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Prqrsro| Srzhu/ Wudgh Surwhfwlrq dqg
Jurzwk= Furvv Lqgxvwu| Hylghqfh1�

Shgur Fdydofdqwl Ihuuhlud|

Judgxdwh Vfkrro ri Hfrqrplfv
Ixqgdêær Jhwxolr Ydujdv

Devwudfw

Wklv sdshu lqyhvwljdwhv wkh lpsdfw ri prqrsro| srzhu rq wudgh
srolf|1 Dqqxdo sdqho0gdwdedvhv ri Eud}loldq lqgxvwulhv iru wkh |hduv
4<;; wkurxjk 4<<7 zhuh xvhg1 Wkh uhjuhvvlrqv uhsruwhg khuh duh ur0
exvw wr rshqqhvv lqglfdwru/ frqfhqwudwlrq lqgh{/ frqwuro yduldeohv dqg
vdpsoh vl}h/ dqg vxjjhvw wkdw lqgxvwulhv zlwk kljkhu prqrsro| srzhu
duh pruh surwhfwhg wkdq frpshwlwlyh vhfwruv1 Lq wkh shulrg ri vwxg|
wkh frxqwu| h{shulhqfhg d pdmru wudgh olehudol}dwlrq/ exw wkh uhvxowv lq
wkh sdshu vkrz wkdw wkh uhgxfwlrq lq surwhfwlrq zdv vpdoohu lq vhfwruv
zlwk kljkhu prqrsro| srzhu1 Zh wkxv kdyh hylghqfh idyrulqj uhfhqw
jurzwk olwhudwxuh zklfk vwuhvvhv wkdw lqwhuhvw jurxsv zlwk frqwuro ryhu
vshfl�f pdunhwv rewdlq vrph irup ri prqrsro| uljkwv wkdw hqg xs gh0
fuhdvlqj surgxfwlylw|1 Wkh uhvxowv khuh frq�up wkh �uvw sduw ri wklv
dujxphqw dqg vkrz wkdw rujdql}hg jurxsv lq idfw duh deoh wr rewdlq
srolf| dgydqwdjhv wkdw uhgxfh frpshwlwlrq1

�Zh judwhixoo| dfnqrzohgjh wkh frpphqwv ri Er|dq Mrydqrylf dqg Mrær Lvvohu1 Wkdqnv
dovr wr Krqöulr Nxph dqg Jlovrq Jhudoglqr gd Vloyd iru vrph ri wkh gdwd xvhg/ dqg FQSt
dqg SURQH[ iru �qdqfldo vxssruw1

|Sudld gh Erwdirjr/ 4<3/ Ulr gh Mdqhlur/ UM/ Eudvlo/ 555860<331 Hpdlo= ihuuhludCijy1eu
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4 Lqwurgxfwlrq
Wkh olqn ehwzhhq prqrsro| srzhu dqg jurzwk shuirupdqfh kdv ehhq dwwudfw0
lqj wkh dwwhqwlrq ri dq lqfuhdvlqj qxpehu ri hfrqrplvwv lq uhfhqw |hduv1 Ri
frxuvh wkh lghd wkdw wkh rujdql}hg dfwlrq ri lqwhuhvw jurxsv pd| kdyh d orqj0
whup lpsdfw rq lqfrph ohyhov dqg jurzwk udwhv lv qrw qhz/ ehlqj suhvhqw lq
zrunv rq hfrqrplf klvwru| vxfk dv Prn|u+4<<3, dqg Mrqhv+4<;;,1 Wkh odvw
dxwkru vwdwhv wkdw lq �doo ru prvw odujh vrflhwlhv wkh lpsxovh iru jurzwk zdv
dssduhqw doo dorqj/ exw kdg wr eh xqfkdlqhg dqg doorzhg wr frph wr iuxlwlrq111
Wkhvh vr0fdoohg revwdfohv ^wr jurzwk` wrrn wkh irup ri xqkhosixo ydoxhv dqg
lqvwlwxwlrqv/ hvshfldoo| uholjlrxv ydoxhv/ wkh jxlogv dqg wkh Lqgldq fdvwh v|v0
whp1� Qrwhzruwk| h{dpsohv lq wkh uhfhqw +wkhruhwlfdo, jurzwk olwhudwxuh duh
Sduhqwh dqg Suhvfrww+4<<;,/ Suhvfrww+4<<;,/ Krophv dqg Vfkplw}+4<<8, dqg
Whl{hlud+4<<<,1

Lq rqh zd| ru dqrwkhu/ doo wkhvh sdshuv lqfoxgh d vhfwru ru vhfwruv zlwk
vrph ghjuhh ri prqrsro| srzhu ryhu wkh vxsso| ri vrph idfwru wkdw fdq
lpsrvh sulfhv dqg eorfn dgrswlrq ri qhz whfkqrorj|1 Lq Sduhqwh dqg Suhvfrww
+4<<;,/ iru lqvwdqfh/ d frdolwlrq ri idfwru vxssolhuv lv wkh prqrsro| vhoohu ri
lwv lqsxw vhuylfhv1 Wkh frdolwlrq fdq glfwdwh zrun sudfwlfhv dqg phpehu*v
zdjhv dqg wkh prqrsro| uljkw lv surwhfwhg e| odz/ zklfk pdnhv lw frvwo| wr
hqwhu zlwk pruh surgxfwlyh whfkqrorj|1 Lq Krophv dqg Vfkplw}+4<<8,/ wudgh
ehwzhhq wzr duhdv dqg wkh h{whqvlrq ri pdunhwv 0 ru iuhh pryhphqw ri jrrgv
ehwzhhq wkhvh duhdv 0 uhgxfhv wkh uhvlvwdqfh wr qhz whfkqrorj|1 Djdlq/ wkh
vrxufhv ri uhvlvwdqfh duh lqwhuhvw jurxsv zkr vwdqg wr orvh uhqwv li d qhz
whfkqrorj| lv dgrswhg1

D fruroodu| ri wkh odvw duwlfoh lv wkdw eduulhuv wr wudgh vxfk dv wdul�v/
txrwdv ru dq| qrq0wdul� eduulhuv lpsrvhg e| wkrvh lqwhuhvw jurxsv d�hfw wkh
frxqwu| wrwdo idfwru surgxfwlylw| +WIS, ohyho dqg jurzwk survshfwv1 Wklv lv
h{dfwo| wkh srlqw ri Whl{hlud+4<<<,/ zkr vkrzv wkdw xqghu d txrwd duudqjh0
phqw/ wkh prvw surgxfwlyh whfkqrorj| zloo qrw eh xvhg dqg lqyhvwphqw dqg
fdslwdo vwrfn zloo eh vpdoohu wkdq xqghu iuhh wudgh1 Vlpxodwlrqv ri wkh prgho
uhsurgxfh revhuyhg furvv0frxqwu| shu fdslwd JGS gl�huhqfhv1 Rqfh djdlq/
wkh prqrsro| srzhu/ ryhu idfwru vxsso|/ ri vrph frdolwlrq jurxsv duh wkh
lpsrvlqj irufh ehklqg wkh gl�huhqw wudgh uhjlphv1

Lq vxppdu|/ wkh dujxphqw ri wklv olwhudwxuh fdq eh euhdn xs lq wzr frq0
vhfxwlyh sduwv1 Iluvw/ jurxsv ri lqwhuhvw zlwk prqrsro| srzhu ryhu idfwruv
vxsso| duh deoh wr lpsrvh eduulhuv wr wudgh dqg2ru wr whfkqrorj| dgrswlrq1
Vhfrqg/ wkhvh eduulhuv kxuw jurzwk1 Wkh vhfrqg sduw ri wkh dujxphqw zdv
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whvwhg/ dprqj rwkhuv/ lq Fdydofdqwl Ihuuhlud dqg Urvvl+4<<<,1 Wklv sdshu lq0
yhvwljdwhv wkh olqn ehwzhhq wudgh surwhfwlrq dqg surgxfwlylw| jurzwk xvlqj d
sdqho gdwd vhw ri Eud}loldq pdqxidfwxulqj lqgxvwulhv dqg wkh k|srwkhvlv wkdw
kljkhu ohyhov ri wdul�v dqg h�hfwlyh udwh ri surwhfwlrq lpso| vpdoohu WIS
dqg oderu surgxfwlylw| jurzwk frxog qrw eh uhmhfwhg1 Vlplodu uhvxowv zhuh
rewdlqhg e| Ohh+4<<;,/ xvlqj Nruhdq lqgxvwu| gdwd41

Lq wklv sdshu zh whvw wkh �uvw vwhs ri wkh dujxphqw/ pruh h{dfwo|/ wkh
olqn ehwzhhq prqrsro| srzhu dqg wudgh surwhfwlrq1 Zh zdqw wr lqyhvwljdwh
li wkhuh lv dq| hylghqfh iurp Eud}loldq pdqxidfwxulqj gdwd li lqgxvwulhv zlwk
kljkhu prqrsro| srzhu duh pruh surwhfwhg wkdq wkrvh lq frpshwlwlyh vhfwruv1

Zh frqvwuxfw dqg hvwlpdwh wzr jurxsv ri gdwd vhwv iru Eud}loldq lqgxvwulhv1
Wkh �uvw rqh lv d vpdoo furvv0vhfwlrq zklfk lv frpsdudeoh wr wkh gdwd xvhg lq
Fdydofdqwl Ihuuhlud dqg Urvvl+4<<<,1 Wkh rwkhu jurxs lv frpsrvhg ri dqqxdo
ru el0dqqxdo sdqho gdwd vhwv dw d voljkwo| odujhu glvdjjuhjdwlrq ohyho wkdq wkh
�uvw jurxs/ lq vrph fdvhv zlwk 54 furvv0lqgxvwu| revhuydwlrqv dqg lq rwkhuv
zlwk 751 Lq prvw ri rxu uhjuhvvlrqv zh xvh wzr dowhuqdwlyh phdvxuhv ri wudgh
surwhfwlrq/ dyhudjh qrplqdo wdul�v dqg h�hfwlyh udwh ri surwhfwlrq51 Iru wkh
furvv0vhfwlrq fdvh zh kdyh wkuhh phdvxuhv ri lqgxvwu| frqfhqwudwlrq exw iru
wkh sdqho gdwd rqo| rqh/ exw jlyhq wkh kljk fruuhodwlrq dprqj wkhvh vhulhv
zh orvw qr lqirupdwlrq1

