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ì hiTLh| L? 4i@t�hi4i?|t Lu t�?}*i��LLTih�T@�h U�@h}�?} igiU|t �? t4@** aLtiT�tL? ��?U|�L?
@hh@)tc @?_ |�i i Tih�4i?|@* |iU�?�^�it |�@| �ihi �ti_� ì t�UUii_i_ �? �@��?} UL4T*i|i UL?�
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Mrvhskvrq mxqfwlrq duud|v frqvlvw ri vpdoo vxshufrq0
gxfwlqj lvodqgv wkdw duh frqqhfwhg e| wxqqho mxqfwlrqv1
Lq duud|v ri mxqfwlrqv zlwk d yhu| vpdoo fdsdflwdqfh F/
vlqjoh0fkdujh h�hfwv sod| dq lpsruwdqw uroh ^4`> �xfwxd0
wlrqv lq wkh qxpehu ri h{fhvv Frrshu sdluv rq wkh lvodqgv
duh vxssuhvvhg e| wkh Frxorpe fkdujlqj hqhuj| ri wkh lv0
odqgv1 Lq wkh uhjlph zkhuh wkh hqhuj| vfdoh iru wkh vlqjoh0
fkdujh h�hfwv HF@h

5@5F lv frpsdudeoh wr wkh Mrvhskvrq
hqhuj| HM ri wkh mxqfwlrqv/ vhyhudo pdfurvfrslf txdqwxp
skhqrphqd kdyh ehhq revhuyhg ^5~9`1 Wkhvh duh d frqvh0
txhqfh ri wkh frqmxjdwlrq uhodwlrqv ehwzhhq wkh duud|*v
pdfurvfrslf fkdujh dqg skdvh yduldeohv1
Lq wkh uhjlph zlwk HM�HF / d txdqwxp phfkdqlfdo gh0

vfulswlrq ri wkh duud| lv qhhghg1 Wkh pdfurvfrslf jurxqg
vwdwh fdq eh ghvfulehg dv d frkhuhqw vxshusrvlwlrq ri
fkdujh frq�jxudwlrqv zlwk d zhoo0gh�qhg qxpehu ri h{0
fhvv Frrshu sdluv rq hdfk lvodqg ^6/:`1 Lq v|vwhpv zlwk
rqo| d ihz lvodqgv/ wkh hohfwurvwdwlf hqhuj| ri hdfk ri
wkh fkdujh frq�jxudwlrqv fdq eh frqwuroohg e| phdqv ri
jdwh hohfwurghv wkdw duh fdsdflwlyho| frqqhfwhg wr wkh lv0
odqgv1 Lw lv wkhq srvvleoh wr frqwuro wkh irup ri wkh jurxqg
vwdwh1 Lq vxshufrqgxfwlqj grxeoh0mxqfwlrq flufxlwv/ d 5h0
shulrglf prgxodwlrq ri wkh pd{lpxp vxshufxuuhqw wkdw
fdq �rz wkurxjk wkh flufxlw kdv ehhq revhuyhg ^6/7`1 Ydq
Rxghqddughq kdv revhuyhg d 5h0shulrglf vxshufrqgxfwru
wr Prww0lqvxodwru wudqvlwlrq lq d olqhdu duud| zlwk vl{ lv0
odqgv ^9`1
Lq sudfwlfh/ wzr skhqrphqd kdpshu d frqwuroohg vwxg|

ri wkh frkhuhqw vxshusrvlwlrq ri fkdujh frq�jxudwlrqv1
Rqh lv wkh suhvhqfh ri edfnjurxqg fkdujhv> hdfk lvodqg
lv srodul}hg e| d udqgrp r�vhw fkdujh/ fdxvhg e|/ h1 j1/
lpsxulwlhv lq wkh xqghuo|lqj vxevwudwh1 Dovr/ sdulw| hi0
ihfwv fdq eh d sureohp> wkh suhvhqfh ri txdvlsduwlfohv lq
wkh flufxlw vxssuhvvhv wkh irupdwlrq ri d frkhuhqw jurxqg
vwdwh ^6/;`1 Wkh r�vhw fkdujhv pxvw eh frpshqvdwhg e|
jdwh0lqgxfhg fkdujhv/ dqg wkh suhvhqfh ri txdvlsduwlfohv

