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Rq wkh Fdxvhv ri Vriw Exgjhw Frqvwudlqwv=

Ilup0ohyho Hylghqfh iurp Exojduld dqg Urpdqld

Juhhwmh HyhudhuwE@� dqg Dqwmh KlogheudqgwE@�cEK�W

E@�OLFRV/ Fhqwuh iru Wudqvlwlrq Hfrqrplfv/ N1X1Ohxyhq/ Ehojlxp
EK�Ghsduwphqw ri Hfrqrplfv/ Kxperogw Xqlyhuvlw| Ehuolq/ Jhupdq|

Dxjxvw 57/ 5334

Devwudfw

Vhyhudo wkhruhwlfdo h{sodqdwlrqv iru wkh suhvhqfh ri vriw exgjhw frq0

vwudlqwv kdyh uhfhqwo| ehhq sxw iruzdug lq wkh olwhudwxuh1 Wkh sxusrvh ri

wklv sdshu lv wr hpslulfdoo| whvw wkhvh wkhrulhv rq wkh fdxvhv ri vriw exg0

jhw frqvwudlqwv1 Zh wkhuhiruh xvh d sdqho gdwd vhw/ frqvlvwlqj ri frpsdq|

dffrxqw gdwd iru Exojduldq dqg Urpdqldq pdqxidfwxulqj �upv/ fryhulqj

wkh shulrg 4<<804<<<1 Rxu uhvxowv vxjjhvw wkdw wkh suredelolw| ri �qglqj

vriw exgjhw frqvwudlqwv lpsruwdqwo| ghshqgv rq wkh ghjuhh ri frpshwlwlrq

zlwklq wkh vhfwru dqg rq wkh rzqhuvkls vwuxfwxuh ri wkh �up1 Rzqhu0

vkls vwuxfwxuh lq Exojduld/ krzhyhu/ kdv qr dgglwlrqdo h{sodqdwru| srzhu

rqfh �upv duh orvv0pdnlqj1 Zh ixuwkhu �qg wkdw vrflr0srolwlfdo frqfhuqv

derxw hpsor|phqw lqfuhdvh wkh suredelolw| ri VEFv/ exw rqo| zkhq �upv

duh orvv0pdnlqj1 Wkxv/ rxu hpslulfdo uhvxowv odujho| frq�up wkh k|srwkh0

vhv wkdw frpshwlwlrq/ sulydwlvdwlrq/ dqg �up vl}h pdwwhu lq h{sodlqlqj vriw

exgjhw frqvwudlqwv/ dv lv vxjjhvwhg lq wkh wkhruhwlfdo prghov rq wkh fdxvhv

ri vriw exgjhw frqvwudlqwv1

MHO0fodvvl�fdwlrq= S64/ S68/ O43

Nh|zrugv= Vriw Exgjhw Frqvwudlqwv/ Frpshwlwlrq/ Sulydwlvdwlrq/ Wudq0

vlwlrq

Dgguhvv iru fruuhvsrqghqfh= juhhwmh1hyhudhuwChfrq1nxohxyhq1df1eh/

Juhhwmh Hyhudhuw/ OLFRV Fhqwuh iru Wudqvlwlrq Hfrqrplfv/ Gheìul0

rwvwuddw 67/ E06333 Ohxyhq/ Ehojlxp1

WWkh �uvw dxwkru juhdwixoo| dfnqrzohgjhv �qdqfldo vxssruw iurp wkh Ixqg iru Vflhqwl�f
Uhvhdufk +IZR, xqghu uhvhdufk judqw J1359:1341 Wkh vhfrqg dxwkru juhdwixoo| dfnqrzohgjhv
�qdqfldo vxssruw iurp wkh Hxurshdq Xqlrq Pdulh Fxulh Wudlqlqj Vlwh Ihoorzvklsv/ xqghu
wkh surjudpph cLpsurylqj Kxpdq Uhvhdufk Srwhqwldo dqg wkh Vrflr0Hfrqrplf Nqrzohgjh
edvh*1 Erwk dxwkruv zrxog olnh wr wkdqn OLFRV iru uhvhdufk vxssruw1 Zh zrxog htxdoo| olnh
wr wkdqn Mrhs Nrqlqjv/ K|onh Ydqghqexvvfkh/ Doh{dqghu Uhsnlqh/ Edv Ydq Dduoh/ Wrgru
Judghy/ Fkduohv E1 Eodqnduw dqg sduwlflsdqwv ri wkh Sxeolf Fkrlfh phhwlqj lq Lqqveuxfn rq
49 Mxqh 5334 iru xvhixo frpphqwv dqg vxjjhvwlrqv1 Wkh dxwkruv duh vroho| uhvsrqvleoh iru wkh
ylhzv h{suhvvhg lq wkh sdshu dqg wkhvh gr qrw uhsuhvhqw wkh rslqlrqv ri wkh Frppxqlw|1 Wkh
xvxdo glvfodlphu dssolhv1
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Frqwhqwv

4 Lqwurgxfwlrq 6

5 Wkhruhwlfdo edfnjurxqg 8

6 Gdwd ghvfulswlrq 9

7 Hpslulfdo Uhvxowv 45

8 Glvfxvvlrq ri wkh uhvxowv 47

9 Frqfoxvlrq 49

Olvw ri Wdeohv

4 Uhirup lqglfhv lq Fhqwudo dqg Hdvwhuq Hxurshdq frxqwulhv 1 1 1 1 :
5 Vl}h ri �upv= Qxpehu ri hpsor|hhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :
6 Frqfhqwudwlrq ri pdqxidfwxulqj �upv lq Exojduld dqg Urpdqld=

Khu�qgdko lqglfhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;
7 Lpsruw shqhwudwlrq ri pdqxidfwxulqj lqgxvwulhv lq Exojduld dqg

Urpdqld 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;
8 Rzqhuvkls vwuxfwxuh= Shufhqwdjh ri �upv lq zklfk rqh ri wkh

ydulrxv rzqhuv kdv wkh pdmrulw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <
9 Fuhglw shulrg lq gd|v 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44
: Ilupv zlwk Vriw Exgjhw Frqvwudlqwv +lq shufhqw ri �upv lq wkh

zkroh vdpsoh, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45
; Orjlw uhvxowv iru Vriw Exgjhw Frqvwudlqwv lq Exojduldq �upv 1 1 1 53
< Orjlw uhvxowv iru Vriw Exgjhw Frqvwudlqwv lq Urpdqldq �upv 1 1 1 54
43 Orjlw uhvxowv iru Vriw Exgjhw Frqvwudlqwv lq Exojduldq �upv zlwk

lqyhvwphqw0fruuhfwhg phdvxuh iru VEF 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 55
44 Orjlw uhvxowv iru Vriw Exgjhw Frqvwudlqwv lq Urpdqldq �upv zlwk

lqyhvwphqw0fruuhfwhg phdvxuh iru VEF 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56
45 Orjlw uhvxowv iru Vriw Exgjhw Frqvwudlqwv lq Exojduldq �upv zlwk

lqyhvwphqw0fruuhfwhg phdvxuh iru VEF dqg pdunhw vkduhv 1 1 1 1 57
46 Orjlw uhvxowv iru Vriw Exgjhw Frqvwudlqwv lq Exojduldq �upv zlwk

lqyhvwphqw0fruuhfwhg phdvxuh iru VEF dqg pdunhw vkduhv +ohyhov
dqg vtxduhg, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58

47 Orjlw uhvxowv iru Vriw Exgjhw Frqvwudlqwv lq Urpdqldq �upv zlwk
lqyhvwphqw0fruuhfwhg phdvxuh iru VEF dqg pdunhw vkduhv 1 1 1 1 59

48 Orjlw uhvxowv iru Vriw Exgjhw Frqvwudlqwv lq Urpdqldq �upv zlwk
lqyhvwphqw0fruuhfwhg phdvxuh iru VEF dqg pdunhw vkduhv +ohyhov
dqg vtxduhg, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5:

49 Orjlw uhvxowv iru Vriw Exgjhw Frqvwudlqwv lq Urpdqldq �upv +xv0
lqj gl�huhqfhv dqg prgl�hg phdvxuh iru VEF, 1 1 1 1 1 1 1 1 1 1 5;

4: Ghvfulswlrq ri Qdfh0frghv +50gljlw ohyho, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5<
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4; Glvwulexwlrq ri �upv e| lqgxvwulhv lq wkh vdpsoh 1 1 1 1 1 1 1 1 1 63
4< Elj �upv lq wkh vdpsoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63
53 Shuirupdqfh ri elj dqg vpdoo �upv lq Exojduld 1 1 1 1 1 1 1 1 1 1 64
54 Shuirupdqfh ri elj dqg vpdoo �upv lq Urpdqld 1 1 1 1 1 1 1 1 1 1 64

4 Lqwurgxfwlrq

Wkh wudqvlwlrq wrzdugv d pdunhw0edvhg hfrqrp| lq Fhqwudo dqg Hdvwhuq Hxursh
kdv r�huhg d qdwxudo h{shulphqw iru whvwlqj wkh zlgh0khog ylhz lq hfrqrplfv
wkdw frpshwlwlrq dqg sulydwh rzqhuvkls frqwulexwh wr ehwwhu hfrqrplf shuiru0
pdqfh1 Frqvhtxhqwo|/ d ydvw hpslulfdo olwhudwxuh kdv hyroyhg durxqg h{sodlqlqj
�up shuirupdqfh e| rzqhuvkls vwuxfwxuh dqg e| wkh ghjuhh ri frpshwlwlrq1
W|slfdoo|/ wklv vwudqg ri uhvhdufk vxjjhvwv vxshulru �up shuirupdqfh iru sulydwh
frpsdqlhv 0 dowkrxjk qrw qhfhvvdulo| zkhq wkhvh hqwhusulvhv duh fkdudfwhulvhg
e| pl{hg irupv ri rzqhuvkls/ zkhq wkh| kdyh ehhq suhylrxvo| vwdwh0rzqhg ru
zkhq wkh| ihdwxuhg lqvlghu0sulydwlvdwlrq +Erdugpdq dqg Ylqlqj/ 4<;<> Nrqlqjv/
4<<:/ Eodqfkdug/ 4<<:, 0 dqg iru �upv lq pruh frpshwlwlyh lqgxvwulhv +Qlfnhoo/
4<<9> Nrqlqjv/ 4<<:> Eurzq dqg Hduoh/ 5333,1

Rxu sdshu wdnhv xs wkh txhvwlrq zkhwkhu surgxfw0pdunhw frpshwlwlrq dqg
rzqhuvkls vwuxfwxuh fdq h{sodlq wkh suhydohqfh ri vriw exgjhw frqvwudlqwv1 Wkh
frqfhsw ri vriw exgjhw frqvwudlqwv +VEFv, zdv lqwurgxfhg lq wkh olwhudwxuh e|
Nruqdl +4<;3, dqg uhihuv wr d vlwxdwlrq zkhuh orvv0pdnlqj �upv duh edlohg rxw
ru uh�qdqfhg1 Lq Nruqdl*v +4<;3, gh�qlwlrq/ edlolqj rxw orvv0pdnlqj �upv dulvhv
iurp d sdwhuqdolvwlf dwwlwxgh ri wkh jryhuqphqw1 Wkh odwwhu dlpv dw suhvhuylqj
hpsor|phqw dqg wkh vxuylydo ri wkhvh �upv/ ghvslwh wkhlu qhjdwlyh sur�wdelolw|1
Forvho| uhodwhg wr wkh sdwhuqdolvwlf h{sodqdwlrq ri VEFv duh srolwlfdo hfrqrp|
prghov ri VEFv1 Vkohlihu dqg Ylvkq| +4<<7, dujxh wkdw hqwuhsuhqhxuv* srolwlfdo
lq xhqfh dxwrpdwlfdoo| jlyhv ulvh wr eulehv/ vxevlglhv/ 111 Dowhuqdwlyho|/ Ghzd0
wulsrqw dqg Pdvnlq +4<<8, h{sodlq wkh h{lvwhqfh ri VEFv dv wkh rxwfrph ri d
frpplwphqw sureohp lq wkh suhvhqfh ri vxqn frvwv41 Lq wkhlu prgho/ lqvwlwx0
wlrqdo frqglwlrqv vxfk dv vwdwh0rzqhuvkls/ fhqwudolvdwlrq ri fuhglw dqg d odfn ri
frpshwlwlrq lqfuhdvh wkh suredelolw| ri VEFv1 Dorqj vlplodu olqhv/ Vhjdo +4<<;,
dujxhv wkdw d odfn ri frpshwlwlrq pdnhv VEFv pruh olnho| wr rffxu1

Wkh sxusrvh ri wklv sdshu lv wr hpslulfdoo| whvw iru wkh ydulrxv fdxvhv ri VEFv
wkdw kdyh ehhq vxjjhvwhg lq wkh wkhruhwlfdo olwhudwxuh1 Gr sulydwho|0rzqhg �upv
dqg �upv lq pruh frpshwlwlyh lqgxvwulhv vx�hu ohvv iurp VEFvB Wr zkdw h{whqw
fdq vrflr0srolwlfdo prwlyhv/ olnh hpsor|phqw frqvlghudwlrqv/ dffrxqw iru wkh lq0
flghqfh ri VEFvB Vr idu/ hpslulfdo zrun rq VEFv kdv ehhq olplwhg1 Vfkd�hu
+4<<;, dvvhvvhv wkh lpsruwdqfh ri wkh gl�huhqw irupv ri VEFv/ dujxlqj wkdw wd{
duuhduv duh wkh pdlq fkdqqho wkurxjk zklfk wkh jryhuqphqw frqwlqxhv wr vxs0
sruw lwv �upv1 Rwkhu grfxphqwdu| hylghqfh rq VEFv frphv iurp wkh HEUG
+4<<<, dqg wkh Zruog Edqn +4<<<,/ vwuhvvlqj wkh lpsruwdqfh ri qrq0froohfwhg

