
!

!

!

!"#$%#&#'()*+*&,$-.$%#/+0+1$2#&"+*#$3).#&)(#$

4"+*5#$)*$&"#$4"#(),&'6$41)(+&#$2-0#1$784839$

:;<<$=$><<<$

!

!

?'#,#*&#0$@69$

%-5A,"+*$B)1)/$

8/&-@#'$><:>$

$

$

7AC#'D),-'9$

?'-.E$7&#.+*$F'G**)(+**$

4-H7AC#'D),-'9$

?'-.E$!"-(+,$?#&#'$

$

$

$

I#-5'+C"6$J*,&)&A&#$-.$&"#$K*)D#',)&6$-.$F#'*$

8#,/"5#'$4#*&'#$.-'$41)(+&#$4"+*5#$L#,#+'/"M$K*)D#',)&6$-.$F#'*$

!

!

!



!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



! "!

!"#$%!&$'

#$%"&'! ()*! +,()! -*&($%./! ()*! 0(1234)*%"-! 1*()0&*! 1"5"&'! %0("2! )03! "&-%*03*6!

3$73(0&("088./!087*"(!9"()!:0%."&'!'%29()!%0(*3;!<)"8*!()*!'%29()!%0(*!"&-%*03*6!$&("8!()*!

=>?,3/! "&!%*-*&(!6*-06*3! "(!)03!*5)"7"(*6!0!6*-8"&"&'!(%*&6;!@)*!'208!2A! ()"3!3($6.!"3! (2!

0&08.B*!()*!*5(*&(!(2!9)"-)!()*!-)0&'*3! "&!1*()0&*! 8"A*("1*!0%*!6$*!(2!-)0&'*3! "&!()*!

3(%*&'()!2A!0(1234)*%"-!1*()0&*!3"&C3;!!

D"1$80("2&3!$3"&'!()*!E)*1"3(%.!E8"10(*!F26*8!D280%!E8"10(*!GB2&*!H"&C3!IDGEGHJ!:+;,!

0%*! 0&08.B*6! 2:*%! ()*! 4*%"26! =>,,! (2! =>>>;! @%0&3"*&(! 72$&60%.! -2&6"("2&3/! "&-8$6"&'!

3*0K3$%A0-*!(*14*%0($%*3/!'%**&)2$3*!'03*3/!0&6!80&6K3$%A0-*!-2&6"("2&3/!9*%*!"&-8$6*6!

"&! ()*!126*8;! L&! DGEGH/!1*()0&*! "3!&2(! *1"((*6M! %0()*%! -2&-*&(%0("2&3! 0%*!4%*3-%"7*6!

0--2%6"&'! (2! 273*%:0("2&3;! L&! ()"3! ()*3"3/! 1*()0&*! 6*3(%$-("2&! %0(*3! 0%*! 0&08.B*6/!

08829"&'!-2&-8$3"2&3!(2!7*!6%09&!%*'0%6"&'!-)0&'*3!"&!1*()0&*!8"A*("1*;!L&!()*!126*8/!

1*()0&*! 8"A*("1*! "&-%*03*6! "&! ()*! =>,,K=>N,! 4*%"26! IA%21! N;O! (2! ?;+! .*0%3J/! ()*&!

6*-%*03*6! A%21!()*! 80(*!=>N,3!$&("8! ()*!*&6!2A! ()*!+,()!-*&($%.!IA%21!?;+! (2!?!.*0%3J;!

@)"3!0&08.3"3!3)293!()0(!()*!"&-%*03*!"&!1*()0&*!8"A*("1*!A%21!=>,,!(2!=>N,!"3!%*80(*6!

(2!0!%*6$-("2&!"&!(%24234)*%"-!GP!8*:*83!9)"-)!"3!-0$3*6!7.!0&!"&-%*03*!"&!()*!1*()0&*!

1"5"&'!%0("2;!L(!0832!6*12&3(%0(*3!()0(!()*!6*-%*03*!"&!1*()0&*!8"A*("1*!0A(*%!=>N,!"3!0!

-2&3*Q$*&-*!2A!()*!%*-2:*%.!2A!GP!"&!(%24234)*%*!9)"-)!"3!-0$3*6!7.!"&-%*03*3!"&!RGS!

*1"33"2&3!9)"-)! %*3$8(3! "&! *&)0&-*6! 2B2&*! A2%10("2&;! @)*%*A2%*/! ()"3! 3($6.! 4%2423*3!

()0(! 0! RGS! "&6$-*6! 1*()0&*! 25"60("2&! 1*-)0&"31! 2:*%! ()*! -2&("&*&(08! (%24234)*%*!

-0$3*3!-)0&'*3!"&!1*()0&*!8"A*("1*!0&6!"(3!'%29()!%0(*!"&!()*!82&'K(*%1;!!

'

'

'

'

'

'

'

'

!



! "!

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

#$%&'($!)*+,-!./!%&$!01/%!.0213%'(%!43$$(&15/$!4'/!)6+6-!'7%$3!8'391(!:.1;.:$!)*<=-!

.(!%$30/!17!.%/!3':.'%.>$!7138.(4!)?@**A!=BBC-D!E%!%&$!/'0$!%.0$!.%!./!'(!'95(:'(%!3$'8%.>$!

4'/!%&'%!2F'G/!'!H$G!31F$!.(!>'3.15/!8&$0.8'F!3$'8%.1(/!.(!%&$!'%01/2&$3$!/58&!'/!1I1($!

7130'%.1(D! #$%&'($A! %14$%&$3! J.%&! 1I1($! '(:! '$31/1F/A! ./! %&$3$713$A! 1($! 17! %&$! 01/%!

.0213%'(%!'4$(%/! .(!8&$0./%3GK8F.0'%$! .(%$3'8%.1(/D!L13! %&./!3$'/1(A!5(:$3/%'(:.(4!%&$!

7'8%13/! %&'%! 'F%$3! %&$! F.7$%.0$! 17! '%01/2&$3.8! 0$%&'($! '(:! '77$8%! .%/! 431J%&! 3'%$! ./!

2'3%.85F'3FG! .0213%'(%! 713! 75%53$! 8F.0'%$! 3$/$'38&A! /.(8$! '! 231715(:! 8&'(4$! .(! .%/!

F.7$%.0$!&'/!%&$!21%$(%.'F!%1!/.4(.7.8'(%FG!'77$8%!%&$!4F19'F!8F.0'%$D!

E%01/2&$3.8!0$%&'($!81(8$(%3'%.1(/!&'>$!$;&.9.%$:!'(!.(83$'/.(4!%3$(:!.(!=B%&!8$(%53GD!

M&$!0.;.(4!3'%.1!J'/!"CC,!229!.(!=BBN!'(:!.(83$'/$:!9G!"BNO!229!/.(8$!23$K.(:5/%3.'F!

%.0$/! )?@**A! =BBC-D! P&.F$! %&$! /%3$(4%&! 17! $'8&! /1538$! ./! (1%! >$3G! J$FF! H(1J(A! %&$!

.(83$'/$! .(! %&$! *+,!0.;.(4! 3'%.1! 815F:! 9$! 8'5/$:! 9G! 91%&! '(%&31214$(.8! '(:! ('%53'F!

$0.//.1(/!)L13/%$3!$%!'FDA!=BBC-D!Q'%53'F!/1538$/!.(8F5:$!('%53'F!J$%F'(:/A!J.F:7.3$/A!'(:!

4$1F14.8'F! 2318$//$/A! '(:! %&$! '(%&31214$(.8! /1538$/! .(8F5:$! 7F11:$:! 3.8$! 7.$F:/! )Q$5$A!

"OOR-A! F'(:7.FF/A!J'/%$! %3$'%0$(%! 7'8.F.%.$/A! ('%53'F! 4'/!&'(:F.(4A! 9.10'//!953(.(4A! '(:!

71//.F! 75$F! 81095/%.1(! )S@EA! =B"B-D! E(G! /&.7%! .(! %&$! $0.//.1(! %3$(:/! 17! *+,A! 3'./$/!

81(8$3(/! 3$F'%$:! %1! %&$.3! .02'8%!1(! %&$! 8F.0'%$! /.(8$!0$%&'($! ./! '!058&!013$!21%$(%!

43$$(&15/$!4'/!%&'(!*<=!1(!'!2$3!01F$85F$!9'/./D!

M&$! 0$%&'($! 431J%&! 3'%$! &'/! :$83$'/$:! 1>$3! %&$! "OT,K"OOU! 2$3.1:! '(:! %&./! 3'%$!

$;&.9.%/!/.4(.7.8'(%!.(%$3K'((5'F!>'3.'9.F.%G!)VF541H$(8HG!$%!'FDA!"OOTW!=BB"-D!M&$!8'5/$/!

17!%&./!:$8F.(.(4!431J%&!3'%$!&'>$!25IIF$:!0'(G!/8.$(%./%/D!X%5:.$/!&'>$!23121/$:!$.%&$3!

3$:58%.1(/!.(!0$%&'($!$0.//.1(/!)Y'3F/:1%%.3!'(:!?/'H/$(A!=BBB-A!:5$!%1!3$:58$:!71//.F!

75$F!$0.//.1(/!)EG:.(!$%!'FDA!=B""-!'(:!9.14$(.8!$0.//.1(/!)Y'.!$%!'FDA!=B""-A!13!8&'(4$/!

.(!/.(H!0$8&'(./0/!)L.13$!$%!'FDA!=BBU-!'/!%&$!23.0'3G!$;2F'('%.1(/!713!%&./!%3$(:D!!

?(! %&./! /%5:G! J$! 7185/! 1(! :$8':'F! 8&'(4$/! .(! '%01/2&$3.8! 0$%&'($! /.(H/! '/! '!

:$%$30.('(%!17!0$%&'($!F.7$%.0$!'(:!431J%&!3'%$/D!M&$!>'3.'9.F.%G!.(!0$%&'($!F.7$%.0$!.(!

%&$! =B%&! 8$(%53G! ./! .(>$/%.4'%$:! 5/.(4! /.05F'%.1(/! 17! %&$! 8152F$:! 8&$0./%3GK8F.0'%$!

01:$F! )**#-!X<*<ZD!#$%&'($!81(8$(%3'%.1(/!'3$!23$/83.9$:! .(! %&$!**#KX<*<ZD!M&5/A!

%&$! /'0$! 0$%&'($! 0.;.(4! 3'%.1! ./! :$7.($:! .(! %&$! F1J$/%! 01:$F! F'G$3! 4F19'FFG! '(:!

%3'(/213%$:!%&3154&!%1!%&$!522$3!'%01/2&$3$D!

!



! =!

!"!"#(,-./012.3#

M&$!'.0!17! %&./!#'/%$3[/! %&$/./! ./! %1!9$%%$3!5(:$3/%'(:!%&$!:3.>$3/! %&'%!'77$8%!0$%&'($!

F.7$%.0$! '(:! %&$! 0$8&'(./0/! 3$/21(/.9F$! 713! %&$! F'(:K/$'! 81(%3'/%! .(! 0$%&'($! /.(H/D!

M&./! %&$/./! J.FF! :$01(/%3'%$! %&'%! %&$! :$8':'F! 8&'(4$! .(! 0$%&'($! F.7$%.0$! 815F:! 9$!

$;2F'.($:! 9G! $.%&$3! 3./.(4! %$02$3'%53$/A! '/! '! 81(/$\5$(8$! 17! 8F.0'%$! 8&'(4$A! 13! %&$!

>'3.'9.F.%G!17!<+!F$>$F/!:5$!%1!8&'(4$/!.(!%&$.3!'//18.'%$:!/.(H!13!/1538$!0$8&'(./0/D!!

L.3/%A!0$%&'($!/.(H/!'3$!$;2$8%$:!%1!9$!$(&'(8$:!:5$!%1!'(!.(83$'/$!.(!%&$!%$02$3'%53$!

:$2$(:$(%! ]*+,! ^! <+_! 3$'8%.1(! 3'%$! J&.8&! ./! 8'5/$:! 9G! 3./.(4! %3121/2&$3.8!

%$02$3'%53$/D! M&$/$! 3./.(4! %3121/2&$3.8! %$02$3'%53$/! 0'G! 'F/1! $;2F'.(! %&$! F'(:K/$'!

81(%3'/%! .(! 0$%&'($! /.(H/! '/! %&./! %$02$3'%53$! $77$8%! 0'G! >'3G! :5$! %1! %&$! :.53('F!

>'3.'%.1(!1>$3!F'(:!'(:!0'3.($!91:.$/D!

X$81(:A! '//50.(4! %&'%! %&$! F1(4K%$30! >'3.'9.F.%G! 17! <+! /.(H/! ./! 8'5/$:! 9G! '! F1(4K%$30!

8&'(4$!.(!0$%&'($!F.7$%.0$A!1($!815F:!$;2$8%!%&'%!<+!/.(H/!J$3$!.(.%.'FFG!$(&'(8$:!5(%.F!

%&$!"OCB/A!'%!J&.8&!21.(%!%&./!$(&'(8$0$(%!/%122$:!'(:!3$8$:$:!.(!F'/%!RB!G$'3/!17!%&$!

=B%&!8$(%53GD!?(!%&./!8'/$A!%&$!%3$(:/!17!0'`13!<+!/.(H/!.(!%&$!%'34$%!2$3.1:!'3$!$;2$8%$:!

%1!$;&.9.%!'!/.0.F'3!2'%%$3(!%1!%&'%!3$F'%$:!%1!0$%&'($!F.7$%.0$D!

L.('FFGA! %&$! 8&'(4$! .(! <+! /1538$/! 0'G! 9$! %&$! 8'5/$! 17! 8&'(4$/! .(! :$8':'F! 0$%&'($!

F.7$%.0$/A!%&$3$713$!'!3$:58%.1(!.(!<+!81(8$(%3'%.1(/!5(%.F!"OCB!./!$;2$8%$:D!M&$(A!:5$!

%1! 8&'(4$/! .(!<+! /1538$/A!<+! F$>$F/! .(83$'/$! 4F19'FFG! 83$'%.(4! '(!1221/.(4! .02'8%! 1(!

0$%&'($! F.7$%.0$D! ?(! 91%&! 8'/$/A! :5$! %1! %&$! 8&'(4.(4!<+! F$>$F/A!J$! 'F/1! $;2$8%! %1! /$$!

8&'(4$/!.(!%&$!F'(:K/$'!81(%3'/%!17!%&$!0$%&'($!/.(HD!

M&$!'('FG/./!J.FF!'FF1J!5/!%1!5(:$3/%'(:!J&$%&$3!.(83$'/.(4!%3121/2&$3.8!%$02$3'%53$/A!

<+!/.(H/!13!/1538$/A!'3$!3$/21(/.9F$!713!%&$!:$8':'F!0$%&'($!F.7$%.0$!8&'(4$D!M&$!**#!

X<*<Z!/.05F'%.1(/A!/$(/.%.>.%G!35(/!'(:!8'F85F'%.1(/!J.FF!$('9F$! %&$!\5'(%.7.8'%.1(!'(:!

%&$!01(.%13.(4!17!%&$!$77$8%/D!!

#

#

#

#

#

#



! R!

#

4"# 56+78'(*%)#

4"!"#9.0:;<.#+:.=130>?#1<#&>@A@3A:.>.##

M&$!23.0'3G!/.(H!17!0$%&'($!18853/!%&3154&!.%/!3$'8%.1(!J.%&!%&$!&G:31;GF!3':.8'F!)<+-!

)a1&(/1(!$%!'FDA!=BB=-D!X0'FF$3!'015(%/!17!0$%&'($!0'G!9$!3$01>$:!%&3154&!1%&$3!/.(H/!

/58&!'/! .%/!'9/132%.1(!9G!/1.F/!)b13(!$%!'FDA!"OOB-A! %3'(/213%!%1!%&$!/%3'%1/2&$3$!J&$3$!

0$%&'($!./!3$01>$:!9G!<+A!*F!'(:!<)"V-A!'(:!3$'8%.1(!J.%&!*F!.(!%&$!@F'($%'3G!b15(:'3G!

Z'G$3)@bZ-! )@F'%%! $%! 'FDA! =BB,W! EFF'(! $%! 'FDA! =BBN-D! X10$! 17! %&$/$!0.(13! /.(H/! '3$! (1%!

.(8F5:$:!.(!%&$!01:$F!17!%&$!'%01/2&$3$!5/$:!&$3$!$D4D!'9/132%.1(!9G!/1.F/D!M&$/$!0.(13!

/.(H/!'8815(%!713!'2231;.0'%$FG!"Bc!17!%&$!%1%'F!F1//!17!%3121/2&$3.8!0$%&'($!)L5(4!$%!

'FDA!"OO"W!+$.(!$%!'FDA!"OOCWZ$F.$>$F:!$%!'FDA!"OOT-D! !+$(8$A! .(! %&./!01:$FA!'2231;.0'%$FG!

OBc! 17! 4F19'F! %3121/2&$3.8! 0$%&'($! ./! 1;.:.I$:! 9G! <+D! M&$3$713$A! 0$%&'($! F1//! ./!

23.0'3.FG!:$%$30.($:!9G!'%01/2&$3.8!<+!'(:!.%/!%$0213'F!8&'(4$D!

b$8'5/$!<+!./!%&$!:10.('(%!0$%&'($!/.(H!A!<+!:$(/.%G!./!'(!.0213%'(%!81(/.:$3'%.1(!.(!

%&./!/%5:GD!#1/%!<+!./!231:58$:!%&3154&!%&$!3$'8%.1(!17!<)"V-!J.%&!J'%$3!>'213!)d"-!.(!

%&$!F1J$3!%3121/2&$3$!)*&$(!$%!'FDA!=BB"-D!!

<R!^!!"!!<=!^!<)"V-!! )d"-!

<)"V-!^!+=<!!!=!<+!! )d=-!

<I1($! )<R-A! 9$.(4! '! 81FF'%$3'F! /1538$! 17! 0$%&'($! 1;.:.I.(4! <+A! ./! 2&1%18&$0.8'FFG!

:$/%31G$:!)d"-!)@$(H$%%!$%!'FDA!"OO,-D!M&$!2&1%1FG/./!17!<RA! 7130.(4!<)"V-!'/!1($!17! .%/!

231:58%/A!18853/!'%!J'>$F$(4%&/!/&13%$3!%&'(!R,B!(0D!?7!%&$!.(83$'/$!.(!efKb!)=TB!g!R"N!

(0-!3':.'%.1(!.(!%&$!%3121/2&$3$!)b3h((.0'((!$%!'FDA!=BB"-!:5$!%1!/%3'%1/2&$3.8!1I1($!

:$2F$%.1(! )P#<A!=BBU-! ./! 81(/.:$3$:A! %&$!231:58%.1(!17!<+! 815F:!9$! $(&'(8$:!9G! '(!

$F$>'%$:!d"!3'%$D!

E(1%&$3! .0213%'(%! 0$8&'(./0! %&'%! '77$8%/! 0$%&'($! F.7$%.0$! ./! $(&'(8$:! 1I1($!

7130'%.1(A!F$':.(4!%1!.(83$'/$/!.(!<+!F$>$F/!9G!1I1($!2&1%1FG/./!.(!.(:5/%3.'F.I$:!3$4.1(/!

J.%&!&.4&!F$>$F/!17!'.3!21FF5%.1(!)P&'FF$G!$%!'FDA!=B"B-D!M&$!$(&'(8$:!0$%&'($!1;.:'%.1(A!

'/!'! 3$/5F%!17!$(&'(8$:!<+! 7130'%.1(!:5$! %1! 3./.(4!1I1($! F$>$F/A!0'G! .(83$'/$! %&$!<+!

0.;.(4!3'%.1!9G! .(83$'/.(4!%3121/2&$3.8!1I1($! F$>$F/D!M&./!0$8&'(./0A! 71FF1J.(4!d"A! ./!

71305F'%$:!'/i!

!



! ,!