qhhgv wr eh flufxpyhqwhg1
Lq wklv duwlfoh zh suhvhqw h{shulphqwdo uhvxowv iurp

phdvxulqj vlqjoh0fkdujh h�hfwv lq vpdoo Mrvhskvrq mxqf0
wlrq duud|v/ zlwk frpsohwh frqwuro ryhu wkh hohfwurvwdwlf
sdudphwhuv1 Uhvxowv zhuh 5h0shulrglf lq wkh lqgxfhg jdwh
fkdujhv +Ilj1 4d,1 Dorqj zlwk uhvxowv zh uhsruw rq wkh
h{shulphqwdo whfkqltxhv wkdw zhuh xvhg1 Wkh duud| zdv
ghvljqhg iru vwxg|lqj fkdujh~�x{rlg gxdolw| ^:`1 H{shu0
lphqwdo uhvxowv lq oljkw ri wkhvh skhqrphqd zloo eh suh0
vhqwhg lq d sdudooho duwlfoh ^<`1 Wkh duud|v frqvlvw ri wzr
vpdoo vxshufrqgxfwlqj lvodqgv frqqhfwhg wr hdfk rwkhu
dqg wr pdfurvfrslf ohdgv e| vpdoo Mrvhskvrq mxqfwlrqv
zlwk HM?�HF +Iljv1 5 dqg 6,1 Wkh yrowdjh Yj rq fdsdf0
lwlyho| frqqhfwhg jdwhv frqwurov wkh jdwh0lqgxfhg fkdujh
qj@FjYj@5h +wklv gh�qlwlrq dvvxphv wkdw r�vhw fkdujhv
kdyh ehhq frpshqvdwhg douhdg|,1 Dqrwkhu frqwuro sd0
udphwhu iru wkh duud| lv wkh pdjqhwlf �x{ � wkuhdglqj
wkh orrsv/ exw lq wklv duwlfoh zh zloo irfxv rq fkdujlqj
h�hfwv dqg olplw rxuvhoyhv wr wkh fdvh zlwk �@31 Zh
shuiruphg phdvxuhphqwv rq �yh gl�huhqw duud|v +Wdeoh
4,1 Wkh duud|v zhuh vwxglhg e| phdvxulqj wkh pd{lpxp
vxshufxuuhqw wkdw fdq �rz wkurxjk wkh duud|/ fdoohg wkh
vzlwfklqj fxuuhqw1
Wkh duud|v zlwk Do~Do5R6~Do mxqfwlrqv ri derxw +433

