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4 Lqwurgxfwlrq

Grhv wkh vorsh ri h{shulhqfh 0 hduqlqjv sur�ohv ydu| zlwk hgxfdwlrqdo dwwdlq0
phqwB Dq dqvzhu wr wklv txhvwlrq lv lpsruwdqw iru wkh hydoxdwlrq ri wkh hfr0
qrplf uhwxuqv wr hgxfdwlrq1 Iru lqvwdqfh/ wkh hvwlpdwh ri wkh lqwhuqdo udwh ri
uhwxuq wr hgxfdwlrq/ vxfk dv wkdw frpsxwhg e| wkh RHFG +4<<<, iru d qxp0
ehu ri d!oldwhg frxqwulhv/ uhtxluhv lqirupdwlrq erwk rq wkh frvwv dqg rq wkh
uhwxuqv wkdw lqglylgxdov fdq h{shfw ryhu wkhlu zrunlqj olih dv d frqvhtxhqfh ri
wkhlu lqyhvwphqw lq hgxfdwlrq1 Zkhq h{shulhqfh sur�ohv e| hgxfdwlrq duh qrw
sdudooho/ lqirupdwlrq rq wkhlu vorsh lv qhfhvvdu| wr frpsxwh h{shfwhg olihwlph
hduqlqjv e| hgxfdwlrqdo dwwdlqphqw1 Wkh dydlodeoh hpslulfdo hylghqfh vxjjhvwv
wkdw sduwlflsdwlrq lq mre uhodwhg wudlqlqj surjudpv lv fruuhodwhg zlwk hgxfdwlrqdo
dwwdlqphqw +vhh RHFG +4<<:,,1 Vxssrvh wkdw/ ehfdxvh ri wkh ehwwhu dffhvv wr
wudlqlqj/ hduqlqjv jurz idvwhu zlwk h{shulhqfh iru wkh pruh hgxfdwhg1 Lq wklv
fdvh/ hgxfdwlrq surylghv qrw rqo| dq lqlwldo oderu pdunhw dgydqwdjh/ exw dovr dq
dgydqwdjh wkdw fxpxodwhv ryhu wkh zrunlqj olih1

Edfn lq wkh hduo| 4<:3v/ Plqfhu +4<:7, dqvzhuhg wklv txhvwlrq lq klv sdwk0
euhdnlqj errn dv iroorzv=

�11orjdulwkplf h{shulhqfh sur�ohv ri zhhno| dqg krxuo| hduqlqjv 11 duh pruh
qhduo| sdudooho/ vxjjhvwlqj wkdw uhodwlyh �vnloo� gl�huhqwldov lq zdjh udwhv gr qrw
fkdqjh shufhswleo| zlwk |hduv ri h{shulhqfh11� +s1:3,1

Iroorzlqj Plqfhu/ d odujh erg| ri olwhudwxuh kdv hvwlpdwhg Plqfhuldq hduq0
lqj ixqfwlrqv/ wkdw uhodwh orj hduqlqjv wr vfkrrolqj dqg oderu pdunhw h{shulhqfh1
Wklv olwhudwxuh lv uhylhzhg e| Svdfkdursrxorv +4<;4,/ Zloolv +4<;9, dqg pruh
uhfhqwo| e| Fdug +4<<8,1 Dgglwlrqdo hylghqfh wkdw wkh uhodwlrqvkls ehwzhhq
hduqlqjv dqg hgxfdwlrq lv qrw d�hfwhg e| h{shulhqfh +sdudooho h{shulhqfh sur0
�ohv, kdv ehhq surylghg e| Iduehu dqg Jleerqv +4<<9,/ zkr kdyh whvwhg rq
XV orqjlwxglqdo gdwd wkh lpsolfdwlrqv ri wkh sxuh ohduqlqj prgho1 Wklv prgho
suhglfwv wkdw/ zkhq delolw| lv wlph lqyduldqw/ wkh h�hfw ri vfkrrolqj rq zdjhv lv
lqghshqghqw ri h{shulhqfh1

Svdfkdursrxorv dqg Od|dug +4<:<, duh shukdsv wkh �uvw wr vkrz wkdw h{sh0
ulhqfh sur�ohv duh vwhhshu iru lqglylgxdov zlwk kljkhu hgxfdwlrqdo dwwdlqphqw1
Wkh| lqwhusuhw wkhlu uhvxowv lq wkh oljkw ri wkh kxpdq fdslwdo prgho dv hylghqfh
wkdw hgxfdwlrq dqg wudlqlqj duh frpsohphqwv= vlqfh wudlqlqj lqfuhdvhv surgxf0
wlylw| dqg lqglylgxdov zlwk kljkhu hgxfdwlrq duh pruh olnho| wr uhfhlyh dgglwlrqdo
wudlqlqj ryhu wkhlu zrunlqj olih/ h{shulhqfh sur�ohv duh vwhhshu iru wkh pruh hgx0
fdwhg1 Vlplodu �qglqjv duh rewdlqhg/ iru lqvwdqfh/ e| Nqljkw dqg Vderw +4<:9,/
zkr xvh furvv vhfwlrq gdwd/ dqg e| Dowrqml dqg Gxqq +4<<8, dqg Dowrqml dqg
Slhuuhw +4<<:,/ zkr xvh XV sdqho gdwd1

Zkloh kljkhu hgxfdwlrq fdq eh frqgxflyh wr pruh wudlqlqj gxulqj zrunlqj
olih/ Qhxpdqq dqg Zhlvv +4<<8, dujxh wkdw vfkrrolqj0vshfl�f revrohvfhqfh ri
kxpdq fdslwdo lv idvwhu iru wkh kljko| hgxfdwhg1 Wkh| xvh wklv dujxphqw wr
h{sodlq wkhlu �qglqjv wkdw zdjh gl�huhqwldov e| hgxfdwlrq ghfuhdvh zlwk oderu
pdunhw h{shulhqfh1 Frqyhujlqj h{shulhqfh sur�ohv e| hgxfdwlrq fdq dovr eh
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h{sodlqhg e| wkh vfuhhqlqj k|srwkhvlv1 Li kljkhu hgxfdwlrq lv d vljqdo dqg �upv
ohduq derxw wkh +wlph lqyduldqw, delolw| ri wkhlu hpsor|hhv ryhu wlph/ wkh sduwldo
h�hfw ri hgxfdwlrq rq hduqlqjv lv erxqg wr idoo zlwk h{shulhqfh +Od|dug dqg
Svdfkdursrxorv +4<:7,,1

Wkh fxuuhqw sdshu frqwulexwhv wr wklv olwhudwxuh e| suhvhqwlqj qhz hpslulfdo
hylghqfh rq wkh uhodwlrqvkls ehwzhhq h{shulhqfh sur�ohv dqg hgxfdwlrq/ edvhg
rq d svhxgr sdqho frpsrvhg ri wzr frkruwv ri lqglylgxdov1 Wkh svhxgr sdqho
lv rewdlqhg e| froodsvlqj furvv vhfwlrq gdwd ri lqglylgxdov iurp 44 Hxurshdq
frxqwulhv4 ryhu d shulrg ri wlph udqjlqj iurp wkh hduo| 4<;3v wr wkh plg 4<<3v/
ghshqglqj rq gdwd dydlodelolw| iru hdfk frxqwu|1 Wkh dydlodelolw| ri vlplodu gdwd
iru wkh pdmrulw| ri Zhvwhuq Hxurshdq frxqwulhv doorzv xv wr vwxg| zkhwkhu gli0
ihuhqfhv lq oderu pdunhw lqvwlwxwlrqv zlwklq Hxursh duh fruuhodwhg wr gl�huhqfhv
lq wkh g|qdplfv ri zdjh gl�huhqwldov e| hgxfdwlrq1 Dq lpsruwdqw lqvwlwxwlrqdo
idfwru frqvlghuhg lq wklv sdshu lv wkh ghjuhh ri frusrudwlvp lq lqgxvwuldo uh0
odwlrqv1 Zdjh ghwhuplqdwlrq lq Hxursh lv wkh rxwfrph ri d edujdlq ehwzhhq
xqlrqv dqg hpsor|huv1 Wklv edujdlq fdq rffxu orfdoo|/ dw wkh vhfwruldo ohyho ru
qdwlrqdoo|/ dqg kljko| frusrudwlvw hfrqrplhv fdq eh fkdudfwhul}hg e| wkh suhv0
hqfh ri d fhqwudol}hg edujdlqlqj v|vwhp1 Dqrwkhu lpsruwdqw lqvwlwxwlrq lv wkh
ghjuhh ri vwudwl�fdwlrq ri hgxfdwlrq v|vwhpv lqwr yrfdwlrqdo dqg jhqhudo wudfnv
dw wkh vhfrqgdu| ohyho1 Vrph Hxurshdq frxqwulhv +Jhupdq| lv dq h{dpsoh, kdyh
v|vwhpv wkdw gl�huhqwldwh sxslov lqwr gl�huhqw wudfnv hduolhu rq/ rwkhu frxqwulhv
+Iudqfh dqg Eulwdlq duh h{dpsohv, kdyh pruh frpsuhkhqvlyh v|vwhpv ri vhf0
rqgdu| hgxfdwlrq5 1