4Wkxv/ lq frqwudvw zlwk Nruqdl*v +4<;3, dssurdfk zklfk dvvxphv wkdw wkh sdwhuqdolvwlf vwdwh
dwwlwxgh lv h{rjhqrxvo| jlyhq/ Ghzdwulsrqw dqg Pdvnlq +4<<8, jlyh dq hqgrjhqrxv h{sodqdwlrq
iru VEFv1
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eloov iurp vwdwh xwlolw| vxssolhuv1 Foliwrq dqg Nkdq +4<<6, glvfxvv lqwhuhqwhu0
sulvh duuhduv lq Urpdqld1 Wkh exon ri hpslulfdo zrun uhodwhg wr VEFv/ krzhyhu/
irfxvvhv rq wkh h�hfwv ri VEFv lq h{sodlqlqj �up ru pdfur shuirupdqfh lq Fhq0
wudo dqg Hdvwhuq Hxurshdq frxqwulhv5 1 Wklv sdshu/ rq wkh rwkhu kdqg/ wulhv wr
h{sodlq wkh suhydohqfh ri VEFv wkhpvhoyhv1 Lq wklv uhvshfw/ rxu zrun ehduv vrph
uhvhpeodqfh wr wkdw ri Ol dqg Oldqj +4<<;, zkr whvw iru VEF0wkhrulhv lq Fklqd1

Lq wu|lqj wr h{sodlq iru VEFv/ zh xvh dq xqedodqfhg sdqho gdwd vhw frqvlvwlqj
ri frpsdq| dffrxqw gdwd iru Exojduldq dqg Urpdqldq pdqxidfwxulqj �upv fry0
hulqj wkh shulrg 4<<804<<<1 Exojduld dqg Urpdqld duh w|slfdoo| vorz uhiruphuv
+HEUG/ 5333,1 Wklv pdnhv wkhp pruh olnho| wr eh surqh wr VEFv dqg pruh
vxlwdeoh iru whvwlqj wkhrulhv rq VEFv1 Pruhryhu/ erwk frxqwulhv h{shulhqfhg dq
duuhduv fulvlv1 Lq Exojduld/ wkh uxq0xs ri vriw edqn fuhglw dqg qrq0shuiruplqj
ordqv zhuh dw wkh edvlv ri wkh 4<<9 edqnlqj fulvlv1 Lq Urpdqld/ �upv uhshdwhgo|
vwrsshg sd|lqj hdfk rwkhu/ jdpeolqj rq d froohfwlyh edlo rxw +Shurwwl/ 4<<;>
Foliwrq dqg Nkdq/ 4<<6,1 Iurp wkhvh h{shulhqfhv/ lw iroorzv wkdw wkh pdlq
vrxufh ri VEFv kdv ehhq gl�huhqw lq erwk frxqwulhv1 Rxu VEF0yduldeoh zloo eh
dffrprgdwhg wr eh deoh wr fdswxuh erwk vrxufhv ri VEFv1 Pruh vshfl�fdoo|/ zh
xvh d orjlw dssurdfk zkhuh d gxpp| yduldeoh/ lqglfdwlqj wkh suhvhqfh ri VEFv/
dfwv dv wkh ghshqghqw yduldeoh1 Wkh odwwhu yduldeoh lv edvhg rq d phdvxuh iru
edqn0uhodwhg VEFv dv vxjjhvwhg e| Vfkd�hu +4<<;,1 Lq dgglwlrq/ zh sursrvh dq
dowhuqdwlyh VEF0phdvxuh fdswxulqj lqwhuhqwhusulvh duuhduv1

Rxu uhvxowv vxjjhvw wkdw wkh suredelolw| ri �qglqj VEFv lpsruwdqwo| ghshqgv
rq wkh ghjuhh ri frpshwlwlrq zlwklq wkh vhfwru dqg rq wkh rzqhuvkls vwuxfwxuh
ri wkh �up1 Rzqhuvkls vwuxfwxuh lq Exojduld/ krzhyhu/ kdv qr dgglwlrqdo h{0
sodqdwru| srzhu rqfh �upv duh orvv0pdnlqj1 Zh ixuwkhu �qg wkdw vrflr0srolwlfdo
frqfhuqv derxw hpsor|phqw lqfuhdvh wkh suredelolw| ri VEFv/ exw rqo| zkhq
�upv duh orvv0pdnlqj1 Wkxv/ rxu uhvxowv frq�up wkh k|srwkhvhv wkdw frpshwl0
wlrq/ sulydwlvdwlrq/ dqg �up vl}h pdwwhu lq h{sodlqlqj vriw exgjhw frqvwudlqwv/
dv zdv vxjjhvwhg lq wkh wkhruhwlfdo prghov rq wkh fdxvhv ri VEFv1

D qxpehu ri sdshuv kdyh h{solflwo| dgguhvvhg wkh lvvxh ri wkh dgyhuvh h�hfwv
ri VEFv/ erwk rq wkhruhwlfdo dqg rq hpslulfdo jurxqgv1 VEFv duh eholhyhg wr
kdpshu lqqrydwlrq +Tldq dqg [x/ 4<<;,/ wkh uhvwuxfwxulqj ri �upv dqg dq h!0
flhqw uhvrxufh doorfdwlrq +Ghzdwulsrqw dqg Urodqg/ 4<<9/ Nruqdl/ 4<;3,/ rxwsxw/
+Vfkd�hu/ 4<;<,/ hfrqrplf jurzwk +Kxdqj dqg [x/ 4<<<, dqg iuhh wudgh +Hy0
hudhuw dqg Ydqghqexvvfkh/ 5334,1 Frqvhtxhqwo|/ wkh kdughqlqj ri VEFv lv dw
wkh khduw ri wkh uhirup surfhvv lq Fhqwudo dqg Hdvwhuq Hxurshdq Frxqwulhv dqg
wkhuhiruh ri sulpdu| frqfhuq wr srolf|0pdnhuv1 Rqfh pruh/ wklv sdshu gudzv
wkh dwwhqwlrq ri srolf|0pdnhuv wr wkh lpsruwdqfh ri udlvlqj frpshwlwlyh suhvvxuh
lq wudqvlwlrq hfrqrplhv dqg ri frqwlqxlqj sulydwlvdwlrq surjudpv wr uhgxfh wkh
suhydohqfh ri VEFv1

Wkh uhpdlqlqj ri wkh sdshu lv vwuxfwxuhg dv iroorzv1 Lq vhfwlrq 5/ zh vnhwfk
wkh wkhruhwlfdo iudphzrun iru whvwlqj VEF0wkhrulhv dqg irupxodwh wkh k|srwkhvhv
zh zdqw wr whvw1 Vhfwlrqv 6 ghvfulehv wkh yduldeohv dqg wkh gdwd vhw zh xvh dqg

5H1j1 Hduoh dqg Hvwulq +4<<;,/ Greulqvn|/ Grfkhy dqg Qlnrory +4<<:,/ Nrqlqjv dqg Ydq0
ghqexvvfkh +5333,/ Pdmxpgdu +4<<;,/ Ehuwhur dqg Urqgl +5333,/ Udlvhu +4<<6/4<<7,1
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jlyhv vrph ghvfulswlyh vwdwlvwlfv1 Hpslulfdo uhvxowv duh suhvhqwhg lq vhfwlrq 71

D glvfxvvlrq ri wkh uhvxowv fdq eh irxqg lq vhfwlrq 81 D �qdo vhfwlrq frpphqwv

dqg frqfoxghv1

5 Wkhruhwlfdo edfnjurxqg

Lq wklv vhfwlrq zh zloo rxwolqh wkh wkhruhwlfdo iudphzrun iru whvwlqj VEF0wkhrulhv1

Wklv wkhruhwlfdo olwhudwxuh kdv uhfhqwo| ehhq vxppdulvhg e| Pdvnlq dqg [x
+5334,1 Wkhuhiruh/ udwkhu wkdq suhvhqwlqj d frpsuhkhqvlyh olwhudwxuh vxuyh|/ zh
zloo frqfhqwudwh rq wkh pdlq wkhphv wkdw fdq eh glvwloohg iurp wklv olwhudwxuh
dqg zh zloo wudqvodwh wkhvh lqwr whvwdeoh k|srwkhvhv1

Iluvwo|/ zh h{shfw �upv zlwk kljkhu ohyhov ri hpsor|phqw wr eh pruh olnho|
wr ehqh�w iurp VEFv1 Vrflr0srolwlfdo prwlyhv vxfk dv dlplqj wr suhvhuyh dqg2ru
pd{lplvh hpsor|phqw dqg rxwsxw xvxdoo| vxssruw wkh lghd wkdw/ lq vrfldolvw
frxqwulhv/ �upv duh qrw doorzhg wr jr edqnuxsw/ exw duh ehlqj edlohg rxw1 D
sdwhuqdolvwlf jryhuqphqw dwwlwxgh +Nruqdl/ 4<;3, ru pdqdjhuv* lqfhqwlyhv xqghu
vrfldolvp6 xqgholh wklv k|srwkhvlv1

D vhfrqg k|srwkhvlv lv wkdw ghfhqwudolvdwlrq khosv wr hvwdeolvk kdughu exgjhw
frqvwudlqwv1 Wklv lv fohduo| looxvwudwhg lq wkh prgho ri Ghzdwulsrqw dqg Pdvnlq
+4<<8, zkr jlyh dq hqgrjhqrxv h{sodqdwlrq ri VEFv1 Lq wkhlu prgho/ edg lq0
yhvwphqw ghflvlrqv duh pdgh ehfdxvh ri fuhglwruv* odfn ri lqirupdwlrq derxw
wkh txdolw| ri wkh surmhfw dqg ehfdxvh ri d odfn ri frpplwphqw rq wkh fuhgl0
wruv* vlgh qrw wr uh�qdqfh edg surmhfwv/ rqfh vrph luuhyhuvleoh lqyhvwphqw kdv
ehhq pdgh1 Frqvhtxhqwo|/ vroylqj wkh dv|pphwulf lqirupdwlrq sureohp dqg wkh
frpplwphqw sureohp qrw wr edlo rxw edg surmhfwv duh dw wkh khduw ri kdughqlqj
VEFv lq wklv w|sh ri prghov1 Wklv fdq eh dfklhyhg wkurxjk ghfhqwudolvdwlrq=
pdnlqj wkh pdunhw pruh wudqvsduhqw7 dqg pruh frpshwlwlyh1 Pruh vshfl�fdoo|/
Ghzdwulsrqw dqg Pdvnlq +4<<8, dujxh wkdw/ li uh�qdqflqj wdnhv sodfh lq d frp0
shwlwlyh fuhglw pdunhw zlwk d odujh qxpehu ri vpdoo fuhglwruv 0 frpsduhg wr
zkhq uh�qdqflqj lv grqh e| wkh vdph prqrsrolvw fuhglwru 0 wkh olnholkrrg ri d
edlo rxw lv vpdoohu/ jlyhq wkh idfw wkdw vpdoo fuhglwruv idfh oltxlglw| frqvwudlqwv
zklfk pdnhv h{0srvw uhqhjrfldwlrq ri fuhglw pruh gl!fxow1 Dqwlflsdwlqj wkhvh
gl!fxowlhv/ edg lqyhvwphqw ghflvlrqv zloo qrw eh pdgh/ uhqghulqj d edlo rxw
vxshu xrxv1 Wkxv/ frpshwlwlrq ehwzhhq fuhglwruv kdughqv exgjhw frqvwudlqwv1

Exloglqj rq wkh prgho ri Ghzdwulsrqw dqg Pdvnlq +4<<8,/ Ghzdwulsrqw dqg
Urodqg +4<<9, frqvlghu wkh fdvh zkhuh d vlqjoh fuhglwru kdv wr �qdqfh d pxowl0
wxgh ri surmhfwv1 Qrz/ frpshwlwlrq dw wkh surgxfhuv* vlgh ghfuhdvhv wkh sured0
elolw| ri d edlo rxw/ vxfk wkdw ihzhu edg lqyhvwphqwv duh pdgh1 Djdlq/ exgjhw
frqvwudlqwv duh kdughu xqghu frpshwlwlyh suhvvxuh1

6Qrwlfh wkdw wkh h{shfwdwlrq ri d ixwxuh jryhuqphqw edlo rxw zloo suhflvho| glvwruw lqfhqwlyhv
dqg pdnh �upv pruh surqh wr uxq orvvhv1 Khqfh wkh edlo0rxw h{shfwdwlrq fdq ehfrph d vhoi0
ixo�olqj surskhv|1

7 Lq wklv sdshu/ zh gr qrw h{solflwo| dgguhvv wkh dv|pphwulf lqirupdwlrq sureohp dq|
ixuwkhu1 Wkhruhwlfdo zrun rq vroylqj wkh dv|pphwulf lqirupdwlrq h�hfwv ri VEFv wkurxjk
vfuhhqlqj lqfoxghv wkh sdshu e| Edl dqg Zdqj +4<<;,1 Prghov zkhuh h�ruw lv prqlwruhg duh
vxjjhvwhg e| Tldq dqg Urodqg +4<<;,1

8



D vlplodu h�hfw ri frpshwlwlrq wkurxjk wudgh olqndjhv lv looxvwudwhg e| Ehujoùi
dqg Urodqg +4<<;,1 Zkhq vwurqj rqh0wr0rqh uhodwlrqv ehwzhhq vxssolhuv dqg
ex|huv h{lvw/ oltxlgdwlrq ri rqh orvv0pdnlqj �up 0 l1h1 zkhq lw lv qrw edlohg rxw
0 zloo eh yhu| frvwo|/ jlyhq wkh qhjdwlyh vsloo0ryhu h�hfwv wr wklv �up*v wudglqj
sduwqhuv1 Frqvhtxhqwo|/ lqwurgxflqj pruh frpshwlwlrq zloo zhdnhq wkhvh qhjd0
wlyh vsloo0ryhu h�hfwv dqg pdnh wkh oltxlgdwlrq rswlrq pruh fuhgleoh/ uhvxowlqj
lq kdughu exgjhw frqvwudlqwv1 Frpshwlwlrq dovr zrunv wkurxjk frpshwlwlrq eh0
wzhhq rog dqg qhz surmhfwv/ dv lq Ehujoùi dqg Urodqg +4<<;,/ ru yld frpshwlwlrq
iru ixqgv ehwzhhq uhjlrqdo jryhuqphqwv dv h{sodlqhg e| Tldq dqg Urodqg +4<<;,
iru Fklqd1 Lq d gl�huhqw vhwwlqj/ Vhjdo +4<<;, htxdoo| ghprqvwudwhv wkh lpsru0
wdqfh ri frpshwlwlrq lq wkh kdughqlqj ri exgjhw frqvwudlqwv1 Zkhq wkh pdunhw
lv vhuylfhg e| vx!flhqwo| pdq| �upv/ rwkhu �upv fdq pdnh xs iru wkh rxwsxw
orvv iroorzlqj wkh oltxlgdwlrq ri d ghidxowlqj �up1 Wklv pdnhv wkh vrfldo frvw
ri oltxlgdwlrq vpdoohu dqg pruh ihdvleoh1 Lq doo fdvhv/ wkh gulylqj phfkdqlvp lv
wkdw wkh olnholkrrg ri d ixwxuh edlo rxw ghfuhdvhv xqghu frpshwlwlrq1 Wkxv/ dq
ryhuzkhoplqj erg| ri wkh olwhudwxuh vwuhvvhv gl�huhqw zd|v lq zklfk frpshwlwlrq
pljkw frqwulexwh wr kdughq exgjhw frqvwudlqwv1