*+,!^!#$!!*+R!^!+=<! ! )dR-!

*+R!^!<=!^!#!!!*+R<=!^!#! ! )d,-!

! ! ! *+R<=!^!Q<!!!*+R<!^!Q<=! ! )dND'-!

! ! ! *+R<!^!<=!!*+=<!^!+<=! ! )dU-!

! ! ! *+=<!^!&j!^!=<=!!=+<=!^!*<! )dC-!

! ! ! *<!^!<+!^!<=!!+<=!^!*<=! ! )dT-!

! ! ! ,)+<=!^!Q<!!!<+!^!Q<=-! ! )dOD'-!

! ! ! N)Q<=!^!&j!!Q<!^!<)R@--! ! )d"B-!

! ! ! N)<=!^!<)R@-!^!#!!!<R!^!#-!! )d""-!

# # %.0B# +CD#E#F(4#E#*G! #+(4#ED(C#ED(H#

<I1($A! 71FF1J.(4! %&$! 2'%&J'G/! .(! d"! '(:!d=A! 231:58$/! '::.%.1('F! <)"V-! 1>$3! F'(:! 9G!

2&1%1FG/./!J&$3$!%&$!0.;.(4!17!Q<k!./!&.4&$3D!M&5/A!%&$!$F$>'%$:!<)"V-!F$':/!%1!.(83$'/$:!

<+!F$>$F/!'(:!0$%&'($! F.7$%.0$! ./!:$83$'/$:!9G!3$2$'%.(4!%&$!0$%&'($!1;.:'%.1(!8G8F$!

4.>$(!7310!d"!%1!d""D!

<(! %&$! 1%&$3! &'(:! %&$! 0$%&'($! 1;.:'%.1(! 0$8&'(./0! &'/! :.77$3$(%! '>1.:$:! Q<k!

81(:.%.1(/A! 713!$;'02F$! .(! %&$!%3121/2&$3$!1>$3! %&$!0.:K18$'(D!M&./!2318$//! 71FF1J.(4!

d"Kd,!./!'/!71FF1J/i! !

*+R<=!^!<R!!*+R<!^!=<=! ! )dND9-!

! ! ! *+R<!^!<=!!*+=<!^!+<=! ! )dU-!

! ! ! *+=<!^!&j!^!=<=!!=+<=!^!*<! )dC-!

! ! ! *<!^!<+!^!<=!!+<=!^!*<=! ! )dT-!

! ! ! ,)+<=!^!<R!!<+!^!=<=-! ! )dOD9-!

# # %.0B# +CD#E#I(HE*G#!+(4ED(C#E#I(4#

?(! Q<k! '>1.:$:! 3$4.1(/! /58&! '/! .(! %&$! 0'3.($! %3121/2&$3$A! 1I1($! ./! 5/$:! 713! %&$!

1;.:'%.1(!17!0$%&'($!)dND9!'(:!dOD9-D!?(!%&$/$!3$4.1(/A!9$8'5/$!%&$3$!./!(1!/537'8$KQ<k!

/1538$! 713! 1I1($! 7130'%.1(A! 1I1($! ./! %3'(/213%$:! $.%&$3! 7310! %&$! /%3'%1/2&$3$! 13!

($.4&913.(4! F'(:!0'//$/D! <I1($! 7130'%.1(! ./! %&5/! F1J$3! %&'(! .(! 81(%.($(%'F! '3$'/! .(!

%&$/$! 3$4.1(/D! E/! '! 3$/5F%A! %&$! 0.;.(4! 3'%.1! 17! <+! ./! F1J$3! 8102'3$:! %1! Q<kK3.8&!



! N!

81(%.($(%'F!3$4.1(/A!:5$!%1!'!F'8H!17!%3121/2&$3.8!1I1($D!#$%&'($!1;.:'%.1(!9G!<+!./!'F/1!

(1%!'/!$77.8.$(%!'/!.%!./!1(!F'(:A!:5$!%1!F1J$3!<+!F$>$F/D!

M&$3$!'3$!1%&$3!/2$8.$/A!/58&!'/!Q<k!'(:!f1F'%.F$!<34'(.8!*10215(:/!)f<*/-A!J&.8&!'3$!

1;.:.I$:!9G!<+!'/!J$FFD!f<*/!'3$!(1%!2'3%!17!%&$!'%01/2&$3.8!8&$0./%3G!01:$F$:!.(!**#!

X<*<ZA!&1J$>$3A!'(G!8&'(4$!.(!%&$!3$01>'F!17!<+!9G!Q<=!J15F:!'77$8%!<+!F$>$F/D!E/!'!

3$/5F%A!%&$!3$01>'F!17!<+!9G!Q<=!'77$8%/!0$%&'($!F.7$%.0$!'/!'!8102$%.%.>$!'4$(%D!?(!%&./!

/%5:G!8&'(4$/!.(!%&$!3$4.1('F!'(:!4F19'F!+Q<R!81(8$(%3'%.1(/A!J&.8&!'3$!:$2$(:$(%!1(!

%&$!]Q<=!^!<+_!3$'8%.1(A!'3$!'F/1!.(>$/%.4'%$:!.(!13:$3!%1!'('FGI$!%&$!:.3$8%.1(!17!%&$!<+!

/.(H!.02'8%!1(!0$%&'($!F.7$%.0$D!

4"4"#J%K(L#&.=A.>;0M>.L#N;0.>#G;A@>#;<OL#9.0:;<.#P1Q.01=.##

Y&'F.F! '(:! d'/05//$(! )"OTU-! 21/%5F'%$:! %&'%! %&$! .(%$3K'((5'F! >'3.'%.1(! 17! 0$%&'($!

0$'/53$0$(%/! '%! *'2$! #$'3$/! ),NlQA! "=,lP-! ./! F.(H$:! J.%&! SF! Q.(1! X15%&$3(!

</8.FF'%.1(! )SQX<-! $>$(%/! J&.8&! $(&'(8$! %&$! 3$01>'F! 17! 0$%&'($! %&3154&! &.4&$3!

81(8$(%3'%.1(/!17!J'%$3!>'213A!J&.8&!3$/5F%!.(!'!43$'%$3!'!'95(:'(8$!17!<+D!b$HH.!'(:!

Z'J!)"OOC-A!5/.(4!'!=KV!4F19'F!'%01/2&$3.8!8&$0./%3G!01:$FA!$;2F13$:!%&$!<+!8&'(4$/!

3$/5F%.(4!7310!>'3.'9.F.%G!.(!%3121/2&$3.8!%$02$3'%53$/D!M&$G!715(:!%&'%!%&$/$!8&'(4$/!

815F:!'F/1!8'5/$!>'3.'%.1(/! .(!0$%&'($!431J%&!3'%$/!17!'! 7$J!229!2$3!G$'3D!M&$3$713$A!

%&$! 3'%$! 17! 0$%&'($! 1;.:'%.1(! 0'G! 9$! .(7F5$(8$:! 9G! '(! .(83$'/$! .(! %$02$3'%53$! '(:!

&50.:.%G!:5$!%1!8F.0'%$!8&'(4$!)a1&(/1(!$%!'FDA!"OOOW!=BB"W!X%$>$(/1(!$%!'FDA!=BBB-D!

SF! Q.(1! )Z'! Q.('-! ./! 8&'3'8%$3.I$:! 9G! 01(%&FG! 0$'(! XXM! '(10'F.$/! .(! %&$! Q.(1! RD,!

3$4.1(! 915(:$:! 9G! "=B<P! g! "CB<P! '(:! N<X! g! N<QA! %&'%! ./! ^! BDN<*! )K! BDN<*-! &.4&$3!

)F1J$3-!%&'(!%&$!'FF!%.0$/!0$'(!5/.(4!%&$!<8$'(.8!Q.(1!?(:$;!)M3$(9$3%&!YDSDA!"OOC-D!?(!

%&./!/%5:GA!'('FG/./!7185/.(4!1(!%&$!SQX<!3$4.1(!./!915(:$:!9G!%&$!/'0$!915(:'3.$/D!

!

!

!

!

!

#

#



! U!

H"# 9J&C()K#

H"!"#+:.=130>?#+R1=;0.#9@O.R#K(+(PS++9TK(+(PU#

M&$! **#! X<*<Z! >$3/.1(! =DB! )X8&3'($3! $%! 'FDA! =BBT-! ./! '! 8109.('%.1(! 17! %&$! 0.::F$!

'%01/2&$3$!>$3/.1(!17! %&$!4$($3'F!8.385F'%.1(!01:$F!)6*#-!#EKS*+E#,!)d1$8H($3!$%!

'FDA! "OOUW! #'(I.(.! '(:! b$(4%//1(A! "OOU-! '(:! '! 01:.7.$:! >$3/.1(! 17! %&$! 8&$0./%3GK

%3'(/213%!01:$F!#Sm<Q!)#1:$F!713!S>'F5'%.1(!17!1m<Q$!%3$(:/-!)d1I'(1>!$%!'FDA!"OOOA!

=BB"W!S4131>'!$%!'FDA!=BB"A!=BBRW!+1GF$A!=BBN-D!#EKS*+E#,!&'/!'!43.:!/2'8.(4!17!RDCN<!

J.%&! MRB! &13.I1(%'F! %35(8'%.1(A! '(:! RO! >$3%.8'F! F$>$F/! .(! '! &G93.:! /.40'K23$//53$!

8113:.('%$! /G/%$0!81>$3.(4! %&$!01:$F!'%01/2&$3$! 7310!/537'8$! %1!BDB"!&@'D!M&$! %.0$!

/%$2!713!%&$!:G('0.8!2318$//$/!'(:!2&G/.8'F!2318$//!2'3'0$%$3.I'%.1(/!.(!#EKS*+E#!./!

"N! 0.(5%$/D! M&$! %.0$! /%$2! 713! 75FF! 3':.'%.>$! %3'(/7$3! 8'F85F'%.1(/! ./! =! &153/! J&$3$!

&$'%.(4!'(:!811F.(4!3'%$/!'3$! .(%$321F'%$:! 713!$>$3G!"N!0.(5%$!2$3.1:D! !M&$!8&$0./%3G!

81021($(%!17!%&$!**#!X<*<Z!/.05F'%$/!,"!8&$0.8'F!/2$8.$/!7310!%&$!1;G4$(A!&G:314$(A!

(.%314$(A! 8'391(A! 8&F13.($!'(:!9310.($!43152/A!:3.>$(!9G!""T!4'/K2&'/$! 3$'8%.1(/A!RR!

2&1%1FG/./! 3$'8%.1(/! '(:! "U! &$%$314$($15/! 3$'8%.1(/! 1(! /5F2&'%$! '$31/1F/! '(:! 21F'3!

/%3'%1/2&$3.8!8F15:/D!!!

X10$! '9.F.%.$/! 17! %&$! **#KX<*<Z! >$3/.1(!=DB! '3$! F.0.%$:!J.%&! 3$/2$8%! %1! 91%&! 8F.0'%$!

'(:!8&$0./%3G!/.05F'%.1(/D!X%'3%.(4!J.%&! .%/!6*#!81021($(%A!#EKS*+E#,A!9$F1(4/! %1!

'(! 1F:$3! 4$($3'%.1(! 17! 6*#/D! M&$3$! ./! .(83$'/$:! /2$8%3'F! 3$/1F5%.1(! 17! /&13%J'>$!

3':.'%.1(! 2'3'0$%$3.I'%.1(! .(! #EKS*+E#N! .(! %&$! efKb! '(:! efK*! 9'(:/D! M&./! ./!

'88102F./&$:!9G!.0231>.(4!%&$!2'3'0$%$3.I'%.1(!17!/&13%J'>$!7F5;$/!'(:!&$'%.(4!3'%$/!

)*'4('II1!$%!'FDA!=BBU-D!!

M&$! '9/$(8$! 17! f<*/! .(! %&$! 01:$F! 'F/1! '77$8%/! %&$! 3$F.'9.F.%G! 17! %&$! '%01/2&$3.8!

8&$0./%3G!.(!%&$!01:$FD!M&$!>'3.'9.F.%G!17!<+!./!2'3%FG!&.(:$3$:!:5$!%1!%&$!F'8H!17!f<*/!

.(!%&$!01:$F!9$8'5/$!f<*/!815F:!$(&'(8$!%&$!7130'%.1(!17!1I1($A!'/!'(!<+!/1538$A!'(:!

9577$3! <+! )M'3'913$FF.$%! 'FDA! =B"=-D! X.0.F'3FGA! %&$! '9/$(8$! 17! 23$/83.9$:! 0$%&'($!

81(8$(%3'%.1(/!%&'%!>'3G!'((5'FFGA!.02F.$/!%&'%!%&$!>'3.'9.F.%G!17!0$%&'($!$0.//.1(/!:5$!

%1!1%&$3!'8%13/!/58&!'/!8F.0'%$!'3$!'F/1!10.%%$:!7310!%&$!01:$FD!

E(1%&$3! .0213%'(%!$F$0$(%!%1!(1%$! ./! %&$!7'.F53$!17! %&$!01:$F! %1! .(8F5:$!%&$! .02'8%!17!

8F15:/!1(!1I1($!2&1%1FG/./D!*F15:/!'3$!2'3'0$%$3.I$:! .(! %&$!01:$FA!(1($K%&$KF$//A! %&$!

1I1($!2&1%1FG/./!3'%$!)ef!3':.'%.1(!713!<)"V-!7130'%.1(-!./!.(:$2$(:$(%!17!8F15:/D!E/!'!

3$/5F%A! %&$!'F%.%5:$!17! 8F15:/!'(:!8F15:! .(%$(/.%G!:1!(1%!'77$8%!efb!3':.'%.1(! .(%$(/.%GA!



! C!

J&.8&!./!.0213%'(%!713!<)"V-!7130'%.1(!)d"-D!+1J$>$3A!:$/2.%$!%&$/$!/&13%K810.(4/A!%&$!

**#KX<*<Z!./!'223123.'%$!%1!/%5:G!%&$!H$G!:3.>$3/!17!0$%&'($!F.7$%.0$!'(:!%1!%$/%!153!

&G21%&$/./!%'34$%.(4!0$%&'($!/.(H!0$8&'(./0)/-D!!

H"!"!"#5@M<O;>?#+@<O101@<3#

?(! %&$!X<*<Z!01:$FA! '%01/2&$3$A! /1F'3! .33':.'(8$A! 43$$(&15/$!4'/$/! )6+6/-A!Q<k!'(:!

*<! $0.//.1(/A! 1I1($! :$2F$%.(4! /59/%'(8$/! )<VX/-A! %3121/2&$3.8! '$31/1F/A! /$'! /537'8$!

%$02$3'%53$A!/$'! .8$A! F'(:!/537'8$!8&'(4$A!\5'/.K9.$((.'F!1/8.FF'%.1(/!'(:!/%3'%1/2&$3.8!

'$31/1F/! &'>$! >$3/'%.F$! %$0213'F! '(:! /2'%.'F! >'3.'9.F.%G! )L./8&$3! $%! 'FDA! =BBT-DM&$!

/.05F'%.1(/! 8'33.$:! 15%! J.%&! %&$! **#! X<*<Z! '('FGI$:! .(! %&./! /%5:GA! 81>$3! %&$! =B%&!

8$(%53G!7310!"OB"!%1!"OOOD!

6+6/! )*<=A!Q=<A! *+,! '(:! *L*/-! )S%&$3.:4$! $%! 'FDA! "OOU-! '(:!<VX/! )P#<A! =BBR-! &'>$!

4F19'FFG!81(/%'(%!>'F5$/!%&'%!>'3G!'((5'FFGD!X537'8$!*<!'(:!Q<k!$0.//.1(/!)X8&5F%I!$%!'FDA!

=BBCW!>'(!E'3:$(($!$%!'FDA=BB"-!&'>$!/2'%.'FA!"<;"<!3$/1F5%.1(!.(!%&$!"OBBK"OUB!2$3.1:!

'(:!BDN<;BDN<3$/1F5%.1(!'7%$3!"OUBA!91%&!>'3G!01(%&FGD!#1(%&FG!'.383'7%!Q<k!$0.//.1(/!

'3$!F'%.%5:$!'(:!'F%.%5:$!:$2$(:$(%A!'(:!'3$!.(8F5:$:!.(!%&$!01:$F$:!'%01/2&$3$!17!%&$!

X<*<Z!01:$F!/%'3%.(4!.(!"OUB!)X8&0.%%!$%!'FDA!"OOC-D!

+':F$G!*$(%$3[/!+':?XXM!)d'G($3!$%!'FDA!=BBR-!:'%'/$%!./!5/$:!713!/$'!.8$!'(:!/$'!/537'8$!

%$02$3'%53$!/.05F'%.1(/D!b1%&!2'3'0$%$3/!>'3G!01(%&FG!'(:!&'>$!'!/2'%.'F!3$/1F5%.1(!17!

"<;!"<D!M&./!:'%'!/$%!./!'>'.F'9F$!7310!"TCB!%1!%1:'GD!

M&$!F'(:!/537'8$!8&'(4$!./!/.05F'%$:!9G!+nVS!:'%'!81(%'.(.(4!=B!>$4$%'%.1(!8F'//$/!.(!

%&$! **#KX<*<Z! )61F:$J.`H! YDYDA! =BB"-D! L310! "CBB! %1! "ONB! F'(:! /537'8$! 8&'(4$! ./!

52:'%$:!1(!'!NBKG$'3!.(%$3>'FA!'::.%.1('FFG!713!"OCB!'(:!"OOBD!!

EFF!.(25%!:'%'!./!3$43.::$:!%1!%&$!01:$F[/!&13.I1(%'F!3$/1F5%.1(!'(:!753%&$3!:$%'.F!1(!%&$!

.(25%! :'%'! ./! '>'.F'9F$! 1(! %&$! X<*<ZKJ$9/.%$"!.(8F5:.(4! .(7130'%.1(!1(!\5'/.K9.$((.'F!

1/8.FF'%.1(A!%3121/2&$3.8!'(:!/%3'%1/2&$3.8!'$31/1F/D!!

H"!"4"#K.<3101210?#'M<3#;<O#+;R/MR;01@<3#

<3:.('3.FG! '! /$(/.%.>.%G! '('FG/./! J15F:! .02FG! H$$2.(4! 'FF! 2'3'0$%$3/! $;8$2%! 713! 1($!

81(/%'(%! '(:! 01(.%13.(4! %&$! 3$/5F%.(4! >'3.'%.1(! .(! 'FF! )8'F85F'%$:-! >'3.'9F$/D!

#'%&$0'%.8'FFGA!%&./!8133$/21(:/!%1!'!]>'3.'%.1(_A!J&.8&!./!$\5'F!%1!%&$!2'3%.'F!:$3.>'%.>$!

17!%&$!>'3.'9F$/!.(!%&$!8'/$!J&$3$!%&$/$!>'3.'9F$/!'3$!F.($'3FG!:$2$(:$(%D!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"!E>'.F'9F$!1(i!&%%2iooJJJD.'8D$%&ID8&o$(o3$/$'38&o/181Fo:'%'D&%0!



! T!

?(!%&./!/%5:G!%J1!/$(/.%.>.%G!35(/!'3$!'('FGI$:!.(!J&.8&!%&$!%$/%!2'3'0$%$3/!J$3$!*+,A!

*<!'(:!Q<kD!?(!'!]7.;$:!0$%&'($_!35(A!*+,p"OB"A!%&$!*+,!0.;.(4!3'%.1!./!H$2%!81(/%'(%!'%!

"OB"!F$>$F/!J&$3$!'FF!1%&$3!%3'8$!4'/$/!/58&!'/!6+6/A!<V@/A!Q<k!'(:!*<!>'3G!01(%&FG!.(!

'FF!G$'3/D! ?(!'(1%&$3!/$(/.%.>.%G!35(A!Q<;p*<p"ON"A!*<!'(:!Q<k! F$>$F/!'3$!/%'9.F.I$:!'%!

