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*-#'*)/$3)*&#'++-#')-%&4'35))
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12)3*,#4+'&52+0&)*#0+2670(#819$(:#;'+<#+#=&0+'#2)'7#&*#+0>)(;?72&4#4)22740&)*#)@#(+07''&07#
(7*()2#,+0+#&*#0?7#);0&4+'#276&)*A#530#(7'740&*6#(3&0+5'7#0+2670(#&(#+#(35B740&=7#+*,#0&>7C
4)*(3>&*6#0+(D"#$?&(#;+;72#,7(42&57(#+#>70?),#0)#+30)>+0&4+''<#(7'740#(3&0+5'7#19$(A#3(&*6#+#
4)>5&*+0&)*#)@#27>)07'<#(7*(7,#>3'0&(;7402+'#+*,#0);)62+;?&4#,+0+"#E7(&2+5'7#4?+2+4072&(0&4(#
@)2#19$(#(&07(#F727#&,7*0&@&7,#@2)>#0?7#'&072+0327A#+*,#3(7,#0)#,7=&(7#+#(7>&C+30)>+07,#
F)2D@')F#5+(7,#)*#;2)62+>(#F2&007*#&*#GEH#4)>5&*7,#F&0?#2)30&*7(#)@@727,#5<#G$$IGJ#
-KIG#+*,#E7@&*&7*(#79)6*&0&)*"#J;+0&+'#(0+0&(0&4(#F727#3(7,#0)#+((7((#')4+'#;+0072*(#)@#(;+0&+'#
3*&@)2>&0<A#+*,#7*,>7>572#+53*,+*47(#87L02+407,#3(&*6#0?7#J/M99#+'6)2&0?>:#F727#3(7,#&*#
+#*)=7'#>70?),#0)#7*(327#+#(;27+,#)@#4+'&52+0&)*#(&07(#0?2)36?)30#0?7#52&6?0*7((#2+*67#@)2#7+4?#
5+*,"#$?7#27(3'0#)@#0?&(#;2)47((#F+(#+#>+;#)@#4+*,&,+07#19$(A#4'+((&@&7,#+44)2,&*6#0)#0?7&2#
(3&0+5&'&0<"#
#

