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05%F , $' (0. , ":' (e'M:Md(7^,5:'%-#6i$$%-('$(,5M1(Q>Q>fM(g. ' (-, $' () *(F , ##(5) ##(.,#(#5)_'6(6)_"(#%"0'(Q>=>(eE)r5('$(,5M1(Q>QQf1(130 
6'F)"#$-,$%": ($.'( .%:.(#'"#%$%3%$4()*(:5,0%'-#($)(05%F,$'(,"6()0',"($'FG'-, $&-' M(g.'(-'$-',$(-,$'(%#(G-'6%0$'6($)(%"0-',#'(

   Precipitation: y = 1200 + 7.8 x 
+ Temperature: y = 3.9 + 0.027 x 
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,:,%"(%"($.'(0)F%":(6'0,6'# (eE)r5( '$( ,5M1(Q>QQfM(X-'%^,F'-8&-9]8&55(.,#( ,(G,-$%0&5,-54(*, #$(-'$-',$(-,$'(C'0,&#'()*(%$#(

&"%a&'(#%$&,$%)"1(_%$.(%$#(G-):5,0%,5(5,8'(%"(6%-'0$(0)" " ' 0$%)"(_%$.($.'()0',"1(_.)#' (#, 5%" %$4(, " 6(3, -%, C5' ($' F G' -, $&-' (

,-'( '".,"0%":($.'(F'5$%":( -,$'( eA&^F&"6##)"('$(,5M1(Q>Q>fM(L ,##(C,5,"0'(-' 0) -6#(*) -($.'( :5,0%'-#(e.'-'()"54( #&FF' -(

F ,##(C,5,"0'f (,-'('S$-,G)5,$'6(*-)F( #$,8'(F',#&-'F'" $#(e:5,0%)5):%0,5(F'$.)61(K):5'4 ('$(,5M1(Q>==f()"( c,$",9]8&55(%0'(135 
0,G(eX9]-"##)"('$(,5M1(=UUNh(X9]-"##)"('$(,5M1(Q>=Ph(I o5##)"('$(,5M1(Q>QQf(%"($.'(G'-%)6(=UUQkUPvQ>Q=M(

g.'($)G):-,G.%0(F,G(&#'6(*)-($.'(G-):5,0%,5(,-',(,"6($.'( #&-*, 0' ($)G) : -, G. 4()*($.'(:5,0%'-#(%#(!#5,"6#m+L3=(e*%:M(=f1(,(

#',F5'##(,"6(C%,#<0)--'0$'6(F)#,%0(*-)F(7-0$%0m+L(eI)-$'-('$(,5M1(Q>=Nf(,"6(5%6,-(eVi.,""'##)"('$(,5M1(Q>=Pf(*-)F($.'(

E,$%)",5( B,"6( /&-3'4( )*( !0'5,"6( e!#5,"6#m+L3=1( B,"6Fq5%":, -(x#5,"6#f1(_%$.( ,(QyQ( F( -'#)5&$%)"( ,"6( ,( 3'-$%0,5(

,00&-,04(C'$$'-($.,"(>MO(FM(g.' (#&C:5,0%,5($)G):-,G.4()*($.'( R()&$5'$(:5,0%'-#(%#(%"$'-G)5,$'6(*-)F (-,6%)<'0.)(#)&"6%":(140 
F' ,#&-'F'"$# (,$(, (-'#)5&$%)"()* (Q>>yQ>>(F(eX9]-"##)"(,"6(Io5 ##)"1(Q>Q>fM(

5(=()< +. 9. >4' &9)' . 2$+; $)

g.'#'(:5,0%'-#(5%'()"( 3)50,"%0(-)08#(e+%",- ##)"1(=UURf(,"6( 3)50,") <6'$-%$%0(6'G)#%$#($. , $(-' #&5$(*-) F ($.'(%"$'-,0$%)"()*(

$. ' (G5, $' (C) &" 6, -41($.'(L%6z7$5,"$%0(?%6:'1(,"6( $.'(!0'5,"6(L,"$5'(I5&F'1( $. , $(. , 3' (*)-F'6($.'(!0'5,"6 (I5, $',&(eL,-$%"(

'$(,5M1(Q>==h(/qF&"6##)"1(=U;UfM(T)&-(F,%"(:-) &G#()*( :') 5): %0,5(*)-F,$%)"#( 'S%#$(e+%",-##)"1(=UURf1()*(_.%0.(Q(,-'(145 
-'G-'#'"$'6(%"($.'(#$&64(,-',d( g'-$%,-4(X,#,5$(*)-F,$%)"#(,"6( #'6%F'"$#M(g.'( C,#,5$('"0)&"$'-'6(%"($.'( #$&64(,-',( _ ,#(

*)-F'6(6&-%":($.'(L%)0'"'(,"6(I5%)0'"'( e<=P(L,(%"($.'(',#$()*(!0'5,"6($)(<PMP(L,(*)-($.'(_'#$(F,-:%"()*(c,$",9]8&55(

eg)-*,#)"1(=U;UffM(g.%#(G%5'1()*(,($)$,5($.%08"'##() *(&G($)(=Q(8F(eg)-*,#)"1(=U;Uf1(,"6 (:'"$54(%"05%"'6($)_,-6#($.'(")-$.<

_'#$(eg)-*,#)"1( =U;Uf1(%#(F ,%"54(0)FG)#'6( )* (C,#,5$%0( 5,3, (*5)_#1(_%$.("&F'-)&#( ,0%6%0( %"$-&#%)"#( ," 6(%"$'-0,5,$'6(

#'6%F'"$#(_.%0.(.,3'(C''"(5,-:'54 ('-) 6'6(eVi .,""'##)"( ,"6 (/qF&"6##)"1(=UUNfM(g.'(c,$",9]8&55()&$5'$(:5,0%'-#(.,3'(150 
0,-3'6()&$(#$''G<#%6'6(3,55'4#(%"($.'(C,#,5$%0(G5,$',&(e\,""'#6i $$%-('$(,5M1(Q>=>fM(!"($.'(#$&64(,-',1($.'(C,#,5$%0(G5,$',&(

-',0.'#(,(F,S%F&F( '5'3,$%)"()*(=;Rl( F(,M#M5M(e:5,0%'-($.%08"'##(%"05&6'6fM(g%55(%#($.'(#'6%F'"$( *)-F'61($-,"#G)-$'61(,"6(

6'G)#%$'6(C4(:5,0%'-(F)3'F'"$# (eA)56$._,%$1(=U;=f1(_%$.(5%$$5'()- (")(#) -$%":(C4(_,$'-(em-'%F,"%#1(=UNPfM(!"($.'(#$&64(

,-',1( $.' ( G-):5,0%,5(,- ', #( C'$_''"( $.'( :5,0%'-#( ,"6( $.'( 0),#$( ,-'( #,"6&-( e\,""'#6i$$%-( '$( ,5M1(Q>=>f1(_ %$.(

:')F)-G.)5) : %0,5(*',$&-'#('"0)FG,##%":($%55(,"6(:5,0%)<*5&3%,5(6'G)#%$#M(g.'($4G'()*(#)%5(6'3'5)G'6(,-' (c%$-%0(7"6)#)51(155 
B'G$)#)51(,"6(7"6)#)5#( e7-",56#1(=UUUh(7-",56#1( Q>=OfM)g.'4( ,-' (G,-$54( 0&5$%3,$'6(e\,""'#6i$$%-('$( ,5M1(Q>=>fM(g.'(

G'-%:5,0%,5(5,"6*)-F#(,-'("&F'-)&# (,"6(0)&56(%"6&0'(3,-%,$%)"#(%"(.46-,&5%0(G,-,F'$'-#M(/)&$.()*( X-'%^,F'-8&-9]8&55(

%"(G,-$%0&5,-($.'-'(%#(,(5,-:'(#,"6&-(_%$.(F,"4( 6-&F5%"#(,"6 ('#8'-#M()

=()? +$7./.9. >, (

T)- (#&#$,%",C5'(_,$'-(F,",:'F'"$(,"6(,(G-'0%#'(,##'##F'"$()*($.'( %FG,0$()*(05%F,$'(0.,": ' ()"( :5,0%'-%`'6(0,$0.F'"$#(160 
, (:))6(&"6'-#$,"6%":()*($.'(_,$'-(0405' (,"6($.&#(C'$$'-(a&,"$%*%0, $%) " () *($.'(_,$'-(*5&S'#(C' $_ ' ' " ($. ' (: 5, 0%' -(#&-*, 0' (

, " 6( #&C: 5, 0%, 5( 0) F G) " ' " $#( %#( 0-&0%,5M( g)(, 00) F G5%#. ( $.)#'( 0-%$%0,5( "''6#1(,( F&5$%6%#0%G5%",-4( ,GG-),0. ( C,#'6( )"(

,3,%5,C5'( ,"6( "'_( 6,$,( 0)55'0$%)"(%#( 6'3'5)G'6M(g.'( , 5-',64( ,3, %5,C5'(6,$,( G-)3%6'#( %"*)-F,$%)"( )"( F'$')-)5):%0,5(

0)"6%$%)"#1(:5,0%'-('3)5&$%)"1(,"6(:') 5):41(C&$(6)'#(")$(,55)_(0.,-,0$'-% ,̀ $%)"()*($.' (,a&%*'-#1($.'%-(.46-)64",F%0#1()-(

$.'%-( 6'G'"6'"0'( )"( :5,0%'-( F'5$ M( g) (C' $$' -(0. , -, 0$' -%̀' ($. ' (: -) &" 6_ , $' -(0) F G) " ' " $("'_( 6,$,( ,0a&%#%$%)"#(#&0. (, #(165 
: -) &" 6_ , $' -(5' 3' 5(F ) " %$) -%" : ( , " 6(#5&: ($' #$#(_ ' -' (6)"'( C'*)-'( ,",54 `%":($.'( 0)FG5'$'( 6,$,( #'$M(g. ' (6, $, ( , " , 54#%#(

0) " 0' -" #($. ' (6' $' -F %" , $%) " () *($. ' (:')F'$-41( 64",F%0#1(,"6( . 46-) 64" , F %0(G-) G' -$%' #() *(, a&%*' -#1($. ' (' #$%F , $' () *($. ' (

#&C: 5, 0%, 5(F ' 5$(6%#0.,-:' 1(,"6( $.'( ' **' 0$%3' (-, %" *, 55(-,$'() " ($. ' (G-):5,0%,5(,-',M(

(
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=(0()@+-)A&$&)170 

=(0(0()!B34C+%#)>+.:+$%,(

g.'( : ')5):%0,5( F,G()*( !0'5,"6 (,$( ,( #0,5'( )*( =kO>>( >>>( _,#( G&C5%#.'6( C4( $.'( !0'5,"6%0( !"#$%$&$'( )*( E,$&-,5( \%#$)-4(

eVi.," "'##)"(,"6(/qF&"6##)"1(=UUNf1(,"6(%#($)(6,$'($.'()"54(G&C5%#.'6(:')5):%0,5(F,G(0)3'-%":($.'(#$&64(,-',M(g.'(

6-%55%":(5):#()*( ll (C)-'.)5'#1( 6-%55'6(*)-( 6%**'-'"$( G&-G)#'#( %"( $.'( G,#$1(_'-'( 0)55'0$'6 ($.-)&:.( $.'( !/W?( 6,$,C,#'(

eF,G#M%#k)#f()-(6%-'0$54(,$($.'(,-0.%3'#()*($.'(6-%55%":(0)FG,"4( ?q8$&",-#,F C,"6(T5i,():(/8'%^,( e?T/f M(g_'"$4 <*)&-()*(175 
$.'#'(5):# (G-) 3%6' (3, 5%6, $%) " () *($.'(:')5):%0,5(F, G(,"6(6,$,()"($.'( $.%08"'##() *($. ' (: ' ) 5) : %0, 5(*) -F , $%) " #M(T%'56(6, $, (

., 3' ( C''"( : , $. ' -' 6( *-)F( L,4( Q >Q=( $)( /'G$'FC'- ( Q>QQM( 2 #%" : ( $. ' #' ( 6,$,1( _ '( .,3'( &G6, $' 6( , " 6( #%FG5%*%'6( $. '(

:')5):%0,5(F,G(eVi.,""'##)"( ,"6( /qF&"6##)"1( =UUN f( $)(G-'#'"$ ($.'( $_)(F,%"(:')5):%0,5( *)-F,$%)"#() *(G)$'"$%,5(

,a&%*'-#d(%f(g.'( 6'$-%$,5(*) -F , $%) " (-' #&5$#() *(0)FC%"'6(#&C: 5, 0%, 5(, " 6(G-) : 5, 0%, 5($%55#1($. ' (F ) -, %" ' #(,"6( :5,0%)<*5&3%,5(

6'G)#%$#h(,"6( %%f(g.'(C,#,5$(C'6-)08(e%"05&6%":($.'(,0%6%0(%"$-&#%)"#fM(g.'('S$'"$()*($.'()&$0-)G#()*($.'($%55(,"6(:5,0%)<180 
*5&3%,5(6'G)#%$#(*)-F,$%)"( ,"6( )*( $.'(C,#,5$(*)-F,$%)"( ,#(%"6%0,$'6( )"($.'( :')5):%0,5(F,G(. , 3' (C' ' " (3, 5%6, $' 6(%"($.'(

*%'56(_.'-'3'-(G)##%C5'(e=P()&$0-)G#f(,"6(#5%:.$54(0)--'0$'6M(g.'(-'#&5$%":(F,G(%#(G-'#'"$'6(%"(*%: &-' (l M(g.'($.%08"'##'#(

)*($.'( :')5):%0,5(*)-F,$%)"#(_'-'( '#$%F,$'6(C4(0)FC%"%":($.'($.%08"'##'#('S$-,0$'6(*-)F($.'('S%#$%":(:')5):%0,5(5):#(

,"6( $.'(5%$'-,$&-'(eX):,6i$$%-('$(,5M1(=UN;h(X)&5$)"('$(,5M1(=UNQh(+3,"#('$(,5M1(Q>>>fM(

=(0(0()!B34C+%#)/ , 2&: 4' #)&2/ )D%. D+%$4+#(185 

g.'( )C#'-3,$%)"("'$_)-8( e$,C5'(=(,"6(*%:M(Pf(0) " #%#$#() *(=R(, C, " 6) " ' 6(C)-'.)5'# (,"6( R("'_()"'#( $. , $(_ ' -' (6-%55' 6(*) -(