"ON"!F$>$F/A!J.%&!'FF!1%&$3/!>'3G.(4D!

<53! '('FG/./! 23$/$(%/! %&$! 7.(:.(4/! 17! 'FF! %&3$$! 35(/! g'FF! 2'3'0$%$3/! >'3G.(4A! 7.;$:!

0$%&'($A!'(:!7.;$:!*<!'(:!Q<kg713!%&$!=B%&!8$(%53G!81(8$3(.(4!*+,!F.7$%.0$D!

&;,R.#H"!#5@M<O;>?#/@<O101@<3#@Q#++9#K(+(P#>M<3#1<#0:.#30MO?#

JVA.>1=.<0#<;=.# K1=MR;01@<#A.>1@O# ).3/>1A01@<#

dSL! "OB"!K!=BBB! b15(:'3G! 81(:.%.1(/! '/! :$/83.9$:! .(!

/$8%.1(!RD"D"!

*+,p"OB"! "OB"!K!=BBB! *+,!915(:'3G!81(:.%.1(!7.;$:!%1!"OB"A!'FF!

1%&$3! 915(:'3G! 81(:.%.1(/! '8813:.(4! %1!

dSL!

Q<;p*<p"ON"! "ON"!g!=BBB! Q<;!'(:!*<!$0.//.1(/! 7.;$:! %1!"ON"A!'FF!

1%&$3! 915(:'3G! 81(:.%.1(/! '8813:.(4! %1!

dSL!

!

M&$! %1%'F! 8'F85F'%$:! F.7$%.0$! 17! '%01/2&$3.8! 0$%&'($! )!+CD-! 8'(! 9$! 4.>$(! 9G! %&$!

$\5'%.1(i!

! ! ! ! !!!+CD!q!
!"!#$!!"!

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

]M1%'F!*+,_!'(:!]%1%'F!*+,!:$/%358%.1(_!.(!$\5'%.1(!"!3$23$/$(%!%&$!/50!17!%&$!0$%&'($!

(509$3!:$(/.%.$/!)01F$85F$/o80R-!%.0$/!%&$.3!'//18.'%$:!43.:!>1F50$/!'(:!%&$!3'%$/!17!

%1%'F!0$%&'($!1;.:'%.1(!9G!<+A!*F!'(:!<)"V-!)01F$85F$/o/$8-!17!'FF!43.:/A!3$/2$8%.>$FGD!

e/.(4! %&$! 0$%&'($! 0.;.(4! 3'%.1/! 23$/83.9$:! .(! %&$! 01:$FA! (509$3! :$(/.%.$/! '3$!

8'F85F'%$:!713!$'8&!43.:!8$FF!'8813:.(4!%1!%&$!43.:!%$02$3'%53$!'(:!23$//53$D!
M1%'F!0$%&'($!:$/%358%.1(!./!8'F85F'%$:!713!$'8&!43.:!8$FF!'/!%&$!/50!17!!]*+,!^!<+!!!*+R!

^!+=<_A! ]*+,! ^! *Z!!! *+R! ^!+*F_! '(:! ]*+,! ^!<)"V-!!! *+R! ^!<+_! 3'%$/D! d'%$/! /58&! '/!



! O!

%$02$3'%53$A!23$//53$A!1I1($A!+=<A!<+A!+<=A!Q<kA!+Q<RA!0$%&'($!'(:!*F!'3$!J3.%%$(!.(!

%&$!01:$F!15%25%!:'%'!1(!'!01(%&FG!9'/./!713!%&$!=B%&!8$(%53GD!M&$!01(%&FG!0$'(!<)"V-!

0.;.(4! 3'%.1/A! J&$3$! <+! ./! :$%$30.($:! J.%&! +=<! )d=-A! '3$! (1%! J3.%%$(! .(! %&$! 01:$F!

15%25%D! e/.(4! %&$! 1I1($! >1F50$! :$(/.%G! '(:! 2&1%1FG/./! 3'%$/A! 01(%&FG! 0$'(! <)"V-!

(509$3!:$(/.%.$/!'3$A!&1J$>$3A!8'F85F'%$:!713!$'8&!43.:!8$FFD!!

!
W1XM>.#H"!#&:.#3/:.=.#3:@Y3#:@Y#0:.#;>.;R#;2.>;X.#@Q#0:.#X>1O3#13#/;R/MR;0.O"#&:.#2;RM.3#@Q#.;/:#
X>1O# /.RR# ;0# 0:.# 3;=.# A>.33M>.# R.2.R# ;>.# Y.1X:0.O# ,?# X>1O# />@33T3./01@<# ;>.;L# Y:1/:# 2;>?# Y10:#
R;010MO.#;<O#R@<X10MO."#&:.#=.;<#2;RM.3#@Q#.;/:#A>.33M>.#R;?.>#;>.#;R3@#Y.1X:0.O#,?#X>1O#:.1X:0#Q@>#
;0=@3A:.>1/# 0.=A.>;0M>.# ;<O# ,?# O.<310?# Q@># 0>;/.# X;3.3# 1<# @>O.># 0@# /;R/MR;0.# 0>@A@3A:.>1/# ;<O#
XR@,;R#=.;<#2;RM.3"#4##

M&$!43.:!23$//53$!>'F5$/!J3.%%$(!.(!%&$!01:$F!15%25%!>'3G!7310!"BBB!&@'!%1!BDB"!&@'D!?(!

'::.%.1(! %1! >$3%.8'F! 23$//53$! F'G$3/A! %&$! 43.:! 8$(%$3! >'F5$/! >'3G!J.%&! %.0$! )01(%&FG-A!

F'%.%5:$!)NB-!'(:! F1(4.%5:$!)OU-D! ?(!13:$3!%1!8'F85F'%$!43.:!91;!&$.4&%A! %&$!0$'(!17! %&$!

%J1!81(/$\5$(%!23$//53$!F$>$F/!'3$!5/$:D!M&$!43.:!&$.4&%!./!8'F85F'%$:!7310!%&$!23$//53$!

:.77$3$(8$!.(!%&./!0'(($3D!63.:!'3$'!./!8'F85F'%$:!713!$'8&!43.:!91;!:$2$(:.(4!1(!%&$!43.:!

F18'%.1(! )F'%.%5:$oF1(4.%5:$-D! L1FF1J.(4! %&$! 8'F85F'%.1(! 17! 43.:! >1F50$! '(:!01F$85F'3!

:$(/.%.$/!17!%&$!%3'8$!4'/$/!'%!$'8&!43.:!8$FFA!%&$!J$.4&%$:!'3$'F!0$'(!17!'FF!43.:/!'%!%&$!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
=!X1538$i!&%%2iooJJJD8F.0'%$23$:.8%.1(D($%o/8.$(8$o/8.p.0'4$/o@dS*?Xp3$/1F5%.1(D`24#



! "B!

/'0$! 23$//53$! F$>$F! ./! 8'F85F'%$:! )7.453$! RD"-D! M&$! '3$'F! J$.4&%$:! '>$3'4$! ./! 5/$:! %1!

19%'.(! 1($! J$.4&%$:K0$'(! >'F5$! 713! >$3%.8'F! 23$//53$/! 7310! "BBB! &@'! %1! BDB"! &@'D!

L.('FFGA!M3121/2&$3.8!0$'(!>'F5$/!'3$!8'F85F'%$:!9G!J$.4&%.(4!>$3%.8'F! F$>$F!0$'(/!9G!

:$(/.%G! )01F$85F'3!:$(/.%G! '(:!>1F50$!0.//.(4! 3'%.1-! 7310!"BBB!g!=NB!&@'! '(:! 7310!

"BBB!g!BDB"!&@'!713!%&$!'%01/2&$3$D!

63.:! 8$FF/! 9$F1J! %&$! %12143'2&G! '3$! 'F/1! 81(/.:$3$:! .(! %3121/2&$3.8! '(:! '%01/2&$3.8!

0$'(!$/%.0'%$/D!M&$!>'F5$/!17!01:$F$:!43.:!8$FF/! F18'%$:!.(!'!015(%'.(!'3$!.0'4.('3GD!

M&$/$!43.:/!'3$!(1%!(130'FFG!2'3%!17! %&$!'%01/2&$3$D!bG! 8102'3.(4! %&$!43.:!23$//53$!

J.%&!%&$!522$3!':`'8$(%!43.:!23$//53$A!%&$!J$.4&%!17!%&$!>'F5$!./!4.>$(!'/!]B_D!M1!%&./!$(:!

%&$!0$'(!>'F5$!17! %&$!43.:!8$FF!J&.8&! ./!(130'FFG!81>$3$:!9G!%12143'2&G! ./!10.%%$:! .(!

%&$!%3121/2&$3.8!13!'%01/2&$3.8!0$'(!8'F85F'%.1(/D!!!!

E>$3'4.(4!%&$!<+!01F$85F'3!:$(/.%G!713!8102'3./1(!J.%&!23$>.15/!/%5:.$/!./!:1($!5/.(4!

%&$!/'0$!0$%&1:!5/$:!%1!8'F85F'%$!%&$!%3121/2&$3.8!'(:!'%01/2&$3.8!0$'(/D!+1J$>$3A!

9$8'5/$!23$>.15/!/%5:.$/!&'>$!0$'(!$/%.0'%$/!9$F1J!"BB!&@'A!>$3%.8'F!F'G$3!915(:'3.$/!

'3$!"BBB!g!"BB!&@'D!

?(! '::.%.1(! %1! %&$! 4F19'F! 0$'(! 0$%&'($! :$/%358%.1(! '('FG/./A! %&./! /%5:G! 7185/$/! 1(!

/$F$8%$:!%$33$/%3.'F!'(:!0'3.($!3$4.1(/D!M&$/$!3$4.1(/!'3$!/$F$8%$:!:5$!%1!%&$.3!>'3G.(4!

'%01/2&$3.8! 2312$3%.$/D! S5312$! ./! /$F$8%$:! :5$! %1! .%/! 21FF5%.1(! F$>$F/A! .D$D! .%! ./! Q<k!

'95(:'(%W!%&$!X'&'3'!./!/$F$8%$:!9$8'5/$!.%!&'/!'!Q<k!2113!%3121/2&$3$W!'(:!%&$!SQX<!

RD,! 3$4.1(! ./! /$F$8%$:!9$8'5/$! %3121/2&$3.8! %$02$3'%53$/!815F:!9$!$F$>'%$:! 713! F1(4$3!

2$3.1:/!)R!K!N!01(%&/-!7310!%&$!/537'8$!%1!%&$!%12!17!%&$!%3121/2&$3$D!M&$!913:$3/!17!%&$!

/$F$8%$:!3$4.1(/!'3$!4.>$(!.(!%'9F$!RD=D!
&;,R.#H"4#5@>O.>3#@Q#0:.#3.R./0.O#>.X1@<3#Y:.>.#=.0:;<.#O.30>M/01@<#,?#(C#;<;R?Z.O##

'.X1@<# 5@>O.>3#SP@<X10MO.#[#P;010MO.U#

Sed<@S! ,B<Q!g!UB<Q!o!"B<P!g!,B<S!

SQX<!RD,! "=B<P!g!"CB<P!o!N<X!g!N<Q!

XE+EdE! ",<Q!g!RB<Q!o!"B<P!g!RB<S!

<>$3!%&$!3$4.1(/!17!.(%$3$/%A!%&$!>'3.'9.F.%G!.(!0$%&'($!:$/%358%.1(!3'%$/!8'5/$:!9G!<+!./!

'('FGI$:!>.'!/$(/.%.>.%G!8'F85F'%.1(/D!L.3/%A!%&$!4F19'F!0$'(!%3$(:!17!%&$!]*+,!^!<+_!3'%$!

.(! %&$! =B%&! 8$(%53G! ./! 8'F85F'%$:! >.'!01(%&FG! 3'%$/!J3.%%$(! .(! %&$!01:$F! 15%25%D! M&$(A!

5/.(4!01(%&FG!0$'(!%$02$3'%53$/A!01F$85F'3!:$(/.%.$/!17!*+,!'(:!<+!:$/%358%.1(!3'%$/!



! ""!

'3$!8'F85F'%$:!'8813:.(4!%1!%&$!/8$('3.1/!4.>$(!.(!%&$!%'9F$!RDRA!.(!13:$3!%1!\5'(%.7G!%&$!

.02'8%!17!'FF!'8%13/!1(!0$%&'($!F.7$%.0$i!0$%&'($A!<+!'(:!%$02$3'%53$D!
&;,R.#H"H#).3/>1A01@<#@Q#0:.#\+CD#E#(C]#>;0.#3.<3101210?#/;R/MR;01@<3#1<#0:.#30MO?#

+;R/MR;01@<#

<;=.#

+;R/MR;01@<#A.>1@O# ).3/>1A01@<#

dSL! "OB"!g!=BBB! ]*+,! ^!<+_! 3'%$!J3.%%$(! .(! %&$!01:$F!

15%25%!:'%'D!*+,A!<+!'(:!%$02$3'%53$!

>'3G!'8813:.(4!%1!dSL!

Lkp*+,! "OB"!g!=BBB! ]*+,!^!<+_!3'%$!8'F85F'%$:!713!%&$!*+,!

915(:'3G!81(:.%.1(! 7.;$:! %1!"OB"D!<+!

'(:! %$02$3'%53$! >'3G! '8813:.(4! %1!

dSL!

Lkp<+! "OB"!g!=BBB! ]*+,!^!<+_!3'%$!8'F85F'%$:! 713! %&$!<+!

915(:'3G!81(:.%.1(!7.;$:!%1!"OB"D!*+,!

'(:! %$02$3'%53$! >'3G! '8813:.(4! %1!

dSL!

LkpM$02! "OB"!g!=BBB! ]*+,! ^! <+_! 3'%$! 8'F85F'%$:! 713! %&$!

%$02$3'%53$!915(:'3G!81(:.%.1(!7.;$:!

%1!"OB"D!*+,!'(:!<+!>'3G!'8813:.(4!%1!

dSL!

!

#

#

#

#

#

#

#

#



! "=!

#

D"# 'JK*P&K#;<O#)$K+*KK$(%#

#$%&'($!/.(H/!.(83$'/$:!4F19'FFG!.(!%&$!=B%&!8$(%53G!'/!:.:!.%/!0.;.(4!3'%.1D!?(!%&$!**#K

X<*<ZA!%1%'F!4F19'F!0$%&'($!/.(H/!'015(%!%1!'315(:!RNB!M4!'((5'FFG!'%!%&$!9$4.((.(4!17!

%&$!01:$F!2$3.1:!'(:!3./$!%1!UNBKCBB!M4!9G!%&$!$(:!17!%&$!8$(%53GD!M&./!.(83$'/$!.(!/.(H/!

./!$(&'(8$:!.(!%&$!F'/%!,B!G$'3/!17!%&$!01:$F!2$3.1:!'(:!.%/!3./$!./!/%$$2$3!.(!%&'%!2$3.1:!

)7.453$!,D"-D!!

#$%&'($!F.7$%.0$!'F/1!.(83$'/$/!9G!BDU!2$3!G$'3!.(!%&$!7.3/%!CB!G$'3/!17!%&$!01:$F!2$3.1:D!

M&./! .(83$'/$! %&$(! /%12/! '(:! %&$! F.7$%.0$!17!0$%&'($! /%'3%/! %1! :$83$'/$! .(! %&$! F'/%! RB!

G$'3/!)7.453$!,D"-D!!

!

!

!

W1XM>.# D"!# 6<<M;R# ;0=@3A:.>1/#=.0:;<.# 31<^3# SX>..<U# ;<O#=.0:;<.# R1Q.01=.# S>.OU# 1<# 0:.# !F__T
4___#A.>1@O"#9.0:;<.#R1Q.01=.#1</>.;3.3#Q>@=#I"`#?.;>3#0@#a"4#?.;>3#M<01R#!Fa_L#0:.<#O./>.;3.3#,?#
;>@M<O#_"H#?.;>3#1<#0:.#R;30#H_#?.;>3"#6<<M;R#=.0:;<.#31<^3#S&X[?>U#1</>.;3.#@2.>;RR#1<#0:.#0;>X.0#
/.<0M>?"#&:.#>13.#1<#31<^3#13#.<:;</.O#;Q0.>#!FI_#;3#13#0:.#;0=@3A:.>1/#=.0:;<.#=1V1<X#>;01@"#

M&$!23.0'3G!0$%&'($!/.(HA!9G!%&$!]*+,!^!<+_!3$'8%.1(A!>'3.$/!/2'%.'FFG!'/!J$FFD!#$%&'($!

/.(H/! '3$! 43$'%$3! .(! %&$! %312.8/! '(:! :$83$'/$! J.%&! .(83$'/.(4! F'%.%5:$! .(! 91%&!

&$0./2&$3$/D! L.453$! ,D=! /&1J/! %&$! /50! 17! 'FF! ]*+,! ^! <+_! 3'%$! .(! %&$! %3121/2&$3$!

/2'%.'FFG!1(! %&$!J13F:!0'2D!M&$! 7.3/%!2'($F! )7.453$!,D=KE-! /&1J/! %&$! /50!17!'FF! ]*+,!^!

<+_!3'%$!.(!"OB"!'(:!/$81(:!2'($F!)7.453$!,D=Kb-!17!7.453$!,D=!/&1J/!%&$!/50!17!'FF!]*+,!

^!<+_!3'%$!.(!"OOOD!M&$3$!./!'!F'(:K/$'!81(%3'/%!.(!%&$!0$%&'($!/.(H/!.(!%&$!**#KX<*<ZD!

6<<M;R#=.0:;<.#R1Q.01=.#;<O#31<^#0>.<O3#1<#0:.#4_0:#+.<0M>?#



! "R!

?(!2'3%.85F'3A!1>$3!%&$!%312.8'F!%3121/2&$3$A!%&$!3$'8%.1(!3'%$!.(83$'/$:!J.%&!%.0$D!<>$3!

01/%!17!%&$!3$4.1(/!.(!%&$!%312.8/!%&$!3$'8%.1(!3'%$!:159F$:!:53.(4!%&$!=B%&!8$(%53GD!!

!

6#

!

!

!

!!!!!!!

!

!

!

5#

!

!

!

!

!

!

!

!

!
W1XM>.#D"4#&:.#;<<M;R#3M=#@Q#0:.#b+CD#E#(Cb#>.;/01@<#>;0.#S=@R./MR.3[/=H"3./U#Q@>#0:.#0>@A@3A:.>.#
1<#!F_!#S6U#;<O#!FFF#S5U#;>.#X12.<"#&:.#3M=#@Q#0:.#>.;/01@<#>;0.3#1</>.;3.O#XR@,;RR?#;<O#O@M,R.O#
@2.># 0>@A1/;R# >.X1@<3"# &:.# (C# /;M3.3# ;# R;<OT3.;# /@<0>;30# 1<# #=.0:;<.# 31<^3L# :@Y.2.># 0:.#=1V1<X#
>;01@# @Q# =.0:;<.# 13# 3A;01;RR?# M<1Q@>=L# 1"."# 10# :;3# 0:.# 3;=.# A>.3/>1,.O# /@</.<0>;01@<# 1<# ;RR# @Q# 0:.#
R@Y.30# =@O.R# X>1O3"# 60# 0:.# ,.X1<<1<X# @Q# 0:.# 4_0:# +.<0M>?# S6UL# 0:.# K;:;>;# ;<O# 91OOR.T%@>0:# 631;#
>.X1@<3#:;2.#31=1R;>#=.0:;<.#O.30>M/01@<#>;0.3#;3#<.1X:,@>1<X#=;>1<.#>.X1@<3#S&>@A1/;R#K./01@<#@Q#
0:.#60R;<01/U"#60#0:.#.<O#S5UL#1<#,@0:#0:.#K;:;>;#;<O#91OOR.T%@>0:#631;#>.X1@<3L#=.0:;<.#O.30>M/01@<#
1</>.;3.3#=@>.# 0:;<# 1<# <.1X:,@>1<X#=;>1<.# >.X1@<3"#N.# ;R3@# 3..# ;# R;<OT3.;# /@<0>;30# 1<#=.0:;<.#
31<^3#@2.># 0:.# 0>@A@3A:.>.#@Q# 0:.3.#>.X1@<3L# 1<#!FFF# 0:13# /@<0>;30#.V0.<O3# 1<0@#JM>@A.#;<O#%@>0:#
6=.>1/;#;3#Y.RR"#

KA;01;R#O130>1,M01@<#@Q#=.0:;<.#31<^#,?#(C#@<#0:.#Y@>RO#=;AB#!F_!#c#!FFF#



! ",!

