
VOG qrwh 597

Fdoleudwlrq ri wkh ZLVUG Hqhuj| Vshfwurphwhu

zlwk d ] Shdn Vfdq1

S1F1 Urzvrq�/ U1 Iuh|2/ V1 Khuw}edfk�/

U1 Nr hu�/ P1 Vzduw}e/ P1 Zrrgv�

�VODF/ 2Xqlyhuvlw| ri Ruhjrq/
�Xqlyhuvlw| ri Pdvvdfkxvhwwv/ dqg eMrkqv Krsnlqv Xqlyhuvlw|

Mxo| 9/ 5333

Devwudfw

Zh kdyh fdoleudwhg wkh hqhuj| vshfwurphwhu xvhg dw wkh VOF djdlqvw

wkh ] pdvv dv ghwhuplqhg dw OHS1 Rxu uhvxow lv dq r�vhw wr wkh uh0

sruwhg ZLVUG hqhuj| ri 079�2DPhY1 Wkh uhvxowlqj fruuhfwhg oxplqrvlw|

zhljkwhg phdq fhqwhu0ri0pdvv hqhuj| iru wkh 4<<:0<; VOG uxq/ lqfoxglqj

ZLVUG lqvwuxphqwdo v|vwhpdwlf huuruv/ lv .S6 ' <4156:�f�f2b JhY1

4 Lqwurgxfwlrq

Vlqfh wkhlu ruljlqdo dssolfdwlrq zlwk wkh Pdun LL h{shulphqw/ wkh VOF h{wudfwlrq
olqh hqhuj| vshfwurphwhuv kdyh rzhg wkhlu devroxwh fdoleudwlrq wr pdjqhwlf phd0
vxuhphqwv grqh rq wkh ehqfk lq 4<;;^4` dqg wr lq vlwx vxuyh|v zklfk kdyh ehhq
grqh derxw rqfh shu VOF uxq1 Wkh txrwhg suhflvlrq iru wkh ZLVUG/ edvhg lq
sduw rq wkh ruljlqdo pdjqhwlf fdoleudwlrqv/ vxjjhvwhg dq xqfhuwdlqw| rq Hfp ri
derxw 53 PhY ^5`1 Ruljlqdoo|/ wkh Pdun LL h{shulphqw hpsor|hg skrvskru
vfuhhq prqlwruv +SVPv, dv ghwhfwruv> rqo| wrzdugv wkh hqg ri wkh h{shulphqw
zhuh wkh ZLVUGv xvhg dqg wkh| zhuh qrw lqfoxghg lq wkh sxeolvkhg olqhvkdsh
phdvxuhphqwv1 Wkh ruljlqdo Pdun LL ] pdvv ghwhuplqdwlrq frpsduhv zhoo zlwk
wkh suhvhqw suhflvh ydoxh iurp OHS +suhvhqwo| <414;9:	313354 JhY^6`,/ exw wkh
huuru lv wrr odujh +�P] @ �83 	 453 PhY, wr eh xvhixo/ dqg lw lv dovr wuxh
wkdw lq wkh lqwhuyhqlqj 43 |hduv wkh fdoleudwlrq pd| kdyh fkdqjhg1 Dv wkh
suhvhqw xqfhuwdlqw| iru wkh ] pdvv lv dq rughu ri pdjqlwxgh vpdoohu wkdq rxu
vshfwurphwhu suhflvlrq/ d olqhvkdsh fdoleudwlrq lv dq h{fhoohqw fkrlfh1 Krzhyhu/
xs xqwlo wkh 4<<; uxq/ wkh VOG kdg qhyhu vfdqqhg wkh ] olqhvkdsh gxh wr orz
oxplqrvlwlhv wkdw zrxog kdyh uhqghuhg wklv d wlph frqvxplqj h{huvl}h/ exw iru
wkh uhfhqw kljk oxplqrvlw| uxqqlqj lw zdv ghwhuplqhg wkdw d vfdq zlwk vxlwdeoh
suhflvlrq +53 PhY, frxog eh shuiruphg lq ohvv wkdq rqh zhhn^7`
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Wkh �jxuh ri phulw iru hqhuj| suhflvlrq ghulyhv iurp wkh dvvrfldwhg xq0
fhuwdlqw| lq fruuhfwlqj iru jdppd2] lqwhuihuhqfh dqg lqlwldo vwdwh udgldwlrq lq
ghgxflqj D3

OU iurp wkh revhuyhg dv|pphwu| dw wkh oxplqrvlw|0zhljkwhg Hfp =
Dq ;3 PhY xqfhuwdlqw| fruuhvsrqgv wr d 4( huuru rq D3

OU 1 D uhdvrqdeoh
wdujhw lv wkdw wkh v|vwhpdwlf huuruv gxh wr hqhuj| phdvxuhphqw duh nhsw ehorz
wkh grplqdqw srodulphwu| huuru/ ru 1 3=8(/ zklfk zrxog uhtxluh �Hfp 1 73
PhY1 Lq wklv qrwh/ wkh ] shdn vfdq ri Pd| 4<<; dqg wkh gdwd dqdo|vlv duh gh0
vfulehg / dqg wkh uhvxowv suhvhqwhg1 Zkhuh dssursuldwh/ uhihuhqfh wr dgglwlrqdo
ghwdlo zloo eh surylghg

5 ] Shdn Vfdq

Wkh rswlpdo vfdq wkdw plqlpl}hv wrwdo uxqqlqj wlph lqfoxghv wzr r�0shdn srlqwv
sodfhg dw derxw .4 JhY dqg 04 JhY +zkhuh wkh uhvrqdqfh fxuyh lv vwhhshvw, 0
pruh dffxudwho| wkhvh srlqwv duh dw .31;; JhY dqg 031<6 JhY/ dv vkrzq lq wkh
�jxuh ehorz ^7`1

Iljxuh 4 = Rswlpdo hqhujlhv iru d wkuhh srlqw ]0shdn vfdq1

Wkh �wwlqj surfhgxuh doorzv rqh iuhh sdudphwhu/ wkh ] pdvv/ zkloh �{lqj wkh
zlgwk wr wkh yhu| suhflvho| nqrzq ydoxh iurp OHS +wkh ryhudoo qrupdol}dwlrq lv
qrw frqvwudlqhg,1 Zlwk d wrwdo oxplqrvlw| ri 483 qe�4 shu vfdq srlqw/ ru derxw
<N ]v shdn0uxqqlqj htxlydohqw/ d vwdwlvwlfdo huuru ri 53 PhY fdq eh dfklhyhg1
V|vwhpdwlf h�hfwv qhhgq*w hqwhu vljql�fdqwo|/ xqohvv wkh| duh gl�huhqw iru wkh
wzr r�0hqhuj| srlqwv frpsduhg wr hdfk rwkhu/ ru wr gdwd wdnhq rq shdn = wkhvh
lqfoxghv ] edfnjurxqgv/ ghwhfwlrq h!flhqf|/ dqg wuljjhu ghdgwlphv/ dv zhoo dv
dq| hqhuj| vshfwurphwhu fdoleudwlrq h�hfwv1
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Wkh surfhgxuh fdoohg iru uhvfdolqj ri wkh E65 vshfwurphwhu ehqg pdjqhwv lq
wkh VOF h{wudfwlrq olqhv +dorqj zlwk wkh pdjqhwv lq wkh dufv dqg �qdo irfxv ri
frxuvh,/ d surfhgxuh wkdw pdlqwdlqv wkh vwhhulqj ri wkh euhpvvwudkoxqj vwulshv lq
wkh dffhswdqfh ri wkh ZLVUGv +rswlpl}hg ehiruh fkdqjlqj wkh ehdp hqhujlhv,1
Wkh ZLVUG hqhujlhv duh fruuhfwhg iru dq| fkdqjhv lq vshfwurphwhu E0�hog e|
uhdo0wlph  ls frlo gdwd1 Wkh qrplqdo vfdq lv ghwdlohg ehorz/