qp,5 zhuh ideulfdwhg zlwk vwdqgdug h0ehdp olwkrjudsk|
lq d grxeoh0od|hu uhvlvw dqg vkdgrz hydsrudwlrq whfk0
qltxhv ^43/44`1 Wzr vxffhvvlyh doxplqxp od|huv zhuh gh0
srvlwhg +68 dqg 88 qp, rq wkhupdoo| r{lgl}hg Vl vxe0
vwudwhv e| h0ehdp hydsrudwlrq1 Zh xvhg doxplqxp ri
31<<<< sxulw| ru kljkhu/ dqg hydsrudwhg lq d ydfxxp eh0
orz 43�: pedu +ehorz 43�9 pedu gxulqj hydsrudwlrq,1
Wkh wxqqho eduulhuv zhuh iruphg e| h{srvlqj wkh �uvw
doxplqxp od|hu dw urrp whpshudwxuh wr �314 pedu ri
sxuh R5 iru 8 plq1 Wkh rq0fkls ohdgv dqg sdgv iru erqg0
lqj zhuh dovr pdgh ri doxplqxp dqg ghsrvlwhg lq wklv
hydsrudwlrq vwhs1 Rq duud|v 5 dqg 6 zh vxffhvvlyho| ideul0
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fdwhg zlwk d vhfrqg olwkrjudsk| dqg hydsrudwlrq vwhs +93
qp VlR/ 8 qp Wl/ 58 qp Dx, dq rq0fkls FUF0qhwzrun
wkdw zdv vkxqwlqj wkh duud|1 Wkh od|rxw zdv vxfk wkdw
wkhuh zdv lq wkh gluhfw ylflqlw| ri wkh duud| dq ryhuods
ri +473 �p,5 zlwk wkh duud|*v eldv ohdgv rq erwk vlghv1
Wkhvh wzr jrog sdgv zhuh frqqhfwhg e| d 5330�p0orqj/
3160�p0zlgh jrog olqh/ zklfk kdg d uhvlvwdqfh ri 6 n
 dw
ploolNhoylq whpshudwxuhv1 Wkh sdudooho sodwh fdsdflwruv
kdg hdfk d fdsdflwdqfh ri derxw 43 sI ^44`1 Wklv vkxqw
qhwzrun glvvlsdwhv yrowdjh rvfloodwlrqv fuhdwhg e| wkh du0
ud| dw iuhtxhqflhv deryh �314 JK}/ dqg lv fuxfldo iru d
fohdu revhuydwlrq ri wkh }hur0yrowdjh vxshufxuuhqw eudqfk
dw orz h�hfwlyh Mrvhskvrq frxsolqj ^6`1 Zlwk duud|v 7
dqg 8/ zklfk glg qrw kdyh dq rq0fkls FUF0hqylurqphqw/
suhpdwxuh vzlwfklqj iurp wkh }hur0yrowdjh vwdwh rffxuuhg
ehorz 43 sD1 Wkhvh uhvxowv zhuh wrr qrlv| iru revhuylqj
fkdujlqj h�hfwv1
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Wkh jdwhv zhuh vxuurxqghg e| d jurxqghg jxdug vwuxf0
wxuh +Ilj1 6d, wr uhgxfh wkh furvv0fdsdflwdqfh ehwzhhq d
jdwh hohfwurgh dqg wkh lvodqg rq wkh rwkhu vlgh ri wkh
duud|1 Zlwk jurxqghg jxdugv wkh furvv0fdsdflwdqfh zdv
derxw 314 Fj1 Lq d phdvxuhphqw zkhuh wkh jxdug zdv
qrw jurxqghg/ exw dw wkh vdph srwhqwldo dv wkh jdwh hohf0
wurgh/ wkh furvv0fdsdflwdqfh zdv kljkhu e| d idfwru ri 61
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Phdvxuhphqwv rq wkh duud|v zhuh shuiruphg lq d gl0
oxwlrq uhiuljhudwru zlwk d edvh whpshudwxuh ehorz 43
pN1 Wkh vdpsohv zhuh prxqwhg rq wkh frog �qjhu lq
d plfurzdyh0wljkw frsshu er{/ vxuurxqghg e| d vhtxhqfh
ri orz0whpshudwxuh vklhogv1 Doo zluhv wr wkh vdpsohv zhuh
�owhuhg e| frsshu srzghu �owhuv dw edvh whpshudwxuh/ dqg
u�0ihhgwkurxjk �owhuv dw urrp whpshudwxuh1 Wkh vzlwfk0
lqj fxuuhqw zdv phdvxuhg lq d irxu0srlqw vhwxs1 Lw zdv
surehg e| ghglfdwhg orz0qrlvh hohfwurqlfv zklfk udpsv d
eldv fxuuhqw wkurxjk wkh duud|/ dqg uhfrugv wkh ydoxh ri
wkh fxuuhqw dw zklfk wkh v|vwhp vzlwfkhv iurp wkh }hur0
yrowdjh vxshufxuuhqw eudqfk wr d �qlwh yrowdjh1 Diwhu
vzlwfklqj wkh fxuuhqw lv uhgxfhg wr }hur1 D w|slfdo ydoxh
iru wkh udps udwh ri wkh fxuuhqw zdv 43 qD2pv/ dw d
uhshwlwlrq udwh ri 53 K}1 Wkh yrowdjh surehv iru wkh irxu0
srlqw zlulqj zhuh frqqhfwhg rq fkls lq wkh gluhfw ylflqlw|
ri wkh duud| +Ilj1 6d,1 Yrowdjhv zhuh dpsol�hg 53/333
wlphv e| d edwwhu|0srzhuhg suh0dpsol�hu lq vhulhv zlwk
wkh ghglfdwhg hohfwurqlfv1 Zlwk d qrlvh �rru ri 317 �Y
UPV/ wkh uhihuhqfh yrowdjh iru vzlwfklqj zdv vhw wr 5 �Y1
Wkh jdwhv zhuh frqqhfwhg yld 4=433 yrowdjh glylghuv dw
wkh pl{lqj fkdpehu +wrwdo uhvlvwdqfh 4 P
/ zlwk d 4830
K} orz0sdvv UF0�owhu,1 Dgglwlrqdo rswlfdoo| ghfrxsohg
4=4 lvrodwlrq dpsol�huv dqg 4 K} orz0sdvv UF0�owhuv dw
urrp whpshudwxuh lpsuryhg wkh uhvxowv ri vzlwfklqj fxu0
uhqw phdvxuhphqwv vljql�fdqwo| +kljkhu ohyho/ ohvv vfdwwhu/
dqg ohvv sdulw| h�hfwv,1