6! 7.#3$(",#-$.)
12)3*,#4+'&52+0&)*#0+2670(#819$(:#+27#3(7,#&*#0?7#7>;&2&4+'#'&*7#>70?),#8-H/:#)@#
+0>)(;?72&4#4)22740&)*#8J>&0?#+*,#/&'0)*A#NOOO:A#@)2#=&4+2&)3(#4+'&52+0&)*#)@#(+07''&07#+*,#
+&242+@0#(7*()2(#8$?)>7A#PQQNR#J74D72#70#+'"A#PQQN:A#@)2#=+'&,+0&)*#)@#+0>)(;?72&4#4)22740&)*#
>70?),(#5+(7,#)*#2+,&+0&=7#02+*(@72#8!$:#>),7'(#8S)'>#70#+'"A#NOTO:A#+*,#&*#?<52&,#
+;;2)+4?7(#0)#+0>)(;?72&4#4)22740&)*#89'+2D#70#+'"A#PQQU:"#V320?72>)27A#&@#0?7#(;7402+'#
;2);720&7(#)@#19$(#+27#(0+5'7#)=72#0&>7#0?7<#4+*#57#4)*(&,727,#+(#(+>;'7(#@2)>#+#4'+((#)@#
&>+67#)5B740(#D*)F*#+(#W;(73,)C&*=+2&+*0#@7+0327(X#8YGV:#8J4?)00#70#+'"A#NOTT:A#F?&4?#>+<#57#
3(7,#@)2#*)2>+'&(&*6#+#0&>7#(72&7(#)@#&>+67(#8J4?>&,0#70#+'"A#PQQT:"#
#
19$(#>+<#57#,7@&*7,#(0+0&(0&4+''<A#5+(7,#)*#0?7#;2);720&7(#)@#0?7#&>+67#,+0+#8-'=&,67#70#+'"A#
NOOZR#9+*0<#+*,#K&7'(7*A#PQQT:#)2#27+'CF)2',#)5B740(#>+<#57#3(7,A#(34?#+(#3*=7670+07,#+27+(#
)2#+20&@&4&+'#(32@+47(#89+(7''7(#+*,#1+24&+A#NOTO:"#V)2#27'+0&=7#*)2>+'&(+0&)*#)@#(7=72+'#&>+67(A#
(0+0&(0&4+''<C,72&=7,#19$(#>+<#(3@@&47A#530#&@#&0#&(#*747((+2<#0)#4)*=720#+*#&>+67#0)#
27@'740+*47#&0#&(#67*72+''<#*747((+2<#0)#3(7#27+'CF)2',#0+2670#F?)(7#(;7402+'#;2);720&7(#4+*#57#
4?+2+4072&(7,#3(&*6#@&7',#(;7402)(4);<"#G*#0?&(#4+(7#0?727#&(#,75+07#&*#0?7#'&072+0327#570F77*#
0?)(7#F?)#+2637#@)2#3(7#)@#+#'+267#*3>572#)@#19$(#4)=72&*6#+#2+*67#)@#27@'740+*47#+*,#
,&(02&5307,#+42)((#0?7#&>+67#8[+2;)3\'&#+*,#/+'0?3(A#PQQU:#+*,#0?)(7#F?)#@+=)32#>)27#
,70+&'7,#&*=7(0&6+0&)*#)@#+#(&*6'7#52&6?0#0+2670#8/)2+*#70#+'"A#PQQN:"#G,7*0&@<&*6#(34?#19$(#&(#+#
0&>7C4)*(3>&*6#+*,#(35B740&=7#;2)47((A#()#0?7#+&>#)@#0?&(#(03,<#F+(#0)#;2),347#+*#+30)>+07,#
>70?),#0)#(7'740#+27+(#0?+0#>770#0?7#5+(&4#42&072&+#@)2#+#6)),#19$#@)2#3(7#F&0?#+''#>70?),(#)@#
7>;&2&4+'#+0>)(;?72&4#4)22740&)*#8$+5'7#N:"#
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BCCDE&
!"#$%"#&'( ( )*+$#,#-.$#&'(
"#$%&! '()(*(+&+!,-&!&..&/,!0.!,-&!10(),!+1$&#2!.3)/,(0)4!56#,&$!

789:;<!$&/0**&)2+!#)!#$&#!#,!6&#+,!:=!,-&!)0*()#6!
1(=&6!+(>&4!

?#)%&!0.!$&.6&/,#)/&+! @A0(2+!&=,$#106#,()%!,-&!$&%$&++(0)!6()&!B&C0)2!,-&!
6(*(,+!0.!,-&!DEF!2#,#4!'(2G$#)%&!$&.6&/,#)/&!DEF+!#$&!
#6+0!3+&.36!,0!/-&/H!,-&!6()&#$(,C!0.!,-&!$&6#,(0)+-(14!

5,#B6&!0A&$!,(*&! I&J!(.!#)C!DEF+!#$&!+1&/,$#66C!()A#$(#),!0A&$!,(*&K!B3,!
,-&!/-#)%&+!()!+0*&!+3$.#/&+!/#)!B&!#//03),&2!.0$!BC!
3+&!0.!#!L?MI!*02&6!7'0$#)!&,!#64K!N;;8<4!

51#,(#66C!-0*0%&)03+! ?&23/&+!,-&!(*10$,#)/&!0.!10+(,(0)#6!#//3$#/C!()!,-&!
%$03)2!*&#+3$&*&),+!#)2!*()(*(+&+!,-&!&..&/,!0.!
(*#%&!*(+$&%(+,$#,(0)4!?&23/&+!,-&!1$0B#B(6(,C!0.!
*(=&2!1(=&6+!0//3$$()%4!

