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Devwudfw

Fhooxodu dxwrpdwd prghov duh lqfuhdvlqjo| xvhg lq hfrorj|/ vlqfh
wkh| shuplw lqwhjudwh vsdfh/ hfrorjlfdo surfhvvhv dqg vwrfkdvwlflw| lq
d vlqjoh suhglfwlyh iudphzrun1 Zh frqvwuxfwhg d fhooxodu dxwrpdwrq
prgho wr dqdol}h wkh uhjhqhudwlrq ri Dohufh +Ilw}ur|d Fxsuhvvrlghv,/
d orqj0olyhg wuhh vshflhv +6/933 |hduv, hqghplf ri Vrxwkhuq Dujhqwlqd
dqg Fkloh1 Wklv vshflhv uhjhqhudwhv lq rshq duhdv surgxfhg e| odujh
glvwxuedqfhv olnh odqgvolghv dqg yrofdqlf hyhqwv1 Uhjhqhudwlrq lq jdsv
surgxfhg e| idoohq wuhhv lv suredeo| ohvv lpsruwdqw rq odujh wlph vfdohv1
Xvlqj d vwrfkdvwlf g|qdplf uxoh dqg wkh Prqwh Fduor phwkrg zh vlp0
xodwh wkh orqj whup srsxodwlrq g|qdplfv ri Dohufh lq frpshwlwlrq zlwk
rwkhu vshflhv/ wr ghwhuplqh wkh srvvleoh h{wlqflrq ulvn ri wklv vshflhv
ri juhdw hfrqrplf dqg frqvhuydwlrq lpsruwdqfh1

Lq fhooxodu dxwrpdwd prghov lqirupdwlrq iurp gl�huhqw vrxufhv fdq eh

wudqvodwhg lqwr d vhw ri wudqvlwlrq uxohv zklfk gh�qh wkh ehkdylrxu ri wkh

v|vwhp^4`1 Wkxv/ idfwruv fhqwudo wr wkh h{sodqdwlrq ri sodqw vsuhdg/ vxfk

dv elrorjlfdo lqwhudfwlrqv dqg vwrfkdvwlflw|/ dqg wkh h{solflw frqvlghudwlrq

ri vsdfh duh hdvlo| lqfrusrudwhg lq wkhvh prghov/ lqfuhdvlqj wkhlu hfrorjlfdo

uhdolvp1 Lq wklv zrun zh frqvwuxfwhg d fhooxodu dxwrpdwrq prgho wr dqdolvh

wkh uhjhqhudwlrq ri Dohufh +Ilw}ur|d fxsuhvvrlghv,/ d orqj0olyhg wuhh vshflhv

W�i4Mih Lu |�i �@|�L?@* +iti@hU� �L�?U�*c ���W�,A E�h}i?|�?@�
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hqghplf ri Vrxwkhuq Dujhqwlqd dqg Fkloh1 Wklv vshflhv lv frqvlghuhg d uholfw