5



3 m�

1 m�1 m�

a)

b) c)

6WB� �� 5,��}h@T�t Lu |�i @hh@)� W? @� |�i |�L �t*@?_t
@hi �? |�i Ui?|ih� 6hL4 |�i |LT�*iu| @?_ ML||L4�h�}�|c *i@_t
@hi UL??iU|i_ �? @ uL�h�TL�?| ti|�T� A�L }@|i i*iU|hL_it
@TThL@U� |�i @hh@) uhL4 |�i |LT�h�}�| @?_ ML||L4�*iu|c t�h�
hL�?_i_ M) }hL�?_i_ }�@h_ i*iU|hL_it� A�i }h@T�t Mi*L�
�**�t|h@|i |�i _�gihi?Ui �? �t*@?_ t�@Ti Mi|�ii? @hh@)t 2 @?_
� E}h@T� M��c @?_ @hh@)t �c e @?_ D E}h@T� U���

Iljxuh 4d vkrzv d vlqjoh shulrg ri wkh 5h0shulrglf prg0
xodwlrq ri wkh vzlwfklqj fxuuhqw wkdw zh revhuyhg lq du0
ud|v 5 dqg 61 Wkh revhuyhg prgxodwlrq lv lq yhu| forvh
djuhhphqw zlwk uhvxowv ri qxphulfdo vlpxodwlrqv +dv ohyho
L lq Ilj1 4f/ exw zlwk HM@HF dv hvwlpdwhg iru duud|
6,/ edvhg rq d txdqwxp ghvfulswlrq ri wkh duud| lq wkh
fkdujh edvlv ^:`1 Wkh suhvhqfh ri txdvlsduwlfohv zdv vxf0
fhvvixoo| flufxpyhqwhg dqg/ dv zloo eh glvfxvvhg ehorz/
r�vhw fkdujhv zhuh frpshqvdwhg wr zlwklq 3134 ri d 5h
jdwh fkdujh1 R�vhw fkdujhv uhpdlqhg vwdeoh rq d wlph
vfdoh ri krxuv1 Wklv doorzhg iru d vwxg| ri wkh vzlwfk0
lqj fxuuhqw zkloh vzhhslqj wkurxjk wkh hqwluh Yj4~Yj50
sodqh/ dqg shdn srvlwlrqv phdvxuhg rq duud|v 5 dqg 6
ghprqvwudwhg d fohdu krqh|frpe vwuxfwxuh zlwk d ixq0
gdphqwdo shulrg ri 5h1 Uhvxowv iurp duud| 4/ krzhyhu
+Ilj1 4e,/ vx�hu iurp sdulw| h�hfwv1 Zh revhuyhg wkuhh
glvwlqfw ohyhov lq wkh vzlwfklqj fxuuhqw dv d ixqfwlrq ri
jdwh fkdujh/ zklfk zh fdq uhodwh wr wkh suhvhqfh ri txdvl0
sduwlfohv lq wkh duud|1 Wkh duud| kdv wzr lvodqgv wkdw
fdq hdfk kdyh dq hyhq ru rgg fkdujh vwdwh/ jlylqj irxu
gl�huhqw sdulw| frq�jxudwlrqv iru wkh hqwluh duud|1 Dv
looxvwudwhg lq Ilj1 4f/ wkh suhvhqfh ri d txdvlsduwlfoh rq
rqh ri wkh lvodqgv lv h�hfwlyho| wkh vdph dv dsso|lqj d

