h{shfwhg srvw lqqrydwlrq sur�w +Pduwlq +4<<7,,47 ru lq0
fuhdvhv wkh frvw ri prqlwrulqj wkh sduwqhuv wr suhyhqw iuhh0ulglqj ehkdylrxu
+Fr}}l +4<<;,,1

Wkh srrohg/ vhfwru0vshfl�f dqg frxqwu|0vshfl�f uhjuhvvlrqv |lhog srvlwlyh
frh!flhqwv iru wkh qxpehu ri UMYv1 Wkh kljkhu wkh qxpehu ri UMYv/ wkh
vwurqjhu wkh h�hfw rq vkruw whup surgxfwlylw| jurzwk148 Dq lqfuhdvh lq wkh
sduwlflsdwlrq lq dq dgglwlrqdo UMY lqfuhdvhv WIS jurzwk e| 77 lq wkh frxq0
wu| dqdo|vlv dqg e| 59 lq wkh vhfwrudo dqdo|vlv1 Wklv pd| eh h{sodlqhg lq
whupv ri dfklhylqj U)G uhvxowv dw orzhu frvwv +wkdqn wr wkh suhvhqfh ri vxe0
vlglhv, ru ri vkdulqj U)G frvwv +wkdqn wr wkh sduwlflsdwlrq ri rwkhu �upv,
dqg ri dyrlglqj iuxlwohvv h�ruwv1 Lw dovr vxjjhvwv wkh lghd wkdw sduwlflsdwlqj lq
pruh surmhfwv doorzv wkh �up wr ehqh�w ri *lqvwdqwdqhrxv* lqfuhdvlqj uhwxuqv
wr lqyhvwphqw lq U)G1 Li wklv lv wuxh dqg orzhuv wkh frvw ri qhz lqqrydwlrqv/
lw pd| dffrxqw iru d sduw ri lqgxvwu| zlgh vslooryhuv1 Wkh sduwlflsdwlrq wr
pruh UMYv vwuhqjwkhq wkh qrq0ulydou| xvh ri whfkqrorj|1 Zh dovr hvwlpdwh d
uhjuhvvlrq wkdw dffrxqwv iru d qrq olqhdu vshfl�fdwlrq ri wkh vslooryhuv ydul0
deoh1 Wkh sdwwhuq ri vslooryhu gxh wr wkh qxpehu ri UMYv mrlqhg e| wkh �upv
vhhpv wr iroorz d qrq0olqhdu gl�xvlrq surfhvv/ whvwhg e| wkh lqwurgxfwlrq

47Li wkh qxpehu ri �upv lv odujh hqrxjk/ h{shfwhg ydoxh lv juhdwhu li d �up wdnhv d fkdqfh

rq kdylqj prqrsro| dffhvv wr wkh qhz whfkqrorj| wkdq li lw lv dvvxuhg rq kdylqj vkduhg

dffhvv wr wkh qhz whfkqrorj|1 Lq rxu dqdo|vlv zh fdqqrw frqwuro iru vkdulqj ri lqqrydwlrq

dprqj UMY sduwqhuv1
48Wkh uhvxow lv yhu| urexvw dfurvv doo wkh hvwlpdwlrq= wklv vxssruwv wkh qhhg iru ixuwkhu

lqyhvwljdwlrq ri wkh vslooryhu h�hfwv gxh wr UMYv1 Uhihu wr wkh glvfxvvlrq dqg frqfoxvlrq

vhfwlrqv iru ixwxuh zrun rq wklv wrslf1
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ri d txdgudwlf irup ri wkh UMYv vslooryhu yduldeohv +zklfk frqwuro iru UMY
qxpehu dqg vl}h,1

Wkh uhvxowv rq wkh vl}h ri wkh UMY yduldeoh +zklfk frqwurov iru wkh qxpehu
ri sduwlflsdqwv, vxjjhvw wkdw wkh odujhu wkh qxpehu ri sduwlflsdqwv wkh vpdoohu
wkh h�hfw ri fr0rshudwlrq rq wkh whfkqrorjlfdo gl�xvlrq surfhvv1 Dq lqfuhdvh
ri dq dgglwlrqdo sduwlflsdqw wr wkh vdph UMY uhgxfhv WIS jurzwk ri 31378
lq wkh frxqwu| dqdo|vlv dqg ri 31359 lq wkh vhfwrudo dqdo|vlv1 Wklv h�hfw lv
srvvleo| gxh wr wkh ihdu ri orvv ru gl�xvlrq ri vwudwhjlf �up lqirupdwlrq ru
wr wkh h{lvwhqfh ri iuhh0ulglqj ehkdylrxu1

Zkdw lv wkh uhohydqfh ri wkh dydlodelolw| ri vnloov dw wkh �up ohyho iru wkh
whfkqrorjlfdo gl�xvlrq surfhvvB Wkh dydlodelolw| ri kljk txdolw| oderxu lv d
nh| dvshfw iru vxffhvvixo lpsohphqwdwlrq ri whfkqrorj|1 Wkh yduldeoh �vnloo�
phdvxuhv wkh ohyho ri vnloov iru wkh �up1 Wkh srrohg/ vhfwruldo/ dqg frxqwu|
uhjuhvvlrqv |lhog d srvlwlyh frh!flhqw iru wkh �vnloo� yduldeoh/ hyhq wkrxjk
zh gr qrw dozd|v rewdlq vwdwlvwlfdo vljql�fdqfh1 Zkhq zh lqwhudfw wkh vnloo
yduldeoh zlwk wkh fdslwdo jurzwk udwh +�Vndj�,/ zh �qg d qhjdwlyh frh!flhqw
+wkh yduldeoh lv qrw dozd|v vljql�fdqw,1 Wkh uhvxow pd| eh h{sodlqhg xvlqj
wkh iroorzlqj lghd= kljkhu fdslwdo jurzwk uhtxluhv d juhdwhu dprxqw ri vnloov
wr eh lpsohphqwhg1 Wkh devruswlrq ri wkhvh vnloov uhwdugv frqyhujhqfh1

Zh dovr frqvlghu d ylqwdjh k|srwkhvlv lq whupv ri U)G hpsor|phqw lq
pdqxidfwxulqj dw wkh frxqwu| ohyho1 Zh h{dplqh wkh h�hfw ri wkh jurzwk
udwh ri pdqxidfwxulqj U)G hpsor|phqw iru hdfk frxqwu| +�udj�, rq �up
WIS jurzwk1 Wkh lghd lv wkdw wkh jurzwk udwh ri U)G hpsor|phqw pljkw
kdyh d srvlwlyh h�hfw lq whfkqrorjlfdo fkdqjh1 Wklv jurzwk udwh pljkw uh hfw
lqqrydwlrq lq kxpdq fdslwdo eurxjkw e| d qhz jhqhudwlrq dqg wkh dftxlvlwlrq
ri qhz lghdv vxfk dv wkrvh wudqvihuuhg e| qhz hpsor|hhv frplqj iurp ulydo
�upv1 Zh irxqg wkdw wkh frh!flhqw ri wklv yduldeoh lv qhjdwlyh1 Lq rwkhu
zrugv/ zh frxog qrw ghwhfw lq rxu vdpsoh wkdw wkh vnloov uhtxluhg wr irvwhu
whfkqrorjlfdo jurzwk duh hperglhg lq wkh qhz jhqhudwlrq ri zrunhuv ru lq
qhz djjuhjdwh hpsor|phqw lq uhvhdufk1 Wklv pljkw phdq wkdw whfkqrorjlfdo
lqqrydwlrq lv ghshqghqw rq vnloov dftxluhg lqvlgh �upv ru vhfwruv udwkhu rq
frxqwu| vnloov1

Wkh uhvxowv rq wkh �vnloo� dqg U)G oderu jurzwk yduldeohv pljkw dsshdu
wr eh rssrvhg exw wkh| phdvxuh gl�huhqw h�hfwv1 Wkh srvlwlyh h�hfw ri wkh
vnloo yduldeoh lqglfdwhv wkdw vxffhvvixo whfkqrorjlfdo surjuhvv ghshqgv rq wkh
dydlodelolw| ri vnloohg oderxu dw wkh �up ohyho1 Wkh jurzwk udwh yduldeoh lv dw
wkh djjuhjdwh ohyho dqg lw grhv qrw hperg| lqirupdwlrq rq wkh vnloo txdolw|
ri wkh oderxu hpsor|hg lq U)G dw wkh �up ohyho1 Wkh vnloohg0oderxu sx}}oh/
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lq wkh vhqvh wkdw jurzwk lq djjuhjdwh U)G hpsor|phqw lv qrw uhodwhg wr
surgxfwlylw| lpsuryhphqwv/ lv d vwdqgdug sx}}oh lq wkh jurzwk olwhudwxuh1

Zkhq zh frqwuro iru vhfwruldo +60gljlw, dqg frxqwu| rshqqhvv +�rshqqhvv�,
dv d fkdqqho iru whfkqrorj| gl�xvlrq/ zh �qg d qhjdwlyh frh!flhqw/ htxdo wr
031371 Zh zhuh qrw deoh wr ghwhfw vslooryhu h�hfwv iurp wudgh rq whfkqrorj|
jurzwk dw wkh �up ohyho1 Wkhvh uhvxowv duh sx}}olqj lq wkdw wkh| duh rssrvhg
wr wkh djjuhjdwh uhvxowv rewdlqhg e| Frh/ Khospdq dqg Kr�pdlvwhu +4<<:,
dqg Mdxprwwh +4<<;,1 Wkh gl�huhqw uhvxowv pljkw eh gxh wr gl�huhqw frq0
vwuxfwlrq ri yduldeohv ru wr wkh idfw wkdw wkh flwhg vwxglhv frqvlghu RHFG
dqg qrq0RHFG frxqwulhv/ zkloh zh irfxv mxvw rq d vxe vdpsoh ri RHFG
frxqwulhv wkdw duh dfwlyh pxwxdo wudglqj sduwqhuv dqg kdyh vlplodu ohyhov ri
whfkqrorj|1