Vfdq Srlqw Hqhuj| +Hfp,
U
Ogw +] frxqw,

r�0shdn kljk <5149: JhY 6/633
r�0shdn orz <31685 JhY 6/333

Wdeoh 41

zkhuh wkh shdn furvv vhfwlrq +dqg qrplqdo uxqqlqj srlqw, lv dw <415;7 JhY1
Zkhq wkh vfdq zdv dfwxdoo| shuiruphg rq 8070<;/ wkh kljk hqhuj| srlqw zdv
grqh �uvw1 Dv h{shfwhg/ pdfklqh uhodwhg edfnjurxqgv zhuh kljkhu wkdq qrupdo
zkhq r� hqhuj|/ exw wkh vlwxdwlrq zdv h{dfhuedwhg zkhq dq dwwhpsw zdv pdgh
wr lqfuhdvh wkh oxplqrvlw| +qrupdo frqglwlrqv zhuh odwhu uhvwruhg, iru wkh orz
hqhuj| vfdq srlqw1 Wklv plvwdnh zdvq*w pdgh gxulqj wkh kljk hqhuj| srlqw
gdwd wdnlqj/ dqg lw pd| eh wuxh wkdw wkh uhvxowlqj glvsdudwh uxqqlqj frqglwlrqv
frqwulexwhg wr wkh frpsolfdwlrqv lq wkh ZLVUG gdwd dqdo|vlv glvfxvvhg lq wkh
iroorzlqj vhfwlrqv1 Wkh shdn vfdq h{shulphqw odvwhg derxw 8 gd|v/ dqg udq dw
wkh hqhujlhv lqglfdwhg +dffruglqj wr wkh ZLVUG ydoxhv dydlodeoh rqolqh,/ zlwk
froohfwhg oxplqrvlwlhv ri dssur{lpdwho| 6/:33 dqg 6/633 ] hyhqwv iru wkh kljk
dqg orz hqhuj| srlqwv uhvshfwlyho|1

514 Lqvwuxphqwdo H�hfwv = wkh ZLVUG

Gxulqj wkh frxuvh ri wkh 4<<:0<; uxq/ lw zdv qrwlfhg wkdw rffdvvlrqdoo| wkh
ZLVUG vhhphg wr eh ehkdylqj lpsurshuo| 0 lq sduwlfxodu/ wkh hqhuj| uhdglqj
dsshduhg wr eh xqvwdeoh lq d zd| qrw olnho| wr eh VOF uhodwhg1 Wkhvh hslvrghv
vhhphg wr eh fruuhodwhg zlwk xqxvxdo �wdlov� lq wkh ZLVUG v|qfkurwurq udgld0
wlrq vwulsh glvsod|v/ dqg wkh uhvxowlqj hqhuj| uhdglqjv dsshduhg wr eh elprgdo1
Xqiruwxqdwho|/ zkloh wklv ehkdylru zdv uduh gxulqj wkh exon ri wkh uxq/ lw zdv
vljql�fdqw gxulqj wkh shdn vfdq1 Lq idfw/ lq dqdo|vlqj wkh shdn vfdq vshfwurph0
whu gdwd/ zh zhuh +xqlqwhqwlrqdoo|, d�rughg dq rssruwxqlw| wr vwxg| dqg ehwwhu
xqghuvwdqg d qxpehu ri v|vwhpdwlf h�hfwv lq wkh ZLVUG v|vwhp1

Wkh grplqdqw h�hfwv idoo lqwr wzr fdwhjrulhv

� Dq h�hfw lq wkh vrxwk +hohfwurq, ZLVUG wkdw fruuhodwhv xqsk|vlfdoo| kljk
hqhuj| zlgwk phdvxuhphqwv zlwk lqfruuhfw hqhuj| phdvxuhphqwv1

� Dq h�hfw lq wkh qruwk +srvlwurq, ZLVUG wkdw fruuhodwhv dqdprorxvo| kljk
froohfwhg lrql}dwlrq +wkdw lv srvlwlrq ghshqghqw dw wkh ZLVUG zluh duud|,
zlwk lqfruuhfw hqhuj| phdvxuhphqw1

Wkh vrxwk ZLVUG skhqrphqrq zhuh lqlwldoo| revhuyhg gxulqj gdwd wdnlqj
iurp wkh rqolqh ZLVUG glvsod|v/ exw zdv vwxglhg lq juhdwhu ghwdlo xvlqj erwk
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wkh VOG 453K} gdwd vwuhdp dqg wuljjhuhg hyhqw gdwd r"lqh1 Rxu xqghuvwdqglqj
ri wkh ruljlq ri wklv h�hfw lv qrw frpsohwh/ exw fdq eh vxppdul}hg dv iroorzv1
Lq wkh fdvh ri wkh vrxwk ZLVUG/ lw dsshduv wkdw wuxqfdwlrq srlqw xvhg lq wkh
hqhuj| ghwhuplqdwlrq dojrulwkp  xfwxdwhv ehwzhhq d srvlwlrq forvh wr wkh shdn
srvlwlrq/ dqg rqh iduwkhu dzd|1 Wklv lv gxh wr wkh mx{wdsrvwlrq ri d wdlo lq
wkh v|qfkurwurq vljqdo dqg hohfwurqlf qrlvh lq wkh ZLVUG1 Lw dsshduv wkdw wkh
h�hfw fdq sxoo wkh hqhuj| uhvxow hlwkhu kljk ru orz/ lv wlph ghshqghqw/ dqg lv
vhqvlwlyh wr wkh orfdwlrq ri wkh v|qfkurwurq vwulsh rq wkh ZLVUG vfuhhq1 Wklv
revhuydwlrq lv frqvlvwhqw zlwk hylghqfh iru lqwhuplwwhqw �krw� fkdqqhov wkdw
fdq lqfuhdvh wkh ghgxfhg zlgwk dqg sxoo dqg fdofxodwhg dyhudjh hqhuj|1 Wkh
h�hfw lv uhfrjql}hg e| d fohduo| elprgdo hqhuj| zlgwk glvwulexwlrq lq wkh r"lqh
gdwd 0 uh hfwlqj wkh wzr zlgwkv fdofxodwhg iru wkh zlgh dqg qduurz srvlwlrqv ri
wkh dojrulwkp wuxqfdwlrq srlqwv1 Vdpsoh hohfwurq hqhuj| zlgwk glvwlexwlrqv duh
vkrzq lq wkh �jxuhv 5 dqg 6 iru wkh kljk dqg orz hqhuj| vfdq srlqwv uhvshfwlyho|
0 wkh elprgdo vkdsh lv pxfk fohduhu iru wkh orz hqhuj| gdwd/ exw lq erwk fdvhv
wkh h�hfw lv ylvleoh1

Iljxuh 5 = Kljk vfdq srlqw1 Iljxuh 6 = Orz vfdq srlqw1

Wkh fruuhodwlrq ehwzhhq zlgwk gdwd dqg wkh phdq hqhuj| gdwd +zklfk vkrxogq*w
eh wkhuh, lv fohdu iurp �jxuh 7 = vkrzq lq wklv vfdwwhusorw duh gdwd iurp wkh
kljk/ orz/ dqg rq0hqhuj| vfdq gdwd zkhuh wkh hqhuj| lv sorwwhg yhuwlfdoo| lq
PhY +r�vhw, xqlwv/ dqg wkh zlgwk lv sorwwhg krul}rqwdoo| lq devroxwh PhY1 Wkh
rq0shdn gdwd lv rqo| frqwdlplqdwhg voljkwo| e| wkh h�hfw lq wkh ryhudoo dyhudjh
+ohvv reylrxv iurp d vfdwwhusorw ri wklv w|sh/ exw wkh ydvw exon ri wkh gdwd lv
xqh�hfwhg e| wkh sureohp,1 Iurp wklv �jxuh lw lv dovr fohdu krz d vlpsoh fxw
rq hqhuj| zlgwk fdq eh xvhg wr h{foxgh wkh vsxulrxv +kljk, phdvxuhphqwv/ wr
uhpryh wkh uhvxowlqj eldv lq wkh phdq hqhuj| hvwlpdwh1
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Iljxuh 7 = Hohfwurq hqhuj| vsuhdg yhuvxv hohfwurq hqhuj| iru wkh orz/ shdn dqg kljk hqhuj| vfdq srlqwv1

Lw zdv ghflghg wr sodfh d fxw dw hqhuj| vsuhdg ?457 PhY +edvhg rq wkh orz
hqhuj| srlqw gdwd, wr doo hohfwurq gdwd1 Wkh h�hfw ri wklv surfhgxuh lv wr pryh
wkh phdvxuhg phdq hohfwurq hqhuj| iru hdfk srlqw > lq wkh fdvh ri wkh shdn dqg
kljk hqhuj| gdwd wkh h�hfw lv yhu| vpdoo/ exw lw lv vljql�fdqw iru wkh orz0hqhuj|
vfdq srlqw dv wdexodwhg ehorz +qrwh wkdw wkh hqhujlhv duh r�vhwv iurp 78 JhY ,
=

vfdq srlqw Hfp phdq +r�vhw PhY, ehorz fxw deryh fxw fruuhfwlrq
kljk hqhuj| 4356 4359 4344 .613	3=;
orz hqhuj| 4431< <3=3 45916 0531<	4=3
rq shdn 8;814 8;3=5 93314 071<	3=5