jdwh fkdujh ri h1 Ohyho L +hyhq~hyhq, lq Ilj1 4e dqg 4f
lv htxdo wr ohyho LL +rgg~rgg, vkliwhg ryhu d glvwdqfh h1
Ohyho LLL lv iru wkh sdulw| frq�jxudwlrqv +hyhq~rgg, dqg
+rgg~hyhq,1 Wklv lqwhusuhwdwlrq zdv frq�uphg e| phd0
vxuhphqwv zkhuh erwk jdwhv zhuh vzhsw vlpxowdqhrxvo|/
exw zlwk d frqvwdqw r�vhw ehwzhhq qj4 dqg qj51 Ohyho
LLL wkhq vsolw xs lqwr wzr gl�huhqw ohyhov/ djdlq lq yhu|
forvh djuhhphqw zlwk vlpxodwlrqv1 Wkh Vdfod| jurxs re0
vhuyhg yhu| vlplodu txdvlsduwlfoh skhqrphqd lq dq duud|
zlwk wkh vdph od|rxw ^45`1 Iru hdfk lqglylgxdo phdvxuh0
phqw ri wkh vzlwfklqj fxuuhqw/ wkh suredelolw| ri �qglqj
wkh duud| lq rqh ri wkh irxu sdulw| frq�jxudwlrqv zdv
dssur{lpdwho| htxdo1 Wklv lqglfdwhv dq lqwhuhvwlqj lqwhu0
sod| ehwzhhq wkh phdvxuhphqw wlph vfdohv dqg wkh wlph
vfdohv dw zklfk wkh sdulw| ri wkh duud| fkdqjhv1 Lw zdv
lqghhg revhuyhg wkdw wkh suredelolw| iru phdvxulqj kljk
ohyhov ri wkh vzlwfklqj fxuuhqw ghfuhdvhg zlwk ghfuhdvlqj
udps udwh ri wkh eldv fxuuhqw ^45/46`1
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Iljxuh 7 looxvwudwhv krz vrph sdulw| h�hfwv uhpdlqhg
suhvhqw lq duud|v 5 dqg 61 Prvwo| durxqg jdwh fkdujhv
fruuhvsrqglqj wr qj@