Sdwhqwv erwk vhuyh dv d phdvxuh ri lqqrydwlrq dqg lwv gl�xvlrq/ dqg uhs0
uhvhqw dq h�hfwlyh phdqv ri surwhfwlqj lqqrydwlrq1 Zh xvh wkh jurzwk udwh ri
sdwhqwv dssolfdwlrqv dw wkh vhfwru dqg frxqwu| ohyho +�sdj�,1 Zh �qg wkdw lq
wkh frxqwu| dqdo|vlv dq lqfuhdvh ri dq dgglwlrqdo sdwhqw dssolfdwlrq uhgxfhv
WIS jurzwk ri 313< rq dyhudjh/ zkloh lq wkh vhfwrudo dqdo|vlv lw lqfuhdvhv
WIS jurzwk ri 31471 Rq rqh vlgh wkh qhjdwlyh frh!flhqw iru wklv yduldeoh lq
wkh frxqwu| dqdo|vlv vxssruwv wkh qrwlrq wkdw sdwhqwv duh d phdqv ri sur0
whfwlqj lqqrydwlrq dqg suhyhqw gl�xvlrq1 Rq wkh rwkhu vlgh/ lq wkh vhfwruldo
dqdo|vlv wkh srvlwlyh vljq vxjjhvwv wkdw sdwhqwv duh xvhg dv dq lqvwuxphqw ri
gl�xvlrq ri whfkqrorj| zlwklq wkh vdph vhfwru dfurvv frxqwulhv1 Wklv uhvxow
pd| vxjjhvw wkdw wkh gl�xvlrq ri lqirupdwlrq dprqj gl�huhqw vhfwruv +lq wkh
vdph frxqwu|, lv qrw vwurqj1 Xqiruwxqdwho|/ sdwhqwv dw wkh �up ohyho duh qrw
fxuuhqwo| dydlodeoh wr xv/ wr jr pruh lq ghswk lq wkh dqdo|vlv1

Ilqdoo|/ zh frqwuro iru vl}h/ dv vxjjhvwhg e| wkh wkhru| ri wkh �up olwhud0
wxuh= lw d�hfwv wkh jurzwk surfhvv ri wkh �up1 Zh �qg wkdw vl}h/ dv phdvxuhg
e| wkh qdwxudo orjdulwkp ri hpsor|phqw/ d�hfwv qhjdwlyho| wkh vkruw whup
whfkqrorjlfdo surgxfwlylw| jurzwk1 Wkh srvlwlyh vljq ri wkh vtxduhg vl}h ydul0
deoh +qrw uhsruwhg, lpsolhv wkh h{lvwhqfh ri d30vkdshg uhodwlrqvkls ehwzhhq
whfkqrorjlfdo jurzwk udwh dqg vl}h ri wkh �up/ lq rwkhu zrugv/ phglxp hq0
whusulvhv kdyh wkh kljkhvw jurzwk udwh/ zklfk lv ghfolqlqj wkh juhdwhu �upv
duh1 Krzhyhu/ li zh lqwhudfw vl}h zlwk wkh vnloo lqglfdwru zh �qg d srvlwlyh
vljql�fdqw uhvxow1 Wklv uhvxow pd| phdq wkdw wkh lqfuhdvh lq vl}h lv iuxlwixo
iru wkh �up whfkqrorjlfdo jurzwk li lw lv mrlqw zlwk dq lqfuhdvh zlwk wkh vnloov
hperglhg lq wkh hpsor|hhv1
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9 Frqyhujhqfh dqg vslooryhuv ehwzhhq �upv

wkdw sduwlflsdwh lq UMYv

Wklv vhfwlrq irfxvhv rq wkh vdpsoh ri �upv wdnlqj sduw lq UMYv1 Zh h{0
dplqh wkh vkruw0whup frqyhujhqfh surfhvv iru wkh vxe vdpsoh ri �upv wkdw
ehorqj wr UMYv/ vslooryhuv ehwzhhq �upv wkdw ehorqj wr UMYv/ dqg wkh uroh
ri UMY vwuxfwxuh lq surprwlqj frqyhujhqfh1 Wkh frxqwulhv lqfoxghg lq wkh
vxe0vdpsoh duh Ehojlxp/ Iudqfh/ Jhupdq|/ Lwdo|/ Wkh Qhwkhuodqgv dqg wkh
XN1 Vhfwruv �wrwdo wredffr�/ �wrwdo zrrg surgxfwv� dqg �wrwdo ixuqlwxuh dqg
rwkhu pdqxidfwxulqj lqgxvwulhv� duh h{foxghg iru odfn ri lqirupdwlrq1

Lq rughu wr h{dplqh wkh uroh ri ydulrxv UMYv fkdudfwhulvwlfv/ zh lqwur0
gxfh frqwuro yduldeohv phdvxulqj fkdudfwhulvwlfv olnh nlqg ri sduwqhu +�up ru
sxeolf lqvwlwxwlrq,/ w|sh ri surjudpph +Hxuhnd ru Fruglv ru erwk,/ dqg wkh
dv|pphwu| ehwzhhq wkh sduwqhuv lq dq UMY1

Gr UMYv doorz iru d pruh h!flhqw vkdulqj ri uhvrxufhv dqg kljkhu vkruw
whup surgxfwlylw| jdlqv dprqj dv|pphwulf ru dprqj v|pphwulf sduwqhuvB
Wkhruhwlfdo uhvxowv rq wkh h�hfwv ri UMYv duh pdlqo| fduulhg rxw frqvlghulqj
v|pphwulf �upv1 Zkhq h{ 0dqwh �upv khwhurjhqhlw| lv doorzhg/ �upv gli0
ihuhqfhv/ diwhu wkh U)G fr0rshudwlrq jdph/ pd| glh ru dpsoli| ghshqglqj
rq pdunhw fkdudfwhulvwlfv +Uroohu/ Vlqfodlu dqg Ghvdjqì +4<<9,, ru rq U)G
frvw ixqfwlrqv +Ydq Orqj dqg Vrxeh|udq +4<<9,/ Dplu dqg Zrrghuv +4<<:,,1
Wkhuh h{lvwv d wudgh r� ehwzhhq wkh doorfdwlyh surgxfwlrq jdlqv iurp U)G
fr0rshudwlrq dqg wkh lqh!flhqf| ri fduu|lqj rxw U)G dfwlylwlhv dw gl�huhqw
pdujlqdo frvwv1 Wklv wudgh r� glplqlvkhv dv �upv ehfrph pruh v|pphwulf1
Rxu wkhruhwlfdo edfnjurxqg lv edvhg rq d k|srwkhvlv ri v|pphwu| dprqj
�upv mrlqlqj wkh vdph UMY1 Krzhyhu/ lq wkh hpslulfdo dqdo|vlv zh fdq frq0
wuro iru wkh h{lvwhqfh ri dv|pphwulhv dprqj sduwqhuv1

Dv|pphwulhv49 duh gh�qhg lq whupv ri h!flhqf| dv phdvxuhg e| sur�w
pdujlqv ru uhwxuq rq wrwdo dvvhwv1 Zh gh�qh gl�huhqw wkuhvkrog ohyhov ri
dv|pphwulhv iru hdfk pxowl0sduwqhu UMY +vhh dsshqgl{ 6,1 Dq UMY dv|p0
phwu| vfdoh udqjlqj iurp 3 wr : lv hvwdeolvkhg/ zkhuh 3 lqglfdwhv d kljk ghjuhh
ri v|pphwu| dqg : lqglfdwhv d kljk ghjuhh ri dv|pphwu|1 Zh xvh wklv vfdoh
wr phdvxuh wkh ghjuhh ri dv|pphwu| ri hdfk UMY1 Wklv doorzv xv wr txdqwl0

49Wkh dqdo|vlv ri dv|pphwu| dprqj �upv sduwlflsdwlqj lq UMYv vkrz wkh| duh qrw

htxdoo| v|pphwulf1 Wkh jurxs ri �upv mrlqlqj UMYv lv pruh khwhurjhqhrxv wkdq wkh

jurxs rxwvlgh UMYv dv vkrzq lq wkh gdwd dqdo|vlv ri vhfwlrq wzr dqg dv lw dsshduv iurp

wkh dqdo|vlv lq wkh sdshu e| Edued hw do +4<<<,1
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wdwlyho| glvwlqjxlvk ehwzhhq wkrvh �upv wkdw wdnh sduw lq dv|pphwulf UMYv
+l1h1/ frpsrvhg e| �upv zlwk gl�huhqw ohyhov ri lqlwldo h!flhqf|, dqg wkrvh
wkdw wdnh sduw lq v|pphwulf UMYv +l1h1/ frpsrvhg e| �upv zlwk htxdo ohyhov
ri lqlwldo h!flhqf|,1