I6#,! ?&23/&+!,-&!(*10$,#)/&!0.!,-&!,(*&!0.!(*#%&!
#/O3(+(,(0)4!

5(,&+!+1$&#2!,-$03%-03,!
,-&!(*#%&!

P)+3$&+!,-&!A#$(#,(0)!()!#,*0+1-&$(/!/0)2(,(0)+!#/$0++!
,-&!(*#%&!,0!B&!#//03),&2!.0$4!

(

/! 0%$1&2(
F-&!+,32C!.0/3+&2!0)!2#,#!.$0*!5QRFGS!T?D!#+!(,+!8;!*&,$&!)0*()#6!+1#,(#6!$&+063,(0)!#)2!
+1&/,$#6!B#)2+!()!A(+(B6&!#)2!)&#$!().$#G$&2!J#A&6&)%,-+!*&#)!,-#,!(,!(+!J&66G+3(,&2!,0!6#)2!
/0A&$!*#11()%!()!P3$01&4!
!
BF'! G+.4%33,:H&":2&01+%31.$2,:H&
UM"!/02&!J#+!J$(,,&)!J(,-()!,-&!PVWU!&)A($0)*&),!,0!#3,0*#,&!,-&!+,&1+!2&+/$(B&2!B&60J4!
D&,(+GR$2!+,#,(+,(/+!7D&,(+K!899X<!J&$&!3+&2!,0!*&#+3$&!+1#,(#6!3)(.0$*(,CK!#+!,-(+!-#+!B&&)!
+-0J)!,0!B&!*0$&!+&)+(,(A&!,0!+*#66G+/#6&!A#$(#,(0)+!,-#)!,-&!/0G&..(/(&),!0.!A#$(#,(0)!
7L#))#$(!&,!#64K!N;;S<4!"#$%&!*#%)(,32&!10+(,(A&!A#63&+!+-0J!B$(%-,!3)(.0$*!#$&#+K!#)2!6#$%&!
*#%)(,32&!)&%#,(A&!A#63&+!+-0J!2#$H!3)(.0$*!#$&#+4!@!)0A&6!*&,-02!J#+!3+&2!,0!&)+3$&!,-&!
+&6&/,&2!/#6(B$#,(0)!+(,&+!J&$&!+0*&!0.!,-&!2#$H&+,!#)2!B$(%-,&+,!1(=&6+!()!&#/-!B#)24!DEF+!
J&$&!+&6&/,&2!J-(/-!J&$&!/60+&!,0!,-&!&)2*&*B&$+!0.!,-&!(*#%&K!#+!,-(+!&)+3$&+!,-&C!#$&!/60+&!
,0!,-&!&2%&+!0.!,-&!1(=&6!/6032K!#)2!,-&$&.0$&!,-&!*()(*#!#)2!*#=(*#!0.!,-&!(*#%&4!F-&!
5'@EE!#6%0$(,-*!7D$3)()%&$!&,!#64K!N;;X<!J#+!3+&2K!#)2!J#+!+&,!,0!03,13,!#B3)2#)/&!
(*#%&+!.0$!.(A&!&)2*&*B&$+4!F-&!(*#%&+!1$023/&2!()!,-&!1$&A(03+!,J0!+,#%&+!J&$&!/0)A&$,&2!
,0!#!B()#$C!(*#%&!*#+H+!BC!+&6&/,()%!,-&!,01!#)2!B0,,0*!;4YZ!0.!,-&!D&,(+GR$2!(*#%&+!#)2!
,-&!,01!;4YZ!0.!,-&!&)2*&*B&$!#B3)2#)/&!(*#%&+4!F-&+&!,-$&+-062+!J&$&!&*1($(/#66C!
2&$(A&24!
!
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!"#$%&'(')'*+&%+"&,'-.'/0&'1&/0-2'