Hxurshdq frxqwulhv gl�hu dovr erwk lq wkh frpsrvlwlrq ri wkh oderu irufh
e| hgxfdwlrqdo dwwdlqphqw/ zlwk Qruglf frxqwulhv kdylqj vxevwdqwldoo| kljkhu
dwwdlqphqw wkdq Vrxwkhuq frxqwulhv/ dqg lq wkh orqj whup udwh ri jurzwk ri
oderu surgxfwlylw|1 Edvhg rq wkh vwdqgdug kxpdq fdslwdo dssurdfk/ zh h{shfw
wkh vorsh ri h{shulhqfh sur�ohv wr ghshqg erwk rq wkh sdwwhuq ri kxpdq fdslwdo
lqyhvwphqw diwhu oderu pdunhw hqwu| dqg rq wkh uhwxuq wr wkh lqyhvwphqw1 Wklv
uhwxuq fdq ydu| dfurvv frxqwulhv ehfdxvh ri gl�huhqfhv lq vxsso|/ phdvxuhg e|
dyhudjh hgxfdwlrqdo dwwdlqphqw/ dqg ghpdqg/ fdswxuhg e| oderu surgxfwlylw|
jurzwk +vhh Fdug dqg Ohplhx{ +4<<<,,1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 lqwurgxfhv wkh uhodwlrqvkls
ehwzhhq h{shulhqfh sur�ohv dqg hgxfdwlrqdo dwwdlqphqw/ edvhg rq kxpdq fdslwdo
wkhru|1 Vhfwlrq 6 suhvhqwv wkh gdwd dqg wkh hvwlpdwlrq phwkrg1 Vhfwlrq 7 lv
ghyrwhg wr wkh uhvxowv dqg Vhfwlrq 8 frqfoxghv1

4Wkh frxqwulhv duh= Dxvwuld/ Ghqpdun/ Ilqodqg/ Iudqfh/ +Zhvw, Jhupdq|/ Lwdo|/ Wkh

Qhwkhuodqgv/ Qruzd|/ Sruwxjdo/ Vzlw}huodqg dqg wkh XN1
5�Lq vrph frxqwulhv/ sulpdulo| wkh Hqjolvk 0 vshdnlqj frxqwulhv dqg Mdsdq/ wkhuh duh doprvw

qr xsshu vhfrqgdu| lqvwlwxwlrqv gl�huhqwldwhg e| fxuulfxoxp 0 jhqhudo ru yrfdwlrqdo 0 dowkrxjk

vwxghqwv sxuvxh gl�huhqw fxuulfxod lq xqgl�huhqwldwhg +ru frpsuhkhqvlyh, vhfrqgdu| vfkrrov11�

+RHFG +4<<8,,1
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5 Hgxfdwlrq dqg Hduqlqjv Jurzwk

Lq wkh vwdqgdug kxpdq fdslwdo prgho +vhh Zloolv +4<;9,,/ dffxpxodwhg kxpdq
fdslwdo diwhu { |hduv ri oderu pdunhw h{shulhqfh lv jlyhq e|

H+{, @ H+3, h{s+�v, h{s

�
�

]
{

3

^+� � �w,`gw

�

zkhuh H+{, dqg H+3, duh uhvshfwlyho| wkh vwrfn ri kxpdq fdslwdo diwhu {
|hduv ri oderu pdunhw h{shulhqfh dqg wkh lqlwldo vwrfn ri kxpdq fdslwdo/ v lv
|hduv ri vfkrrolqj/ � dqg � duh wkh udwhv ri uhwxuq ri lqyhvwlqj lq kxpdq fdslwdo
dw vfkrro dqg diwhu vfkrrolqj +wudlqlqj, dqg � � �w lv qhw lqyhvwphqw lq kxpdq
fdslwdo diwhu vfkrrolqj/ wkdw lv dvvxphg wr ghfolqh ryhu wlph w dw wkh udwh �1 Qhw
lqyhvwphqw lv jurvv lqyhvwphqw plqxv wkh udwh ri revrohvfhqfh ri kxpdq fdslwdo/
wkdw fdq ydu| zlwk dwwdlqhg hgxfdwlrq1 Gh�qh XV dv d gxpp| yduldeoh htxdo
wr 4 li wkh lqglylgxdo kdv frpsohwhg xsshu vhfrqgdu| vfkrro dqg wr 3 rwkhuzlvh/
dqg WH dv d gxpp| yduldeoh htxdo wr 4 li whuwldu| hgxfdwlrq kdv ehhq frpsohwhg
dqg wr 3 rwkhuzlvh1 Li zh doorz erwk wkh uhwxuqv dqg wkh udwh ri qhw lqyhvwphqw
lq kxpdq fdslwdo diwhu oderu pdunhw hqwu| wr ydu| zlwk hgxfdwlrqdo dwwdlqphqw/
wkh deryh prgho fdq eh h{whqghg dv iroorzv=

H+{, @ H+3, h{s+�3 . �4XV . �5WH, h{s^�
3
. �

4
XV . �

5
WH` �

�

]
{

3

i+�3 . �4XV . �5WH,� +�3 . �4XV . �5WH,wj gw +5,

Qrwlfh wkdw zh duh qrw frqvwudlqlqj wkh frh!flhqwv �
l
wr eh srvlwlyh1 Wr

looxvwudwh/ dvvxph wkdw wkh revrohvfhqfh udwh ri kxpdq fdslwdo eh srvlwlyh dqg
frqvwdqw1 Li wkh udwh ri revrohvfhqfh lv kljkhu wkdq wkh udwh ri dffxpxodwlrq/
wkh vwrfn ri kxpdq fdslwdo lv uhgxfhg1 Vxssrvh iru lqvwdqfh wkdw dq hqjlqhhu*v
kxpdq fdslwdo ghsuhfldwhv idvwhu wkdq wkh kxpdq fdslwdo ri dq lqglylgxdo zlwk
rqo| frpsxovru| hgxfdwlrq1 Zlwk vlplodu udwhv ri dffxpxodwlrq/ wkh frh!flhqw
�5 lv qhjdwlyh +vhh Qhxpdqq dqg Zhlvv +4<<8,,1

Uhduudqjlqj wkh deryh h{suhvvlrq dqg uhfdoolqj wkdw hduqlqjv duh sursru0
wlrqdo wr dffxpxodwhg kxpdq fdslwdo/ zh rewdlq

oq | b �3 . �4XV . �5WH . �3�3{. +�4�3 . �3�4 . �4�4,XV{
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.+�5�3 . �3�5 . �5�5,WH{�
�3�3
5

{5 �
4

5
+�4�3 . �3�4 . �4�4,XV{

5

�
4

5
+�5�3 . �3�5 . �5�5,WH{

5 +6,

zkhuh | lv uhdo krxuo| hduqlqjv dqg { lv srwhqwldo h{shulhqfh/ phdvxuhg dv
djh plqxv |hduv ri vfkrrolqj plqxv djh zkhq vfkrro vwduwv1 Wkh h{suhvvlrq
vxjjhvwv wkdw h{shulhqfh sur�ohv e| hgxfdwlrq duh qrw sdudooho hlwkhu zkhq oderu
pdunhw uhwxuqv wr wudlqlqj gl�hu e| hgxfdwlrqdo dwwdlqphqw/ ru zkhq wkh udwh
ri qhw lqyhvwphqw lq wudlqlqj ydulhv zlwk wkh ohyho ri hgxfdwlrq/ ru zkhq erwk
fdvhv krog1

6 Gdwd

Prvw vwxglhv wkdw kdyh hvwlpdwhg d fodvvlfdo Plqfhuldq hduqlqjv ixqfwlrq zlwk
furvv vhfwlrq gdwd kdyh irxqg kxps vkdshg h{shulhqfh sur�ohv1 Lw lv zhoo nqrzq
wkdw dq kxps vkdshg sur�oh fdq eh jhqhudwhg e| frkruw h�hfwv/ wkdw lv/ e| wkh
frqwhpsrudqhrxv suhvhqfh lq wkh vdph furvv vhfwlrq ri frkruwv ri lqglylgxdov
zkr kdyh hqwhuhg wkh oderu pdunhw zlwk gl�huhqw hduqlqjv1 W|slfdoo|/ |rxqjhu
frkruwv uhfhlyh d kljkhu hqwu| zdjh1 Wkhuh duh wzr pdlq dowhuqdwlyhv wr furvv
vhfwlrq gdwd= orqjlwxglqdo gdwd ri lqglylgxdov dqg svhxgr sdqhov ri frkruwv/
zkhuh vxffhvvlyh vxuyh|v duh xvhg wr iroorz hdfk frkruw ryhu wlph e| orrnlqj dw
wkh phpehuv ri wkh frkruw zkr duh udqgrpo| vhohfwhg lqwr hdfk vxuyh|6 1