D"!"#9.0:;<.#P1Q.01=.#'.3MR03#@Q#&:.#K.<3101210?#'M<3#

?(! 13:$3! %1! '('FGI$! %&$! 8'5/$! 17! %&$! .(83$'/$! .(!0$%&'($! F.7$%.0$! 9$%J$$(! "OBB! '(:!

"OCBA!%&$!7'FF! .(!0$%&'($!F.7$%.0$!'7%$3!"OCBA!'(:!%&$!0.//.(4!f<*/!'(:!8F15:!.02'8%/A!

/$(/.%.>.%G! 35(/! '3$! 5/$:D! M&$! 0$%&'($! F.7$%.0$/! 8'F85F'%$:! 713! %&$! dSLA! '/! J$FF! '/! '!

01:.7.$:!>$3/.1(!17!%&$!dSLA!*+,p"OB"!'(:!Q<;p*<p"ON"!35(/!'3$!/&1J(!.(!7.453$!,DRD!!

!

!

#

#

#

#

#

#

#

#

#

#

#

#

#

W1XM>.#D"H#9.0:;<.# R1Q.01=.L# 1<#=@<0:R?# 1<0.>2;R3L# 13# 3:@Y<# Q@># 0:.#'JW#>M<#S>.OUL#+CDd!F_!#>M<#
S,RM.UL# ;<O# %(Vd+(d!Fe!# >M<# SX>..<U"# &:.#=@O1Q1.O# 'JW# >M<# S,>@Y<U# >.QR./03#=1331<X# G(+# ;<O#
/R@MO#.QQ./03"#$<#0:.#'JW#>M<#S>.OUL#=.0:;<.#R1Q.01=.#1</>.;3.3#Q>@=#I"`#0@#a"D#?.;>3#M<01R#0:.#R;0.#
!Fa_3L# 0:.<# O./>.;3.3# ,?# ;,@M0# _"H# ?.;>3# ,?# 0:.# .<O# @Q# 0:.# /.<0M>?"# $<# 0:.# %(Vd+(d!Fe!# >M<#
SX>..<UL# 1<# Y:1/:# 0:.# %(f# =1V1<X# >;01@# 13# ^.A0# /@<30;<0# ;0# !Fe!# R.2.R3L# =.0:;<.# R1Q.01=.# >13.3#
/@<01<M@M3R?"# $<# +CDd!F_!# S,RM.UL# =.0:;<.# R1Q.01=.# O./>.;3.3# /@<01<M@M3R?# ;<O# 0:.# Q;RR# 13#
.<:;</.O#;Q0.>#!FI_"#W1<;RR?#1<#0:.#=@O1Q1.O#;RR#Q@>/1<X3#>M<#S,>@Y<UL#0:.#1=A;/0#@Q#G(+3#;<O#/R@MO#
A;>;=.0.>1Z;01@<# @<# =.0:;<.# R1Q.01=.# 13# =@O.R.O"# &:.# /@=,1<.O# 1=A;/0# @Q# G(+3# ;<O# /R@MO#
A;>;=.0.>1Z;01@<#R.;O3#0@#;#>.OM/01@<#1<#(C#R.2.R3#,?#4_g#XR@,;RR?"#&:.#=.0:;<.#R1Q.01=.#A;00.><#
1<#0:.#=@O1Q1.O#>M<#13#/@<3130.<0#Y10:#0:.#'JW#>M<L#:@Y.2.>#0:.#=.0:;<.#R1Q.01=.#2;>1.3L#,.0Y..<#
`"e#0@#F"H#?.;>3L#OM.#0@#0:.#>.OM/01@<#@Q#(C"!

#$%&'($! F.7$%.0$! :$83$'/$/! 9G! '315(:! BDN! G$'3/! 7310! %&$! 9$4.((.(4! 17! %&$! 01:$F!

/.05F'%.1(! 5(%.F! "OUB! .(! %&$! *+,p"OB"! 35(D! M&$! 3$:58%.1(! %&$(! :159F$/! '(:! %&$!

8'F85F'%$:! F.7$%.0$!:$83$'/$/!9G!1($!G$'3! .(! %&$! 3$0'.(.(4!,B!G$'3/!17! %&$!01:$F! 35(D!

M&$!.(83$'/$:!3$:58%.1(!.(!0$%&'($!F.7$%.0$!'7%$3!"OUB!./!/.0.F'3!%1!%&'%!/$$(!.(!%&$!dSL!

35(D! +1J$>$3A! .(! 81(%3'/%! %1! %&$! *+,p"OB"! '(:! dSL! 35(/A! 0$%&'($! F.7$%.0$! 3./$/!

*+
,!F
.7$
%.0

$!
)G
$'
3/
-!

9.0:;<.#R1Q.01=.#@Q#0:.#3.<3101210?#>M<3#



! "N!

81(%.(515/FGA!9G!'915%!BDT!G$'3/A!.(!%&$!Q<;p*<p"ON"!35(!'(:!%&./!3./$!./!F'34$3!%&'(!.(!

%&$!dSL!35(!)7.453$!,DR-D!!

X$(/.%.>.%G! 35(/! &$F2! %1! 5(:$3/%'(:! %&$! 8'5/$/! 17! %&$! 3./$! )"OBBK"OUB-! '(:! 7'FF! )'7%$3!

"OUB-! .(! 0$%&'($! F.7$%.0$! /&1J(! 9G! %&$! 3$:! F.($! .(! 7.453$! ,DRD! M&$! 3./$! .(! 0$%&'($!

F.7$%.0$!.(!%&$!7.3/%!UB!G$'3/!815F:!9$!:5$!%1!%&$!3./$!.(!%&$!0$%&'($!0.;.(4!3'%.1D!E7%$3!

"ONBA!%3121/2&$3.8!Q<k!81(8$(%3'%.1(/!.(83$'/$!'(:!%&$3$!./!'!81(/$\5$(%.'F!3./$!.(!%&$!

Q<k!0.;.(4!3'%.1!.(!%&$!%3121/2&$3$A!J&.8&!3$/5F%/!.(!.(83$'/$:!<R!7130'%.1(D!M&5/A!%&$!

3./$!.(!0$%&'($!F.7$%.0$!815F:!/%12!:5$!%1!%&$!.(83$'/$!.(!<+A!J&.8&!./!'!81(/$\5$(8$!17!

%&$! 3./.(4!<)"V-! F$>$F/! %&'%! 3$/5F%! 7310!1I1($!2&1%1FG/./D!M&./! 3./.(4!<)"V-! F$>$F! 815F:!

F$':!%1!'(!$F$>'%.1(!17!%&$!]+=<!^!<)"V-_!3$'8%.1(A!7130.(4!<+!'/!'!231:58%D!E/!'!3$/5F%A!

0$%&'($!F.7$%.0$!815F:!9$!3$:58$:!'7%$3!"OCBD!!

M&$!>'3.'9.F.%G!17!0$%&'($!F.7$%.0$!.(!01:$F!/%5:.$/!./!'!753%&$3!.//5$!J13%&!81(/.:$3.(4D!

M&$!**#!X<*<Z!3$/5F%/! /&1J! %&'%!0$%&'($! F.7$%.0$! ./!CKCDN!G$'3/! .(! %&$!dSL!35(!'(:!

TDNKODR! G$'3/! .(! %&$!01:.7.$:!dSL! 35(! .(! %&$! =B%&! 8$(%53G! )7.453$! ,DR-D! ?(! %&$! /%5:G! 17!

Z$F.$>$F:!$%!'FD!)"OOT-!.%!./!CDO!713!"OO=A!.%!./!TKO!G$'3/!'8813:.(4!%1!@3'%&$3!$%!'FD!)=BB"-!

'(:!ODU!G$'3/!.(!?@**!$/%.0'%$/!)?@**A!=BB"-D!!

M&$!7'.F53$!%1!.(8F5:$!%&$!$77$8%/!17!8F15:/!1(!2&1%1FG/./!3'%$/!'(:!17!f<*!$0.//.1(/!1(!

0$%&'($! F.7$%.0$/! '3$! 'F/1! .0213%'(%! 81(/.:$3'%.1(/D! M&$! F.7$%.0$A! 8'F85F'%$:! 713! %&$!

01:.7.$:! >$3/.1(! 17! X<*<ZA! ./! 4.>$(! .(! 7.453$! ,DR! )931J(! F.($-D! E(:3$'! X%$(H$!0.0.8/!

f<*/! .(! %&$! 01:$F! 9G! .02F$0$(%.(4! '! 81(:$(/$:! ./123$($! 0$8&'(./0! '(:! '!

2'3'0$%$3.I$:! 8F15:! $77$8%! 1(! 2&1%1FG/./! 3'%$/! .(! X<*<ZD! ?(! %&./!01:.7.$:! >$3/.1(!<+!

81(8$(%3'%.1(/!'3$!3$:58$:!9G!="DNc!'%!CNB!&@'!'(:!"NDRc!'%!=NB!&@'!F$>$F/!4F19'FFG!

)@$3/1('F! *1005(.8'%.1(-D! M&$! 4F19'F! 3$:58%.1(! .(! <+! F$>$F/! 9G! =Bc! ).(!

01F$85F$/o80R-!.(83$'/$:!0$%&'($!F.7$%.0$!9G!'915%!"DC!G$'3/!)TDNKODR!G$'3/-!:5$!%1!'!

21/.%.>$!7$$:9'8H!0$8&'(./0D!!!

D"4"#$=A;/0#@Q#0:.#+:;<X.3#1<#&>@A@3A:.>1/#&.=A.>;0M>.#@<#9.0:;<.#(V1O;01@<#

d./.(4! %3121/2&$3.8! %$02$3'%53$/! :5$! %1! 8F.0'%$! 8&'(4$! 815F:! 9$! %&$! 8'5/$! 17! %&$!

8&'(4$! .(! 0$%&'($! F.7$%.0$! 9G! '77$8%.(4! %&$! ]*+,! ^! <+_! 3$'8%.1(! %&3154&! %&$! 3'%$!

81(/%'(%A!]H_D!M&$!3$'8%.1(!3'%$!17!!]*+,!^!<+_!./!8'F85F'%$:!5/.(4!%&$!01F$85F'3!:$(/.%.$/!

17!*+,A!<+!'(:!%&$!3'%$!81(/%'(%A!]H_A!J&.8&!./!:$2$(:$(%!1(!%$02$3'%53$i!

! !!!!!!!!!!!!!!!!!!!!!!!!!!! ! !!!"!!"!!"!!!!""#!! ! ! ! !! )$\D"-!



! "U!

M&$! .(83$'/$! .(! %3121/2&$3.8! %$02$3'%53$!815F:!8'5/$!'!3./$! .(!0$%&'($!/.(H/!'(:!%&$!

:.53('F! %$02$3'%53$! >'3.'9.F.%G! 1>$3! %&$! 18$'(! '(:! F'(:! 815F:! $;2F'.(! %&$! F'(:K/$'!

81(%3'/%! .(! /.(H/D! b$8'5/$! %$02$3'%53$! >'3.'9.F.%G! ./! '(! .0213%'(%! 7'8%13A! .(! 13:$3! %1!

\5'(%.7G!.%/!.02'8%!1(!0$%&'($!1;.:'%.1(!%&$!]*+,!^!<+_!3$'8%.1(!3'%$!./!8'F85F'%$:!713!

/$F$8%$:! 3$4.1(/! 17! %&$! F'(:! '(:! 0'3.($! %3121/2&$3$! J.%&! %&$! &$F2! 17! /$(/.%.>.%G!

8'F85F'%.1(/!)%'9F$!RDR-D!!

?(!%&$/$!/8$('3.1/W!Lkp*+,A!Lkp<+A!'(:!LkpM$02A!%&$!01(%&FG!0$'(!3$'8%.1(!3'%$/!'3$!

8'F85F'%$:!713!:.77$3$(%!23$//53$/!)'F%.%5:$/-!.(!/$F$8%$:!3$4.1(/D!M&$!3$4.1(/!)%'9F$!RD=-!

'3$!/$F$8%$:!'8813:.(4!%1!%&$.3!'%01/2&$3.8!2312$3%.$/A!.(8F5:.(4!'95(:'(8$!17!Q<kA!*<A!

'(:!1I1($D!!!!

M&$! 3$'8%.1(! 3'%$/! 713! %&$! :.77$3$(%! /8$('3.1/! '3$! :./2F'G$:! .(! 7.453$! ,D,! 713! :.77$3$(%!

'F%.%5:$/!1>$3!%&$!SQX<!3$4.1(D!M&$!>'3.'9.F.%G!17!%&$!]*+,!^!<+_!3$'8%.1(!3'%$!./!4.>$(!

713!Lkp*+,!)9F'8H!F.($-A!Lkp<+!)3$:-A!LkpM$02!)13'(4$-!'(:!dSL!)9F5$-D! ?(!Lkp<+A!%&$!

3$'8%.1(!3'%$!./!$F$>'%$:!9G!'915%!"BBc!'%!%&$!$(:!17!8$(%53GA!J&$3$'/!.(!Lkp*+,!.%! ./!

3$:58$:!9G!'915%!NBcD!+1J$>$3A!.(!LkpM$02A!J&$3$!%&$!'.0!./!%1!\5'(%.7G!%&$!.02'8%!17!

%$02$3'%53$! >'3.'9.F.%G! 1(! 0$%&'($! :$/%358%.1(! '(:! F.7$%.0$A! %&$! 3$'8%.1(! 3'%$! ./!

3$:58$:!9G!'915%!"cD!

L310!%&$!2F1%/!.(!7.453$!,D,A!J$!/$$!%&'%!%&$!.(83$'/$!.(!%&$!%3121/2&$3.8!%$02$3'%53$/!./!

1(FG! '!0.(13! 81(%3.95%13! %1! %&$! .(83$'/$! .(!0$%&'($! /.(H/D! M3121/2&$3.8! %$02$3'%53$!

3./$!'8815(%/! 713! F$//! %&'(!"c!17!0$%&'($!:$/%358%.1(! .(! %&$!SQX<!RD,! 3$4.1(!'(:! 713!

'315(:!"c! .(!S5312$! '(:! %&$! X'&'3'D! M&$! $77$8%! 17! %$02$3'%53$! %&3154&! %&$! 3$'8%.1(!

3'%$!81(/%'(%!./!(1%!'!0'`13!8'5/$!17!%&$!8&'(4$!.(!0$%&'($!F.7$%.0$!.(!%&$!=B%&!8$(%53G!

J&$3$!%&$!/.(H/!'3$!:159F$:!'(:!%&$!0$%&'($! F.7$%.0$!3./$/!9G!'915%!Cc!.(!%&$!"OBBK

"OCN!2$3.1:D!!!

!

!

!

!

!

!

!



! "C!

!

!

!

W1XM>.#D"D#+:;<X.3#1<#0:.#/;R/MR;0.O#b+CD#E#(Cb#>;0.#Q@>#0:.#3.<3101210?#/;R/MR;01@<3#Q@>#;#2;>1.0?#@Q#
A>.33M>.3#@2.>#0:.#J%K(#H"D#>.X1@<"#60#0:.#A;<.R#@<#0@AL#0:.#=.;<#\+CD#E#(C]#>.;/01@<#>;0.#@Q#'JW#
S,RM.UL#Wfd+CD#S,R;/^UL#Wfd(C#S>.OUL#Wfd&.=A#S@>;<X.U# 13#3:@Y<#;0#!___#:h;"# $<#Wfd+CD#S,R;/^UL#
=.0:;<.# O.30>M/01@<# Q@RR@Y3# 0:.# 3;=.# A;0:Y;?# ;3# 0:.# (C# =1V1<X# >;01@# SQ1XM>.# D"HU"# $<# Wfd(CL#
=.0:;<.#O.30>M/01@<#13#O@=1<;0.O#,?#0:.#+CD#=1V1<X#>;01@#;<O#Q@RR@Y3#0:.#+CD#=1V1<X#>;01@#0>.<O"#
&.=A.>;0M>.# 2;>1;,1R10?# OM.# 0@# /R1=;0.# /:;<X.# ;QQ./03# 0:.# \+CD# E#(C]# >.;/01@<# Q;># R.33# 0:;<# 0:.#
2;>1;,1R10?#@Q#(C#;<O#+CD#=1V1<X#>;01@3"#Wfd0.=A#0>.<O#S@>;<X.U#:;3#=@30R?#0:.#3;=.#A;00.><#;3#0:.#
'JW#S,RM.U"##

M&$!%$02$3'%53$!3./$!:5$!%1!8F.0'%$!>'3.'9.F.%G!'(:! .%/! .02'8%!1(!0$%&'($!:$/%358%.1(!

91%&! 1>$3! F'(:! '(:! 18$'(! ./! '2231;.0'%$FG! "c! .(! %&$! %'34$%! 8$(%53GD! +1J$>$3A! %&$!

0$%&'($!:$/%358%.1(! 8'5/$:!9G! %&$! 3$'8%.1(!0$%&'($!5(:$341$/!J.%&!<+!1>$3! F'(:! ./!

058&!/%31(4$3!%&'(!1>$3!%&$!18$'(!)7.453$!,D=-D!M&5/!%&$! F.H$FG! .02'8%!17! %$02$3'%53$!

8&'(4$! :5$! %1! 4F19'F! J'30.(4! 1(! 3$'8%.1(! 3'%$/! ./! (1%! /.4(.7.8'(%! '(:! 815F:! (1%! 9$!

3$/21(/.9F$!713!%&$!8$(%$((.'F!8&'(4$!.(!0$%&'($!F.7$%.0$!.(!%&$!=B%&!8$(%53GD#

D"H"#+:;<X.3#1<#0:.#91V1<X#';01@#@Q#&>;/.#8;3.3#1<#0:.#4_0:#+.<0M>?#

M&$!0$%&'($!1;.:'%.1(!2318$//!./!'!8&'.(!17!3$'8%.1(/!%&'%!.(8F5:$!1%&$3!%3'8$!4'/$/!/58&!

'/!Q<A!Q<=A!'(:!<RD! ?%! ./!'F/1!'77$8%$:!9G!%&$!1;.:'%.1(!8'2'8.%G!17!%&$!'%01/2&$3$!)%&$!

'015(%! 17! +<;A! <+A! $%8D-D! <J.(4! %1! %&$! 7'8%! %&'%! %&$! J&1F$! 1;.:'%.1(! 2318$//! ./!

Time

 

Time

 

Time

 

Time

 
10

20
30

40

1000 hPa                                             

Time

 

Time

 

Time

 

Time

 
4

7
10

k[
CH

4][
O

H]
/1

04 (m
ol

ec
ul

es
/c

m
3 .s

ec
)

550 hPa                                             

REF
FX_CH4
FX_OH
FX_Temp.

REF
FX_CH4
FX_OH
FX_Temp.

    
2

3
4

5
6

7

1900 1920 1940 1960 1980 2000

450 hPa                                             

K.<3101210?#/;R/MR;01@<3#Q@>#\+CD#E#(C]#>;0.#1<#J%K(#H"D#>.X1@<#



! "T!

:$%$30.($:! 9G! %&$/$! 81021($(%/A! .%! ./! .0213%'(%! %1! H(1J! %&$.3! >'3.'9.F.%G! '(:!