lq wkh vhqvh wkdw lw lv ehwwhu dgdswhg wr sdvw folpdwh frqglwlrqv wkdq wr wkh

suhvhqw rqhv> frqvhtxhqwo|/ lw fdqqrw frpshwh h�hfwlyho| zlwk rwkhu wuhh

vshflhv ehwwhu dgdswhg wr wkh suhvhqw folpdwh +h1j1 Qrwkridjxv vss1,/ dqg lw

lv qrz uhvwulfwhg wr dgyhuvh kdelwdwv dw kljk dowlwxgh/ rq lqihuwloh vrlov/ ru

rq srruo| gudlqhg vlwhv^5/ 6`1

Lw kdv ehhq revhuyhg wkdw wklv vshflhv uhjhqhudwhv zhoo lq rshq duhdv

surgxfhg e| odujh glvwxuedqfhv olnh odqgvolghv dqg yrofdqlf hyhqwv +khuhdiwhu

jhqhulfdoo| uhihuuhg dv _fdwdvwurskhv%, iuhtxhqw lq wkh Dqghdq Frugloohud^6/

7`/ ohdglqj wr wkh k|srwkhvlv wkdw/ rq odujh vsdfh dqg wlph vfdohv/ wkhvh hyhqwv

pd| eh lpsruwdqw wr wkh vxuylydo ri wkh vshflhv lq wkh duhd^6`1 Lq rughu wr

fkhfn vxfk k|srwkhvlv zh lpsohphqwhg d fhooxodu dxwrpdwrq prgho zklfk

vlpxodwhv wkh g|qdplfv ri I1 fxsuhvvrlghv lq pl{hg iruhvwv zlwk Qrwkridjxv

vss1 dqg lq wkh suhvhqfh ri udqgrp fdwdvwurskhv1 Wkh prgho lv edvhg rq

wkh iroorzlqj dvvxpswlrqv= d, wkh shulrglf fdwdvwursklf glvwxuedqfhv surylgh

idyrxudeoh frqglwlrqv iru uhjhqhudwlrq ri I1 fxsuhvvrlghv lq kljk dowlwxghv

^7/ 9/ ;/ </ 43`> e, I1 fxsuhvvrlghv lv vorz0jurzlqj/ vkdgh0lqwrohudqw/ dqg

vxuylyhv rq vlwhv zkhuh frpshwlwlrq zlwk rwkhu wuhh vshflhv lv orz/ zkhuh

irup sxuh ru pl{hg iruhvwv zlwk Qrwkridjxv vss1 vss1^45/ 7/ :`> f, vljql�fdqw

vhhg surgxfwlrq rffxuv hyhu| whq ru wzhqw| |hdu iru I1 fxsuhvvrlghv dqg

hyhu| wzr |hdu iru Qrwkridjxv vss1^:`> g, djh ri uhsurgxfwlyh pdwxulw| +vhhg

surgxfwlrq, lv derxw vhyhqw| |hdu iru I1 fxsuhvvrlghv dqg wzhqw| |hdu iru

Qrwkridjxv vss1^:/ 43`> h, I1 fxsuhvvrlghv hvwdeolvkphqw rq d glvwxuehg vlwh

dffhohudwhv vrlo ghyhorsphqw^45`1

Wkh prgho frqvlvw ri d vtxduh odwwlfh ri Q vlwhv zlwk rshq erxqgdu|

frqglwlrqv/ zkhuh hdfk vlwh uhsuhvhqwv d iruhvw iudjphqw sdwfk zlwk dq duhd

ri 9 Np2
/ zklfk lv wkh dyhudjh vl}h revhuyhg lq wkh suhvhqw iruhvw sdwfk

glvwulexwlrq^9`1 Wkhuhiruh/ hdfk vlwhv grhv qrw uhsuhvhqw d vlqjoh wuhh/ exw d

ixoo iruhvw sdwfk wkdw fdq frqwdlq erwk I1 fxsuhvvrlghv dqg Qrwkridjxv vss11

Wklv dssurdfk lv edvhg rq wkh dvvxpswlrq wkdw wkh odujh vfdoh g|qdplfv

ri wkh iruhvw lv grplqdwhg e| lwv revhuyhg sdwfkhg vwuxfwxuh/ gl�hulqj iurp

wkh _lqglylgxdo0edvhg prghov% dssurdfk^44` ri uhfhqw dssolfdwlrq lq iruhvw

hfrorj|^46`1 Hdfk vlwh kdv dvvrfldwhg wkuhh glvfuhwh g|qdplfdo yduldeohv d�/ e�
dqg v�> d� dqg e� uhsuhvhqw wkh uhsurgxfwlyh pdwxulw| ri wkh srsxodwlrqv ri I1

fxsuhvvrlghv dqg Qrwkridjxv vss1 dw vlwh l uhvshfwlyho|/ zlwk 3 � d� � d6@%

dqg 3 � e� � e6@%> d� @ e� @ 3 uhsuhvhqwv dq xqrffxslhg vlwh> v� @ 3> 4

uhsuhvhqwv wkh vrlo vwdwh dw vlwh l= v� @ 3 lv d uhfhqwo| vlwh wkdw fdq rqo|

eh frorqlvhg e| I1 fxsuhvvrlghv/ zkloh v� @ 4 phdqv d ulfk vrlo wkdw fdq eh

frorqlvhg erwk e| I1 fxsuhvvrlghv dqg Qrwkridjxv vss11
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Zh frqvlghu d udqgrp lqlwldo vlwh rffxsdwlrq/ zlwk d iudfwlrq ri vlwhv