Lq wklv sdshu/ zh xvh wkh vhfrqg dowhuqdwlyh dqg froohfw frkruw gdwd iurp 44
Hxurshdq frxqwulhv1 Zh irfxv rq wzr frkruwv/ wkh iruphu lqfoxglqj lqglylgxdov
eruq ehwzhhq 4<73 dqg 4<7</ zkr vwduwhg vfkrro mxvw diwhu wkh Vhfrqg Zruog
Zdu/ dqg wkh odwwhu lqfoxglqj lqglylgxdov eruq ehwzhhq 4<83 dqg 4<8</ zkr lv
riwhq fdoohg �wkh ede| errp jhqhudwlrq�1 Iru hdfk frkruw/ zh doorfdwh lqglylg0
xdov lqwr wkuhh vfkrro ohyhov= frpsxovru| hgxfdwlrq/ xsshu vhfrqgdu| hgxfdwlrq
dqg whuwldu| hgxfdwlrq1 Iru prvw frxqwulhv/ rxu gdwd fryhu wkh 4<;3v dqg wkh
�uvw sduw ri wkh 4<<3v1

Dv vkrzq lq Wdeoh 4/ wkh w|slfdo qxpehu ri |hduv uhtxluhg wr frpsohwh hdfk
ohyho ri hgxfdwlrq gl�huv dprqj wkh 44 frxqwulhv1 Iru lqvwdqfh/ lw wdnhv orqjhu wr
frpsohwh frpsxovru| vfkrrolqj lq Jhupdq| dqg wkh Qhwkhuodqgv wkdq hovhzkhuh/
hvshfldoo| lq Lwdo| dqg Sruwxjdo1 Ixuwkhupruh/ wkh w|slfdo qxpehu ri |hduv ri
vfkrrolqj uhtxluhg wr frpsohwh jhqhudo surjudpv ri xsshu vhfrqgdu| hgxfdwlrq/
vkrzq lq wkh wklug froxpq ri wkh wdeoh/ udqjhv iurp 43045 |hduv lq wkh XN
wr 45047 |hduv lq Vzlw}huodqg dqg wr 46047 lq wkh Qhwkhuodqgv1 Ilqdoo|/ wkh
udqjh ri uhtxluhg |hduv iru xqlyhuvlw| 0 ohyho hgxfdwlrq +orqj surjudpv 0 �uvw

6Vhh Ghdwrq +4<<:,, iru d ghwdlohg glvfxvvlrq1
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vwdjh, w|slfdoo| jrhv iurp 48 lq Iudqfh wr 53 lq Vzlw}huodqg/ Jhupdq| dqg wkh
Qhwkhuodqgv7 1

Wdeoh 41 \hduv ri vfkrro w|slfdoo| uhtxluhg wr frpsohwh frpsxovru|/ xsshu
vhfrqgdu| dqg xqlyhuvlw|0ohyho hgxfdwlrq1

Frpsxovru| Xsshu Vhfrqgdu| Xqlyhuvlw| Ohyho

Dxvwuld 44 45 4904<
Vzlw}huodqg < 45047 53
Ghqpdun < 45046 4;053
Ilqodqg < 45 4;04<
Iudqfh 43 45 48
Jhupdq| 45 46 53
Lwdo| ; 46 4:
Qruzd| < 45 4:
Sruwxjdo ; 44 4904;
XN 43 43045 49
Wkh Qhwkhuodqgv 46 46047 53

Vrxufh= RHFG +4<<;,/ Wdeohv F614/ [415e dqg [415g1

Dq lpsruwdqw uhtxluhphqw ri frkruw gdwd lv wkdw wkh frkruw lghqwl�hu eh
h{rjhqrxv dqg wlph lqyduldqw1 Zkloh |hdu ri eluwk phhwv wklv uhtxluhphqw e|
gh�qlwlrq/ vfkrro dwwdlqphqw lq sulqflsoh grhv qrw1 Wr looxvwudwh wkh srwhqwldo
lpsolfdwlrqv ri wklv iru wkh dqdo|vlv/ frqvlghu wkh iroorzlqj h{dpsoh= frpsxovru|
hgxfdwlrq lq Ghqpdun hqgv dw 49/ dqg xsshu vhfrqgdu| hgxfdwlrq w|slfdoo| hqgv
dw 4<053 +RHFG +4<<;,,1 Lqglylgxdov eruq lq 4<8</ zkr ehorqj wr wkh vhfrqg
frkruw/ kdyh frpsohwhg wkhlu frpsxovru| hgxfdwlrq lq 4<:8 exw frxog vwloo eh
lq xsshu vhfrqgdu| hgxfdwlrq lq 4<::1 Li wkh gdwd iru wkh frkruw eruq ehwzhhq
4<83 dqg 4<8< lq Ghqpdun zhuh wr vwduw lq 4<::/ zh frxog qrw uxoh rxw wkh
srvvlelolw| wkdw vljql�fdqw wudqvlwlrqv ri lqglylgxdov iurp rqh hgxfdwlrqdo ohyho
wr dqrwkhu rffxu ryhu wlph zlwklq wkh vdph frkruw1 Zh dyrlg wklv sureohp e|
vwduwlqj rxu gdwd iurp 4<;3/ zkhq wkh suredelolw| ri revhuylqj vljql�fdqw  rzv
iurp frpsxovru| wr xsshu vhfrqgdu| hgxfdwlrq lv uhdvrqdeo| vpdoo iru erwk
frkruwv lq doo wkh frxqwulhv lqfoxghg lq rxu vdpsoh1

Qrwlfh wkdw w|slfdo djhv ri judgxdwlrq iurp frpsxovru|/ xsshu vhfrqgdu|
dqg whuwldu| hgxfdwlrq ydu| dfurvv Hxurshdq frxqwulhv1 Zkloh lw lv uhdvrqdeo|
vdih iru erwk frkruwv lq wkh fdvh ri frpsxovru| dqg xsshu vhfrqgdu| hgxfdwlrq

7Iru frpsxovru| hgxfdwlrq/ zh frpsxwh wkh qxpehu ri |hduv dv djh dw wkh hqg ri frpsxo0

vru| hgxfdwlrq plqxv djh zkhq vfkrro xvxdoo| vwduwv1 W|slfdo ohqjwk uhihuv wr jhqhudo sur0

judpphv iru xsshu vhfrqgdu| hgxfdwlrq +vhfrqg froxpq lq Wdeoh [415e iurp RHFG +4<<;,,

dqg wr �uvw vwdjh orqj surjudpphv iru xqlyhuvlw|0ohyho hgxfdwlrq +irxuwk froxpq lq Wdeoh

[415g iurp RHFG +4<<;,,1

9



wr vwduw rxu gdwd iurp 4<;3/ wkh w|slfdo djh ri judgxdwlrq iru whuwldu| hgxfdwlrq
udqjhv iurp 54 lq wkh XN wr 5: lq Ghqpdun8 1 Ehfdxvh ri wklv/ zh fkrrvh wr
vwduw rxu gdwd iru wkh vhfrqg frkruw zlwk whuwldu| hgxfdwlrq iurp 4<;91 E|
vr grlqj/ zh plqlpl}h wkh suredelolw| wkdw lqglylgxdov eruq ehwzhhq 4<83 dqg
4<8< fkdqjh wkhlu hgxfdwlrq dwwdlqphqw gxulqj wkh vdpsoh shulrg1 Zh hqg xs
zlwk d gdwdvhw ri 8:< revhuydwlrqv1 Hdfk revhuydwlrq lv d fhoo/ wkdw lv lghqwl�hg
e| wkh iroorzlqj fkdudfwhulvwlfv= frxqwu|/ |hdu/ shulrg ri eluwk dqg hgxfdwlrqdo
dwwdlqphqw1 Iru hdfk fhoo/ zh kdyh lqirupdwlrq rq uhdo krxuo| hduqlqjv/ djh/
srwhqwldo oderu pdunhw h{shulhqfh/ phdvxuhg dv djh plqxv |hduv ri vfkrrolqj
plqxv djh zkhq vfkrro vwduwv/ dqg jhqghu1 Gh�qlwlrqv dqg vxppdu| vwdwlvwlfv
ri wkh pdlq yduldeohv xvhg lq wkh hpslulfdo dqdo|vlv duh suhvhqwhg lq wkh Gdwd
Dsshqgl{1