'95(:'(8$!:53.(4!%&$!%'34$%!2$3.1:!'/!J$FFD!

!

!

!

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

W1XM>.#D"e#!4T=@<0:#=@21<X#;2.>;X.#@Q# 0>@A@3A:.>1/#S=.;<#@Q#!___T4e_#:h;# R.2.R3Ui(Z@<.L#%(fL#
(CL# C(fL# +CD# ;<O# 0.=A.>;0M>.# 1<# 0:.# ++9TK(+(P# Q@># 0:.# !F__T4___# A.>1@O"# 5@0:# 0>@A@3A:.>1/#
%(fS,>@Y<U#;<O#@Z@<.#S,R;/^U#>13.#1<#0:.#4_0:#/.<0M>?"#$</>.;3.3#1<#,@0:#3M,30;</.3#,./@=.#=@>.#
31X<1Q1/;<0#OM>1<X#0:.#3./@<O#:;RQ#@Q#0:.#/.<0M>?"#&>@A@3A:.>1/#@Z@<.#1</>.;3.O#,?#e#AA,G#OM>1<X#
0:.# Q1>30# :;RQ# @Q# 0:.# /.<0M>?# ;<O# 1</>.;3.3# ,?# !!# AA,G# ;Q0.># !Fe_"# &:.# 1</>.;3.# 1<# 0>@A@3A:.>1/#
%(fS,>@Y<U# 13# ;,@M0# 4__g#:1X:.># OM>1<X# 0:.# 3./@<O#:;RQ# @Q# 0:.# /.<0M>?# 0:;<# 1<# 0:.# !F__T!Fe_#
A.>1@O"#&:.# 1</>.;3.# 1<#C(f#S,RM.UL# Q>@=#D# 0@#I#AA0GL# 13#=@30R?# R1<.;>"#&:.#(C#=1V1<X#>;01@#S>.OUL#
O./>.;3.3# M<01R# 0:.# R;0.# !FI_3L# 0:.<# 30@A3# ;<O# 30;>03# 0@# 1</>.;3.# 1<# R;30# H_# ?.;>3L# @AA@31<X# 0:.#
=.0:;<.#R1Q.01=.#0>.<O#X12.<#1<#Q1XM>.#D"!"#&:.#+CD#=1V1<X#>;01@#>13.3#,?#;,@M0#!___#AA,G#1<#0:.#
4_0:#/.<0M>?L#=.;<#0>@A@3A:.>1/#0.=A.>;0M>.#1</>.;3.3#,?#;,@M0#!(7#OM>1<X#0:.#3;=.#A.>1@O"!

#$'(!1I1($A!+<k!'(:!%3121/2&$3.8!%$02$3'%53$/!&'>$!'(!.(83$'/.(4!%3$(:!.(!%&$!"OBBK

=BBB!2$3.1:D!M&$!0$'(!1I1($!0.;.(4!3'%.1!.(83$'/$/!9G!'915%!,Bc!%1!RN!229!'%!%&$!$(:!

17!%&$!=B%&!8$(%53GA! 7310!.%/! .(.%.'F! F$>$F!17!=N!229!'%!%&$!9$4.((.(4!17!%&$!8$(%53GD!M&$!

.(83$'/$! .(!+<kA! /.0.F'3! %1! 1I1($A! ./! '915%! ,BcD!M&$!0$'(! %3121/2&$3.8! %$02$3'%53$A!

.(83$'/$/!.(!%&$!%'34$%!2$3.1:!9G!'915%!"<YA!01/%FG!'7%$3!"OTB!)7.453$!,DN-D!

&>@A@3A:.>1/#=.;<#0>;/.#X;3#;<O#0.=A.>;0M>.#0>.<O3#1<#K(+(P#



! "O!

#$%&'($!&'/!'(!1>$3'FF!.(83$'/.(4!%3$(:W!%&$!3./$!'2231;.0'%$FG!:159F$:!'7%$3!"OUBD!M&$!

Q<k!0.;.(4!3'%.1!3./$/!J.%&!.(83$'/.(4!$0.//.1(/!'7%$3!%&$!"ONB/A!&1J$>$3A!.(83$'/$/!.(!

Q<k!'3$!F1J$3!'7%$3!%&$!"OTB/!:5$!%1!%&$!.(/%'FF'%.1(!17!8'%'FG%.8!81(>$3%$3/A!7.('FFG!%&$!

0$'(!0.;.(4!3'%.1!3$'8&$/!'!F$>$F!17!BD"U!229!)7.453$!,DN-D!

M&$!0'.(! 1;.:.I.(4! '4$(%! 713!0$%&'($A!<+A! &'/! '! :$83$'/.(4! %3$(:! 5(%.F! "OUBD! E%! %&./!

21.(%A! %&$! :$83$'/$! .(! <+! /%12/! /.05F%'($15/FG! J.%&! %&$! 3./$! .(! Q<kA! '(:! /%'3%/! %1!

.(83$'/$!5(%.F!%&$!$(:!17!%&$!8$(%53GD!

D"D"#$=A;/0#@Q#G;>?1<X#(C#@<#9.0:;<.#P1Q.01=.#

f'3.'9.F.%G! .(! %&$! 81(8$(%3'%.1(! 17! <+! 3':.8'F/! :5$! %1! 8&'(4$/! .(! .%/! /1538$! 13! /.(H!

0$8&'(./0/! 0'G! /&$:! /10$! F.4&%! 1(! %&$! 0$8&'(./0! 8'5/.(4! 8&'(4$/! .(! 0$%&'($!

F.7$%.0$A!J&.8&!7.3/%!.(83$'/$/!.(!%&$!"OBB!g!"OUB!2$3.1:!'(:!%&$(!/%'3%/!%1!:$83$'/$!1>$3!

%&$!F'/%!RB!G$'3/D!X.(8$!1>$3!OBc!17!'%01/2&$3.8!0$%&'($!./!3$01>$:!9G!%&$!3$'8%.1(!.%!

5(:$341$/!J.%&!%&$!<+D!

D"D"!"#K<;A3:@0#@Q#0:.#(C#K1<^#,?#C%(H#1<#0:.#4_0:#+.<0M>?#

M&$!3$'8%.1(!%&'%!<+!5(:$341$/!J.%&!Q<=! ./!1($!17! %&$!0'`13!/.(H/!17!<+D!X.(8$!<+!./!

2'3%.85F'3FG! .0213%'(%! 713! 8&'(4$/! .(! '%01/2&$3.8!0$%&'($A! '(G! /&.7%! .(! .%/! /.(H! 815F:!

.02'8%!0$%&'($!F$>$F/D!

!

!

!

!

!

!

!

!

!

!

&>@A@3A:.>1/#=.;<#C%(H#=1V1<X#>;01@#0>.<O#1<#K(+(P#



! =B!

!

W1XM>.#D"I#9@<0:R?#=.;<#S@>;<X.#R1<.U#;<O#0Y.R2.T=@<0:3#=@21<X#;2.>;X.#S,RM.#R1<.U#@Q#C%(H>13.3#
1<#0:.#4_0:#/.<0M>?"#JR.2;01@<#1<#0:.#0>@A@3A:.>1/#C%(H#=1V1<X#>;01@#13#.<:;</.O#;Q0.>#!Fe_#OM.#0@#
0:.#1</>.;31<X#%(f#=1V1<X#>;01@#1<#0:.#0>@A@3A:.>."##

M&$! <+! /.(HA! :5$! %1! .%/! 3$'8%.1(! J.%&! Q<=A! .(83$'/$:! .(! %&$! =B%&! 8$(%53G! J.%&! '(!

$(&'(8$:!431J%&!'7%$3!%&$!"OUB/!)7.453$!,DU-D!bG!%&$!/%'3%!17!%&$!"OUB/A!+Q<R!7130'%.1(!

.(83$'/$:!'F1(4!J.%&!%&$!$F$>'%$:!Q<k!0.;.(4!3'%.1!.(!%&$!%3121/2&$3$!)7.453$!,DN-D!

!

!

#

#

#

#

#

#

#

#

#

!
!
!
!
#

W1XM>.# D"a# C%(H# =1V1<X# >;01@# 1</>.;3.3# @2.># JM>@A.L# 0:.# K;:;>;# ;<O# 0:.# J%K(# H"D# >.X1@<"# &:.#
0Y.R2.T=@<0:#=@21<X#;2.>;X.#@Q# 0:.#C%(H#=1V1<X# >;01@L# 31<^3#@Q#(C#,?#%(4L# 13# X12.<# Q@># 3M>Q;/.#
R.2.R#S!___#:h;U#1<#JM>@A.#S,>@Y<L#?T;V13#@<#R.Q0UL#0:.#K;:;>;#S>.OL#?T;V13#@<#R.Q0U#;<O#0:.#J%K(#H"D#
>.X1@<#S,RM.L#?T;V13#@<#>1X:0U"#&>@A@3A:.>1/#C%(H#.R.2;01@<# 13#:1X:.>#@2.># R;<O# 1<# 0:.K;:;>;#;<O#
JM>@A.L#0:;<#1<#0:.#=;>1<.#J%K(#H"D#>.X1@<L#OM.#0@#%(f#.=1331@<3"#

!M&$!/%3$(4%&!17!%&$!<+!/.(H!1>$3!%&$!SQX<!3$4.1(!./!01/%FG!81(/%'(%!.(!%&$!"OBBK=BBB!

2$3.1:D!M&$!<+!/.(H! ./!$(&'(8$:!1>$3! F'(:A!9G!'915%!RBBc!1>$3!%&$!X'&'3'!'(:!'915%!

=BBc!1>$3!S5312$A!:5$!%1!&.4&$3!Q<k!F$>$F/!)7.453$!,DC-D!

M&$!>'3.'%.1(!.(!<+!/.(H/A!'/!%&$!23.0'3G!8'5/$!713!%3121/2&$3.8!0$%&'($!>'3.'9.F.%GA!./!

81(/.:$3$:! '/! %&$!0'.(! '8%13! 17!0$%&'($!:$/%358%.1(D!E!21//.9F$! .(83$'/$! .(!<+! /.(H/!

J15F:! F$':! %1! %&$! 81(/502%.1(! 17! <+! '(:! 0$%&'($! F.7$%.0$! 815F:! 9$! $(&'(8$:D!

+1J$>$3A!%&$!23.0'3G!/.(H!17!<+A!]<+!^!Q<=_A! ./!$(&'(8$:D!M&5/A!%&$!'015(%!17!+Q<R!

7130$:! .(83$'/$/A! (1%! 1(FG! 3$4.1('FFG! )7.453$! ,DC-! 95%! 'F/1! 4F19'FFG! )7.453$! ,DU-! .(! %&$!

 

0.
00

0
0.

00
2

0.
00

4

  

1900 1920 1940 1960 1980 2000

0.
00

0.
04

0.
08

0.
12

0.
16

0.
20

HN
O

3(
nm

ol
m

ol
)

EUROPE
SAHARA
ENSO 3.4

&>@A@3A:.>1/#C%(H#=1V1<X#>;01@#@2.>#JM>@A.L#K;:;>;#;<O#J%K(#H"D#



! ="!

=B%&! 8$(%53GD! #13$1>$3A! +Q<R! 7130'%.1(! ./! $(&'(8$:! 1>$3! F'(:! .(! S5312$! '(:! %&$!

X'&'3'!)7.453$!,DC-D!SF$>'%$:!+Q<R! 7130'%.1(!J15F:!&'>$! F$:!%1!'(! .(83$'/$:!0$%&'($!

F.7$%.0$!%&3154&!:$83$'/.(4!<+D!M&$3$713$A!%&$!>'3.'%.1(!.(!<+!/.(H/!9G!%&$!3$'8%.1(!<+!

5(:$341$/!J.%&!Q<=A!./!(1%!3$/21(/.9F$!713!%&$!/.05F'%$:!F1(4K%$30!>'3.'9.F.%G!.(!<+!'(:!

0$%&'($!F.7$%.0$D!

D"D"4"#K<;A3:@0#@Q#(C#91V1<X#';01@#1<#0:.#4_0:#+.<0M>?#

M&$3$!./!'!/%31(4!$;21($(%.'F!8133$F'%.1(!9$%J$$(!<+!)22%-!'(:!*+,!F.7$%.0$!)G$'3/-!'%!

%&$! /537'8$! F$>$F! )"BBB!09'3/-! .(! S5312$! )7.453$! ,DTD'-A! %&$! X'&'3'! '(:! %&$! SQX<! RD,!

3$4.1(!)7.453$!,DTD9-D!M&./!/%31(4!8133$F'%.1(!'F/1!$;./%/!'%!%&$!3$0'.(.(4!>$3%.8'F!F$>$F/D!!

!

!

!

!

!

!

!

!

W1XM>.# D"`";# K/;00.># AR@0# @Q# 0:.# =.;<# =.0:;<.# R1Q.01=.# ;<O# (C# /@</.<0>;01@<3# @2.># JM>@A.B#
9.0:;<.# R1Q.01=.#@2.>#JM>@A.#S!___T4e_#:h;U#;<O#&>@A@3A:.>1/#(C#=1V1<X#>;01@#S@<#jT;V13U#;>.#
<.X;012.R?#/@>>.R;0.O"##

!

K/;00.>#hR@0#@Q#(C#k#9.0:;<.#R1Q.01=.#;<O#0:.1>#0>.<O3#1<#JM>@A.L#0:.#
K;:;>;#;<O#0:.#J%K(#H"D#>.X1@<#



! ==!

W1XM>.# D"`",# +CD# R1Q.01=.L# (C# =1V1<X# >;01@# ;<O# 0:.1># /@>>.R;01@<# ;0# 3M>Q;/.# R.2.R# S!___# :h;U# 1<#
JM>@A.L# 0:.# K;:;>;# ;<O# 0:.#J%K(#H"D#'.X1@<B#9.0:;<.# R1Q.01=.# SR.Q0# ?T;V13U# ;<O#(C#=1V1<X# >;01@#
S>1X:0# ?T;V13U# ;>.# X12.<# Q@># 0:.# 4_0:# /.<0M>?# 1<# 0:.# Q1XM>."# (2.># JM>@A.# S0@ATA;<.RUL# =.0:;<.#
R1Q.01=.# 1</>.;3.3# OM.# 0@# # 0:.# O./>.;31<X# (C# =1V1<X# >;01@# M<01R# !F`_"# &:.<# 0:.# .R.2;01@<# 1<#
=.0:;<.#R1Q.01=.#30@A3#R1^.#0:.#O./>.;3.#1<#(C#=1V1<X#>;01@#1<#R;30#4_#?.;>3#OM.#0@#0:.#1</>.;3.#1<#
0:.# %(f# =1V1<X# >;01@"# (2.># 0:.# J%K(# H"D# >.X1@<# SR@Y.>TA;<.RUL# =.0:;<.# R1Q.01=.# >13.3# @2.># 0:.#
.<01>.# A.>1@OL# =.;<Y:1R.# 0:.# (C# =1V1<X# >;01@# 13# >.OM/.O"# (2.># 0:.# K;:;>;L# 31=1R;># 0@# JM>@A.L#
=.0:;<.#R1Q.01=.#Q;RR3#M<01R#!Fe_L#0:.<#>13.3#,;/^#0@#0:.#R.2.R3#3..<#;0#0:.#,.X1<<1<X#@Q#0:.#/.<0M>?#
OM.#0@#0:.#1</>.;3.O#0>;<3A@>0#@Q#%(fL#@Z@<.#;<O#C4("!

?(! S5312$A! *+,! F.7$%.0$! .(83$'/$/! 5(%.F! "OTB! '(:! %&$(! %&$! 3./$! /F1J/! '(:! %&$(! &'F%/D!

X.05F%'($15/FG!<+!0.;.(4!3'%.1!:$83$'/$/!5(%.F!"OTB!'(:!%&./!:$83$'/$!/%12/!9G!%&$!$(:!

17!%&$!8$(%53G!)7.453$!,DTD9-D!M&$!:$8':'F!>'3.'%.1(!.(!0$%&'($!F.7$%.0$!.(!S5312$!'(:!%&$!

X'&'3'!./!:5$!%1!8&'(4$/!.(!<+!F$>$F/D!Q<k!$0.//.1(/!.(!S5312$!3./$!%&3154&!%1!%&$!$(:!17!

%&$!8$(%53G!'F1(4!J.%&!%&$!%3121/2&$3.8!1I1($!0.;.(4!3'%.1D!M&$!3./$!.(!1I1($!F$':/!%1!'(!

.(83$'/$! .(! <)"V-! J&.8&! ./! %&$! 23.0'3G! /1538$! 17! <+D! L.('FFGA! %&$! <+! 0.;.(4! 3'%.1!

.(83$'/$/! .(! %&$! F'/%! RB! G$'3/! 17! %&$! 01:$F! /.05F'%.1(A! 3$:58.(4! 0$%&'($! F.7$%.0$! .(!

S5312$D!

<>$3!%&$!X'&'3'A!*+,!F.7$%.0$!.(83$'/$/!5(%.F!%&$!F'%$!"ONB/!'%!%&$!/537'8$!F$>$F!'(:!%&$(!

.%!7'FF/!%1!.%/!"OBB!F$>$F!J&$3$!<+!0.;.(4!3'%.1A!1221/.(4!*+,!F.7$%.0$A!:$83$'/$/!5(%.F!%&$!

"ONB/!'(:!%&$(!3$81>$3/!%1!.%/!.(.%.'F!F$>$F!.(!=BBB!)7.453$!,DTD9-D!X.0.F'3!%1!%&$!/.%5'%.1(!

/$$(!.(!S5312$A!<+!F$>$F/!.(83$'/$!.(!%&$!X'&'3'!'7%$3!"ONBD!M&./!$F$>'%.1(!815F:!9$!:5$!

%1!%&$!%3'(/213%!17!Q<k!'(:!1I1($!7310!($.4&913.(4!F'(:!0'//$/!%53(.(4!%&$!X'&'3'!.(%1!

'!Q<kK3.8&!$(>.31(0$(%D!

*+,! F.7$%.0$A! RDN! G$'3/! .(! "OBBA! .(83$'/$/! %1! N! G$'3/! .(! =BBB! .(! %&$! SQX<! RD,! 3$4.1(!

)7.453$!,DTD9-D!M&$!0.;.(4!3'%.1!17!<+!./!3$:58$:!9G!'915%!NBc!.(!%&$!%'34$%!2$3.1:D!M&$!

<+!0.;.(4!3'%.1!7'FF/!81(%.(515/FG!.(!%&$!SQX<!RD,!3$4.1(!/.(8$!%&$3$!'3$!(1!/537'8$!Q<k!

/1538$/!'(:!1I1($!%3'(/213%!./!F$//!%&'(!.(!S5312$!'(:!%&$!X'&'3'D!

<+! 81(8$(%3'%.1(/! :$83$'/$! 5(%.F! "OCNA! %&$(! %&$.3! 7'FF! /%12/! '(:! /%'3%/! %1! .(83$'/$!

%&3154&! %1! %&$! $(:! 17! %&$! 8$(%53GD! X.(8$!013$! %&'(! OBc! 17! %3121/2&$3.8! 0$%&'($! ./!

1;.:.I$:! 9G! <+A! %&$! :$8':'F! 8&'(4$! 17! <+! 815F:! 9$! %&$! 8'5/$! 713! %&$! >'3.'9.F.%G! .(!

0$%&'($!F.7$%.0$!.(!%&$!F1(4K%$30D!#$%&'($!F.7$%.0$A!1221/.(4!<+A!3./$/!5(%.F!"OCN!'(:!

/%'3%/!%1!:$83$'/$!'7%$3!"OCN!)7.453$!,DO-D!

!

!

!



! =R!

!

!

!

!

!

!

!

!

!

!

!

!

!