Wdeoh 51

Wkh h�hfw ri wkh fruuhfwlrq lv derxw 54 PhY iru wkh orz hqhuj| gdwd/ dqg ohvv
wkdq 8 PhY iru wkh shdn dqg kljk hqhuj| gdwd1 Wkh huuruv rq wkh fruuhfwlrqv
jlyhq deryh duh sxuho| vwdwlvwlfdo1 Rxu v|vwhpdwlf huuru +dqg khqfh ryhudoo
huuru gxh wr wkh vpdoo vwdwlvwlfdo huuruv, iru hdfk ri wkhvh fruuhfwlrqv zloo eh
wdnhq wr eh rqh kdoi wkh vl}h ri wkh fruuhfwlrq/ ru 418 PhY/ 44 PhY dqg 518
PhY uhvshfwlyho|1

Zh qrz frqvlghu wkh vhfrqg ZLVUG v|vwhpdwlf h�hfw/ wklv wlph rq wkh
srvlwurq hqhuj| phdvxuhphqwv1 Wkh qruwk ZLVUG skhqrphqd dsshduv wr eh
gxh wr d froolpdwlrq sureohp zlwk rqh ri wkh wzr ZLVUG zluh duud|v +wkh
lqfrplqj v|qfkurwurq vwulsh duud|,1 Zkhq lqvshfwhg lq vlwx/ wkh xsshu ohdg
froolpdwru iru wkh lqfrplqj udgldwlrq vwulsh +wkhuh duh wzr froolpdwruv shu vwulsh,
zdv glvfryhuhg rxw ri srvlwlrq dqg urwdwhg lq iurqw ri wklv zluh duud|1 Wkh rqvhw
ri wkh sureohp lv yhu| fohduo| fruuhodwhg zlwk d sduwlfxodu srvlwlrq rq wklv duud|
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0 vwduwlqj dw wklv orfdwlrq wkh wrwdo froohfwhg fkdujh mxpsv e| d odujh dprxqw
dqg d fruuhodwlrq ehwzhhq uhfrqvwuxfwhg ehdp hqhuj| dqg fkdujh ghyhorsv1

Iljxuh 8 = Srvlwurq hqhuj| yv1 vwulsh fkdujh1

Iljxuh 9 = Vwulsh fkdujh yv1 wlph1

Iljxuh 8 vkrzv wkh gdwd +hqhuj| sorwwhg yhuwlfdoo|/ froohfwhg fkdujh krul}rqwdoo|,
iru wkh orz/ shdn dqg kljk hqhuj| srlqwv iurp erwwrp wr wrs1 Wkh srsxodwlrq
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ri dqdprorxvo| kljk fkdujh gdwd lv fohduo| ylvleoh iru wkh orz hqhuj| gdwd/ dqg
frpsohwho| devhqw iru wkh kljk hqhuj| gdwd > dovr hylghqw/ lv wkh uhvxowlqj
hqhuj|2fkdujh fruuhodwlrq lq wkdw srsxodwlrq1 Lw lv lqwhuhvwlqj wr h{dplqh
d sorw ri wkh froohfwhg vwulsh fkdujh dv d ixqfwlrq ri vwulsh srvwlrq/ dv vkrzq
lq Iljxuh :1 Wkh rqvhw ri lqfuhdvlqj fkdujh dw 648 plov +duelwudu| ZLVUG
frruglqdwh v|vwhp, h{klelwv d vorsh wkdw lv qlfho| frqvlvwhqw zlwk wkh revhuyhg
froolpdwru �uroo� ri derxw 8 ghjuhhv1 Wkh idfh ri wkh froolpdwru lv d vtxduh ri
derxw 4 42; lqfk rq d vlgh/ dqg zkhq urwdwhg derxw dq d{lv shushqglfxodu wr wkh
idfh wkh qrq0krul}rqwdo froolpdwru hgjh/ uhodwlyh wr wkh �{hg orzhu froolpdwru/
surgxfhv dq dffhswdqfh jds wkdw lv qrw xqlirup1 Wkh vxgghq rqvhw ri lqfuhdvlqj
fkdujh fruuhvsrqgv wr sdvvlqj wkh fruqhu ri wkh froolpdwru1

Iljxuh : = Vwulsh fkdujh yv1 srvlwlrq1

Lq wkh shdn uxqqlqj/ wkh sureohp fdq eh vhhq/ exw iudfwlrqdoo| lv uhodwlyho|
lqvljql�fdqw +dowkrxjk wkdw iudfwlrq lv qrw hylghqw iurp d vfdwwhusorw gxh wr
srlqw ryhuod|v,1 Lq �jxuh 9 d wlph klvwru| ri wkh sureohp vkrzv d vkdus
rqvhw frlqflghqw zlwk wkh wkh vwduw ri wkh orz hqhuj| vfdq srlqw gdwd wdnlqj
+lq duelwudu| VOG xqlwv/ gd| 48;; dw derxw <=63 DP,/ dqg suhflvho| fruuhodwhg
zlwk d sduwlfxodu srvlwlrq rq wkh vfuhhq +derxw 648 plov iurp wkh uhihuhqfh
hgjh,1 Fruuhfwlqj iru wklv h�hfw lv uhodwlyho| vwudljkwiruzdug gxh wr wkh fohdq
vhsdudwlrq ehwzhhq wkh qrupdo dqg dqdprorxv srsxodwlrqv/ exw rqo| vr orqj dv
wkhuh lvq*w d fruuhodwlrq lq wlph zlwk wkh srvlwurq ehdp hqhuj|1 Lw zdv yhul�hg
wkdw wkhuh glg qrw dsshdu wr eh dq| vxfk fruuhodwlrq gxulqj wkh orz hqhuj| vfdq
srlqw e| fkhfnlqj rwkhu hqhuj| phdvxuhphqwv dydlodeoh dw wkh VOF +iru lqvwdqfh/
wkh ehdp vzlwfk|dug ESPv dqg wkh �qdo irfxv ESPv,1 D fxw zdv sodfhg dw
?4433 DGF xqlwv iru wkh froohfwhg fkdujh dw wkh lqfrplqj vwulsh qruwk ZLVUG
duud|1 Wkh wdeoh ehorz vkrzv wkh uhvxowv/ rqfh djdlq lq PhY r�vhwv iurp 78
JhY1
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vfdq srlqw Hfp phdq +r�vhw PhY, ehorz fxw deryh fxw fruuhfwlrq
kljk hqhuj| 4358 4358 Q2D qrqh
orz hqhuj| 45816 4441< 4671: 04617	3=;
rq shdn 8<316 8<313 96915 0316	3=5

Wdeoh 61

Wkh huuruv vkrzq iru wkh fruuhfwlrqv duh sxuho| vwdwlvwlfdo1 Rqfh djdlq/ v|vwhp0
dwlf huuruv zloo eh wdnhq wr eh rqh kdoi wkh fruuhfwlrq lwvhoi/ ru 3/ : PhY dqg 3/
uhvshfwlyho|1

Wkhvh ZLVUG lqwuxphqwdo h�hfwv/ dv zhoo dv d ghvfulswlrq ri wkh zrun grqh
wr fkhfn pdjqhwlf dqg vxuyh| gdwd dqg d qxpehu ri jhrphwulfdo fruuhfwlrqv +iru
vpdoo dqjoh dssur{lpdwlrqv dqg iru ZLVUG zluh duud| dqjxodu r�vhwv, duh wr
eh ghvfulehg lq ghwdlo lq dq xsfrplqj qrwh^8`1