i� @ 3=6 dqg i� @ 3=8 rffxslhg e| I1 fxsuhvvrlghv dqg Qrwkridjxv vss1

uhvshfwlyho|/ hvwlpdwhg iurp wkh suhvhqw sdwfk glvwulexwlrq^:`1 Vwdwhv ri

yduldeohv d�/ e� dqg v� duh dovr fkrvhq udqgrpo|1 Zh xvh d sdudooho g|0

qdplfv/ zlwk d wlph xqlw uhsuhvhqwlqj d shulrg ri whq |hduv/ edvhg rq wkh

iroorzlqj g|qdplfdo uxohv= rqfh d vlwh lv frorqlvhg/ wkh srsxodwlrq pdwxulw|

lqfuhdvhv e| d xqlw dw hyhu| wlph vwhs1 Zh grq*w doorz vhoi0uhjhqhudwlrq ri

I1 fxsuhvvrlghv vlwhv/ wkdw phdqv/ wkh srsxodwlrq ri d sxuh I1 fxsuhvvrlghv

vlwh glhv zkhq d� @ d6@%1 Rqfh hvwdeolvkhg/ I1 fxsuhvvrlghv xsgdwhv vlwh

vwdwh wr v� @ 4 diwhu w� @ 48 wlph vwhsv1 Diwhu wkdw/ Qrwkridjxv vss1 fdq

dovr frorqlvh wkh vdph vlwh1 Zkhq Qrwkridjxv vss1 uhdfkhv lwv pd{lpxp

pdwxulw| dw d pl{hg vlwh/ I1 fxsuhvvrlghv vx�huv d orfdo h{wlqfwlrq/ wkdw lv/

d� lv xsgdwhg wr }hur1 Zh wdnh d6@% @ 93 dqg e6@% @ 631 Zh frqvlghu

d frorqlvdwlrq suredelolw| wkdw ghshqgv rqo| rq wkh rffxsdwlrq ri qhduhvw0

qhljkerxu vlwhv zkrvh srsxodwlrq pdwxulw| h{fhhg d plqlpxp ydoxh w@s @ :

iru I1 fxsuhvvrlghv/ dqg wKs @ 5 iru Qrwkridjxv vss11

Wkhq/ wkh xsgdwlqj uxoh iru d vlqjoh vlwh l dw wlph w fdq eh vxppdul}hg

dv iroorzv=

4, D fdwdvwurskh rffxuv zlwk suredelolw| s/ zklfk zh dvvxph iru vlpsolf0

lw| lqghshqghqw ri wkh vlwh1 Lq wklv fdvh v�+w, @ d�+w, @ e�+w, @ 3> rwkhuzlvh=

5, li v�+w� 4, @ 3 wkhq v�+w, @ e�+w, @ 3 dqg

d�+w, @

;A?
A=

4 zlwk suredelolwx| s@� +w, li d�+w� 4, @ 3

e�+w� 4, . 4 li 3 ? d�+w� 4, ? d6@%

3 li d�+w� 4, @ d6@%

+4,

6, li v�+w� 4, @ 4 wkhq

e�+w, @

;A?
A=

4 zlwk suredelolw| sK�+w, li e�+w� 4, @ 3

e�+w� 4, . 4 li 3 ? e�+w� 4, ? e6@%

e6@% li e�+w� 4, � e6@%

+5,

d�+w, @

;A?
A=

4 zlwk sure1s@� +w, li d�+w� 4, @ 3 dqg e�+w� 4, @ 3

d�+w� 4, . 4 li 3 ? d�+w� 4, ? d6@% dqg e�+w� 4, ? e6@%

3 li d�+w� 4, @ d6@% ru e�+w� 4, @ e6@%

+6,

7, li d�+w, @ w� wkhq v�+w, @ 41

Zh dvvxph iru wkh frorqlvdwlrq suredelolw| sk� +� @ d> e, ri vlwh l wkh

vlpsoh prgho sk� +w, @ �

e

S
� ?? ��+��+w � 4, � wks ,/ zkhuh wkh vxp

S
� ?? �
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uxqv ryhu doo qhduhvw0qhljkerxu vlwhv ri l dqg �+{, lv wkh Khdylvlgh vwhs