W1XM>.# D"F# 9@<0:R?# =.;<# S@>;<X.U# ;<O# 0Y.R2.T=@<0:# =@21<X# ;2.>;X.# S,RM.U# (C# R.2.R3# 1<# 0:.#
0>@A@3A:.>.#Q@>#0:.#4_0:#/.<0M>?"#&:.#(C#=1V1<X#>;01@#:;3#1<0.>T;<<M;R#;<O#R@<XT0.>=#2;>1;,1R10?"#
)M.#0@#0:.#:1X:.>#(C#;,M<O;</.#1<#0:.#<@>0:.><#:.=13A:.>.#S%CUL#0:.#=@<0:R?#=.;<#(C#=1V1<X#
>;01@# 13# :1X:.30# XR@,;RR?# OM>1<X# 0:.#%C# 3M==.>#Y:.<# 0:.#(C#=1V1<X# >;01@# >.;/:.3# 0@# 103# ;<<M;R#
=;V1=M=#R.2.R#1<#0:.#%C"#(2.>#0:.#R@<XT0.>=L#0:.#(C#=1V1<X#>;01@#X@.3#O@Y<#,?#;>@M<O#!4g"&:.<#
0:.#Q;RR#1<#0>@A@3A:.>1/#(C#R.2.R3#30@A#;<O#30;>0#0@#>13.#;X;1<#1<#0:.#R;30#4_T4e#?.;>3#@Q#0:.#=@O.R#
31=MR;01@<"##

#$'(!<+!01F$85F'3!:$(/.%G! ./!8'F85F'%$:! 713!23$//53$/!3'(4.(4! 7310!"BB!%1!"BBB!&@'D!

<+! F$>$F/! .(! %&$!X<*<Z!01:$F!'3$!'2231;.0'%$FG!NBc! F$//!8102'3$:! %1! %&$!3$7$3$(8$!

/%5:G!17!b15/\5$%!$%!'FD!)=BBN-!

!

!

!

!

!

!

!

9.;<#0>@A@3A:.>1/#(C#=1V1<X#>;01@#SAA02U#



! =,!

!

!

W1XM>.#D"!_#9.;<#=@R./MR;>#O.<310?#@Q#(C#,.R@Y#!__#:h;#1<#0:.#++9#K(+(P#;<O#Q>@=#0:.#30MO?#,?#
5@M3lM.03# .0# ;R"L# 4__e"# (C# R.2.R3# 2;>?# Q>@=# DTe"4# 1<# 0:.# ++9# K(+(P# ;<O# Q>@=# `T!4#
=@R./MR.3[/=H[!_e#1<#0:.#>.Q.>.</.#30MO?"#

D"D"H"#K<;A3:@0#@Q#(S!)U#91V1<X#';01@#1<#0:.#4_0:#+.<0M>?#

M&$! 3$'8%.1(! 17! +=<! J.%&! <)"V-! ./! %&$! 23.0'3G! /1538$! 17! <+D! ?(! %&./! /$8%.1(A! %&$!

>'3.'9.F.%G!17!%&$!<)"V-!0.;.(4!3'%.1!.(!%&$!**#!X<*<Z!./!01(.%13$:!%1!'('FGI$!.%/!.02'8%!

1(!%&$!%3121/2&$3.8!0$'(!<+D!<I1($!7130'%.1(!./!$(&'(8$:!9G!3./.(4!Q<k!$0.//.1(/!.(!

%&$!=B%&!8$(%53GD!M&$! .(83$'/$! .(!%3121/2&$3.8!1I1($! F$':/!%1! .(83$'/$/! .(!<)"V-D!M&5/A!

:5$!%1!%&$!3$'8%.1(!%&'%!<)"V-!5(:$341$/!J.%&!+=<!)d=-A!<+!7130'%.1(!./!$(&'(8$:D!

?(! 7.453$! ,D""A! %&$! <)"V-! 0.;.(4! 3'%.1/! 713! "BBB! '(:! ,NB! &@'! 23$//53$! F'G$3/! 17! %&$!

01:$F! %3121/2&$3$! '3$! 4.>$(! .(! %&$! 7130! 17! 01(%&FG!0$'(/! '(:! "=K01(%&! '>$3'4$/D!

<>$3! %&$! 81(%.($(%'F! %3121/2&$3$A! S5312$! '(:! %&$! X'&'3'A! %&$! <)"V-! 0.;.(4! 3'%.1!

.(83$'/$/!9G!'315(:!"BBc!1(!'(!'((5'F!9'/./!.(!%&$!=B%&!8$(%53GD!?(!%&$!SQX<!RD,!3$4.1(!

%&$!3./$!.(!<)"V-!./!,BKNBc!:53.(4!%&$!/'0$!2$3.1:A!>'3G.(4!J.%&!'F%.%5:$D!!

!

!

3
4

5
6

Time

 

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

0
4

8
12

16

CCM SOCOL
Bousquets et al.

O
H 

m
ol

ec
./c

m
3/

10
^5

9@R./MR;>#).<310?#@Q#(C#1<#0:.#++9#K(+(P#



! =N!

!

!

!
!
!
!
!
!
!
!
#

#

#

#

#

#

#

W1XM>.# D"!!# &Y.R2.T=@<0:# =@21<X# ;2.>;X.3# Q@># (S!)U# =1V1<X# >;01@# @2.># JM>@A.# S,>@Y<UL# 0:.#
K;:;>;# S>.OU# ;<O# 0:.# J%K(# S,RM.U# >.X1@<3# Q@># De_# ;<O# !___# :h;"# &>@A@3A:.>1/# (S!)U#
/@</.<0>;01@<3#;>.#:1X:.>#@2.>#R;<O#0:;<#=;>1<.#,@O1.3"!

MJ1! 1%&$3! .0213%'(%! 0$8&'(./0/! %&'%! .02'8%! <+! '95(:'(8$! .(! %&$! '%01/2&$3$! '3$!

Q<kK3.8&!).-!'(:!)..-!Q<kK2113!'.3!81(:.%.1(/A!2'3%FG!231:58.(4!13!3$:58.(4!<+D!?(!13:$3!

%1!01(.%13!%&$!.02'8%!17!Q<k!'95(:'(8$!1(!*+,!:$/%358%.1(A!%&$!0$'(!3$'8%.1(!3'%$!17!

]+<=! ^! <R_! '(:! ]+<=! ^! Q<_! '3$! 8'F85F'%$:D! M&$/$! %J1! 3$'8%.1(/! '3$! 2'3%.85F'3FG!

.0213%'(%! %1! $>'F5'%$! %&$! /%3$(4%&! 17! %&$! *+,! /.(H! 5/.(4! %J1! :.77$3$(%! 0$8&'(./0/D!

b$8'5/$! .(! %&$! Q<kK3.8&! 8'/$).-A! ]+<=! ^! Q<_! 3$'8%.1(! F$':/! %1! $(&'(8$:! 1I1($!

231:58%.1(A! J&$3$'/! .(! %&$! Q<kK2113! 8'/$)..-A! %&$! ]+<=! ^! <R_! 3$'8%.1(! 3$:58$/! 1I1($!

:53.(4!0$%&'($!1;.:'%.1(D!?(!7.453$!,D""A!%&$!3'%$/!'3$!4.>$(!713!S5312$A!%&$!X'&'3'!'(:!

%&$! SQX<! RD,! 3$4.1(/! %1! $>'F5'%$!0$%&'($! /.(H!0$8&'(./0/! .(! %&$! %3121/2&$3$! 1>$3!

F'(:!'(:!0'3.($!91:.$/D!!!

#$'(! ]+<=! ^!<R_! '(:! ]+<=! ^!Q<_! 3'%$/! '3$! 8'F85F'%$:! 713! S5312$A! %&$! X'&'3'! '(:! %&$!

SQX<!RD,! 3$4.1(!'%! %&$! /537'8$! F$>$F! )"BBB!&@'-D!<>$3!S5312$A!91%&! 3$'8%.1(! 3'%$/!'3$!

&.4&$3!J.%&!3$/2$8%!%1!%&$!X'&'3'!'(:!%&$!SQX<!3$4.1(/!:5$!%1!%&$!43$'%$3!'95(:'(8$!17!

Q<k! '(:! 1I1($! )7.453$! ,D"=-D! +.4&$3! ]Hr+<=srQ<s_! .02F.$/! %&'%! Q<kK3.8&! 81(:.%.1(/!

23$>'.F!'(:!%3121/2&$3.8!1I1($!7130'%.1(!./!$(&'(8$:!'/!2'3%!17!0$%&'($!1;.:'%.1(D!

Time

eu
_O

1D
_1

00
0.

ts

1900 1920 1940 1960 1980 2000 4.
0e
−2

3
1.

2e
−2

2
2.

0e
−2

2

O
1 D 

(m
ol

/m
ol

)  
 1000 hPa                            

 

eu
_O

1D
_4

50
.ts

1900 1920 1940 1960 1980 2000

1.
0e
−2

1
2.

0e
−2

1

O
1 D 

(m
ol

/m
ol

)  
 450 hPa                            

(S!)U#=1V1<X#>;01@#;0#!___#;<O#De_#:h;#Q@>#JM>@A.L#0:.#K;:;>;#;<O#0:.#
J%K(#H"D#>.X1@<#



! =U!

<>$3!%&$!X'&'3'!%&$!12$3'%.(4!0$8&'(./0!./!/.0.F'3!%1!S5312$D!+1J$>$3A!%&$!:.77$3$(8$!

9$%J$$(!%&$!3'%$/!./!058&!&.4&$3!%&'(!1>$3!%&$!1%&$3!3$4.1(/!17!.(%$3$/%D!M&$!]+<=!^!Q<_!

3'%$!./!'915%!U!%.0$/!&.4&$3!%&'(!]+<=!^!<R_D!M&$!3./$!.(!91%&!3$'8%.1(!3'%$/!./!$(&'(8$:!

'7%$3!%&$!F'%$!"ONB/!'/!J$FF!)7.453$!,D"=-!:5$!%1!.(83$'/$/!.(!/537'8$!Q<k!$0.//.1(/D!

!

!

!

!

!

!

!

#

#

#

#

#

#

#

!
!
!
!
!
!
W1XM>.# D"!4#9.;<# >.;/01@<# >;0.3# S=@R./MR.3[/=H"3./[!_DU# @Q# # bC(4# E# (Hb# S,RM.U# ;<O# bC(4# E# %(b#
S>.OU#;0#0:.#3M>Q;/.#R.2.R#Q@>#JM>@A.L#0:.#K;:;>;#;<O#0:.#J%K(#H"D#>.X1@<"#&:.#=.;<#>;0.#@Q#\C(4#E#
%(]# 13#:1X:.>L#,?#;,@M0#!__# 01=.3L# @2.># R;<O# 1<# 0:.#K;:;>;#;<O#JM>@A.L#OM.# 0@#:1X:.>#%(# R.2.R3"#
C@Y.2.>#1<#0:.#=;>1<.#0>@A@3A:.>.L#Q@>#.V;=AR.#1<#0:.#J%K(#H"D#>.X1@<L#0:.#=.;<#>;0.#@Q#bC(4#E#
(Hb#13##;,@M0#I#01=.3#:1X:.>#0:;<#0:.#\C(4#E#%(]#>;0."#######

?(!%&$!SQX<!RD,!3$4.1(A!1221/.(4!81(:.%.1(/!23$>'.FD!M&$!]+<=!^!<R_!3'%$!./!'915%!,!%.0$/!

&.4&$3!%&'(!%&$!]+<=!^!Q<=_!3'%$D!M&./!.02F.$/!%&'%A!:5$!%1!F1J$3!Q<k!'95(:'(8$A!1I1($!

7130'%.1(! ./! F$//D!b1%&!1I1($!'(:!Q<k!'3$! %3'(/213%$:!$.%&$3! 7310!%&$!/%3'%1/2&$3$!13!

($.4&913.(4!F'(:!0'//$/!)7.453$!,D"=-D!!

V5$! %1! .(%$3K&$0./2&$3.8! 81(%3'/%A! %&$! 81(%3'/%! .(! %3121/2&$3.8! Q<k! '95(:'(8$A!

%3121/2&$3.8! 1I1($! 81(8$(%3'%.1(/! '3$! &.4&$3! .(! %&$! (13%&$3(! &$0./2&$3$! '(:! '3$!

Europe

 

 

 

 
0

60
12

0
18

0

 

 

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
Sahara

 

 

 

 

 

 
0

80
16

0
k[

HO
2][

NO
] (

m
ol

ec
/c

m
3 .s

/1
04 )

k[
HO

2][
O

3] 
(m

ol
ec

/c
m

3 .s
/1

04 )

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
ENSO 3.4

 

 

 

 
0

4
8

 

 

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

&Y.R2.#=@<0:3#=@21<X#;2.>;X.#@Q#0:.#>.;/01@<#>;0.3#



! =C!

.(83$'/.(4!4F19'FFG!J.%&!3./.(4!Q<k!$0.//.1(/!)7.453$!,DN-D!E/!'!3$/5F%A!<)"V-! F$>$F/!'3$!

$F$>'%$:!9G!1I1($!2&1%1FG/./!'(:!%&./!3./$!./!43$'%$3!1>$3!F'(:!J&$3$!Q<k!$0.//.1(/!'3$!

&.4&$3!)7.453$!,D""-D!

!

! ! 6#

#

#

! !

!

!

! ! 5# #

#

#

#

#

#

!

?(! 13:$3! %1! 01(.%13! %&$! '3$'/! J&$3$! Q<k! 3.8&! 81(:.%.1(/! '3$! :10.('(%A! %&$! 0$'(!

:.77$3$(8$!9$%J$$(!]+<=!^!Q<_!'(:!]+<=!^!<R_!3'%$/!'3$!8'F85F'%$:!)7.453$!,D"R-D!?(!2'($F!

E!17!7.453$!,D"RA!%&$!0$'(!:.77$3$(8$!.(!%&$!3'%$/!)01F$85F$/o80RD/$8o"BN-!1(!%&$!J13F:!

0'2! )F$7%-! '(:! %&$! I1('F! 0$'(/! 1(! %&$! >$3%.8'F! /$8%.1(! 1(! 3.4&%! '3$! 4.>$(! 713! "OB"D!

X.0.F'3FGA!%&$!I1('F!0$'(!:.77$3$(8$!.(!3'%$/!713!"OOO./!/&1J(!.(!2'($F!bD!

W1XM>.#D"!H#&:.#3A;01;R#=.;<#@Q#\S^mC(4nm%(n#k#^mC(4nm(HnU[!_e]#@<#0:.#Y@>RO#=;A#S@<#0:.#R.Q0U#;<O#
0:.#Z@<;R#=.;<#\S^mC(4nm%(n#k#^mC(4nm(HnU[!_e]#S@<#0:.#>1X:0U##Q@>#!F_!#SA;<.R#6U#;<O#!FFF#SA;<.R#5U"#
&:.#O1QQ.>.</.#,.0Y..<#0:.3.#>;0.3#13#@<.#@Q#0:.#3M>>@X;0.3#M3.O#0@#;<;R?Z.#:@Y#=.0:;<.#13#@V1O1Z.O"#
6#:1X:.>#A@31012.#<M=,.>#1=AR1.3#@Z@<.#Q@>=;01@<#13#;#=@>.#R1^.R?#/@<3.lM.</.#0:;<#@Z@<.#>.OM/01@<"#
&:.#:1X:.>#A@31012.#<M=,.>3#;>.#/;R/MR;0.O#Q@>#R;<O#Y:1/:#;>.#X>@Y1<X#1<#01=.#;<O#.V0.<O#0@#;#Y1O.>#
3A>.;O#3A;01;RR?#SA;<.R#6#;<O#5#T#@<#R.Q0U"#&:.#Z@<;R#=.;<#2;RM.3#@Q#0:.#=.;<#>;0.#O1QQ.>.</.3#1<O1/;0.#
0:;0#0:.#O1QQ.>.</.#13#:1X:.>#1<#0:.#<@>0:.><#:.=13A:.>.#S%CU#SA;<.R#5#T#@<#0:.#>1X:0U"#

^mC(4nm%(n#k#^mC(4nm(Hn#@<#Y@>RO#=;A#



! =T!

Q<k! 3.8&! 81(:.%.1(/! 9$810$! /%31(4$3! .(!#.::F$! E/.'A! $/2$8.'FFG! 1>$3! *&.('! '(:! ?(:.'A!

S5312$A!Q13%&$3(!E0$3.8'A!E('%1F.'!'(:!%&$!#.::F$!S'/%D!d./.(4!.(:5/%3.'F!'(:!71//.F!75$F!

81095/%.1(!'3$!%&$!23.0'3G!8'5/$/!17!3./.(4!Q<k!$0.//.1(/!)>'(!E'3:$(($!$%!'FDA!=BB"-D!

M&./!.//5$!&'/!9$$(!:./85//$:!9G!Z$F.$>$F:!$%!'FD!)=BBO-!'(:!X01G:I.(!$%!'FD!)=B"=-!713!

%&$!E3'9.'(!@$(.(/5F'D!V5$!%1!3./.(4!Q<k!$0.//.1(/!'(:!.%/!3$/5F%.(4!1I1($!%3'(/213%A!%&$!

X'&'3'!2'3%FG!$>1F>$:!.(%1!'!Q<k!3.8&!$(>.31(0$(%!9G!%&$!$(:!17!%&$!8$(%53G!J&$3$!Q<k!

.(:58$:!0$%&'($!1;.:'%.1(!23$>'.F/!)7.453$!,D=K,D"R-!.(!"OB"K"ONB!2$3.1:D!!!!

E8813:.(4! %1! %&$! 23$>.15/! /%5:.$/A! %&$! 0$%&'($! 431J%&! 3'%$! 'F/1! &'/! &$0./2&$3.8!

:$2$(:$(8$D! M&$! /%5:G! 17! X2.>'H1>/HG! $%! 'FD! )=BBB-! /&1J$:! %&$! .(%$3K&$0./2&$3.8!

:.77$3$(8$! .(! <+! 81(8$(%3'%.1(/A! J&.8&! ./! 2'3%.85F'3FG! .0213%'(%! 713! 0$%&'($! 431J%&!

3'%$/D!M&$!.(%$3K&$0./2&$3.8!0$%&'($!:./83$2'(8G!815F:!9$!8'5/$:!9G!0.8319.'F!'8%.>.%G!

)Y'.!$%!'FDA!=B""-!13!/1538$!$0.//.1(/!)EG:.(!$%!'FDA!=B""-D!

!

!

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

W1XM>.# D"!D# 8R@,;RL# %@>0:.><# ;<O# K@M0:.><# C.=13A:.>1/# =.;<# ^mC(4nm%(n# ;<O# ^mC4(nm(!)n# 1<#
=@R./MR.[/=H"3./"#&:.#>;0.#@Q#\C(4#E#%(]#>.;/01@<#13#:1X:.>#1<#0:.#%@>0:.><#C.=13A:.>.#S%CU"#)M.#
0@#:1X:.>#;,M<O;</.#@Q#(S!)UL#0:.#A>@OM/01@<#@Q#(C#13#:1X:.>#1<#0:.#%C"#&:.#>13.#1<#0:.#\C4(E(C]#
>;0.#;Q0.>#!FI_#13#;,@M0#!__g#:1X:.>#1<#0:.#%C#;3#Y.RR"!

d$'8%.1(!3'%$/!)0
1F$8Do80

RD/$8-!

9.;<#>.;/01@<#>;0.3B#8R@,;RL#%C#;<O#KC#



! =O!

X'0$! :./83$2'(8.$/! .(! <+! F$>$F/! '3$! 19/$3>$:! 9$%J$$(! %&$! &$0./2&$3$/A! &1J$>$3!

0$%&'($!81(8$(%3'%.1(/!'3$!4F19'FFG!&1014$($15/!.(!%&$!01:$F$:!'%01/2&$3$D!6F19'FA!