4

5
/ wkh vzlwfklqj fxuuhqw zdv vrph0

wlphv mxpslqj ehwzhhq wzr glvwlqfw ohyhov1 Wkh mxpsv
zhuh riwhq wr d ydoxh wkdw fruuhvsrqgv wr wkh ohyho ri
wkh vzlwfklqj fxuuhqw dw h{dfwo| h vkliwhg lq jdwh fkdujh
+Ilj1 7f,1 Pruhryhu/ phdvxuhphqwv lq wkh qrupdo vwdwh
+vxshufrqgxfwlylw| vxssuhvvhg zlwk d 40W pdjqhwlf �hog,
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vkrzhg wkdw wkh edfnjurxqg fkdujhv zhuh yhu| txlhw rq
wkh wlph vfdoh ri wkhvh mxpsv1 Wklv suryhv wkdw mxpsv duh
gxh wr sdulw| h�hfwv/ dqg qrw wr udqgrp fkdqjhv ri r�0
vhw fkdujhv lq wkh edfnjurxqg1 Dq lpsruwdqw gl�huhqfh
zlwk wkh sdulw| h�hfwv ri Ilj1 4e lv wkdw wkh sdulw| ri wkh
lvodqgv uhpdlqv xqfkdqjhg ryhu pdq| vhtxhqwldo vzlwfk
hyhqwv +Iljv1 7e dqg 7f,1 Qrwh wkdw iru hdfk lqglylgxdo
srlqw lq wkh wudfhv ri Iljv1 4 dqg 7/ wkh yrowdjh ryhu wkh
duud| vzlwfkhg wr wkh vxshufrqgxfwlqj jds 5�@h1 Diwhu
hdfk vzlwfk hyhqw/ pdq| txdvlsduwlfohv duh wkxv fuhdwhg
lq wkh duud| iru d vkruw wlph/ exw wkh sdulw| frq�jxud0
wlrq lv xvxdoo| qrw d�hfwhg1 Wklv lqglfdwhv wkdw wkh sdulw|
h�hfwv lqyroyh wxqqholqj ri frqgxfwlrq hohfwurqv wr orfdo0
l}hg vwdwhv rq wkh lvodqgv1 Wklv phfkdqlvp iru sdulw|
h�hfwv zdv sursrvhg e| Hlohv hw do1 diwhu revhuylqj lqiuh0
txhqw mxpsv ri h{dfwo| h lq wkh jdwh0fkdujh ghshqghqfh
ri d qrupdo~vxshufrqgxfwru~qrupdo grxeoh mxqfwlrq flu0
fxlw ^47`1
Wkh sdulw| h�hfwv suhvhqwhg lq Iljv1 4e dqg 7 kdg d

yhu| zhdn whpshudwxuh ghshqghqfh xs wr W�483pN1 Lq
duud| 6/ h1 j1/ wkh suhvhqfh ri txdvlsduwlfohv lq wkh du0
ud| ghfuhdvhg zkhq udlvlqj wkh whpshudwxuh iurp 43 wr
:3 pN1 Udlvlqj wkh whpshudwxuh ixuwkhu/ wkh sdulw| hi0
ihfwv fkdqjhg gudvwlfdoo| dw W ��483 pN/ lq djuhhphqw
zlwk wkh rgg~hyhq iuhh0hqhuj| prgho ri Wxrplqhq hw
do1 ^48/49`1 Khuh srlvrqlqj e| wkhupdoo| h{flwhg txdvlsdu0
wlfohv ehfrphv grplqdqw1 Wkh vzlwfklqj fxuuhqw wxuqhg
h0shulrglf/ dqg kdg pxfk orzhu ydoxhv1 Dovr/ wkh vzlwfk0
lqj uhvxowv kdg odujh vfdwwhu/ lqvwhdg ri rqh ru pruh
glvwlqfw ohyhov1 Wr dyrlg txdvlsduwlfohv lq wkh v|vwhp
lw lv fuxfldo wr kdyh wkh fkdujlqj hqhuj| ri wkh lvodqgv
+� HF@6, orzhu wkdq wkh rgg~hyhq iuhh hqhuj| gl�huhqfh
G ^48/49`1 Dw ploolNhoylq whpshudwxuhv dqg iru doxplqxp
lvodqgv zlwk glphqvlrqv dv lq Ilj1 6/ G��1 Hyhq wkrxjk
wklv uhtxluhphqw zdv vdwlv�hg lq doo wkh duud|v +Wdeoh 4,/
wkh uhvxowv ri duud| 4 zhuh vwurqjo| lq�xhqfhg e| wkh sdu0
lw| h�hfwv/ dqg dovr lq duud|v 5 dqg 6 vrph ri wkh sdulw|
h�hfwv zhuh revhuyhg1 Wkh dujxphqw wkdw wkh rffxsd0
wlrq ri rgg fkdujh vwdwhv lv yhu| xqolnho| iru HF@6 ? �
dvvxphv wkdw wkh vpdoo vxshufrqgxfwlqj lvodqgv kdyh d
shuihfw EFV0jds1 Iru vpdoo lvodqgv/ krzhyhu/ lw lv kdug
wr suhglfw zkdw wkh lq�xhqfh lv ri erxqgdulhv dqg lpsxul0
wlhv rq wkh irupdwlrq ri wkh EFV0jds ^4:`1 Wkh lvodqgv lq
Ilj1 6f kdyh d wklfnqhvv dqg zlgwk qrw pxfk odujhu wkdq
wkh judlq vl}h ri wkh hydsrudwhg doxplqxp1 Dovr/ gxh wr
wkh vkdgrz hydsrudwlrq whfkqltxh/ wkh lvodqg frqvlvwv lq
idfw ri wzr lvodqgv rq wrs ri hdfk rwkhu/ frqqhfwhg e| d
yhu| odujh wxqqho mxqfwlrq ^4;`1 Lq sudfwlfh wklv pd| ohdg
wr txdvlsduwlfoh vwdwhv zlwklq wkh jds1 Iru wklv uhdvrq/
zh fkdqjhg wkh ghvljq ri wkh lvodqgv iru duud|v 5 dqg 6
diwhu wkh phdvxuhphqwv rq duud| 41
Wkh ghvljq ri wkh lvodqg zdv fkdqjhg iurp wkh