Zh uxq uhjuhvvlrqv edvhg rq d yduldqw ri htxdwlrq +<, lqfoxglqj wkh ghjuhh
ri dv|pphwu| dqg rwkhu frqwuro yduldeohv dv h{sodqdwru| yduldeohv1 Iru dq|
wkuhvkrog ghjuhh ri dv|pphwu| +udqjlqj iurp 3 wr :,/ wkh gxpp| yduldeoh G
lv htxdo wr 4 li wkh UMY lq zklfk �up l sduwlflsdwhv kdv dq dv|pphwu| ohyho
juhdwhu wkdq wkh wkuhvkrog ohyho fkrvhq/ dqg G lv htxdo wr }hur rwkhuzlvh1 Wkh
gxpp| yduldeoh lv lqwhudfwhg zlwk wkh lqlwldo ohyho ri WIS dqg wkh jurzwk udwh
ri fdslwdo1 Wklv doorzv xv wr dvvhvv zkhwkhu wkh ghjuhh ri dv|pphwu| d�hfwv
wkh udwh ri whfkqrorjlfdo frqyhujhqfh/ dqg zkhwkhu wkh ghjuhh ri dv|pphwu|
lq xhqfhv wkh h�hfw ri wkh jurzwk udwh ri fdslwdo rq wkh udwh ri frqyhujhqfh1
Wkh phwkrgrorjlfdo frqvlghudwlrqv uhodwhg wr htxdwlrq +4, frqwlqxh wr dsso|
khuh1

Wdeohv 8d dqg 8e frqwdlqlqj wkh srrohg uhjuhvvlrqv vkrz wkdw wkh frq0
yhujhqfh k|srwkhvlv lv frq�uphg iru wkh vxe0jurxs ri �upv wkdw ehorqj wr
UMYv/ zlwk d vshhg ri frqyhujhqfh ri 031338 lq wkh frxqwu| dqdo|vlv dqg ri
03134 lq wkh vhfwrudo dqdo|vlv1 Wkh �{hg h�hfw dqdo|vlv +Wdeohv 8f dqg 8g,
lq wklv vxe0vdpsoh xqghuolqhv wkh h{lvwhqfh ri jurxs h�hfwv dw wkh frxqwu|
dqg vhfwruldo ohyho1 Wkh frqyhujhqfh k|srwkhvlv idlov iru Lwdo| dqg wkh XN
+vhh frxqwu|0vshfl�f uhjuhvvlrq lq Wdeoh 9, dqg iru vhfwruv �wrwdo ohdwkhu dqg
ohdwkhu jrrgv�/ �wrwdo ihuurxv surgxfwv h{fhsw pdfklqhu|� +vhh vhfwru vshfl�f
uhjuhvvlrqv lq Wdeoh :,1 Wkh frxqwu| uhvxow rq wkh XN pd| eh gxh wr lwv qhj0
dwlyh jurzwk udwh ri WIS1 Wkh frqyhujhqfh k|srwkhvlv idlov iru Jhupdq| lq
wkh ryhudoo vdpsoh/ exw lv vdwlv�hg lq wkh UMY jurxs= wkh h�hfw lq wkh wrwdo
vdpsoh vkrxog eh gulyhq e| wkh �upv rxwvlgh UMYv/ zklfk frxog eh uhodwhg
wr wkh srvw xql�fdwlrq surfhvv wkdw wrrn sodfh lq Jhupdq| diwhu 4<<31

Wkh suhylrxv vhfwlrq uhvxow rq wkh srvvleoh h{lvwhqfh ri dgmxvwphqw frvwv
lq wkh dgrswlrq ri qhz fdslwdo wkdw pd| lqklelw whfkqrorjlfdo jurzwk lv frq0
�uphg lq wklv jurxs ri �upv dv zhoo +Wdeohv 8d dqg 8e,1 Lq sduwlfxodu dq
lqfuhdvh ri dq dgglwlrqdo xqlw ri fdslwdo ghfuhdvhv WIS jurzwk ri 315 lq wkh
frxqwu| dqdo|vlv dqg ri 3136 lq wkh vhfwruldo dqdo|vlv1 Wkh frxqwu| dqg wkh
vhfwru vshfl�f dqdo|vlv +Wdeohv 9 dqg : uhvshfwlyho|, vkrz wklv lv wuxh lq sdu0
wlfxodu iru Iudqfh dqg Wkh Qhwkhuodqgv dqg iru vhfwruv �wrwdo wh{wloh�/ �wrwdo
fkhplfdo� +erwk qrw vljql�fdqw,/ �wrwdo ohdwkhu dqg ohdwkhu jrrgv�/ �wrwdo
sxeolvklqj dqg sulqwlqj�/ �wrwdo uxeehu dqg sodvwlfv� dqg �wrwdo ihuurxv sur0
gxfwlrq�1 Zh qrwlfh wkdw wkh frh!flhqw ri wkh lqwhudfwlyh yduldeoh +�Vndj�,
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xvhg wr frqwuro iru vnloo qhhghg uhodwhg wr fdslwdo jurzwk lq wklv fdvh lv eduho|
vljql�fdqw1

Wkh fkdqqhov ri whfkqrorjlfdo gl�xvlrq wkdw fkdudfwhulvh wkh jurxs ri �upv
lqyroyhg lq fr0rshudwlyh U)G duh wkh dydlodelolw| ri vnloohg oderxu/ sdwhqwlqj
dqg wkh vsuhdg ri nqrzohgjh zlwklq wkh UMY jurxs dqg wkh srvvlelolw| wr
vkduh U)G frvwv gxh wr wkh sduwlflsdwlrq lq d kljk qxpehu ri UMYv1 Doo wkhvh
yduldeohv/ h{fhsw sdwhqwlqj/ kdyh d srvlwlyh frh!flhqw lq wkh frqyhujhqfh
uhjuhvvlrqv1 Qrwlfh wkdw wkh frh!flhqw ri djjuhjdwh sdwhqwlqj kdg d qhjdwlyh
vljq lq wkh zkroh vdpsoh uhjuhvvlrqv lq wkh frxqwu| dqdo|vlv exw lw kdg d
srvlwlyh vljq lq wkh vhfwruldo dqdo|vlv1 Iru wkh vxe vdpsoh ri �upv ehorqjlqj
wr UMYv wkh vljq lv dozd|v qhjdwlyh/ zlwk d frh!flhqw ri 318 lq erwk frxqwu|
dqg vhfwruldo dqdo|vlv1 Wklv ohw xv zrqghu zkhwkhu sdwhqwlqj lv xvhg dv d
phdqv ri vkdulqj nqrzohgjh dqg gl�xvlqj lqqrydwlrq dprqj wkh �upv wkdw
mrlq UMYv1 Srvvleo|/ wklv ghshqgv rq vkdulqj ri surshuw| uljkwv dprqj wkh
sduwqhuv lq wkh UMY dqg pdq| sdwhqwv pljkw kdyh qrw ehhq rewdlqhg mrlqwo|/
ehfdxvh ri uhvhdufk gxwlhv glvwulexwlrq dprqj sduwqhuv1 Wkh frh!flhqw ri
wkh jurzwk lq vl}h lv irxqg wr eh qhjdwlyh dqg wkh 30vkdshg uhodwlrqvkls
ehwzhhq vl}h dqg wkh WIS jurzwk lv vwloo vxssruwhg/ zkloh wkh lqwhudfwlyh
yduldeoh *vl}h dqg vnloo* lv qrw vljql�fdqw +qrw uhsruwhg,1

Lv wklv gl�xvlrq surfhvv d�hfwhg e| wkh fkdudfwhulvwlfv ri wkh UMYB Fr0
rshudwlqj zlwk sulydwh �upv ru sxeolf lqvwlwxwlrqv lv qrw irxqg wr eh d vlj0
ql�fdqw yduldeoh1 Zh xwlolvh d gxpp| yduldeoh wkdw dvvxphg ydoxhv ri 3/
4/ dqg 5 dffruglqj wr zkhwkhu wkh �up mrlqhg wkh surjudp vsrqvruhg e|
Hxuhnd/ Fruglv ru mrlqhg erwk surjudpv1 Sduwlflsdwlrq lq Fruglv +wkh sur0
judpph �qdqfhg e| wkh Hxurshdq Frpplvvlrq, srvlwlyho| d�hfwv wrwdo idf0
wru surgxfwlylw|1 Wklv vxjjhvwv wkh lghd wkdw wkh suhvhqfh ri vxevlglhv +dv
lq Fruglv, idyrxuv U)G fr0rshudwlrq zklfk �qdoo| ehqh�wv vkruw whup sur0
gxfwlylw| jurzwk1 Wkh nlqg ri uhvhdufk fduulhg rxw zlwklq Fruglv lv suh0
frpshwlwlyh uhvhdufk1 Wkh uhvxow lv vxssruwhg e| wkh wkhruhwlfdo irxqglqj
wkdw UMYv dw wkh suh0frpshwlwlyh ohyho duh pruh h�hfwlyh/ ehfdxvh vslooryhuv
duh kljkhu dqg dovr rxwvlghuv pd| ehqh�w iurp vxfk djuhhphqwv +Jhurvnl
+4<<5,,1

Zh uhmhfw wkh k|srwkhvlv wkdw dv|pphwu| +phdvxuhg lq whupv ri h!flhqf|,
ehwzhhq �upv sduwlflsdwlqj lq UMYv lv dvvrfldwhg zlwk kljkhu surgxfwlylw|
jurzwk1 Lq wkh frxqwu| dqdo|vlv/ wkh uhvxowv vxjjhvw wkdw wkh pruh v|pphwulf
UMYv sduwqhuv duh/ wkh vwurqjhu wkh frqyhujhqfh dqg wkh vpdoohu wkh uroh
ri qhz fdslwdo ylqwdjh dfurvv frxqwulhv1 Wklv uhvxowv krogv iru doo ohyhov ri
dv|pphwu| juhdwhu wkdq 51
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Lq wkh vhfwru vshfl�f dqdo|vlv +Wdeohv 9 dqg :,/ wkh rqo| vljql�fdqw frh!0
flhqw lv iru dq dv|pphwu| ohyho htxdo wr 41 Wklv vxjjhvwv wkdw frqyhujhqfh lv
vwurqjhu zkhq vlplodu �upv fr0rshudwh wrjhwkhu lq wkh vdph UMY1 Lq fdvh ri
v|pphwu| gh�qhg zlwk uhvshfw wr wkh uhwxuq rq wrwdo dvvhwv/ wkh lqwhudfwlyh
yduldeoh lv dozd|v vljql�fdqw1 Wklv uhvxow grhv qrw doorz xv wr ghwhuplqh wkh
h�hfw ri dv|pphwu| zlwk uhvshfw wr wkh frqyhujhqfh k|srwkhvlv dw wkh vhf0
wruldo ohyho dorqj wklv glphqvlrq1 Wkh pruh v|pphwulf wkh �upv/ wkh pruh
h!flhqw wkh mrlqw U)G lqyhvwphqw/ vlqfh lw lqfuhdvhv wkh prqrsro| srzhu lq
U)G iru wkh v|pphwulf sduwqhuv1