515 H{wudfwlrq Olqh Hqhuj| orvv Fruuhfwlrqv

Gxh wr wkh vhyhudo ehqgv lq wkh �qdo irfxv dqg h{wudfwlrq olqhv vhhq e| wkh vshqw
ehdpv rq wkhlu zd| wr wkh hqhuj| vshfwurphwhu dqg wkhq wkh ehdp gxpsv/ vrph
ehdp hqhuj| lv orvw gxh wr v|qfkurwurq udgldwlrq sulru wr phdvxuhphqw1 Wkh
qrplqdo hqhuj| orvv kdg ehhq hvwlpdwhg dw VOF vwduwxs dw derxw 78 PhY shu
ehdp/ dqg wklv dprxqw zdv dgghg wr wkh hqhuj| vshfwurphwhu uhvxowv r"lqh1
Pruh uhfhqwo|/ prwlydwhg e| rxu qhhg iru d pruh suhflvh qxpehu/ Pdun Zrrgoh|
uhfdofxodwhg wklv txdqwlw|/ dqg klv uhvxowv duh jlyhq lq ghwdlo lq dq dsshqgl{1 Wkh
qhz fdofxodwlrq lqfoxghv hqhuj| orvvhv xs wr wkh plgsrlqw ri wkh E65 dqdo|vlqj
ehqg xvhg e| wkh hqhuj| vshfwurphwhu +wkh roghu fdofxodwlrq vhhpv wr lqfoxgh
wkh hqwluh pdjqhw,1 Wkh uhvxow lv 741< PhY shu ehdp1 Krzhyhu/ iru wkh 4<<;
gdwd/ d qhz vhwxs lq wkh �qdo irfxv zdv lpsohphqwhg wkdw lqfoxghg uhgxfhg
glsroh ehqglqj lq olhx ri dq r�0fhqwhu wudmhfwru| lq vhyhudo txdgudsroh pdjqhwv1
Wkh uhgxfhg phdq udglxv ri fxuydwxuh iru wklv frq�jxudwlrq ohdg wr d vpdoohu
hqhuj| orvv ri 691< PhY shu ehdp/ dqg lw lv wklv fruuhfwlrq wkdw lv uhohydqw iru
wkh ]0shdn vfdq gdwd1 Wkh gl�huhqfh ehwzhhq wkh fdofxodwlrqv iru wkh qruwk dqg
vrxwk �qdo irfl dqg h{wudfwlrq olqhv lv vpdoo +derxw 4 PhY, 0 lw lv uhdvrqdeoh wr
wdnh wkh huuruv rq wkhvh qxpehuv dv vlploduo| vpdoo +dqg/ lq wkh ryhudoo slfwxuh/
qhjoljleoh,

516 Ehdp0ehdp Glvuxswlrq Fruuhfwlrqv

Wkh h�hfw ri rqh ehdp rq wkh rwkhu gxulqj wkh froolvlrq/ qhjoljleo| vpdoo lq
hduolhu VOF uxqqlqj/ ehfdph vljql�fdqw lq wkh odvw uxq1 Lq wkh 4<<70<8 uxq/
d vlpsoh surfhgxuh zdv xvhg wr hvwlpdwh wkh hqhuj| orvvhv gxh wr glvuxswlrq1
Wkh revhuyhg ehdp hqhujlhv zhuh frpsduhg zlwk wkh ehdpv lq froolvlrq/ dqg
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qrw lq froolvlrq/ dqg wkh vlpsoh dvvxpswlrq zdv pdgh wkdw kdoi ri wkh frool0
vlrq hqhuj| orvv rffxuuhg sulru wr wkh froolvlrq1 Wkh uhvxow zdv dq hvwlpdwhg
43	43PhY fruuhfwlrq wr eh dgghg wr wkh fhqwhu0ri0pdvv hqhuj| dv phdvxuhg e|
wkh hqhuj| vshfwurphwhuv^:`1 Lq pruh uhfhqw kljkhu oxplqrvlw| uxqqlqj/ wkhvh
ehdpvwudkoxqj orvvhv ehfdph pxfk odujhu1 Surpswhg e| wklv idfw/ vlpxodwlrqv
ri ehdp glvuxswlrq iru 4<<; VOF ehdp frqglwlrqv xvlqj wkh JLQHDSLJ sdfndjh
kdyh ehhq shuiruphg ^9`1 Wkhvh vlpxodwlrqv frq�up/ wr wkh prghvw suhflvlrq
zh qhhg/ +y43(, wkh vlpsoh slfwxuh zkhuh suh0srvw froolvlrq orvvhv duh 83283/
dqg dovr jlyh txdqwlwdwlyho| frqvlvwhqw uhvxowv iru wkh vl}h ri wkh h�hfw frpsduhg
wr wkh uhvxowv ri wzr0ehdp2rqh0ehdp frpsdulvrqv1

Iru wklv dqdo|vlv/ VOG 453K} gdwd lv xvhg/ lqvwhdg ri wuljjhuhg VOG gdwd/
dv wklv lv rxu rqo| vrxufh ri h� ru h. vlqjoh ehdp ZLVUG lqirupdwlrq1 Wkh
rqh0ehdp frqglwlrq lv ghwhuplqhg iurp wkh vwdwh ri wkh uhohydqw ehdp0gxpshu
vljqdo/ dowkrxjk wkh eldv lqwurgxfhg e| xvlqj wkh ehdp fxuuhqw wrurlgv lqvwhdg
zdv yhul�hg wr eh yhu| vpdoo1 Wkh frpsolfdwlrq lq wklv dqdo|vlv uhodwhv wr wkh
ZLVUG lqvwuxphqwdo h�hfwv glvfxvvhg lq vhfwlrq 5141 Wkhvh h�hfwv duh suhvhqw/
dqg duh lq sulqflsoh gl�huhqw iru wkh vlqjoh ehdp gdwd/ wkdq wkh wdexodwhg fru0
uhfwlrqv jlyhq deryh iru froolvlrq gdwd1 Lq wkh fdvh ri wkh vrxwk +h�, ZLVUG/
wkh ZLVUG hqhuj| vsuhdgv duh dydlodeoh lq wkh 453 K} gdwd dqg fxwv +doehlw
gl�huhqw fxwv, fdq eh dssolhg dv zdv ghvfulehg1 Krzhyhu/ iru wkh qruwk +h.,
ZLVUG/ wkh 453K} gdwd grhv qrw lqfoxgh wkh ZLVUG vwulsh fkdujh ru srvl0
wlrq lqirupdwlrq qhfhvvdu| wr gxsolfdwh wkh wzr0ehdp dqdo|vlv1 Wkhuhiruh/ wkh
srvlwurq glvuxswlrq hvwlpdwh fdqqrw eh ixoo| fruuhfwhg1 Krzhyhu/ li wkh wzr0
ehdp gdwd lv dq| jxlgh/ rqo| wkh orz hqhuj| vfdq srlqw gdwd qhhgv fruuhfwlqj
dqg wkh h�hfw lv ohvv wkdq 48 PhY1 Rxu txrwhg huuruv zloo kdyh wr uh hfw wkh
xqfhuwdlqwlhv dvvrfldwhg zlwk wklv sureohp1

Wkh wdeoh ehorz jlyhv wkh wzr0ehdp yv1 rqh0ehdp hqhuj| gl�huhqfhv iru
erwk wkh fruuhfwhg dqg xqfruuhfwhg hohfwurq gdwd/ dqg iru wkh srvlwurq gdwd1
Zh qrwh khuh wkdw wkh fruuhfwlrqv dssolhg wr wkh vlqjoh0ehdp hohfurq gdwd zhuh
vrphzkdw pruh frpsoh{ wkdq wkrvh iru wkh wzr0ehdp gdwd/ dqg lqfoxgh d frp0
elqhg fxw rq hqhuj| zlgwk dqg hqhuj| dv d srsxodwlrq ri xqsk|vlfdoo| orz hqhuj|
phdvxuhphqwv zdv vhhq khuh +derxw 433 PhY orz,1 Gh�qh wkh rqh ehdp 0 wzr
ehdp hqhuj| gl�huhqfh �	 iru srvlwurqv dqg hohfwurqv/ jlyhq ehorz lq PhY
+vwdwlvwlfdo huuruv duh qhjoljleoh, =

vfdq srlqw Hfp ��xqfruu ��fruu �.
xqfruu

kljk hqhuj| 5:1: 4;17 5:1;
orz hqhuj| 7914 6<19 5:14
rq shdn 771: 6;16 5919

Wdeoh 71

Wkh rqh vwdqgrxw khuh duh wkh hohfwurq fruuhfwlrqv iru wkh kljk hqhuj| srlqw1
Wkh JLQHDSLJ vlpxodwlrqv duh shukdsv pruh frqvlvwhqw zlwk wkh kljkhu orvvhv
vhhq iru wkh orz hqhuj| dqg shdn uxqqlqj/ dowkrxjk wkh xqfhuwdlqwlhv duh odujh
+iru h{dpsoh/ oxplqrvlw| dqg exqfk ohqjwk lqirupdwlrq lv srru iru wkh ]0shdn
vfdq uxqqlqj,1 Vrph frpphqwv =
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� Wkh frqvlvwhqf| ri wkh srvlwurq hqhuj| orvv uhvxowv pd| eh whoolqj xv wkdw
wkh ZLVUG lqvwuxphqwdo fruuhfwlrqv gr fdqfho lq wkh rqh0ehdp 0 wzr0
ehdp gl�huhqfh1 Wkh| idfw wkdw wkh wzr srlqwv zkhuh qr fruuhfwlrq lv
h{shfwhg +kljk hqhuj| srlqw dqg rq shdn gdwd, djuhh zhoo pd| lqglfdwh
wkdw frqglwlrqv zhuh uhodwlyho| vwdeoh1