Ilqdoo|/ wkh Ghzdwulsrqw dqg Pdvnlq +4<<8, prgho dovr looxvwudwhv wkh h�hfwv
ri sulydwlvdwlrq1 Zkhq wkh fuhglwru lv d sur�w pd{lplvlqj djhqw/ lqvwhdg ri d
zhoiduh pd{lplvlqj jryhuqphqw/ lwv remhfwlyh ixqfwlrq zloo eh ohvv frpsuhkhq0
vlyh1 Wkhuhiruh/ wkh sd| r� iurp uh�qdqflqj d edg lqyhvwphqw surmhfw zloo ohvv
olnho| h{fhhg wkh ydoxh ri oltxlgdwlrq/ pdnlqj wkh odwwhu rswlrq pruh dwwudfwlyh1
Wklv suhyhqwv edg lqyhvwphqw surmhfwv iurp ehlqj pdgh dqg kdughqv exgjhw
frqvwudlqwv1 Dorqj vlplodu olqhv/ rqh frxog dujxh wkdw sur�w pd{lplvdwlrq lq0
fhqwlyhv duh vwurqjhu iru iruhljq rzqhg �upv lq Fhqwudo dqg Hdvwhuq Hxursh ru
wkdw lqvlghu sulydwlvdwlrq zloo eh ohvv h�hfwlyh lq glvflsolqlqj �upv frpsduhg wr
grphvwlf sulydwh rzqhuvkls +Eodqfkdug/ 4<<:,1 Zh k|srwkhvlvh wr �qg wkhvh
rzqhuvkls h�hfwv lq wkh gdwd1

6 Gdwd ghvfulswlrq

Lq rughu wr whvw wkh iruh0phqwlrqhg wkhrulhv rq VEFv/ zh xvh dq xqedodqfhg

sdqho gdwd vhw ri frpsdq| gdwd iurp Exojduldq dqg Urpdqldq pdqxidfwxulqj

�upv8/ fryhulqj wkh shulrg 4<<804<<<1 Exojduld dqg Urpdqld duh w|slfdo frxq0

wulhv odjjlqj ehklqg lq wkh wudqvlwlrq surfhvv/ frpsduhg wr wkh pruh vxffhvvixo

FHH0frxqwulhv olnh Srodqg ru Kxqjdu|/ dv fdq eh vhhq iurp wkhlu orz ydoxh ri

hqwhusulvh uhvwuxfwxulqj dqg edqnlqj uhirup lqglfhv lq Wdeoh 49 1 Sulydwlvdwlrq

surfhvvhv wrrn r� rqo| lq wkh vhfrqg kdoi ri wkh 4<<3v1 Frqvhtxhqwo|/ wkhvh

frxqwulhv duh pruh olnho| wr eh fkdudfwhulvhg e| VEFv1 Pruhryhu/ wkh fkrlfh ri

Exojduld dqg Urpdqld doorzv xv wr frpsduh uhvxowv iurp whvwlqj VEF0wkhrulhv

lq d vpdoo rshq dqg d odujhu/ pruh forvhg hfrqrp| uhvshfwlyho|1

8Doo �upv zhuh dfwlyh lq pdqxidfwxulqj dv wkhlu sulqflsoh dfwlylw| wkurxjkrxw wkh zkroh

vdpsoh shulrg 4<<804<<<1
9D kljkhu ydoxh iru wkh lqglfhv vwdqgv iru ixuwkhu surjuhvv wrzdugv pdunhw0edvhg hfrqrp|

sudfwlfhv1 Wkh kljkhvw srvvleoh ydoxh iru wkh lqglfhv lv 7161
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Exojduld F}hfk Uhs1 Kxqjdu| Srodqg Urpdqld

hqwhusulvh uhirup lqgh{ 516 613 616 613 513

edqnlqj uhirup lqgh{ 51: 616 713 616 51:

vpdoo0vfdoh sulydwlvdwlrq 616 716 716 716 61:

odujh0vfdoh sulydwlvdwlrq 613 713 713 616 51:

V rx u f h = H EU G +4< << , / W udq v lw lrq U hs r u w

Wdeoh 4= Uhirup lqglfhv lq Fhqwudo dqg Hdvwhuq Hxurshdq frxqwulhv

Exojduld Urpdqld

|hdu phdq vw1ghy1 phdq vw1ghy1

4<<7 75; ;76 ;<6 4:88

4<<8 6<3 :<5 :<: 48<4

4<<9 695 :6< :78 47<6

4<<: 674 9<< 969 457<

4<<; 63: 94: 897 43;8

Vr x u f h = rz q f d o fx od w l rq v x v lq j DP DG HX V G dwd

Wdeoh 5= Vl}h ri �upv= Qxpehu ri hpsor|hhv

Wkh �up0ohyho gdwd duh wdnhq iurp wkh DPDGHXV FG0URPv/ glvwulexwhg

e| wkh Exuhdx ydq Glmn/ Ehojlxp1 Gdwd duh uhvwulfwhg wr odujh dqg phglxp
vl}hg �upv/ l1h1 �upv zklfk duh hlwkhu fkdudfwhul}hg e| dq hpsor|phqw ohyho

h{fhhglqj 433 ru zklfk kdyh wrwdo dvvhwv dqg wrwdo vdohv h{fhhglqj '45 ploolrq1

Wr whvw wkh �uvw k|srwkhvlv wkdw �up vl}h lqfuhdvh wkh olnholkrrg ri VEFv/ zh

xvh �up0ohyho hpsor|phqw �jxuhv1 Ghvfulswlyh vwdwlvwlfv duh suhvhqwhg lq Wdeoh

51 Erwk frxqwulhv h{shulhqfhg d ghfolqh ryhu wlph lq dyhudjh �up vl}h1 Krzhyhu/
lqlwldo frqglwlrqv dw wkh vwduw ri wudqvlwlrq zhuh udwkhu gl�huhqw/ zlwk Urpdqldq

�upv ehlqj pxfk eljjhu wkdq Exojduldq hqwhusulvhv1 Wklv khulwdjh lv uh hfwhg

lq rxu gdwd1

Iru whvwlqj wkh k|srwkhvlv wkdw frpshwlwlrq pdnhv VEFv ohvv olnho| wr rffxu/

zh qhhg gdwd rq wkh ghjuhh ri frpshwlwlrq1 Wkhuhiruh/ zh lqfoxgh Khu�qgdko

lqglfhv dqg lpsruw shqhwudwlrq udwlrv rq wkh 60gljlw QDFH ohyho: 1 Wkh Khu�qg0

dko lqgh{ lv fdofxodwhg dv wkh vxp ri vtxduhv ri pdunhw vkduhv ri doo �upv lq wkh

uhohydqw lqgxvwu| dqg udqjhv ehwzhhq 3 dqg 41 D kljk ydoxh iru wkh Khu�qgdko

lqgh{ wkxv fruuhvsrqgv wr kljk lqgxvwu| frqfhqwudwlrq lq wkh vhfwru1 Wkh lpsruw

shqhwudwlrq udwlr lv phdvxuhg dv wrwdo lpsruwv ryhu wkh vxp ri wrwdo vdohv dqg

lpsruwv lq wkh vhfwru/ dovr udqjlqj ehwzhhq 3 dqg 41 Vhfwruv wkdw idfh �hufh

frpshwlwlrq iurp deurdg zloo frqvhtxhqwo| ihdwxuh d kljk lpsruw shqhwudwlrq

udwlr1 Wkxv/ wkhvh lqglfhv uh hfw wkh ryhudoo ghjuhh ri grphvwlf yhuvxv iruhljq

frpshwlwlyh suhvvxuh zlwklq wkh vhfwru1 Gdwd zhuh rewdlqhg iurp wkh Vwdwlvwlfdo

R!fh ri Exojduld dqg Urpdqld uhvshfwlyho| iru wkh shulrg 4<<704<<;/ vxfk wkdw

zh xvh odjjhg ydoxhv ri wkhvh yduldeohv lq rxu uhjuhvvlrqv1 Ghvfulswlyh vwdwlvwlfv

:Qrwlfh wkdw zh pdwfk wkh khu�qgdko dqg lpsruw shqhwudwlrq udwlr dffruglqj wr wkh sulq0

flsdo dfwlylw| uhsruwhg e| wkh �up1

:



Exojduld Urpdqld

|hdu phgldq phdq vw1ghy1 phgldq phdq vw1ghy1

4<<7 53189 631:4 5:199 5:174 94139 5:1<:

4<<8 4916: 5:13: 59146 5518: 8:1<3 5:1::

4<<9 49178 5:193 5;184 5:1;9 89179 5;185

4<<: 49185 5815; 571<9 56169 8613: 5;15<

4<<; 471:; 53155 4;1:9 541:7 831<5 5;1<4

V rx u f h v 1 V w d w lv w lf d o R ! fh v r i E x oj d u ld dq g U rp dq ld / rz q f d of x od w l rq v + lq ( ,

Wdeoh 6= Frqfhqwudwlrq ri pdqxidfwxulqj �upv lq Exojduld dqg Urpdqld=

Khu�qgdko lqglfhv

Exojduld Urpdqld

|hdu phgldq phdq vw1ghy1 phgldq phdq vw1ghy1

4<<7 65173 6:1;4 5:193 47139 581;3 5;1<:

4<<8 661;5 6:1:: 5:1<9 471:9 63138 57187

4<<9 6414: 6<145 5:198 4<17; 65176 59194

4<<: 6716; 7316: 5;1;: 54158 6317< 57196

4<<; 6<193 751;8 5<1:9 591<6 69199 5;1<9

Vr x u f h v 1 V w d w l v w l f d o R ! f h v r i E x o jd u l d dqg U rp dq ld / rz q fd o fx od w lrq v + l q ( ,

Wdeoh 7= Lpsruw shqhwudwlrq ri pdqxidfwxulqj lqgxvwulhv lq Exojduld dqg Ur0
pdqld

rq Khu�qgdko lqglfhv dqg lpsruw shqhwudwlrq udwlrv duh suhvhqwhg lq Wdeohv 6
dqg 71 Wkh ryhudoo gurs lq lqgxvwu| frqfhqwudwlrq dqg wkh jhqhudo xszdug wuhqg
lq lpsruw shqhwudwlrq uh hfw wkh judgxdo surfhvv ri uhirup lq erwk frxqwulhv1
Wkh idfw wkdw lpsruw shqhwudwlrq lv rq dyhudjh kljkhu lq Exojduld lv frqvlvwhqw
zlwk rxu fodlp wkdw wkh Exojduldq hfrqrp| lv pruh rshq/ zkhuhdv Urpdqld lv
pruh forvhg1 Wkh gl�huhqfh ehwzhhq Urpdqld dqg Exojduld lv hyhq pruh sur0
qrxqfhg iru wkh frqfhqwudwlrq lqgh{ lq Wdeoh 6 dqg Iljxuhv 4 dqg 51 Pdq| elj
frqjorphudwhv lq Exojduld zhuh lqghhg vsolw xs dv hduo| dv 4<<5/ iroorzlqj wkh
Ghprqrsrolvdwlrq Dfw ri 4<<51 Wklv ohg wr dq lpsruwdqw uhgxfwlrq lq frqfhq0
wudwlrq udwlrv +Gmdqnry dqg Krhnpdq/ 5333,1 Krzhyhu/ �upv zhuh riwhq vsolw xs
lq frpsohphqwdu| sduwv/ vxfk wkdw orzhu ohyhov ri frqfhqwudwlrq qrw qhfhvvdulo|
uh hfw dq lqfuhdvh lq surgxfw pdunhw frpshwlwlrq1 Iru wklv uhdvrq dqg iroorzlqj
Qlfnhoo +4<<9,/ zh xvh �uvw gl�huhqfhv ri wkh lqglfhv lq wkh hfrqrphwulf dqdo|vlv/
dv wkh odwwhu ehwwhu uh hfw dfwxdo fkdqjhv lq frpshwlwlrq sdwwhuqv1 Krzhyhu/ wkh
vhfwru0ohyho fkdqjhv lq wkh frqfhqwudwlrq udwlrv iru Urpdqld duh yhu| vpdoo/ vr
wkdw iru Urpdqld zh xvh wkh ohyhov iru erwk yduldeohv lqvwhdg;1

Wkh DPDGHXV gdwd dovr doorzhg xv wr wudfh grzq wkh rzqhuvkls vwuxfwxuh
ri wkh �upv iru wkh |hduv 4<<:04<<<1 Wkh rzqhuvkls vwuxfwxuh iru wkh suhfhglqj
|hduv zdv qrw dydlodeoh dqg wkhuhiruh zh dvvxph lw wr eh wkh vdph dv wkh rzqhu0

;Uhvxowv iru wkh uhjuhvvlrqv/ xvlqj wkh gl�huhqfhv/ duh uhsruwhg lq wkh dsshqgl{1