Q13%&$3(! '(:! X15%&$3(! +$0./2&$3.8! 0$'(! 3$'8%.1(! 3'%$/! 17! Hr+<=srQ<s! '(:!

Hr+=<sr<"Vs'3$!4.>$(!.(!7.453$!,D",!713!%&$!=B%&!8$(%53GD!b1%&!3$'8%.1(/!18853!'%!'!&.4&$3!

73$\5$(8G!$/2$8.'FFG!'7%$3!"ONBD!#13$1>$3A! %&$!3./$! .(!%&$!3'%$/! ./! %J.8$!'/! F'34$! .(!%&$!

Q13%&$3(! +$0./2&$3$! :5$! %1! %&$! .(83$'/.(4! Q<k! '(:! <R! F$>$F/! )7.453$! ,D"RK,D",-D!

*1(/$\5$(%FGA! 4F19'FFG! .(83$'/.(4! Hr+=<sr<"Vs! ./! '915%! "BBc! &.4&$3! .(! %&$! Q13%&$3(!

+$0./2&$3$!J&$(!8102'3$:!%1!%&$!X15%&$3(!+$0./2&$3$!)7.453$!,D",-D!

M&$! 01:$F! 3$/5F%/! .02FG! %&'%! Q<k! '95(:'(8$! '(:! .%/! >'3.'%.1(! ./! %&$! 8'5/$! 17! %&$!

0$%&'($!F.7$%.0$!'F%$3('%.1(!'7%$3!"OUBD!b1%&!0$%&'($!$0.//.1(/!'(:!%&$!8&'(4$!.(!/.(H!

0$8&'(./0/!'3$!.0213%'(%!%1!$;2F'.(!0$%&'($!431J%&!3'%$!>'3.'9.F.%GD!M&$!F'(:K/$'!13!

%&$! .(%$3K&$0./2&$3.8! 81(%3'/%! .(! <+! ./! :5$! %1! %&$! 8&'(4.(4! Q<k! 3$4.0$! J&.8&!

:$%$30.($/!0$%&'($!F.7$%.0$D!

#

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



! RB!

e"# +(%+P*K$(%K#

M&$! 7'8%13/!J&.8&!'3$! F.H$FG! %1!:$%$30.($! %&$!:$8':'F! 8&'(4$! .(!0$%&'($! F.7$%.0$!'(:!

%&$!F'(:K/$'!81(%3'/%!.(!0$%&'($!/.(H/!'3$!.(>$/%.4'%$:!J.%&!%&$!&$F2!17!%&$!**#!X<*<ZD!

M&$! >'3.'9.F.%G! 17! %&$! :$%$30.('(%/! 17! 0$%&'($! /.(H/! '(:! .%/! F.7$%.0$A! .(8F5:.(4!

%3121/2&$3.8!%$02$3'%53$A!0$%&'($!/.(H/A!'(:!%&$!1;.:.I.(4!8'2'8.%G!17!%&$!'%01/2&$3$!

'3$!01(.%13$:!.(!%&$!=B%&!8$(%53GD!M&$!.02'8%/!17!%&$/$!:$%$30.('(%/!1(!0$%&'($!/.(H/!

'3$!'('FGI$:!713!3$4.1(/!/58&!'/!S5312$A!%&$!X'&'3'!'(:!%&$!SQX<!RD,!3$4.1(A!'(:!713!%&$!

J&1F$!%3121/2&$3$D!<53!3$/5F%/!.02FG!%&'%!.(83$'/.(4!Q<k!'95(:'(8$!.(!%&$!%3121/2&$3$!

8'5/$/!0$%&'($!F.7$%.0$!%1!:$83$'/$!'7%$3!"OUB!).-!'(:!%&$!81(%3'/%!.(!F'(:K/$'!0$%&'($!

/.(H/!)..-D!

V53.(4!%&$!"OBBK"OUB!2$3.1:A!0$%&'($!$(&'(8$/!.%/!1J(!F.7$%.0$!%&3154&!'(!.(83$'/.(4!

0$%&'($!0.;.(4!3'%.1D!M&$!'015(%!17!<+!231:58$:!9G!%&$!3./.(4!+=<!'(:!<)"V-!F$>$F/!./!

'F/1!F1J$3!%&'(!%&$!<+!'015(%!%&'%!./!3$:58$:!9G!%&$!.(83$'/.(4!0$%&'($!0.;.(4!3'%.1!

:53.(4!%&./!2$3.1:D!X.(8$!0$%&'($!.%/$F7!./!%&$!:10.('(%!/.(H!713!<+!.(!%&$!'%01/2&$3$A!

%&$!3./.(4!0$%&'($!0.;.(4!3'%.1!3$/5F%/!.(!'!3$:58%.1(!17!<+!9G!'315(:!"=c!)7.453$!,DU-D!

E7%$3!"OUBA]+=<!^!Q<_!'(:!]<"V!^!+=<_!3$'8%.1(!3'%$/)7.453$!,D""A!,D"R-!'(:!%&$! 7.;$:!

Q<k! /$(/.%.>.%G! 35(! )7.453$!,DN-! '3$!'::3$//.(4!'(!'::.%.1('F! .(83$'/$! .(!<+!:5$! %1! '(!

.(83$'/$!.(!%3121/2&$3.8!1I1($!1>$3!%&$!81(%.($(%'F!%3121/2&$3$D!b$8'5/$!17!3./.(4!Q<k!

$0.//.1(/A!1I1($!7130'%.1(!./!$(&'(8$:D!M&./!1I1($!$(&'(8$0$(%!231:58$/!'(!.(83$'/$!

.(!%&$!<)"V-!'95(:'(8$!.(!%3121/2&$3$D!!

M&$! ]<"V!^!+=<_! 3$'8%.1(A! %&$!23.0'3G!/1538$!17!<+A! ./! $(&'(8$:!J.%&! .(83$'/.(4!<"V!

'>'.F'9.F.%G! )7.453$! ,D"B-D! M&./! 3./$! .(! %&$! /1538$/! 17! <+! F$':! %1! '! 3$:58$:! 0$%&'($!

F.7$%.0$! '(:! 431J%&! 3'%$! 9G! .(83$'/.(4! %&$! <+! 0.;.(4! 3'%.1! .(! %&$! %3121/2&$3$! '7%$3!

"OUBD!

M&$! .02'8%! 17! 3./.(4! %3121/2&$3.8! %$02$3'%53$/! 1(! 0$%&'($! 1;.:'%.1(! %&3154&! %&$!

3$'8%.1(! 3'%$! 81(/%'(%A! ./! '('FGI$:! J.%&! %&$! &$F2! 17! /$(/.%.>.%G! 8'F85F'%.1(/D! #$'(!

%3121/2&$3.8!%$02$3'%53$!3./$/!9G!'915%!BDN<Y!.(!%&$!=B%&!8$(%53G!)7.453$!,DR-DM&./!3./$!

'77$8%/!0$%&'($!1;.:'%.1(!%&3154&!%&$!3$'8%.1(!3'%$!81(/%'(%!)]*+,!^!<+_!3$'8%.1(-!9G!

'(!.(83$'/$!17!"cA!&1J$>$3!%&./!3./.(4!%$02$3'%53$!.02'8%!./!(1%!/.4(.7.8'(%!)7.453$!,D,-D!!

M&$3$!./!'!F'(:K/$'!81(%3'/%!.(!0$%&'($!/.(H/!$>$(!%&154&!%&$!0$%&'($!0.;.(4!3'%.1!./!

/2'%.'FFG! &1014$($15/! .(! %&$! **#KX<*<Z! )7.453$! ,D=-D! b$8'5/$! %&$! %3121/2&$3.8! Q<k!

0.;.(4! 3'%.1! ./! &.4&$3! 1>$3! %&$! F'(:A! $/2$8.'FFG! .(! %&$! (13%&$3(! &$0./2&$3$A! 1I1($!



! R"!

7130'%.1(!./!&.4&$3!1>$3!%&$!F'(:D!bG!%&$!2&1%1FG/./!17!1I1($A!013$!<)"V-!./!7130$:!1>$3!

F'(:!8102'3$:!%1!0'3.($!91:.$/!)7.453$!,D""-D!?(83$'/.(4!<)"V-F$>$F/!F$':!%1!.(83$'/$:!

<+! F$>$F/! %&3154&! %&$! $(&'(8$:! ]<"V! ^! +=<_! 3$'8%.1(D! X.(8$! %&$! Q<k! 0.;.(4! 3'%.1! ./!

&.4&$3!.(!%&$!(13%&$3(!&$0./2&$3$A!<+!7130'%.1(!9G!%&$!$F$>'%$:!<)"V-!./!&.4&$3!.(!%&$!

(13%&$3(!&$0./2&$3$!'/!J$FF!)7.453$!,D"R-D!

M&./!/%5:G!7185/$/!1(!%&$!/.(H/!17!0$%&'($D!M$02$3'%53$!8&'(4$!:5$!%1!4F19'F!J'30.(4!

./!(1%!%&$!8'5/$!17!%&$!8&'(4$!.(!0$%&'($!F.7$%.0$!.(!**#!X<*<ZD!<+!/.(H/!'3$!'F/1!(1%!

%&$! 8'5/$! /.(8$!0'`13! /.(H/!17!<+A!9G!0$%&'($!'(:!Q<=A! '3$! .(83$'/.(4!1>$3'FF! .(! %&$!

=B%&!8$(%53GD!EF%&154&!%&$!X<*<Z!01:$F!&'/!:$7.8.$(8.$/!.(8F5:.(4!.%/!7'.F53$!%1!.(8F5:$!

f<*! $0.//.1(/! .(! %&$! %3121/2&$3$A! %1! .(8F5:$! %&$! 8F15:/! :.3$8%! .02'8%! 1(! 8&$0.8'F!

3$'8%.1(/!)(1%!1(FG!%&3154&!3':.'%.1(-A!'(:!23$/83.9$:!0$%&'($!81(8$(%3'%.1(/!%&'%!'3$!

/2'%.'FFG!&1014$($15/A!.%!:$01(/%3'%$/!%&'%!Q<k!$0.//.1(/!815F:!2F'G!'!/.4(.7.8'(%!31F$!

.(! :$%$30.(.(4! 0$%&'($! F.7$%.0$! J&.8&! .(! %53(! '77$8%/! '%01/2&$3.8! 0$%&'($!

81(8$(%3'%.1(/D!M&./!'('FG/./!815F:!'F/1!.02FG!%&'%!9$%%$3!<+!$/%.0'%$/!'3$!3$\5.3$:!%1!

'8853'%$FG!8'F85F'%$!0$%&'($!F.7$%.0$D!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



! R=!

I"# 6+7%(NPJ)8J9J%&K##

?!J15F:!F.H$!%1!$;23$//!0G!:$$2!43'%.%5:$!%1!@317$//13!X%$7'(!b3h((.0'((!'(:!@317$//13!
M&10'/! @$%$3A! 0G! %&$/./! /52$3>./13/A! 713! %&$.3! 2'%.$(%! 45.:'(8$A! $(%&5/.'/%.8!
$(8153'4$0$(%! '(:!5/$75F! 83.%.\5$/!17! %&./! %&$/./!J13HD! ?!J15F:! 'F/1! F.H$! %1! %&'(H!V3D!
X%$(H$! '(:! V3D! LF13.'(! 713! %&$.3! ':>.8$! '(:! '//./%'(8$! .(! :'%'! '('FG/./D! #G! 43'%$75F!
%&'(H/!'3$!'F/1!$;%$(:$:!%1!#3D!e3'F!713!&./!&$F2!.(!/83.2%.(4D!
!
L.('FFGA!?!J./&!%1!%&'(H!0G!2'3$(%/!'(:!73.$(:/A!$/2$8.'FFG!%1!#3D!#./%.HA!#/D!X&'3.77!'(:!
#/D!b'F%'8.9'/.A!713!%&$.3!/52213%!'(:!$(8153'4$0$(%!%&3154&15%!0G!/%5:GD!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



! RR!

5$5P$(8'6hCj##

6RR;<A!PDA!$%!'FDW!?(%$3'((5'F!>'3.'%.1(!17!"R*!.(!%3121/2&$3.8!0$%&'($i!?02F.8'%.1(/!713!'!21//.9F$!'%10.8!
8&F13.($! /.(H! .(! %&$!0'3.($!915(:'3G! F'G$3D! aD!6$12&G/D!d$/DA! ""BA!V""RBUA!:1.i"BD"B=Oo=BB,aVBBNUNBD!
)=BBN-!

6?O1<!#53'%A!Y3./%'F!dD!f$3&5F/%A!S3.8!XD!X'F%I0'(A!#'3H!<D!b'%%F$A!X%$2&$(!ED!#1(%IH'A!V1('F:!dD!bF'H$A!t.!
M'(4!u!#.8&'$F!aD!@3'%&$3D!d$8$(%!:$83$'/$/!.(!71//.FK75$F!$0.//.1(/!17!$%&'($!'(:!0$%&'($!:$3.>$:!7310!
7.3(!'.3D!Q'%53$!,CUA!"OTg=B"!)=B""-!!

5.^^1A! XDA! '(:!YD! XD!P;YA! X$(/.%.>.%G!17! %&$!'%01/2&$3.8!*+,!431J%&! 3'%$! %1!4F19'F! %$02$3'%53$!8&'(4$/!
19/$3>$:!7310!"OTBg"OT=A!M$FF5/A!,ObA!,BOg,"U!)"OOC-!

5@><A!#DA!+D!V133A!'(:!?D!Z$>.(ii!#$%&'($!81(/502%.1(!.(!'$3'%$:!/1.F/!17!%&$!%$02$3'%$!I1($D!M$FF5/!A!,=bA!
=gTD!)"OOB-!

5@M3lM.0! @DA! VD! ED! +'54F5/%'.($A! @D! @$GF.(A! *D! *'3154$A! '(:! @D! *.'./A! ]MJ1! :$8':$/! 17! <+! >'3.'9.F.%G! '/!
.(7$33$:! 9G! '(! .(>$3/.1(! 17! '%01/2&$3.8! %3'(/213%! '(:! 8&$0./%3G! 17!0$%&GF! 8&F1317130_A! E%01/D! *&$0D!
@&G/DA!NA!=URNK=UNUA!)=BBN-!

5>o<<1=;<<!XDA!S54/%$3!PDA!P'(($3!+DA! ]@&1%1K1;.:'(%!8&$0./%3G! .(!%&$!21FF5%$:!915(:'3G! F'G$3!5(:$3!
8&'(4.(4!efKb!3':.'%.1(_A!E%01/2&$3.8!S(>.31(0$(%A!RNA!RCTO!g!RCOC!)=BB"-!

+;X<;ZZ@!*DA!SD!#'(I.(.A!#D!ED!6.134$%%'A!'(:!@D!#D!V$!LD!L13/%$3A!?02'8%!17!'(!.0231>$:!3':.'%.1(!/8&$0$!
.(!%&$!#ES*+E#N!6$($3'F!*.385F'%.1(!#1:$F!E%01/D!*&$0D!@&G/D!V./85//DA!UA!""BUCg""BO=!)=BBU-!

+:.<L#6DA!VD!V'>./A!aD!*3'J713:A!bD!+$.H$/A!VD!<[X5FF.>'(A!#D!Z$$A!LD!S./$F$A!ZD!#'5F:.(A!VD!M'(($3A!aD!*1FF.(/A!aD!
b'33.8HA! bD! E(:$3/1(A! VD! bF'H$A! aD! b3':/&'JA! XD! X'(:&1F0A! #D! *'331FFA! 6D! EF9$3811HA! '(:! ED! *F'3H$A! ]E(!
'//$//0$(%!17!+<k!8&$0./%3G!.(!%&$!%312.8'F!@'8.7.8!915(:'3G!F'G$3i!8102'3./1(!17!01:$F!/.05F'%.1(/!J.%&!
19/$3>'%.1(/!3$813:$:!:53.(4!@S#!%312.8/_A!aD!E%01/D!*&$0DA!RTA!R"CgR,,!)=BB"-!!

+R.2.R;<O! dDbDA! PD! XD! *F$>$F'(:A! aDSD! #8d'$A! '(:! ?D! M$32$((.(4D! XMZi! E! X$'/1('FKM3$(:! V$81021/.%.1(!
@318$:53$!b'/$:!1(!Z1$//D!%&'()*+,&-,#--./.*+,01*1.21./2A!UA!RgCRD!)"OOB-!

)RMX@^.</^?! SDaDA! #'/'3.$! YDEDA! Z'(4! @D#D! u! M'(/! @D@D! *1(%.(5.(4! :$8F.($! .(! %&$! 431J%&! 3'%$! 17! %&$!
'%01/2&$3.8!0$%&'($!953:$(D!Q'%53$!RORA!,,CK,NB!)"OOT-!

)RMX@^.</^?A!SD! aDA!#$'/53$0$(%/!17!'(!'(10'F15/!4F19'F!0$%&'($!.(83$'/$!:53.(4!"OOTA!6$12&G/D!d$/D!
Z$%%3DA!=TA!,OOgNB=!)=BB"-!

JX@>@2;L!MDA!d1I'(1>A!SDA! X8&F$/.(4$3A!#D!SDA!E(:31(1>'A!QD!6DA!#'FG/&$>A! XD!ZDA! m591>A!fDA! '(:!Y'31FA! ?D! ZDi!
E//$//0$(%!17! %&$!$77$8%!17! %&$!#1(%3$'F!@31%181F!1(!'%01/2&$3.8!1I1($A!6$12&G/D!d$/D!Z$%%DA! =TA!=RTOg
=RO=!)=BB"-!

JX@>@2;A! MDA! SD! d1I'(1>A! fD! m591>A! '(:! ?D! ZD! Y'31Fi! #1:$F! 713! ?(>$/%.4'%.(4! <I1($! M3$(:/! )#Sm<Q-A!
?I>$/%.G'A!E%01/2&$3.8!'(:!<8$'(.8!@&G/.8/A!ROA!=CCg=O=!)=BBR-!

Jh6L! e(.%$:! X%'%$/! S(>.31(0$(%'F! @31%$8%.1(! E4$(8GA! ]#$%&'($! '(:! Q.%315/! <;.:$! S0.//.1(/! 7310!
Q'%53'F!X1538$/_A!<77.8$!17!E%01/2&$3.8!@3143'0/!)U=BCa!P'/&.(4%1(A!V*!=B,UBA!S@E!,RBKdK"BKBB"A!*&2D!
"K"A!E23.F!)=B"B-!

J0:.>1OX.A!VD!#DA!ZD!@D!X%$$F$A!dD!ZD!Z'(4$(7$F:/A!dD! aD!L3'(8$GA! aD!#D!b'3(1F'!'(:!fD!?D!#134'(i!Q'%53'F!'(:!
'(%&31214$(.8! 8&'(4$/! .(! '%01/2&$3.8! *<=! 1>$3! %&$! F'/%! "BBB! G$'3/! 7310! '.3! .(! E(%'38%.8! .8$! '(:! 7.3(A!
a153('F!17!6$12&G/.8'F!d$/$'38&KE%01/2&$3$/A!"B"A)V=-A!,""NK,"=T!!)"OOU-!

W1@>.!#D!E3F$($A!Z'33G!PD!+131J.%IA!S:J'3:!aD!VF541H$(8HGA!'(:!aD!a'/1(!P$/%D!?02'8%!17!0$%$131F14G!'(:!
$0.//.1(/! 1(! 0$%&'($! %3$(:/A! "OOBg=BB,D! 6S<@+nX?*EZ! dSXSEd*+! ZSMMSdXA! f<ZD! RRA! Z"=TBOA!
:1.i"BD"B=Oo=BBU6ZB=U"OO!)=BBU-!