$. %#(G-) 9' 0$(%" (*-) " $()*(T5o,9]8&551() "(,(5%"'(*-) F ($. ' (: 5, 0%' -($' -F %" &#($)_,-6($.'(0),#$(e#' ' (*%: M(P1(TB7R1(TB7P1(TB7Q1(

, " 6(TB7=fM(g.'( "'$_)-8( $.&#(0)"#%#$#()*(=P(C)-' .)5'#( %"( $.'( C,#,5$( *)-F,$%)"( ,"6(O(%"($.'( $%55( ,"6( :5,0%) <*5&3%,5(

6'G)#%$#(*)-F,$%)"M(!"(,66%$%)"1(_'(F)"%$)-'6( ==(6'G-'##%)"(#G-%":#1(R(*-)F($.'(C,#,5$(,a&%*'-(,"6(; (*-)F($.'( $%55(,"6(

:5,0%)<*5&3%,5(6'G)#%$#(,a&%*'-M(L )"$.54(F,"&,5(F',#&-' F'"$ #(_ ' -' (F , 6' (*-)F( L,-0.()-(L,4 (Q>Q>($)(/'G$'FC'-( Q>QQ(190 
)*($.'(:-)&"6_,$'-(5'3'51(_,$'-($'FG'-,$&-' 1(,"6(_,$'-( +K(_%$.(,(F ,"&,5(G%'`)F'$-%0(G-)C'(e/ )5%"#$(gBK(L'$'-(=>;fM(

g.'( #G-%":#(_ ' -'( 0)"$-)55'6( 3%#&,5541( ,"6( $.'%-( $'FG'-,$&-'( ,"6( +K(_'-' ( F)"%$)-'6( _%$.( $.'( gBK( L'$'- M(T-)F (

/'G$'FC' -(Q>Q=($) (/ ' G$' F C' -(Q>QQ1(_ '(F)"%$)-'6(R(C)-'.)5'#( %"($.'($%55(,"6(:5,0%)<*5&3%,5(6'G)#%$#(,"6( ;( C)-'.)5'# (%"(

$.'( C,#,5$(&#%":(,&$)F,$%0(G-'##&-'(,"6( $'FG'-,$&-' (G-)C'#1(,$( ,"( .)&-54($%F'( #$'G(el (gm<m%3'-( $4G'(m!N>Q1(P(gm(

L%0-)<m%3'-( $4G'( m!O>=f(,"6( Q( G-)C'#( F',#&-%": 1( %"( ,66%$%)"1('5'0$-)<0)"6&0$%3%$4( eQ(Kgm<m%3'-( $4G'( m!Q=;fM(g)(195 
0)--'0$(*)-($.'(,$F)#G.'-%0(G-'##&-'1(_'(&#'6( P(X,-)(m%3'-($4G'(m!N>>(,"6(=(X,- )(L%0-)<m%3'-(m!O>>M(7(G,-$%0%G,$)-4(

,GG-),0.( %"3)53%":(A5,0%'-( 763'"$&-'1( ,( $)&-%#F( ,"6( '6&0,$%)",5( 0)FG,"4( C,#'6( %"( \,5%1( ,55)_#( $.'( F)"$.54(

F)"%$)-%":( )*( P( )*( $.'( C)-'.)5'#( %"( $.'( C,#,5$( ,a&%*'-(,55( 4',-( -)&"6( _%$.( ,( \46-)$'0."%8( b,$'-( 5'3'5( F'$'- M(g.' (

5)0,$%)"#()* (, 55(C)-'.)5'#(,"6(#G-%":#(_'-'(F',#& -'6 (&#%":(,(6%**'-'"$%,5(AI/(%"#$-&F'"$(%"(/'G$'FC'-(Q>Q=(e'5'3,$%)"#(

#.)_" (%"($,C5'(=fM((200 
T%",5541(#5&:($'#$#(_ ' -' (0, --%' 6() &$(%"(V&54(,"6(/'G$'FC'-( Q>QQ(%"($.' (O(C)-'.)5'#(%"($.'( $%55(,"6( :5,0%)<*5&3%,5(6'G)#%$#(

,"6( l( C)-'.)5'# (%"($.'( C,#,5$(*)-F,$%)"1(&#%":(#5&:#(e6%,F'$'-#(=>(0F(,"6(O(0Ff(,"6(,"(,&$)F,$%0(G-'##&-'(G-)C'M(W"'(

$)($.-'' (-'G'$%$%)"#()*($.'($'#$(_'-' (0)"6&0$'6(%"(',0.(C)-'.)5'1(_%$.(6,$,(-'0)-6' 6('3'-4(.,5*(#'0 )"6M(

(

(205 
(

(
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E.%+7.9+FGD%42>)2&:+ ) H9+I&$4.2)
J:)&(#(9(K)

A+D$7)
J:K)

A4&:+$+%)
J:K)

E.%+7.9+)%4:)
7+4>7$)J:K)

L+&%).C)
/%49942>)

!B34C+%)
$,D+)

8.2C42+/)
FM2'.2C42+/ 

TB7=( NM;R(u(>M>R( OMl( >M=P( >M=O( Q>Q=( g%55(,"6(:5<*5( 2"0)"*%"'6  
TB7Q( =lMRU(u(>MQ;( l ( >M=P( >M=U( Q>Q=( g%55(,"6(:5<*5( 2"0)"*%"'6  
TB7P( QRM==(u(>MQO( OM; ( >M=P( >MPl( Q>Q=( g%55(,"6(:5<*5( 2"0)"*%"'6  
TB7R( QlM>Q(u(>M=P( OMN( >M=P( >M=U( Q>Q=( g%55(,"6(:5<*5( 2"0)"*%"'6  

7/Y==P ( PlMOP(u(>M>R( P=MO( >M=l( >MP;( Q>=>( g%55(,"6(:5<*5( 2"0)"*%"'6  
/G-%":(Q(\'%",C'-:#6,5&-( ;PMQ=(u(>MRO( { ( { ( { ( { ( g%55(,"6(: 5<*5( 2"0)"*%"'6  

?=("',-(7 /Y=>O( =UMP(u(>MO( { ( { ( { ( { ( g%55(,"6(:5<*5( 2"0)"*%"'6  
?Q(C'$_''"(7/Y=>>( J (

7/Y==P (
PQMO(u(>MO( { ( { ( { ( { ( g%55(,"6(:5<*5( 2"0)"*%"'6  

?O(_'#$()*(Y)5:- @F, ( =PM=(u(>MO( { ( { ( { ( { ( g%55(,"6(:5<*5( 2"0)"*%"'6  
?l( _ '#$()*(\i5F#o( NMO(u(>MO( { ( { ( { ( { ( g%55(,"6(:5<*5( 2"0)"*%"'6  
?U("',-(X-&".)55( QM;(u(>MO( { ( { ( { ( { ( g%55(,"6(:5<*5( 2"0)"*%"'6  

7/Y=>> ( QlMPU(u(>M>N( Ol( >M=l( ( Q>=>( X,#,5$( K)"*%"'6(<(
7-$'#%," 

7/Y=>= ( P;M;;(u(>M>N( =>>( >M=l( >MPU( Q>=>kQ>=O( X,#,5$( K)"*%"'6 

7/Y=>Q( =OMO>(u(>M>R( RUMl( >M=l( >MQR( Q>=>( X,#,5$( 2"0)"*%"'6  
7/Y=>P ( QRMQN(u(>M>U( OO( >M=l( >MP=( Q>=>( X,#,5$( K)"*%"'6 
7/Y=>R( =PMOU(u(>M>U( O>( >M=l( >MPR( Q>=>( X,#,5$( K)"*%"'6 
7/Y=>O( Q>M=Q(u(>MQ=( O>( >M=l( >MRQ( Q>=>( X,#,5$( 2"0)"*%"'6  
\7=Q ( ORMQP(u(>M>l( ;Q( >M=l( >MQl( Q>>=( X,#,5$( K)"*%"'6 
\7=P ( l>MN>(u(>M>;( RU( >M=l( >MRP( Q>>Q( X,#,5$( 2"0)"* %"'6 
\7=l ( PM=R(u(>M>l( OR( >M=l( >M=Q( Q>>Q( X,#,5$( K)"*%"'6 
\7QP ( =RM=O(u(>M>O( l>MO( ( >MQ;( ( X,#,5$( K)"*%"'6 
\7Ql ( QlMQ>(u(>M>O( ;> ( >M=l( >MQU( Q>=l( X,#,5$( K)"*%"'6 
?c>U( R;MPO(u(>M>R( l> ( >M=N( >MRR( Q>=l( X,#,5$( K)"*%"'6 
cA>=( ==MPU(u(>MP( l> ( ( >MPR( Q>>Q( X,#,5$( 2"0)"* %"'6  

?P(/F4-5,C9]-:( =UMN(u(>MO( { ( { ( { ( { ( X,#,5$( 2"0)"*%"'6  
/G-%":(=(/F4-5,C9]-:( =OM;(u(>MO( { ( { ( { ( { ( X,#,5$( 2"0)"*%"'6  

?R("',-(7/Y=>Q ( lMU(u(>MO( { ( { ( { ( { ( X,#, 5$( 2"0)"*%"'6  
?;(/F4-5,C9]-:( v(

Y)5:- @F, (
=>M=(u(>MO( { ( { ( { ( { ( X,#,5$( 2"0)"*%"'6  

* 0D6&'( )' ?",-' 15' -+&' #%1$3.20-&%' 1D,&%=0-"13' 3&-21%EK' ! 1%' &07+' D1%&+16&>' -+&"%'&6&=0-"13>'.&4-+>' ."0@&-&%>' D1%&+16&' %"@'

+&"#+->' /&0%' 15' .%"66"3#>' 0Z$"5&%' -/4&>'03. ' -+&' 7135"3&.' 1%' $37135"3&.' ,-0-$,' 15' -+&' 0Z$"5&%' 0%&' 6", -&. K'#6\56a' #607"1\56$="06'

. &41,"-,K'!1%'-+&'6170-"13, '15'-+&'6", -&. '%"=&%,'03.'4607&,',&&'5"#K'YK 210 
'
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! "#$%&'J)' * +&' %&,$6-"3#' #&161#"706' @04'15'-+&' ,-$./ ' 0%&0>'2"-+' 6170-"13,' 15' -+&' #&161#"706' 61#,' #"="3#' "351%@0-"13' 13' -+&'

-+"7E3&,,' 15' #&161#"706'51%@0-"13,K'*+&'D0,06-'51%@0-"13' ",'%&4%&,&3-&.' "3'4$%46&'03.' -+&' -"66'03.'#607"1\56$="06' .&41,"-,' "3'

#%&&3K'93'6"#+-'D6$&'-+&'#607"&%>'03.'.0%E'D6$&'-+&'60E&,'03.'@0"3'%"=&%,K'Q"7-$%&,'13'-+&'%"#+-',".&'155&%',1@&'-/4"706'="&2,'15'

-+&' #&161#"706' ,/,-&@)'b $-6&-' #607"&%' 8!6c0MPE$66C>'-"66,' "3' O&"30D&%#,.06$%>' 03.' 0 ' D0,06-' 76"55' 0-' O06"K'[&161#"706'713-1$%,'215 
D0,&.'13'de+033&,,13'03. 'FA@$3.,,13' (WW_̀'1-+&%'713-1$%,'5%1@'?03.@A6"3#0%'B,603.,'9FGHI(JK)

=(5()A&$&)!2&9,#4#)

=(5(0()N,/%./,2&:4')D%.D+%$4+#).C)&B34C+%#(

b'(0,50&5,$'6($.'( .46-,&5%0(0)"6&0$%3%$%'#(_%$.($_) (6%**'-'"$(F'$.)6#d(T-)F( #5&:($'#$#(*)-(C)$.($4G'#()*(,a&%*'-#(,"6(

:-,%"(#%`'(6,$,(*)-($.'($%55(,"6(:5,0%)<*5&3%,5(6'G)#%$#M((220 
b'(%"$'-G-'$'6($.'(#5&:($'#$#(_%$.($.'(X)&_'-(,"6(?%0'(#)5&$%)"(eX)&_'- (,"6(?%0'1(=U;lf(*)-($.'(&"0)"*%"'6(C)-'.)5'#(

e)"54()"($.'(-%#%":(G,-$#()*($.'($'#$#f(,"6(_%$.($.'(\3)- #5'3(F'$.)6(e\3 )-#5'31(=UO=f(*)-($.'(0)"*%"'6(C)-'.)5'#M(g.'(

-'#&5$#(,-' (-'G-'#'"$ ,$%3'()* (,(*'_(F'$'-#( 6%#$,"0'(%"(-,6%&#(*-)F($.'(C)-'.)5' (,"6(*)-($.'(_.)5'(6 'G$.()*($.'(#0-''"(%"(

$.'(C)-'.)5'( e$,C5'(=fM(

T)-($.'(:-,%"(#%`'(6,$,(F'$.)61(_'(&#'6 (! !" (*-)F( #,FG5'#(0)55'0$'6(%"($.'(/8o5,*'55#9]8&55(,-', M(g.'%-(-'G-'#'"$,$%3'"'##(225 
%#(5)0,5(,"6(&G($)(Q(F (6'G$.M(b' (0,--%'6()&$($.'(0,50&5,$%)"(&#%":($.'( F)6%*%'6(\,`'" (*)-F&5,1(6'3'5)G'6('FG%-%0,554(

e%"(3,-%)&#(#)%5($4G'#(%"(E)-$.'-"( /0)$5,"61(L,0m)",56( '$( ,5M1(Q>=Qf(,"6(,GG5%'6($) (c %-8%#9] 8&551(,( :5,0%'-%`'6(3,55'4(

3'-4(#%F%5,-($)($.'(#$&64(,-',( em)0.,-$,%:.('$(,5M1(Q>=Ufd(

5):e" f(|(>M;U(}(5):e! !" f(t(QM=(<(>MPN(}(/ /m (

_%$.(" ($.'( .46-,&5%0(0)"6&0$%3%$4(%"(FM6)! h(! !" ($.' ($.-'#.)56(:-,%"(#%`'(&"6'-(_.%0.(=>(w()*($.'(:-,%"#(,-'(-'G-'#'"$'6(%"(230 
FF h(//m($.'(/)%5(/$,$'(m'#0-%G$%)"(3,5&'1(-,"8'6(C'$_''"(>(,"6(=1(*-)F(3'-4(5))#'($)(3'-4(6'"#'(#$,$'1(.'-'(//m(|(=(

em)0.,-$,%:.('$(,5M1(Q>=UfM(



 