Zh srro doo wkh dydlodeoh lqirupdwlrq dqg hvwlpdwh +6, xvlqj wkh �{hg h�hfwv
hvwlpdwru/ zklfk fdswxuhv wlph lqyduldqw h�hfwv zlwk d vhw ri gxpplhv/ wkdw
frqwuro iru wlph lqyduldqw gl�huhqfhv lqgxfhg e| wkh frxqwu|/ wkh shulrg ri eluwk
dqg hgxfdwlrqdo dwwdlqphqw1 Rqh slwidoo ri wklv phwkrg lv wkdw lw grhv qrw doorz
xv wr lghqwli| wkh uhodwlrqvkls ehwzhhq uhdo krxuo| hduqlqjv dqg hgxfdwlrqdo
dwwdlqphqw1 Jlyhq wkdw wkh irfxv ri wkh sdshu lv rq wkh uhodwlrqvkls ehwzhhq
hgxfdwlrq dqg hduqlqjv jurzwk/ krzhyhu/ wklv lv ri vhfrqgdu| lpsruwdqfh1

7 Uhvxowv

Uhdo krxuo| zdjhv lqfuhdvh ryhu wlph erwk ehfdxvh lqglylgxdov dffxpxodwh kx0
pdq fdslwdo dw vfkrro dqg rq wkh mre/ dv suhglfdwhg e| wkh kxpdq fdslwdo prgho/
dqg ehfdxvh ri frxqwu| 0 vshfl�f djjuhjdwh idfwruv1 Zh frqwuro iru wkhvh idfwruv
e| lqfoxglqj lq rxu uhjuhvvlrqv wkh vwdqgdugl}hg +odjjhg, xqhpsor|phqw udwh
X / wkh orj ri +odjjhg, uhdo rxwsxw shu khdg oq�

�4 dqg wkh +odjjhg, lq dwlrq
udwh �oq s�41 Wkhvh yduldeohv duh doorzhg wr ydu| erwk e| frxqwu| dqg ryhu
wlph1 Zh xvh odjv wr uhpryh wkh srwhqwldo suhvhqfh ri sureohpv dvvrfldwhg wr
vlpxowdqhlw| eldv1 Oderu pdunhw lqvwlwxwlrqv lq Hxursh vxjjhvw wkdw froohfwlyh
edujdlqlqj ehwzhhq xqlrqv dqg hpsor|huv duh wkh suhgrplqdqw phfkdqlvp ri
zdjh ghwhuplqdwlrq1 Wkhuh lv d eurdg frqvhqvxv wkdw uhdo zdjh vhwwohphqwv lq
wkh suhvhqfh ri xqlrqv uhvsrqg wr wkh lq dwlrq udwh/ wkh udwh ri xqhpsor|phqw/
wkdw phdvxuhv oderu pdunhw wljkwqhvv/ dqg oderu surgxfwlylw| +vhh Od|dug/ Mdfn0
pdq dqg Qlfnhoo +4<<4,,1

Wdeoh 5 suhvhqwv rxu uhvxowv edvhg rq wkh �{hg h�hfwv hvwlpdwru dqg rq
wkh xvdjh ri gxpplhv wr lghqwli| vfkrro ohyhov1 Wkh vhfrqg froxpq vkrzv wkh
�qglqjv iru erwk vh{hv dqg wkh odvw wzr froxpqv glvwlqjxlvk e| jhqghu1 Wkh
uhjuhvvlrq iru erwk vh{hv dovr lqfoxghv wkh yduldeoh I / wkh shufhqwdjh ri ih0

8Vrxufh= RHFG +4<<;,/ Wdeoh [415g/ s169<1 Jlyhq wkh vpdoo qxpehu ri judgxdwhv iurp wkh

vhfrqg vwdjh ri xqlyhuvlw|0ohyho hgxfdwlrq +Pdvwhuv dqg Grfwrudo frxuvhv,/ zh rqo| frqvlghu

khuh judgxdwhv ri wkh �uvw vwdjh ri xqlyhuvlw| hgxfdwlrq1

:



pdoh hpsor|hhv lq wkh fhoo9 1 Wkh mrlqw vljql�fdqfh ri wkh lqwhudfwlrqv ri xsshu
vhfrqgdu| +XV, dqg whuwldu| +WH, hgxfdwlrq zlwk h{shulhqfh dqg h{shulhqfh
vtxduhg lv whvwhg xvlqj wkh Zdog vwdwlvwlf1 Wkh s0ydoxhv ri wkh whvwv duh vkrzq
lq wkh erwwrp sduw ri wkh wdeoh1 Zh �qg hylghqfh wkdw wkhvh lqwhudfwlrqv duh
erwk vljql�fdqw dqg srvlwlyh1 Wkxv/ wkh hylghqfh vxjjhvwv wkdw h{shulhqfh sur0
�ohv duh qrw sdudooho exw vwhhshu iru kljkhu dwwdlqhg hgxfdwlrq1 Iljxuh 4 sorwv
wkh vlpxodwhg sur�ohv/ rewdlqhg e| ohwwlqj srwhqwldo h{shulhqfh { ydu| iurp 3
wr 68 |hduv dqg e| dvvljqlqj wr hdfk sur�oh wkh vdph vwduwlqj ydoxh/ htxdo wr
41 Qrwlfh wkdw h{shulhqfh sur�ohv duh jhqhudoo| vwhhshu iru pdohv/ lqghshqghqwo|
ri wkh ohyho ri dwwdlqhg hgxfdwlrq1 Rq wkh rwkhu kdqg/ wkh hduqlqjv jurzwk jds
ehwzhhq froohjh judgxdwhv dqg kljk vfkrro judgxdwhv lv odujhu iru ihpdohv1

Wdeoh 51 Il{hg h�hfw hvwlpdwhv1 Doo frkruwv/ frxqwulhv dqg vfkrro ohyhov1
Vfkrro gxpplhv iru vfkrro ohyhov1 E| jhqghu1 Ghshqghqw yduldeoh= orj uhdo
krxuo| hduqlqjv1
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XV � { 1346�� 1349�� 1346�
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X
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Z +{> {5, +133, +133, +157,
Z +XV � {> XV � {5, +133, +133, +133,
Z +WH �[>WH �[5, +133, +133, +133,
Qrev 8:< 87; 859

Qrwh= rqh vwdu zkhq wkh frh!flhqw lv vljql�fdqw dw wkh 43 shufhqw ohyho ri
frq�ghqfh dqg wzr vwduv zkhq lw lv vljql�fdqw dw wkh 8 shufhqw ohyho ri frq�ghqfh1
S 0ydoxhv zlwklq sduhqwkhvhv1 Z lv wkh Zdog whvw vwdwlvwlf dqg Qrev wkh qxpehu
ri revhuydwlrqv1

ILJXUH 4 DERXW KHUH

Jlyhq wkh revhuyhg khwhurjhqhlw| dprqj frxqwulhv lq wkh qxpehu ri |hduv
w|slfdoo| uhtxluhg wr frpsohwh hdfk ohyho ri hgxfdwlrq/ zh xvh wkh dydlodeoh

9Vhsdudwh uhjuhvvlrqv e| jhqghu kdyh ihzhu revhuydwlrqv ehfdxvh zh h{foxgh doo wkh fhoov

zlwk d qxpehu ri lqglylgxdov vpdoohu wkdq 731

;



lqirupdwlrq rq dyhudjh djh dqg srwhqwldo h{shulhqfh lq hdfk fhoo wr frpsxwh
wkh dyhudjh qxpehu ri |hduv ri vfkrrolqj/ |v/ e| vfkrro ohyho/ dqg lqwhudfw wklv
yduldeoh zlwk srwhqwldo oderu pdunhw h{shulhqfh1 Wkh uhvxowv lq Wdeoh 6 frq�up
wkdw wkh vorsh ri h{shulhqfh sur�ohv lv lqfuhdvlqj lq wkh qxpehu ri |hduv ri
vfkrrolqj: 1

Wdeoh 61 Il{hg h�hfw hvwlpdwhv1 Doo frkruwv/ frxqwulhv dqg vfkrro ohyhov1
\hduv ri vfkrrolqj iru vfkrro ohyhov1 E| jhqghu1 Ghshqghqw yduldeoh= orj uhdo
krxuo| hduqlqjv1