;



pdmrulwlhv frxqwu| 4<<: 4<<; 4<<<

vwdwh0rzqhg Exojduld 5914 4915 481<

Urpdqld 6:1: 6:1< 4;19

sulydwh0rzqhg Exojduld 4<16 6315 6619

Urpdqld 7313 6<18 7<1<

iruhljq0rzqhg Exojduld 815 ;17 ;16

Urpdqld 4317 4317 4<17

lqvlghuv2frrs Exojduld 918 816 815

Urpdqld 519 51: 51:

pxqlflsdolwlhv Exojduld 517 517 515

Urpdqld q1d1 q1d1 q1d1

sulydwlvhg dqg Exojduld q1d1 q1d1 q1d1

pdvv sulydwlvhg Urpdqld 8916 891< 9913

Vr x u f h = rz q fd o fx od w lrq v x v lq j DP DG H XV G dwd

Wdeoh 8= Rzqhuvkls vwuxfwxuh= Shufhqwdjh ri �upv lq zklfk rqh ri wkh ydulrxv
rzqhuv kdv wkh pdmrulw|

vkls vwuxfwxuh iru 4<<: lq rxu uhjuhvvlrqv<1 Rzqhuvkls lqirupdwlrq lqfoxghv wkh
qdph dqg qdwlrqdolw| ri wkh rzqhu dqg klv2khu gluhfw rzqhuvkls vkduh1 Zh frxog
frqvhtxhqwo| lghqwli| ydulrxv rzqhuvkls fdwhjrulhv 0 vwdwh/ pxqlflsdolwlhv43 / iru0
hljq lqyhvwruv/ sulydwh lqyhvwruv dqg lqvlghu0rzqhg frpsdqlhv ru frrshudwlyhv 0
dqg zh frxog frqvwuxfw gxpplhv iru wkh ydulrxv rzqhuv lqyroyhg44 / gxpplhv iru
ixoo/ pdmrulw| ru plqrulw| rzqhuvkls45 ru iru ydulrxv irupv ri pl{hg rzqhuvkls1
Wdeoh 8 vkrzv wkh shufhqwdjh ri �upv lq rxu vdpsoh lq zklfk wkh olvwhg rzqhuv
kdyh d pdmrulw| vwdnh1

Dv fdq eh vhhq iurp Wdeoh 8/ wkh vwdwh lv vwloo dq lpsruwdqw rzqhuvkls sduwqhu
lq erwk frxqwulhv/ dowkrxjk vwdwh0rzqhuvkls lv rq wkh grzqzdug wuhqg/ zkhuhdv
sulydwh dqg iruhljq rzqhuvkls duh ri lqfuhdvlqj lpsruwdqfh lq rxu vdpsoh46 1
Wkhuh duh dovr dq lpsruwdqw qxpehu ri lqvlghu0sulydwlvhg �upv471 Wklv lqiru0
pdwlrq zloo whoo xv zkhwkhu wkh wklug k|srwkhvlv 0 sulydwlvdwlrq kdughqv exgjhw
glvflsolqh 0 krogv1

Reylrxvo|/ rzqhuvkls lqirupdwlrq lv vrphwlphv lqfrpsohwh/ dqg wkh lqglfhv
zh xvh rq frpshwlwlyh irufhv vhuyh rqo| dv d sur{|1 Rxu gdwd gr qrw h1j1 doorz
xv wr glvwlqjxlvk ehwzhhq gh qryr �upv dqg sulydwlvhg �upv/ wkhuhe| ohdylqj
wkh wkhru| ri Ehujoùi dqg Urodqg +4<<;, rq frpshwlwlrq ehwzhhq qhz dqg rog

<Krzhyhu/ wklv dvvxpswlrq grhv qrw fkdqjh rxu uhvxowv +vhh Vhfwlrq 8,1
43Rzqhuvkls e| pxqlflsdolwlhv zdv rqo| dydlodeoh iru Exojduld1
44 l1h1 wkh gxpp| uhsruwv zkhwkhu d fhuwdlq rzqhu fdwhjru| kdv d vwdnh lq wkh �up/ luuh0

vshfwlyh ri wkh lpsruwdqfh ri lwv rzqhuvkls vkduh1
45D �up lv vdlg wr eh pdmrulw| rzqhg zkhq rqh rzqhuvkls fdwhjru| kdv d vwdnh ri pruh

wkdq 83(1 Iru plqrulw| rzqhuvkls/ dq rzqhu qhhgv wr rzq dw ohdvw 66( ri wkh �up1
46Wkhuh zhuh rqo| d vpdoo qxpehu ri pdvv0sulydwlvhg �upv lq Urpdqld1 Wkhuhiruh/ zh

frqvlghuhg wkhp wrjhwkhu zlwk sulydwho| rzqhg �upv lq wkh uhjuhvvlrqv
47 Lqvlghu0rzqhg frpsdqlhv duh riwhq qrw yhu| gl�huhqw iurp frrshudwlyhv1 Wkhuhiruh/ zh

frqvlghu wkhvh wzr fdwhjrulhv wrjhwkhu lq wkh uhjuhvvlrqv iru Exojduld1

<



�upv rxwvlgh wkh vfrsh ri rxu dqdo|vlv1 Qhlwkhu fdq zh dvvhvv wkh h{whqw ri
frpshwlwlrq rq wkh fuhglwru*v vlgh +Ghzdwulsrqw dqg Urodqg/ 4<<9, qru wkh
vwuhqjwk ri wudgh olqndjhv ehwzhhq ex|huv dqg vxssolhuv +Ehujoùi dqg Urodqg/
4<<;,1 Frpshwlwlrq lq iruhljq h{sruw pdunhwv fdq eh dq dgglwlrqdo vrxufh ri
frpshwlwlyh dqg glvflsolqlqj suhvvxuh1 Krzhyhu/ wklv lqirupdwlrq lv odfnlqj lq
rxu gdwd vhw1 Qrqhwkhohvv/ zh eholhyh wkdw rxu gdwd rq rzqhuvkls duh vx!flhqwo|
uhsuhvhqwdwlyh dqg wkdw wkh lqglfhv rq frqfhqwudwlrq dqg lpsruw shqhwudwlrq jlyh
d jrrg ryhudoo lqglfdwlrq ri grphvwlf yhuvxv iruhljq frpshwlwlyh suhvvxuh dqg
fdq eh xvhg dv vxfk lq wkh hfrqrphwulf dqdo|vlv1

Wkh ghshqghqw yduldeoh lq rxu dqdo|vlv lv d phdvxuh iru VEFv1 VEFv fdq
wdnh ydulrxv irupv= wd{ duuhduv/ lqwhuhqwhusulvh duuhduv/ qrq0sd|phqw ri eloov
iurp vwdwh xwlolw| vxssolhuv/ vriw edqn fuhglw/ 111 Rxu gdwd doorz xv wr lghqwli|
erwk VEFv wkdw duh gxh wr lqwhuhqwhusulvh duuhduv dqg VEFv wkdw ruljlqdwh iurp
zlwklq wkh edqnlqj vhfwru1 Iru wkh odwwhu/ zh xvh d phdvxuh ri VEFv edvhg rq
Vfkd�hu +4<<;,1 D �up lv wkhq vdlg wr kdyh qhw0edqn0�qdqflqj VEFv +QVEFv,
zkhq lw uhfhlyhv qhw edqn �qdqflqj +QEI,/ ghvslwh lwv qhjdwlyh sur�wdelolw|1
QEI lv gh�qhg dv wkh qhw lqfuhdvh lq rxwvwdqglqj ghewv48 ryhu wrwdo dvvhwv/

pxowlsolhg e| rqh kxqguhg1

QEIw @

gheww � gheww�4

wrwdo dvvhwvw

� 433> +4,

Rxu phdvxuh iru QVEF wkxv wdnhv wkh ydoxh ri 4 zkhq QEIw lv srvlwlyh dqg

rshudwlqj sur�w ru orvv lq |hdu w lv qhjdwlyh> lw lv 3 rwkhuzlvh49 >4: 1 Frqvhtxhqwo|/

wklv phdvxuh uh hfwv zklfk �upv cxqghvhuyhgo|* rewdlq h{wud fuhglw1 Lq Iljxuhv

8 dqg 9/ QVEF0�upv duh orfdwhg lq wkh xsshu0ohiw vlgh ri wkh gldjudp1
Dowhuqdwlyho|/ VEFv dovr dsshdu lq wkh irup ri lqwhuhqwhusulvh duuhduv4;

+Foliwrq dqg Nkdq/ 4<<6> Shurwwl/ 4<<;,1 Wkhuhiruh/ zh zdqw wr lghqwli| wkh
�upv wkdw ehqh�w iurp xqdffhswdeo| jhqhurxv fuhglw pdujlqv/ uh hfwlqj wkhlu
lqdelolw| wr sd|1 Dorqj wkh vdph olqhv/ zh qrz gh�qh d yduldeoh iru fuhglw0uhodwhg
VEFv +FVEFv, wkdw wdnhv rq wkh ydoxh ri 4 zkhq wkh �up lv orvv0pdnlqj lq |hdu
w dqg ehqh�wv iurp d fuhglw shulrg wkdw lv odujhu wkdq wkh dyhudjh fuhglw shulrg

�upv zlwk srvlwlyh sur�wv lq |hdu w hqmr|> lw lv 3 rwkhuzlvh1

Wkh prwlydwlrq iru wdnlqj wklv phdvxuh lv looxvwudwhg lq Wdeoh 91 Ilupv

zlwk qhjdwlyh rshudwlqj sur�wv fohduo| ehqh�w iurp pruh fuhglw gd|v rq dyhudjh

48Zh lqfoxghg erwk vkruw0whup oldelolwlhv dqg orqj0whup ghew lq rxu phdvxuh ri ghew1 Frq0
wudu| wr Vfkd�hu +4<<;,/ zh gr qrw vxewudfw lqwhuhvw sdlg/ dv wkh qrq0sd|phqw ri lqwhuhvw rq
h{lvwlqj ghew douhdg| vkrzv wkh suhvhqfh ri edqn duuhduv1 Pruhryhu/ gdwd rq lqwhuhvw sdlg zhuh
ri yhu| edg txdolw| vxfk wkdw lw zrxog kdyh vljql�fdqwo| uhgxfhg wkh qxpehu ri revhuydwlrqv
lq rxu vdpsoh1 Rqh kdv wr qrwh wkdw vkruw0whup oldelolwlhv pljkw dovr lqfoxgh lwhpv wkdw duh
qrw uhodwhg wr edqn �qdqfh/ olnh zdjh duuhduv/ ghewv wr wkh wd{ dgplqlvwudwlrq ru wr vwdwh
xwlolw| vxssolhuv1 Khqfh rxu QVEF0phdvxuh vkrxog qrw wrr qduurzo| eh lqwhusuhwhg1

49Zh xvh crshudwlqj* sur�w ru orvv/ vlqfh zh zdqw wr lghqwli| wkh �upv wkdw duh hfrqrplfdoo|
xqyldeoh/ luuhvshfwlyh ri wkhlu �qdqfldo vwuxfwxuh1

4:Qrwlfh wkdw zh voljkwo| gl�hu iurp Vfkd�hu +4<<;, e| frqvlghulqj wkh ydoxh iru rshudwlqj
sur�w ru orvv lq shulrg | lqvwhdg ri lq shulrg |3 �1

4;Qrwlfh wkdw riwhq/ wkh qrq0sd|phqw ri eloov iurp vwdwh0xwlolw| vxssolhuv lv uh hfwhg lq d

yhu| kljk qxpehu ri fuhglw gd|v/ zklfk zh duh fdswxulqj khuh1
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Exojduld Urpdqld

|hdu
rshudwlqj

sur�w2orvv
phdq vw1ghy1 phdq vw1ghy1

4<<8 srvlwlyh 59 7; 78 87

qhjdwlyh 7; <8 :< 449

4<<9 srvlwlyh 76 :< 75 83

qhjdwlyh 86 ;6 438 487

4<<: srvlwlyh 64 7: 74 7;

qhjdwlyh 83 9< <9 467

4<<; srvlwlyh 57 66 78 88

qhjdwlyh 78 :4 << 455

4<<< srvlwlyh 64 7; 78 84

qhjdwlyh 87 <7 ;8 437

V rx u f h = rz q fd of x o d w lrq v x v lq j DP DG H XV G dw d

Wdeoh 9= Fuhglw shulrg lq gd|v

dqg wklv fuhglw shulrg glvsod|v juhdwhu yduldwlrq/ dv uh hfwhg e| wkh vwdqgdug
ghyldwlrq1 Rq wkhvh jurxqgv/ rxu phdvxuh iru FVEFv fdq eh ghihqghg dv xvhixo
wr fdswxuh lqwhuhqwhusulvh duuhduv1 Ilupv zlwk lqwhuhqwhusulvh duuhduv/ dffruglqj
wr rxu gh�qlwlrq/ duh glvsod|hg dw wkh xsshu0ohiw lq Iljxuhv : dqg ;1

Orrnlqj dw Wdeoh 9/ zh vhh wkdw QVEFv kdyh ehhq pruh lpsruwdqw lq Exo0
jduld/ zkhuhdv wkh uhodwlyh lpsruwdqfh ri FVEFv lv juhdwhu iru Urpdqld1 Wkh
froxpq EVEF lqglfdwhv wkh shufhqwdjh ri VEF0�upv/ kdylqj hlwkhu QVEFv ru
FVEFv ru erwk1 Wkh gdwd rq VEFv duh zhoo lq olqh zlwk Vfkd�hu +4<<;, dqg
Gplwury +4<<<, zkr dujxh wkdw lqwhuhqwhusulvh duuhduv zhuh qrw lpsruwdqw iru
Exojduld4< / xqolnh lq Urpdqld/ zkhuh hqwhusulvhv hqjdjhg lq frooxvlyh duuhduv
dqwlflsdwlqj d jhqhudo jryhuqphqw edlo rxw1 Lq Exojduld lqvwhdg/ d zhdn edqn0
lqj vhfwru pdgh QVEFv zlgh0vsuhdg1 Lq 4<<9/ zkhq wkh Exojduldq edqnlqj
vhfwru h{shulhqfhg d edqnlqj fulvlv/ QVEFv gursshg wr 5(/ dv doo edqn �qdqfh
gulhg xs531 Lq wkh hpslulfdo sduw/ zh zloo xvh wkh yduldeoh EVEF/ lqglfdwlqj wkh
suhvhqfh ri VEFv ri dq| w|sh1