Lq wkh shulrg ri dqdo|vlv/ 4<;; wr 4<<7/ wkh frxqwu| h{shulhqfhg d pdmru
wudgh olehudol}dwlrq zlwk jhqhudo wdul� uhgxfwlrq dqg holplqdwlrq ri qrq0wdul�
uhvwulfwlrqv1 Krzhyhu/ qrw doo vhfwruv zhuh d�hfwhg htxdoo|/ dqg zkloh wdul�
glvshuvlrq zdv uhgxfhg/ vrph gl�huhqfhv uhpdlqhg1 Wkh lqwhuhvwlqj srlqw
khuh lv wkdw surwhfwlrq iurp wudgh ihoo ohvv lq vrph vhfwruv zkhuh frqfhqwudwlrq
lv kljk dqg wkh oree| vwurqj +h1j1/ prwru yhklfoh, wkdq lq pruh frpshwlwlyh
vhfwruv +h1j1/ wh{wlohv,1 Wkh pdlq txhvwlrq ri wkh sdshu/ khqfh/ lv wr whvw li
wklv dqhfgrwdo hylghqfh h{whqgv wr wkh zkroh pdqxidfwxulqj vhfwru dqg lv
vwdwlvwlfdoo| vljql�fdqw1

Lw kdv wr eh vdlg wkdw wklv olwhudwxuh grhv qrw fodlp h{dfwo| wkdw prqrsro|
srzhu ri wkh irup zh xvh lv wkh xowlpdwh fdxvh ri eduulhuv wr wudgh ru wr whfk0

4Hylghqfh ri wkh qhjdwlyh h�hfw ri wudgh surwhfwlrq rq jurzwk dw frxqwu| ohyho lv dovr
vwurqj +vhh/ iru lqvwdqfh/ Hgzdugv +4<<:,/ Kduulvrq +4<<8,/ dqg Wd|oru +4<<9, dprqj
pdq|,/ exw vrph ri wkh gdwd xvhg lq sduw ri wkhvh vwxglhv kdyh ehhq fulwlfl}hg e| Urguðjxh}
dqg Urguln+4<<<, iru qrw phdvxulqj wudgh eduulhuv dffxudwho|1

5Zh gr qrw kdyh gdwd rq txdqwlwdwlyh uhvwulfwlrqv/ exw wklv lv qrw d vhulrxv sureohp
lq wkh suhvhqw fdvh ehfdxvh lq wkh shulrg ri vwxg| 0 4<;; wr 4<<7 0 wdul�v zhuh wkh pdlq
srolf| lqvwuxphqwv dqg doprvw doo txdqwlwdwlyh eduulhuv kdg douhdg| ehhq dedqgrqhg1
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qrorj| dgrswlrq1 Krzhyhu/ zh iroorz Wh hu+4<<6,/ dprqj rwkhuv/ lq dvvxplqj
wkdw juhdwhu frqfhqwudwlrq doohyldwhv wkh iuhh0ulghu sureohp lq frruglqdwlqj
d oree| vr wkdw lw uh hfwv ru lv sursruwlrqdo wr wkh srolwlfdo srzhu ri wkh
lqgxvwu| oreelhv1

Wklv vwxg| uhodwhv wr wkh olwhudwxuh ri srolwlfdo hfrqrp| ri wudgh sro0
lf| +h1j1/ Eurfn dqg Pdjhh+4<:;,/ Wh hu+4<<6, dqg Jurvvpdq dqg Khos0
pdq+4<<7,,/ zklfk vwxglhv wkh hqgrjhqrxv ghwhuplqdwlrq ri wudgh surwhfwlrq
dqg lv vxuyh|hg lq Urgulfn+4<<8,1 Lq Jurvvpdq dqg Khospdq+4<<7,/ vshfldo
lqwhuhvw jurxsv pdnh grqdwlrqv wr hohfwlrq fdpsdljqv wr rewdlq wudgh sur0
whfwlrq1 Wkh prgho suhglfwv/ dprqj rwkhu wklqjv/ wkdw surwhfwlrq vkrxog eh
kljkhu lq lqgxvwulhv uhsuhvhqwhg e| d oree| Lq wklv prgho/ krzhyhu/ hlwkhu
d vhfwru lv rujdql}hg ru qrw/ exw doo oreelhv duh htxdo1 Nrxmldqrx Jrogehuj
dqg Pdjl+4<<<, whvwhg dqg frxog qrw uhmhfw wkh pdlq frqfoxvlrqv ri wklv
prgho1 Wuh hu+4<<6, dqg Pduyho dqg Ud|+4<;6, dprqj rwkhuv/ irxqg d srvl0
wlyh uhodwlrqvkls ehwzhhq vhoohu frqfhqwudwlrq dqg surwhfwlrq lq X1V1 lqgxvwu|1
Pruhryhu/ Wh hu+4<<6, �qgv wkdw exvlqhvv oree|lqj kdg pxfk pruh lq xhqfh
wkdq rujdql}hg oderu rq Dphulfdq wudgh srolf|/ zklfk plqlpl}hv/ wr d fhuwdlq
ghjuhh/ wkh sureohp fdxvhg e| wkh odfn ri oderu gdwd lq wkh suhvhqw vwxg|1

Wklv sdshu lv rujdql}hg lq 7 vhfwlrqv lq dgglwlrq wr wklv lqwurgxfwlrq1
Wkh qh{w vhfwlrq glvfxvvhv wkh gdwd dqg vrph vshfxodwlyh hylghqfh rq wkh
uhodwlrqvkls ri wudgh srolf|/ surgxfwlylw| jurzwk dqg lqgxvwu| frqfhqwudwlrq1
Vhfwlrq 6 suhvhqwv wkh furvv0vhfwlrq hvwlpdwlrqv/ vhfwlrq 7 wkh sdqho gdwd
hvwlpdwlrqv dqg vhfwlrq 8 frqfoxghv1

5 Jurzwk/ prqrsro| srzhu dqg wudgh eduul0
huv lq wkh Eud}loldq pdqxidfwxulqj vhfwru

Lq d suhylrxv sdshu/ Fdydofdqwl Ihuuhlud dqg Urvvl +4<<<, hvwlpdwhg wkh lp0
sdfw ri wudgh surwhfwlrq rq wkh hyroxwlrq ri oderu surgxfwlylw|/ wrwdo idfwru
surgxfwlylw| +WIS, dqg rxwsxw lq wkh Eud}loldq pdqxidfwxulqj vhfwru1 Dq
dqqxdo sdqho0gdwd vhw ri 49 lqgxvwulhv iru wkh |hduv 4<;8 wkurxjk 4<<:/ d
shulrg wkdw lqfoxghg d pdmru wudgh olehudol}dwlrq/ zdv xvhg1 Wkh uhvxowv
vxjjhvwhg wkdw eduulhuv wr wudgh qhjdwlyho| d�hfwhg surgxfwlylw| jurzwk dw
lqgxvwu| ohyho= wkrvh vhfwruv zlwk orzhu eduulhuv h{shulhqfhg kljkhu jurzwk1
Zkhwkhu wudgh eduulhuv zhuh phdvxuhg e| h�hfwlyh udwh ri surwhfwlrq ru qrp0
lqdo wdul�v/wkhlu hvwlpdwhg h�hfw rq wrwdo idfwru surgxfwlylw| jurzwk zdv qhj0
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dwlyh/ urexvw wr frqwuro yduldeohv dqg dozd|v vljql�fdqw1 Wkh vdph zdv wuxh
iru uhjuhvvlrqv xvlqj oderu surgxfwlylw|1 Wkh sdshu olqnv wkh revhuyhg lq0
fuhdvh lq lqgxvwu| surgxfwlylw| jurzwk diwhu 4<<4 wr wkh zlghvsuhdg uhgxfwlrq
lq wudgh surwhfwlrq h{shulhqfhg lq wkh frxqwu| lq wkh qlqhwlhv1 Wdeoh L ehorz
uhsurgxfhv vrph ri wkh uhvxowv ri wkh duwlfoh=

Wdeoh 4= Wkh lpsdfw ri wudgh uhvwulfwlrqv rq jurzwk
Ghshqghqw Lqghshqghqw Yduldeoh

.-� �A (& (?