Zlwk uhvshfw wr wkh ylqwdjh k|srwkhvlv/ lq wkh vhfwru vshfl�f dqdo|vlv/ wkh
vljq ri wkh lqwhudfwlyh yduldeoh lv srvlwlyh dv wkh vxp zlwk wkh frh!flhqw ri
wkh jurzwk udwh ri fdslwdo1 Wklv vxjjhvwv wkdw wkh pruh dv|pphwulf wkh �upv
ehorqjlqj wr dq UMY duh/ wkh pruh h�hfwlyh wkh qhz ylqwdjhv ri fdslwdo duh1
Wkh uhvxow krogv iru wkuhvkrog ohyhov ri dv|pphwu| odujhu wkdq 51

: Gr UMYv lqfuhdvh lqgxvwu| wrwdo idfwru sur0

gxfwlylw|B

Zh uh�qh wkh dqdo|vlv d elw ixuwkhu e| vwxg|lqj wkh uroh ri UMYv lq d�hfwlqj
wkh ohyho ri wrwdo idfwru surgxfwlylw| lq wkh lqgxvwu| wr zklfk wkh| ehorqj1
Li wkh nqrzohgjh ru wkh qhz whfkqrorj| ghyhorshg lq UMYv lv wudqvplwwhg wr
wkrvh �upv wkdw gr qrw mrlq UMYv/ zh zrxog h{shfw wkdw wkh surgxfwlylw| ri
�upv +phdvxuhg lq ohyhov, lv kljkhu lq wkrvh vhfwruv zlwk d odujhu suhvhqfh ri
UMYv1 UMYv duh qrw qhfhvvdulo| kdupixo wr qrq sduwlflsdwlqj �upv/ ehfdxvh
ri wkh h{whuqdolwlhv lqyroyhg +glvforvxuh ri qhz nqrzohgjh/ frqvlghuhg dv d
qrq ulydo jrrg +Jhurvnl +4<<5,,1 Wklv dssurdfk vkrxog khos wr ghwhfw wklv
dvshfw frqfhuqlqj lqwud0lqgxvwu| vslooryhuv1

Zh shuirup d vhfwruldo dqdo|vlv zkhuh zh frqvwuxfw d glvshuvlrq whup wkdw
lv frpsdudeoh dfurvv vhfwruv1 Zh gh�qh d ghyldwlrq whup frqvlvwlqj ri wkh
gl�huhqfh ehwzhhq �up WIS dqg wkh WIS ri wkh prvw h!flhqw �up lq hdfk
vhfwru1 Iru d vhfwru m frpsrvhg ri Q �upv/ wkh WIS ri wkh �upv lq wkh vhfwru
duh ghqrwhg @��c ����@��1 Uhodwlyh h!flhqf| iru �up � lq vhfwru � lv jlyhq e|
5�� zkhuh

5�� ' @�� � @�
@� '6@%

�
E@���

� ' �c ����c � 1

55



D odujh qhjdwlyh ydoxh iru 5�� phdqv wkdw �up � lv yhu| lqh!flhqw zlwk
uhvshfw wr wkh prvw h!flhqw �up lq vhfwru �1

Qrupdolvlqj 5�� vr wkdw wkh surgxfwlylw| jds fdq eh frpsduhg dfurvv
gl�huhqw vhfwruv/ ohw xv gh�qh ��� dv wkh qrupdolvhg ghyldwlrq ri �up ohyho
surgxfwlylw| iurp wkh ehvw shuirupdqfh ohyho iru wkh vhfwru=

��� '
@��3@�

@�

@� '6@%
�

E@���

� ' �c ����c � iru hdfk vhfwru �1
Wkh glvshuvlrq ri surgxfwlylw| dfurvv �upv lq vhfwru � dw wlph | fdq eh

uhodwhg wr �upv dqg UMYv fkdudfwhulvwlfv/ wr vhh wkh uroh ri hdfk yduldeoh lq
h{sodlqlqj �upv whfkqrorjlfdo h!flhqflhv=

��� ' sE-aT S�@o@S|eo�r|�Src -aT reS|Jo�c 7�5e��c �@|���c E�2�

zkhuh -aT reS|Jo� lv wkh vkduh ri �upv sduwlflsdwlqj lq UMYv lq vhfwru m/
7�5e�� lv d phdvxuh ri wkh vl}h ri wkh �up h{suhvvhg lq whupv ri hpsor|phqw
ru vdohv uhodwlyh wr wkh hpsor|phqw ru vdohv ri wkh ehvw shuiruplqj �up lq
wkh vhfwru/ �@|�� lv wkh qxpehu ri sdwhqw dssolfdwlrqv lq wkh vhfwru ri wkh
frxqwu| wr zklfk wkh �up l ehorqjv1 Zh lqwurgxfh dq lqwhudfwlyh yduldeoh
iru wkrvh yduldeohv dw wkh �up ohyho/ zkhuh d gxpp| lv htxdo wr 4 iru �upv
sduwlflsdwlqj lq UMYv dqg 3 rwkhuzlvh1

Wkh dqdo|vlv xwlol}hv d vhfwruldo furvv vhfwlrq sdqho srrohg dfurvv frxqwulhv
gh�qhg dw wlph w @4<<91 Zh frqwuro iru vhfwru vshfl�f h�hfwv wr hvwlpdwh
wkh vwuhqjwk ri wkh vslooryhu h�hfwv dfurvv frxqwulhv lq wkh vdph vhfwruv1 Wr
lqglfdwh vhfwru vshfl�f frh!flhqwv zh vxe lqgh{ wkhp e| �1

:14 Uhvxowv

Wdeohv ; dqg < uhsruw wkh uhvxowv ri wkh srrohg dqg vhfwruldo dqdo|vhv1 Wkh
h{dplqdwlrq ri wkh surgxfwlylw| glvshuvlrq whup dfurvv �upv lq hdfk vhfwru
vkrzv wkh uroh ri wkh fkrvhq yduldeohv1 Doo yduldeohv duh kljko| vljql�fdqw1

Wkh frh!flhqw ri wkh UMY vhfwru yduldeoh +�UMY0vhfw�/ d phdvxuh ri wkh
lpsdfw ri UMYv rq wkh glvwdqfh iurp wkh ehvw shuiruplqj �upv, lv srvlwlyh
dqg vljql�fdqw= wkh kljkhu wkh qxpehu ri UMYv lq hdfk vhfwru/ wkh orzhu
wkh glvwdqfh iurp wkh ehvw shuiruplqj �up1 Wkh suhvhqfh ri UMYv d�hfwv
srvlwlyho| wkh shuirupdqfh ri �upv lq hdfk vhfwru/ vxjjhvwlqj wkh h{lvwhqfh ri
vslooryhuv wr �upv rxwvlgh UMYv/ lq wkh vdph vhfwru lq zklfk wkh UMY wdnhv
sodfh1 Wkh uhvxowv vkrz wkh qxpehu ri UMYv lq zklfk d �up sduwlflsdwhv
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vljql�fdqwo| d�hfwv wkh surgxfwlylw| glvwdqfh iurp wkh ehvw shuiruplqj �up
lq wkh vhfwru1 Wkh kljkhu wkh qxpehu ri UMYv lq zklfk d �up sduwlflsdwhv/
wkh vpdoohu wkh ghyldwlrq iurp wkh kljkhvw surgxfwlylw| �up lq wkh vhfwru1
Wkh vl}h ri UMYv dv phdvxuhg e| wkh qxpehu ri sduwqhuv lv qrw vljql�fdqw1

Ilup vl}h lv phdvxuhg e| hpsor|phqw +wkh rwkhu phdvxuh ri vl}h/ vdohv/
lv irxqg qrw wr eh vljql�fdqw,1 Zh �qg wkdw odujhu �upv duh ohvv olnho| wr
dfklhyh kljkhu ohyhov ri whfkqrorjlfdo surgxfwlylw|/ dowkrxjk wkhuh duh jurxs
h�hfwv dv xqghuolqhg e| wkh �{hg h�hfw dqdo|vlv +Wdeoh ;d,1 Wklv lv frq�uphg
lq wkh vhfwru vshfl�f uhvxowv/ zklfk vkrz wkdw wklv h�hfw wdnhv sodfh lq doo
vhfwruv exw �wrwdo wredffr� +dowkrxjk wkh hvwlpdwhg frh!flhqw lv forvh wr
3,1 Wkxv/ hdfk vhfwru dsshduv wr kdyh d gl�huhqw ohyho ri oderxu lqwhqvlw| lq
whfkqrorj|1 Wkh frh!flhqw ri wkh lqwhudfwlyh yduldeoh iru vl}h vkrzv wkdw wkh
vl}h h�hfw iru wkh �upv sduwlflsdwlqj lq UMYv lv doprvw qxoo1