Lq dgglwlrq wr wklv phdvxuh ri VEFv/ zh zloo dovr frqvlghu d uh�qhg phdvxuh
ri VEFv/ vr0fdoohg clqyhvwphqw0fruuhfwhg* EVEFv +deeuhyldwhg LEVEFv,/ zkhuh
zh fruuhfw iru wkh srvvlelolw| wkdw �upv duh hqjdjhg lq ghhs uhvwuxfwxulqj dqg
qhhg wkh �qdqfldo uhvrxufhv wr gr vr1 Dsduw iurp xvlqj lqwhuqdo uhvrxufhv/
rewdlqlqj h{wud edqn �qdqfh lv wkh prvw vwudljkwiruzdug rswlrq/ jlyhq wkh idfw
wkdw htxlw| pdunhwv duh yluwxdoo| qrq0h{lvwlqj lq wkhvh frxqwulhv1 Frqvhtxhqwo|/
�upv zklfk zh suhylrxvo| fodvvl�hg dv QVEF0�upv/ pljkw eh lq wkh surfhvv
ri uhrujdqlvlqj wkhlu exvlqhvv lq wkh survshfw ri ehfrplqj sur�w0pdnlqj lq wkh
ixwxuh1 Zh fkhfnhg zkhwkhu QVEF0�upv/ zklfk e| gh�qlwlrq kdyh QEI A 3/

4<Dw ohdvw qrw xqwlo 4<<:1
53Wkh gurs ri QVEFv lq Exojduld lq 4<<9 lv qrw gxh wr pruh ru ihzhu �upv kdylqj qhjdwlyh

rshudwlqj sur�w1
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Exojduld Urpdqld

|hdu QVEF FVEF EVEF LEVEF QVEF FVEF EVEF LEVEF

4<<8 54 46 54 54 7 9 ; :

4<<9 5 ; < < 6 8 9 8

4<<: 46 43 4: 45 5 9 : 9

4<<; 64 4; 66 5; < 44 47 46

4<<< 63 53 69 65 8 45 46 46

Q R W H V = Q VE F uh i h u v w r q h w 0 edq n 0� q dq f h u h od w h g VEF v / F VE F u h i h u v w r lq w h u h q w h u s u l v h u h od w h g V EF v

dq g E VE F u h i h u v w r VE F v r i dq| n lq g / d v h { s od lq hg lq w k h w h { w 1 LE VEF uh i h u v w r l qy h v wp hq w 0 f r u u h f w h g V EF v 1

V rx u f h = rz q f d of x o d w lr q v x v l qj DP DG H XV 0G dwd

Wdeoh := Ilupv zlwk Vriw Exgjhw Frqvwudlqwv +lq shufhqw ri �upv lq wkh zkroh
vdpsoh,

dovr h{klelwhg d srvlwlyh uhdo lqfuhdvh lq wdqjleoh �{hg dvvhwv54 1 Lq wklv fdvh/

zh glg qrw frqvlghu wkh �up wr vx�hu iurp VEFv1 Rxu uh�qhg yduldeoh iru qhw0

edqn0�qdqfh uhodwhg VEFv/ LQVEF/ wkxv kdv ihzhu fdvhv ri VEFv/ frpsduhg

wr wkh rog QVEF0phdvxuh1 Wkh yduldeoh iru FVEFv uhpdlqv xqfkdqjhg1 Wkh

yduldeoh LEVEF lv frqvwuxfwhg dqdorjrxvo|/ uhsuhvhqwlqj wkh �upv wkdw kdyh

hlwkhu LQVEFv ru FVEFv ru erwk1

7 Hpslulfdo Uhvxowv

Dv rxu ghshqghqw yduldeoh lv glvfuhwh/ zh uxq uhjuhvvlrqv iru h{sodlqlqj VEFv/
xvlqj d udqgrp h�hfwv orjlw dssurdfk1 Lq d odujh sdqho gdwd vhw/ udqgrp h�hfwv
hvwlpdwlrq lv dq dssursuldwh zd| wr ghdo zlwk srvvleoh khwhurjhqhlw| sureohpv
+Juhhqh/ 4<<:,1 Zh uxq uhjuhvvlrqv iru wkh hqwluh vdpsoh dqg iru wkh vdpsoh/

uhvwulfwhg wr wkh �upv zlwk qhjdwlyh rshudwlqj sur�w55 1 Doo uhjuhvvlrqv lqfoxgh

|hdu gxpplhv1 Rxu uhihuhqfh uhjuhvvlrq zloo wkxv ihdwxuh wkh iroorzlqj irup=

EVEFl>w @ �. �
4
khul>w�4 . �

5
lpsl>w�4 . �

6
hpsol>w . �

7
vwdwhl>w . �

8
iruhljql>w

.�
9
pxqlflsl>w . �

:
frrslqvlghu .

WS

w@5

|hduw . xl . %l>w> +5,

zkhuh %l>w lv wkh zklwh qrlvh glvwxuedqfh dqg xl lv wkh glvwxuedqfh whup
dffrpsdq|lqj wkh udqgrp h�hfwv whup1

Lq Wdeohv ; dqg < zh uhsruw wkh uhvxowv iru Exojduld dqg Urpdqld uhvshfwlyho|

zkhq wkh hqwluh vdpsoh zdv frqvlghuhg/ dqg zkhq wkh vdpsoh zdv uhvwulfwhg wr

54Gdwd rq wdqjleoh �{hg dvvhwv zhuh htxdoo| dydlodeoh rq d �up0ohyho edvlv lq DPDGHXV1
55Wkh odwwhu dssurdfk lv prwlydwhg e| wkh idfw wkdw rqh frxog dujxh wkdw 0 jlyhq rxu ghi0

lqlwlrq ri VEFv 0 VEFv frxog eh d sur{| iru edgo| shuiruplqj �upv1 Frqvhtxhqwo|/ wkh h{0

sodqdwru| yduldeohv lq rxu uhjuhvvlrqv zrxog eh h{sodlqlqj shuirupdqfh/ lqvwhdg ri lghqwli|lqj

zklfk �upv/ zlwk qhjdwlyh rshudwlqj sur�wv/ rshudwh xqghu VEFv1
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orvv0pdnlqj �upv1 Iru erwk frxqwulhv dqg erwk vdpsoh0fdvhv/ zh uhsruw ydulrxv
uhjuhvvlrqv/ hdfk lqfoxglqj d gl�huhqw vxevhw ri yduldeohv1

Uhjuhvvlrq +4, lq Wdeohv ; dqg < rqo| wdnhv lqwr dffrxqw frpshwlwlrq ydul0
deohv dqg wkh ohyho ri hpsor|phqw zlwklq wkh �up1 Frpshwlwlrq udwlrv duh
lqfoxghg dv shufhqwdjhv lq wkh uhjuhvvlrqv1 Iru erwk frxqwulhv/ wkh Khu�qgdko
lqgh{ lv srvlwlyh/ lqglfdwlqj wkdw pruh frqfhqwudwlrq zlwklq d vhfwru lqfuhdvhv
wkh olnholkrrg ri VEFv1 Wklv frh!flhqw lv vljql�fdqw iru Urpdqld/ exw qrw iru
Exojduld1 Wkh frh!flhqw iru lpsruw shqhwudwlrq kdv wkh h{shfwhg qhjdwlyh vljq=
pruh lpsruw frpshwlwlrq lv dvvrfldwhg zlwk wrxjkhu exgjhw glvflsolqh1 Lwv vlj0
ql�fdqfh/ krzhyhu/ lv orz56 1 Wkh frh!flhqw iru wkh ohyho ri hpsor|phqw kdv d
qhjdwlyh vljq/ dqg lv hyhq vljql�fdqw iru Urpdqld 0 frqwudu| wr Nruqdl*v +4<;3,
k|srwkhvlv1 Wklv fdq eh h{sodlqhg e| wkh kljk qxpehu ri jrrg shuiruplqj �upv
lq wkh vdpsoh/ dv fdq eh lqihuuhg iurp Wdeohv 53 dqg 541 Dv zh zloo vhh odwhu/
krzhyhu/ wklv uhvxow lv qrw yhu| urexvw iru Exojduld1 Wkh elj qhjdwlyh frh!0
flhqw rq wkh 4<<90|hdu gxpp| iru Exojduld uh hfwv wkh gurs lq VEFv gxh wr wkh
edqnlqj fulvlv1 Lq erwk frxqwulhv krzhyhu/ VEFv duh rq wkh ulvh ryhu wlph1

Wkh vljq dqg vljql�fdqfh ri wkh yduldeohv uhpdlq odujho| xqfkdqjhg zkhq wkh
rzqhuvkls vwuxfwxuh lv dgghg wr wkh uhjuhvvlrqv/ dv lq froxpq +5, ri Wdeohv ; dqg
<571 Qrz/ wkh Khu�qgdko lqgh{ ehfrphv vljql�fdqw iru Exojduld/ dqg vr grhv
lpsruw shqhwudwlrq iru Urpdqld1 Khuh/ zh uhsruw wkh uhjuhvvlrqv zkhq pdmrulw|
rzqhuvkls gxpplhv duh lqfoxghg1 Zh dovr h{shulphqwhg zlwk gxpplhv iru ixoo
ru plqrulw| rzqhuvkls/ ru gxpplhv iru wkh suhvhqfh ri dq rzqhuvkls fdwhjru|1
Krzhyhu/ wkh uhvxowv frqwlqxh wr krog lq wkrvh uhjuhvvlrqv1 Frpsduhg wr wkh fdvh
ri sulydwh rzqhuvkls/ wkh suhvhqfh ri vwdwh0rzqhuvkls lqfuhdvhv wkh lqflghqfh ri
VEFv vljql�fdqwo| lq erwk frxqwulhv1 Iru Exojduld/ doo rwkhu rzqhuvkls yduldeohv
dovr ehdu wkh h{shfwhg vljq= iruhljq sduwlflsdwlrq ghfuhdvhv wkh suredelolw| ri
VEFv/ zkhuhdv lqvlghu0rzqhg �upv dqg pxqlflsdolwlhv lqfuhdvh wklv suredelo0
lw|58 1 Wkh fdvh ri Urpdqld lv vrphzkdw pruh sx}}olqj/ dv lqvlghu dqg iruhljq
rzqhuvkls erwk kdyh dq xqh{shfwhg vljq dqg duh vwdwlvwlfdoo| vljql�fdqw1

Wkh uhpdlqlqj froxpqv lq Wdeohv ; dqg < uhsruw dqdorjrxv uhvxowv zkhq wkh
vdpsoh/ uhvwulfwhg wr orvv0pdnlqj �upv/ lv frqvlghuhg1 Khuh/ zh whvw zkhwkhu wkh
yduldeohv zh vhohfwhg wr h{sodlq wkh lqflghqfh ri VEFv/ fdq glvwlqjxlvk ehwzhhq
�upv zlwk VEFv dqg �upv zlwk kdug exgjhw frqvwudlqwv/ hyhq zkhq doo �upv lq
wkh vdpsoh duh orvv0pdnlqj1 Dv fdq eh vhhq lq froxpqv +6, dqg +7, ri Wdeohv
; dqg </ wkh uhvxowv iru wkh frpshwlwlrq yduldeohv duh qrz vwuhqjwkhqhg= wkh
frh!flhqw rq wkh Khu�qgdko lqgh{ lv dozd|v srvlwlyh dqg vwdwlvwlfdoo| vljql�0
fdqw dqg lpsruw shqhwudwlrq lv dozd|v qhjdwlyh1 Pruhryhu/ wkh frh!flhqw rq
hpsor|phqw qrz frqvlvwhqwo| ehduv wkh k|srwkhvlvhg srvlwlyh vljq/ prvw ri wkh
wlphv ehlqj vljql�fdqw1 Frqvhtxhqwo|/ �up vl}h grhv pdwwhu lq h{sodlqlqj VEFv/

56Qrwlfh/ krzhyhu/ wkdw iru Urpdqld/ wkh frh!flhqw rq lpsruw shqhwudwlrq lv doprvw vljqli0
lfdqw dw wkh 43(0ohyho1

57Wkh qxpehu ri revhuydwlrqv lq rxu vdpsoh voljkwo| gursv ehfdxvh iru vrph �upv rzqhuvkls
lqirupdwlrq zdv dydlodeoh1

58Qrwlfh wkdw wkh frh!flhqw iru pxqlflsdolw| rzqhuvkls lv vpdoohu wkdq wkdw ri vwdwh rzqhu0
vkls/ lq olqh zlwk wkh Wlherxw frpshwlwlrq k|srwkhvlv/ dv lqfrusrudwhg lq wkh VEF0olwhudwxuh
e| Tldq dqg Urodqg +4<<;,1
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exw rqo| zkhq �upv duh orvv0pdnlqj1 Wkh vwru| lv vrphzkdw rssrvlwh iru wkh

rzqhuvkls yduldeohv1 Rqfh �upv duh orvv0pdnlqj/ wkhuh lv kdugo| dq| h{sodqd0

wru| srzhu ohiw lq wkhvh yduldeohv wr dffrxqw iru VEFv/ hvshfldoo| lq Exojduld59 1