PI P I
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Qrwh= vhh Wdeoh 51

Wkh �qglqjv lq Wdeoh 5 duh edvhg rq wkh dvvxpswlrq wkdw h{shulhqfh sur�ohv
gr qrw ydu| e| frkruw ri eluwk1 Wkh hduqlqjv ri erwk frkruwv duh revhuyhg lq
hdfk frxqwu| gxulqj wkh vdph shulrg/ exw wkh oderu pdunhw h{shulhqfh ri wkh
frkruw eruq ehwzhhq 4<73 dqg 4<7< lv derxw whq |hduv orqjhu wkdq wkh h{sh0
ulhqfh ri wkh |rxqjhu frkruw eruq ehwzhhq 4<83 dqg 4<8<; 1 Wdeoh 7 suhvhqwv
hpslulfdo uhvxowv wkdw gl�huhqwldwh e| frkruw ri eluwk1 Iljxuh 5 vkrzv erwk wkh
h{shulhqfh sur�ohv ri froohjh judgxdwhv uhodwlyh wr kljk vfkrro judgxdwhv dqg
wkh h{shulhqfh sur�ohv ri kljk vfkrro judgxdwhv uhodwlyh wr hpsor|hhv zlwk rqo|
frpsxovru| hgxfdwlrq1 Lq hdfk sdqho ri wkh �jxuh/ uhodwlyh hduqlqjv dw }hur
h{shulhqfh kdyh ehhq qrupdol}hg dw }hur1 Zh �qg wkdw wkh hduqlqjv gl�huhqwldo
ehwzhhq froohjh dqg xsshu vhfrqgdu| vfkrro judgxdwhv lqfuhdvhv idvwhu zlwk h{0
shulhqfh iru wkh |rxqjhu wkdq iru wkh roghu frkruw gxulqj wkh �uvw �iwhhq |hduv
ri srwhqwldo h{shulhqfh1 Iru orqjhu srwhqwldo h{shulhqfh/ krzhyhu/ wkh gl�huhqfh
lq uhodwlyh hduqlqjv jurzwk ehwzhhq wkh wzr frkruwv ghfolqhv dqg hyhqwxdoo| uho0
dwlyh hduqlqjv jurzwk ehfrphv vpdoohu iru wkh |rxqjhu frkruw1 Wklv revhuyhg

:Wkh �wwhg vshfl�fdwlrq fdq eh ghulyhg iurp Ht1 +5, vlpso| e| dvvxplqj wkdw hlwkhu wkh

uhwxuq wr lqyhvwphqw ru wkh udwh ri qhw lqyhvwphqw diwhu vfkrrolqj duh d ixqfwlrq ri |hduv ri

vfkrrolqj +r1
;Dyhudjh djh dqg srwhqwldo h{shulhqfh lq wkh vdpsoh duh uhvshfwlyho| 771:3 dqg 59198 |hduv

iru wkh roghu frkruw dqg 68186 dqg 4:198 |hduv iru wkh |rxqjhu frkruw1

<



sdwwhuq lq wkh g|qdplfv ri uhodwlyh hduqlqjv lv frqvlvwhqw zlwk froohjh judgxdwhv
ri wkh |rxqjhu frkruw lqyhvwlqj uhodwlyho| pruh lq kxpdq fdslwdo wkdq froohjh
judgxdwhv ri wkh roghu frkruw gxulqj wkh iruphu sduw ri wkhlu zrunlqj olih dqg
uhodwlyho| ohvv gxulqj wkh odwwhu sduw1 Wkh revhuyhg vorzgrzq lq uhodwlyh qhw
lqyhvwphqw odwhu lq zrunlqj olih frxog dovr eh dwwulexwhg wr idvwhu ghsuhfldwlrq
ri kxpdq fdslwdo1 Iroorzlqj Fdug dqg Ohplhx{ +4<<<,/ wkh kljkhu udwh ri qhw
lqyhvwphqw e| wkh |rxqjhu frkruw frxog eh h{sodlqhg e| wkh idfw wkdw |rxqjhu
frkruwv ri froohjh hgxfdwhg lqglylgxdov kdyh kljkhu ohyhov ri frpsxwhu vnloov1 Eh0
fdxvh ri wkhlu vwurqjhu frpsohphqwdulw| zlwk frpsxwhu lqwhqvlyh whfkqrorjlhv/
surgxfwlylw| dqg hduqlqjv jurz idvwhu iru wkhp/ uhodwlyh wr kljk vfkrro judg0
xdwhv/ wkdq iru roghu froohjh judgxdwhv1 Lw lv dq rshq txhvwlrq/ krzhyhu/ zk|
vnloov vkrxog jurz dw d vorzhu udwh ru ghsuhfldwh idvwhu iru froohjh judgxdwhv ri
wkh |rxqjhu frkruw lq wkh odwhu sduw ri zrunlqj olih1 Zh dovr �qg wkdw wkh hduq0
lqjv gl�huhqwldo ehwzhhq xsshu vhfrqgdu| vfkrro judgxdwhv dqg lqglylgxdov zlwk
rqo| frpsxovru| hgxfdwlrq jurzv idvwhu iru wkh roghu frkruw1 Iru wklv frkruw/ wkh
h{shulhqfh sur�oh ri lqglylgxdov zlwk rqo| frpsxovru| hgxfdwlrq kdv d qhjdwlyh
vorsh1

Wdeoh 71 Il{hg h�hfwv hvwlpdwhv1 E| frkruw1 Ghshqghqw yduldeoh= orj uhdo
krxuo| hduqlqjv1
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Qrwh= vhh Wdeoh 51

ILJXUH 5 DERXW KHUH

Hduqlqjv jurzwk e| hgxfdwlrq lv olnho| wr ghshqg rq wkh lqwhudfwlrq ri gh0
pdqg dqg vxsso| idfwruv1 Rq wkh ghpdqg vlgh/ rqh frxog dujxh zlwk Plqfhu

43



+4<;<, wkdw whfkqlfdo surjuhvv dqg wudlqlqj duh frpsohphqwv1 Udslg whfkqlfdo
fkdqjh ohdgv wr idvw jurzwk lq oderu surgxfwlylw| dqg lqgxfhv lqglylgxdov dqg
�upv wr lqyhvw pruh lq wudlqlqj1 Wklv jhqhudwhv vwhhshu h{shulhqfh sur�ohv1
Vlqfh wkh ehwwhu hgxfdwhg duh pruh olnho| wr eh wudlqhg +RHFG +4<<7,,/ lw lv
uhdvrqdeoh wr h{shfw wkdw udslg surgxfwlylw| jurzwk lqfuhdvhv hduqlqjv jurzwk
uhodwlyho| pruh iru wkh kljko| hgxfdwhg +vhh Fdug dqg Ohplhx{ +4<<<,,< 1 Jlyhq
surgxfwlylw| jurzwk/ hduqlqjv jurzwk e| hgxfdwlrq lv olnho| wr eh idvwhu wkh
vpdoohu wkh uhodwlyh vxsso| ri lqglylgxdov zlwk wkh uhtxluhg hgxfdwlrq1

Wkh 44 Hxurshdq frxqwulhv frqvlghuhg lq wklv sdshu kdyh erwk gl�huhqw ohyhov
ri hgxfdwlrqdo dwwdlqphqw dqg kdyh h{shulhqfhg gl�huhqw udwhv ri oderu surgxf0
wlylw| jurzwk gxulqj wkh vdpsoh shulrg1 Iljxuh 6 lv d vfdwwhu gldjudp wkdw
vkrzv iru hdfk frxqwu| wkh shufhqwdjh ri lqglylgxdov lq wkh dfwlyh srsxodwlrq
zkr kdv dwwdlqhg dw ohdvw xsshu vhfrqgdu| hgxfdwlrq +lq 4<<5, dqg wkh dyhudjh
udwh ri oderu surgxfwlylw| jurzwk lq wkh hfrqrp| iurp 4<:9 wr 4<<5 +Qlfnhoo
dqg Od|dug +4<<:,,1 Wkh �jxuh vkrzv wkdw Lwdo| dqg Sruwxjdo kdyh kdg erwk
wkh idvwhvw jurzwk ri oderu surgxfwlylw|/ sduwo| gxh wr d surfhvv ri whfkqrorjlfdo
fdwfklqj xs/ dqg wkh orzhvw ohyho ri hgxfdwlrqdo dwwdlqphqw1

ILJXUH 6 DERXW KHUH

Zh orrn dw wkh uroh ri furvv 0 frxqwu| gl�huhqfhv lq ghpdqg dqg vxsso|
idfwruv e| hvwlpdwlqj hduqlqjv sur�ohv diwhu lqwhudfwlqj oderu pdunhw h{shulhqfh
erwk zlwk wkh udwh ri jurzwk ri oderu surgxfwlylw| gxulqj wkh shulrg 4<:90<5/
j
�
/ dqg zlwk hgxfdwlrqdo dwwdlqphqw iru hdfk vfkrro ohyho/ vk/ phdvxuhg e| wkh

shufhqwdjh ri 58 wr 97 |hdu0rogv zkr lq 4<<5 kdyh dwwdlqhg frpsxovru|/ xsshu
vhfrqgdu| dqg whuwldu| hgxfdwlrq1 Qrwlfh wkdw/ zkloh j

�
ydulhv rqo| dprqj frxq0

wulhv/ vk ydulhv erwk e| frxqwu| dqg e| vfkrro ohyho1 Dv vkrzq lq Wdeoh 8/ zh
�qg wkdw h{shulhqfh sur�ohv duh vwhhshu wkh kljkhu lv oderu surgxfwlylw| jurzwk
dqg wkh orzhu lv wkh uhodwlyh vxsso| ri hpsor|hhv zlwk wkh uhohydqw hgxfdwlrqdo
ohyho1 Dv h{shfwhg/ wkh hvwlpdwhg frh!flhqw dvvrfldwhg wr wkh lqwhudfwlrq eh0
wzhhq surgxfwlylw| jurzwk dqg h{shulhqfh lv odujhu iru hpsor|hhv zlwk whuwldu|
hgxfdwlrq1 Khqfh/ frxqwulhv zklfk kdyh kdg kljkhu surgxfwlylw| jurzwk kdyh
dovr h{shulhqfhg d kljkhu glvshuvlrq ri hduqlqjv jurzwk e| hgxfdwlrq1