!
!
343! 5"/&'6&7&8/"-9'
"#$%!&'%!()*+,*-).!/%$01!+/223!,45)6784'%).!69'%%$+$6'7$,0!$0!:)+$0$)0%!);,10$7$,0!<)*%$,0!=>!
"#)!$-'1)!&'%!%)1-)07).!'7!7&,!9)<)9%!'0.!69'%%$+$).!'66,*.$01!7,!'!%)7!,+!*/9)%!?%#,&0!$0!
!"#$%&'3@>!"#)!:$6/-1"6&2'!&;/$%&!+/067$,0!$0!);,10$7$,0!&'%!/%).!7,!'99,&!*/9)%!7,!4)!
6*)'7).!4'%).!,0!7#)!()*6)07'1)!,+!7#)!$-'1)!,45)67!%)9)67).!$0!7#)!4$0'*3!-'%A%!.)*$<).!
'4,<)>!B#)0!%7/.3$01!7#)!$-'1)%!$7!&'%!+,/0.!7#'7!'!0/-4)*!,+!4/$9.$01%!#'.!%'&7,,7#!*,,+%>!
"#)%)!'*)!/0%/$7'49)!+,*!/%)!'%!C;"%!'%!7#)$*!*)+9)67'06)!<'*$)%!6,0%$.)*'493!&$7#!6#'01)%!$0!
D/0!'019)>!"#)%)!&)*)!)E69/.).!43!'!*/9)!6#)6A$01!7#)!6,)++$6$)07!,+!<'*$'7$,0!,+!'0!'%()67!
$-'1)!6*)'7).!+*,-!7#)!:DF>!G7!&'%!+,/0.!7#'7!7#$%!*/9)!&,*A).!)<)0!&#)0!7#)!%'&7,,7#%!#'.!
'!()*$,.$6$73!9)%%!7#'0!7#)!*)%,9/7$,0!,+!7#)!%)0%,*>>!
!
34<' =&."9"9#'/0&'6"/&'6&7&8/"-9'
"#)!%)9)67).!%$7)%!&)*)!7#)0!%/45)67).!7,!'!%)6,0.!%7'1)!,+!%6*))0$01!'%!7,!7#)$*!%/$7'4$9$73!+,*!
7#)!%()6$+$6!'((9$6'7$,0>!G0!7#)!(*)%)07!%7/.3!7#$%!%7'1)!&'%!()*+,*-).!-'0/'993>!

!! "#$#%&'()*+&%
H!DIJ"8K!LMC!#'9+8%6)0)!?NOPQO=R@!6)07*).!,0!KST!SOUVW!ST!OXUB!&'%!'6Y/$*).!43!;VZD!
,0!SN7#![/0)!ONNR!$0!%/((,*7!,+!7#)!V;H\ZJ!]$)9.!;'-('$10!?F$97,0!)7!'9>W!ONN^@W!'0.!'!
%/4%)7!X>_A-!E!K>=A-!6)07*).!,0!7#)!7,&0!,+!H0.,<)*W!L'-(%#$*)!&'%!/%).!$0!7#$%!%7/.3!
?]$1/*)!_@>!"#)!.$1$7'9!%/*+'6)!-,.)9!&'%!.)*$<).!+*,-!'0!$07)*+)*,-)7*$6!%307#)7$6!'()*7/*)!

Proceedings of RSPSoc and Irish Earth Observation Symposium; University College Cork, 1st-3rd September 2010

Posters462



!"#"!$%&'()*+$,-!./0$-1#/!2"3/1$40$&12/!5"6$7/891:;:<=/,$%>?@7A"6$B!=2"=1+$"1#$9"#$"1$
/,2=5"2/#$./!2=8";$6!/8=,=:1$:C$DE85F$

!
"#$%&'!(!)!*%+',!%,'-!./&!/01'23)04,'-!2+4,,#.#243#/5!#5!'6/$5#3#/5!