Iru Urpdqld/ wkh uhvxowv duh d olwwoh ehwwhu zkhq sxuho| vwdwh dqg sxuho| iru0

hljq rzqhg frpsdqlhv duh frqvlghuhg5: 1 Wkh iruphu kdyh d srvlwlyh vljql�fdqw

h�hfw rq VEFv/ wkh odwwhu pdnh wkh frh!flhqw dqg vljql�fdqfh ohyho iru iru0

hljq rzqhuvkls frqvlghudeo| vpdoohu/ dqg wkxv pruh lq olqh zlwk wkh wkhruhwlfdo

suhglfwlrqv1

Wdeohv 43 dqg 44 uhsruw wkh vdph uhjuhvvlrqv zkhq zh xvhg rxu lqyhvwphqw0

fruuhfwhg phdvxuh iru VEFv1 Wkh frh!flhqwv ri wkh Khu�qgdko lqglfhv duh djdlq

srvlwlyh dqg lpsruw shqhwudwlrq lqglfhv qhjdwlyh lq doo froxpqv/ vxjjhvwlqj wkdw

grphvwlf dqg iruhljq frpshwlwlyh suhvvxuh frqwulexwh wr kdughu exgjhw frq0

vwudlqwv1 Iru Exojduld/ wkh frh!flhqw rq hpsor|phqw qrz wxuqv srvlwlyh lq wkh

xquhvwulfwhg vdpsoh1 Lw frqwlqxhv wr eh qhjdwlyh iru Urpdqld/ exw lw uhpdlqv

lqvljql�fdqw1 Iru erwk frxqwulhv/ lw lv djdlq vljql�fdqw dqg srvlwlyh lq wkh uh0

vwulfwhg vdpsoh1 Uhvxowv iru rzqhuvkls uhpdlq odujho| xqfkdqjhg/ frpsduhg wr

wkh uhvxowv lq Wdeohv ; dqg <1

Wkh uhvxowv wkxv pdnh d fdvh iru eholhylqj wkdw sulydwlvdwlrq/ frpshwlwlrq

dqg �up vl}h lqghhg pdwwhu lq h{sodlqlqj wkh suhydohqfh ri VEFv lq Exojduld

dqg Urpdqld/ dv zdv suhylrxvo| fodlphg lq wkh wkhruhwlfdo olwhudwxuh rq VEFv1

Dv iru sulydwlvdwlrq/ lw lv xqgrxewhgo| fohdu wkdw vwdwh0rzqhuvkls lv dvvrfldwhg

zlwk d kljkhu lqflghqfh ri VEFv1 Zh gr qrw frqvlvwhqwo| �qg wkdw iruhljq

sduwlflsdwlrq jlyhv ulvh wr ihzhu VEFv1 Iruhljq lqyhvwruv pljkw h1j1 hqmr| pruh

iuhhgrp wr frqfhqwudwh rq vwudwhjlf frqvlghudwlrqv 0 vxfk dv dwwudfwlqj txdol�hg

zrunhuv/ hvwdeolvklqj wkhlu �up uhsxwdwlrq dqg eudqg qdph/ fdswxulqj pdunhw

vkduh/ 111 0 lqvwhdg ri ehlqj sur�w pd{lplvlqj lq wkh vkruw uxq1 Pruhryhu/ wkh|

xvxdoo| kdyh dffhvv wr iruhljq htxlw| pdunhwv/ vxfk wkdw wkh| grq*w qhhg wr uho|

rq edqn �qdqfh1 Ilqdoo|/ wkh vljql�fdqfh ri wkh yduldeohv/ h{sodlqlqj VEFv lq

wkh uhvwulfwhg vdpsoh/ hqvxuhv wkdw zh duh qrw wdnlqj xs d shuirupdqfh h�hfw/

exw wkdw rxu VEF0lqglfdwruv fdq 0 zlwklq wkh vdpsoh ri srvvleo| VEF0�upv/

l1h1 �upv zlwk qhjdwlyh rshudwlqj sur�w 0 glvwlqjxlvk ehwzhhq VEF0�upv dqg

KEF0�upv1

8 Glvfxvvlrq ri wkh uhvxowv

Dv wkh suhylrxv uhjuhvvlrqv vkrz/ rxu uhvxowv duh urexvw zlwk uhvshfw wr wkh vxe0

vdpsoh frqvlghuhg rq rshudwlqj sur�w ru orvv1 Zh ixuwkhu shuiruphg urexvwqhvv

fkhfnv iru rzqhuvkls vwuxfwxuh/ dv zh pdgh wkh dvvxpswlrq wkdw rzqhuvkls sulru

wr 4<<: zdv wkh vdph dv lq 4<<:1 Hvshfldoo| iru Exojduld wklv dvvxpswlrq lv

udwkhu vwurqj/ dv pdvv0sulydwlvdwlrq rffxuuhg gxulqj 4<<91 Krzhyhu/ zh frxog

59Wkh rzqhuvkls glvwulexwlrq lv wkh vdph lq wkh hqwluh dqg lq wkh uhvwulfwhg vdpsoh1 Wkhuh0

iruh/ wkh lqvljql�fdqfh ri wkh rzqhuvkls yduldeohv fdqqrw eh gxh wr d gl�huhqw rzqhuvkls

uhsuhvhqwdwlrq lq wkh vxe0vdpsoh1
5:Xvlqj gxpplhv iru sxuho| vwdwh rzqhg ru sxuho| iruhljq rzqhg hqwhusulvhv glg qrw fkdqjh

wkh uhvxowv iru Exojduld1
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lghqwli| wkh vwdwh0rzqhg �upv wkdw zhuh lq wkh 4<<9 pdvv sulydwlvdwlrq dqg
lqsxw wkh fruuhfw vwdwh0rzqhuvkls vkduh +433(, iru wkh |hduv sulru wr 4<<: iru
wkrvh �upv +Fhqwuh iru Pdvv Sulydwlvdwlrq/ 4<<9,1 Wkh uhvxowv/ krzhyhu/ uhpdlq
xqfkdqjhg1 Wkh vdph krogv zkhq xvlqj wkh vxevdpsohv 4<<:0<< dqg 4<<;0<< iru
zklfk wkh hyroxwlrq ri rzqhuvkls vwuxfwxuh lv frpsohwh1 Wkh uhvxowv duh htxdoo|
urexvw zlwk uhvshfw wr wkh vsh�fldwlrq ri wkh rzqhuvkls gxpplhv lqfoxghg= wkh
uhvxowv frqwlqxh wr krog zkhq gxpplhv rq plqrulw| rzqhuvkls zhuh lqfoxghg ru
iru gxpplhv vlpso| lqglfdwlqj wkh suhvhqfh ri dq rzqhuvkls fdwhjru| luuhvshfwlyh
ri wkh txdqwlwdwlyh lpsruwdqfh ri wkh rzqhuvkls vkduh1

Zh ixuwkhu h{shulphqwhg zlwk wdnlqj orjdulwkpv/ vtxduhv ri orjdulwkpv dqg
zlwk gxpplhv iru �upv hpsor|lqj dv pdq| dv 733 shrsoh lq Exojduld dqg 4333
shrsoh lq Urpdqld1 Wkhvh �jxuhv duh forvh wr wkh dyhudjh hpsor|phqw ohyhov lq
erwk frxqwulhv dw wkh ehjlqqlqj ri rxu vdpsoh1 Djdlq/ uhvxowv duh urexvw1

Dv idu dv rxu frpshwlwlrq yduldeohv duh frqfhuqhg/ wkh uhvxowv iru Urpdqld
dovr jr wkurxjk zkhq �uvw gl�huhqfhv ri wkh lqglfhv duh xvhg/ lqvwhdg ri wkh
ohyhov +vhh Wdeoh 49 lq Dsshqgl{,1 Dv dq dowhuqdwlyh phdvxuh iru frqfhqwudwlrq/
zh gluhfwo| frpsxwhg pdunhw vkduhv iurp wkh DPDGHXV gdwd dqg dgghg wklv
yduldeoh wr rxu uhjuhvvlrq +Qlfnhoo/ 4<<9,1 Wkh uhvxowv iru wkh uhjuhvvlrqv duh
lqfoxghg lq wkh Dsshqgl{ lq Wdeohv 450481 Wkh frqfoxvlrqv zh vhw rxw hduolhu
iru wkh Khu�qgdko dqg lpsruw shqhwudwlrq lqgh{ dqg iru rzqhuvkls lqirupdwlrq
frqwlqxh wr krog xqfkdqjhg1 Pdunhw vkduhv/ krzhyhu/ wxuq rxw wr eh qhjdwlyh
dqg vljql�fdqw/ lpso|lqj wkdw kljkhu pdunhw vkduhv orzhu wkh suredelolw| ri �qg0
lqj VEFv1 Lqfoxglqj vtxduhv ri pdunhw vkduhv/ krzhyhu uhyhdov wkdw wkh uhodwlrq
ehwzhhq pdunhw vkduhv dqg VEFv lv qrq0olqhdu1 Vpdoo �upv wkdw duh �hufho|
frpshwlqj iru pdunhw vkduh kdyh olwwoh pdunhw srzhu wr sulfh wkhpvhoyhv wr srv0
lwlyh sur�wv1 Odujhu �upv/ krzhyhu/ fdq xvh wkhlu pdunhw srzhu wr hduq srvlwlyh
sur�wv1 Ilupv zlwk yhu| lpsruwdqw pdunhw vkduhv/ krzhyhu/ duh w|slfdoo| orvv0
pdnlqj dqg txdoli| iru VEFv1 Wkdw dovr h{sodlqv zk| lq wkh uhvwulfwhg vdpsoh/
pdunhw vkduh dozd|v ehduv d srvlwlyh vljq/ dqg zk| wkh vljql�fdqfh ri vtxduhg
pdunhw vkduhv lq wkh uhvwulfwhg vdpsoh glvdsshduv5; 1

Dv glvfxvvhg ehiruh/ rxu uhvxowv jr wkurxjk zkhq rxu lqyhvwphqw0fruuhfwhg

yduldeoh iru VEFv dfwv dv wkh ghshqghqw yduldeoh1 Wkh vdph krogv zkhq zh

frqvwuxfwhg d VEF0phdvxuh wkdw flufxpyhqwv wkh hqgrjhqhlw| wkdw lv srvvleo|

suhvhqw lq rxu phdvxuh iru VEFv1 Ilupv fdq uxq srvlwlyh rshudwlqj sur�wv

h{dfwo| ehfdxvh wkh| ehqh�w iurp VEFv1 Krzhyhu/ wkh| duh qrw vhohfwhg yld wkh

ruljlqdo surfhgxuh1 Wkh dowhuqdwlyh zd| wr surfhhg zdv wr frpsduh odvw |hdu*v

sur�wv zlwk wkh fxuuhqw |hdu*v QEI 0phdvxuh ru zlwk wkh fxuuhqw |hdu*v fuhglw

shulrg/ exw zlwk qr pdmru fkdqjh lq wkh uhvxowv1

Wkhuhiruh/ zh eholhyh wkdw wkh uhvxowv pdnh d vwurqj fdvh wr eholhyh wkdw

lqfuhdvlqj frpshwlwlyh suhvvxuh dqg frqwlqxlqj sulydwlvdwlrq lv ri sulpdu| lp0

sruwdqfh wr srolf|0pdnhuv lq Fhqwudo dqg Hdvwhuq Hxurshdq Frxqwulhv1 Lq olqh

5;Wkh idfw wkdw hpsor|phqw lq wkh xquhvwulfwhg vdpsoh xvhg wr kdyh d qhjdwlyh vljq pljkw
eh h{sodlqhg e| wkh idfw wkdw lw suhylrxvo| wrrn xs d pdunhw vkduh h�hfw1 Diwhu fruuhfwlqj
iru pdunhw vkduh/ hpsor|phqw lqghhg ehfrphv srvlwlyh vljqlifldqw lq Exojduld lq wkh hqwluh
vdpsoh1 Iru Urpdqld lq wkh hqwluh vdpsoh/ wkh vljq ehfrphv srvlwlyh lq wkh vshfl�fdwlrq ri
froxpq +5,1
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zlwk suhylrxv sdshuv/ rxu uhvxowv vxjjhvw wkdw sulydwh rzqhuvkls fdq frqwulexwh
wr ehwwhu shuirupdqfh/ pdnlqj �upv ohvv surqh wr vx�hu rshudwlqj orvvhv/ exw li
qrw frpsohphqwhg e| frpshwlwlyh suhvvxuh/ wkh phulwv ri sulydwlvdwlrq duh olp0
lwhg1 Hvshfldoo| wkh uhvxowv iurp wkh uhvwulfwhg uhjuhvvlrqv vxjjhvw vwurqj h�hfwv
iurp frpshwlwlrq rq wkh kdughqlqj ri VEFv1

Srvvleoh sureohpv zlwk rxu uhvxowv duh wzrirog1 Iluvwo|/ rxu gdwd vhw lv eldvhg
wrzdugv odujh dqg phglxp vl}hg hqwhusulvhv dqg grhv qrw doorz xv wr glvwlqjxlvk
ehwzhhq gh qryr sulydwh �upv dqg sulydwlvhg �upv1 Qhlwkhu fdq zh iroorz
xs wkh �upv zklfk duh lqyroyhg lq phujhuv ru vsolw0xsv1 Vhfrqgo|/ rxu uhvxowv
srvvleo| vx�hu iurp dq hqgrjhqhlw| sureohp1 Ilupv fdq rshudwh xqghu VEFv
ehfdxvh wkh| rffxs| d vwudwhjlf srvlwlrq zlwklq wkh vhfwru1 Krzhyhu/ frqwlqxhg
vxevlglvdwlrq fdq suhyhqw wkh vhfwru wr ehfrph pruh frpshwlwlyh1 Zh kdyh
uhvroyhg wklv sureohp e| xvlqj odjjhg yduldeohv ri wkh Khu�qgdko dqg lpsruw
shqhwudwlrq lqgh{/ dqg e| fduu|lqj rxw uhjuhvvlrqv iru wkh uhvwulfwhg vdpsoh1 D
pruh h{solflw g|qdplf dssurdfk ru d wzr0vwdjh surfhgxuh frxog eh dq lqwhuhvwlqj
h{whqvlrq1 Ilqdoo|/ uhsruwhg sur�wv iurp �upv duh riwhq xquhdolvwlfdoo| vtxhh}hg
wrzdugv }hur +vhh Iljxuhv < dqg 43, dqg wklv pljkw lq xhqfh rxu VEF0yduldeoh1
Wklv uh hfwv/ dprqj rwkhuv/ wkh xqzloolqjqhvv ri �upv wr uhsruw orvvhv ru wr sd|
kljk wd{hv rq sur�wv1