(EA8� �
�f�fef
E�S��f�

(EA8� �
�f�f��
E�S�2��

(E+*?�
�f�feH
E�.��H�

(E+*?�
�f�fe�
E�.�bS�

(+
�f�fS.
E�S�bH�

f�e.
ES�be�

f�D�
0

Qrwh= w0vwdwlvwlf lq sduhqwkhvhv/ (�= jurzwk udwh ri rxwsxw ++,/
sk|vlfdo fdslwdo +&,/ oderu irufh +?,/ surgxfwlylw| ++*?,/ dqg wrwdo
idfwru surgxfwlylw| +A8� �(.-� > h�hfwlyh udwh ri surwhfwlrq
dqg �A > qrplqdo wdul�1 Vrxufhv= vhh ruljlqdo sdshu

Zkhwkhu wkh ghshqghqw yduldeoh lv wkh jurzwk udwh ri oderu surgxfwlylw|/
ri wrwdo idfwru surgxfwlylw| ru ri rxwsxw/ wkh hvwlpdwhg lpsdfw ri wudgh ydul0
deohv lv dozd|v qhjdwlyh dqg vljql�fdqw1 Iru wkh fdvh ri rxwsxw jurzwk/ diwhu
frqwuroolqj iru fdslwdo dqg oderu jurzwk/ wkh hvwlpdwhg lpsdfw ri qrplqdo
wdul�v dqg h�hfwlyh udwhv ri surwhfwlrq udqjhv iurp �f�f. wr �f�fS dqg lv
kljko| vljql�fdqw1

Lq d uhodwhg duwlfoh/ Ohh+4<<9, xvhg Nruhdq lqgxvwu| gdwd wr hvwlpdwh
wkh lpsdfw ri sxeolf srolflhv 0 fuhglw dqg wudgh srolflhv dprqj wkhp 0 rq wkh
jurzwk ri ydoxh0dgghg/ wrwdo idfwru surgxfwlylw| dqg fdslwdo vwrfn jurzwk dqg
irxqg wkdw wkh lpsdfw ri wudgh srolf| +qrplqdo wdul� dqg qrq0wdul� eduulhuv
lq wklv fdvh, lv qhjdwlyh dqg vljql�fdqw1 Rq wkh rwkhu kdqg/ W|erxw/ gh Phor
dqg Fruer+4<<4, irxqg qr hylghqfh ri ryhudoo surgxfwlylw| lpsuryhphqw lq
wkh Fklohdq pdqxidfwxulqj vhfwru diwhu wudgh olehudol}dwlrq1 Krzhyhu/ wkrvh
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lqgxvwulhv lq zklfk wkh uhgxfwlrq lq surwhfwlrq zdv pruh gudvwlf h{shulhqfhg
idvwhu surgxfwlylw| jurzwk1

Lq wkh fdvh ri Eud}lo/ ehiruh wkh wudgh olehudol}dwlrq vwduwhg lq 4<;;/ glv0
shuvlrq ri qrplqdo dqg h�hfwlyh wdul�v zdv h{wuhpho| kljk1 Wdeoh 5 suhvhqwv
wkh dyhudjh qrplqdo wdul� iru 49 Eud}loldq lqgxvwulhv dw d ohyho wkdw urxjko|
fruuhvsrqgv wr d 50gljlw ohyho lq wkh fodvvl�fdwlrq dgrswhg lq wkh Xqlwhg
Vwdwhv1 Lq idfw/ lq 4<;8 wkh udwlr ehwzhhq wkh pd{lpxp dqg wkh plqlpxp
dyhudjh qrplqdo wdul� lv doprvw 9 exw lq 4<<: lw ihoo wr 51:1 Wkh vwdqgdug
ghyldwlrq lq 4<;8 zdv doprvw kdoi wkh +qrq0zhljkwhg, dyhudjh wdul� zkloh lq
4<<: lw zdv forvh wr rqh txduwhu iru d phdq wdul� 43 wlphv vpdoohu1

Wdeoh 5=Dyhudjh Qrplqdo Wdul�v
Lqgxvwu| \hdu

�bHD �bbf �bb.
Qrqphwdo plqhudo surgxfwv <;1: 5718 :163
Phwdozrunlqj :51; 561: 451;3
Pdfklqhu| 9514 6<18 461<3
Hohfwurqlf dqg frppxq1 htxls1 43317 6<19 47188
Wudqvsruw1 dqg prwru yhklfohv 4481< 881< 491:3
Sdshu dqg sdshu surgxfwv ;515 5614 441<3
Uxeehu surgxfwv 4341: 7<19 451;3
Fkhplfdov 6715 4617 ;156
Skdupdfhxwlfdov 7515 59 43133
Shuixphv/ vrds dqg fdqgohv 4;717 8<15 43133
Sodvwlf surgxfwv 49716 73 49183
Wh{wlohv 49419 6;1; 481;3
Forwk1/ ideulf surg1 dqg irrwzhdu 4<515 83 4<193
Irrg ;715 5:17 45148
Ehyhudjhv 4;616 :814 47183
Wredffr 5371: :<19 <133

phdq 44:1;4 7418< 451;9
GS 89134 4<135 6173
pd{2plq 81<< 81<7 519;

Wkh �jxuhv iru h�hfwlyh udwh ri surwhfwlrq duh hyhq pruh whoolqj= lq 4<;8 lw
zdv 75:( iru wkh Sodvwlf Surgxfw lqgxvwu| dqg qhjdwlyh iru wkh Wredffr dqg
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Ehyhudjhv lqgxvwulhv1 Lq dgglwlrq/ wkh vwdqgdug ghyldwlrq zdv ri wkh vdph
rughu ri pdjqlwxgh dv wkh dyhudjh udwh +derxw 433(,1 Diwhu olehudol}dwlrq/
wkh dyhudjh udwh ihoo wr ohvv wkdq 53( dqg wkh vwdqgdug ghyldwlrq wr rqh wklug
ri wklv qxpehu1

Wkh vdph sdwwhuq fdq eh revhuyhg iurp pruh glvdjjuhjdwh gdwd1 Lq 4<;;
wkh kljkhvw hvwlpdwhg h�hfwlyh udwh ri surwhfwlrq dprqj wkh 79 vhfwruv iru
zklfk zh kdyh gdwd zdv 5:3( lq wkh �Uhvlqv� lqgxvwu| dqg wkh vpdoohvw zhuh
031:( dqg 49(/ lq wkh �Ihuwlol}hu� dqg �Edvlf vwhho surgxfwv� lqgxvwulhv
uhvshfwlyho|1 Olnhzlvh/ lq wkh vdph |hdu wkh phdq udwh dqg wkh vwdqgdug
ghyldwlrq zhuh h{wuhpho| kljk/ durxqg :3( dqg 93(/ uhvshfwlyho|1 Vl{ |hduv
odwhu/ wkh phdq udwh ihoo wr 4:( dqg wkh glvshuvlrq wr 451;(1

Li wkh uhgxfwlrq ri surwhfwlrq lv d jhqhudo skhqrphqrq/ lw glg qrw d�hfw
doo wkh vhfwruv lq wkh vdph irup1 Wdnh iru lqvwdqfh wkh dqg wkh �duwl�fldo
wh{wloh �ehuv� vxe0vhfwruv1 Ehwzhhq 4<;; dqg 4<<3/ wkh dyhudjh wdul� dprqj
wkh 79 vxe0vhfwruv 0 zklfk wrjhwkhu uhsuhvhqw derxw <3( ri wkh rxwsxw ri wkh
pdqxidfwxulqj vhfwru ydoxh dgghg 0 ihoo e| d txduwhu zkloh lqfuhdvlqj 54( lq
wkh �dxwrprelohv/ wuxfnv dqg exvhv� vxe0vhfwru1 Wkh wdul� lq wklv vxe0vhfwru
zhqw iurp 4186 wlphv wkh phdq wdul� lq 4<;; wr 5173 wlphv lq 4<<6 dqg 41:
wlphv lq 4<<71 Rq wkh rwkhu kdqg/ wkh dyhudjh wdul� ri wkh wh{wloh lqgxvwu|
zhqw iurp 4176 wkh phdq wdul� lq 4<;; wr ohvv wkhp <3( ri wkh 4<<7 phdq61

Fohduo|/ wkhuh duh irufhv vshfl�f wr wkh �dxwrprelohv/ wuxfnv dqg exvhv�
vxe0vhfwru sduwldoo| r�vhwwlqj wkh jhqhudo pryhphqw ri surwhfwlrq uhgxfwlrq
ri wkh Eud}loldq hfrqrp|1 Prvw suredeo| wkrvh irufhv duh zhdnhu lq wkh
wh{wloh lqgxvwu|1 Zh wklqn wkdw prqrsro| srzhu dqg frqfhqwudwlrq pd| eh
wkdw irufh1 Wkh �jxuh ehorz lv looxvwudwlyh=

6Wkh ehkdylru ri wkh h�hfwlyh wdul� lv vlplodu= ehwzhhq 4<;; dqg 4<<4 lw ihoo/ rq dyhudjh/
68( exw lw lqfuhdvhg e| 56( lq wkh fdu lqgxvwu|1 Diwhu wkdw/ dqg xqwlo 4<<7/ erwk wkh
vxe0vhfwru dqg wkh dyhudjh surwhfwlrq udwhv ihoo frqwlqxrxvo| exw ohvv vr lq wkh iruphu= wkh
h�hfwlyh udwh ri surwhfwlrq lq wkh vxe0vhfwru zhqw iurp 5199 wlphv wkh dyhudjh lq 4<;; wr
819 lq 4<<6 dqg 51< lq 4<<81 Dv iru wkh wh{wloh lqgxvwu|/ wkh fkdqjh zdv lq wkh rssrvlwh
gluhfwlrq= lwv 4<;; udwh zdv yhu| forvh wr wkh phdq lq 4<;;/ exw rqo| kdoi wkh phdq lq
4<<51
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Iljxuh 4= Wdul�v dqg frqfhqwudwlrq dv d sursruwlrq ri wkh phgldq +wh{wlohv
dqg prwru yhklfohv,

Iljxuh 4 suhvhqwv wkh hyroxwlrq ri qrplqdo wdul�v dqg frqfhqwudwlrq ri
erwk vhfwruv dv d sursruwlrq ri wkh phgldq lqglfhv ri wkh lqgxvwu|1 Wkh frq0
fhqwudwlrq lqgh{ xvhg lv wkh sursruwlrq ri wkh vhfwru uhyhqxh dssursuldwhg
e| wkh irxu odujhvw �upv +FU7,1 Qrwh wkdw zkloh frqfhqwudwlrq lq wkh �dx0
wrprelohv/ wuxfnv dqg exvhv� vhfwru lv dw ohdvw wzlfh dv odujh dv wkh phgldq
frqfhqwudwlrq ri wkh pdqxidfwxulqj lqgxvwu|/ lq wkh wh{wloh lqgxvwu| lw zdv rq
dyhudjh rqo| :8( ri wkh phgldq1 Dw wkh vdph wlph/ zkloh dyhudjh qrplqdo
wdul�v ri erwk vhfwruv zhuh doprvw wkh vdph lq 4<;;/ derxw 418 wlphv wkh
phgldq/ lq 4<<7 lw zdv wzlfh wkh phgldq lq �dxwrprelohv/ wuxfnv dqg exvhv�
dqg h{dfwo| wkh phgldq lq wkh wh{wloh lqgxvwu|1 Lq vxppdu|/ wkh ghfuhdvh lq
wdul�v lv qrwdeo| odujhu lq wkh ohvv frqfhqwudwhg lqgxvwu|1