� Wkh glvfuhsdqw ehkdylru ri wkh kljk hqhuj| hohfwurq hqhuj| orvv uhvxow pd|
eh uhdo/ ru pd| lqglfdwh vrph nlqg ri lqvwuxphqwdo h�hfw wkdw kdvq*w ehhq
fruuhfwo| dffrxqwhg iru1 Lw lv srvvleoh/ iru h{dpsoh/ wkdw wkh ZLVUG dojr0
ulwp wuxqfdwlrq h�hfw lv vrphkrz odujhu khuh +vhh ehorz,1 Wkh gl�huhqfhv
vhhq lq wklv wdeoh zloo khos vhw rxu v|vwhpdwlf huuru1

Wkh v|vwhpdwlf huuru gxh wr wkh kljk hqhuj| fruuhfwlrq fdq eh plqlpl}hg
e| vsolwwlqj wkh gl�huhqfh ehwzhhq wkh pruh w|slfdo 6;16 PhY +rq shdn, dqg
wkh orz fruuhfwhg uhvxow +4;17 PhY,/ iru d fruuhfwlrq ri 5;17 PhY zlwk d 43
PhY huuru wr fryhu wklv xqnqrzq h�hfw1 Iru doo srlqwv/ d phdvxuh ri wkh huuru
lv jlyhq e| gl�huhqfh ehwzhhq wkh fruuhfwhg dqg xqfruuhfwhg uhvxowv + derxw 9
PhY iru wkh orz hqhuj| dqg rq shdn qxpehuv/ dqg < PhY iru wkh kljk hqhuj|
srlqw,1 Wkh wrwdo fruuhfwlrq wr Hfp lv wkhq jlyhq e| +��fruu.�.

xqfruu,@5> zkhuh
wkh prgl�hg kljk hqhuj| hohfwurq uhvxow jlyhq deryh lv xvhg1 Wdnlqj wkh huuruv
iru wkh srvlwurq orvvhv wr eh 8 PhY/ lw vhhpv uhdvrqdeoh wr wdnh wkh huuru iru
wkh orz hqhuj| dqg rq shdn uhvxowv dw 43 PhY/ dqg 48 PhY iru wkh kljk hqhuj|
srlqw lq wkh wrwdo fruuhfwlrq/ dv jlyhq ehorz =

vfdq srlqw Hfp �Hfp
fruu

kljk hqhuj| 5;14	48
orz hqhuj| 6617	43
rq shdn 6518	43

Wdeoh 81

517 Fruuhfwhg vfdq .
S6

uhvxowv

Wkh �qdo uhvxowv iru wkh vfdq srlqw hqhujlhv wdnh wkh ZLVUG fruuhfwhg +cehorz
fxw*, uhvxowv/ dgg wkh h{wudfwlrq olqh orvv fruuhfwlrqv/ dqg dgg wkh dssursuldwh
ehdp0ehdp froolvlrq orvv fruuhfwlrqv/ zkloh doo wkh wlph dgglqj wkh txrwhg v|v0
whpdwlf huuruv lq txdgudwxuh1 Wkh wdeoh ehorz jlyhv wkh uhvxowv 0 uhfdoo wkdw wkh
ruljlqdo txrwhg hqhuj| vshfwurphwhu suhflvlrq lv derxw 53 PhY lq Hfp> dqg lv
qrw lqfoxghg khuh =

vfdq srlqw Hfp+fruuhfwhg, JhY
kljk hqhuj| <51486	3=348
orz hqhuj| <3163<	3=349
rq shdn <415::	3=343

Wdeoh 91
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6 Uhodwlyh furvv vhfwlrq ghwhuplqdwlrq

Iru hdfk ri wkh wkuhh vfdq srlqwv/ wkh uhodwlyh ] furvv vhfwlrq lv uhtxluhg/ zkhuh
qrupdol}dwlrq lv surylghg e| Ekdekd hyhqw udwhv dv phdvxuhg lq wkh oxplqrvlw|
prqlwruv +OXP,1 Hyhq lq wkh suhvhqfh ri hohydwhg edfnjrxqgv +iru zklfk wkh
zdv uhdoo| qr hylghqfh,/ wkh ] vhohfwlrq wdnhq iurp wkh DOU dqdo|vlv lv idluo|
urexvw/ dqg frqwdplqdwlrq vkrxog eh hdvlo| khog zhoo ehorz 4(1 Wkh Ekdekd
lghqwl�fdwlrq lq wkh OXP lv wr h{fhoohqw dssur{lpdwlrq edfnjurxqg iuhh1 Rqh
vxewohw| lv wkdw lq sulqflsoh wuljjhu2GDT uhodwhg ghdgwlphv ru lqh!flhqflhv qhhg
wr eh dffrxqwhg iru/ exw rqo| wr wkh h{whqw wkdw wkhvh h�hfwv gl�hu ehwzhhq wkh
wkuhh vfdq srlqwv1 Wr vlpsoli| wkh dqdo|vlv ri wuljjhu h�hfwv/ dqg wr plqlpl}h
wkhp/ wkh sxuho| fdorulphwulf ] vhohfwlrq +nqrzq dv NDO, lv xvhg/ udwkhu wkdq
wkh wudfnlqj dvvlvwhg phwkrg +WDNDO, wkdw lv suhvhqwo| wkh ghidxow lq wkh
DOU surfhgxuh > qrplqdoo| wkhvh vhohfwlrqv kdyhy 3=6( dqg y 3=4( lpsxulwlhv
uhvshfwlyho|^;`1

Wkh NDO vhohfwhg ] frxqwv/ iru wkh vshfl�hg uxq udqjhv +fruuhvsrqglqj wr
wkh kljk/ orz dqg shdn hqhuj| srlqwv,/ dorqj zlwk wkh OXP Ekdekd frxqwv
+wdoolhg xvlqj wkh suhflvh0jurvv phwkrg^<`, duh jlyhq ehorz1

vfdq srlqw Hfp VOG uxq udqjh NDO ] wrwdo OXP Ekdekd wrwdo
kljk hqhuj| 76499076535 6/:57 44/4:7
orz hqhuj| 7653607658; 6/645 45/954
rq shdn 75:;9076486 85/456 455/;83