eudqfkhg vwuxfwxuh ri Ilj1 6f +dovr wkh lvodqg vkdsh ri
wkh ghylfh lq Uhi1 ^45`/ zlwk sdulw| h�hfwv, wr wkh oxpshg
vkdshg ri Ilj1 6e +dovr wkh lvodqg vkdsh ri wkh vl{0lvodqg
duud|v ri Uhi1 ^9`/ zlwk olwwoh sdulw| h�hfwv,1 Wklv zdv

grqh dw wkh frvw ri d orzhu rgg~hyhq iuhh0hqhuj| gl�hu0
hqfh G gxh wr wkh odujhu lvodqg yroxph1 Zh irxqg wkdw
lq duud|v 5 dqg 6 wkh txdvlsduwlfoh suhvhqfh zdv doprvw
ixoo| vxssuhvvhg1 Wklv lv dq lqglfdwlrq wkdw wkh vkdsh ri
phvrvfrslf lvodqgv sod|v d uroh lq dyrlglqj srlvrqlqj e|
txdvlsduwlfohv1 Krzhyhu/ zh fdqqrw uxoh rxw wkdw wkh rq0
fkls FUF0hqylurqphqw lq duud|v 5 dqg 6 kdv lq�xhqfhg
wkh uhod{dwlrq udwhv iru txdvlsduwlfohv1 Zh dovr fdqqrw
uxoh rxw wkdw xqfrqwuroohg plfurvfrslf gl�huhqfhv lq wkh
pdwhuldov/ h1 j1/ lpsxulwlhv/ kdyh sod|hg d fuxfldo uroh +du0
ud| 4 zdv hydsrudwhg lq d gl�huhqw vhwxs wkdq wkh rwkhu
duud|v,1
Zh ghyhorshg d frpsxwhu0frqwuroohg phwkrg zklfk df0

fxudwho| frpshqvdwhv wkh r�vhw fkdujhv/ xvxdoo| lq d ihz
plqxwhv1 Zh fdoleudwhg rxu jdwh fkdujhv e| vhdufklqj
iru jdwh ydoxhv wkdw jlyh d plqlpxp vzlwfklqj fxuuhqw
iru erwk jdwhv vlpxowdqhrxvo|1 Wklv fruuhvsrqgv wr �qg0
lqj wkh plqlpxp lq wkh krqh|frpe shdn vwuxfwxuh lq d
Yj4~Yj50sodqh ri 5h e| 5h1 Wklv zdv grqh lq dq lwhudwlyh
pdqqhu vlqfh wkh lvodqgv duh fdsdflwlyho| frxsohg/ dqg
ehfdxvh ri wkh suhvhqfh ri wkh vpdoo furvv0fdsdflwdqfh1
Wkh jdwh fdsdflwdqfh ri hdfk lvodqg zdv ghwhuplqhg df0
fxudwho|/ vxfk wkdw zh frxog vhtxhqwldoo| vzhhs wkh yrow0
djh rq rqh ri wkh jdwhv ryhu d zlqgrz fruuhvsrqglqj
wr h{dfwo| 5h1 Diwhu wkh vzhhs wkh jdwh zdv ohiw dw wkh
ydoxh iru zklfk wkh plqlpxp lq wkh vzlwfklqj fxuuhqw zdv
irxqg1 Zkhq rqh jdwh zdv dw qj�3/ wkh prgxodwlrq ri
wkh vzlwfklqj fxuuhqw e| wkh rwkhu jdwh zdv dv lq Ilj1 7d1
Zh ghwhuplqhg wkh plqlpxp e| vhdufklqj iru wkh pd{l0
pxp lq wkh furvv0fruuhodwlrq �^m` ehwzhhq wkh gdwd dqg
d skhqrphqrorjlfdo shdn vkdsh h{s+�6=8ml � Q@5m@Q,/
zkhuh