10 

b'( '#$%F,$'6(#G'0%*%0(4%'56(e##f(*)-(C)$.( ,a&%*'-#(&#%":(: -,%"(#%`'(6,$,(e:-,G.(%"(?)C#)"1(=UUPf(,"6($.'(b,$'-(g,C5'(

T5&0$&,$%)"(ebgTf (F'$.)6()"( $.'(6%#$%"0$(-,%"*,55<-'0.,-:'('3'"$ #(,*$'-(F,"&,5(0)--'0$%)"()*($.'(B%##'('**'0$(eK-)#C%'('$(

, 5M1(Q>>Oh(\',54(,"6(K))81(Q>>Qfd$235 
##"|( %(k(&' (

_%$.(%($.'( -'0.,-:'( %"( F1 (,"6( &' ($.'( %"0-',#'( %"(:-)&"6 _,$'-( $,C5'( %"( FM(W"54( -'0.,-:'( '3'"$#( 'S05&#%3'54(6&'($)(

-,%"*,55(#.)&56(C'(0)"#%6'-'61($.&#(_'('S05&6'6(6,4#(_%$.(#")_(G-'0%G%$,$%)"(,"6k)-(#")_(0)3'-1(,#(_'55(,#(G'-%)6#()*(

G)$'"$%,5(#%:"%*%0,"$(:5,0%,5(F'5$(-'0.,-:'M(

=(5(5()< 9&' 4+%): +9$)&2/ )+CC+' $4I +)%&42C&99(240 

+#$%F,$'#()*(:5,0%'-(F'5$(,"6('**'0$%3'(-,%"*,55(_ ' -' (&#' 6($)(6'6&0'($.'(,F)&"$()*( , 3, %5, C5' (_,$'- (*)-(#&C:5,0%,5(*5) _ (

,"6(:-)&"6_,$'-( -'0.,-:'(%"($.'(#&C:5,0%,5(,-',M(g)('#$%F,$'($.'(:5,0%'-(F'5$1(_'(&#'6($_)(6,$, #'$#d(e%f(g.'( '#$%F,$'6(

#&FF'-(F,##(C,5,"0'( C,#'6()"(6%-'0$(:5,0%)5):%0,5(F'$.)6#(*-)F(Q>=>($)(Q>Q=(eX9]-"##)"('$(,5M1(=UUNh(X9]-"##)"( '$(

,5M1(Q>=Ph(Io5##)"('$(,5M1(Q>QQfh(,"6( e%%f(L '5$(0,50&5,$'6(_%$.($.'( )**5%"'(\ !?\ 7L( F) 6'5(*) -0'6(_%$.()&$G&$(*-)F($.'(

?':%)",5( K5%F,$'( L)6'5( \7?LWE!+ <7?WL+( - ',", 54#%#<*)-0'6( #%F&5,$%)"#(*-)F( =UN>( $)( Q>=l(C4(/0.F%6$( '$( ,5M(245 
eQ>Q>f($.,$(_,#(&#'6($)(*)-0' ($.'(I,-,55'5(!0'(/.''$(L) 6'5(eI!/Lf( eX&'5'-(,"6(X-)_"1(Q>>UfM(\7?LWE!+ <7?WL+(%#(

,( ")" <.46-)#$,$%01(0)"3'0$%)" <G'-F%$$%":(F) 6'5(eX'":$##)"( '$( ,5M1(Q>=;f1($. , $(&#' 6($. ' ( -',",5 4#%#( )*( $.'( !0'5,"6%0(

L'$')-)5):%0,5(W**%0'(*)-(!0'5,"6(e!K?7f(eE,_-%('$(,5M1(Q>=;f(,#(C)&"6,-4(0)"6 %$%)"#1(*-)F(=(/'G$'FC'-(=U;U(&"$%5(P=(

m'0'FC'-(Q>=;1(,$(,(.)-%`)"$,5(-'#)5&$%)"()*(>M>QOs(y(>M>QOs1(0)--'#G)"6%":($)(! QMO(8FM(!"($.'(-'#$()*($.'(G,G'-1($.'#'(

#%F&5,$%)"#(C4(/0.F %6$( '$( ,5M1(eQ>Q>f(,-'(0,55'6(\ \ <!K?7 M(g.'( ")" <#&-*,0'(F,##(C,5,"0'(%#(,66'6($)($.'(\ \ <!K?7 (250 
)&$G&$#d( >MQP( FF( 6,4)! ( )*( 6%##%G,$%)"( *)-( ,55( $.'( ,-',1(,"6( ,"( ,66%$%)",5( >M=O(F F( 6,4 )! ( *-)F( 5,8'( 0, 53%":( *)-(

X-'%̂ ,F'-8&-9]8&55(,"6(\'%",C'- : #9]8&55(e7^,5:'%-#6i$$%-('$(,5M1(Q>Q>h(Vi.,""'##)"( '$(,5M1(Q>Q>fM((

g.'(a&,"$%*%0,$%)"()*($.'( '**'0$%3'(-,%"*,55(F&#$(*%-#$('#$%F,$'($.'(G)$'"$%,5( '3,G)$-,"#G%-,$%)"(*-)F(,3, %5,C5'(05%F,$%0(

3,-%,C5'#1( $.'"(&#'( $.'( _,$'-( C,5,"0'( F'$. )6M( g.'( G)$'"$%,5( '3,G)$-," #G%-,$%)"(eI+gf ( _,#( 0,50&5,$'6(&#%":( $.' (

g.)-"$._,%$'(F'$.)6( eg.)-"$._,%$'1(=URNf(*)-( '3 ) 5&$%)"(#%"0'(=Ull (,"6( _%$.($.'( I'"F,"(F'$.)6( eL)"$'%$.1(=UlOh(255 
I'"F ,"1(=URN1(_%$.(K-)Gb,$(NM>f(,"6( *)-(F)"$.54(3,5&'#(C'$_''"( =UU>(,"6( Q>QQ1(&#%":(,3,%5,C5'(_',$.'-(#$, $%) " (6,$,(

*-)F( \]*"(_ ',$.'-(#$,$%)"#(,"6(G,-,F'$'-#( ,6,G$'6($)($.'(5,$%$&6'M(b'(0.)#'(05,##%0(F'$.)6#1( ,#( *-)F($.'(5%$'-,$&-'(

$.'-'(%#(")(#G'0%*%0(F'$.)6($. , $(G-)3'6(F)-'(-'G-'#'"$,$%3'(*)-(!0'5,"6M(

+**'0$%3'(-,%"*,55(_,#($.'" (0,50&5,$'61(_%$.($.'(*)55)_%":('a&,$%)"#d($

()$*$$$+$*,- $%.$$ $ $ %,- $$/$*,- $$$$01!$()$#$&!%/# '() $$$$, 2$%/$* $$3$$%,- $$.$$260 
$ $ $ $ $ $$$$$$$$$45'678(96$$ $$$$$, 2$%/$* $$: $%,- $%%: $;#'() $3$#$&! <$

()$*$$/ $*,- $%.$$ $ $ %,- $$/$*,- $$$01!$,2$$/$=$

()$* $$>$*,- $%$01!$* $$?$#$$+/$*,- $$$$%,- $$/$*,- $$01!$,2$$/$=$

$ $$$$$$01!$* $$?$#$$>$*,- $%.$$$%,- $$/$* $$?$#$&! $.$#$%/$#$&!%*$;*,- $%3$* $<$01!$,2($/$=(

_%$.(*d( F)"$.h( %,- $d( ?',5( +3,G)$-,"#G%-,$%)"h(*,- $d( I)$'"$%,5( +3,G)$-,"#G%-,$%)"h(* $d( I-'0%G%$,$%)"h( #$d( /)%5( _,$'-(265 
#$)-,:'( 0,G,0%$41(,2 $@( +**'0$%3'( ?,%"*,55M( #( %#(%"%$%,554( '#$%F,$'6(,$( O>FF1(,#( ,"( ,3'-,:'( *)-( $.'( c%$-%0(7"6)#)51(

B'G$)#)51(,"6(7"6)#)5#( $.,$( 0)FG)#'( $.'( ,-',( e7-",56#1(=UUUh(7-",56#1( Q>=OfM(7#( -,%"*,55( ,"6( #")_('3'"$#( ,-'( ")$(

0)FG5'$'54(6%#$%":&%#.'6(%"($.'(G-'0%G%$,$%)"(-'0)- 6(G-)3%6'6(C4($.'(!LW1($.' ('**'0$%3' (-,%"*,55(_'(0, 50&5,$'(6)'#(")$(

-'G-'#'"$($.'( 6'5,4'6(-'0.,-:'($)($.'(,a&%*'-# (6&' ($) ($.'(#")_(F'5$ M(

(270 
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g) (G'-*)-F ($. '#'(6 ,$,(,",54#'#1(_'(&#'6(#'3'-,5(*-''(,"6()G'"(#)*$_,-'( G,08,:' #d($.'(A'):-,G.%0(!"*)-F,$%)"(/4#$'F(

~A!/ (e~A!/M)-:1(Q>QQf($)(&G6,$'(,"6(0-',$'(F ,G#1(,#(_'55(,#($) (G'-*)-F( F,$.'F,$%0,5()G'-,$%)"#()"(F,G#h(B%C-'W**%0'(

*)-( #$,$%#$%0,5( $-',$F'"$#( ,"6( :-,G.%0#( 6-,_%":( eT)&"6,$%)"1( gMmM1( Q>Q>fh(,"6 ( I4$.)"( eI4$.)"M)-:1( Q>QQf( *)-( 6,$,(

,",54#%#(,"6 (6-,_%":() *(:-,G.%0#M)

O()P+#39$#(275 

b'(G-'#'"$( .'-'( , 55('S%#$%":(e: ' ) 5) : %0, 5(F , G(, "6(05%F , $%0(-' 0) -6#f(,"6( "'_54( ,0a&%-'6(6,$,(#'$#() " ($. ' (F ) " %$) -%" : () *(

: -) &" 6_ , $' -(5' 3' 51($' F G' -, $&-' 1(, " 6(' 5' 0$-%0, 5(0) " 6&0$%3%$%' #(, #(_' 55(, #($. ' (-' #&5$#() *($. ' (#5&: ($' #$#M(g.'#'(6,$,( ,55)_($.'(

0.,-,0$'-%`,$%)"()*($.'( :')F'$-41($.'( . 46-) 64" , F %0(G-) G' -$%' #1($.'( 64" , F %0(" , $&-' ()*( ',0.( ,a&%*'-1(,"6($.'( -'0.,-:'(

-,$' #M(

O(0()!B34C+%#)'7&%&'$+%4#$4'#)280 

O(0(0()< +. : +$%, (

g. ' ($. %08" ' ##() *($. ' (#&C:5,0%,5($%55(*)-F,$%)"(%#(' #$%F , $' 6(_ %$. (A-)&"6(I'"'$-,$%":(?,6,- (F ' , #&-' F ' " $#($) (-, " : ' (*-)F(=(

$)(Q>(F($.%08(e,3'-,:'(O(Ff (&"6'-( /8o5,*'55#9]8&55(e\,-$( '$( ,5M1(Q>=Oh(\,-$1(Q>=;fM(g.' (G-):5,0%,5($%55#(05)#'#$($)($.'(

:5,0%'-( $' -F%"&#1(_.%0.( 0,"( C'( ,( :))6( -'G-'#'"$,$%)"()* (#&C:5,0%,5( )"'#1(.,3'( , ($.%08"'##()*( &G( $)( P( F(%"( *-)"$( )*(

/8o5,*'55#9]8&55(e\,-$1(Q>=;f1(, " 6(PMO<O(F(%"(*-)"$()*(T5o,9]8&55(e+3,"#(,"6(\%'F#$-,1(Q>>OfM(g.'( $.%08"'##(G-)C,C54(285 
. , #(#) F ' (#G, $%, 5(3,-%, C%5%$4(,"6($.'(#&C:5,0%,5($%55(F%:.$(")$(C'(0)"$%"&)&#('3'-4_.'-'M (

7 00)-6%":( $)( $.'( 6-%55(5):#( )*($.' (=l (C)-'.)5'#( 0)"#&5$'6( e5)0,$%)"#()"( *%:M( l f($.'( $%55( ,"6( :5,0%)<*5&3%,5(6'G)#%$#(

*)-F,$%)"($)$,5($.%08"'##(-, ": '#(*-)F(Q($)(OR(F(eF,S%F&F($.%08"'##(%"(?c>Nf(_%$.(,"(,3'-,:'( )* (=O(F M(g.%#(-, " : ' (%#(

0)"*%-F'6(C4(O(F ()*($%55(,"6(:5,0%)<*5&3%,5(6'G)#%$#(%"(,(C)-'.)5'(%"(\,5%(e\7QO1(/%:&-^,-#)"('$(,5M1(Q>=lf(,"6( ,(=l(F(

.%:.( #$-,$%:-,G.%0( 5):( *&55( )*( #'6%F'"$#( %"( ,(0-)##<#'0$%)"( , 5)": ($.'( Y)5: -@F, (?%3'-1( 05)#'( $)( $.'( /8o5,*'55#9]8&55(290 
$'-F%"&#(e+3,"#( '$( ,5M1( Q>>>fM( 7 00) -6%":( $)( #' %#F%0(-'*5'0$%)"( ,"6( -'*-,0$%)"(F',#&-'F'"$# ( #)&$.( )*(

X-'%^,F'-8&-9]8&551($.' ($.%08"'##( )*($.' ($%55( ,"6(:5,0%)<*5&3%,5( 6'G)#%$#(-,": ' #(C'$_''"( P>( F( ,"6( =O>( F1(*-)F( $.'(

: 5,0%'-($)($.'(0),#$5%"'(eX):,6i$$%-('$(,5M1(=UN;h(X)&5$)"('$(,5M1(=UNQfM(

7(C,#,5$(*)-F,$%)"(.,#(:'"'-,554(,(.%:.(0)"$-,#$(%"(.46-,&5%0(0)"6&0$%3%$4(e" f(*-)F($)G($)(C)$$)F1(,#(_%$.($%F'(,"6(,(

$'FG'-,$&-'()3'-(O> sK($.'(*-,0$&-'#(,-'(*%55'6(_%$.(#'0)"6,-4(F%"'-,5#1(G-)6&0$#()*($.'(0.'F%0,5(,5$'-,$%)"(e#F'0$%$'1(295 
%55%$'1(`')5%$'(,$(5)_($'F G'-,$&-'#(,"6(0.5)-%$'(,"6('G%6)$'(*)-(.%:.'-(:-,6'(F'$,F)-G.%#F1('M:Md(7-" i-##)"1(=UUOfM(g.&#1(