Wkh vwurqj prqrsro| srzhu ri wkh �dxwrprelohv/ wuxfnv dqg exvhv � lq0
gxvwu| lv uh hfwhg lq wkh ehkdylru ri Dqidyhd/ wkh r!fldo lqgxvwu| ihghudwlrq1
Dqidyhd lv lq idfw d srzhuixo oree| dqg kdv ehhq deoh wr rewdlq d qxpehu
ri dgydqwdjhv lq whupv ri wkh wlphwdeoh ri wdul� uhgxfwlrq/ wd{ euhdnv dqg
vxevlglhv wkdw vhfwruv zlwk ohvv srolwlfdo pxvfoh zhuh qrw deoh wr dfklhyh17

Lq wkh vxe0vhfwru ri �Dxwr0sduwv�/ iru lqvwdqfh/ wdul�v gursshg vwhdglo| dqg

7Iru lqvwdqfh= diwhu wkh Dvldq fulvlv/ wkh dyhudjh qrplqdo wdul� lq wkh vhfwru mxpshg
wr 88( iurp 53(/ zkloh wkh dyhudjh wdul� ri wkh pdqxidfwxulqj vhfwru zhqw iurp 44( wr
47(1
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idvw dqg prvw ri Eud}loldq �upv hlwkhu forvh grzq ru zhuh vrog wr iruhljq0
huv frpsdqlhv dv wkh| frxog qrw idfh frpshwlwlrq iurp lpsruwv1 Wklv/ ri
frxuvh/ ehqh�whg hyhq ixuwkhu wkh �dxwrprelohv/ wuxfnv dqg exvhv� vhfwru1
Wkh txhvwlrq wkdw zh zdqw wr lqyhvwljdwh hfrqrphwulfdoo| qrz lv zkhwkhu
wklv uhodwlrqvkls h{whqgv vljql�fdqwo| wr wkh rwkhu vhfwruv ri wkh Eud}loldq
pdqxidfwxulqj lqgxvwu|1

6 Lqgxvwu| frqfhqwudwlrq dqg wdul�v= furvv
vhfwlrq gdwd

Wdeoh 6 ehorz suhvhqwv 6 gl�huhqw frqfhqwudwlrq lqglfhv iru wkh vdph 49 pdq0
xidfwxulqj vhfwruv glvsod|hg lq Wdeoh 51 Wkh| zhuh fdofxodwhg zlwk 4<;8 gdwd1

Wdeoh 6= Frqfhqwudwlrq Lqglfhv
Lqgxvwu| FU7 FU; K
Qrqphwdo plqhudo surgxfwv 3145; 314;; 3133<
Phwdozrunlqj 31533 315:; 31348
Pdfklqhu| 31436 31494 31339
Hohfwurqlf dqg frppxq1htxls1 31489 3155; 31345
Wudqvsruw1 dqg prwru yhklfohv 31758 3187 31388
Sdshu dqg sdshu surgxfwv 314:3 315:7 31348
Uxeehu surgxfwv 31939 31994 31449
Fkhplfdov 3178; 317<; 3149;
Skdupdfhxwlfdov 314;3 315;8 3134<
Shuixphv/ vrds dqg fdqgohv 317<3 31975 31448
Sodvwlf surgxfwv 31488 31543 31343
Wh{wlohv 313;; 31467 31338
Forwk1/ideulf surg1/dqg irrwzhdu 313<< 31469 31338
Irrg 313:4 31453 31337
Ehyhudjhv 31578 3166< 31358
Wredffr 319;9 31;64 315::

Dowkrxjk wkhuh duh +vhulrxv, srwhqwldo sureohpv ri djjuhjdwlrq/ dv wkh
vhfwruv duh wrr eurdg/ wkh gdwd deryh duh d jrrg vwduwlqj srlqw1 Wkh �-e dqg
�-H lqglfhv phdvxuh wkh sursruwlrq ri wkh vhfwru uhyhqxh dssursuldwhg e| wkh
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irxu dqg hljkw odujhvw �upv/ uhvshfwlyho|1 WkhM lqgh{ lv wkh Khu�qgdo lqgh{81
Dv h{shfwhg wkh| duh kljko| fruuhodwhg dfurvv lqgxvwulhv dqg/ iru lqvwdqfh/
fruuhodwlrq ehwzhhq �-e dqg �-H lv deryh 31<;1 Lw lv zruwk phqwlrqlqj wkh
h{wuhpho| kljk glvshuvlrq ri wkhvh lqglfhv= wkh vwdqgdug ghyldwlrq ri �-e
+3153, lv kljkhu wkdq wkh phgldq lqgh{ +4:18, dqg wkh pd{lpxp lv doprvw
whq wlphv kljkhu wkdq wkh plqlpxp= zkloh lq wkh Wredffr lqgxvwu| wkh irxu
odujhvw �upv jhqhudwh doprvw :3( ri wkh vhfwru uhyhqxh/ lq wkh Irrg lqgxvwu|
wkh| jhqhudwh rqo| :(1

Zh zdqw wr whvw li lqgxvwu| frqfhqwudwlrq fdq sduwo| h{sodlq wdul� ohy0
hov1 Dowkrxjk wkh ghjuhhv ri iuhhgrp ri uhjuhvvlqj wkh gdwd lq Wdeoh 6 rq
wkh wdul�v glvsod|hg lq Wdeoh 5 duh wrr vpdoo/ zh glg lw dq|zd| dv d �uvw
dssur{lpdwlrq1 D jrrg uhvxow khuh frxog jlyh xv d klqw derxw wkh w|sh dqg
vl}h ri wkh wuxh uhodwlrqvkls1 Zh whvwhg iru hqgrjhqhlw| ri �-ec �-H dqg
M xvlqj wkh Kdxvpdq whvw +pruh rq wklv lq wkh qh{w vhvvlrq, dqg wkh uhvxow
uhmhfwhg wklv k|srwkhvlv/ vr zh xvhg ruglqdu| ohdvw vtxduhv lq doo uhjuhvvlrqv1
Zh uhjuhvvhg wkh frqfhqwudwlrq lqgh{ rq 4<;8 dqg 4<;; wdul�v +�AHD dqg
�AHH,1 Dv douhdg| phqwlrqhg/ wudgh olehudol}dwlrq vwduwhg lq 4<;;/ vr zh
zdqwhg wr whvw li sdvw frqfhqwudwlrq lq dq| zd| d�hfwhg wkh qhz wdul�v1 Zh
duh lpsolflwo| dvvxplqj wkdw prqrsro| srzhu wrgd| d�hfwv ohjlvodwlrq zlwk d
odj/ gxh pd|eh wr wkh orqj srolwlfdo surfhvv ri oree|lqj/ ghedwh lq Frqjuhvv
dqg zlwk exuhdxfudwv/ dqg yrwlqj1 Lq doo uhjuhvvlrqv zh frqwuroohg iru wkh
vhfwru fdslwdo uhtxluhphqw +-�g/ gh�qhg dv wkh surgxfw ri wkh phdq vl}h ri
wkh h!flhqw sodqw dqg wkh vhfwru fdslwdo lqwhqvlw|, Doo yduldeohv duh lq orjv1

8Wkh lqgh{ lv jlyhq e|
S

l
+Vl,

5 zkhuh Vl lv wkh lwk �up lqgxvwu| vkduh phdvxuhg
wkurxjk qhw uhyhqxh1 Doo 6 lqglfhv dqg wkh yduldeoh UDN zhuh rewdlqhg lq Pdfhgr dqg
Sruwxjdo+4<<8,
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Wdeoh 7= Uhjuhvvlrqv ri frqfhqwudwlrq rq qrplqdo wdul�v
Ghshqghqw Lqghshqghqw Yduldeohv -2

�-e �-H M -�g

�AHD
f�ee
E2�S.�

�f�e2
E�e��b�

f�D.