$

!! "#$%&'$(
'=<-!/$D$,9:G,$29/$8"1#=#"2/$HI7,$:1$29/$(JK7$=5"</L$=#/12=C=/#$40$1-54/!,$G9=89$G=;;$4/$
-,/#$=1$29/$#=,8-,,=:1$4/;:GF$
$

$
"#$%&'!7!)!89:;!<*=!#>4$'!,?/@#5$!-4&A!=6;,!#5!B'++/@!45-!0&#$?3!=6;,!#5!>4$'534!

$
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70&6/'0$>B&A0$

!"C$D-.?6$)*+'
G&5&%./'@$"/1";#'%++6)'.;1'+;&'/.%#&'5&#&-.-&1'
6"&/1',&%&')&/&0-&1'-*&'.$-+<.-&1'<&-*+1'.)'
0.;1"1.-&'@%"#*-'234)='H&#&-.-&1')$%6.0&)'.%&';+-'
"1&./'.)'234)'@$-'.%&')+<&-"<&)';&0&)).%9'1$&'-+'
-*&"%'$;"C$&'0+<@";.-"+;'+6'/+,'5")"@/&'
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I&=#='G<"-*'.;1'J"/-+;:'KLLLM='
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N6'.//'-*&'@%"#*-'-.%#&-):'OKPLQ'<+)-'0/+)&/9'
.77%+8"<.-&1'.'<$/-"5.%".-&';+%<./'1")-%"@$-"+;'.-'
-*&'GRN4'ST2')7.-"./'%&)+/$-"+;'I!"#$%&'U.M='
S+,&5&%:'";)7&0-";#'-*")'-.%#&-'+;'.;'.&%"./'
7*+-+#%.7*'I!"#$%&'U@M')*+,&1'"-'-+'@&'.'
0+<7+)"-&'+6')&5&%./'@$"/1";#):'.;1'-*&%&6+%&';+-'
)$"-.@/&'6+%'$)&',"-*'*"#*&%'%&)+/$-"+;')&;)+%)='
'

,-./'0$E$2$%->6'-=/6-5;$57$%8$

F&4/0>$7'5G$6?0$G0'.0<$<&'($

)*+H$I'0<$4-;0J$G0&;H$.'00;$4-;0J$

G0<-&;K$
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$
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"1,*3&#/*#/,*4,.&-,+*789*;9$4!-*,#*!(2*<==>?@*A/,*+!4B*#!4:,#1*3,4,*!((*1%!((*(!B,1*3/&'/*

%&:/#*-$#*6,*1"&#!6(,*!#*1$%,*#&%,1*$.*#/,*),!4*+",*#$*/&:/*1,+&%,-#*($!+*$4*!(:!(*6($$%12*!-+*

1$%,*$.*#/,*64&:/#*#!4:,#1*3,4,*$.*(&%&#,+*5!(",2*,&#/,4*6,'!"1,*#/,)*3,4,*&-!'',11&6(,*$-*#/,*

:4$"-+2*$4*6,'!"1,*!,4&!(*0/$#$1*4,5,!(,+*#/!#*#/,*4$$.1*/!+*5,4#&'!(*1#4"'#"4,1*#/!#*3$"(+*'!1#*

1/!+$31*!#*',4#!&-*#&%,1*$.*#/,*+!)@*C$3,5,42*$-,*$.*#/,*64&:/#*#!4:,#1*;DEFE?*3$"(+*6,*5,4)*

1"&#!6(,*!1*!*04&%!4)*GHA*.$4*"1,*3&#/*#/,*4,.&-,+*789@*A/,*4$$.*3!1*5,4)*64&:/#*&-*!((*#/,*

IJKA*6!-+12*4,!1$-!6()*"-&.$4%*,5,-*$-*#/,*!,4&!(*0/$#$12*!-+*3!1*,!1&()*!'',11&6(,*$-*#/,*

:4$"-+*;L&:"4,*E?@*

*

K-,*$.*#/,*3,!B-,11,1*$.*!#%$10/,4&'*'$44,'#&$-*%,#/$+1*6!1,+*$-*:4$"-+*#!4:,#1*'$-',4-1*

#/,*10!#&!(*5!4&!6&(&#)*$.*#/,*!#%$10/,4,2*6"#*3,*1"::,1#*#/!#*#/,*%,#/$+*+,1'4&6,+*&-*#/&1*