Wkh juhdwhu wkh ghjuhh ri rshqqhvv dqg ri sdwhqw dssolfdwlrqv dw wkh vhf0
wruldo ohyho/ wkh vpdoohu wkh glvwdqfh ri �upv* surgxfwlylw| iurp wkh ehvw shu0
iruplqj �up lq wkh vhfwru1 Wkxv/ hyhq wkrxjk wkh wudgh dqg sdwhqw yduldeohv
lq wkh suhylrxv uhvxowv gr qrw vhhp wr lqfuhdvh wkh jurzwk udwh ri whfkqrorjl0
fdo surgxfwlylw|/ wkh| h{huw d ohyho h�hfw lq wkdw wkh| uhgxfh wkh whfkqrorjlfdo
glvwdqfh ehwzhhq �upv lq wkh vdph vhfwru1 Wkh uhvxow rq sdwhqwv lv frqvlv0
whqw zlwk wkh suhylrxv uhvxow irxqg lq wkh vhfwruldo dqdo|vlv lq vhfwlrq 81 Wkh
vhfwru vshfl�f dqdo|vlv vkrzv wklv lv wuxh iru doprvw doo wkh vhfwruv1

; Glvfxvvlrq

Wkh dqdo|vlv vkrzv wkh suhvhqfh ri dq ryhudoo surfhvv ri vkruw0whup whfkqrorj0
lfdo frqyhujhqfh dprqj vhfwruv dqg frxqwulhv lq Hxursh1 Wkh plfurhfrqrplf
glphqvlrq ri wkh vkruw0whup surgxfwlylw| sdwwhuq dsshduv uhohydqw1 Wkh qhj0
dwlyh vljq ri wkh ylqwdjh k|srwkhvlv lv frqvlvwhqw zlwk �qglqjv e| Groodu dqg
Zro� +4<<9, rq pdqxidfwxulqj lq Hxurshdq Xqlrq1

Zh gr qrw ghwhfw h�hfwv ri whfkqrorjlfdo gl�xvlrq iurp wudgh dw wkh �up
ohyho dprqj Hxurshdq frxqwulhv dqg vhfwruv1 Wklv pd| eh h{sodlqhg e| wkh
idfw wkdw wkh| duh vlplodu hfrqrplhv +doo RHFG frxqwulhv, fkdudfwhulvhg e|
iuhh pdunhwv/ vr wkdw wkh dujxphqwv xvhg e| Frh/ Khospdq dqg Kr�pdlvwhu
+4<<:, dqg Mdxprwwh +4<<;, gr qrw dsso| khuh1

Wkh srvlwlyh frqyhujhqfh h�hfw ri wkh vnloo yduldeoh vxjjhvwv wkdw rqh dv0
shfw wr h{soruh lq wkh jurzwk olwhudwxuh lv wkh uroh ri vnloo dftxlvlwlrq1 Vrph
vwxglhv lq wkh olwhudwxuh frxog eh ghyrwhg rq wkh vxsso| vlgh ri vnloohg oderxu1
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Ilup vl}h h�hfwv vhhp wr sod| d qhjdwlyh h�hfw rq wkh surfhvv ri whfkqrorjlfdo
frqyhujhqfh dqg kdyh d30vkdshg uhodwlrqvkls zlwk wkh whfkqrorjlfdo jurzwk
udwh1 Wklv uhvxow vkrxog eh uhodwhg wr rwkhu hpslulfdo �qglqjv/ lq sduwlfx0
odu wkrvh wkdw vwxg| �upv vl}h dqg �up sduwlflsdwlrq wr U)G djuhhphqwv
+Frorper/ +4<<8,,1

Wkh uhvxowv rq wkh lqyhuvh uhodwlrqvkls ehwzhhq vl}h dqg wkh glvwdqfh iurp
wkh ehvw shuirupdqfh �up lq wkh vhfwru xqghuolqh wkdw uroh sod|hg wkh vl}h ri
hpsor|phqw lq d�hfwlqj wkh whfkqrorjlfdo surgxfwlylw|1 Lv wkhuh d qhjdwlyh
uroh sod|hg e| oderxu zlwk uhvshfw wr whfkqrorjlfdo surgxfwlylw|B

Ilqdoo|/ wkh suhvhqfh ri lqwhuqdwlrqdo whfkqrorjlfdo fr0rshudwlrq vhhpv
wr d�hfw wkh surfhvv ri gl�xvlrq dqg fuhdwlrq ri nqrzohgjh/ jlylqj vrph
vxssruw wr wkh wkhruhwlfdo zrun lq zklfk U)G fr0rshudwlrq lv prghoohg lq
d frqyhujhqfh iudphzrun +Fr}}l +4<<;,,1 Lw lv lq olqh zlwk rqh ri wkh �uvw
hpslulfdo zrun rq vslooryhu dqg U)G frrshudwlrq +Fdvvlpdq dqg Yhxjhohuv/
+4<<;,,1 Wkh srvlwlyh uroh sod|hg e| v|pphwulhv/ dowkrxjk lw ghvhuyhv pruh
dwwhqwlrq lq ixwxuh hpslulfdo zrun/ ohwv xv wklqn wkdw vlplodu �upv pd| eh
pruh vxffhvvixoo| lqyroyhg lq U)G fr0rshudwlrq1 Wklv uhvxow lv lq olqh zlwk
wkhruhwlfdo suhglfwlrqv1 U)G fr0rshudwlrq lv pruh h�hfwlyh iru �upv zlwk
vlplodu U)G frvw ixqfwlrqv/ dqg wkh uhgxfwlrq lq U)G frvwv dqg vkdulqj
ri lqirupdwlrq h�hfwv rq wkh vkruw0whup whfkqrorjlfdo surgxfwlylw| pd| eh
vwurqjhu1

Wkh ryhudoo uhvxow lv wkdw UMYv gr idyrxu d vkruw0whup whfkqrorjlfdo frq0
yhujhqfh surfhvv dqg jhqhudwhv srvlwlyh vslooryhu h�hfwv1 Wkhvh h�hfwv gr
qrw iroorz d olqhdu sdwwhuq= urrp lv ohiw iru h{whqvlrqv dlplqj wr xqghuvwdqg
ehwwhu krz vslooryhuv zrun1 Wkh wkhruhwlfdo olwhudwxuh rq UMYv dqg vslooryhuv
rqo| frqvlghuv gl�huhqw ghjuhhv ri olqhdu vslooryhu h�hfwv1

< Frqfoxvlrq

Wklv dqdo|vlv surylghv lqvljkwv derxw wkh surfhvv ri ryhudoo jhrjudsklf dqg
vhfwruldo vkruw0whup whfkqrorjlfdo frqyhujhqfh zlwklq Hxurshdq Xqlrq dqg
lwv uhodwlrqvkls zlwk fr0rshudwlyh U)G1

Zh irfxv wkh dwwhqwlrq rq wkh UMYv iruphg lq wkh Hxurshdq Xqlrq lq wkh
<50<9 shulrg/ jlyhq wkh jurzlqj lpsruwdqfh ri wklv skhqrphqrq lq Hxursh
dqg wkh ghhs lqyroyhphqw ri wkh Hxurshdq Frpplvvlrq lq surylglqj vrxufhv
wr �qdqfh wkhp1 Wkh odfn ri uhvxowv lq wkh hpslulfdo olwhudwxuh rq UMYv lq
jhqhudo lq wklv vhqvh dqg lq sduwlfxodu lq Hxursh kdv ehhq pdlqo| gxh wr wkh
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sdxflw| ri gdwd dydlodeoh wloo qrz1
Wkh hpslulfdo dqdo|vlv zh suhvhqw vxssruwv wkh k|srwkhvlv ri vkruw0whup

frqyhujhqfh dqg lq sduwlfxodu wkh srvlwlyh uroh sod|hg e| lqwhuqdwlrqdo fr0
rshudwlrq lq U)G1 Lw hpskdvlvhv wkh frxqwu| dqg wkh vhfwruldo glphqvlrq lq
wkh ryhudoo surfhvv1 Zh dovr �qg wkdw Fruglv surjudp lq xhqfhv srvlwlyho|
wkh vkruw whup frqyhujhqfh1 Ehfdxvh vrph ri wkh uhvxowv pd| eh ghshqghqw
rq wkh vshfl�fdwlrq dgrswhg/ vrph h{whqvlrqv ri wkh vwxg| duh uhtxluhg1

Iluvw/ dq dqdo|vlv frqvlghulqj hdfk vhfwru lqglylgxdoo| frxog eh ghyhorshg/
li gdwd dydlodelolw| doorzv iru lw1 Vhfrqg/ vrph yduldeoh vshfl�fdwlrq vkrxog
eh vwxglhg dw wkh �up ohyho olnh U)G lqyhvwphqw dqg sdwhqwv dssolfdwlrqv/
dv vrrq dv wkhvh gdwd ehfrph dydlodeoh1

Wkh dqdo|vlv ri vslooryhu h�hfwv vkrxog eh deoh wr frqwuro iru lqgxvwu| zlgh
vslooryhuv xvlqj d qhljkerxulqj h�hfw dssurdfk +Pdqvnl +4<<6,,1 Lq wklv zd|
zh frxog wdnh lqwr dffrxqw wkh h�hfwv ri rwkhu irupv ri U)G fr0rshudwlrq
qrw lqfoxghg lq wkh dqdo|vlv dqg iru zklfk gdwd duh qrw dydlodeoh1 Pruhryhu
lw frxog eh xvhixo wr frqvwuxfw d phdvxuh ri whfkqrorjlfdo forvhqhvv jlyhq
e| wkh qxpehu ri sdwhqwv lq frpprq �hogv +Md�h 4<;9,/ rqfh �up sdwhqw
gdwd duh dydlodeoh1 Lw vkrxog frqwuro iru vnloohg oderxu wxuqryhu dprqj �upv=
wudqvihu ri nqrzohgjh pd| dovr eh gxh wr U)G hpsor|phqw/ lwv wudlqlqj dqg
lwv wxuqryhu dprqj �upv1 Zh wkxv uhtxluh dgglwlrqdo lqirupdwlrq dw wkh �up
ohyho rq wkh dftxlvlwlrq ri vnloov/ wudlqlqj ri oderxu/ wxuqryhu ri vnloohg oderxu
dprqj �upv1