_'( , ##&F ' ($.,$(C' 5) _ ($.'( O>sK(%#)$.'-F1($.'( .46-,&5%0(0)"6&0$%3%$4$)*($.'(C,#,5$(*)-F,$%)"(C'0)F'# ("':5%:%C5'M(g.'(

6'G$.( )*( $.'( O>sK( %#)$.'-F( 0,"( C'( '#$%F,$'6( &#%":($.'( 6-%55%":( 5):#(-' $-%' 3' 6( *-) F ( ?T/( ,"6 ( 6,$,( G-'#'"$'6( C4(

/%:&-^,-#)"('$(,5M1(eQ>=lf1(_.) (G-)3%6'(6'$,%5'6(,",54#%#()*(:')G.4#%0,5(F',#&-'F'"$#(%"($.'(C)-'. )5'(\7QO(%"(\,5%M(

g.'( $ 'FG'-,$&-'( 5):( )*( C)-'.)5'( \7 QO(%"6%0,$'#(O=sK1( ,$(<P>P( F1(C&$( C)$. ($.'( #$-,$%:-,G.%0( 6'#0-%G$%)"( ,"6( $.'(300 
6'3%,$%)"#(%"(:')G.4#%0,5(F',#&-'F'"$#(#.)_(,(#.,55)_'- (6'G$.()*(<=UR(F(e/%:&-^,-#)"('$(,5M1(Q>=lfM(T-)F($.'(6-%55%":(

5):#(-' $-%' 3' 6(*-) F (?T/ 1(_ '(.,3' (%6'"$%*%'6($'FG'-,$&-'#( . %: . ' -($. , " (O>sK()"54(%"(\7=Rd(OP(sK1(,$(<PNR(F(eRPsK1(,$(<

=Nl(Ff1(#&::'#$%":(,(C)&"6,-4(,$(, GG-) S%F , $' 54(<R>>(FM(E)($'FG' -,$&-'(. %: . ' -($. , " (O>sK(%#()C#'-3'6(%"(\7=N(e,$(=N>(

F1f1(?c>N(e,$(PR>(Ff1(?c==(e,$(=RP(Ff1(#&::'#$%":($.,$($.'(O>sK(%#)$.'-F(%#(")$(,C)3'(,$(5',#$(<=R>(FM(T&-$.'-F)-'1 (

_',$.'-'6(F,$'-%,5# (,-'(6'#0-%C' 6(%"(cA>P(eG-'0%G%$,$'(*-)F(<=;P(F($)(<Q>>(Ff1(#&::'#$%":(,($-,"#%$%)"(,$(<Q>>(F1(,"6 (305 
%"(?c=>(e6,-8(#.,5'(,$(<;>U(FfM(g.&#1(_' (0)" 05&6'($., $($.'( 0&--' " $(O>sK(%#)$.'-F(%#(C'$_''"( <P>>(,"6(<R>>(F1(,"6($.'(

C)&"6,-4(_%$.()56'-(,5$'-'6(,-',#(C-)&:.$("',-'-($)($.'(#&-*,0'(C4(:5,0%,5('-)#%)"(%#(,-)&"6( <Q>>(FM(g.'( C) $$) F ()*($.'(
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C,#,5$(,a&%*'-(0,"($.&#(C'(0)"#%6'-'6($)(C'(C'$_''" (<Q>>(F(," 6(<R>>(F (C'5)_($.'(#&-*,0'()- (, $($.'(C)$$)F()*($.'($%55(,"6(

:5,0%) <*5&3%,5(6'G)#%$#M(

O(0(5()!B34C+%#)7,/%&394')'.2/3'$4I4$,(310 

g,C5'(Q(#&FF,-%̀'# ($.'( -'#&5$#( )*( $.'( #5&:($'#$#(0)"6&0$'6(%"(==(C)-'.)5'#M( \46-,&5%0(0)"6&0$%3%$%'#( e" f( )*( $%55( ,"6(

:5,0%)<*5&3%,5(,a&%*'-(-,":'(*-)F(OMN+<l( F(#)! ($)(P+<O(F(#)! (_.%5'($.)#'() *(C,#,5$(,a&%*'-(-,":'(*-)F(=M=+<=>($)(RMU+<l (

F(#)! M(g.&#1($.'-'(%#(,(_%6'-(.'$'-):'"'%$4()*( " (%"($.'(C,#,5$(,a&%*'-1(6'G'"6%":()" ($.'%-(*-,0$&-'6 (6':-'' M(

(

E.%+7.9+) Q.%:&$4.2) JM2K'.2C42+/) @3:"+%).C)$+#$#) !2&9,#4#):+$7./ ! "! J:)# !"K) RFS) A4#$&2'+)$.)$7+)
>9&'4+%)C%.2$)J:K 

7/Y==P ( g%55(,"6(:<*(( &"0)"*%"'6( l ( X)&_'-(,"6(?%0' ) T(UHSV( =MO+<; ( lRQ> 
TB7=( g%55(,"6(:<*(( &"0)"*%"'6( l ( X) &_'-(,"6(?%0') T(UHSV( =MO+<l ( lPO> 
TB7Q( g%55(,"6(:<*(( &"0)"*%"'6( P( X)&_'-(,"6(?%0' ) V(WHSV( =M>+<l ( ROQ> 
TB7P( g%55(,"6(:<*(( &"0)"*%"'6( P( X) &_'- (,"6(?%0') 0(XHST( RMU+<l ( PQN> 
TB7R( g%55(,"6(:<*(( &"0)"*%"'6( l ( X)&_'-(,"6(?%0' ) =(YHST( =M=+<l ( Q;R> 

7/Y=>= ( X,#,5$( 0)"*%"'6( =( \ 3)-#5'3) 0(0HS0Y( <( (

7/Y=>Q( X, #,5$( &"0)" *%"'6( P( X)&_'-(,"6(?%0' ) U(THSU( PMN+<N( (

7/Y=>P ( X,#,5$( 0)"*%"'6( R( \ 3)-#5'3) 5(WHSX( =M>+<; ( (

7/Y=>O( X,#,5$( &"0)"*%"'6( O( X)&_'-(,"6(?%0' ) T(OHSU( OMN+<N( (

\7=l ( X, #,5$( 0)"*%"'6( Q( \ 3)-#5'3) U(VHSX( NMl+<; ( (

?c>U( X,#,5$( 0)"*%"'6( O( \ 3)-#5'3) O(WHSV( =MN+<l ( (

*0D6&'H)'L&,$6-,'15'-+&',6$#'-&,-,'713.$7-&.'"3'd$6/'03.'F&4-&@D&%'HIHHK'! 1%'&07+'D1%&+16&>'-+&'0Z$"5&%'-/4 &>'-+&'7135"3&.'1%'315 
$37135"3&.',-0-$,'15'-+&'0Z$"5&%>'-+&'3$@D&%'15'-&,-,>'-+&'@&-+1.'15'0306/,",'$,&.'-1'"3-&%4%&-'-+&',6$#'-&,-,'.0-0>'-+&'0=&%0#&'

=06$&'15'+/.%0$6"7'713.$7-"="-/'7067$60-&.'5%1@'-+&'.0-0>'-+&'$37&%-0"3-/ '15'-+&'@&0,$%&@&3-,>'03.'-+&'.",-037&'-1'-+&'#607"&%'

5%13-'51%'-+&'-"66'03.'#\5'0Z$"5&%'0%&'6", -&. K'#\5)'#607"1\56$="06'.&41,"-,K)

g.'( .46-,&5%0(0)"6&0$%3%$4(e" f$3,5&'#()* ($.'($%55(,"6 (:5,0%)<*5&3%,5(6'G)#%$#(0,50&5,$'6(*-)F(: -,%"(#%`'(6,$,(e*%:M(; f(3,-4(

*-)F (RMO+<l($)(P+<O(F(#)! 1(e*)-(,3'-,:'( ! !" ()*(Q(,"6(QQ(•F 1(-'#G'0$%3'54fM(g.%#(%#(%"($.'(-,":' ()* (3,5&'#(*)&"6(%"($.'(320 
5%$'-,$&-'(*)-( !0'5,"6 d(*-)F(=+<l( F(#)! (e!3'-#)"( '$( , 5M1(Q>=;1(L[5 ,9]8&55($%55f($)(; +<R(F(#)!" em)0.,-$,%:.( '$( ,5M1(Q>=Q1(

c%-8%#9]8&551(:5,0%,5($%551(F,SM(F',#&-'6 fM(g.'(3,5&'( )*( P+<O"F(#)! (%#(3'-4(05)#'($)($.'(PMN+<O(F(#)!" 0,5%C-,$'6(*)-($.'(

c%-8%#9]8&55(#,"6&-(eL,08,4('$(,5M1(Q>Q>fM(L',#&-'F'"$#(6)"'(3%, (#5&:($'#$#(4%'56(#%F%5,-(-'#&5$#(,#($.'()"'#(0,50&5,$'6(

*-)F(:-,%"(#%`'(6,$,d(=MO+<O(€OMN+<l vP+<O•(F(#)! M(g.'4(F)-')3'-(#.)_(,(6'0-',#%":($-'"6(*-)F($.'(:5,0%'-( $)_,-6($.'(

0),#$5%"'(e$,C5'(Qf1(_.%0.(0,"( -'#&5$(*-)F ($.'(6'0-',#'()*(:-,%"(#%`'(*-)F($.'(:5,0%'-($'-F%"&#($)($.'(0),#$1(6&'($)(*5&3%,5(325 
$-,"#G)-$M(

\ 46-,&5%0(0)"6&0$%3%$%'#(e" <$3,5&'#(*)-($.'(C,#,5$(*)-F,$%)"(0,50&5,$'6(_%$.($.'(6,$,(*-)F($.'(#5&:($'#$#(,-'(G-'#'"$'6(%"(

$,C5'(Q(,"6( , 5#)(#. )_"(%"(*%:&-' (; M(W&$#%6'(!0'5,"61(" $3,5&'#(*)-(C,#,5$(.,3'( C''" (-'0 )-6' 6(*-)F (=+<l ($)(l+ <=(F(#)! (e*%:M(

; f( ,"6( #.)_( $.'( .'$'-):'"')&#( 0.,-,0$'-( )*( $.%#( $4G'( )*( *)-F,$%)"M( \%:.'-( 3,5&'#( ,-'( *)&"6( %"( *%##&-'6( ,"6( 4)&": (

C,#,5$#1(_.%5'(5)_'-()"'#(,-'(*)&"6(%"( $.'(0)- '()*(5,3,(*5)_#1() -(_', $.'-'6(,"6()56(5,3,#M(g.%#(-,":'(%#(C,#'6( )"($.'(330 
*)55)_%":( -'*'-'"0'#d ( K)5&FC%,( ?%3'-(I5,$',&( e2/7 f1( )"( ,( =($)(O( 8F( $.%08( L%)0'"'( G5,$',&1(_%$.(N>>( C&58(" $

F',#&-'F'"$#(%"(O;;(_'55#()"($.'(*%-#$(O>>Fd(l+‚O($)(l+‚= (F(#)! 1(3'-$%0,5(" $O($%F'#(#F,55'-(eV,4"'( ," 6(I)554',1(Q>=Nfh(

B,(?H&"%)"1(l+ <R($)(P+<=(F(#)! (eV)%"1(=UU=f1(=+<P(F(#)! (e"&F'-%0,5(F)6'5(0,5%C-,$%)"f(ec%)5'$$'('$(,5M1(=UU;fh(L,4)$$'1(

%"( #%$&( F',#&-'#(%"(5,3,( *5)_d(F,##%3'( ƒ=+<l (F( #)! 1( #0)-%,$'6d(O+<l ($)( O+<R(F( #)! 1( *%##&-'6d(=+<l ($)( O+<R(F( #)! (
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eB,0.,##,:"'( '$(,5M1(Q>=RfM(!"(!0'5,"6(Y(3,5&'#(*)-(C,#,5$(3,-4(C4(,$(5',#$(P()-6'-#()*(F,:"%$&6'(e*%:M(; fd(%$(%#(5'##($.,"(335 
=+<=>(F(#<=(em)0.,-$,%:.( '$( ,5M1(Q>=Q( ,"6(Q>=Ud(c%-8%#9]8&55( :5,0%'-(%"(#)&$.<',#$'-"( !0'5,"61($.-)&:.(0)"#$,"$( -,$'(

G&FG%":( $'#$#( )*( P( $)( l( .)&-#f1( ,"6( Q+<N( $)( O+<N( F( #<=( eV)"##)"( ,"6( \,*#$,^1( =UU=f( ,$( C)&"6,-4( C'$_''"( $.'(

F)&"$,%")&#(+,#$(T9)-6#(,"6($.'(.%:.(G5,$',&()*(0'"$-,5(!0'5,"6M(

'

! "#$%&'S)' O/.%0$6"7' 713.$7-"="-/ ' =06$&,'51%' -+&'-"66' 03.' #607"1\56$="06' .&41,"-,' 03.' -+&' D0,06-' 5%1@' .0-0' 0306/,",' 03.' -+&'340 
6"-&%0-$%&`',-0%,' "3."70-&' ,"3#6&' 1%' 0=&%0#&' =06$&' 03.' +1%"f13-06' 6"3&,' -+&' %03#&' 15' =06$&,K'*+&' %03#&' 51%' +/.%0$6"7'

713.$7-"="-"&,'15'D0,06-'1$-,".&'97&603.'",'D0,&.'13',&=&%06'D"D6"1#%04+"706'%&5&%&37&,>'.&-0"6,'03.'%&5&%&37&,'"3'-+&'-&g-K)

O(0(=()!B34C+%#)#$.%&>+)'.+CC4'4+2$#(

7a&%*'-( #$)-,:'( 0)'**%0%'"$(#( %#( 0)FG)#'6( )*( $_)( G,-$#1( #G'0%*%0( 4%'56(##( ,"6( #G'0%*%0( #$)-,:'(#+d((

##(t( #+} 6$e6$C'%":($.'($.%08"'##()*($.'( ,a&%*'-f1(##(6)F%",$'#(%"(&"0)"*%"'6(,a&%*'-#1(,"6(#+} 6(6)F%",$' #(%"(0)"*%"'6(345 
,a&%*'-#M(b'(0,50&5,$'6(##(&#%":($.'(bgT (F'$.)6(*)-( $.-''($)(#'3'" (6%#$%"0$(-,%"*,55<-'0.,-:'('3'"$#( 6'G'"6%":()"($.'(