<�Wkh h�hfwv rq wkh ghpdqg iru kxpdq fdslwdo duh pruh suhglfwdeoh li zh dvvxph frp0

sohphqwdulw| ehwzhhq whfkqrorj| dqg kxpdq fdslwdo lq wkh surgxfwlrq ixqfwlrqv1 Xqghu wklv

dvvxpswlrq/ udslg whfkqlfdo fkdqjh udlvhv wkh uhwxuq rq kxpdq fdslwdo dwwudfwlqj hgxfdwhg

zrunhuv dv zhoo dv hqfrxudjlqj wudlqlqj lq wkh qhzhu whfkqrorjlhv1 Wkh eldv ri whfkqrorjl0

fdo fkdqjh wrzdug kxpdq fdslwdo/ wkhuhiruh/ phdqv wkdw 111 zdjhv ri pruh hgxfdwhg zrunhuv

lqfuhdvh pruh1111lq vhfwruv zlwk pruh udslg surgxfwlylw| jurzwk11� +Plqfhu +4<;<,/ s143,
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Wdeoh 81 Il{hg h�hfwv hvwlpdwhv1 Zlwk lqwhudfwlrqv lqyroylqj dyhudjh oderu
surgxfwlylw| jurzwk dqg hgxfdwlrqdo dwwdlqphqw1 Ghshqghqw yduldeoh= orj uhdo
krxuo| hduqlqjv1

Yduldeoh Frh!flhqw

{ 1347��

{5 013336��

WH � { 1347��

WH � {5 013336��

j
� � { 417;<��

vk � { 01353��

j� � WH � { 1:84��

vk � XV � { 134:��

vk � WH � { 0136<��

U5 31;4
Qrev 8:<

Qrwh= vhh Wdeoh 51 Wkh uhjuhvvlrq dovr lqfoxghv X
�4/ oq��4 dqg �oq s

�4=

Zh kdyh rplwwhg wkh lqwhudfwlrq whupv XV �{/ XV �{5 dqg j� �XV �{ ehfdxvh
wkh| zhuh qrw vljql�fdqwo| gl�huhqw iurp }hur1

D sduw iurp wkh �{hg h�hfwv/ zh kdyh wuhdwhg vr idu wkh 44 Hxurshdq frxq0
wulhv dv li wkh| zhuh d vlqjoh frxqwu|1 Dq lqwhuhvwlqj txhvwlrq/ krzhyhu/ lv
zkhwkhu wkh h{lvwlqj gl�huhqfhv lq wkh ghvljq ri oderu pdunhw lqvwlwxwlrqv dqg
hgxfdwlrqdo v|vwhpv zlwklq Hxursh fdq eh dvvrfldwhg wr gl�huhqfhv lq wkh uhod0
wlrqvkls ehwzhhq hgxfdwlrqdo dwwdlqphqw dqg hduqlqjv jurzwk1 Dq lpsruwdqw
lqglfdwru ri gl�huhqfhv lq oderu pdunhw lqvwlwxwlrqv lq wkh Hxurshdq frqwh{w lv
wkh lqgh{ ri frusrudwlvp1 Eurdgo| vshdnlqj/ frusrudwlvp lv dvvrfldwhg wr wkh gh0
juhh ri fhqwudol}dwlrq ri wkh zdjh edujdlq1 Zkloh kljko| frusrudwlvw hfrqrplhv/
vxfk dv Vfdqglqdyld dqg Dxvwuld/ uho| rq fhqwudol}hg zdjh vhwwlqj/ ohvv frusr0
udwlvw frxqwulhv/ lqfoxglqj wkh XN/ Iudqfh dqg Lwdo|/ xvh hlwkhu orfdo ru vhfwruldo
edujdlqlqj +vhh Fdopiruv +4<<6,,1 Lw lv riwhq dujxhg wkdw kljko| fhqwudol}hg
hfrqrplhv wudgh wkh ehqh�wv ri orzhu xqhpsor|phqw/ gxh wr wkh lqwhuqdol}dwlrq
ri lpsruwdqw h{whuqdo h�hfwv ri zdjh vhwwlqj/ zlwk wkh frvwv ri orzhu zdjh glv0
shuvlrq +vhh Iuhhpdq dqg Jleerqv +4<<6,,1 Edvhg rq wklv dujxphqw/ zh h{shfw
wkh gl�huhqfhv lq h{shulhqfh sur�ohv e| hgxfdwlrq wr eh odujhu lq hfrqrplhv zlwk
pruh ghfhqwudol}hg edujdlqlqj sudfwlfhv1

Zh xvh wkh Wdudqwhool lqgh{ ri frusrudwlvp +vhh Od|dug/ Mdfnpdq dqg Qlfnhoo
+4<<4,, wr vruw wkh 44 frxqwulhv lq wkh vdpsoh lqwr wzr vxe0vdpsohv/ wkh frxqwulhv
zlwk uhodwlyho| kljk dqg zlwk uhodwlyho| orz frusrudwlvp1 Lq wkh iruphu jurxs
zh lqfoxgh Dxvwuld/ Ghqpdun/ Vzlw}huodqg/ Qruzd| dqg Zhvw Jhupdq|1 Lq wkh
odwwhu jurxs Ilqodqg/ Iudqfh/ Lwdo|/ Sruwxjdo/ wkh XN dqg wkh Qhwkhuodqgv1 Zh
fuhdwh wkh gxpp| WDU/ wkdw lv htxdo wr 4 iru wkh iruphu jurxs dqg wr 3 iru
wkh odwwhu jurxs dqg lqwhudfw wklv gxpp| zlwk oderu pdunhw h{shulhqfh iru hdfk
hgxfdwlrqdo ohyho1
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Zkloh hgxfdwlrqdo v|vwhpv lq Hxursh kdyh pxfk lq frpprq/ wkh| gl�hu
lq wkhlu ghjuhh ri gl�huhqwldwlrq ehwzhhq yrfdwlrqdo dqg dfdghplf hgxfdwlrq1
Pxoohu dqg Vkdylw +4<<;,/ iru lqvwdqfh/ glvwlqjxlvk ehwzhhq vwudwl�hg dqg frp0
suhkhqvlyh v|vwhpv ri vhfrqgdu| hgxfdwlrq1 Lq vwudwl�hg v|vwhpv +Jhupdq|/
Dxvwuld/ Wkh Qhwkhuodqgv/ Vzlw}huodqg, vwxghqwv duh vhsdudwhg hduo| rq lqwr
wudfnv zklfk gl�hu pdunhgo| lq wkh fxuulfxod dqg lq wkh suredelolw| wkdw vwx0
ghqwv jr rq wr whuwldu| hgxfdwlrq1 Lq frpsuhkhqvlyh v|vwhpv +wr gl�huhqw gh0
juhhv wkh uhvw ri wkh frxqwulhv lq rxu vdpsoh,/ wudfnlqj vwduwv odwhu dqg wkhuh
duh vpdoohu gl�huhqfhv erwk dprqj wudfnv dqg lq wkh rggv ri frqwlqxdwlrq wr
whuwldu| hgxfdwlrq43 1

Jhupdq| dqg Eulwdlq duh h{dpsohv ri wkh wzr v|vwhpv/ zlwk Iudqfh vrph0
zkdw lq ehwzhhq1 Lq Jhupdq|/ sxslov kdyh wr fkrrvh dw wkh djh ri 43 dprqj wkuhh
vhsdudwh vfkrro0w|shv/ wkh J|pqdvlxp/ wkh Uhdovfkxoh dqg wkh Kdxswvfkxoh1 Df0
fruglqj wr Pxoohu dqg dvvrfldwhv +4<<;,/ �111wkh wulsduwlwh vwuxfwxuh11frqwlqxhv wr
fkdqqho fkloguhq wkurxjk wkh vfkrro djh/ hdfk wudfn surylglqj d glvwlqfw hgxfd0
wlrqdo h{shulhqfh zlwk olwwoh wudqvlwlrq ehwzhhq wudfnv11�+ss1477078,1 Lq Iudqfh/
gl�huhqwldwlrq vwduwv dw 46/ zkhq sxslov fdq ohdyh wkh jhqhudo v|vwhp dqg hquro
lq ohvv suhvwljlrxv yrfdwlrqdo wudfnv/ exw wdnhv sodfhv pdlqo| dw wkh ehjlqqlqj
ri xsshu vhfrqgdu| vfkrro +Jrx{ dqg Pdxulq +4<<;,,1 Lq Eulwdlq/ vhfrqgdu|
hgxfdwlrq zdv uhrujdql}hg rq frpsuhkhqvlyh olqhv lq wkh plg vl{wlhv/ dqg wkh
suhylrxv glvwlqfwlrqv ehwzhhq vhfrqgdu| prghuq/ whfkqlfdo dqg judppdu vfkrrov
zhuh derolvkhg +Khdwk dqg Fkhqj +4<<;,,1