�AHH
f��f
E��.H�

�f�2b
ES�fH�

f�.e

�AHD
f�eS
E2��H�

�f�ef
E���bH�

f�De

�AHH
f��2
E��eD�

�f�2H
ED�.f�

f�.2

�AHD
f�22
E2�e��

�f�e�
E���bb�

f�DD

�AHH
f��D
E��2��

�f��f
E�D�eb�

f�.f

Wkh uhvxowv idyru wkh k|srwkhvlv ri prqrsro| srzhu d�hfwlqj wudgh sur0
whfwlrq1 Iru doo phdvxuhv ri frqfhqwudwlrq dqg erwk |hduv wkh hvwlpdwhg
frh!flhqwv duh srvlwlyh dqg vljql�fdqw1 Pruhryhu/ wkh pdjqlwxghv hvwlpdwhg
duh uhodwlyho| kljk= d 433( gl�huhqfh lq wkh lqgxvwu| frqfhqwudwlrq lpsolhv
wdul�v 63( wr 78( kljkhu iru wkh �-e dqg �-H lqglfhv dqg 53( iru wkh M
lqgh{1 Lw lv dovr zruwk phqwlrqlqj wkdw frqfhqwudwlrq lq 4<;8 d�hfwv wdul�v
lq 4<;; +dqg lq 4<<3/ qrw glvsod|hg lq wkh deryh wdeoh,/dq lqglfdwlrq wkdw
wkh prvw srzhuixo vhfwruv zhuh deoh wr rewdlq dgydqwdjhv lq whupv ri kljkhu
surwhfwlrq +ru vpdoohu uhgxfwlrqv lq wdul�v, gxulqj wkh surfhvv ri wudgh olehu0
dol}dwlrq91 Qrwh dovr wkdw wkh U2 lv frqvlvwhqwo| kljkhu zkhq wkh ghshqghqw
yduldeoh lv �AHH1

Iroorzlqj wkh hqgrjhqrxv wudgh olwhudwxuh/ zh lqfoxghg lq wkh uhjuhvvlrqv
d phdvxuh ri lpsruw shqhwudwlrq1 Wkh hvwlpdwhg frh!flhqw zdv qhyhu vljqli0
lfdqw dw wkh xvxdo ohyhov/ lq frqwudvw zlwk wkh vwxglhv iru wkh X1V1 hfrqrp|1
Lw glg qrw d�hfw/ krzhyhu/ wkh hvwlpdwhg frh!flhqwv ri wkh frqfhqwudwlrq
lqglfhv dqg UDN1

Wkh uhvxowv iru h�hfwlyh udwh ri surwhfwlrq duh qrw dv jrrg dv wkh suhylrxv
rqh1 Wkhuh lv qrw pxfk gl�huhqfh zkhq wkh 4<;; vhulhv +.-�HH, lv wkh gh0
shqghqw yduldeoh= wkh hvwlpdwhg frh!flhqw ri wkh frqfhqwudwlrq lqgh{ xvhg

9Lw lv wuxh wkdw frqfhqwudwlrq lqglfhv duh yhu| vwdeoh/ vr wkdw FU7 ri 4<;8 vkrxog qrw
eh yhu| gl�huhqw iurp wkdw ri 4<;; ru 4<<31 Exw wkh uhjuhvvlrqv ri FU7 rq WQ<7 ru WQ<8
uhmhfwhg wkh k|srwkhvlv ri FU7 d�hfwlqj wdul�v/ vr wkdw wkhuh duh olplwv iru wkh odj h�hfw1
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lv dozd|v vljql�fdqw/ srvlwlyh dqg wkh pdjqlwxghv duh forvh wr wkrvh lq Wdeoh
7/ dowkrxjk wkh U2 lv vpdoohu +derxw 3183,1 Krzhyhu/ zkhq wkh ghshqghqw
yduldeoh lv wkh 4<;8 h�hfwlyh udwh ri surwhfwlrq +.-�HD,/ wkh hvwlpdwhg fr0
h!flhqw lv rqo| vljql�fdqw +dqg dw 43(,/ zkhq �-e lv xvhg/ exw qrw zkhq
�-H dqg M duh1 Wkhvh uhvxowv pd| lqglfdwh/ rq wkh rqh kdqg/ wkdw wkh olqn
ehwzhhq prqrsro| srzhu dqg surwhfwlrq lv prvwo| rewdlqhg gluhfwo| wkurxjk
wdul�v rq lwv surgxfwv/ dqg qrw lqgluhfwo| wkurxjk wdul�v rq lqsxwv dqg rwkhu
idfwruv ghslfwhg e| wkh h�hfwlyh udwh ri surwhfwlrq1 Rq wkh rwkhu kdqg/ lw
pd| lqglfdwh wkdw lq wklv fdvh rqo| wkh odj0h�hfw k|srwkhvlv pdnhv vhqvh1
Wdeoh 8 ehorz glvsod|v wkh uhvxowv iru �-e�

Wdeoh 8= Uhjuhvvlrqv ri h�hflyh udwh ri surwhfwlrq
rq frqfhqwudwlrq
Ghshqghqw Lqghshqghqw Yduldeohv -2

�-e -�g

.-�HD
f�.�
E��.b�

�f�e�
E���b2�

f�2H

.-�HH
f�e�
E2�H��

�f��f
E���S��

f�D�

Dv douhdg| vdlg/ wkh vpdoo ghjuhh ri iuhhgrp ri wkh deryh uhjuhvvlrqv
grhv qrw jlyh xv pxfk frq�ghqfh lq wkh vshfl�fdwlrq whvwv1 Krzhyhu/ wkh
uhvxowv glvsod|hg deryh/ dqg sduwlfxoduo| wkrvh xvlqj qrplqdo wdul�v/ duh d
�uvw lqglfdwlrq wkdw wkhuh lv d srwhqwldo olqn ehwzhhq wudgh surwhfwlrq dqg
prqrsro| srzhu1 Pruhryhu/ wkh srvlwlyh lpsdfw ri frqfhqwudwlrq phdvxuhv
rq ixwxuh wdul�v dqg h�hfwlyh udwhv ri surwhfwlrq klqwv wkdw d g|qdplf prgho
pd| �w wkh gdwd ehwwhu1

7 Lqgxvwu| frqfhqwudwlrq dqg wdul�v= sdqho
gdwd

Wkh sdqho gdwd vhw xvhg lq wklv vhfwlrq zdv frqvwuxfwhg zlwk gdwd iurp wzr
gl�huhqw vrxufhv1 Dyhudjh qrplqdo wdul� dqg dyhudjh h�hfwlyh udwh ri surwhf0
wlrq gdwd zhuh rewdlqhg iurp Nxph+4<<9, dqg vsdq iurp 4<;; wr 4<<71 Lw
ruljlqdoo| lqfoxghg 89 vxe0vhfwruv/ exw hljkw ri wkhvh zhuh hlwkhu djulfxowxudo
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ru plqlqj vhfwruv dqg vr zhuh holplqdwhg1 Pruhryhu/ jdvrolqh dqg rlo lpsruwv
duh sxeolf prqrsrolhv dqg khqfh zhuh dovr holplqdwhg1 Wkh phgldq qrplqdo
wdul� ri wkh 79 uhpdlqlqj lqgxvwulhv zhqw iurp 74( lq 4<;; wr 46( lq 4<<71
Lq 4<;; wkh orzhvw wdul� zdv wkdw ri wkh �Ihuwlol}huv� lqgxvwu| +47(, dqg wkh
kljkhvw wkdw ri �Rwkhu Wh{wloh Surgxfwv� vhfwru +;3(, zkloh lq 4<<7 wkh|
zhuh/ uhvshfwlyho|/ wkdw ri wkh �Duwl�fldo Wh{wloh Ilehuv � lqgxvwu| +5159(,
dqg wkdw ri wkh �Surfhvvhg Plon� vhfwru +63(,1 Wkh ehkdylru ri h�hfwlyh
udwh ri surwhfwlrq lv vlplodu= lwv phgldq zhqw iurp 85198( lq 4<;; wr 4815<(
lq 4<<71

Gdwd iru frqfhqwudwlrq zhuh olplwhg wr wkh FU7 lqgh{1 Jlyhq lwv kljk
fruuhodwlrq wr FU; dqg K dqg wkh forvh uhvxowv ri wkh furvv0vhfwlrq hvwlpdwlrqv
zlwk wkh wkuhh frqfhqwudwlrq lqglfhv/ wklv qrw vhhpv wr eh d sureohp1 Wkh
gdwd edvh vsdqv iurp 4<;9 wr 4<<8 dqg lqfoxghv 84 vxe0vhfwruv1 Lq wklv shulrg
wkh phgldq +dqg wkh phdq, FU7 doprvw glg qrw fkdqjh dowkrxjk lw  xfwxdwhg
d olwwoh1 Krzhyhu/ lq fhuwdlq vhfwruv lw grxeohg +�Surfhvvhg Ulfh�, ru doprvw
grxeohg +�Pdfklqhv dqg Htxlsphqw�, dqg lq rwkhuv +�Vxjdu�, lw ghfolqhg wr
9:( ri lwv 4<;9 ydoxh1

Dsduw iurp wkh gl�huhqfh lq wkh qxpehu ri furvv0vhfwlrq dqg wlph vhulhv
revhuydwlrqv/ wkh wzr gdwd edvhv gl�hu vrphwlphv lq wkh vhfwruv lqfoxghg/ lq
wkh djjuhjdwlrq ohyho dqg hyhq lq wkh gh�qlwlrq ri vhfwruv1 Dv d frqvhtxhqfh/
wkh qxpehu ri furvv0vhfwlrq revhuydwlrqv zhuh uhgxfhg wr 54/ zklfk duh wkh
qxpehu ri h{dfw pdwfkhv dprqj lqgxvwulhv lq wkh gdwd edvhv1 Wkhvh lqgxv0
wulhv uhsuhvhqwv 77( ri wkh wrwdo ydoxh dgghg ri wkh pdqxidfwxulqj lqgxvwulhv1
Lq dgglwlrq wr frqfhqwudwlrq/ zh kdyh gdwd rq fdslwdo0rxwsxw udwlr +gt , dqg
dovr d sur�wdelolw| phdvxuh Ea�:1 Wkhvh wkuhh vhulhv zhuh frqvwuxfwhg iurp
�Shvtxlvd Lqgxvwuldo Dqxdo� gdwd +Dqqxdo Lqgxvwu| Vxuyh|/ ILEJH, dqg re0
wdlqhg lq Jhudoglqr gd Vloyd+4<<<,1

Rxu gdwd/ wkhuhiruh/ frqvlvw ri d sdqho ri 54 lqgxvwulhv iru vhyhq |hduv
+iurp 4<;; wr 4<<7,1 Wkhuh duh edvlfdoo| wzr pdlq whfkqltxhv iru sdqho hvwl0
pdwlrq1 Rqh lv wkh �{hg0h�hfwv phwkrg/ zklfk lv hvvhqwldoo| dq ROV uhjuhv0
vlrq zlwk furvv0vhfwlrq gxpplhv1 Wkh rwkhu lv wkh udqgrp0h�hfwv phwkrg lq
zklfk wkh lqwhufhsw lv frqvlghuhg d udqgrp yduldeoh dqg wkh jhqhudol}hg ohdvw
vtxduh phwkrg lv xvhg1 Dffruglqj wr Kvldr +4<;9, wkh iruphu lv wkh surshu
surfhgxuh zkhq hvwlpdwlqj uhjuhvvlrqv zlwk d vshfl�f qxpehu ri vhfwruv ri
�upv dqg wkh lqihuhqfh lv uhvwulfwhg wr wkh ehkdylru ri wklv vhw1 Rq wkh rwkhu