C)-'.)5'(,"6($.'(5'":$.()*($.'(,3,%5,C5'(:-)&"6_,$'-( -'0)-6 (e$,C5'(PfM(76'a&,$'(6,$,(_,#(,3,%5,C5'(*-)F(*)&-(C)-'.)5'# (

%"( $.'( $%55( ,"6( :5,0%)<*5&3%,5( 6'G)#%$#( eTB7=1( TB7Q1(TB7P1(,"6 (TB7Rf1( ,"6($_)(%"( $.'( C,#,5$( ,a&%*'-( e\7=P( ,"6(

7/Y=>QfM(m%-'0$(&#'()*($.'(bgT(F'$.)6(*-)F(6%**'-'"$(3,5&'#()*(##(#.)_ #($.,$(3,5&'#(:-',$'-()-('a&,5($)(>M=Q(*)-($.'(

$%55(,"6( :5,0%)<*5&3%,5( 6'G)#%$#(,"6 (>M==( *)-( $.'( C,#,5$(%FG54( ,(-'0.,-:'( 5,-:'-( $.," ($.'( F',#&-'6 (G-'0%G%$,$%)"1( $.&#(350 
#'$$%":(," (&GG'-(5%F%$($)($.'(G)##%C5'(%"$'-3,5(*)-(##M(g.'(0)"05&#%)"(%#($.,$($%55(,"6(:5,0%)<*5&3%,5(6'G)#%$#(##(" (€>M>=v

>M=Q•(,"6( C,#,5$(##(" (€>M>Qv>M==•M(

(

(
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) C%.:)<%&42)#4Z+)/&$&) Q%.:)[6Q ):+$7./ ) Q%.:)$7+)94$+%&$3%+ 
<+.9.>4'&9)C.%:&$4.2) 42$+%I&9)/ #$)J\:K ! #! )JSK! #! )JSK! #! )JSK 

I-):5,0%,5($%55(,"6(:5M<*5M(6M( =Q>v;l> ( >M=Qv>MPQ( >M>O(etk<(>M>Of( >M>l v>M=l(
eL)--%#(,"6(V). " #)"1(=Ul;f  

X,#,5$( { ( { ( >M>P(etk<(>M>=f( >M>N((
e\',$.1(=UNPf 

* 0D6&'Y)'F4&7"5"7'/"&6.'8! !C'=06$&,'7067$60-&.'$,"3#)'8"C'X3'&,-"@0-&'5%1@'#%0"3',"f&'.0-0'851%'-+&'-"66'03.'#607"1\56$="06'.&41,"-,'136/C̀'355 
03. '8""C'* +&'h0-&%'*0D6&'!6$7-$0-"13'8h*!C '@&-+1.'13' $4'-1'S'%0"35066\%&7+0%#&'&=&3-,'"3'b7-1D&%'HIH('03.' X4%"6'03.'<0/' HIHH>'

0=&%0#&'8Ui\',-03.0%.'.&="0-"13C`'#6K\56K'.K)'#607"1\56$="06'.&41,"-,K'

O(5()?.24$.%42>)&2/)&B34C+%)/,2&:4'#)

g) (G'-*)-F (,(0)FG-'.'"#%3'( )3'-3%'_()*($.'( 64",F%0#()*(,a&%*'-#(,"6($.'%-(_,$'-(*5&S('S0.,":'#1(_'(,",54 ` '6($.'("'_(

6, $, (#' $(0) 55' 0$' 6(_ %$. ($. ' (. ) &-54(F ) " %$) -%" : () *($. ' (: -) &" 6_ , $' -(5' 3' 51($' F G' -, $&-' 1(, " 6(' 5' 0$-) <0) " 6&0$%3%$4M(360 

O(5(0()<%.32/-&$+%)9+I+9(

g.'($%55( ,"6( :5,0%)<*5&3%,5(6'G)#%$#( ,a&%*'-(%#(&"0)"*%"'6(_ %$.(:-)&"6_,$'-(5'3'5 ($.,$(%#()*$'"( "',-( )-( ,$($.'(#&-*,0'M(

/)&$.( )*( T5o,9]8&551(%" ($. ' (" ' _ 54(6-%55' 6(C) -' . ) 5' #($. ' (: -)&"6_,$'-(5'3'5#(,-'( 3'-4(05)#'($)($.'(#&-*, 0' (e*%:M(NfM(g.'(

,FG5%$&6'()*($.'(: -) &" 6_ , $' -(5'3'5(#',#)",5(3,-%,$%)"#(6'0-',#'# (_%$.($.'(6%#$,"0'($)($.'(:5,0%'-(e*-)F(=M;>(F(%"(TB7R(

$)(>MP>(F(%"(TB7=fM(2"0'-$,%"$%'#(C' $_ ' ' " (F , " &, 5(, " 6(, &$) F , $%0(G-) C' #(,-'( #F , 55' -($.,"(l(0F1('S0'G$(*)-(TB7P(_.'-'(365 
$.'4( ,-'( )*( $.'( )-6'-( )*( =P( 0F M(g.%#(, -' , (%#( %"( ,( 0)&"$4($.,$(%#(0,55'6( „FZ-,-…1( _.%0.( F',"#( #_,FG#(, "6(F,"4(

$'FG)-,-4(#_,FG#(0,"(C'(*)&"6(%"($.%#(,-',M((

! "#$%&' _)' O1$%6/' &=16$-"13' 15' -+&' #%1$3.20-&%' 6&=&6' 8"3' @' DK#K6KC' "3' -+&'-"66' 03.' #607"1\56$="06' .&41,"-,' 0Z$"5&%' ,1$-+' 15'

!6c0MPE$66>'5%1@'X$#$,-' HIH('-1'F&4-&@D&%'HIHH'8"3'-+&'R'3&2'D1%&+16&,)'!?X(>'!?XH>'!?XY>'!?XRC>'.0"6/'4%&7"4"-0-"13'8"3'

@@C'5%1@'OP53'2&0-+&%',-0-"13'SIT>'03.'.0/,'2"-+',312'71=& %K'370 
m'G'"6%":( )"( $.' (5)0,$%)"1( $.'( C,#,5$( ,a&%*'-(0, " (C' (&"0)"*%"'6( e_.%5'( %$( %#( )&$0-)GG%":f( )-(0)" *%"'6(e_. %5'(%$(%#(

0) 3' -'6 (C4($%55(,"6(:5,0%)<*5&3%)(6'G)#%$#f1() *(,-$' #%,"(, $(#)F ' (5)0,$%)"#M(g.'( :-)&"6_,$'-( 5'3'5(%"($.'(C,#,5$( ,a&%*'-(
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3,-%'#(*-)F(<RQ(F(CM:M5M(eC'5)_(:-)&"6(5'3'5f(%"(\7=P(e*%:M(U1(%"(,($)G):-,G.4(#5)G'(,$($.'( C)$$)F()*(,(C,#,5$(05%**f($)(

$.'(#&-*,0'($)G):-,G.4(%"(#)F'( G-) : 5, 0%, 5(,-',#( e7/Y=>>(%"(Yo5*,*'55#6,5&-(3,55'41(-'0&--%":(,-$'#%,"(_'551(*%:M(Pf1(,"6(,(

-'0&--%":(#G-%":(%"($.'(G-):5,0%,5(,-',(C'$_' '"(/8o5,*'55#9]8&55(,"6($.'(0),#$5%"'M(!"($.' (G-):5,0%,5(,-',#1($.'(0)"*%"'6(375 
G,-$#()*($.'(C,#,5$(,a&%*'-(e\7=l1(7/Y=>P1(,"6(7/Y=>R1(*%:M(Uf(#.)_ (:-)&"6_,$'-(5'3'5( 3,-%,$%)"#(_%$.(F&0.(#F,55'-(

,FG5%$&6'#(e>MR($)(>Ml(Ff($.,"(%"($.'(&"0)"*%"'6(G,-$#(e)3'-(=(F (%" (C)-'.)5'#(7/Y=>Q( ,"6(7/Y=>O1( *%:M(UfM(!"($.'(

$)G):-,G.4(#5)G'#(,$($.'( C)$$)F()*($.'(C,#,5$(05%**#($.'(,FG5%$&6'()*($.'(3,-%,$%)"#(%#(F&0.(5,-:'- (e"',-54(Q(F($)(R(F1(

C)-'.)5'#( \7=P 1(,"6( \7=Q1( *%:M(UfM(2"0'-$,%"$%'#(C' $_ ' ' " (F , " &, 5(, " 6(, &$) F , $%0(G-) C' #(,-'( #F,55'-($.,"( l( 0F( *)- (

7/Y>=P1(7/Y=>R1(,"6(\7=l1(,"6 ()*($.'()-6'-()*(=O(0F(*)-(7/Y=>Q1(7/Y=>O1(\7=Q1(,"6 (\7=PM 380 

! "#$%&' W)' O1$%6/'&=16$-"13'15'-+&'#%1$3.20-&%'6&=&6' 8"3'@'DK#K6KC' "3' -+&'D0,06-'0Z$"5&%>'5%1@'F&4-&@D&%' HIH(' -1'F&4-&@D&%'

HIHH'8T'D1%&+16&,)'XFj(IH>'XFj(IY>' XFj(IR>'XFj(IT>' OX(J C>'.0"6/'4%&7"4"-0-"13'8"3'@@C'5%1@'OP53'2&0-+&%',-0-"13'SIT>'

03.'.0/,'2"-+',312'71=&% K)

O(5(5()6+:D+%&$3%+(

\)&-54( $'FG'-,$&-'#(_ ' -' (-'0)-6'6( %"($'" (C)-'.)5'#d( TB7Q1( TB7P( ,"6( TB7R( %"( $.'( $%55( ,"6( :5,0%)<*5&3%,5(6'G)#%$#(385 
,a&%*'-1(,"6(7/Y=>Q1(7/Y=>P1(7/Y=>R1(7/Y=>O1(\7=Q1(\7=P(,"6(\7=l(%"($.'(C,#,5$(,a&%*'-(e5)0,$%)"()"(*%:M(Pf1(

_%$.(,"(&" 0'-$,%"$4(#F , 55' -($. , " (>MQsKM(!"($.'($%55(,"6(:5,0%)<*5&3%,5(6'G)#%$#(,a&%*'-1($.'( $'FG'-,$&-'(*)55)_#($.'($-'"6#(

)*($.'(,$F)#G.'-%0($'FG'-,$&-'(_%$.(,(5,:()*(,C)&$(#%S(_''8# d(g.' (:-)& "6_, $'-($'FG'- ,$&-'(6'0-',#' #(*-)F( /'G$'F C'-(

$)(L,-0.(,"6( %"0-',#'#(*-)F(7G-%5($)(/'G$'FC'-1(0)3' -%":(,(-,":'()*(= vUsK(e*%:M(=>fM(/ '3'-,5 (G5,$',&#()*($'FG'-,$&-' (

,-)&"6(OsK(,-'(3%#%C5'(%"($.' (TB7R(-'0)-6 (e#' ' (†RMQMR(*) -(%" $' -G-' $, $%) " fM(755($.'(G-)C'#(%"($. ' (C)-'.)5'#(%"($.'(C,#,5$(390 
,a&%*'-(,$(5'##($.,"(=>(F(CM:M5M(e,55(C)-'.) 5'#('S0'G$(\ 7=Pf(6%#G5,4(, (",--)_(-,":'()*(3,5&'#1( OvUsKM 
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! "#$%&'( I )'O1$%6/'-&@4&%0-$%&'%&71%.,'5%1@'X$#$,-'HIH('-1'F&4-&@D&%'HIHH)'"3'-+&'-"66'03.'#607"1\56$="06'.&41,"-,'0Z$"5&%'"3'

Y' D1%&+16&,' 8!?XH>' !?XY>' !?XRC>' "3' -+&' D0,06-' 0Z$"5&%' "3'(' D1%&+16&' 8XFj(IT' 0-'\SKT' @' DK#K6KC>' 03.' "3' -+&'0-@1,4+&%&'

8%&71%.&.'D/'0'k0%1':"=&%'0-'-+&'-14'15'!?XRCK)

O(5(=()H9+'$%.S'.2/3'$4I4$, (395 

b,$'-(_%$.(,"(+K(ƒ(;>>(• /(0F )! (%#(0)"#%6'-'6(")"<#,5%"'1(C'$_''"(;>>(,"6(Q>>>(• /(0F )!" #5%:.$54(#,5%"'1(,"6(C' $_''"(

Q>>>(,"6(=>(>>>(• /(0F )! (F)6'-,$'54(#,5%"'(e?.),6'#('$(,5M1(=UUQfM(!"($,C5'(R($.'( -' 0)-6'6 (+K(3,5&'#(,-'( #. )_" M(c,5&' #(

,C)3' (; >>(• /(0F )! (.,3'(C''"(F',#&-'6(%"($.-''( C)-'.)5'#1(C4( )-6'-( )*(6'0-',#%":(3,5&'#d(cA=1( \7=l1(,"6( \7QP M(

c,5&'#(F',#& -'6(%"(\7Ql( ,-'(9&#$(C'5)_()-(9&#$()3'-(;>>(• /(0F )! M(!" (7/Y=>R1(:-)&"6_,$'-(%#(0)FG5'$'54(*-'#.(&"$%5(<N(

F(CM:M5M1(C&$(C'5)_($.,$(5'3'51(+K(3,5&'#(,-'(#%:"%*%0,"$54(,C)3'( ; >>(• /(0F )! M(g.'#'(C)-'.)5'#(,-'(05)#'($ )($.'(0),#$5%"'(400 
)-( , (C-,08%#.(5,8'(0)""'0$'6($)($.'(#',(e*%:M(PfM(g.'(05)#'-($.' 4(,-'($)()"'()-($.'()$.'-1($.'(.%:.'-($.'%-(+ K(3,5&'#(,-'M(

+K(. ,#(,5#)(C''"(F',#&-'6(. )&-54(%"(\7=l( *-)F(L,4($)(/'G$'FC'-(Q>QQd(+K(3,-%'#(*-)F(;>>($)(=NO>(• /(0F )! (_%$.(

-':&5,-(0405'#(eG'-%)6()*(QR(. )&-#(6&'($)($.'($%6'(,"6(G'-%)6()*(P($)(R(6,4#fM)