Wkh dqdo|vlv ri vslooryhu gxh wr UMYv vkrxog frqwuro iru lqyhvwphqw lq
U)G frqgxfwhg wkurxjk UMYv uhodwlyh wr wrwdo lqyhvwphqw lq U)G dw wkh
�up ohyho/ wr ehwwhu xqghuvwdqg wkh uroh ri UMYv lq wkh nqrzohgjh dftxlvlwlrq
surfhvv ri �upv1

Pruhryhu/ d ixuwkhu h{whqvlrq ri wkh vwxg| ri vslooryhu zrxog eh lq frp0
sxwlqj WIS dw wkh vhfwruldo ohyho dqg vwxg|lqj WIS dw wkh �up ohyho zlwk
uhvshfw wr WIS dw wkh vhfwruldo ohyho dqg vhh zkhwkhu wkh| duh fryduldqw1
Ilqdoo|/ dq h{whqvlrq ri wkh glvshuvlrq dqdo|vlv frxog eh lq whvwlqj wkh gli0
ihuhqfh ehwzhhq �qdo dqg lqlwldo glvshuvlrq ryhu wkh wlph shulrg frqvlghuhg
dfurvv wkh vdph vhw ri UMY dqg �up fkdudfwhulvwlfv1
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43 Dsshqgl{ 4= Phwkrgrorj| ri frqvwuxfwlrq

ri WIS

Lq wkh frqvwuxfwlrq ri WIS/ zh xvhg d wzr0idfwru surgxfwlrq ixqfwlrq/ zlwk
idfwruv ehlqj wkh qxpehu ri zrunhuv dqg fdslwdo/ dgghg ydoxh ehlqj wkh rxw0
sxw1

Wkh vwhsv ri frqvwuxfwlrq duh wkh iroorzlqj=
41 Zh gh dwhg dgghg ydoxh zlwk wkh fruuhvsrqglqj wkuhh gljlw surgxfwlrq

gh dwruv/ edvh |hdu 4<<5>
51 Zh frqvwuxfwhg Lqyhvwphqwv dw wlph w +U|, dv wkh gl�huhqfh ehwzhhq

Fdslwdo dw wlph w +�|, dqg Fdslwdo dw wlph w04 +�|3�,> wkhq fdslwdo lq �uhdo�
whup +l1h1 frpsduhg wr wkh 4<<5 vwrfn ri fdslwdo, zdv frpsxwhg dffruglqj
wr wkh iroorzlqj irupxodv=

Li U| : fc �| ' �|3�E�� fc fS2D� n U|E
_es�?�b2
_es�?�|

�

Li U| 	 fc �| ' �|3�E�� fc fS2D�
Wkh xvh ri d pruwjdjh udwh ri 9/58( fruuhvsrqgv wr dq hfrqrplf olih ri

vl{whhq |hduv1 _es�?�b2 dqg gh�qyw lqglfdwh wkh gh dwru ri lqyhvwphqw jrrgv/
vshfl�f wr hdfk frxqwu|/ fruuhvsrqglqj wr |hdu 4<<5 dqg w uhvshfwlyho|1 Lq
wklv zd|/ zh xvhg 4<<5 dv wkh ehqfkpdun |hdu1

61 Wr frpsxwh wkh vkduhv ri oderxu zh kdyh hvwlpdwhg d wzr zd|v �{hg
h�hfwv prgho iru hdfk ri wkh 54 wzr gljlw vhfwru> dv zh lpsrvhg frqvwdqw
uhwxuq wr vfdoh wkh vkduh ri fdslwdo zdv htxdo wr= 40vkduh ri oderxu1 Khqfh/
wkh hvwlpdwhg htxdwlrq kdv ehhq=

,J}E
t�|

��|

� ' @� n �| n q,J}E
u�|

��|

�

Zkhuh= t�| @gh dwhg dgghg ydoxh>
��| @vwrfn ri fdslwdo lq uhdo whupv>
u�| @qxpehu ri hpsor|hhv1
Ehfdxvh ri wkh xvh ri orjdulwkpv/ zh gursshg wkh revhuydwlrqv zlwk qhj0

dwlyh gh dwhg dgghg ydoxh1
71 Ilqdoo|/ WIS kdv ehhq frpsxwhg dffruglqj wr wkh iroorzlqj irupxod/

l1h1 vxssrvlqj d Free0Grxjodv surgxfwlrq ixqfwlrq zlwk frqvwdqw uhwxuq wr
vfdoh=

A8��| '
t�|

Eu�|�qE��|��3q
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WIS kdv ehhq frpsxwhg rqo| iru �upv zlwk srvlwlyh gh dwhg dgghg ydoxh
dqg zlwk srvlwlyh gh dwhg fdslwdo vwrfnv iru doo �yh |hduv/ l1h1 74:4 �upv rxw
ri wkh 7558 lq wkh ruljlqdo vdpsoh1

Wkh sureohpv hqfrxqwhuhg lq wkh frqvwuxfwlrq ri WIS duh plvvlqj re0
vhuydwlrq iru pdq| �upv/ gdwd frqvlvwhqf| dfurvv frxqwulhv2|hduv/ l1h1 v|v0
whpdwlf odfn ri yduldeohv +olnh oderxu frvw,> gl�huhqw dffrxqwlqj uxohv +d elw
krprjhqlvhg e| wkh idfw �qdqfldo lqirupdwlrq frph irup d frpsdudwlyh �up
gdwd vhw, dqg h�hfw ri lq dwlrq dqg h{fkdqjh udwhv rq wkh ydoxhv1

Wkh vhfwruv lqfoxghg lq wkh dqdo|vlv duh dw wkuhh0gljlw QDFH <4 fodvvl0
�fdwlrq iru wkh pdqxidfwxulqj vhfwru1 Zh lqfoxgh 54 vhfwruv dw wzr gljlw
fodvvl�fdwlrq= wrwdo irrg dqg ehyhudjhv +48,/ wrwdo wredffr +49,/ wrwdo wh{wloh
+4:,/ wrwdo forwklqj +4;,/ wrwdo ohdwkhu dqg ohdwkhu jrrgv +4<,/ wrwdo zrrg
surgxfwv +53,/ wrwdo sdshu dqg sdshu surgxfwv +54,/ wrwdo sxeolvklqj dqg
sulqwlqj +55,/ wrwdo fkhplfdo surgxfwv +57,/ wrwdo uxeehu dqg sodvwlfv +58,/
wrwdo qrq0ihuurxv surgxfwlrq +59,/ wrwdo ihuurxv surgxfwlrq +5:,/ wrwdo ihuurxv
surgxfwv h{fhsw pdfklqhu| +5;,/ wrwdo pdfklqhu| surgxfwv +5<,/ wrwdo r!fh
pdfklqhu| dqg frpsxwhu +63,/ wrwdo hohfwulfdo pdfklqhu| q1r1f1 +64,/ wrwdo
udglr/ WY dqg whohfrppxqlfdwlrq htxlsphqw +65,/ wrwdo phglfdo htxlsphqw/
phdvxulqj lqvwuxphqwv dqg zdwfkhv +66,/ wrwdo prwru yhklfohv +67,/ wrwdo
rwkhu wudqvsruwdwlrq htxlsphqw +68,/ wrwdo ixuqlwxuh dqg rwkhu pdqxidfwxu0
lqj lqgxvwulhv +69,1

5;



44 Dsshqgl{ 5= Gdwd Vrxufh

Gdwd rq UMY= Wkh vrxufhv duh Fruglv dqg Hxuhnd gdwdedvhv1 Wkh| gli0
ihu lq vrph dvshfwv= wkh surmhfwv lq Fruglv duh ixqghg dqg fr0ruglqdwhg e|
wkh Hxurshdq Frpplvvlrq zkloh wkh surmhfwv lq Hxuhnd kdyh d ghfhqwudolvhg
ixqglqj vrxufh dqg wkh uhvhdufk surmhfw lv sursrvhg dqg gh�qhg e| wkh sduwlf0
lsdqwv wkhpvhoyhv1 Wkh uhvhdufk fduulhg rxw zlwklq Fruglv lv suh0frpshwlwlyh
uhvhdufk/ zkloh zlwklq Hxuhnd uhvhdufk lv rulhqwhg wr wkh ghyhorsphqw ri pdu0
nhwdeoh surgxfwv dqg vhuylfhv1

Gdwd rq �up= edodqfh vkhhwv iurp Dpdghxv gdwdedvh +4<<50<9,1
Gdwd rq U)G h{shqglwxuh/ shuvrqqho dqg sdwhqwv dw wkh frxqwu| ohyho=

U)G Dqqxdo vwdwlvwlfv 4<<:/ Hxurvwdw> Ilup U)G h{shqglwxuh iurp wkh
Zruogvfrsh gdwdedvh

Gdwd rq wudgh/ zdjhv dw wkh frxqwu| dqg vhfwruldo ohyho duh irup wkh
RHFG Vwdq gdwdedvh +4<<:,1
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45 Dsshqgl{ 6

4514 Yduldeohv frqvwuxfwlrq iru vhfwlrq 7

-:(|f
lv wkh lqyhvwphqw lq U)G dw wkh pdqxidfwxulqj ohyho dw wlph w3 +4<<5,/

dw frqvwdqw <3 sulfhv/ dqg lw lv h{suhvvhg lq devroxwh ydoxh +U<5, ru uhodwlyh
wr wkh frxqwu| JQS +-UCb2,1