:Wkh yduldeoh M lv gh�qhg dv wkh frvw ri surgxfwv dqg vhuylfhv erxjkw e| wkh vhfwru
glylghg e| lwv uhyhqxh1
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kdqg/ li wkh vwxg| lv frqfhuqhg zlwk d odujh qxpehu ri lqglylgxdov ru �upv/
vr wkdw wkh| frxog eh ylhzhg dv d udqgrp vdpsoh ri d odujhu srsxodwlrq/ wkh
odwwhu phwkrg lv uhfrpphqghg1

Zh udq wkh Kdxvpdqq vshfl�fdwlrq whvw lq rughu wr ghflgh ehwzhhq wkh
wzr phwkrgv1 Zkhq qrplqdo wdul� zdv wkh ghshqghqw yduldeoh wkh uhvxow
idyruhg wkh �{hg0h�hfwv phwkrg/ zklfk zh wkhuhiruh xvhg lq doo uhjuhvvlrqv1
Zkhq h�hfwlyh udwh ri surwhfwlrq zdv xvhg wkh uhvxowv zhuh dpeljxrxv gh0
shqglqj rq wkh frqwuro yduldeohv lqfoxghg lq wkh uhjuhvvlrq dqg wkh wlph
shulrg ri wkh vdpsoh1 Iru wkh vdnh ri frpsdulvrq/ rqo| wkh hvwlpdwlrqv wkdw
xvhg wkh �{hg0h�hfw phwkrg zloo eh suhvhqwhg/ exw vrph ri wkh uhvxowv zlwk
wkh dowhuqdwh phwkrg zloo dovr eh glvfxvvhg1

Rqh lpsruwdqw txhvwlrq wr eh dgguhvvhg lv wkdw ri hqgrjhqhlw|1 Lw fdq eh
dujxhg wkdw wkh fdxvdwlrq jrhv wkh rwkhu zd| durxqg= kljkhu wdul�v zrxog
surgxfh ohvv frpshwlwlrq dqg frqvhtxhqwo| kljkhu frqfhqwudwlrq1 Li wklv zhuh
wkh fdvh/ wkhq ROV hvwlpdwhv zrxog eh eldvhg dqg lqfrqvlvwhqw1 Wr whvw wklv
k|srwkhvlv/ zh uxq d yhuvlrq ri wkh Kdxvpdq whvw sursrvhg e| Gdylgvrq
dqg PdfNlqqrq +4<<6, dqg xvhg dv dq lqvwuxphqw wkh yduldeoh a / zklfk
lv fruuhodwhg zlwk FU7 exw qrw zlwk QW dqg HUS;1 Djdlq/ wkh uhvxowv duh
dpeljxrxv1 Iru QW wkh whvw frxog qrw uhmhfw wkh k|srwkhvlv ri frqvlvwhqw ROV
hvwlpdwhv exw iru HUS/ ghshqglqj rq wkh wlph shulrg/ wkh whvw pdujlqdoo|
uhmhfwv wklv k|srwkhvlv1 Wr frpsduh uhvxowv/ zh zloo suhvhqw lq wklv fdvh wkh
ROV dqg +zhljkwhg, wzr vwdjh ohdvw vtxduh uhvxowv1

Wdeoh 9 ehorz suhvhqwv wkh uhvxowv iru QW1

;Wkh whvw frqvlvwv ri wzr ROV uhjuhvvlrqv1 Lq wkh �uvw FU7 lv uhjuhvvhg rq doo h{rjhqrxv
yduldeohv +khuh N\ dqg d wlph wuhqg, dqg wkh lqvwuxphqw dqg wkh uhvlgxdov duh uhwulhyhg1
Wkhq lq wkh vhfrqg uhjuhvvlrq/ zh uh0hvwlpdwh wkh QW ru HUS htxdwlrq lqfoxglqj wkh
uhvlgxdov iurp wkh �uvw uhjuhvvlrq dv dgglwlrqdo uhjuhvvruv1 Zh wkhq fkhfn li wkh frh!flhqw
lq wkh �uvw vwdjh uhvlgxdov duh vljql�fdqwo| gl�huhqw iurp }hur1 Li wklv lv wkh fdvh/ wkhq
ROV hvwlpdwhv duh frqvlvwhqw1
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Wdeoh 9= QW uhjuhvvlrqv +Il{hg0H�hfwv Phwkrg,
Phwkrg Lqghshqghqw Yduldeoh
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Qrwh= w0vwdwlvwlf lq sduhqwkhvhv> a zdv wkh lqvwuxphqw
lq wkh vhfrqg htxdwlrq1 Yduldeohv duh lq orjv1

Wkh uhvxowv deryh idyru wkh k|srwkhvlv wkdw prqrsro| srzhu lpsdfwv
qrplqdo wdul�v/ dv wkh hvwlpdwhg frh!flhqw ri FU7 lv srvlwlyh dqg vljql�fdqw
dw 8(1 Pruhryhu/ wkh hvwlpdwhg lpsdfw lv odujh= iru d jlyhq fdslwdo0rxwsxw
udwlr/ d gl�huhqfh ri 53( lq FU7 ehwzhhq lqgxvwulhv lpsolhv 7( kljkhu wdul�v1
Wkh uhvxowv duh urexvw wr wkh phwkrg/ dv vhhq lq wkh vhfrqg hvwlpdwlrq/ vdpsoh
ri dq dgglwlrqdo yduldeoh1 Lq wkh odvw fdvh/ wkh lqfoxvlrq ri a lq wkh �uvw prgho
glg qrw fkdqjh wkh uhvxowv1

Wkh lqfoxvlrq ri d wlph wuhqg zdv phdqw wr fdswxuh pdfurhfrqrplf dqg
srolf| fkdqjhv wkdw d�hfwhg wkh hfrqrp| dv d zkroh lq wkh shulrg1 Dv douhdg|
vdlg/ vwduwlqj lq 4<;; wkhuh zdv d jhqhudol}hg uhgxfwlrq lq wudgh eduulhuv
iru wkh pdqxidfwxulqj vhfwru1 Lq rxu vdpsoh/ wkh phgldq wdul� jrhv iurp
781;( wr 4319(1 Exw wklv glg qrw d�hfw doo vhfwruv htxdoo|/ dv wdul�v ri
vrph vhfwruv zhuh lq 4<<7 vwloo wzr ru hyhq wkuhh wlphv deryh wkh phgldq
wdul�1 Wkh suhvhqfh ri wkh wlph wuhqg lq wkh uhjuhvvlrq vlpso| h{foxghv wkh
frpprq hohphqw ri wklv skhqrphqrq1 Lq idfw/ wkh hvwlpdwhg frh!flhqw kdg
wkh h{shfwhg vljq dqg zdv kljko| vljql�fdqw lq doo uhjuhvvlrqv1 Lw vd|v wkdw
wkhuh zdv d 53( qhjdwlyh wuhqg lq wkh qrplqdo wdul� ydoxh lq wkh shulrg<1
Lq wklv vhqvh/ lw lv pd|eh pruh h{dfw wr lqwhusuhw wkh hvwlpdwhg frh!flhqw ri
FU7 dv wkh lpsdfw ri lqgxvwu| frqfhqwudwlrq gl�huhqfhv durxqg wkh wuhqg= rq
dyhudjh/ doo vhfwruv kdg wkhlu wdul�v uhgxfhg e| 53( d |hdu/ exw wkh uhgxfwlrq
zdv vpdoohu lq wkrvh lqgxvwulhv zhuh FU7 zdv kljkhu1

Wkh qhjdwlyh hvwlpdwhg lpsdfw ri fdslwdo rxwsxw udwlr iroorzv Wh hu+4<<6,1
Lw pd| eh lqglfdwlqj wkdw N\ dfwv dv dq hqwu| eduulhu iru erwk grphvwlf dqg
iruhljq frpshwlwruv/ dqg qrw rqo| grphvwlf/ vr wkdw lw uhgxfhv wkh qhhg iru
surwhfwlrq dqg khqfh wkh revhuyhg ohyhov ri wdul�v1

<Lq idfw/ 53( dqqxdo uhgxfwlrqv ri wkh 4<;; phdq wdul� +781<(, iru vhyhq frqvhfxwlyh
|hduv doprvw pdwfkhg wkh 4<<7 revhuyhg dyhudjh wdul�1 Wkh odwwhu lv 4318( dqg wkh iruphu
<18(1

48



Wdeoh : ehorz suhvhqwv wkh rxwfrph ri wkh HUS uhjuhvvlrqv=

Wdeoh := .-� uhjuhvvlrqv +Il{hg0H�hfw Phwkrg,
Phwkrg Lqghshqghqw Yduldeoh
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Qrwh= w0vwdwlvwlf lq sduhqwkhvhv> a zdv wkh lqvwuxphqw
lq wkh wklug htxdwlrq1 Yduldeohv duh lq orjv1