+K(e• /(0F )! f) N!0V ) N!5= ) N!5V ) ]<Y0 ) !G*0YO)J&$)W):)/+D$7K 
>NkQ>Q=( Ql >>( =P>>( U>>( RR>>( =R>> 
>UkQ>Q=( QQ>>( ==>>( ;>>( Ol>>( {  
>PkQ>QQ( R;>>( { ( { ( l Q>>( Ql>> 
>OkQ>QQ( =N>>( { ( O>>( Ql> >( {  
>l kQ>QQ( { ( { ( l >>( P>>>( {  
>;kQ>QQ( { ( { ( l >>( QU>>( {  
>UkQ>QQ( =U>>( =Q>>( l >>( PU>>( =N>> 

*0D6&'R)' ; 6&7-%1\713.$7-"="-/'8;]C '=06$&,'8l F'7@!"C'@&0,$%&.'"3'D1%&+16&,'"3'-+&',-$./'0%&0'5%1@'X$#$,-'HIH('-1'F&4-&@D&%'

HIHH`'m)'31'@&0,$%&@&3-'0=0"60D6&K'!1%'6170-"13',&&'5"#K'YK'n37&%-0"3-"&,'Ui\'(II' \ G)': !"")405 

)

)
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O(5(T()!B34C+%#)/,2&:4'#)(

!"( $.'( #$&6%'6( ,-',1( : -)&"6_,$'-( *5)_#( $)_,-6#( $.'( #',M(\ 46-,&5%0( :-,6%'" $#(, -' ( 6'6&0'6( *-)F( $.'( 6%**'-'"0'( %"(

:-)&"6_,$'-( 5'3'5#( C'$_''"( $_)(C)-'.)5'#( )"( $.'( #,F'( G)$'"$%,5( :-)&"6_,$'-( *5)_( 5%"'M(g.'( ' #$%F , $' 6( .46-,&5%0(410 
:-,6%'"$(%"( $.'($%55( ,"6( :5,0%)<*5&3%,5( 6'G)#%$#(,a&%*'-(%#(, GG-) S%F , $' 54(RMOk=>>>(#)&$.( )*( T5o,9]8&55M(g.'( .46-,&5%0(

:-,6%'"$( %"( $.'( C,#,5$( ,a&%*'-( %#(, GG-)S%F,$'54(PMOk=>>>(#)&$.( )*( T5o,9]8&551(PMUk=>>>(#)&$.( )*(/8 o5, *'55#9]8&55(,"6(

P>k=>>>(%"( \,5%M(g.'( $_)( *%-#$( 5)0,$%)"#( ,-'( -'G-'#'"$,$%3'( )*( $.'( .46-,&5%0( :-,6%'"$( %"( $.'(6)_"_,-6( G,-$( )*( $.'(

G-):5,0%,5(, -' , 1(_ . %5' ($. ' (5, #$(5) 0, $%) " (%#(-' G-' #' " $, $%3' () *($. ' (. 46-, &5%0(: -, 6%' " $(%" ($. ' (&G_ , -6(G, -$() *($. ' (G-) : 5, 0%, 5(

, -' , (e05) #' #$($) ($. ' (C, #, 5$(05%**#fM((415 
g%F'('3)5&$%)"( )*($.'( :-)&"6_,$'-(5'3'5(%"($.'( $%55( ,"6( :5,0%)<*5&3%,5(6'G)#%$#(,a&%*' -(e*%:&-' #(N(,"6( Uf(#.) _ #(05',-(

-'0.,-:'('3'"$#( C4(-,%"*,551(#")_(F'5$1(,"6(:5,0%,5(F'5$_,$'-M(?'0.,-:'(C4(-,%"*,55('3'"$#()00&-#(_%$.%"(QR(.)&-#()*($.'(

G-'0%G%$,$%)"('3'"$1(,$(5',#$(_.'"($.'(-,%"(%#(‡(=>(FFM(/ ")_(F'5$( '3'"$#(,-'(%6'"$%*%'6(%"(T'C-&,-4<L,-0.(Q>QQ1(,"6(

, 5#)()"(,(#. )-$'-($%F'(#0,5'(%"(V,"&,-4(Q>QQM(b .'"( $.'( G-'0%G%$,$%)"(%#(#")_*,55(,"6($.'(#")_(0)3'-(5,#$#(*)-(F)-'($.,"(

)"'(6,41($.'( 5,:(C'$_''"( ,(#")_*,55(G-'0%G%$,$%)"('3'"$(,"6($.'(-'0.,-:'()* ($.'(:-)&"6_,$'-( %#(3%#%C5'(e*%:&-' #(N(,"6( Uf1(420 
0)--'#G)"6%":( $)($.'( $%F'($. , $(%$($, 8' #(*)-( $.'( #")_( $)( F'5$M(!"( / 'G$'FC'-( $.'( 5, -: ' -(%"0-',#'(%"($.'( _,$'-( 5'3'5( %"(

C)-'.)5'(TB7P(et >MOR(F(*-)F(P>(7&:&#$(Q>QQ($)(Q=(/'G$'FC'-(Q>QQf(0)FG,-'6 ($)(TB7Q(,"6(TB7=(et >MQ=(F( ,"6(

t >M==(F 1(-'#G'0$%3'541(6&-%":($.'(#,F'(G'-%)6h(*%:M(Nf(6'F)"# $-,$'#(, 66%$%)" , 5(-'0.,-:'(C4(:5,0%,5(F'5$_,$'-M(/%F%5,-54(

%"($.'(C,#,5$(,a&%*'-(e*%:M(Uf($.'($-'"6(5%"'()*($.'(_,$'-(5'3'5(%"(C)-'.)5'(7/Y=> O(#.) _#(,"( %"0-',#'()*(t >MR>(F(*-)F( =; (

7&:&#$( Q>QQ( $)(=U(/'G$'FC'-( Q>QQ($.,$(0,"")$ (C'( ,00)&"$'6( *)-( )"54(C4( $.'( G-'0%G%$,$%)"( '3'"$#( 6&-%":( $.'( #,F'(425 
G'-%)6M(7/Y=>O(%#(RMQ(8F(*-)F($.'("',-'#$(:5,0%'-($'-F%"&#h(C)-'.)5'#(*&-$.'-(,_,4(#.)_(,(#%F%5,-(C&$(#F,55'-(%"0-',#'(

6&-%":($.'(#,F'(G'-%)6d(7/Y =>P(lMQ(8F(*-) F ($' -F %" &#d(t>MQ>(Fh(7/Y=>Q(,$(;MR(8F(*-) F ($' -F %" &#d(t>MQQ(Fh(\7=l(,$(

;MR(8F(*-) F ($' -F %" &#d(t>M=U(FM(

g'FG'-,$&-'( 6,$,( *-)F( TB7R( C)-'.)5'( 'S.%C%$( R( G5,$',&#( e0)"#$,"$( 3,5&'( )3'-(#' 3' -, 5( 6, 4#( $) ( , ( *' _ ( _ ' ' 8#f( )*(

$'FG'-,$&-'#(C'$_''"(RMQ($)(OMR(sK(e*%:M(==fM(g.'#'(G5,$',&#(0)--'#G)"6($)('3'-4($%F'($.'(_,$'-(5'3'5(%#(5)_'-($.,"(QRM=(430 
F( ,M#M5M(e*%:M(==fM(b'(%"$'-G-'$($.%#(G5, $' , &(,#(,"(&G_,-6(5',8,:' (*-)F($.'(C,#,5$(,a&%*'-1($-%::'-'6(_.'"($.'(_,$'-(5'3'5 (

%"($.'($%55(,"6(:5,0%)<*5&3%,5(6'G)#%$#(,a&%*'-(%#(5)_'-($.,"($.'(G%'`)F'$-%0(5'3'5(%"($.'(0)"*%"'6(C,#,5$(,a&%*'-M(g.' (*, 0$(

$. , $($. ' #' (G5, $' , &#() 00&-(, $(6%**' -' " $(G' -%) 6#() *($. ' (4' , -(e/ ' G$' F C' -1(m' 0' F C' -1(V, " &, -41(, " 6(T' C-&, -4f(6' F ) " #$-, $' #(

$. , $(:-)&"6_,$'-( 5'3'5( %"( $.'(C,#,5$(,a&%*'-(F&#$( $.'-'* ) -' (C'( -' 5, $%3' 54(0)"#$,"$() 3' -($. ' (G' -%) 6M(g.'( $'FG'-,$&-'(

F',#&-'6(%"($.'(C,#,5$(,a&%*'-(%"(7/Y=>O(e=Ml(8F(*-)F(TB7Rf1(*-)F(O($)(U(sK1(0)--)C)-,$'#($.,$(.4G)$.'#%#M(435 
g. '(05',-(#'G,-,$%)"()*(C)$.(,a&%*'-#(,"6($.'( 0)"*%"'6(0.,-,0$'-%#$%0#()*($.'(C,#,5$(,a&%*'-()C#'-3'6 (%"(#)F'(5)0,$%)"#1(

5',6(&#($)(.4G)$.'#%`'($.' (G-'#'"0'()*( , (F&0.(5'##(G'-F',C5'(5,4'-(C'$_''"( $.' ($%55(,"6(:5,0%)<*5&3%,5(6'G)#%$#(,"6($.'(

C,#,5$(*)-F,$%)"M(!$(0)&56(C'(,(05,4(5,4'-()-(,(F)-'(0)FG,0$'6( $%55M(

(7$($.'(0),#$5%"'1(P(.4G)$.'#'# (0,"(C'(F,6'(*)-($.'( *-'#.kF,-%"'( :-)&"6_,$'-(%"$'-*,0 ' (*) -(',0.( ,a&%*'-d( 'a&%5%C-%&F(

,- )&"6( $.'( 0),#$5%"'1( *-'#.( :-)&"6_,$'-( G&#.%":( $.'( %"$'-*,0'( )**#.)-' 1( )-( F,-%"'( %"$-&#%)"( %"5,"6M(g.'( *'_( 6,$,(440 
,0a&%-'6()"( $.'( + K( )*( $.'( :-)&"6_,$'-( e.%:.( +K( 3,5&'#( "',-( $.'( 0),#$5%"'1( $,C5'(Rf(#&::'#$( ,( G)$'"$%,5( #',_,$'-(

%"$-&#%)"(%"($.'(C,#,5$(,a&%*'-M(T)-($.' ($%55(,"6(:5,0%)<*5&3%,5(,a&%*'-(_'('SG'0$($.,$(#)F'(*-'#.(:-)&"6_,$'-(%#(*5)_%":(

%"$)($.'(#',(,#($.%#(,a&%*'-(%#(&"0)"*%"'6(,"6(%"(6%-'0$(0)""'0$%)"(_%$.($.'(#', M 
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! "#$%&' (( )' O1$%6/' #%1$3.20-&%' 6&=&6' 8"3' D6$&>'@' 0K,K6KC' 03.' -&@4&%0-$%&'8"3' %&.C' "3' -+&' D1%&+16&' !?XR>' 03.' 0-@1,4+&%"7'

-&@4&%0-$%&'8"3'/&6612>'5%1@'-+&'k0%1':"=&%'4%1D&'"3'D1%&+16&'!?XRCK'*+&'-&@4&%0-$%&'7+%13"76&'&g+"D"-,'460-&0$, '0%1$3.'T'445 
^]'0-'-+&'&3.'15'X$#$,-'HIH(>'"3'd03$0%/>'!&D%$0%/>'03.'d$6/'HIHH>'&07+'-"@&'-+&'#%1$3.20-&%'6&=&6'",'612&%'-+03'HRK('@'0K,K6K)

O(=()P+'7&%>+)%&$+#)+#$4:&$4.2)

b'(_%55(*%-#$(6'$,%5($.'(,F)&"$#()*(,3,%5,C5'(_,$'-(*)-(#&-*,0'(*5)_(,"6(:-)&"6_,$'-( -' 0.,-:' (%"($.'( #&C:5,0%,5(," 6($. ' (

G-):5,0%,5(, -' , #1(G-)3%6%":(,"(&GG'-(5%F%$(*)-($.'(-'0.,-:'(-,$'#($)_,-6#($.' (,a&%*'-#(

O(=(0()H#$4:&$4.2).C)#3">9&'4&9)-&$+%)C9.-#)&2/)#D&$4&9)/4#$%4"3$4.2(450 

K)F C%"%":(,55($.'(6,$,(_ '( 0)" 05&6'6($.,$($.'(,3,%5,C5'(_,$'-(*)-(#&-*,0'(*5)_(,"6( #&C:5,0%,5(-'0.,-:' (%"($.'(#&C:5,0%,5(

,-', (e$,C5'(Of(%#() " (,3'-,:'( R>>>(FF(4',- )! M(m&-%":($.'(G'-%)6(Q>=>vQ>=l1($.'(,3'-,:'(, 3,%5,C5'(_,$'-(a&,"$%$4()"(',0.(

:5,0%'-()C$,%"'6(*-)F($.'(0)FC%",$%)"()*($.'( \\ <!K?7 (-'#&5$#()- ($.'( #&FF'-(F,##(C,5,"0'( _%$.($.' ('**'0$%3'(-,%"*,55(

,-'(3'-4(#%F%5,-(*)-(T5o,9]8&55(,"6( *) -(/8o5,*'55#<(,"6(\'%",C'-:#9]85,- ($.'( \ \ <!K?7 (-'#&5$#(: %3'(=>w(.%:.'-( 3,5&'#1(

C&$(#%:"%*%0,"$54(.%:.'-(*)-( X-'%^,F'-8&-9]8&551(C4(QQw(e$,C5'(OfM(g.'( #&C:5,0%,5(-'0.,-:' (%#(.%:.54(#',#)",554(3,-%,C5'(455 
,"6(G' ,8#(%"(V&54( ,"6(7&:&#$(e*%:M(=QfM(7"( 'S,FG5'( )*($.'( ' 5' 3, $%) " (6' G' " 6' " 0' () *($. ' (, 3, %5, C5' (#&C:5,0%,5(_ , $' -(%#(

#. ) _ " (%"($,C5'(l M(7#(0,"(C'( 'SG'0$'61($.'-' (%#(F &0. (F ) -' (, 3, %5, C5' (#&C:5,0%,5(_ ,$'- (, $($.'( 5)_'#$('5'3,$%)"()* ($.'(

:5,0%'-#(*)-(C)$.(6, $, (#'$#M(g.'(#&C:5,0%,5(-'0.,-:'( $.&#(3,-%'#(C) $. ($'FG)-,554(,"6(#G,$%,5541(,"6($.'(,3,%5,C5'(6,$,(,"6(

-'#&5$#(,55)_(&#($)(,00)&"$(*)-($.,$M(

) G3">9&'4&9)-&$+%)&I&49&"9+)J::),+&% !"K 
A&$&)#+$) 64:+)D+%4./) E%+4^&:+%_3%`a_399)