-aT SJJR lv h{suhvvhg e| -aT |J|/ l1h1 wkh qxpehu ri UMYv shu �up ryhu
wkh wrwdo qxpehu ri UMYv ryhu wkh surjudpphv dqg e| 7�Ur�5e�|/ l1h1 wkh
surgxfw ri wkh wrwdo qxpehu ri sduwqhuv ri wkh �up e| d gxpp| zklfk lv
htxdo wr 4 zkhwkhu wkh qxpehu ri UMYv shu �up lv juhdwhu wkdq 4 dqg 3
rwkhuzlvh1

�@| lv wkh sdwhqw dssolfdwlrqv shu vhfwru dqg shu frxqwu| dqg lw lv h{0
suhvvhg dv jurzwk udwh ryhu wkh shulrg +��C, ru e| wkh ohyho dw wkh ehjlqqlqj
ri wkh shulrg +��Ab2, ru e| wkh ohyho dw wkh ehjlqqlqj ri wkh shulrg uhodwlyh
wr wkh vhfwruldo Hxurshdq ohyho +��A.L,1

�� lv gh�qhg dv wudgh edodqfh ryhu dgghg ydoxh dw wkh vhfwruldo ohyho iru
hdfk frxqwu| dw frqvwdqw <3 sulfhv +[0P2YD<3,1

{-:(e6R, lv wkh jurzwk udwh ri oderxu hpsor|hg lq U)G dw wkh frxqwu|
ohyho iru wkh pdqxidfwxulqj vhfwru +-�C,1

7&�,,�|? lv xqlw oderxu frvw dw wkh �up ohyho ryhu wkh vhfwruldo zdjh dw wkh
frxqwu| ohyho1

-aT r7eS|� +7.�A , lv wkh qxpehu ri UMYv shu vhfwru ryhu wkh wrwdo
qxpehu ri UMYv1

4515 Yduldeohv frqvwuxfwlrq iru vhfwlrq 8

Wkh gxpp| G lv htxdo 4 li wkh �upv duh v|pphwulf dqg 3 rwkhuzlvh1 Dv
lqglfdwru ri dv|pphwulhv iru hdfk UMY kdv ehhq frqvlghuhg wkh vwdqgdug
ghyldwlrq ri wzr phdvxuhv= sur�w pdujlq dqg uhwxuq rq wrwdo dvvhwv1 Wkh
glvshuvlrq whup kdv ehhq frpsxwhg rq wkh dyhudjh ydoxhv ryhu wkh shulrg iru
doo wkh �upv sduwlflsdwlqj wr hdfk UMY +iru zklfk wkhvh gdwd duh dydlodeoh,1
Wkhq zh frqvlghuhg gl�huhqw wkuhvkrogv ri dv|pphwulhv iru hdfk ri wkh wzr
lqglfdwruv udqjlqj iurp 4 wr :1
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46 Uhihuhqfhv

Dgdpv/ M1G1 dqg Md�h/D1E1 +4<<9,/ �ErxqgLqj wkh H�hfwv ri U)G= dq Lq0
yhvwljdwlrq Xvlqj Pdwfkhg Hvwdeolvkphqw0Ilup Gdwd�/ Udqg Mrxuqdo ri Hfr0
qrplfv/ Yro1 5:/ Q17/ Zlqwhu/ ss1 :330:541

Djklrq/ S1/ dqg Krzlww/ S1 +4<<;,/ �Hqgrjhqrxv Jurzwk Wkhru|�/ PLW
Suhvv/ Fdpeulgjh1

Dlwnhq/ E1/ J1G1 Kdqvrq dqg D1 Kduulvrq +4<<7,/ �Vslooryhu/ Iruhljq Lq0
yhvwphqw/ dqg H{sruw Ehkdylrxu�/ QEHU Zrunlqj Sdshu Qr1 7<9:/ Ghfhp0
ehu1

Dplu/ U1 dqg Zrrghuv/ M1+4<<:,/ �Rqh0Zd| Vslooryhuv/ Hqgrjhqrxv Lq0
qrydwru2Lplwdwru Urohv dqg Uhvhdufk Mrlqw Yhqwxuhv�/ FRUH Z1S1 9< <:5:1

Edlo|/ P1Q1/ Kxowhq/ F1 dqg Fdpsehoo/ G1 +4<<5,/ �Surgxfwlylw| G|0
qdplfv lq Pdqxidfwxulqj Sodqwv�/ Eurrnlqj Sdshuv rq Hfrqrplf Dfwlylw|=

Plfurhfrqrplfv/ ss14;9059:1
Edued Qdyduhwwl/ Exvvrol/ Yrq Judhylw} dqg Xosk +4<<<,/ �Lqirupdwlrq

Vkdulqj/ Uhvhdufk Fr0ruglqdwlrq dqg UMY Phpehuvkls�/ Ihhp dqg VLUQ/
plphr1

Edwwdfkdu|d/ V1 Jod}hu/ M1 dqg Vdsslqjwrq/ G1H1 +4<<5,/ �Olfhqvlqj dqg
Wkh Vkdulqj ri Nqrzohgjh lq Uhvhdufk Mrlqw Yhqwxuhv�/ Mrxuqdo ri Hfrqrplf
Wkhru|/ ss17609<1

Edxpro/ Z1M1 +4<<6, �Hqwuhsuhqhxuvkls/ Pdqdjhphqw dqg wkh Wkhru| ri
Surgxfwlylw|�/ PLW Suhvv/ Fdpeulgjh1

Edxpro/ Z1M1 +4<<7, �Pxowlyduldwh Jurzwk Sdwwhuqv� fk16/ �Fdslwdo Lq0
whqvlw| dqg WIS Frqyhujhqfh e| Lqgxvwu| lq Pdqxidfwxulqj�/ lq �Frqyhu0
jhqfh ri Surgxfwlylw|�/ Z1M1 Edxpro/ U1U1 Qhovrq dqg H1Q1 Zro�/ R{irug
Xqlyhuvlw| Suhvv1

Ehqiudwhoor/ O1 dqg Vhpehqhool/ D1 +4<<<,/ D1 �Lpsdfw ri UMYv rq Ilupv
Shuirupdqfh�/ IHHP dqg Fhulv/ plphr1

Ehuqdug/ D1E1 dqg Gxuodxi/ V1Q1 +4<<8, �Frqyhujhqfh lq Lqwhuqdwlrqdo
Rxwsxw�/ Mrxuqdo ri Dssolhg Hfrqrphwulfv/ Yro143/ ss1<:043;1

Ehuqdug/ D1E1 dqg Gxuodxi/ V1Q1 +4<<9, �Lqwhusuhwlqj Whvwv ri Frqyhu0
jhqfh K|srwkhvlv�/ Mrxuqdo ri Hfrqrphwulfv/ :4/ ss1 49404:61

Ehuqdug/ D/E1 dqg Mrqhv/ F1L1 +4<<9d, �Frpsdulqj Dssohv wr Rudqjhv=
Surgxfwlylw| Frqyhujhqfh dqg Phdvxuhphqw Dfurvv Lqgxvwulhv dqg Frxq0
wulhv�/ Wkh Dphulfdq Hfrqrplf Uhylhz/ Ghfhpehu/ ss146804791

Ehuqdug/ D/E1 dqg Mrqhv/ F1L1 +4<<9e, �Surgxfwlylw| Dfurvv Lqgxvwulhv
dqg Frxqwulhv= Wlph Vhulhv Wkhru| dqg Hylghqfh�/ Wkh Uhylhz ri Hfrqrplfv
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dqg Vwdwlvwlfv/ ss146804791
Ehuqdug/ D/E1 dqg Mrqhv/ F1L1 +4<<9, �Whfkqrorj| dqg Frqyhujhqfh�/

Wkh Hfrqrplf Mrxuqdo/ Mxo|/ ss1436:043771
Eorpvwuùp/ P1/ Nrnnr/ D1 dqg ]hmdq/ P1 +4<<7,/ �Krvw Frxqwu| Frp0

shwlwlrq dqg Whfkqrorj| Wudqvihu e| Pxowlqdwlrqdov�/ Zhowzluwvfkdiwolfkhv

Dufkly/ Edqg 463/ 85408661
Euhwvfkjhu/ O1 +4<<:,/ �Lqwhuqdwlrqdo Wudgh/ Nqrzohgjh Gl�xvlrq dqg

Jurzwk�/ Wkh Lqwhuqdwlrqdo Wudgh Mrxuqdo/ Yro1[L/ Q16/ Idoo/ ss165:067;1
Fduudur/ F1 dqg Vrxehud|q/ D1 +4<<:,/ �U)G Fr0rshudwlrq dqg Hqgrjh0

qrxv Ilupv orfdwlrqv�/ Qrwh gl Odyrur Ihhp/ Plodq1
Fdvvlpdq/ E1 dqg Yhxjhohuv/ U1 +4<<;,/ �U)GFrrshudwlrq dqg Vslooryhuv=

Vrph Hpslulfdo Hylghqfh�/ plphr1
Frh/ G1W1dqg Khospdq/ H1+4<<8,/ �Lqwhuqdwlrqdo U)G Vslooryhuv�/ Hxur0

shdq Hfrqrplf Uhylhz/ 6</ ss1 ;8<0;;:1
Frh/ G1W1/ H1 Khospdq dqg Kr�pdlvwhu/D1 Z1 +4<<8, �Qruwk Vrxwk U)G

Vslooryhuv�/ Fhqwuh iru Hfrqrplf Srolf| Uhvhdufk +FHSU, Glvfxvvlrq Sdshu
Vhulhv/ Q144661