Wdeoh :1

614 Wuljjhu2GDT H!flhqf| Fruuhfwlrqv

Wkhuh duh vpdoo nqrzq h�hfwv lq wkh VOG wuljjhu2GDT v|vwhp/ jhqhudoo| uh0
ihuuhg wr dv �ghdgwlphv� +dowkrxjk wklv whuplqrorj| lv qrw hqwluho| dffxudwh,1
Wkhvh h�hfwv qhhg wr eh dffrxqwhg iru lq rxu �w/ exw rqo| wr wkh h{whqw wkdw wkh|
ydu| iru wkh wkuhh vfdq srlqwv1 Lq rughu wr plqlpl}h wkhvh h�hfwv/ dqg dovr wr
doorz iru wkhlu vwudljkwiruzdug hydoxdwlrq/ zh ghflghg wr hpsor| fdorulphwulfdoo|
vhohfwhg ] hyhqwv +nqrzq dv NDO ]v,/ udwkhu wkdq wkh suhvhqw vwdqgdug vhohfwlrq
+iru wkh DOU dqdo|vlv, wkdw xvhv wudfnlqj lqirupdwlrq +WDNDO ]v,1 Wklv lv
ehfdxvh wkh VOG ODF wuljjhu dqg uhdgrxw fdxvh qr ghdgwlph 0 krzhyhu/ wklv
idfw fdq ohdg wr wkh plvfrqfhswlrq wkdw wkh NDO hqhuj| wuljjhu lv ghdgwlphohvv1
Lq idfw/ zkloh wkh OXP wuljjhu fdq jr dw wkh ixoo 453 K} froolvlrq uhshwlwlrq
udwh/ wkh NDO wuljjhu lqfxuv ghdgwlph gxh wr wkh idfw wkdw wkh hqwluh VOG lv
uhdgrxw/ lqfoxglqj wkh vorz zluh v|vwhpv +FGF dqg FULG, iru zklfk derxw <
ehdp furvvlqjv duh uhtxluhg iru frpsohwlrq1
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Wkh VOG 453K} gdwd zdv xvhg wr ghwhuplqh wkh vl}h ri wkh h�hfw iru hdfk ri
wkh wkuhh vfdq srlqwv1 Wkh �vorw vwdwh yhfwru� iru wkh HQHUJ\ wuljjhu lv fkhfnhg
dqg wkh EXV\ dqg YHWR +wuljjhu yhwrv frqwulexwh d vpdoo iudfwlrq ri wkh ghdg0
wlph, elwv duh h{dplqhg1 Li wkh sduwlfxodu ehdp furvvlqj lv �jrrg�/ dv gh�qhg
e| ryhu wkuhvkrog hohfwurq dqg srvlwurq fxuuhqwv dqg �qlwh ehdpvvwudkoxqj vlj0
qdo +yhuli|lqj wkh ehdpv duh lq froolvlrq,/ wkh RU ri wkh EXV\ dqg YHWR elwv
lv xvhg wr gh�qh wkh GHDG vwdwh/ zklfk lv wkhq wdoolhg1 Wkh iudfwlrq ri wkhvh
ehdpfurvvlqjv wkdw vkrz wkh GHDG frqglwlrq dv gh�qhg dv wkh wuljjhu2GDT lq0
h!flhqf|/ ru �ghdgwlph�1 Wkh glvwulexwlrqv lq ghdgwlphv/ fdofxodwhg iru eorfnv
ri 4333 jrrg ehdpfurvvlqjv/ duh klvwrjudpphg +Iljxuhv ;/< dqg 43 iru wkh kljk/
orz dqg shdn vfdq srlqwv uhvshfwlyho|, dqg wkh phdqv ri wkhvh glvwulexwlrqv duh
h{wudfwhg dqg wdexodwhg ehorz =

Iljxuh ; = Kljk vfdq srlqw1 Iljxuh < = Orz vfdq srlqw1

Iljxuh 43 = Shdn vfdq srlqw1

vfdq srlqw Hfp wuljjhu2GDT lqh�1
kljk hqhuj| 31366
orz hqhuj| 31363
rq shdn 31356

Wdeoh ;1

Wkhvh lqh!flhqflhv +�, duh fruuhfwhg iru dw hdfk vfdq srlqw vlpso| e| pxowlso|lqj
wkh ]2Ekdekd udwlrv e| 4

4��
1 Wkh huuruv rq wkhvh fruuhfwlrqv duh qhjoljleoh

frpsduhg wr wkh vwdwlvwlfdo huuruv rq wkh ] hyhqw wrwdov dqg duh ljqruhg1
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7 4<<:0<; oxplqrvlw| zhljkwhg .fp Uhvxowv

Wkh oxplqrvlw| zhljkwhg uhvxowv iru wkh uhfhqw 4<<:0<; uxq duh ghwhuplqhg lq wkh
xvxdo zd| +iurp vhohfwhg ] hyhqwv,/ exw wkh fdofxodwlrq dovr lqfoxghv wkh vdph
fruuhfwlrqv iru wkh Qruwk dqg Vrxwk ZLVUG lqvwuxphqwdo h�hfwv wkdw zhuh
xqfryhuhg lq wkh ]0shdn vfdq dqdo|vlv1 Wkhvh fruuhfwlrqv kdyh d vpdoo h�hfw rq
wkh exon ri wkh gdwd +derxw 4 PhY lq 4<<:/ dqg derxw 7 PhY lq 4<<;,1 Wkh
dssursuldwh h{wudfwlrq olqh hqhuj| orvv fruuhfwlrqv ghwdlohg deryh duh dssolhg/
dqg wkh ehdp0ehdp glvuxswlrq hqhuj| orvv fruuhfwlrqv duh ghwhuplqhg dv iru
wkh vfdq gdwd e| xvlqj wzr0ehdp wr rqh0ehdp frpsdulvrqv1 Wkh ehdp0ehdp
glvuxswlrq orvv fruuhfwlrqv duh wlph ghshqghqw/ dqg d oxplqrvlw| zhljkwhg phdq
lv ghwhuplqhg iru wkh 4<<: dqg 4<<; wlph shulrgv iurp wkh zhljkwhg dyhudjhv ri
; �eorfnv� ri wlph iru hdfk wlph shulrg +vhh wkh 453 K} dv|pphwu| dqdo|vlv ^:`
,1 Wkh uhvxowv duh jlyhq ehorz +qrwh wkdw wkh 4<<; shulrg khuh h{foxghv wkh
uxqv xvhg iru wkh ]0shdn vfdq, =

uxq shulrg VOG uxq udqjh ehdp0ehdp glvuxsw1fruu1 oxp1zhljkw1 Hfp+JhY,
4<<: 6:74;073:58 5516	43 PhY <415::	3=343
4<<; 743<;076<67 6317	43 PhY <415;9	3=343

Wdeoh <1

Wkh huuruv vkrzq khuh duh gxh wr wkh v|vwhpdwlf huuruv rq wkh fruuhfwlrqv/
jlyhq lq wkh suhylrxv vhfwlrqv/ dqg gr qrw lqfoxgh dq| fdoleudwlrq xqfhuwdlqw|1
Vwdwlvwlfdo huuruv duh qhjoljleoh1 Wkh 4<<: dqg 4<<; uhvxowv fdq eh dyhudjhg/
zlwk wkh fruuhfw oxplqrvlw| zhljkw/ wr |lhog wkh uhvxow =

Hfp+ oxp1zhljkw1 4<<:0<;, @ <415;6	3=347 JhY

Wr wklv uhvxow zh qrz dsso| rxu fdoleudwlrq fruuhfwlrq ghulyhg iurp wkh ]0
shdn vfdq1

8 Fdoleudwlrq Fruuhfwlrq iurp wkh ]0shdn Vfdq

Wzr �wwlqj phwkrgv zhuh xvhg iru wkh ] olqhvkdsh �w1 Wkh �uvw phwkrg +P1
Vzduw}, xvhv wkh ] olqhvkdsh dqg udgldwlyh fruuhfwlrqv surjudp ]ILWWHU ^43`/
zkhuh wkh vpdoo0dqjoh Ekdekd wr ] ghfd| udwlrv duh wkh lqsxw/ dqg wkh udwlrv
ri wkhvh furvv vhfwlrqv duh fdofxodwhg lqwhuqdoo|1 Wkh vhfrqg phwkrg +Ud| Iuh|,
xvhv wkh surjudp EKN^44` wr fdofxodwh wkh Edkekd furvv vhfwlrqv +zlwk dq
dffhswdqfh fxwr� dw 6: plooludgldqv 0 ghwdlohg ghwhfwru uhvsrqvh vlpxodwlrq lv
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xqqhfhvvdu| dv ryhudoo qrupdol}dwlrq lv luuhohydqw,/ dqg d �wwlqj ixqfwlrq iru
wkh ] olqhvkdsh iurp Nxudhy dqg Idglq^45` wkdw vxpv lqlwldo0vwdwh udgldwlrq wr
doo rughuv dqg lqfoxghv yluwxdo fruuhfwlrqv wr rughu � xvlqj d vwuxfwxuh ixqfwlrq
irupdolvp1 Erwk �wv dovr lqfoxgh dq 433 PhY hqhuj| vphdulqj wr dffrxqw iru
wkh �3148( dyhudjh shu sxovh hqhuj| vsuhdg ri hdfk ehdp1

Wkh �wv wr wkh shdn vfdq gdwd/ frpsduhg wr wkh OHS ] pdvv/ |lhogv dq
r�vhw ri 076	58 PhY/ zlwk d "5 @ 415 iru wkh ]ILWWHU edvhg �w/ dqg 06<	58
PhY/ zlwk d "5 @ 418 iru wkh �w xvlqj wkh ixqfwlrq ri Nxudhy dqg Idglq +wkhuh
lv rqh ghjuhh ri iuhhgrp lq erwk �wv,1 Wkh huuru khuh lqfoxghv wkh vwdwlvwlfdo
huuru ri wkh �w +zklfk grplqdwhv,/ dqg wkh v|vwhpdwlf huuruv dvvrfldwhg zlwk wkh
vfdq hqhujlhv iurp fruuhfwhg ZLVUG gdwd1 Wkh �wv duh frpiruwdeo| frqvlvwhqw
zlwk hdfk rwkhu1 Wkh odwwhu �w uhvxow lv vkrzq ehorz1 Li zh vsolw wkh gl�huhqfh
ehwzhhq wkh vfdq uhvxowv/ dqg lq dwh wkh huuru dffruglqjo|/ zh rewdlq wkhZLVUG
edvhg r�vhw ri 074	58 PhY1