�^m`@
Q[

l@4

LVZ +Yj^l`� Yrii ^m`, � h{s+�6=8ml�Q@5m@Q,=

Khuh Q lv wkh qxpehu ri phdvxuhg vzlwfk hyhqwv zkloh
vzhhslqj ryhu wkh 5h0shulrg/ dqg l lv dq lqgh{ iru wkh vh0
txhqfh ri phdvxuhg LVZ dw jdwh yrowdjh Yj^l`1 Wkh lqgh{
m lv wkh uxqqlqj vkliw yduldeoh iru wkh furvv0fruuhodwlrq1
Wkh gdwd vhw LVZ lv vkliwhg prgxor wkh 5h jdwh0yrowdjh
zlqgrz1 Zh xvhg Q@4> 3331 Wkh dgydqwdjh ri wklv
phwkrg lv wkdw lw pdnhv rswlpdo xvh ri doo Q phdvxuh0
phqwv ri d vwrfkdvwlf yduldeoh1 Dovr/ wkh phwkrg lv yhu|
urexvw djdlqvw d prghudwh suhvhqfh ri sdulw| h�hfwv/ dv
lq Ilj1 7e1 Zh frqvlghuhg wkh r�vhw fkdujhv vxffhvvixoo|
wxqhg dzd| zkhq wkh vdph r�vhw yrowdjhv zhuh irxqg
lq �yh vxffhvvlyh lwhudwlrq vwhsv1 Wkh fulwhulrq khuh zdv
wkdw wkh vwdqgdug ghyldwlrq ri wkh �yh uhvxowv zdv ohvv
wkhq 3134 ri d 5h0shulrg1 Wklv dffxudf| zdv frq�uphg e|
lqghshqghqw revhuydwlrqv iurp vzhhslqj wkh jdwhv ryhu
yhu| orqj lqwhuydov1
Lq vxppdu|/ zh vxffhhghg lq phdvxulqj 5h0shulrglf

vlqjoh0fkdujh h�hfwv lq d vpdoo Mrvhskvrq mxqfwlrq du0
ud|1 Wkh suhvhqfh ri txdvlsduwlfohv lq wkh duud| zdv vxf0
fhvvixoo| vxssuhvvhg lq d ihz ri wkh duud|v1 Rxu uhvxowv
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lqglfdwh wkdw surfhvvhv rq d orqj wlph vfdoh/ lq zklfk
frqgxfwlrq hohfwurqv fdq eh wudsshg lq orfdol}hg vwdwhv
lq wkh lvodqgv/ sod| dq lpsruwdqw uroh lq wkh ruljlq ri
sdulw| h�hfwv lq vpdoo vxshufrqgxfwlqj lvodqgv1 Zh gh0
yhorshg d frpsxwhu0frqwuroohg phwkrg zklfk dffxudwho|

frpshqvdwhv r�vhw fkdujhv lq wkh duud|1
Zh wkdqn P1 K1 Ghyruhw/ S1 Kdgoh|/ S1 Odidujh dqg

D1 ydq Rxghqddughq iru vwlpxodwlqj glvfxvvlrqv1 Wklv
zrun zdv vxssruwhg �qdqfldoo| e| wkh Gxwfk Irxqgdwlrq
iru Ixqgdphqwdo Uhvhdufk rq Pdwwhu +IRP,1
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