ixqfwlrq1

Xvlqj Prqwh Fduor vlpxodwlrqv zh dqdol}hg wkh whpsrudo ehkdylrxu ri wkh

phdq rffxsdwlrq ghqvlwlhv ri I1 fxsuhvvrlghv dqg Qrwkridjxv vss1 ��+w, �

+4@Q,
S

� kq
@
� +w,l dqg ��+w, � +4@Q,

S
�

G
qK�+w,

H
uhvshfwlyho|/ zkhuh wkh rf0

fxsdwlrq yduldeohv duh gh�qhg dv qk� +w, � �+��+w,, +� @ d> e, dqg k= = =l phdqv

dq dyhudjh ryhu gl�huhqw vdpsohv ri wkh vwrfkdvwlf qrlvh +w|slfdoo| 733,1 Zh

uhshwhdg wkh vlpxodwlrqv iru vhyhudo v|vwhpv vl}hv xs wr Q @ 4533/ yhuli|lqj

wkdw wkh uhvxowv ehfrphv doprvw lqghshqghqw ri Q iru Q � 7331

Zh revhuyhg wkdw/ diwhu vrph wudqvlhqw shulrg � / zkhuh �� dqg �� w|s0

lfdoo| h{klelw gxpshg rvflodwlrqv/ wkh| dozd|v uhod{ dv|pswrwlfdoo| wr d

vwdwlrqdu| vwdwh wkdw zh fdoo wkh htxloleulxp/ wkdw lv/ ��+w, $ �
e^
� dqg

��+w, $ �
e^
� zkhq w $ 41 Zkloh � ghshqgv rq wkh lqlwldo glvwulexwlrqv

i� dqg i�/ zh yhul�hg lq doo wkh vlpxodwlrqv wkdw �
e^
� dqg �

e^
� duh lqgh0

shqghqw ri wkh lqlwldo frqglwlrqv exw ghshqgv vwurqjo| rq wkh fdwdvwurskh

suredelolw| s1 Lq Ilj1 4 zh vkrz wkh htxloleulxp ghqvlwlhv dv d ixqfwlrq ri

s iru Q @ 7331 Zh vhh wkdw wkh orqj wlph ehkdylrxu suhvhqwv irxu gl�huhqw

uhjlphv ru g|qdplfdo skdvhv= d, wkhuh h{lvwv d ydoxh s @ s� vxfk wkdw iru

s ? s� zh kdyh d wrwdo h{wlqfwlrq vwdwh/ wkdw lv/ �
e^
� @ �

e^
� @ 3> e, wkhuh

h{lvwv d ydoxh s @ s2 vxfk wkdw iru s� ? s ? s2 zh kdyh d frh{lvwhqfh vwdwh

zkhuh srsxodwlrqv ri erwk vshflhv vwdelol}h dw �qlwh ydoxhv> f, wkhuh h{lvwv d

ydoxh s @ s� vxfk wkdw iru s2 ? s ? s� rqo| I1 fxsuhvvrlghv vxuylyhv dqg g,

iru s A s� zh kdyh djdlq d wrwdo h{wlqfwlrq vlwxdwlrq1

Wkh �uvw fdvh lv wkh prvw lqwhuhvwlqj rqh1 Khuh wkh fdwdvwurskh sured0

elolw| lv qrw hqrxjk wr doorz wkh uhjhqhudwlrq ri I1 fxsuhvvrlghv1 Vlqfh wkhuh

lv d vpdoo exw �qlwh fdwdvwurskh suredelolw|/ rqfh I1 fxsuhvvrlghv lv h{wlqfw/

glvwxuehg vlwhv fdqqrw eh uhjhqhudwhg dqg dovr Qrwkridjxv vss1 ehfrphv

h{wlqfw iru odujh hqrxjk wlphv1 Wkh ehkdylrxu ri wkh htxloleulxp ghqvlwlhv