Frorper/ P1 +4<<8,/ �Ilupv Vl}h dqg Frrshudwlrq= Wkh Ghwhuplqdqwv
ri Frrshudwlyh Djuhhphqwv lq Lqirupdwlrq Whfkqrorj| Lqgxvwulhv�/ Lqwhuqd0
wlrqdo Mrxuqdo ri wkh Hfrqrplfv ri Exvlqhvv/ Yro15/ Qr14/ ss1605<1

Fr}}l +4<<;, �U)GFrrshudwlrq dqg Jurzwk�/ plphr/ Fruqhoo Xqlyhuvlw|
dqg Xqlyhuvlw| ri Urph *Od Vdslhq}d*1

G*Dvsuhprqw/F dqg Mdftxhplq/F1 +4<;;,/ �Frrshudwlyh dqg Qrqfrrshu0
dwlyh U)G lq Gxrsro| zlwk Vslooryhuv�/ Wkh Dphulfdq Hfrqrplf Uhylhz/

ss144660446:1
G*Dvsuhprqw/F dqg Mdftxhplq/F1 +4<<3,/ �Frrshudwlyh dqg Qrqfrrshu0

dwlyh U)G lq Gxrsro| zlwk Vslooryhuv= Huudwxp�/ Wkh Dphulfdq Hfrqrplf

Uhylhz/ ss197409751
Gh Iudmd/ J1 +4<<3,/ �Vwudwhjlf Glvforvxuh ri U)G Nqrzohgjh dqg Uh0

vhdufk Mrlqw Yhqwxuhv�/ Xqlyhuvlw| ri Eulvwro/ Z1S1 58 5:;1
Groodu/ G1 dqg Zro�/ H1Q1 +4<<7, �Fdslwdo Lqwhqvlw| dqg WIS Frq0

yhujhqfh e| Lqgxvwu| lq Pdqxidfwxulqj� lq �Frqyhujhqfh ri Surgxfwlylw|�/
Z1M1Edxpro/ U1U1Qhovrq dqg H1Q1 Zro�/ R{irug Xqlyhuvlw| Suhvv1

Gulvfroo/ M1F1 dqg Nudd|/ D1F1 +4<<;,/ �Frqvlvwhqw Fryduldqfh Pdwul{ Hv0
wlpdwlrq Zlwk Vsdwldoo| Ghshqghqw Sdqho Gdwd�/ Wkh Uhylhz ri Hfrqrplfv

dqg Vwdwlvwlfv/ ss187<088<1
Hxurvwdw +4<<:,/ �U)G Dqqxdo Vwdwlvwlfv 4<<:�/ Ox{hperxuj1
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Jhurvnl/ S1D1 +4<<5,/ �Dqwlwuxvw Srolf| Wrzdugv Fr0rshudwlyh U)G Yhq0
wxuhv�/ R{irug Uhylhz ri Hfrqrplf Srolf|/ Yro1</ Q15/ ss1 8;0:41

Julolfkhv/ ]1 +4<:6,/ �Uhvhdufk H{shqglwxuhv dqg Jurzwk Dffrxqwlqj/� lq
Vflhqfh dqg Whfkqrorj| lq Hfrqrplf Jurzwk/ E1U1Zlooldpv/ hg1/ PdfPloodq
Suhvv/ 4<:61

Julolfkhv/ ]1 +4<:<,/ �Lvvxhv lq Dvvhvvlqj wkh Frqwulexwlrq ri Uhvhdufk dqg
Ghyhorsphqw wr Surgxfwlylw| Jurzwk�/ Ehoo Mrxuqdo ri Hfrqrplfv/ Vsulqj/
Yro1 Q14/ ss1<504491

Julolfkhv/ ]1 +4<;8,/ �Surgxfwlylw|/ U)G/ Edvlf Uhvhdufk dw wkh Ilup
Ohyho lq wkh 4<:3v�/ QEHU ZS 487:/ Fdpeulgjh PLW/ Mdqxdu|1

Julolfkhv/ ]1 +4<<4, �Wkh Vhdufk iru U)G Vslooryhuv�/ QEHUZS q169:;/
Fdpeulgjh PLW/ Mxo|1

Julolfkhv/ ]1 dqg Pdluhvvh/ M1 +4<;8, �U)G dqg Surgxfwlylw| Jurzwk=
Frpsdulqj Mdsdqhvh dqg XV Pdqxidfwxulqj Ilupv�/ QEHU ZS q1 4::;/
Fdpeulgjh/ PLW/ Ghfhpehu1

Jurvvpdq/ J1 dqg Khospdq/ H1 +4<<6, �Hqgrjhqrxv Lqqrydwlrq lq wkh
Wkhru| ri Jurzwk�/ QEHU ZS q1 785:/Fdpeulgjh/ PLW/ Qryhpehu1

Kduulvrq/ D1+4<<9,/ �Ghwhuplqdqwv dqg H�hfwv ri Gluhfw Iruhljq Lqyhvw0
phqw lq Frwh g*Lyrluh/ Prurffr dqg Yhqh}xhod�1

Krzhoov dqg Qhdu| +4<<8, �Lqwhuyhqwlrq dqg Whfkqrorjlfdo Lqqrydwlrq�/
Pdf Ploodq Suhvv/ OWG Orqgrq1

Mdxprwwh/ I1 +4<<;, �Whfkqrorjlfdo Frqyhujhqfh dqg Wudgh�/ plphr Kdu0
ydug Xqlyhuvlw|/ Qryhpehu 631

Mrqhv/ F1 +4<<7,/ �Wlph Vhulhv Whvwv ri Hqgrjhqrxv Jurzwk Prghov�/
Txduwhuo| Mrxuqdo ri Hfrqrplfv/ ss17<808581

Mrqhv/ F1 +4<<8,/ �U)G Edvhg Prghov ri Hfrqrplf Jurzwk�/ Mrxuqdo ri
Srolwlfdo Hfrqrp|/ 436/ Dxjxvw/ ss1:8<0;61

Ndplhq/ P1L1 Pxoohu/H1 dqg ]dqj +4<<5,/ �Uhvhdufk Mrlqw Yhqwxuhv dqg
U)G Fduwhov�/ Wkh Dphulfdq Hfrqrplf Uhylhz/ ss145<6046391

Ndplhq/ dqg ]dqj +4<<5,/ �Frpshwlqj Uhvhdufk Mrlqw Yhqwxuhv�/ Mrxuqdo
ri Hfrqrplfv ) Pdqdjhphqw Vwudwhj|/ ss1560731

Nrqlvkl/ Oh Euhwrq/ Vrxehud|q dqgZhehu/ V1 +4<<:,/ �Hqgrjhqrxv UMYv�/
Qrwh gl Odyrur Ihhp/ Plodq1

Ohjurv/ S1 dqg Pdwvxvklpd/ K1 +4<<4,/ �H!flhqf| lq Sduwqhuvklsv�/ Mrxu0
qdo ri Hfrqrplf Wkhru|/ ss15<906551

Olfkwhqehuj/ I1U1/+4<<8,/ �U)G Frooderudwlrq dqg Vshfldolvdwlrq lq wkh
Hxurshdq Frppxqlw|�/ FHSU1

66



Pdluhvvh/ M1 dqg Kdoo/ E1 +4<<6,/ �Dqdo|vlv ri Whfkqrorjlfdo Surgxfwlylw|
rq d Vdpsoh ri Iuhqfk Ilupv= d JPP Dssurdfk�1

Pdqv�hog/ H +4<94, �Whfkqrorjlfdo Fkdqjh dqg wkh Udwh ri Gl�xvlrq�/
Hfrqrphwulfd/ 5< Q17/Rfwrehu/ ss1 :730991

Pdqvnl/ F1 +4<<6,/ �Lghqwl�fdwlrq ri Hqgrjhqrxv Vrfldo H�hfwv= Uh hf0
wlrq Sureohp�/ Uhylhz ri Hfrqrplf Vwxglhv/ 93+6,/ Mxo|/ ss1 8640751

Pdulq dqg Vlrwlv +4<<<,/�Zk| Grhv d Ilup Mrlq dq UMYB�/ Ihhp dqg
Fduorv LLL/ plphr1

Pduwlq/ V1 +4<<7,/ �Sulydwh dqg Vrfldo lqfhqwlyhv wr irup U)G Mrlqw
Yhqwxuhv�/ Uhylhz ri Lqgxvwuldo Hfrqrplfv/ <=48:04:41

Qlvklpl}x/ P1 dqg Sdjh/ M1P1Mu +4<;5,/ �Wrwdo idfwru Surgxfwlylw| Jurzwk/
Whfkqrorjlfdo Surjuhvv dqg Whfkqlfdo H!flhqf| Fkdqjh= Glphqvlrqv ri Sur0
gxfwlylw| Fkdqjh lq Mxjrvodyld�/ Wkh Hfrqrplf Mrxuqdo +<5,/ Ghfhpehu/ ss1
<530<691

Uroohu/ O1K1 dqg Vlqfodlu0Ghvjdjqh/E1 +4<<9,/ �Rq wkh Khwhurjhqhlw| ri
Ilupv�/ Hxurshdq Hfrqrplf Uhylhz/ ss1864086<1

Vkhuhu/ I1P1+4<;5,/ �Lqwhu0lqgxvwu| Whfkqrorjlfdo Iorzv dqg Surgxfwly0
lw| Jurzwk�/ Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ Yro1 O[LY/ Qryhpehu
Q17/ ss195:09671

Yrqruwdv/ Q1+4<<:,/ �Fr0rshudwlrq lq Uhvhdufk dqg Ghyhorsphqw�/ Noxzhu
Sxeolvkhuv1
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