0!0,4*'!-*!++4,11*#/&1*#$*1$%,*,M#,-#@*A/,*&-&#&!(*1,#*$.*'!-+&+!#,*GHA1*&+,-#&.&,+*6)*#/,*

!"#$%!#,+*%,#/$+*'$"(+*6,*"1,+*#$*&-5,1#&:!#,*10!#&!(*5!4&!#&$-*&-*/!N,*!'4$11*#/,*1',-,2*.$4*

,M!%0(,*6)*1#"+)&-:*#/,*#!11,((,+O'!0*P),(($3-,11Q*!M&1*3/&'/*/!1*6,,-*!11$'&!#,+*3&#/*

!#%$10/,4&'*/!N,*;H4&1#2*>RST?@*U11"%&-:*(&##(,*$4*-$*5!4&!#&$-*&-*/!N,*&1*$61,45,+2*#/,*

!-!()1#*3$"(+*#/,-*/!1*:4,!#,4*'$-.&+,-',*&-*!*4,.&-,+*789*'$44,'#&$-*6!1,+*$-*.&,(+*10,'#4!(*

%,!1"4,%,-#1*;DVWL?*%!+,*!#*#/,*04&%!4)*GHA*;DEFE?@*

*

!! "#$%&'()#$*
*

A/,*0!0,4*/!1*+,%$-1#4!#,+*#/,*0$#,-#&!(*$.*!-*!"#$%!#,+*$6X,'#O6!1,+*%,#/$+*#$*1,(,'#*

'!-+&+!#,*GHA1*.$4*!#%$10/,4&'*'$44,'#&$-2*6"#*&1*/!1*!(1$*1/$3-*#/,*&%0$4#!-',*$.*%!-"!(*

1'4,,-&-:*$.*#/,*1,(,'#,+*$6X,'#1@*U((*$.*#/,*GHA1*1,(,'#,+*6)*#/,*!"#$%!#,+*%,#/$+*/!+*

0$#,-#&!(*5!(",2*3/,#/,4*.$4*&-5,1#&:!#&-:*#/,*10!#&!(*5!4&!6&(&#)*$.*#/,*!#%$10/,4,2*!1*1&#,1*.$4*

"1,*3&#/*#/,*7892*$4*!1*($'!#&$-1*.$4*+,#!&(,+*.&,(+*%,!1"4,%,-#1*&-*1"00$4#*$.*#/,*4,.&-,+*