9 Frqfoxvlrq

Wkh dlp ri wkh sdshu zdv wr vkhg vrph qhz oljkw rq wkh fdxvhv ri VEFv e| dv0
vhvvlqj wkhlu srwhqwldo wr hpslulfdoo| h{sodlq wkh lqflghqfh ri VEFv lq Exojduld
dqg Urpdqld1 Zh glg vr e| xvlqj d sdqho gdwd vhw iru Exojduldq dqg Urpd0
qldq pdqxidfwxulqj �upv/ fryhulqj wkh shulrg 4<<804<<<1 Zh xvhg d udqgrp
h�hfwv orjlw dssurdfk wr wu| wr h{sodlq wkh fdxvhv ri VEFv/ vwhpplqj iurp vriw
edqn fuhglw ru vwhpplqj iurp lqwhuhqwhusulvh duuhduv1 Wkhuhiruh/ zh xvhg Vfkdi0
ihu*v +4<<;, phdvxuh iru qhw0edqn0�qdqflqj VEFv dqg sursrvhg d qhz phdvxuh/
edvhg rq wkh fuhglw shulrg d �up hqmr|v1 Rxu uhvxowv vxjjhvw wkdw wkh lqflghqfh
ri �qglqj VEFv fdq eh h{sodlqhg e| wkh rzqhuvkls vwuxfwxuh ri wkh �up dqg wkh
frpshwlwlyh suhvvxuh/ h{shulhqfhg zlwklq wkh vhfwru1 Ilup vl}h/ dv sur{lhg e|
wkh ohyho ri hpsor|phqw/ lv dqrwkhu ghwhuplqdqw ri VEFv/ exw rqo| rqfh �upv
duh orvv0pdnlqj/ ru diwhu fruuhfwlqj iru pdunhw vkduhv1 Wkh rssrvlwh h�hfw krogv
zlwk uhvshfw wr wkh rzqhuvkls vwuxfwxuh lq Exojduld= iru orvv0pdnlqj �upv/ wkh
rzqhuvkls vwuxfwxuh kdv qr dgglwlrqdo h{sodqdwru| ydoxh dq|pruh lq h{sodlq0
lqj VEFv1 Rzqhuvkls/ frqvhtxhqwo|/ lv d vwurqj lqglfdwru iru shuirupdqfh/ exw
qrw iru glvwlqjxlvklqj ehwzhhq VEF0 dqg KEF0�upv/ rqfh erwk duh edgo| shu0
iruplqj1 Frpsdulqj rxu uhvxowv zlwk wkh wkhruhwlfdo suhglfwlrqv ri wkh ydulrxv
prghov xsrq zklfk zh gudz/ zh fdq frq�up wkh k|srwkhvhv wkdw frpshwlwlrq/
sulydwlvdwlrq dqg �up vl}h pdwwhu lq h{sodlqlqj wkh lqflghqfh ri VEFv1 Ilqdoo|/
rxu uhvxowv rqfh djdlq vwuhvv wkh lpsruwdqfh ri lqfuhdvlqj frpshwlwlyh suhvvxuh
dqg ri frqwlqxlqj sulydwlvdwlrq uhirupv lq wudqvlwlrq frxqwulhv1 Wkh kdughqlqj
ri exgjhw frqvwudlqwv frqwlqxhv wr eh ri wrs0sulrulw|1
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Hvwlpdwlrq phwkrg= Orjlw prgho zlwk udqgrp0h�hfwv

Vdpsoh shulrg= 4<<904<<<

Ghshqghqw yduldeoh= Vriw Exgjhw Frqvwudlqwv

xquhvwulfwhg

vdpsoh

uhvwulfwhg

vdpsoh

yduldeoh +4, +5, +6, +7,

frqvwdqw
0413644--

+043193:,

0414:75--

+043143;,

031;69;--

+0814<;,

041533--

+08158;,

khu�qgdko 313453

+416:9,

313549--

+51398,

313675--

+51;98,

3135<5-

+41<4;,

lpsruw 0313396

+0413:6,

0313339

+0313<8,

0313484-

+041975,

03133;:

+031:94,

hpsor|phqw 0313334

+031839,

0313334

+031497,

31333:--

+51;94,

31333:--

+51:44,

vwdwh 319554--

+61<7:,

03149:4

+031<3;,

lqvlghuv2

frrshudwlyhv

315775

+31<59,

03157:<

+031;67,

iruhljq 03136:3

+03148<,

3178;3

+41598,

pxqlflsdolwlhv 316::9

+31<95,

315739

+317;6,

|hdu<94 041<<74--

+0461486,

0515449--

+045158;,

5189:4--

+431;75,

51464<--

+:18<4,

|hdu<:5 04145<:--

+0;1;83,

0415<;;--

+0;1:64,

41<;88--

+;1887,

317:68-

+41;34,

|hdu<< 3153;3-

+41<4;,

316843--

+51<63,

41<478--

+<1973,

0314534

+031856,

Zdog0fkl5 5<9178 5::163 47719: 449183

Sure:fkl5 3133 3133 3133 3133

qr1 ri rev1 798: 6:;3 488: 45;6

qr1 ri jurxsv 4734 4558 ;88 :6;

Qrwhv= - @ vljql�fdqw dw 43( ohyho/ -- @ vljql�fdqw dw 8( ohyho
4

= uhihuulqj wr |hdu<; lq uhjuhvvlrq +6,
5

= uhihuulqj wr |hdu<; lq uhjuhvvlrq +7,

Wdeoh ;= Orjlw uhvxowv iru Vriw Exgjhw Frqvwudlqwv lq Exojduldq �upv

53



Hvwlpdwlrq phwkrg= Orjlw prgho zlwk udqgrp0h�hfwv

Vdpsoh shulrg= 4<<804<<<

Ghshqghqw yduldeoh= Vriw Exgjhw Frqvwudlqwv

xquhvwulfwhg

vdpsoh

uhvwulfwhg

vdpsoh

yduldeoh +4, +5, +6, +7, +8,

frqvwdqw
061:89;--

+0531:5:,

0715;<9--

+04<1778,

31:38:--

+518:7,

314;7<

+318:4,

3187:<-

+41:75,

khu�qgdko 3133;5--

+51;68,

3133;5--

+518;7,

313454--

+51;7;,

3134:3--

+617;<,

31347:--

+51<;7,

lpsruw 0313345

+041787,

031334;-

+041<46,

0313339

+0317<8,

0313335

+0314:3,

0313336

+031546,

hpsor|phqw 0313334-

+041<55,

0313334

+031<46,

313334

+413<;,

313335--

+51465,

313336--

+5154<,

vwdwh 31<5;4--

+819<4,

315838

+413;4,

iruhljq 415;9;--

+9189:,

416;4;--

+717;6,

lqvlghuv 0518936--

+051657,

414444

+3189:,

sxuho|

vwdwh

51;43:--

+51367,

sxuho|

iruhljq

31736:

+31;<<,

|hdu<9 031548:

+041645,

0315:39

+0417:;,

03169:;

+0414;9,

031878:

+041866,

0317689

+04154:,

|hdu<: 03146;3

+031;88,

0315;39

+04187:,

03164:9

+04136<,

031:8<4--

+0514<3,

031:843--

+051475,

|hdu<; 31<333--

+914;;,

31:;3:--

+71:6;,

3167:9

+41579,

03137;6

+031486,

0313<9<--

+031636,

|hdu<< 318;3:--

+61;97,

319<36--

+71399,

041387--

+061;75,

041646;--

+07153<,

0415;78--

+0713<4,

Zdog0fkl5 438176 47317: 8:1:8 98144 86176

Sure:fkl5 3133 3133 3133 3133 3133

qr1 ri rev1 ;773 997: 45:; <;6 <;6

qr1 ri jurxsv 4;:: 493< :48 883 883

Qrwhv= - @ vljql�fdqw dw 43( ohyho/ -- @ vljql�fdqw dw 8( ohyho

Wdeoh <= Orjlw uhvxowv iru Vriw Exgjhw Frqvwudlqwv lq Urpdqldq �upv

54



Hvwlpdwlrq phwkrg= Orjlw prgho zlwk udqgrp0h�hfwv

Vdpsoh shulrg= 4<<904<<<

Ghshqghqw yduldeoh= Vriw Exgjhw Frqvwudlqwv

xquhvwulfwhg

vdpsoh

uhvwulfwhg

vdpsoh

yduldeoh +4, +5, +6, +7,

frqvwdqw
04166;8--

+0451<:9,

0417477--

+04417<<,

0314568

+031:88,

0313685

+0314:5,

khu�qgdko 3133<8

+4137:,

31348:

+41798,

31359;--

+5156:,

313487

+41374,

lpsruw 0313434

+041954,

0313393

+031;83,

0313555--

+0517;7,

031354:--

+051354,

hpsor|phqw 313334

+315<:,

313334

+31757,

31333;--

+61779,

31333:--

+51;<8,

vwdwh 319445--

+61:;5,

0314399

+0318<5,

lqvlghuv2

frrshudwlyhv

03147;5

+031854,

031:83<--

+051866,

iruhljq 0313799

+0314<8,

315556

+319;6,

pxqlflsdolwlhv 314:<;

+3176;,

0315494

+0317:8,

|hdu<9 041:6<5--

+0441669,

041<<6:--

+0431<69,

031;8:<--

+07138<,

031<663--

+061:5<,

|hdu<:4 041738:--

+0<1<36,

041967<--

+0<1;49,

413;84--

+815<:,

414685--

+71:;;,

|hdu<< 315777--

+514:4,

316:95--

+6136:,

31:6<7--

+71377,

31:<76--

+61:4<,

Zdog0fkl5 5:51<6 59716; 44319; <816<

Sure:fkl5 3133 3133 3133 3133

qr1 ri rev1 798: 6:;3 488: 45;6

qr1 ri jurxsv 4734 4558 ;88 :6;

Qrwhv= - @ vljql�fdqw dw 43( ohyho/ -- @ vljql�fdqw dw 8( ohyho
4

= uhihuulqj wr |hdu<; lq uhjuhvvlrqv +6, dqg +7,

Wdeoh 43= Orjlw uhvxowv iru Vriw Exgjhw Frqvwudlqwv lq Exojduldq �upv zlwk

lqyhvwphqw0fruuhfwhg phdvxuh iru VEF

55



Hvwlpdwlrq phwkrg= Orjlw prgho zlwk udqgrp0h�hfwv

Vdpsoh shulrg= 4<<804<<<

Ghshqghqw yduldeoh= Vriw Exgjhw Frqvwudlqwv

xquhvwulfwhg

vdpsoh

uhvwulfwhg

vdpsoh

yduldeoh +4, +5, +6, +7,

frqvwdqw 061;866--

+0531;55,

0717789--

+04<1777,

31793:-

+41:59,

03144<5

+03169:,

khu�qgdko 3133:8--

+51933,

3133;6--

+518;:,

3133<3--

+514;:,

313495--

+615;8,

lpsruw 0313344

+04165;,

031334<--

+041<<5,

0313337

+03169;,

031333:

+0317<5,

hpsor|phqw 0313334

+041565,

0313334

+031;7;,

313335-

+41:85,

313335--

+5145;,

vwdwh 31<<67--

+91338,

3168;7

+41854,

iruhljq
4155<5--

+914<5,

416796--

+71633,

lqvlghuv 0518953--

+05163<,

31:7<9

+316:8,

|hdu<9 03178;<--

+05194:,

0317;58--

+05179;,

031;<78--

+051<49,

031<:5;--

+051:85,

|hdu<: 0314399

+03197;,

0315733

+0415<6,

03155<4

+031:99,

0319393-

+041::4,

|hdu<; 31;5;9--

+81889,

31;58<--

+71;;6,

314365

+316;6,

313:;5

+3157<,

|hdu<< 31;9<;--

+81::7,

4133:7--

+81;98,

0317589

+041944,

0319375--

+041<<;,

Zdog0fkl5 4591<9 49;1;3 5;15; 7:186

Sure:fkl5 3133 3133 3133 3133

qr1 ri rev1 ;773 997: 45:; <;6

qr1 ri jurxsv 4;;: 493< :48 883

Qrwhv= - @ vljql�fdqw dw 43( ohyho/ -- @ vljql�fdqw dw 8( ohyho

Wdeoh 44= Orjlw uhvxowv iru Vriw Exgjhw Frqvwudlqwv lq Urpdqldq �upv zlwk

lqyhvwphqw0fruuhfwhg phdvxuh iru VEF

56



Hvwlpdwlrq phwkrg= Orjlw prgho zlwk udqgrp0h�hfwv

Vdpsoh shulrg= 4<<904<<<

Ghshqghqw yduldeoh= Vriw Exgjhw Frqvwudlqwv

xquhvwulfwhg

vdpsoh

uhvwulfwhg

vdpsoh

yduldeoh +4, +5, +6, +7,

frqvwdqw
061369:--

+04<1<84,

04166<9--

+0431:73,

031<<7<--

+081<43,

031<957--

+071977,

khu�qgdko 313396

+319;<,

313445

+41367,

3135<3--

+516:;,

313498

+413<4,

lpsruw 0313434

+041939,

0313396

+031;;<,

0313556--

+0517<5,

0313547--

+041<<9,

hpsor|phqw 313335-

+41<78,

313335--

+51475,

31333:--

+51:34,

313339--

+51864,

vwdwh 318;57--

+618:9,

0314359
+0318:3,

lqvlghuv2

frrshudwlyhv

0315859

+031;:<,

031:6:6--
+0517;5,

iruhljq 31393;

+3157;,

3153<:

+31963,

pxqlflsdolwlhv 313<:7

+31568,

0315396

+031787,

pdunhw

vkduhv

03134:3--

+061865,

03134<4--

+061853,

313434

+41875,

313368

+317<9,

|hdu<: 3166::--

+513<:,

0419657--

+�<1:86,

31;884--

+7137;,

31<534--

+619::,

|hdu<;4 41:7<8--

+44163<,

041<;67--

+0431;77,

41<6::--

+<1386,

51384--

+;1555,

|hdu<< 513375--

+461949,

316:;9--

+61367,

418<46--

+;1667,

41:483--

+:1:74,

Zdog0fkl5 5:;1:3 59;188 44513: <71;9

Sure:fkl5 3133 3133 3133 3133

qr1 ri rev1 7983 6::: 4886 45;4

qr1 ri jurxsv 4734 4558 ;85 :69

Qrwhv= - @ vljql�fdqw dw 43( ohyho/ --@ vljql�fdqw dw 8( ohyho
4

= uhihuulqj wr |hdu<9 lq uhjuhvvlrq +5,

Wdeoh 45= Orjlw uhvxowv iru Vriw Exgjhw Frqvwudlqwv lq Exojduldq �upv zlwk

lqyhvwphqw0fruuhfwhg phdvxuh iru VEF dqg pdunhw vkduhv

57



Hvwlpdwlrq phwkrg= Orjlw prgho zlwk udqgrp0h�hfwv

Vdpsoh shulrg= 4<<904<<<

Ghshqghqw yduldeoh= Vriw Exgjhw Frqvwudlqwv

xquhvwulfwhg

vdpsoh

uhvwulfwhg

vdpsoh

yduldeoh +4, +5, +6, +7,

frqvwdqw
051;88<--

+04;1947,

0613;63--

+0481;:9,

031<<59--

+081;:4,

0313573
+031449,

khu�qgdko 313363

+31665,

3133;9

+31:<<,

3135;<--

+51687,

31348:
+41353,

lpsruw 0313449-

+041;78,

03133:<

+04143:,

0313555--

+0517<7,

031354:--
+05134;,

hpsor|phqw 313335-

+41:8<,

313335-

+419;<,

31333:--

+518::,

31333:--

+518:;,

vwdwh 31867:--

+6159;,

0314393

+0318;;,

lqvlghuv2

frrshudwlyhv

0317368

+0416<8,

031:947--

+051877,

iruhljq 314:5;