W13/:.>A!ED!#DA!#D!X8&3'($3A!SD!d1I'(1>A!@D!Y$(I$F0'((A!*D!X8&(':%!@19$3'`A!VD!b35(($3A!ED!Z5/%$(9$34$3A!bD!
@D! Z51A! 6D! SD! b1:$H$3A! MD! S4131>'A! PD! X8&05%IA! MD! @$%$3A! '(:! XD! b31$((.0'((D! ?(%$3'((5'FK%1K:$8':'F!
>'3.'9.F.%G! 17! %&$! /%3'%1/2&$3$! :53.(4! %&$! =B%&! 8$(%53Gi! $(/$09F$! /.05F'%.1(/!J.%&! '! 8&$0./%3GK8F.0'%$!
01:$FA!E%01/D!*&$0D!@&G/DA!TA!CCNNgCCCC!)=BBT-!

W@>30.>A!@DA!fD!d'0'/J'0GA!@D!E3%';1A!MD!b$3(%/$(A!dD!b$%%/A!VDPD!L'&$GA!aD!+'GJ11:A!aD!Z$'(A!VD*D!Z1J$A!6D!
#G&3$A! aD!Q4'(4'A!dD!@3.((A!6D!d'4'A!#D!X8&5FI!'(:!dD!f'(!V13F'(:i!*&'(4$/! .(!E%01/2&$3.8!*1(/%.%5$(%/!
'(:! .(!d':.'%.>$!L138.(4D! ?(i!*F.0'%$!*&'(4$!=BBCi!M&$!@&G/.8'F!X8.$(8$!b'/./D!*1(%3.95%.1(!17!P13H.(4!
63152!?!%1!%&$!L153%&!E//$//0$(%!d$213%!17!%&$!?(%$341>$3(0$(%'F!@'($F!1(!*F.0'%$!*&'(4$!rX1F101(A!XDA!



! R,!

VD! t.(A! #D! #'((.(4A! mD! *&$(A! #D! #'3\5./A! YDbD! E>$3G%A! #DM.4(13! '(:! +DZD! #.FF$3! )$:/D-sD! *'093.:4$!
e(.>$3/.%G!@3$//A!*'093.:4$A!e(.%$:!Y.(4:10!'(:!Q$J!n13HA!QnA!eXED!)=BBC-!

WM<XA! ?DA! aD! a1&(A! aD! Z$3($3A!SD!#'%%&$J/A!#D!@3'%&$3A!ZD@D! X%$$F$!'(:!@DaD! L3'/$3i!M&3$$K:.0$(/.1('F!01:$F!
/G(%&$/./!17!%&$!4F19'F!0$%&'($!8G8F$D!aD!6$12&G/D!d$/DA!OUA!"RBRRK"RBUND!)"OO"-!

8@RO.Y1-^A!YD!YDi!S/%.0'%.(4!4F19'F!F'(:!5/$!8&'(4$!1>$3!%&$!2'/%!RBB!G$'3/i!M&$!+nVS!V'%'9'/$A!6F19'F!
b.14$18&$0.8'F!*G8F$/A!"NA)=-A!,"CK,RR!)=BB"-!

C.1<A! dDA! @DaD! *35%I$(! '(:! #D! +$.(0'((i! E(! .(>$3/$! 01:$F.(4! '2231'8&! %1! .(>$/%.4'%$! %&$! 4F19'F!
'%01/2&$3.8!0$%&'($!8G8F$D!6F19'F!b.14$18&$0D!*G8F$/A!""A!,RKCUD!)"OOC-!

C@?R.A!*D!dDi!M&3$$!:.0$(/.1('F!8&$0.8'F! %3'(/213%!01:$F!/%5:G!17!1I1($!'(:!3$F'%$:!4'/$/!"OUBg=BBBA!
S.:4$(1//./8&$!M$8&(.!"#$%&'"#!"#()$*%+(%,-."#*%/.!!$-010.'2%3'4%56785%97::;<!
$h++L! X500'3G! 713!@1F.8G0'H$3/D! ?(i! *F.0'%$!*&'(4$!=BBCi!M&$!@&G/.8'F! X8.$(8$!b'/./D! *1(%3.95%.1(!17!
P13H.(4! 63152! ?! %1! %&$! L153%&! E//$//0$(%! d$213%! 17! %&$! ?(%$341>$3(0$(%'F! @'($F! 1(! *F.0'%$! *&'(4$!
rX1F101(A! XDA! VD! t.(A! #D! #'((.(4A! mD! *&$(A! #D! #'3\5./A! YDbD! E>$3G%A! #DM.4(13! '(:! +DZD! #.FF$3! )$:/D-sD!
*'093.:4$!e(.>$3/.%G!@3$//A!*'093.:4$A!e(.%$:!Y.(4:10!'(:!Q$J!n13HA!QnA!eXED!)=BBC-!

p@:<3@<! *D! SDA!PD! aD! *1FF.(/A!VD! XD! X%$>$(/1(A! '(:!dD! 6D!V$3J$(%A! d$F'%.>$! 31F$/! 17! 8F.0'%$! '(:! $0.//.1(/!
8&'(4$/!1(!75%53$!%3121/2&$3.8!1;.:'(%!81(8$(%3'%.1(/A!aD!6$12&G/D!d$/DA!"B,A!"TAUR"g"TAU,N!)"OOO-!

p@:<3@<!*D!SDA!VD!XD!X%$>$(/1(A!PD!aD!*1FF.(/A!'(:!dD!6D!V$3J$(%A!d1F$!17!8F.0'%$!7$$:9'8H!1(!0$%&'($!'(:!
1I1($! /%5:.$:!J.%&! '8152F$:!<8$'(K! E%01/2&$3$K*&$0./%3G!01:$FA! 6$12&G/D! d$/D! Z$%%DA! =TA! "C=Rg"C=U!
)=BB"-!

p@:<3@<!*DSDA!VD!XD!X%$>$(/1(A"!PD!aD!*1FF.(/A!'(:!dD!6D!V$3J$(%D!?(%$3'((5'F!>'3.'9.F.%G!.(!0$%&'($!431J%&!
3'%$!/.05F'%$:!J.%&!'!8152F$:!<8$'(KE%01/2&$3$K*&$0./%3G!01:$FD!6S<@+nX?*EZ!dSXSEd*+!ZSMMSdXA!
f<ZD!=OA!Q<D!"OA!"OBRA!:1.i"BD"B=Oo=BB=6ZB"N=UO!)=BB=-!

7;1# L55!#.(4A! X%'(F$G! *D! MGF$3A! a'0$/!MD! d'(:$3/1("!u!V1('F:!dD! bF'H$!d$:58$:!0$%&'($! 431J%&! 3'%$!
$;2F'.($:! 9G! :$83$'/$:! Q13%&$3(! +$0./2&$3$! 0.8319.'F! /1538$/A! "O,A! Q'%53$A! f1F! ,CUA!
:1.i"BD"BRTo('%53$"B=NO!)=B""-!

7;>R3O@001>A! XDA! '(:! ?D! XD! ED! ?/'H/$(A! ]*&'(4.(4! 0$%&'($! F.7$%.0$i! @1//.9F$! 8'5/$! 713! 3$:58$:! 431J%&_A!
6$12&G/D!d$/D!Z$%%DA!=CA!ORgOU!)=BBB-!!

7:;R1RA!#D!ED!YDA!'(:!dD!ED!';3=M33.<!"#$%&'($$)(*"+(',(-,*,%."/0"(%1/K!!"#$%&'()$*#+,$-(".!!&/0$($11$'*!(.1(
!"#$%&$'()$*+KX15%&$3(!</8.FF'%.1(A!X8.$(8$A!=R=A!NUgNT!)"OTU-!
P.R1.2.ROA!aDA!@'5F!aD!*35%I$(!'(:!L3'(H!aD!V$(%$($3D!*&'(4.(4!81(8$(%3'%.1(A!F.7$%.0$!'(:!8F.0'%$!7138.(4!17!
'%01/2&$3.8!0$%&'($!M$FF5/A!NBbA!"=Tg"NB!)"OOT-!!

P.R1.2.RO!"#$!"%&&'!"($!"#&")*+,-!"($!"(&..,'!"/$!"+':`.(.81F'15A!@DA!*'00'/A!aDK@DA!'(:!b$.3F$A!XDi!X$>$3$!1I1($!'.3!
21FF5%.1(! .(! %&$! @$3/.'(! 65F7! 3$4.1(A! E%01/D! *&$0D! @&G/DA! OA! "RORg",BUA! :1.i"BDN"O,o'82KOK"RORK=BBOA!
URR=A!URRRA!URRNA!UR,N!)=BBO-!

9;<Z1<1A!SD!'(:!ZD!5.<X033@<i!X%3'%1/2&$3.8!8F.0'%$!'(:!>'3.'9.F.%G!7310!'!4$($3'F!8.385F'%.1(!01:$F!'(:!
19/$3>'%.1(/A!*F.0D!VG(DA!"=A!U"NgURO!)"OOU-!

%.M.!+DA!]#$%&'($!$0.//.1(!7310!3.8$!7.$F:/i!P$%F'(:!3.8$!7.$F:/!0'G!0'H$!'!0'`13!81(%3.95%.1(!%1!4F19'F!
J'30.(4_D!b.1X8.$(8$A!,R!)C-A!,UUKCR!)"OOR-!

h.<^.00A!XD!EDA!#1(H/A!@D!XDA!*'32$(%$3A!ZD!aDA!*F$0.%/&'JA!YD!*DA!EG$3/A!6D!@DA!6.FF$%%A!dD!PDA!6'F9'FFGA!?D!SDA!'(:!
#$G$3A! *D! @D! ]d$F'%.1(/&.2! 9$%J$$(! 1I1($! 2&1%1FG/./! 3'%$/! '(:! 2$31;G! 3':.8'F! 81(8$(%3'%.1(/! .(! 8F$'(!
0'3.($!'.3!1>$3!%&$!X15%&$3(!<8$'(_A!aD!6$12&G/D!d$/DKE%01/DA!"B=A!"=TBNg"=T"C!)"OOC-!

hR;00A! eDA!PD! EFF'(A! '(:!VD*D! Z1J$i! +$0./2&$3.8! '>$3'4$! *F! '%10! 81(8$(%3'%.1(! 7310! "R*o"=*! 3'%.1/! .(!
'%01/2&$3.8!0$%&'($D!E%01/D!*&$0D!@&G/DA!,A!=RORg=ROOD)=BB,-!

h>;0:.>! #.8&$'F! aD! Z.7$%.0$/! '(:! %.0$! /8'F$/! .(! '%01/2&$3.8! 8&$0./%3G!3!.+4, 5(*)24, 64, 0&/4, 7,=BBC! RUNA!
"CBNK"C=U!:1.i!"BD"BOTo3/%'D=BBCD=B,B!)=BBC-!

';?<.>A!QD!EDA!VD!SD!@'3H$3A!SD!bD!+13%1(A!*D!YD!L1FF'(:A!ZD!fD!EF$;'(:$3A!VD!@D!d1J$FFA!SD!*D!Y$(%!'(:!ED!Y'2F'(i!
6F19'F! '('FG/$/! 17! /$'! /537'8$! %$02$3'%53$A! /$'! .8$A! '(:! (.4&%! 0'3.($! '.3! %$02$3'%53$! /.(8$! %&$! F'%$!
(.($%$$(%&!8$(%53GA!a153('F!17!6$12&G/.8'F!d$/$'38&KE%01/2&$3$/A!"BTA)V",-A!,,BC!)=BBR-!

'@./^<.>!" #$!" %&'(!" )$!" *(+,-../+!" 0$!" 12&3.-/'2!" 4$!" 1567..(+!" 4$!" 87"9:(+35!" 0$!" #.;2!" 4$!" <3/&,(--6!" 4$!"
X8&!"#"$%&'$%()*%+,-.!/0"1*($%&'2%3-"%(456#7-"81,%9")"8(!%,18,.!(416)%56*"!%:;<=>?2%>6*"!%*"#,817416)%



! RN!

!"#$ %&'()!*&+"$ +,$ *-.$ /0.%."*K!"#$ %&'(")*+$,"-K!"#$%&K!"#$%$&$' (&')*'+,$,-*-.-/%,0' 1234&*/0' 5,6-*$' 7-8'
="T!)"OOU-!

'@Z;<@2A! SDA! X8&F$/.(4$3A! #D! SDA! m591>A! fDA! n'(4A! LDA! '(:! E(:31(1>'A! QD! 6Di! M&$! e?e*! %&3$$K:.0$(/.1('F!
/%3'%1/2&$3.8!8&$0.8'F! %3'(/213%!01:$Fi!V$/83.2%.1(!'(:!$>'F5'%.1(!17! %&$!/.0K!5F'%$:!/1538$!4'/$/!'(:!
1I1($A!aD!6$12&G/D!d$/DA!"B,A!""!CNNg!""!CT"!)"OOO-!

'@Z;<@2A! SDA! X8&F$/.(4$3A! #D! SDA! '(:! m591>A! fDi! M&$! e(.>$3/.%G! 17! ?FF.(1./A! e39'('K*&'02'.4(! %&3$$K
:.0$(/.1('F!/%3'%1/2&$3$K!%3121/2&$3$!4$($3'F!8.385F'%.1(!01:$F!J.%&!.(%$3'8%.>$!1I1($!2&1%18&$0./%3Gi!
L.7%$$(KG$'3!81(%31F!35(!8F.0'%1F14GA!aD!6$1K!2&G/D!d$/DA!"BUA!=C!=RRg=C!=N,!)=BB"-!

K/:=100A!EDA!'(:!bD!b35(($3A!S0.//.1(/!7310!'>.'%.1(!'(:!%&$.3!:$>$F120$(%!1>$3!
%.0$A!@1FF5%'(%/!7310!'.3!%3'77.8!g!3$/5F%/!17!'%01/2&$3.8!3$/$'38&!"OO=g"OOCA!VZd#.%%D!
OCKB,A!$:.%$:!9Gi!X8&50'((A!eDA!*&F1(:A!EDA!S9$FA!EDA!Yv38&$3A!bDA!@'%$A!+DA!
X8&F'4$3A!+DA!X8&0.%%A!EDA!'(:!P$(:F.(4A!@DA!RCKN=A!VZd!YhF(A!6$30'(GD!)"OOC-!

K/:MR0ZA!#D6A!ED!+$.FA!aDaD!+1$FI$0'((A!ED!X2$//'A!YD!M&1(.8H$A!aD!61F:'00$3A!ED*D!+$F:A!aD#D!@$3$.3'A!6F19'F!
S0.//.1(/!7310!P.F:F'(:!L.3$/!7310!"OUB!%1!=BBBA!/590.%%$:!%1!6F19'F!b.14$18&$0D!*G8F$/!)=BBC-!

K/:>;<.>!#DASD!d1I'(1>A!*D!X8&(':%!@19$3'`A!@D!Y$(I$F0'((A!ED!#D!L./8&$3A!fD!m591>A!bD!@D!Z51A!*D!dD!+1GF$A!
MD!S4131>'A!XD!L5$4F./%'F$3A!XD!b31$((.0'((A!PD!X8&05%IA!'(:!MD!@$%$3D!M$8&(.8'F!Q1%$i!*&$0./%3GK8F.0'%$!
01:$F!X<*<Zi!>$3/.1(!=DB!J.%&!.0231>$:!%3'(/213%!'(:!8&$0./%3Go0.8312&G/.8/!/8&$0$/D!E%01/D!*&$0D!
@&G/DA!TA!NONCKNOC,!)=BBT-!

K=@?OZ1<! ZDA!#D! L('./A! '(:! aD! Z$F.$>$F:A! <I1($! 21FF5%.1(! 1>$3! %&$!E3'9.'(!65F7! g! 31F$! 17!0$%$131F14.8'F!
81(:.%.1(/A!E%01/D!*&$0D!@&G/D!V./85//DA!"=A!URR"gURU"A!:1.i"BDN"O,o'82:K"=KURR"K=B"=D!)=B"=-!

KA12;^@23^?# +"# 9"L! aD! ED! Z14'(A! XD! ED! #1(%IH'A! nD! aD! b'FH'(/H.A#D! L13$0'(KL1JF$3A! VD! bD! ED! a1($/A! ZD!PD!
+131J.%IA! ED! *D! L5/81A! ! *D! ED! #D! b3$((.(H0$.`$3A! #D! aD! @3'%&$3A! XD! *D! P17/GA! '(:! #DbD#8SF31GD! M&3$$K
:.0$(/.1('F! 8F.0'%1F14.8'F! :./%3.95%.1(! 17! %3121/2&$3.8! <+w! e2:'%$! '(:! $>'F5'%.1("# a<edQEZ! <L!
6S<@+nX?*EZ!dSXSEd*+A!f<ZD!"BNA!Q<D!VCA!@E6SX!TOR"KTOTBA!E@d?Z!"U!)=BBB-!

&;>;,@>.RR1# )"A! #D! 6D! Z'J3$(8$A! aD! QD! *31JF$GA! MD! aD! V.FF1(A! XD! 63101>A! *D! bD! #D! 631xA! ZD! f$3$$8H$(! u! aD!
Z$F.$>$F:D! +G:31;GF! 3':.8'F! 9577$3$:! 9G! ./123$($! 1;.:'%.1(! 1>$3! %312.8'F! 713$/%/D!8*1'(9, :9&2/.9)/92A!eA!
"OBg"OR!)=B"=-!

&>.<,.>0:A!Y$>.(!SDA!V'>.:!@D!K0.A;<1;^i!?(:.8$/!17!SF!Q.y1!S>1F5%.1(D!%4,;+.<*19A!!DA!"UOCg"CB"!)=BB"-!

N:;RR.?! ZD! YDA! YD! ZD! L53($'5;A! ED! 61::'3:A! aD! VD! Z$$A! ED! #'&'`'(A! +D! <$%`$(A! YD! ED! d$':A! QD! Y'':$(A! ZD! aD!
*'32$(%$3A!ED!*D!Z$J./A!aD!#D!*D!@F'($A!SD!XD!X'F%I0'(A!ED!P.$:$(/1&F$3A!'(:!VD!SD!+$'3:D!M&$!8&$0./%3G!17!<+!
'(:!+<=!3':.8'F/! .(! %&$!915(:'3G! F'G$3!1>$3! %&$!%312.8'F!E%F'(%.8!<8$'(D!E%01/D!*&$0D!@&G/DA!"BA!"NNNg
"NCU!)=B"B-!

N9(i!X8.$(%.7.8!'//$//0$(%!17!1I1(!:$2F$%.1(i!=BB=A!6F19'F!1I1($!3$/$'38&!'(:!01(.%13.(4!231`$8%A!Q1D!
,CA)P13F:!#$%$131F14.8'F!<34'(.I'%.1(-A!6$($>'D!)=BBR-#

N9(A! P13F:! #$%$131F14.8'F! <34'(.I'%.1(A! ]5=9)1>, ?'921.&)2, *)@, *)2=9(2, *A&'1, 1!9, &B&)9, +*>9(C, DEEF,
'G@*194, 0/.9)1.-./, *22922<9)1, &-, &B&)9, @9G+91.&)C, DEEFHA! ! '>'.F'9F$! 1(i!
&%%2iooJJJD$/3FD(1''D41>o8/:o'//$//0$(%/o1I1($o=BBUo%J$(%G\5$/%.1(/D&%0F!)U!#'GA!=B""-!)DEEFI!

2;<#6;>O.<<.A! aD!EDA!LD! aD!V$(%$($3A! aD!6D! aD!<F.>.$3A!*D!6D!#D!YD!61F:$J.`H!'(:! aD!Z$F.$>$F:i!E!"!:$43$$/!;!"!
:$43$$/! 3$/1F5%.1(! :'%'! /$%! 17! &./%13.8'F! '(%&31214$(.8! %3'8$! 4'/! $0.//.1(/! 713! %&$! 2$3.1:! "TOBK"OOBA!
6F19'F!b.14$18&$0.8'F!*G8F$/A!"NA),-A!OBOKO=T!)=BB"-!

!

!

!

!

!