Hduo| gl�huhqwldwlrq lqwr yrfdwlrqdo dqg jhqhudo vfkrrolqj frxog eh dvvrfl0
dwhg wr vwhhshu h{shulhqfh sur�ohv iru vfkrro ohdyhuv zkr hqwhu wkh oderu pdu0
nhw diwhu frpsxovru| ru xsshu vhfrqgdu| hgxfdwlrq li wkh dftxluhg yrfdwlrqdo
vnloov hlwkhu lpsuryh wkh suredelolw| ri vwduwlqj dq dssuhqwlfhvkls ru idflolwdwh
wkh dftxlvlwlrq ri dgglwlrqdo vnloov rq wkh mre1 Fhwhulv sdulexv/ vwhhshu sur�ohv
iru judgxdwhv ri frpsxovru| dqg xsshu vhfrqgdu| vfkrrov dovr lpso| vpdoohu
hduqlqjv jurzwk gl�huhqwldov ehwzhhq wkhvh judgxdwhv dqg froohjh judgxdwhv1
Zh hydoxdwh wkhvh suhglfwlrqv e| lqwhudfwlqj oderu pdunhw h{shulhqfh zlwk wkh
gxpp| W / htxdo wr 4 iru wkh frxqwulhv zlwk d vwudwl�hg v|vwhp +Jhupdq|/ Dxv0
wuld/ Wkh Qhwkhuodqgv/ Vzlw}huodqg,/ zkhuh hduo| wudfnlqj lv pruh lpsruwdqw/
dqg wr }hur iru wkh uhvw ri wkh vdpsoh1

Qrwlfh wkdw wkh jurxs ri frxqwulhv zlwk d vwudwl�hg hgxfdwlrqdo v|vwhp sdu0
wldoo| ryhuodsv zlwk wkh jurxs ri frxqwulhv zlwk frusrudwlvw lqvwlwxwlrqv1 Dv
vkrzq lq Wdeoh 9/ kljko| frusrudwlvw hfrqrplhv duh pruh olnho| wr kdyh vwudwl�hg
vfkrrov +dyhudjh W @ 3=9, wkdq ohvv frusrudwlvw hfrqrplhv +dyhudjh W @ 3=49,1
Wkh| dovr kdyh rq dyhudjh d kljkhu xqlrq ghqvlw| +Xghqv,/ orzhu surgxfwlylw|
jurzwk +j�,/ kljkhu uhdo JGS +JGS<3, dqg kljkhu dyhudjh hgxfdwlrqdo dwwdlq0
phqw erwk dw wkh xsshu vhfrqgdu| +Vhf<5, dqg dw wkh whuwldu| ohyho +Whu<5,1
Pruhryhu/ hpsor|hhv lq frusrudwlvw hfrqrplhv kdyh frpsohwhg/ rq dyhudjh/ d
kljkhu qxpehu ri |hduv ri vfkrrolqj +|v,/ lqghshqghqwo| ri hgxfdwlrqdo dwwdlq0
phqw1

43Vhh dovr wkh glvfxvvlrq lq RHFG +4<<8, dqg Juhhq/ Zroi dqg Ohqh| +4<<<,11
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Wdeoh 91 Gl�huhqfhv ehwzhhq kljko| frusrudwlvw hfrqrplhv dqg hfrqrplhv
zlwk orz frusrudwlvp1 Phdq ydoxhv1

WDU @ 4 WDU @ 3

W 193 149
Xghqv 17: 16:
JGS<3 4154 31<<
Vhf<5 188 165
Whu<5 14< 148
|v +frpsxovru|, 4319 <1;6
|v +xsshu vhf1, 45175 45154
|v +whuwldu|, 4:1:9 491:8
j
�
+:90<5, 1347 134;

Vlqfh frusrudwlvw frxqwulhv kdyh erwk kljkhu hgxfdwlrqdo dwwdlqphqw dqg duh
pruh olnho| wr kdyh vwudwl�hg vfkrrov/ wkh frh!flhqw dvvrfldwhg wr wkh lqwhudfwlrq
ri wkh gxpp| WDU zlwk oderu pdunhw h{shulhqfh lq dq hduqlqjv ixqfwlrq lv gli0
�fxow wr lqwhusuhw1 Rqh uhdvrq lv wkdw d vljql�fdqw frh!flhqw frxog eh fdswxulqj
wkh vshfl�f ghpdqg dqg vxsso| frqglwlrqv suhydlolqj lq frusrudwlvw hfrqrplhv/
udwkhu wkdq wkh h�hfwv ri oderu pdunhw lqvwlwxwlrqv1 Vxssrvh iru lqvwdqfh wkdw
zh �qg wkdw frusrudwlvw hfrqrplhv kdyh vwhhshu h{shulhqfh sur�ohv1 Wklv frxog
eh wkh uhvxow hlwkhu ri frusrudwlvw lqvwlwxwlrqv ru ri vwudwl�hg vfkrrolqj ru �qdoo|
ri wkh lqwhusod| ehwzhhq wkh ghpdqg dqg vxsso| h�hfwv frqvlghuhg lq Wdeoh 81
Wr vhsdudwh wkhvh idfwruv/ zh lqwhudfw srwhqwldo h{shulhqfh e| vfkrro ohyho erwk
zlwk wkh gxpp| WDU dqg zlwk wkh gxpp| W dqg dovr lqfoxgh lq wkh uhjuhvvlrq
ghpdqg dqg vxsso| h�hfwv/ dv grqh lq Wdeoh 81

Wr vdyh vsdfh/ zh rqo| frqvlghu wkh fdvh zkhuh vfkrro ohyhov duh phdvxuhg e|
|hduv ri vfkrrolqj1 Uhvxowv gr qrw fkdqjh lq d txdolwdwlyh zd| li zh uhsodfh |hduv
ri vfkrrolqj zlwk vfkrro gxpplhv1 Wkh �qglqjv ri wklv h{huflvh duh suhvhqwhg
lq Wdeoh :1 Lq wkh vhfrqg froxpq/ zh lqfoxgh rqo| wkh lqwhudfwlrqv ehwzhhq
srwhqwldo h{shulhqfh/ wkh surgxfw ri h{shulhqfh dqg |hduv ri vfkrrolqj dqg wkh
gxpp| WDU1 Lq wkh wklug froxpq/ zh dgg wkh lqwhudfwlrqv zlwk lqglfdwruv ri
ghpdqg dqg vxsso|1 Ilqdoo|/ lq wkh odvw froxpq zh dovr dgg wkh lqwhudfwlrqv
zlwk wkh gxpp| W 1

Vwduwlqj iurp wkh vhfrqg froxpq/ zh �qg wkdw frusrudwlvw hfrqrplhv kdyh
erwk vwhhshu h{shulhqfh sur�ohv dqg vpdoohu gl�huhqfhv lq wkhvh sur�ohv e| hg0
xfdwlrqdo dwwdlqphqw1 Wkh hvwlpdwhg frh!flhqwv ri wkh lqwhudfwlrqv ehwzhhq
wkh gxpp| WDU/ h{shulhqfh { dqg h{shulhqfh e| |hduv ri vfkrrolqj/ |v � {/
duh uhgxfhg/ krzhyhu/ wr derxw kdoi ri wkhlu ruljlqdo vl}h zkhq zh dgg wr wkh
uhjuhvvlrq wkh lqwhudfwlrqv zlwk wkh ghpdqg dqg vxsso| lqglfdwruv dqg zlwk wkh
gxpp| W 1 Khqfh/ derxw kdoi ri wkh gl�huhqfh lq wkh vorsh ri h{shulhqfh sur�ohv
dvvrfldwhg wr wkh frusrudwlvw gxpp| WDU lv dffrxqwhg e| gl�huhqfhv dfurvv
frxqwulhv lq ghpdqg dqg vxsso| frqglwlrqv dqg e| gl�huhqfhv lq wkh ghvljq ri
hgxfdwlrqdo v|vwhpv1 Vwudwl�fdwlrq dqg hduo| wudfnlqj pdwwhu ehfdxvh frxqwulhv
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zlwk d vwudwl�hg v|vwhp kdyh erwk vwhhshu h{shulhqfh sur�ohv dqg vpdoohu gli0
ihuhqfhv lq hduqlqjv jurzwk e| hgxfdwlrq +vhh wkh odvw froxpq lq wkh wdeoh,/ dv
suhglfwhg deryh1