Iljxuh 44 = ZLVUG edvhg shdn vfdq �w +]ILWWHU phwkrg,1

Wkh wrwdo huuru rq wkh fruuhfwhg fhqwhu0ri0pdvv hqhuj| zrxog wkhq eh wkh txdgud0
wxuh vxp ri wkh 47 PhY huuru rq wkh oxplqrvlw|0zhljkwhg dyhudjh/ dqg wkh 58
PhY huuru rq wkh �w uhvxow/ ru derxw 63 PhY1

Zh kdyh dgglwlrqdo lqirupdwlrq/ krzhyhu/ iurp Sdqwdohr Udlprqgl*v �qdo
irfxv ehdp srvlwlrq prqlwruv +ESP, dqdo|vlv/ dv ghvfulehg lq Plnh Zrrg*v
phpr ^46`4 / wkdw lv frpsohwho| lqghshqghqw ri wkh ZLVUG hqhuj| vshfwurphwhu
gdwd1 Wkh vfdq srlqw hqhujlhv ghgxfhg iurp wkh ESP dqdo|vlv duh jlyhq lq
Wdeoh 61 ri wkh phpr/ dqg duh uhsurgxfhg ehorz1 Qr v|vwhpdwlf huuruv zhuh
dvvljqhg1

4Wkh uhvxowv suhvhqwhg lq wkh suhvhqw phpr iru wkh ZLVUG dqdo|vlv vxshuvhgh wkh suholp0

lqdu| uhvxowv jlyhq lq wkh phpr ri P1 Zrrgv1
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vfdq srlqw Hfp+ESP dqdo|vlv, JhY
kljk hqhuj| <514:;
orz hqhuj| <3165:
rq shdn <415;:

Wdeoh 431

Wkhvh hqhujlhv duh v|vwhpdwlfdoo| kljkhu wkdq rxu uhvxowv zklfk zhuh vkrzq
lq Wdeoh 9/ e| 4;/ 43 dqg 58 PhY uhvshfwlyho|1 Krzhyhu/ wkh devroxwh vfdoh lq
wkh ESP dqdo|vlv lv qrw �{hg dqg zdv vhw e| dvvxpplqj wkdw VOF rshudwruv
kdg pdlqwdlqhg wkh shdn hqhuj| dw lwv qrplqdo ydoxh1 Lq idfw/ rxu gdwd lqglfdwh
wkdw wkh dfwxdo shdn srlqw zdv 43	43 PhY orzhu wkdq wklv dvvxpswlrq1 Li zh
dsso| wklv r�vhw dqg lw*v huuru wr wkh uhvxowv txrwhg lq wkh ESP dqdo|vlv phpr/
wkh glvfuhsdqflhv ehwzhhq wkh ZLVUG dqg ESP hqhujlhv ghfuhdvh wr ;/ 48 PhY
iru wkh kljk0 dqg orz0hqhuj| vfdq srlqwv uhvshfwlyho|/ frpiruwdeo| zlwklq rxu
txrwhg ZLVUG huuruv1 Lqfoxglqj wklv r�vhw fruuhfwlrq/ wkh uhvxow ri lghqwlfdo
�wwlqj surfhgxuhv wr wkh ESP ghulyhg hqhujlhv lv wr ghgxfh dq r�vhw ri 085	55
PhY zlwk d "5 @ 419 dqg 07:	55 PhY zlwk d "5 @ 515/ zkhuh wkh huuruv khuh
duh sxuho| vwdwlvwlfdo1 Rqfh djdlq/ zh fdq vsolw wkh gl�huhqfh dqg lq dwh wkh
huuru wr rewdlq 083	55 PhY iru wkh ESP edvhg r�vhw1 Hyhq wkrxjk rqo| iru
wkh ZLVUG dqdo|vlv kdyh wkh v|vwhpdwlf huuruv ehhq frpsohwho| hydoxdwhg/ dv
d uhodwlyh phdvxuhphqw/ wkh ESP surfhgxuh lv h{shfwhg wr eh suhflvh dw wkh
ihz PhY ohyho11 D uhdvrqdeoh dssurdfk lv wr vsolw wkh gl�ihuhqfh ehwzhhq wkh
ZLVUG edvhg dqg ESP edvhg hvwlpdwhv/ dqg wr dvvljq dq dgglwlrqdo v|vwhpdwlf
huuru ri rqh kdoi wkhlu vhsdudwlrq1 Wkh uhvxow lv wkhq/

�fdoleudwlrq @ 079 	 58 PhY1

Dsso|lqj wklv r�vhw wr wkh fruuhfwhg oxplqrvlw| zhljkwhg uhvxowv |lhogv

Hfp+ oxp1zhljkw1 4<<:0<;/ fdoleudwhg, @ <4156:	3=347	 3=358 JhY1

Wklv lpsolhv wkdw wkh wrwdo huuru rq Hfp lv 	5< PhY/ fruuhvsrqglqj wr 3169(
lq DOU / zkhuh wkh r�vhw lwvhoi lv d 318;( h�hfw1

9 Frpphqwv rq Srvvleoh Fdoleudwlrq H�hfwv

Lw lv qrw wkh sxusrvh ri wklv qrwh wr surylgh dq h{sodqdwlrq ri wkh uhdvrq iru
wkh revhuyhg fdoleudwlrq r�vhw/ qru d frpsohwh olvw ri fruuhfwlrqv wr wkh ZLVUG
gdwd +wkhvh duh glvfxvvhg lq dqrwkhu phpr ^8`,1 Vrph dgglwlrqdo lqghshqghqw
lqirupdwlrq lv shuwlqhqw/ krzhyhu/ dqg vrph k|srwkhvhv fdq eh pdgh1

Hduo| rq lq rxu lqyhvwljdwlrqv ri wkh ZLVUG shuirupdqfh/ lq idfw dv hduo|
dv 4<<6/ lw zdv uhdol}hg wkdw VOG pxrq sdlu hyhqwv frxog eh xvhg wr frqvwudlq
wkh gl�huhqfh ehwzhhq wkh hohfwurq dqg srvlwurq ehdp hqhujlhv/ zklfk dw wkdw
wlph zdv qrw sduwlfxoduo| zhoo prqlwruhg e| VOF rshudwruv1 Zlwklq odujh
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huuruv +derxw 83(,/ wkh phdq 63 PhY ehdp hqhuj| r�vhw vhhq lq wkh ZLVUG
gdwd zdv frq�uphg e| wkh pxrq0sdlu dfrolqhdulw| uhvxowv1 Vlqfh wkhq/ zh
kdyh frqvlghudeo| pruh gdwd/ zlwk ehwwhu wudfnlqj shuirupdqfh/ dqg duh deoh
wr wudfn wkh pxrq sdlu dfrolqhdulw| iru uhodwlyho| vkruw +ri rughu d zhhn, wlph
shulrgv1 Wkh pxrq0sdlu gdwd iru wkh ixoo VOG klvwru| +4<<5/ 4<<6/ 4<<72<8/
4<<9 dqg 4<<:2<; uxqv, zdv vwxglhg dv dq r�vkrrw ri yhuwh{lqj dqg wudfnlqj
dqdo|vhv/ dqg wkh dfrolqhdulw| lqirupdwlrq frpslohg dw rxu uhtxhvw^47`1 Lq
wkh hduolhvw gdwd/ wkh gl�huhqfh lv frqvlvwhqw zlwk }hur zlwklq odujh huuruv/ exw
vwduwlqj lq wkh 4<<72<8 uxq d phdq gl�huhqfh ri derxw 068 PhY +wkh gl�huhqfh
lv gh�qhg dv wkh srvlwurq hqhuj| plqxv wkh hohfwurq hqhuj|, zdv revhuyhg/ dqg
wklv gl�huhqfh dsshduhg wr eh wlph ghshqghqw1 Lq 4<<9/ lq idfw/ d odujhu phdq
gl�huhqfh lv revhuyhg +083	; PhY,/ wkdq lq 4<<:2<; +067	; PhY,/ dqg lq erwk
gdwdvhwv vpdoohu dqg odujhu h�hfwv duh revhuyhg1 Lq oljkw ri wkh h{shfwdwlrq wkdw
ehdp0ehdp hqhuj| orvv h�hfwv duh urxjko| lqyhuvho| sursruwlrqdo wr wkh exqfk
ohqjwk ri wkh lqfrplqj exqfk/ dqg wkhuhiruh fdq gl�hu iru wkh wzr ehdpv/ lw lv
sodxvleoh wkdw wkh ehdp0ehdp hqhuj| gl�huhqfh dulvhv lq sduw iurp wklv h�hfw1
Iru h{dpsoh/ lw lv nqrzq wkdw gxulqj 4<<9/ xqxvxdoo| vkruw srvlwurq exqfk
ohqjwkv rffxuuhg iru d iudfwlrq ri wkh uxq zklfk pljkw h{sodlq wkh voljkwo| odujhu
srvlwurq2hohfwurq hqhuj| gl�huhqfh wkdw lv revhuyhg1