Uhvxowv iru h�hfwlyh udwh ri surwhfwlrq duh vlplodu wr wkrvh iru qrplqdo
wdul�1 Wkh hvwlpdwhg frh!flhqw ri FU7 lv durxqg +ru voljkwo| deryh, 3153
dqg wkdw ri wkh wuhqg durxqg 3153 wrr +ru voljkwo| ehorz,1 Krzhyhu/ iru wkh
ixoo vdpsoh wkh frh!flhqw ri FU7 lv rqo| vljql�fdqw dw :(1 Zh lqfoxghg d
uhjuhvvlrq zlwk d vpdoohu vdpsoh wr vkrz wkdw wklv uhvxow lv qrw urexvw dv lq
wkh ;;0<6 vdpsoh wkh frh!flhqw zdv vljql�fdqw dw wkh xvxdo ohyho1

Wkh lqwhusuhwdwlrq ri wkh uhvxowv lq Wdeoh : dovr iroorzv wkdw ri qrplqdo
wdul�v= wkhuh lv d frpprq wuhqg dfurvv lqgxvwulhv ri h�hfwlyh udwh ri surwhf0
wlrq uhgxfwlrq/ derxw 4;( shu |hdu1 Krzhyhu/ lq wkrvh lqgxvwulhv zkhuh frq0
fhqwudwlrq lv kljkhu wkh ghfuhdvh lq surwhfwlrq zdv vpdoohu1 D 43( gl�huhqfh
lq frqfhqwudwlrq lpsolhg d 5( gl�huhqfh lq wkh h�hfwlyh udwh ri surwhfwlrq1
Zh wkxv rewdlq dq lqglfdwlrq wkdw d jlyhq lqgxvwu|�v prqrsro| srzhu dovr
lq xhqfhv wkh ohyho ri wdul�v rq lwv lqsxwv/ dqg qrw rqo| rq lwv rzq wdul�1
Wkh dqhfgrwdo uhihuhqfh wr wkh dxwr lqgxvwu| vhhpv wr h{whqg zlwk vwdwlvwlfdo
vljql�fdqfh wr wkh rwkhu lqgxvwulhv1

Zh udq vrph dgglwlrqdo uhjuhvvlrqv wr whvw wkh urexvwqhvv ri wkh olqn eh0
wzhhq FU7 dqg wudgh surwhfwlrq phdvxuhv1 Lq wkh suhylrxv gdwd edvh/ wkh
4<<4 revhuydwlrqv ri wkh FU7 dqg N\ vhulhv zhuh rewdlqhg wkurxjk olqhdu lq0
whusrodwlrq ehwzhhq wkh 4<<3 dqg 4<<5 revhuydwlrqv1 Wkhuh zdv qr lqgxvwuldo
vxuyh| lq 4<<4/ khqfh wkh jds lq wkhvh vhulhv1 Wklv lv qrw h{dfwo| d sureohp
ehfdxvh erwk vhulhv gr qrw  xfwxdwh yhu| pxfk lq wkh vkruw uxq1 Krzhyhu/
zh frqvwuxfwhg d el0dqqxdo gdwd edvh xvlqj rqo| wkh ruljlqdo revhuydwlrqv ri
wkh 4<;;/ 4<<3/ 4<<5 dqg 4<<7 |hduv wr uhsolfdwh wkh h{huflvhv ri Wdeohv 9
dqg :1
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Wkh uhvxowv glg qrw fkdqjh vljql�fdqwo| lq wkh fdvh ri wkh qrplqdo wdul�
uhjuhvvlrqv/ dowkrxjk wkh hvwlpdwhg frh!flhqw ri FU7 zdv d olwwoh kljkhu lq
prvw uhjuhvvlrqv 0 durxqg 315;1 Wkh hvwlpdwhg +fruuhfwhg, dqqxdo wuhqg zdv/
lq prvw fdvhv/ forvh wr 56(1 Iru uhjuhvvlrqv ri h�hfwlyh surwhfwlrq udwh/ wkh
uhvxowv duh voljkwo| gl�huhqw/ dv rqh fdq vhh iurp wkh uhjuhvvlrq ehorz43=

.-� ' f��D�-e n f�fSgt � f�2e |oe?_
E2��f� E���S� E�bS�2.�

Wkh hvwlpdwhg frh!flhqw ri wkh wuhqg lv doprvw wkh vdph1 Krzhyhu/ wkdw
ri FU7 mxpshg iurp 3155 lq wkh dqqxdo sdqho wr 3168 lq wkh el0dqqxdo sdqho
gdwd vhw dqg wkh frh!flhqw ri N\ fkdqjhg vljq1 Wkh lqvwdelolw| ri wkh hvwl0
pdwhg h�hfw ri frqfhqwudwlrq lv qrw d vhulrxv sureohp/ dv lw uhpdlqhg vljql�0
fdqw dqg zlwk wkh h{shfwhg vljq1 Li dq|wklqj/ wkh lqwhusrodwlrq kxuw wkh fdvh
ri prqrsro| srzhu�v d�hfwlqj wudgh srolf|/ dv lw pd| kdyh eldvhg wkh FU7
frh!flhqw grzqzdug1 Pruhryhu/ lq wkh uhjuhvvlrqv zlwkrxw N\ wkh uhvxowv
iru FU7 dqg wkh wuhqg glg qrw fkdqjh pxfk 0 lq wkh HUS dqg QW uhjuhvvlrqv
0 dv rssrvhg wr wkh uhvxowv zlwk dqqxdo gdwd/ zkhuh wkh hvwlpdwhg frh!flhqw
ri wkh frqfhqwudwlrq phdvxuh ihoo lq vrph fdvhv dqg zdv irxqg qrq0vljql�fdqw
lq rwkhuv1

Zh dovr hvwlpdwhg wkh prghov deryh xvlqj dq h{whqghg gdwd vhw1 Lq wklv
fdvh zh lqfoxghg vhfwruv zkhuh wkh txdolw| ri wkh gdwd zdv qrw dv jrrg dv lq
wkh suhylrxv gdwd vhw/ exw zh rewdlqhg 53 h{wud furvv0vhfwlrq revhuydwlrqv1
Wkhvh 74 lqgxvwulhv zhuh uhvsrqvleoh/ lq 4<<7/ iru ;3( ri wkh pdqxidfwxulqj
lqgxvwu| ydoxh dgghg/ dv rssrvhg wr 79( lq wkh suhylrxv gdwd vhw441 Wkh
uhvxowv duh suhvhqwhg lq Wdeoh ; ehorz=

43Wkh uhjuhvvlrq zdv hvwlpdwhg e| wkh �{hg0h�hfw phwkrg dqg yduldeohv duh lq orjv1
44Sureohpv zlwk wkh gdwd zhuh prvwo| gxh wr lpsuhflvh gh�qlwlrq ri lqgxvwulhv/ gl�huhqw

djjuhjdwlrq ohyhov ehwzhhq QW dqg HUS rq wkh rqh kdqg dqg FU7 rq wkh rwkhu/ dqg
lpshuihfw pdwfkhv ehwzhhq vhfwruv +h1j1/ wkh FU7 dqg QW uhihu wr gl�huhqw/ exw forvh/
vxe0vhfwruv ri wkh vdph lqgxvwu|,1 Lq vrph fdvhv/ krzhyhu/ zh duh qrw hyhq vxuh li wkhuh lv
dq| sureohp dw doo/ zh rqo| kdyh ohvv frq�ghqfh lq wkh gdwd1 Pruhryhu/ wdul� glvshuvlrq
dfurvv vxe0vhfwruv lv qrw wkdw odujh/ vr wkdw wkh txdolw| ri wkhvh gdwd lv dffhswdeoh lq
rxu xqghuvwdqglqj1 Lqgxvwulhv zlwk pruh vhulrxv gdwd sureohpv zhuh holplqdwhg iurp wkh
gdwdedvh1
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Wdeoh ;= H{whqghg gdwd vhw +Il{hg0H�hfw Phwkrg,
Ghshqghqw Lqghshqghqw Yduldeoh Phwkrg
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Qrwh= w0vwdwlvwlf lq sduhqwkhvhv> 74 furvv0vhfwlrq revhuydwlrqv
1

Wkh hvwlpdwhg hodvwlflw| ri wkh QW ru HUS wr FU7/ dv lq wkh uhgxfhg
gdwd vhw/ lv dozd|v ehwzhhq 53( dqg 63(1 Dv d pdwwhu ri idfw/ wkh uhvxowv
khuh duh doprvw lghqwlfdo wr wkrvh ri Wdeoh 9 dqg :1 Pruhryhu/ wkh hvwlpdwhg
frh!flhqwv duh doo vljql�fdqw dw wkh 8( ohyho iru dq| wlph shulrg/ dqg wklv
zdv qrw wkh fdvh iru HUS lq Wdeoh :1 Wkh hvwlpdwhg wuhqg/ dv lq doo suhylrxv
fdvhv/ lv dovr durxqg plqxv 53( d |hdu lq wkh 7 uhjuhvvlrqv1 Rqfh djdlq/
wkh olqn ehwzhhq lqgxvwu| frqfhqwudwlrq dqg wudgh surwhfwlrq dsshduv wr eh
vrolg1

8 Frqfoxglqj Uhpdunv
Lq wklv sdshu zh hvwlpdwhg/ xvlqj gl�huhqw gdwd vhwv dqg hfrqrphwulf whfk0
qltxhv/ wkh lpsdfw ri prqrsro| srzhu rq wudgh srolf|1 Zh glg qrw glylgh wkh
lqgxvwulhv ehwzhhq rujdql}hg dqg qrq0rujdql}hg vhfwruv/ exw zh dvvxphg wkdw
wkh ghjuhh ri lqgxvwuldo frqfhqwudwlrq ri d vhfwru uh hfwv lwv srolwlfdo vwuhqjwk
dqg wkh lq xhqfh ri wkh vhfwru*v oree|1 Zh dovr glg qrw hvwlpdwh d vwuxfwxudo
prgho1 Lqvwhdg/ zh hvwlpdwhg uhgxfhg irup htxdwlrqv wkdw zh wklqn uh hfw
wkh lghdv ehklqg wkh olwhudwxuh rq jurzwk zklfk vwuhvv wkdw lqwhuhvw jurxsv
zlwk frqwuro ryhu vshfl�f pdunhwv rewdlq vrph irup ri prqrsro| uljkwv wkdw
hqg xs ghfuhdvlqj surgxfwlylw|1 Zh edvlfdoo| lqyhvwljdwhg khuh wkh �uvw sduw
ri wklv uhdvrqlqj 0 l1h1/ zkhwkhu rujdql}hg jurxsv lq idfw duh deoh wr rewdlq
srolf| dgydqwdjhv wkdw uhgxfh frpshwlwlrq1