J+&#$+%2)D&%$K)
G_b9&C+99#)

cN+42&"+%>#`a_9&%)
Q9b&`a_399 

G3::+%)?&##)E&9&2'+( Q>=><Q>Q=( Pl>>( R>>>( PN>> 
Q>=><Q>=l( Pl>>( R>>>( PN>> 

Q>Q=( Pl>>( RQ>>( R>>> 
NNS18P! )%+#39$#)( Q>=><Q>=l( RR>>( RR>>( PN>> 
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*0D6&' T)'X=0"60D6&'20-&%'51%' ,$%507&'5612'03.',$D#607"06' 20-&%'0=0"60D6&' 8@@'/&0%!"C>'&,-"@0-&.' 5%1@' "C'F$@@&%'@0,,'D06037&'460 
@&0,$%&@&3-,'85"&6.'.0-0>'9;F'[607"161#/'#%1$4C'03. '&55&7-"=&'%0"35066>'""C'OO\9]LX '%&,$6-,'8F7+@".-'&-'06K>'HIHIC'03. '&55&7-"=&'%0"35066>'

51%'&07+'1$-6&-'#607"&%'713,".&%&.K'

'

!"#$%&' ( H)' <13-+6/' @&03'0=0"60D6&'20-&%' "3' -+&' ,$D#607"06' 0%&0' 03. ' "3' -+&' 4%1#607"06'0%&0)' 8"C'93' -+&' ,$D#607"06' 0%&0>'-+&'

=06$&, ' %&,$6-' 5%1@'-+&'&,-"@0-&. ' @&6-' 85%1@' OO\9]LX ' HI(H'4%1M&7-&.'2"-+' -+&'HIH(' -1-06',$@@&%'@0,,'D06037&C'03.' -+&'465 
&55&7-"=&' %0"35066>'$3.&%' !6c0MPE$66'8!6KC' 03.' FEc605&66,\O&"30D&%#,MPE60%'8FK\OKC>' 8""C' 93' -+&' 4%1#607"06' 0%&0>'-+&' =06$&,' 0%&'

0=&%0#&' 1=&%' (WWI\HIH(>' 7067$60-&.' 5%1@'@13-+6/' 4%&7"4"-0-"13' .0-0 ' 85%1@'71@D"3&.'OP53'2&0-+&%' ,-0-"13,C' 03.'@13-+6/'

41-&3-"06' &=041-%03,4"%0-"13' 7067$60-&.' 2"-+' *+1%3-+20"-&' @&-+1.'8*+K>'@13-+6/' ,-03.0%.' .&="0-"13' D&-2&&3'YI' 03.' (WH'

@@C'03.' 2"-+'Q&3@03\<13-&"-+'@&-+1.' 8QK<K>'@13-+6/' ,-03.0%.' .&="0-"13'D&-2&&3'TR' 03.' HH_' @@C̀' *0D6&'T)' ;6&=0-"13\

.&4&3.&3-' ,$D#607"06'0=0"60D6&'20-&%'8@@'/&0%!"C>'&,-"@0-&.'5%1@',$@@&%'@0,,'D06037&,'03.'OO\9]LX '%&,$6-,K';g0@46&'15'470 
13&'/&0%'8HI( I C'51%'13&'#607"&%'8!6c0MPE$66C' -1'#"=&'03'"3,"#+-'"3-1' -+&'=0%"0D"6"-/ '15'-+&',$D#607"06'0=0"60D6&'20-&%'%0-&,'2"-+'

-+&'&6&=0-"13K'

! "#$%&'()##!*)+,#%-.%#!/0-1%/,02!3454!677!80%/!"9 
:#0;%<.=>!67!%?@?#?9 "/=7!@)770/!7%@@!+%#%>-0! "/=7! AA BCDEF!/0@)#<@!

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

6&"9+)Vd) G3">9&'4&9) %+'7&%>+) %&$+#) $.) $7+) &B34C+%#) J::) ,+&%S0K) &''.%/42>) $.) $7+) +9+I&$4.2e) +#$4:&$+/) C%.:)

#3::+%):&##)"&9&2'+#)&2/)NNS18P!)%+#39$#()H;&:D9+).C).2+),+&%)J5Y0YK)C.%).2+)>9&'4+%)JQ9b& à_399K)$.)>4I+)&2)

42#4>7$)42$.)$7+)I&%4&$4.2#).C)$7+)%+'7&%>+)%&$+#)-4$7)$7+)+9+I&$4.2())475 
O(=(5()H#$4:&$+/ )+CC+' $4I +)%&42C&99)42)$7+)D%.>9&'4&9)&%+&(

g.'($)$,5( '**'0$%3'(-,%"*,551(C,#'6()"($.'( I+g(0,50&5,$'6(_%$.($.'( g.)-"$._,% $'(F'$. )6(eg, CM; f1(.,#(%"0-',#'6(C4(=lO(

FF(e*-)F (U;O($)(==R>f(#%"0'(=UU>1(*)55)_%":($.'(G-'0%G%$,$%)"($-'"6(e*%:M(RfM(

!"#$%&'(&%)*+%,*
-./$%&'(&%)*0./1*23,*

!"#$%&'(&%)*!,45, *
-./$%&'(&%)*0./1*-,6,*
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g.'(F)"$.54(3,-%,$%)"( )*($.'( '**'0$%3'( - ,%"*,551(C,#'6( )"($.'( I+g(0,50&5,$'6( *-)F(=UU>($)(Q>Q=1(#.)_#($.,$(#'3'-,5(

F)"$.#( ',0.( 4',-( .,3'( ")( '**'0$%3'( -,%"*,55( ,$( ,55( eI+g( _%$.( g.)-"$._,%$'( F'$.)6d( QvO( F)"$.#1( 3'-4( -,-'54(")"'h(480 
I'"F," <L)"$'%$.(F'$.)6d(=vR(F)"$.#1(3'-4(-,-'54(>1(O()- (;( F )"$.#fM(L)" $.#(_%$.(")('**'0$%3'(-,%"*,55(,-'(F)#$()*($.'(

$%F'(C'$_''"(7G-%5(,"6(7&:&#$M(g.'#'(F)"$.#(.,3'(,"( %"$'-<,""&,5 (,3 '-,:'()*('**'0$%3'(-,%"*,55(ƒ(P>(FFM(g.'(_%"$'- (

F)"$.#1(W0$)C'-($)(L,-0.1(,55(.,3'(,"(,3'-,:'('**'0$%3'(-,%"*,55(‡(=>>(FF1(_%$.(,(F,S%F&F(%"(V,"&,-4(,"6(T'C-&,-4M(

[&$+%)&I&49&"9+)42)$7+)
D%.>9&'4&9)&%+&)J::),+&% !"K)

Q%.:)f H6)'&9'39&$+/)-4$7)
67.%2$7-&4$+):+$7./ )

Q%.:)fH6 )'&9'39&$+/))
-4$7)f+2:&2 S?.2$+4$7):+$7./  

0WWYS5Y0W) 5Y5Y) 5Y50) 0WWYS5Y0W) 5Y5Y) 5Y50 
0Y5Y) 005Y) WYY) WXY) WYY) U=Y 

M2'+%$&42$4+#( tk<(5UY( tk<(=VY 

*0D6&' S)' ;55&7-"=&'%0"35066' 1%'0=0"60D6&' 2 0-&%' 8@@' /&0%!"C' "3' -+&' 4%1#607"06' 0%&0' 8D&-2&&3' -+&' #607"&%o,' -&%@"3$,' 03.' -+&'

710,-6"3&C'51%'D1-+',$%507&'%$3155'03.'%&7+0%#&'-1'-+&'0Z$"5&%,K)485 
!"($.' (G-):5,0%,5(,-',1($.'(%"$'-,""&,5(,3'-,:'(.46-)5):%0 , 5(C,5,"0'(%" ($. ' (G' -%) 6(=UU>vQ>Q=(%#($.'(*)55)_%":d(=OR>(FF(

eu(P=>(FFf()*(G-'0%G%$,$%)"1(OQ>(FF(eu(N>(FFf()*('3,G)$-,"#G%-,$%)"(eC)$.(F'$.)6#(&#'6f1(=>>>(FF( eu(P>>(FFf()*(

_,$'-(,3,%5,C5'(*)-(C)$.(#&-*,0'(-&")**(,"6(*)- (-'0.,-:'( $)($.'(,a&%*'-#M)

T()N,/%.>+.9.>4'&9)'.2'+D$3&9):./+9 ).C)>9&'4+%4Z+/)'&$'7:+2$# (

/$' G(C4(#$'G1($.'(0)FG%5,$%)"()*(,3,%5,C5'(6,$,( ,"6($.'(0)55'0$%)"()*("'_(6,$,(%#(5',6%":($)(,(C'$$'-(&"6'-#$,"6%":()*($.'(490 
-) 5' () *(: -) &" 6_ , $' -(%" ($. ' (_ , $' -(0405' () *(: 5, 0%' -%̀' 6(0, $0. F ' " $#M(!$(%#(" ) _ (G) ##%C5' ($) (a&, " $%*4($. ' (0) F G5' $' (_ , $' -(

C, 5, " 0' (, " 6($. ' (, F ) &" $() *(#&C: 5, 0%, 5(, " 6(G-) : 5, 0%, 5(-' 0. , -: ' ($) ($. ' (, a&%*' -#M((

!"($.'(#&C:5,0%,5(,-',1($. ' (#&C: 5, 0%, 5(-' 0. , -: ' ($) ($. ' (, a&%*' -#(0, " (-' G-' #' " $(O>w() *($. ' (: 5, 0%, 5(F ' 5$1(_ %$. (, (-, " : ' () *(O>w(

e%M' Md(QO<; Ow() *($. ' (: 5, 0%, 5(F ' 5$(_ , $' -fM(g. %#(-, $%) (%#(%" ($. ' () -6' -() *(F , : " %$&6' () *($. ' () " ' (6' 6&0' 6(*-) F (, (Q>=Q<Q>=P(

#&-*, 0' (-&" )**(6,$,(#'$(ê)&" : ('$( ,M1(Q>=OfM(!"($.%#(#$&641(,( l;MP(8F#(0,$0.F'"$( )*($.'( :5 ,0%'-(%#(#$&6%'61(_%$.(6,%54(495 
#&-*,0' (-&")**(F',#&-'F'"$# (%"(,(O>>(F (6) _ " #$-' , F (-%3'-(#)&$.()*(/8o5,*'55#9]8&55M(g.'( #&-*,0'(-&")**(F',#&-'6(,"6(

'S$-,G)5,$'6(e*)-(6,4#(_%$.)&$(6,$,f1($. , $($. ' 4() C$, %" ' 61(,00)&"$#(*)-(O>(w(eu(=>wf()*($.'( 3)5&F'()*(%0'(F'5$(6&-%": ($.'(

#,F'(G'-%)6M(

X'$_''"($.'(:5,0%'-( $'-F%"&#(,"6($.'(0),#$5%"'(e%M'Md(!" ($.' (G-):5,0%,5(,-',f1($)(a&,"$%*4($.'(-'0.,-:'($)($.'(,a&%*'-#(_'(

.,3'(")_($.'(F,S%F&F(G)##%C5'(,F) &"$(e%M'Md(g.'('**'0$%3'(-,%"*,55fM(7 #($. ' (*%-#$(,GG-) S%F,$%)"1($.'(#0,5%":(0)'**%0%'"$(500 
)*(>MO(e_%$.(,(-,":'()*(>MQO($)(>M;Of(%#(,GG5%'6($)($.'( ' **'0$%3'(-,%"*,55M(g.,$(%#(C,#'6()"(*%'56()C#'-3,$%)"#(e%FG)-$,"$(

#&-*,0'( -&")**f1( ,"6( %"( $.'( ,C#'"0'( )*( #&-*,0'( *5)_( -'0)-6 #( ,55)_%":( ,(F)-'( ,00&-,$'( '#$%F,$%)"(e$,C5'(NfM(g.'(

%"$'-,""&,5(,3'-,:'(.46-)5):%0(C,5,"0'( %"(=UU>vQ>Q=()"($.' (G-):5,0%,5(,-',(0,"($.&#(C'(6'$,%5'6(,#($.'(*)55)_%":d(=OR>(

FF (eu(P=>(FFf()*(G-'0%G%$,$%)"1(OQ>(FF(eu(N>(FFf()*('3,G)$-,"#G%-,$%)"(eC)$.(F'$.)6#(&#'6f1(O>>(F F(eu(=O>(FFf(

)*(-&")**(,"6( O>>(FF( eu(=O>(FFf()*(-'0. ,-:'( $)($.'(,a&%*'-#M(505 
g.'( #&C:5,0%,5(-'0.,-:'(-,$' (%#(' #$%F , $' 6(C, #' 6() " (, 3, %5, C5' (6, $, ($) (C' ()" (,3'-,:'(Q>>>(FF(4',- )! (,"6(%"($.'(G-):5,0%,5(

,-', (O>>(FF(4',- )! (e$,C5'(NfM(g.&#1()&-('#$%F,$'#(%"6%0,$'($.,$($.'( #&C:5,0%,5(-'0.,-:'( %#(,C)&$(R($%F'#(.%:.'-($.,"($.'(

)"'( )"( $.' (G-):5,0%,5(,-', 1( _.%0.( %#( 0)"#%#$'"$( _%$.( #$&6%'#( 05,%F%":( ,( .%:.( -'0.,-:'()* ($.'( $%55( ,"6( :5,0%)<*5&3%,5(

6'G)#%$#( ,a&%*'-( C4( $.'( F'5$%":( )*( $.'( :5,0%'-#(e/%:&-̂ ##)"1( =UU>h( ‰%,":('$( ,5M1(Q>=lf( _.%5'( )**'-%":( ,66%$%)",5(

a&,"$%$,$%3'( 0)FG,-%#)"M(T)55)_%":( $.'( G,$$'-"#()*( $.'( ,3,%5,C5'( _,$'-( *)-( C)$.( #&C:5,0%,5( -&")**( ,"6( :-)&"6_,$'-(510 
-'0.,-:'(e#''( *%:M(=Q(,"6( $,C5'(l f1($.'( #&C: 5, 0%, 5(-'0.,-:' (%#(.%:.54(#',#)",554(3,-%,C5'(e*%: M(=QfM(!$(%#(F&0.(.%:.'-(&"6'-(

$.'(5)_'#$('5'3,$%)"()*($.'(:5, 0%'-#(e$,C5'(l fM(

(



 