Wdeoh :1 Il{hg h�hfwv hvwlpdwhv1 Doo frkruwv/ frxqwulhv dqg vfkrro ohyhov1
Zlwk lqwhudfwlrqv lqyroylqj wkh gxpplhv WDU dqg W= Ghshqghqw yduldeoh= orj

uhdo krxuo| hduqlqjv1

Yduldeoh Frh!flhqw Frh!flhqw Frh!flhqw

{ 01354�� 01358�� 01368��

{5 13336�� 13336�� 13335��

|v � { 1337�� 1336�� 1336��

|v � {5 0133339�� 0133339�� 0133339��

WDU � { 1368�� 1365�� 134:��

WDU � |v � { 01335�� 01334�� 01333<��

j� � { 0 133: 1336
vk � { 0 15<: 1;6;�

j
� � |v � { 0 1439�� 13;3��

vk � |v � { 0 0133337 13335
W � { 0 0 1354��

W � |v � { 0 0 01333<��

U5 31;5 31;8 1;:
Z +WDU � {> WDU � |v � {, 133 133 135
Qrev 8:< 8:< 8:<

Qrwh= vhh Wdeoh 51 Wkh uhjuhvvlrq dovr lqfoxghv X
�4/ oq��4 dqg �oq s

�4=

Lq sduwlfxodu/ zh �qg hylghqfh wkdw frusrudwlvw hfrqrplhv zlwk d vwudwl�hg
hgxfdwlrqdo v|vwhp +Dxvwuld/ Jhupdq| dqg Vzlw}huodqg, kdyh erwk vwhhshu h{0
shulhqfh sur�ohv dqg orzhu gl�huhqwldov lq hduqlqjv jurzwk e| hgxfdwlrq wkdq
frusrudwlvw hfrqrplhv zlwk d pruh frpsuhkhqvlyh v|vwhp ri vhfrqgdu| hgxfdwlrq
+Ghqpdun dqg Qruzd|,1 Frqglwlrqdo rq ghpdqg dqg vxsso| h�hfwv/ frxqwulhv
wkdw gr qrw ehorqj wr hlwkhu jurxs ehfdxvh ri wkhlu orz frusrudwlvp dqg ri wkh
frpsuhkhqvlyh qdwxuh ri wkhlu vhfrqgdu| hgxfdwlrq +Ilqodqg/ Iudqfh/ Lwdo|/ Sru0
wxjdo dqg wkh XN,/ kdyh erwk  dwwhu h{shulhqfh sur�ohv dqg pruh surqrxqfhg
gl�huhqfhv lq hduqlqjv jurzwk e| hgxfdwlrq1 Zh frqfoxgh wkdw wkh uhodwlrqvkls
ehwzhhq hgxfdwlrqdo dwwdlqphqw dqg hduqlqjv jurzwk/ d nh| frpsrqhqw ri wkh
hfrqrplf uhwxuqv wr hgxfdwlrq/ lv qrw lqyduldqw wr wkh gl�huhqfhv lq wkh ghvljq ri
oderu pdunhw lqvwlwxwlrqv dqg ri hgxfdwlrqdo v|vwhpv wkdw fkdudfwhul}h Hxurshdq
frxqwulhv1

8 Frqfoxvlrqv

Zh kdyh xvhg frkruw gdwd iurp 44 Hxurshdq frxqwulhv wr vwxg| zkhwkhu h{0
shulhqfh sur�ohv gl�hu e| hgxfdwlrqdo dwwdlqphqw1 Suhylrxv olwhudwxuh grhv qrw
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surylgh d fohdu dqvzhu wr wklv txhvwlrq/ wkdw lv lpsruwdqw wr hydoxdwh sulydwh
uhwxuqv wr hgxfdwlrq ryhu wkh zrunlqj olih ri lqglylgxdov1 Zh �qg hylghqfh wkdw
hpsor|hhv zlwk whuwldu| hgxfdwlrq kdyh vwhhshu h{shulhqfh sur�ohv wkdq hpsor|0
hhv zlwk xsshu vhfrqgdu| ru frpsxovru| hgxfdwlrq1 Khqfh/ hgxfdwlrq surylghv
qrw rqo| dq lqlwldo oderu pdunhw dgydqwdjh exw dovr d shupdqhqw dgydqwdjh wkdw
lqfuhdvhv zlwk wlph lq wkh oderu pdunhw1 Zh dvvrfldwh gl�huhqfhv lq hduqlqjv
jurzwk e| hgxfdwlrq dprqj frxqwulhv wr lqvwlwxwlrqdo idfwruv wkdw fkdudfwhul}h
erwk wkh oderu pdunhw dw odujh dqg wkh ghvljq ri hgxfdwlrq v|vwhpv= Zh �qg
wkdw wkhvh gl�huhqfhv duh orzhu lq frxqwulhv zlwk d kljkhu ohyho ri frusrudwlvp
dqg kljkhu lq frxqwulhv zklfk kdyh erwk h{shulhqfhg idvwhu oderu surgxfwlylw|
jurzwk dqg kdyh d uhodwlyho| orz hgxfdwlrqdo dwwdlqphqw1 Wkh hgxfdwlrqdo v|v0
whp dovr pdwwhuv/ ehfdxvh frxqwulhv zlwk d pruh vwudwl�hg v|vwhp ri vhfrqgdu|
hgxfdwlrq kdyh vpdoohu gl�huhqfhv lq hduqlqjv jurzwk e| hgxfdwlrq1 Qhhgohvv wr
vd|/ wkh xqfryhuhg dvvrfldwlrqv gr qrw lpso| wkh h{lvwhqfh ri d fdxvdo uhodwlrq0
vkls dqg duh rqo| phdqw wr surylgh d xvhixo ghvfulswlrq ri wkh h{lvwlqj gl�huhqfhv
lq h{shulhqfh sur�ohv dqg uhwxuqv wr hgxfdwlrq dprqj Hxurshdq frxqwulhv1
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9 Gdwd Dsshqgl{

Gh�qlwlrq ri wkh yduldeohv xvhg lq wkh sdshu=
| @ uhdo jurvv krxuo| hduqlqjv +qhw iru Dxvwuld dqg Lwdo|,1 Frpsxwhg dv

qrplqdo krxuo| hduqlqjv glylghg e| wkh frqvxphu sulfh lqgh{ FSL +vrxufh=
RHFG gdwdedvh,

{ @ srwhqwldo h{shulhqfh1 Frpsxwhg dv djh plqxv |hduv ri vfkrrolqj plqxv
djh zkhq vfkrro vwduwv

X @ vwdqgdugl}hg xqhpsor|phqw udwh +vrxufh= RHFG gdwdedvh,
� @ uhdo rxwsxw shu khdg1 Frpsxwhg dv uhdo JGS glylghg e| wrwdo hpsor|0

phqw +vrxufh= RHFG gdwdedvh,
s @ frqvxphu sulfh lqgh{ FSL=
vk @ hgxfdwlrqdo dwwdlqphqw lq 4<<5 +( ri 58097 |hdu0rogv zlwk frpsxovru|/

xsshu vhfrqgdu| dqg whuwldu| hgxfdwlrq,1 Vrxufh= RHFG +4<<;,1
j� @ jurzwk lq uhdo JGS shu khdg1 Vrxufh= RHFG Hfrqrplf Rxworrn/

ydulrxv lvvxhv1

Wdeoh D4= Gdwd vrxufh e| frxqwu|

Frxqwu| Gdwd Vrxufh Shulrg

Dxvwuld Plnur}hqvxv ;40<:
Ghqpdun Orqjlwxglqdo Oderxu Pdunhw Uhjlvwhu ;40<8
Ilqodqg Oderxu Irufh Vxuyh| ;:0<6
Iudqfh LQVHH Hpsorl <60<;
Jhupdq| JVRHS ;70<:
Lwdo| VKLZ ;70<8

Qhwkhuodqgv RVD Sdqho ;90<9
Qruzd| Vxuyh| rq wkh Vwdqgdugv ri Olylqj ;30<8
Sruwxjdo Txdgurv gh Shvvrdv ;50<6

Vzlw}huodqg Vzlvv Oderxu Irufh Vxuyh| <50<;
XN Idplo| H{shqglwxuh Vxuyh| :;0<8
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Wdeoh D51 Phdqv ri wkh pdlq yduldeohv1 E| frxqwu|/ frkruw dqg vfkrro ohyho1

Srwhqwldo H{shulhqfh
Eruq 7307< Eruq 8308<

Hgxfdwlrqdo dwwdlqphqw- Hgxfdwlrqdo dwwdlqphqw-
Frxqwu| FRPS XV WHU FRPS XV WHU

Dxvwuld 63195 5;1;6 54199 4<1<9 4:1;6 4415;
Ghqpdun 5:15; 57169 53154 4;146 47198 44134
Ilqodqg 5:1:3 581:8 55147 4<19: 4919< 451;<
Iudqfh 69154 65149 5:174 5:16: 551;9 4;168
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