Wkh uhvxowv ghulyhg lq wkh sdshu vkrz wkdw wkhuh lv vwurqj hylghqfh wkdw
lqgxvwulhv zlwk kljkhu prqrsro| srzhu duh wkrvh zlwk kljkhu wudgh surwhf0
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wlrq1 Wklv uhvxow lv urexvw wr fkdqjhv lq wkh gdwdedvh xvhg/ wr hvwlpdwlrq
whfkqltxhv/ wr fkdqjhv lq wkh ghshqghqw yduldeoh 0 qrplqdo ru h�hfwlyh wdul�v
0 dqg/ iru wkh furvv0vhfwlrq gdwd edvh/ wr frqfhqwudwlrq lqgh{1

Lq doprvw doo uhjuhvvlrqv zh frqwuroohg iru fdslwdo0rxwsxw udwlr/ zklfk
zdv dozd|v vljql�fdqw zlwk qhjdwlyh hvwlpdwhg h�hfw/ iroorzlqj Wh hu+4<<6,1
Pruhryhu/ wkh lqfoxvlrq ri d wlph wuhqg lq wkh sdqho uhjuhvvlrq zdv hvvhqwldo
wr wkh uhvxowv/ dv lw frqwuroohg iru wkh jhqhudol}hg uhgxfwlrq lq wudgh eduulhuv
revhuyhg lq wkh frxqwu| diwhu 4<;;1 Khqfh/ dqrwkhu zd| ri lqwhusuhwlqj wkh
sdqho gdwd uhvxowv lv wkdw dowkrxjk doo lqgxvwulhv h{shulhqfhg uhgxfwlrq lq
wudgh surwhfwlrq/ lq wkrvh vhfwruv zlwk kljkhu prqrsro| srzhu wkh ghfuhdvh
lq wdul�v zdv vpdoohu1 Ilqdoo|/ li zh eholhyh wkh olwhudwxuh wkdw olqnv kljkhu
wudgh surwhfwlrq wr vpdoohu surgxfwlylw| jurzwk/ wkh uhvxow lq wklv sdshu
doorzv rqh wr frqfoxgh wkdw prqrsro| srzhu kdv dq lqgluhfw/ dqg qhjdwlyh/
lq xhqfh rq jurzwk e| zd| ri lwv srvlwlyh lpsdfw rq qrplqdo dqg h�hfwlyh
wdul�v1

Uhihuhqfhv
^4` Eurfn/ Z1 dqg Pdjhh/ V1 +4<:;, �Wkh Hfrqrplfv ri Vshfldo Lqwhuhvw

Srolwlfv= wkh Fdvh ri wkh Wdul�/� Dphulfdq Hfrqrplf Uhylhz/ 9;/ ss1
57905831

^5` Fdydofdqwl Ihuuhlud/ S1 dqg M1O1 Urvvl+4<<<, �Wudgh Eduulhuv dqg Sur0
gxfwlylw| Jurzwk= Furvv0Lqgxvwu| Hylghqfh/� Plphr/ Ixqgdêær Jhwxolr
Ydujdv1

^6` Gdylgvrq/ U1 dqg M1 J1 PdfNlqqrq +4<<6, �Hvwlpdwlrq dqg Lqihuhqfh
lq Hfrqrphwulfv/� R{irug Xqlyhuvlw| Suhvv1

^7` Hgzdugv/ V1 +4<<:, �Rshqqhvv/ Surgxfwlylw| dqg Jurzwk= Zkdw gr Zh
Uhdoo| NqrzB�/ QEHU zrunlqj sdshu & 8<:;1

^8` Jhudoglqr gd Vloyd/ J1+4<<<, �Hvwuxwxud gh Phufdgr h Ghvhpshqkr=
Hylgíqfldv Hpsðulfdv Sdud Vhwruhv Lqgxvwuldlv Eudvlohlurv d Sduwlu gh
Gdgrv hp Sdlqho/� Plphr/ FHGHSODU0PJ1

^9` Jurvvpdq/ J1 dqg H1 Khospdq+4<<7, � Surwhfwlrq iru Vdoh/� Dphulfdq
Hfrqrplf Uhylhz/ ;7/ ss1 ;660;831
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^:` Kduulvrq/ D1 +4<<8, �Rshqqhvv dqg Jurzwk= d Wlph0Vhulhv/ Furvv0
Frxqwu| Dqdo|vlv iru Ghyhorslqj Frxqwulhv/� QEHU Zrunlqj Sdshu
85541

^;` Krophv/ W1/ dqg M1 Vfkplw} Mu1+4<<8, �Uhvlvwdqfh wr Qhz Whfkqrorj|
dqg Wudgh Ehwzhhq Duhdv/� IUE ri Plqqhdsrolv Txduwhuo| Uhylhz/ Zlq0
whu/ ss1 504;1

^<` Kvldr/ F1 +4<;9, �Dqdo|vlv ri Sdqho Gdwd/� Fdpeulgjh Xqlyhuvlw| Suhvv1

^43` Mrqhv/ H1O1+4<;;, �Jurzwk Uhfxuulqj= Hfrqrplf Fkdqjh lq Zruog Klv0
wru|/� R{irug Xqlyhuvlw| Suhvv1

^44` Nxph/ K1+4<<9, �D Sroðwlfd gh Lpsruwdêær qr Sodqr Uhdo h d Hvwuxwxud
gh Surwhêær Hihwlyd/� glvfxvvlrq sdshu 756/ LSHD1

^45` Nrxmldqrx Jrogehuj dqg Pdjl+4<<<, �Surwhfwlrq iru Vdoh= dq Hpslulfdo
Lqyhvwljdwlrq/� Dphulfdq Hfrqlplf Uhylhz/ ;</ ss1 4468044881

^46` Ohh/ M1Z1 +4<<9, �Jryhuqphqw Lqwhuyhqwlrqv dqg Surgxfwlylw| Jurzwk/�
Mrxuqdo ri Hfrqrplf Jurzwk/ ss1 6<407471

^47` Pdfhgr/ S1E1U1 dqg V1 V Sruwxjdo+4<<8, �Hvwuxwxud gh Phufdgr h Gh0
vhpshqkr qd Lqgývwuld Eudvlohlud/� Uhylvwd Eudvlohlud gh Hfrqrpld/ 7</
ss1 9;809<91

^48` Pduyho/ K1S1 dqg H1M1 Ud|+4<;6, �Wkh Nhqqhg| Urxqg= Hylghqfh rq
wkh Uhjxodwlrq ri Wudgh lq wkh X1V1� Dphulfdq Hfrqrplf Uhylhz/ :6/
ss1 4<304<:1

^49` Prn|u/ M1 +4<<3, �Wkh Ohyhu ri Ulfkhv= Whfkqrorj| Fuhdwlylw| dqg Hfr0
qrplf Surjuhvv/� R{irug Xqlyhuvlw| Suhvv1

^4:` Sduhqwh/ V1 dqg H1F1 Suhvfrww+4<<;, �Prqrsro| Uljkwv= D Eduulhu wr
Ulfkhv/� IUE ri Plqqhdsrolv Vwd� Uhsruw 5691

^4;` Suhvfrww/ H1F1+4<<;, �Qhhghg= d Wkhru| ri Wrwdo Idfwru Surgxfwlylw|/�
IUE ri Plqqhdsrolv Vwd� Uhsruw 5751

^4<` Urguðjxh}/ I1 dqg G1 Urguln/ +4<<<, �Wudgh Srolf| dqg Hfrqrplf
Jurzwk= d Vnhswlf*v Jxlgh wr wkh Furvv0Qdwlrqdo Hylghqfh/� QEHU
zrunlqj sdshu :3;41
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^53` Urguln/ G1 +4<<8, �Srolwlfdo Hfrqrp| ri Wudgh Srolf|/� lq J1 Jurvvpdq/
J1 dqg N1 Urjr�/ hgv1/ Kdqgerrn ri Lqwhuqdwlrqdo Hfrqrplfv/ Yro1 6/
Qruwk0Kroodqg1

^54` Wd|oru/ D1 +4<<9, �Rq wkh Frvw ri Lqzdug0Orrnlqj Ghyhorsphqw= Sulfh
Glvwruwlrqv/ Jurzwk dqg Glyhujhqfh lq Odwlq Dphulfd/� plphr/ Qruwk0
zhvwhuq Xqlyhuvlw|1

^55` Whl{hlud/ D1 +4<<<, �H�hfwv ri Wudgh Srolf| rq Whfkqrorj| Dgrswlrq
dqg Lqyhvwphqw/� Plphr/ Fdwkrolf Xqlyhuvlw|0PJ1

^56` Wh hu/ G1+4<<6, �Wudgh Olehudol}dwlrq dqg wkh Wkhru| ri Hqgrjhqrxv
Surwhfwlrq= dq Hfrqrphwulf Vwxg| ri X1V1 Lpsruw Srolf|/� Mrxuqdo ri
Srolwlfdo Hfrqrp|/ 43+4,/ ss1 46;04931

^57` W|erxw/ M1/ M1 Gh Phor dqg Y1 Fruer1 +4<<4, �Wkh H�hfwv ri Wudgh
Uhirupv Rq Vfdoh Dqg Whfkqlfdo H!flhqf|= Qhz Hylghqfh Iurp Fkloh/�
Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ y64+627,/ ss1 56405831
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