durxqg wklv wudqvlwlrq srlqw vwurqjo| uhplqgv wkdw ri wkh rughu sdudphwhu

ri d fulwlfdo skhqrphqd1 Lq rughu wr fkhfn wklv srvvlelolw| zh dqdol}hg wzr

rwkhu txdqwlwlhv1

Iluvw/ zh fdofxodwhg wkh uhod{dwlrq wlph � / gh�qhg dv wkh wlph vxfk wkdw

m��+w,� �
e^
� m ? � dqg m��+w,� �

e^
� m ? � iru doo wlphv w A � / zkhuh � lv vrph

duelwudulo| fkrvhq vpdoo qxpehu +zh wdnh � @ 3=334,1 Lq Ilj1 5 zh vkrz d

qxphulfdo fdofxodwlrq ri � iru �{hg lqlwldo frqglwlrqv/ dv d ixqfwlrq ri s/ lq

wkh qhljkerxukrrg ri s @ s�1 Zh vhh wkdw � suhvhqwv d vkdus shdn durxqg

s�/ wkdw lv/ wkh v|vwhp suhvhqwv vrphwklqj olnh d fulwlfdo vorzlqj grzq1

Vhfrqg/ zh fdofxodwhg wkh dxwrfruuhodwlrq ixqfwlrqv
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Fkq+w> w
�, � +4@Q,

[
�

G
qk
�
+w,qq

�
+w�,
H
� kqk

�
+w,l
G
q
q

�
+w�,
H

zkhuh �> � @ d> e1 Lq wkh htxloleulxp w> w�  � zh kdyh wkdw Fkq+w> w
�, @

Fkq+w � w�, dqg Fkq+w
��, � +4@Q,

S
�

G
qk
�
+w��,qq

�
+3,
H
� �

e^

�
�
e^

�
1 Lq Ilj1 6 zh

vkrz d orj0orj sorw ri F@@+w,1 Wkh rwkhu fruuhodwlrq ixqfwlrqv ehkdyh lq d
vlplodu pdqqhu1 Wkh olqhdu ghshqghqfh h{klelwhg e| F@@+w,/ dv s dssurdfkhv
s� iurp deryh/ vkrzv wkdw lw ghyhorsv d srzhu odz wdlo iru orqj wlphv/ lq wkh
qhljkerxukrrg ri wkh wudqvlwlrq srlqw1 Wklv ehkdylrxu lv dqrwkhu vljqdwxuh
ri d fulwlfdo skhqrphqd1 Fulwlfdo ehkdylrxu lpsolhv vwurqj �xfwxdwlrqv dqg
dq h{wuhph vhqvlwlylw| wr h{whuqdo shuwxuedwlrqv wkdw zh h{shfw zloo ulvh wkh
h{wlqfwlrq suredelolw|1 Lq Ilj1 7 zh fdq vhh d fdofxodwlrq ri wkh h{wlqfwlrq
suredelolw| gxulqj wkh �uvw w |hduv ri wkh hyroxwlrq/ dv d ixqfwlrq ri s1 Iru
orz ydoxhv ri w wklv suredelolw| ghshqgv rq wkh lqlwldo frqglwlrqv/ exw iru
orqjhu wlphv lw frqyhujhv wr d vlqjoh fxuyh wkdw lv lqghshqghqw ri wkh lqlwldo
frqglwlrqv1 Zh vhh wkdw wklv suredelolw| lv yhu| kljk durxqg wkh fulwlfdo
srlqw/ hyhq lq wkh frh{lvwhqfh vwdwh/ wdnhq d ydoxh derxw 73( dw s @ s�1