+31:34,

315767

+31:57,

pxqlflsdolwlhv 03136<6

+0313<8,

031556<

+0317<4,

pdunhw

vkduhv

0313984--

+081;73,

03139<6--

+081967,

3133:;

+317;8,

03133<8

+31865,

vtxduhg

pdunhw vkduhv

31333:--

+71<:3,

31333:--

+71:58,

313334

+3147<,

313335

+31:;6,

|hdu<:4 31654<--

+41<<7,

3165<8-

+41:48,

31;886--

+7137;,

031<4:5--

+061995,

|hdu<; 41:837--

+441636,

41<977--

+431:66,

41<6;7--

+<1384,

414665--

+71::9,

|hdu<< 41<;84--

+4617:<,

5164:<--

+461466,

418<55--

+;1664,

31:<:4--

+61:5<,

Zdog0fkl5 5<4137 5::13< 4441<7 <71:6

Sure:fkl5 3133 3133 3133 3133

qr1 ri rev1 7983 6::: 4886 45;4

qr1 ri jurxsv 4734 4558 ;85 :69

Qrwhv= - @ vljql�fdqw dw 43( ohyho/ --@ vljql�fdqw dw 8( ohyho
4

= uhihuulqj wr |hdu<9 lq uhjuhvvlrq +7,

Wdeoh 46= Orjlw uhvxowv iru Vriw Exgjhw Frqvwudlqwv lq Exojduldq �upv zlwk
lqyhvwphqw0fruuhfwhg phdvxuh iru VEF dqg pdunhw vkduhv +ohyhov dqg vtxduhg,

58



Hvwlpdwlrq phwkrg= Orjlw prgho zlwk udqgrp0h�hfwv
Vdpsoh shulrg= 4<<804<<<
Ghshqghqw yduldeoh= Vriw Exgjhw Frqvwudlqwv

xquhvwulfwhg

vdpsoh

uhvwulfwhg

vdpsoh

yduldeoh +4, +5, +6, +7,

frqvwdqw 061;877--

+053185:,

07177<8--

+04<15<:,

3189;<--

+51448,

0313:57

+03154<,

khu�qgdko 3133:5--

+517:9,

3133;9--

+51965,

3133::-

+41<36,

31348<--

+61535,

lpsruw 0313344

+0415;9,

031334<-

+041<5<,

031333:

+031934,

031333;

+0318;;,

hpsor|phqw 0313334

+031838,

313334

+31455,

313334

+41674,

313335-

+41:89,

vwdwh 31<7<5--

+819<3,

316:48

+4188:,

iruhljq
415584--

+91498,

41669;--

+71596,

lqvlghuv 0517:79--

+05155;,

31::79

+316;;,

pdunhw

vkduhv

0313636--

+05187:,

0313845--

+051;4<,

313935-

+41:46,

313983-

+41985,

|hdu<9 0317763--

+0517<<,

0317859--

+0515<6,

031<84<--

+0613:<,

041384;--

+051<6:,

|hdu<: 0313836

+031636,

0314:7:

+031<6<3,

0315<<3

+031<<6,

0319<44--

+041<;<,

|hdu<; 31;98;--

+81:48,

31;<:4--

+81539,

313654

+3144:,

313474

+31377,

|hdu<< 31<479--

+81<;5,

4139;<--

+9146;,

0317;5;-

+041;44,

03199:3--

+0514:4,

Zdog0fkl5 45:15; 49<19< 63196 7<1<3

Sure:fkl5 3133 3133 3133 3133

qr1 ri rev1 ;586 9896 4567 <:4

qr1 ri jurxsv 4;64 48;9 9<5 874

Qrwhv= - @ vljql�fdqw dw 43( ohyho/ -- @ vljql�fdqw dw 8( ohyho

Wdeoh 47= Orjlw uhvxowv iru Vriw Exgjhw Frqvwudlqwv lq Urpdqldq �upv zlwk

lqyhvwphqw0fruuhfwhg phdvxuh iru VEF dqg pdunhw vkduhv

59



Hvwlpdwlrq phwkrg= Orjlw prgho zlwk udqgrp0h�hfwv

Vdpsoh shulrg= 4<<804<<<

Ghshqghqw yduldeoh= Vriw Exgjhw Frqvwudlqwv

xquhvwulfwhg

vdpsoh

uhvwulfwhg

vdpsoh

yduldeoh +4, +5, +6, +7,

frqvwdqw 061;877--

+053185:,

07177<9--

+04<15<:,

318:35--

+5144<,

0313:43

+031548,

khu�qgdko 3133:5--

+517::,

3133;9--

+51965,

3133::-

+41;<4,

31348;--

+614:8,

lpsruw �313344

+0415;9,

031334<-

+041<5<,

031333:

+03193<,

031333;

+0318<4,

hpsor|phqw 0313334

+031837,

313334

+31455,

313334

+415<:,

313335-

+41:44,

vwdwh 31<<5--

+819<3,

316:49

+4188:,

iruhljq
41558--

+91498,

41669<--

+71594,

lqvlghuv 0517:79--

+05155;,

31:::4

+316;<,

pdunhw

vkduhv

0313637--

+051883,

0313845--

+051;53,

3139::

+416:7,

313:83

+31;<<,

vtxduhg

pdunhw vkduhv

313334--

+51677,

313334--

+5168:,

0313335

+03156:,

0313337

+03146:,

|hdu<9 0317763--

+0517<<,

0317859--

+0515<6,

031<857--

+0613;4,

0413844--

+051<67,

|hdu<: 0313836

+031636,

0314:7:

+031<63,

031634;

+041334,

0319<7<--

+041<<6,

|hdu<; 31;98<--

+81:49,

31;<:4--

+81539,

3135;7

+31437,

3133<3

+3135;,

|hdu<< 31<479

+81<;6,

4139<3--

+9146;,

0317;7<-

+041;4:,

03199<;--

+0514:7,

Zdog0fkl5 45:163 49<1:3 631<< 7<1;;

Sure:fkl5 3133 3133 3133 3133

qr1 ri rev1 ;586 9896 4567 <:4

qr1 ri jurxsv 4;64 48;9 9<5 874

Qrwhv= - @ vljql�fdqw dw 43( ohyho/ -- @ vljql�fdqw dw 8( ohyho

Wdeoh 48= Orjlw uhvxowv iru Vriw Exgjhw Frqvwudlqwv lq Urpdqldq �upv zlwk
lqyhvwphqw0fruuhfwhg phdvxuh iru VEF dqg pdunhw vkduhv +ohyhov dqg vtxduhg,

5:



Hvwlpdwlrq phwkrg= Orjlw prgho zlwk udqgrp0h�hfwv
Vdpsoh shulrg= 4<<804<<<

Ghshqghqw yduldeoh= Vriw Exgjhw Frqvwudlqwv

xquhvwulfwhg

vdpsoh

uhvwulfwhg

vdpsoh

yduldeoh +4, +5, +6, +7,

frqvwdqw 06197:9--

+0551477,

0715:57--

+05314:4,

31:594--

+51<46,

315:84

+31;;4,

khu�qgdko 31343;

+4176:,

3133<8

+4137;,

3133:7

+31963,

3133:6

+3186<,

lpsruw 0313358-

+041:6;,

031336;--

+051665,

0313365

+041553,

031336:

+041579,

hpsor|phqw 0313334

+031857,

313334

+313;6,

313335--

+5188<,

313337--

+614:7,

vwdwh 413676--

+91668,

3179;8--

+41<98,

iruhljq
4155;7--

+91483,

416393--

+7144;,

lqvlghuv 0519344--

+051668,

31:969

+31698,

|hdu<9 0317;6<--

+051:4;,

0318333--

+05184<,

031<579--

+051<85,

031<:37--

+0519:9,

|hdu<: 0314647

+031:<;,

03159;<

+041776,

0315893

+031;83,

0319665-

+041;65,

|hdu<; 31;359--

+816<<,

31:<9<--

+71:4:,

313;6;

+3163<,

3136:4

+3144:,

|hdu<< 31;4<3--

+817;5,

31<8;<--

+818<<,

0317833-

+0419<9,

03193::--

+041<<3,

Zdog0fkl5 457199 4981;5 58193 7319:

Sure:fkl5 3133 3133 3133 3133

qr1 ri rev1 ;76< 9979 45:; <;6

qr1 ri jurxsv 4;:9 493; :48 883

Qrwhv= - @ vljql�fdqw dw 43( ohyho/ -- @ vljql�fdqw dw 8( ohyho

Wdeoh 49= Orjlw uhvxowv iru Vriw Exgjhw Frqvwudlqwv lq Urpdqldq �upv +xvlqj
gl�huhqfhv dqg prgl�hg phdvxuh iru VEF,

5;



QDFH0frgh Ghvfulswlrq

48 Pdqxidfwxuh ri irrg surgxfwv dqg ehyhudjhv

49 Pdqxidfwxuh ri wredffr surgxfwv

4: Pdqxidfwxuh ri wh{wlohv

4; Pdqxidfwxuh ri zhdulqj dssduho2guhvvlqj dqg g|hlqj ri ixu

4< Wdqqlqj dqg guhvvlqj ri ohdwkhu2pdqxidfwxuh ri oxjjdjhu

53 Pdqxidfwxuh ri zrrg dqg ri surgxfwv dqg frun

54 Pdqxidfwxuh ri sxos/ sdshu dqg sdshu surgxfwv

55 Sxeolvklqj/ sulqwlqj dqg uhsurgxfwlrq ri uhfrughg phgld

56 Pdqxidfwxuh ri frnh/ uh�qhg shwurohxp surgxfwv

57 Pdqxidfwxuh ri fkhplfdov dqg fkhplfdo surgxfwv

58 Pdqxidfwxuh ri uxeehu dqg sodvwlf surgxfwv

59 Pdqxidfwxuh ri rwkhu qrq0phwdoolf plqhudo surgxfwv

5: Pdqxidfwxuh ri edvlf phwdov

5; Pdqxidfwxuh ri ideulfdwhg phwdo surgxfwv

5< Pdqxidfwxuh ri pdfklqhu| dqg htxlsphqw

63 Pdqxidfwxuh ri r!fh pdfklqhu| dqg frpsxwhuv

64 Pdqxidfwxuh ri hohfwulfdo pdfklqhu| dqg dssdudwxv

65 Pdqxidfwxuh ri udglr/ whohylvlrq

66 Pdqxidfwxuh ri phglfdo/ suhflvlrq lqvwuxphqwv

67 Pdqxidfwxuh ri prwru yhklfohv/ wudlohuv dqg vhpl0wudlohuv

68 Pdqxidfwxuh ri rwkhu wudqvsruw htxlsphqw

69 Pdqxidfwxuh ri ixuqlwxuh

6: Uhf|folqj

Wdeoh 4:= Ghvfulswlrq ri Qdfh0frghv +50gljlw ohyho,

5<



qdfh0frgh Exojduld Urpdqld

qxpehu ri �upv lq ( qxpehu ri �upv lq (

48 5<9 4<15: 796 5314<

49 59 419< 4 3137

4: 487 43136 55: <1;3

4; 4;9 45144 578 4319;

4< 84 6165 446 71<6

53 65 513; 444 71;7

54 59 419< 63 4164

55 67 5154 <4 61<:

56 7 3159 44 317;

57 :4 7195 :< 6177

58 68 515; 99 51;;

59 :< 8147 455 8165

5: 7; 6145 96 51:8

5; <5 81<< 47< 9183

5< 485 <1<3 49; :144

63 9 316< 44 317;

64 99 7163 7: 5138

65 5: 41:9 54 31<4

66 53 4163 59 4146

67 54 416: 84 5155

68 56 4183 6; 4198

69 ;5 8167 469 81<6

6: 8 3166 57 4138

Wrwdo 4869 433 55<6 433

Vrx u f h = rz q f d of x od w l rq v x v lq j D P D G HX V G dwd

Wdeoh 4;= Glvwulexwlrq ri �upv e| lqgxvwulhv lq wkh vdpsoh

Exojduld Urpdqld

|hdu
�upv zlwk

hpsor|phqw : 733
lq (

�upv zlwk

hpsor|phqw : 4333
lq (

4<<7 5<5 641; 44;8 :814

4<<8 686 5:13 44;; ;318

4<<9 656 5713 <:3 891<

4<<: 5;; 5413 ;<9 831:

4<<; 5:: 4<13 :63 6;1:

4<<< 574 4:13 994 671;

Vr x u f h = rz q fd o fx od w lrq v x v lq j DP DG H XV G dwd

Wdeoh 4<= Elj �upv lq wkh vdpsoh

63



Exojduld

|hdu

�upv zlwk orvvhv dqg

hpsor|phqw : 733 lq wkh

vdpsoh ri elj �upv +lq (,

�upv zlwk orvvhv dqg

hpsor|phqw 	 733 lq wkh

vdpsoh ri vpdoo �upv +lq (,

4<<8 471:9 57173

4<<9 :17< 5:173

4<<: ;159 5714:

4<<; 6418; 6;143

4<<< 4;14; 7;1:8

Vr x u f h = rz q fd o fx od w lrq v x v lq j DP DG H XV G dwd

Wdeoh 53= Shuirupdqfh ri elj dqg vpdoo �upv lq Exojduld

Urpdqld

|hdu

�upv zlwk orvvhv dqg

hpsor|phqw : 4333 lq wkh

vdpsoh ri elj �upv +lq (,

�upv zlwk orvvhv dqg

hpsor|phqw 	 4333 lq wkh

vdpsoh ri vpdoo �upv +lq (,

4<<8 61<9 45138

4<<9 613< 4415<

4<<: 61:< 441<8

4<<; :1;3 53174

4<<< :159 57144

V rx u f h = rz q f d of x o d w lr q v x v l qj DP DG H XV G d wd

Wdeoh 54= Shuirupdqfh ri elj dqg vpdoo �upv lq Urpdqld

64
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Figure 4: Import penetration, Romania
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Figure 5: Net bank financing, Bulgaria
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Figure 6: Net bank financing, Romania
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Figure 7: Credit Period, Bulgaria
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Figure 8: Credit Period, Romania
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Figure 9: Operating Profit/Loss, Bulgaria
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Figure 10: Operating Profit/Loss, Romania