789@*L"4#/,4*3$4B*3&((*.$'"1*$-*4,.&-&-:*!-+*!"#$%!#&-:*#/,*%,#/$+$($:)*1$*!1*#$*04$5&+,*

!-*&-#,:4!#,+*&%!:,*04$',11&-:*,-5&4$-%,-#*#$*1"00$4#*,%0&4&'!(*&%!:,O6!1,+*!#%$10/,4&'*

'$44,'#&$-@*

*

+! ,%-$#.&/01/2/$3(*
A/,*IJKA*CVG*+!#!*.4$%*#/,*YHUZ7K*L&,(+*H!%0!&:-*3,4,*04$5&+,+*6)*HY7I2*#/,*

Y7[A9!0*+!#!*3,4,*04$5&+,+*6)*\-#,4%!0*A,'/-$($:&,12*!-+*6$#/*3,4,*1$"4',+*5&!*#/,*

Y7VH*7!4#/*K61,45!#&$-*W!#!*H,-#4,*;Y7KWH?@*

*

4! 5/6/7/$%/(*
*

DUYYUV\2*U@2*K9UV\2*]@2*A7\887A2*J@*^*L7WKI7_7ZI2*G@*;<==F?*J$#,-#&!(*$.*G,#&1*1#!#&1#&'1*#$*

'/!4!'#,4&N,*#/,*4!+&$%,#4&'*"-&.$4%&#)*!-+*1#!6&(&#)*$.*#,1#*1&#,1*"1,+*.$4*#/,*'!(&64!#&$-*$.*

7!4#/*$61,45!#&$-*1,-1$41@*!"""#$%&'(&)$*+'(#+'#,-+()*-')-#&'.#/-0+$-#1-'(*'23*T`8*><@*
HUYAa2*9@*_@*^*Y\78I7Y2*U@*U@*;<==S?*U"#$%!#&'*4!+&$%,#4&'*-$4%!(&N!#&$-*$.*%"(#&#,%0$4!(*

1!#,((&#,*&%!:,4)*3&#/*#/,*&#,4!#&5,()*4,O3,&:/#,+*9UW*#4!-1.$4%!#&$-@*/-0+$-#1-'(*'2#+4#
"'5*%+'0-'$3*>><8*>=<FO>=`b@*

HUI7887I2*Z@*^*8cJ7d*GUVHeU2*9@*_@*;>RSR?*U-*!(#,4-!#&5,*1&%0(,*!004$!'/*#$*,1#&%!#,*

!#%$10/,4&'*'$44,'#&$-*&-*%"(#&#,%0$4!(*1#"+&,1@*!'$-%'&$*+'&6#7+8%'&6#+4#/-0+$-#1-'(*'23*>=8*
>><EO>>`T@*

H8UV]2*V@*Y@2*IfUad72*G@*U@2*8\ZK2*]@*7@2*]K]U8a2*V@*L@2*]\YG2*_@*D@2*WU8AKY2*_@*I@2*

VKH]f7882*D@*f@2*CK7L7Y2*A@*^*9HWKgGU82*V@*V@*;<==`?*I"4.!',*V,.(,'#!-',*
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!"#$%&"'$()*(+*,-&&-.'&$"#*/0"1$)1*23-4'&(.4(35*6"'"7*"*,8'(&$"#*9.$)1*:;/</2=*!"#$#%&
'()*+,(-&.)(/001234+5*>''37??.3-4#"%=4&=8.1.=1(@?A:AB<2=4"#$%&"'$()='8'(&$"#?*

!</2,C*B=*A=*DEFGHI*:*.3-4'&"#*>"J-*K$"1)(.'$4*+-"'8&-*+(&*)(&0"#$.$)1*L")K."'*'>-0"'$4*0"33-&*K"'"=*
678,&#385&%9:-5&(3&$0:(80&%03+234&(;&<3=2)(3:038>&.?)2+>&@)?3/0>&MNOPMHH5&

BL;/6QBC*!=*6=C*R9:SC*6=C*TBB<:!UVVSC*<=*6=*W*L9SB,,:C*<=*2=*DEFFOI*<-#"'$@-*
&"K$(0-'&$4*)(&0"#$J"'$()*(+*L")K."'*X8#'$.3-4'&"#*24"))-&*DX22I*K"'"*8.$)1*")*"8'(0"'$4*
.4"''-&1&"0P4()'&(##-K*&-1&-..$()=*.,(8(4)?::08)2/&<342300)234&?31&$0:(80&%03+234>*YE!*
EZOOPEZY[=*

QB,/2C*:=*DEFFHI*23"'$"#*K-3-)K-)4-*")K*>-'-&(1-)-$'5*")K*3&(\$0"#*K"'"%".-.=*%-?82?A&?3?A9+2+&?31&
B#%!*E[O]EZ[=*

Q<9S/SQB<C*^=C*<:,UVT2U/C*:=*W*_VUBC*X=*DZ[[HI*,>-*.-`8-)'$"#*0"\$080*")1#-*4()@-\*
4()-*D2X:!!I*-)K0-0%-&*0(K-#=*.)(/001234+&%.#<>&!A4()28,:+&;()&CDA82+-0/8)?A&?31&
E9-0)F+-0/8)?A&?31&GA8)?+-0/8)?A&#:?40)9>*OHZO!*E]EH=*