Iurp wkh ]0shdn vfdq/ zh rewdlq dq hvwlpdwh iru wkh vxp ri wkh fdoleudwlrq
r�vhwv iru wkh qruwk dqg vrxwk ZLVUGv/ zklfk zh zloo fdoo �. dqg �� uhvshf0
wlyho|1 Iurp wkh pxrq sdlu dfrolqhdulw|/ wkh gl�huhqfh lv rewdlqhg/ zklfk iru
wkh uhohydqw wlph shulrg +wkh uxq udqjh gh�qhg iru wkh shdn hqhuj| gdwd, zrunv
rxw wr 079	< PhY +wkh huuru lqfoxghv dq ; PhY v|vwhpdwlf xqfhuwdlqw|^47`1
Iurp wklv lqirupdwlrq zh rewdlq =

+�. . ��,shdnvfdq @ 079 	 58 PhY > +�. 0 ��,pxrqsdluv @ 079 	 < PhY1

Khqfh/ �.@ 079 	5: PhY dqg �� @ 3 	5: PhY

Wklv uhvxow vxjjhvwv d fdoleudwlrq h�hfw lq wkh srvlwurq ZLVUG/ dowkrxjk wkh
huuruv duh odujh dqg wkh uhvxow lv dovr frqvlvwhqw zlwk htxdo hohfwurq dqg srvlwurq
r�vhwv1 Wr gdwh/ vwxglhv ri wkh wlph klvwrulhv ri ZLVUG pdjqhwlf prqlwrulqj
gdwd/ erwk QPU dqg  ls0frlo edvhg/ dv zhoo dv ghwhfwru dqg vshfwurphwhu vxu0
yh|/ kdyh idlohg wr wxuq xs d sodxvleoh fdxvh iru plvfdoleudwlrq ri wkh ghvluhg
pdjqlwxgh dqg vljq +vhh wkh xsfrplqj phpr iru ghwdlov^8`,1

Iru odujh glvuxswlrq kljk oxplqrvlw| uxqqlqj/ wkh ryhudoo r�vhw ri wkhZLVUG
ghgxfhg Hfp gxh wr d eldv lq wkh ZLVUG dojrulwkp/ dffruglqj wr JLQHDSLJ
hvwlpdwhv/ fdq eh 04; PhY ^9`/ frpsdudeoh wr kh ghgxfhg fruuhfwlrq ri 079	58
PhY zlwklq huuruv1 Shukdsv wklv h�hfw lv sduwldoo| uhvsrqvleoh iru wkh plv0
fdoleudwlrq1 Lq wkh devhqfh rq dq| lqvwuxphqwdo h{sodqdwlrq iru dq ryhudoo fdo0
leudwlrq sureohp/ dqg vrph vxvslflrqv wkdw wkh kljk glvuxswlrq ri wkh 4<<:2<;
uxq sod|hg vrph uroh/ rqo| wklv prvw uhfhqw uxq +uhsuhvhqwlqj derxw :3( ru rxu
vwdwlvwlfdo srzhu, zdv fruuhfwhg lq iruplqj wkh D3

OU xsgdwh iru wkh Vxpphu
4<<< frqihuhqfhv +HSV <</ dqg Ohswrq Skrwrq <<,1
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Dfnqrzohgjhphqw 4 Wkh dxwkruv dfnqrzohgjh wkh h�ruwv ri wkh VOF rshu0
dwruv dqg dffhohudwru sk|vlflvwv iru dvvlwdqfh dqg iru sdwlhqfh1 Lq sduwlfxodu/
S1 Udlprqgl/ iru klv zrun zlwk wkh �qdo irfxv ESP gdwd/ dqg Pdun Zrrgoh|
iru klv khos zlwk h{wudfwlrq olqh hqhuj| orvv fdofxodwlrqv1 Lq dgglwlrq/ wkh zrun
ri wkh ZLVUG h{shuw whdp +vrrq wr eh vxppdul}hg lq wkhlu rzq phpr, ri J1
Eod|orfn/ V1 Khuw}edfk dqg U1 Nr hu zdv devroxwho| hvvhqwldo 0 SFU lq sduwlf0
xodu dfnqrzohgjhv d yhu| odujh qxpehu ri h{whqvlyh glvfxvvlrqv zlwk doo wkuhh
ryhu wkh frxuvh ri vhyhudo prqwkv/ dv zhoo dv d qxpehu ri frqyhuvdwlrqv zlwk P1
Ohyl1 M1 Uxvvhoo dqg P1 Kx�hu duh wkdqnhg iru khos lq xqghuvwdqglqj wkh VOG
wuljjhu v|vwhp1

Uhihuhqfhv

^4` P1Ohyl/ M1 Qdvk dqg V1 Zdwvrq/ Suhflvlrq Phdvxuhphqwv irw kh VOF Vshf0
wurphwhu Pdjqhwv/ VODF0SXE07987/ Pdufk/ 4<;<1

^5` J1 Eod|orfn/ Wkh ZLVUG Ehdp Hqhuj| Phdvxuhphqw/ VOG Sk|vlfv Qrwh
55/ Mxqh/ 4<<61

^6` OHS Hohfwurzhdn Zrunlqj Jurxs/ D Frpelqdwlrq ri Suholplqdu| Hohf0
wurzhdn Phvxuhphqwv dqg Frqvwudlqwv rq wkh Vwdqgdug Prgho/ FHUQ0
HS2<<048/ Iheuxdu|/ 4<<<1

^7` P1 Vzduw}/ Vfdqqlqj Vwudwhjlhv/ xqsxeolvkhg phpr iru Pdun LL frooderud0
wlrq/ 4<;<1

^8` J1 Eod|orfn/ V1 Khuw}edfk/ U1 Nr hu/ zrun lq surjuhvv dv ri Mxo|/ 4<<<1

^9` P1 Zrrgv/ Uhvxowv ri Jxlqhd0Slj vlpxodwlrq iru Hqhuj| Orvv gxh wr Ehdp0
vwudkoxqj iru 4<<:0<; VOG uxq/ VOG Qrwh 596/ Mxqh/ 4<<<1

^:` S1F1 Urzvrq/ Xsgdwh iru wkh 4<<72<8 Uxq = VOG 453 K} Gdwd Dqdo|vlv/
VOG Qrwh 584/ Rfwrehu/ 4<<91

^;` H1 Wruuhqfh/ U1 Iuh|/ dqg S1F1 Urzvrq/ Hyhqw Vhohfwlrq iru wkh 4<<70<8
DOU Dqdo|vlv/ VOG Sk|vlfv Qrwh 84/ Qryhpehu/ 4<<91

^<` N1 Slwwv/ Hohfwurzhdn Frxsolqj Phdvxuhphqwv iurp Srodul}hg Ekdekd Vfdw0
whulqj dw wkh ] Uhvrqdqfh/ wkhvlv/ Xqlyhuvlw| ri Ruhjrq/ VODF0779/ Pdufk/
4<<71

^43` G1 Eduglq hw do/ FHUQ0WK197762<5/ 4<<51 Wkh yhuvlrq xvhg khuh lv 91441

^44` I1 Ehuhqgv/ Z1 Krooln/ dqg U1 Nohlvv/ Qxfo1Sk|v1E637/ :45 +4<;;,1

^45` H1D1 Nxudhy dqg Y1V1 Idglq/ Vry1M1Qxfo1Sk|v174/ 799 +4<;8,1
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^46` P1 Zrrgv/ Frpsdulqj Gl�huhqw Prgho Uhvxowv iru wkh Pd| *<; Shdn Vfdq/
VOG Qrwh 595/ Mxqh 4<<<1

^47` Vx Grqj/ shuvrqdo frppxqlfdwlrq/ vxpphu 4<<;1
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