Ilqdoo|/ zh fkhfnhg wkh deryh fdofxodwlrqv iru gl�huhqw vhwv ri ydoxhv ri
e6@%/ d6@%/ w�/ w

@

s
dqg wK

s
1 Wkh jhqhudo ehkdylrxu vkrzhg wr eh txdolwdwlyho|

lqghshqghqw rq vxfk yduldwlrqv dqg dovr wkh txdqwlwdwlyh gl�huhqfhv zhuh
doprvw qhjoljleoh/ hylghqflqj wkh urexvwqhvv ri wkh prgho wr xqfhuwdlqwlhv lq
wkhvh sdudphwhuv1

Vxppdul}lqj/ zh vkrzhg wkdw d orqj whup vwdwlrqdu| vwdwh lq zklfk wkh
dyhudjh srsxodwlrq ghqvlw| ri iruhvw sdwfkhv rffxslhg e| I1 fxsuhvvrlghv

uhpdlqv frqvwdqw lv srvvleoh duhdv zkhuh frorqlvdwlrq dqg frh{lvwhqfh zlwk
rwkhu vshflhv duh phgldwhg e| fdwdvwurskh rffxuuhqfh1 Vxfk vwdwh lv kljko|
vhqvlwlyh wr wkh fdwdvwurskh udwh s/ vkrzlqj vhyhudo uhjlphv ru g|qdplfdo
skdvhv dv s lv ydulhg1 Lq sduwlfxodu/ dw orz ydoxhv ri s wkh v|vwhp suhvhqwv d
wudqvlwlrq ehwzhhq d wrwdo h{wlqfwlrq dqg d frh{lvwhqfh vwdwh dw s @ s�/ zlwk
fkdudfwhulvwlfv ri d fulwlfdo skhqrphqd/ vxfk dv yhu| odujh uhod{dwlrq wlphv
dqg srzhu odz whpsrudo fruuhodwlrqv1 Vxfk fulwlfdo ehkdylrxu ohdg wr d kljk
h{wlqfwlrq suredelolw| lq wkh qhljkerxukrrg ri s�/ hyhq lq wkh frh{lvwhqfh
vwdwh1 Vlqfh wkh suredelolw| ri glvwxuedqfhv shu xqlw duhd dqg xqlw wlph s

ghshqgv rq wkh wrwdo duhd ri wkh I1 fxsuhvvrlghv iruhvw/ wkh vwuhwfklqj ri
vxfk duhd/ hlwkhu e| kxpdq dfwlrq ru prgl�fdwlrq ri folpdwlf yduldeohv gxh
wr joredo fkdqjh/ frxog hqkdqfh wkh h{wlqfwlrq suredelolw| ri I1 fxsuhvvrlghv1

Wklv zrun zdv sduwldoo| vxssruwhg e| judqwv iurp FRQLFHW +Dujhqwlqd,/
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FRQLFRU +F�rugred/ Dujhqwlqd, dqg Vhfuhwdu��d gh Flhqfld | Whfqrorj��d gh

od Xqlyhuvlgdg Qdflrqdo gh F�rugred +F�rugred/ Dujhqwlqd,1

����������

^4` J1 E1 Huphqwurxw dqg O1 Hoghovwhlq0Nhvkhw/ M1 Wkhru1 Elro1 493/ <:

+4<<6,1

^5` M1 Vfkplwk�xvhq/ Yhjhwdwlr1 Hglf1 43/ 646 +4<93,1

^6` D1 Odud/ Wkh g|qdplfv dqg glvwxuedqfh uhjlphv ri Ilw}ur|d fxsuhvvrlghv

iruhvw lq vrxwk0fhqwudo Dqghv ri Fkloh ^Wkhvlv`1 Ghs1ri Jhrjudsk| ri

Frorudgr +4<<4,1

^7` W1 W1 Yheohq dqg G1K1 Dvwkrq/ Elro1 Frqvhuy1 Hglf1 56/ 474 +4<;5,1

^8` W1 W1 Yheohq/ I1 P1 Vfkohjho dqg M/ Y/ Rowuhpdul/ Whpshudwh Eurdg0

Ohdyhg Hyhujuhhq Iruhvwv/ M1 G1 Rylqjwrq +Hg1,/ Hovhylhu/ Dpvwhugdp

+4<;6,1

^9` F1 Grqrvr/ Y1 Vdqgrydo/ U1 Juh}/ dqg M1 Urguljxh}/ M1 Yhj1 Vfl1 Hglf1

7/ 636 +4<<6,1

^:` F1 Grqrvr/ Ervtxhv Whpsodgrv gh Fkloh | Dujhqwlqd 0 Yduldfl�rq/ Hv0

wuxfwxud | Glq�dplfd 0 Hfrorj��d Iruhvwdo/ Hglwruldo Xqlyhuvlwduld V1D1

Vdqwldjr gh Fkloh/ +4<<6,1

^;` O1 Fdvhuwdqr/ Exoo Vhlvpro1 Vrf1 Dphu1 Hglf1 86/ 4748 +4<96,1

^<` K1 Loolhv/ Jhrorj��d gh orv douhghgruhv gh Ydoglyld | yrofdqlvpr | whf�rqlfd

hq p�dujhqhv gho Sdfl�fr hq Fkloh phulglrqdo/ Lqvwlwxwr gh Jhrorj��d |

Jhrjudi��d/ Xqlyhuvlgdg Dxvwudo gh Fkloh/ Ydoglyld +4<:3,1

^43` D1 Odud dqg U1 D1 Yloodoed/ Vflhqfh 593/ 4437 +4<<6,1

^44` P1 Kxvwrq/ G1 Gh Dqjholv dqg Z1 Srvw/ ElrVflhqfh 6;/ 9;5 +4<;;,1

^45` W1 W1 Yheohq/ U1 M1 Ghopdvwur dqg M1 H1 Vfkodwwhu/ Hqylurq1 Frqvhuy1

Hglf1 6/ 5<4 +4<:9,1

^46` V1 L1 Kljjlqv/ G1 P1 Ulfkdugvrq dqg U1 P Frzolqj/ Hfrorj| ::/ 5376

+4<<9,1
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Iljxuh 4= Htxloleulxp ghqvlwlhv ri rffxslhg vlwhv e| I1 fxsuhvvrlghv �
e^

�

dqg Qrwkridjxv vss1 �
e^

�
yv1 wkh fdwdvwurskh suredelolw| s/ iru Q @ 733 +wkh

huuru eduv duh vpdoohu wkdq wkh v|pero vl}hv,1

Iljxuh 5= Uhod{dwlrq wlph � yv1 wkh fdwdvwurskh suredelolw| s +wkh huuru

eduv duh vpdoohu wkdq wkh v|pero vl}hv,1

Iljxuh 6= Orj0orj sorw ri wkh htxloleulxp dxwrfruuhodwlrq ixqfwlrq iru

dohufh vlwhv F@@+w, iru gl�huhqw ydoxhv ri wkh fdwdvwurskh suredelolw| s durxqg

wkh fulwlfdo srlqw s� � 3=33661 Wkh uhvxowv zhuh rewdlqhg e| dyhudjlqj ryhu

5333 vdpsohv ri wkh vwrfkdvwlf qrlvh +wkh huuru eduv duh vpdoohu wkdq wkh

v|pero vl}hv,1

Iljxuh 7= H{wlqfwlrq suredelolw| iru I1 fxsuhvvrlghv gxulqj wkh �uvw w

|hduv yv1 wkh fdwdvwurskh suredelolw| s/ vwduwlqj iurp i� @ 3=6 dqg i� @ 3=8

dqg dyhudjlqj ryhu 5333 vdpsohv ri wkh vwrfkdvwlf qrlvh +wkh huuru eduv duh

vpdoohu wkdq wkh v|pero vl}hv,1
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Figure 1: "Modelling Plant spread in Forest Ecology..."
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Figure 2: "Modelling Plant Spread in Forest Ecology..."
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Figure 3: "Modelling Plant Spread in Forest Ecology..."
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Figure 4: "Modelling Plant Spread in Forest Ecology..."