_VLXC*<=*Q=C*^:!U2VSC*<=*6=C*R9:SC*a=C*XV<:SC*X=*2=*W*2L:,B<C*A=*S=*DEFGFI*28&+"4-*
<-+#-4'")4-*b"4'(&*<-'&$-@"#*+&(0*,>-0"'$4*X"33-&*6"'"=*$0:(80&%03+234&(;&<3=2)(3:038>*
ZM!*HMPOM=*

U:<AV9cL/C*B=*W*X:L,_92C*,=*^=*DZ[[NI*,>-*-03$&$4"#*#$)-*0-'>(K*+(&*'>-*"'0(.3>-&$4*
4(&&-4'$()*(+*/UVSV2*$0"1-&5=*#380)3?82(3?A&H(D)3?A&(;&$0:(80&%03+234>*ZH!*EEHNPEEO[=*

X/L,VSC*B=*^=*W*S!:;BV*A:<,SB<2_/AC*S=*DZ[[GI*,>-*S-'d(&e*+(&*!"#$%&"'$()*")K*;"#$K"'$()*
$)*B"&'>*V%.-&@"'$()*DS!:;BVI*Z[[Y*b$-#K*!"03"$1)=*.)(/001234+&(;&8,0&$0:(80&%03+234&
?31&.,(8(4)?::08)9&%(/2089&I(3;0)03/0&JKK7>&LC0?+D)234&/,?340&23&8,0&<?)8,&+9+80:L5*
9)$@-&.$'5*(+*B\-'-&C*<-0('-*2-).$)1*")K*A>('(1&"00-'&5*2(4$-'5C*9)$@-&.$'5*(+*S(''$)1>"0"

XV<:SC*X=*2=C*a<R:S,C*<=C*,_VXBC*U=*^=C*S/C*T=C*SV9;BLLVSC*R=C*QVSc:LBcP69QVC*X=*
A=C*f/C*^=*W*!L:<UBC*,=*<=*DZ[[EI*:*&-+$)-K*-03$&$4"#*#$)-*"33&("4>*+(&*&-+#-4'")4-*+"4'(&*
&-'&$-@"#*+&(0*L")K."'PO*,X*")K*L")K."'PM*B,Xg=*$0:(80&%03+234&(;&<3=2)(3:038>*MG!*MEP
GZ=*

2!_X/6,C*X=C*U/SQC*B=*:=*W*X!;/!:<C*,=*<=*DZ[[GI*:*0-'>(K*+(&*(3-&"'$()"#*4"#$%&"'$()*(+*
:;_<<*&-+#-4'$@-*'$0-*.-&$-.*K"'"=*$0:(80&%03+234&(;&<3=2)(3:038>*EEZ!*EEEMPEEZF=*

2!_V,,C*^=*<=C*2:L;:QQ/VC*!=*W*;VL!_VUC*T=*^=*DEFGGI*<"K$(0-'&$4*.4-)-*)(&0"#$."'$()*
8.$)1*3.-8K($)@"&$")'*+-"'8&-.=*$0:(80&%03+234&(;&<3=2)(3:038>*ZY!*EPEY=*

2X/,_C*Q=*X=*W*X/L,VSC*B=*^=*DEFFFI*,>-*8.-*(+*'>-*B03$&$4"#*L$)-*X-'>(K*'(*4"#$%&"'-*&-0('-#5*
.-).-K*K"'"*'(*&-+#-4'")4-=*#380)3?82(3?A&H(D)3?A&(;&$0:(80&%03+234>*Z[!*ZYONPZYYZ=*

,_VXBC*U=*^=*DZ[[EI*:%.(#8'-*&"K$(0-'&$4*4"#$%&"'$()*(+*L")K."'*M*B,Xg*8.$)1*'>-*&-+#-4'")4-P
%".-K*0-'>(K=*$0:(80&%03+234&(;&<3=2)(3:038>*MG!*ZMPNG*
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