21 

G'&942>)
'.+CC4'4+2$)

&DD94+/(

(
G3">9&'4&9)%+'7&%>+)J::),+&%!"K 

( Q%.:)G3::+%)?&##)E&9&2'+) Q%.:)NNS18P! )%+#39$#) 
( Q>=><Q>Q=( Q>=><Q>=l( Q>Q=( Q>=><Q>=l 

QOw( =>>>( =>>>( =>>>( ==>> 
TYg ) 0WYY) 0WYY) 5YYY) 50YY 
;Ow( QU>>( QU>>( P=>>( PQ>> 

( P+'7&%>+)42)$7+)D%.>9&'4&9)&%+&)"+$-++2)$7+)>9&'4+%h#)$+%:423#)&2/)$7+)'.&#$942+)J::),+&%!"K 
Q%.:)f H6)'&9'()-4$7)67.%2$7-&4$+):+$7./) Q%.:)f H6)'&9'()-4$7)f+2:&2 S?.2$7+4$7)

: +$7./ )

0WWYS5Y0W) 5Y5Y) 5Y50) 0WWYS5Y0W) 5Y5Y) 5Y50 
QOw( Ql>( QN>( QQ>( Pl>( QQ>( Q=> 
TYg ) T0Y) TVY) OTY) OUY) OTY) O0Y 
;Ow( ; l> ( NR>( l ;> ( ;P>( l;> ( lQ> 

* 0D6&' _)' L&7+0%#&' -1' -+&' 0Z$"5&%,' 8@@' /&0%!"C' "3' -+&' 4%1#607"06' 0%&0' 8D&-2&&3' -+&' #607"&%,' -&%@"3$,' 03.' -+&' 710,-6"3&C>'

&,-"@0-&.'5%1@'-+&'&55&7-"=&'%0"35066>'03.'"3'-+&',$D#607"06'0%&0>'&,-"@0-&.'5%1@'"C'5%1@',$@@&%'@0,,'D06037&,'85"&6.'.0-0>'9;F'515 
[607"161#/'#%1$4C'03. '&55&7-"=&'%0"35066>'""C'5%1@'OO\9]LX '%&,$6-,'8F7+@".-'&-'06K>'HIHIC'03. '&55&7-"=&'%0"35066K'7067K)'7067$60-&.K'

g.' (0)"0'G$&,5( F)6'5( )*( $.'( :-)&"6_,$'-( 64",F%0#(0. , -, 0$' -%#$%0#(%"( :5,0%'-%` '6( 0,$0.F ' "$#(6' -%3' 6(*-)F( ,55($.'(

,",54`'6 (6,$,(%#(G-'#'"$'6( %" (*%:&-'( =PM(7( :5,0%'-(_%$.(0-'3,##'#( ,"6(F)&5%"#($. , $(G-) 3%6' (G, $. _ , 4#(*) -($. ' (#&-*, 0' (

F ' 5$_ , $' -($) ($. ' (#&C: 5, 0%, 5(_ , $' -(#4#$' F (%#(G-'#'"$'61(,5)":(_%$.($.'($_)(:')5):%0,5(*)-F,$%)"#(&"6'-54%":(%$(,"6(%"(%$#(

*-)"$d(g.'($%55(,"6(:5,0%)<*5&3%,5(6'G)#%$#(,"6($.'(C,#,5$(*)-F,$%)"M(g.'(,3'-,:'(0.,-,0$'-%#$%0#()*($.'(. 46-) :')5):%0,5(520 
*)-F,$%)"#( ,-'( 6'#0-%C'6( ,5)":(_%$.($.'%-(#G,$%,5(3,-%,C%5%$4(e$.%08"'##1(.46-,&5%0(0)"6&0$%3%$41(#G'0%*%0(4%'56f(, " 6k)-(

#',#)",5 (3,-%,C%5%$4(e$'FG'-,$&-'1('5'0$-%0,5(0)"6&0$%3%$4fM(g.'(#&C:5,0%,5(-'0.,-:'( ,"6(-'0.,-:'( %"($.'( G-):5, 0%,5(,-', (

,-'( a&,"$%*%'6( ,"6( $.'%-( F)"$.54( 3,-%,C%5%$4(%#(#. ) _ " (%" ($. ' (C) $$) F (:-,G.# () *(*%: &-' (=PM( g.'( :-)&"6_,$'-( *5) _ (%#(

%"6%0, $' 6( _ %$. ( ,-- )_#M(g.'( _,$'-( '"$'-# ( $.'( C,#%"( ,#( G-'0%G%$,$%)"#1( %FF'6%,$'54( 9)%"%":( $.'( .46-)5):%0( ,"6(

.46-):')5):%0,5( #4#$'F( %*( -,%"*,551( )-( 9)%"%":( %$( 6'5,4'6( $.-)&:.( F'5$'6( #")_( ,"6( F'5$'6( %0'M(X)$.( $.'( #&-*,0'( ,"6(525 
:-)&"6_,$'-(*5)_ #(,-'($)_,-6#($.'(0),#$M(+S0.,":'#( C'$_''"($.'(#&C:5,0%,5(.46-)5):4("'$_)-8(,"6($.'($%55(,"6(:5,0%)<

*5&3%,5( ,a&%*'-( )00&-1( ,#( _'55( ,#( C'$_''"( $.'( #&-*,0'( .46-)5):4( "'$_)-8( ,"6( $.'( $%55( ,"6( :5,0%)<*5&3%,5( ,a&%*'-M(

m)_"_,-6(e-'0.,-:'f( ,"6(,5#)(&G_,-6( e5',8,:'f( 'S0.,":'#()00&-(C'$_''"($.' ($%55#(,"6(:5,0%)<*5&3%,5(,a&%*'-(,"6($.'(

C,#,5$(,a&%*'-M(



 

22 

(530 
!"#$%&' ( Y)' ]137&4-$06'@1.&6'15'-+&'#%1$3.20-&%' ./30@"7'"3'#607"&%"f &.' 70-7+@&3-,' ,$7+'0,' -+1,&'1D,&%=&.'0-' !6c0MPE$66>'

O&"30D&%#,MPE$66'03. 'FEc605&66,MPE$66K'*+&'@1.&6'",'D0,&.'13'066'-+&'.0-0'4%&,&3-&.'"3'-+",'404&%K'X'#607"&%'",'0-'-+&'+&0.' 15'

-+&'70-7+@&3-'0613#'2"-+'-+&'-21'#&161#"706'51%@0-"13,'$3.&%6/"3#'"-'03.'"3'"-,'5%13-)'* +&'-"66'03.'#607"1\56$="06'.&41,"-,'03.'

-+&'D0,06-'51%@0-"13K'X=&%0#&'7+0%07-&%",-"7,'15'-+&'+/ . %1#&161#"706'51%@0-"13, ' 0%&'.&,7%"D&.'0613#'2"-+'-+&"%',40-"06'8&>' j >'

F#C'03. ',&0,1306'8*>';]C '=0%"0D"6"-/'0,'2&66'0,'%&7+0%#&'%0-&,'8,$D#607"06'03.'13'-+&'4%1#607"06'0%&0C'0613#'2"-+'-+&"%'@13-+6/'535 
=0%"0D"6"-/K'X%%12,'&g4%&,,'-+&'#%1$3.20-&%'./30@"7K'F$D#6K)',$D#607"06`'2K)'20-&%`',$%5K)',$%507&`'#%1$3.2K)'#%1$3.20-&%`'

#6K56K'.K)'#607"1\56$="06'.&41,"-,K(

V()8.2'93#4.2 (

g.,"8#( $)( $. ' ("'_( 6,$,( #'$ #(G-' #' "$' 6(%" ($. %#(G, G' -1( ,0a&%-'6( ")$,C54( ,C)&$( $.'( :-)&"6_,$'-( 0)FG,-$F'"$1(, "6($. ' %-(

, " , 54#%#(%$(_,#(G)##%C5'($)(6'#%:"(,("'_(0)"0'G$&,5(F)6'5()*(:5,0%)<.46-):')5):%0,5(C'.,3%)-(%"(:5,0%'-%`'6(0,$0.F'"$#M(540 
b'(.,3'(%6'"$%*%'6($_) (6%**'-'"$(,a&%*'-#1()" '(%"($.'($%55(,"6(:5,0%)<*5&3%,5(6'G)#%$#(,"6()"'(%"($.'(C,#,5$#1(_%$.(6%**'-'"$(

.46-)64",F%0(C'.,3%)-#1(&#%":( $.'( :')5):%0,5( F,G1( ,"6( $.'(F',#&-'F'"$#( %"( $.'( C)-'.)5'#( )*( $.'( "'_( )C#'-3,$%)"(

"'$_)-8('#$,C5%#.'6M(T)-($.'($%55(,"6(:5,0%)<*5&3%,5(6'G)#%$#(,a&%*'-1(_'('#$%F,$'6(,(.46-,&5%0(:-,6%'"$()*(R($)(Ok=>>>1(,"6(

*-)F(P($)(P>k=>>>(*)-($.'(C,#,5$(,a&%*'-M(X4($.'(C)-'.)5'(TB7R (05)#'#$($)($.'(:5, 0%'-p#($'-F%"&#1(_.'"($.'(_,$'-(5'3'5(%"(

$.'($%55(,"6(:5,0%)<*5&3%,5(6'G)#%$#(,a&%*'-(%#(5)_'-($.,"($.'(G%'`)F'$-%0(5'3'5(%"($.'(C,#,5$(,a&%*'-1(,(3'- $%0,5(&G_,-6(5',8,:' (545 
*-)F($.'(C,#,5$(,a&%*'-($,8'#(G5,0'M(

b '(.,3'(0,50&5,$'6($.'(.46-,&5%0(0)"6&0$%3%$%'#(,"6(#G'0%*%0(4%'56#()* (C)$.(,a&%*'-#(*-)F(*%'56(F',#&-'F'"$#d(%f(g%55(,"6(

:5,0%)<*5&3%,5(6'G)#%$#d("$" (€RMO+<l vPM;+<O•(F(#)! 1(##(" (€>M>=v>M=Q•h(%%f(X,#,5$(,a&%*'-d(" (" (€=+<=>vRMU+<l •(F(#)! 1(##(" (

€>M>Qv>M==•M(g.'#' (0)FG,-'( _'55(_%$.($.'(3,5&'#('S$-,0$'6(*-)F($.'(#0%'"$%*%0(5%$'-,$&-'(e*%:M(==(,"6($,C5'(; fM(T)-($.'( " (



 

23 

)* ($.'( C,#,5$(,a&%*'-1(%$(%#(,(F&0.( ",-- )_'-(-,":'($.,"(%"($.'(5%$'-,$&-'1(. ) _'3'- 1($.'(3, 5&'#(_'(.,3'(:,$.'-' 6(,-'(")$ (550 
#&**%0%'"$($)(6'$'-F%"' ($.' (#G,$%,5(3,-%,C%5%$4M(

b'(.,3'()C$,%"'6(, (0)FG-'.'"#%3'(_,$'-(C,5,"0'( *)-($.'(_ .)5'(: 5,0%'-%̀'6(0,$0.F '"$1(*-)F ($.'('#$%F,$%)"()*($.'(_,$'-(

,3,%5,C5'( *)-( #&-*,0'( -&")**( ,"6( -'0.,-:' ( )* ($.'( ,a&%*'-(#4#$'F( C)$.(&"6'-( $.'( :5,0%'-( ,"6(%"( $.' (G-):5,0%,5( ,-',M(

?'0.,-:'( &"6'-( $.'( :5,0%'-( %#( ' #$%F , $'6($) (C' ( , C) &$(R( $%F'#( .%:.'-( $.,"( $.'( )"'( )"( $.' (G-):5,0%,5( ,-',1( _.%0.( %#(

0)"#%#$'"$( _%$.( #$&6%'#( 05,%F%":( ,(.%:.( -'0.,-:'( )* ($.'( $%55( ,"6(:5,0%)<*5&3%,5(6'G)#%$#(,a&%*'-(C4($.'(F'5$%":()*( $.'(555 
:5,0%'-#M(g.'(#&C:5,0%,5(-'0.,-:'( ., #(,(5,-: ' (#',#)",5( 3,-%,C%5%$4(e*)-(Q>Q=(F,S%F&F(%"(V&54(,"6(7&:&#$(,C)&$(RN>(FF(

F)"$. )! 1(,"6(F%"%F&F(%"(7G-%5( ,"6(E)3'FC'-1(,C)&$(N>(FF( F)"$. )! f(,"6( _%$.($.'('5'3,$%)"(e.%:.'#$( ,$($.'(5)_'#$(

:5,0%'-('5'3,$%)"(PR>>(FF(4',-)! (%"(Q>=>1(5)_'#$(,$($.'(.%:.'#$('5'3,$%)"d(5'##($.,"(=>>>(FF(4',-)! (%"(Q>=>fM(

/'3'-,5( &"8" )_"#( -'F,%"d(=f(g.'( #,$&-,$%)"( )*( $.'( $%55(,"6( :5, 0%)<*5&3%,5( 6'G)#%$#(,"6( C,#,5$(*)-F,$%)"#( &"6'-( $.'(

:5,0%'-M(Qf(g.' (G-'#'"0'()*( , (05,4(5,4'-()-(0)FG,0$'6($%55(C'$_''"( $.'(#&C:5,0%,5($%55(,"6($.'(C,#,5$() " ($. ' (#&C: 5, 0%, 5(, -' , 1(560 
,"6( C'$_''"($.' ($%55(,"6(:5,0%)<*5&3%,5(6'G)#%$#(,"6($.'(C,#,5$(*)-F,$%)"()"( $.'(G-): 5,0%,5(,-',1(%#($)(C'(0)"*%-F'6M(!$(

_)&56( 'SG5,%"($.'(#'G,-,$%)"( )*($.'($_)(,a&%*'-#(,"6($.'(0)"*%"'6(0.,-,0$'-( e'3' "( , -$'#%,"( )"'f( )*($.'(C,#,5$( ,a&%*'-(

)C#'-3'6 (%"(#)F'(5)0,$%)"#M(Pf(g.' (0) " " ' 0$%) " () *($. ' (6%#0. , -: ' (%" ($. ' (, a&%*' -#(_%$.($.'() 0' , " 1(_'('SG'0$($.,$(#)F'(*-'#.(

:-)& "6_,$'-(* -) F($.'($%55(,"6(:5,0%)<*5&3%,5(6'G)#%$#(%#(*5)_%":(%"$)($.'( ) 0' , " 1(*)-(_.%0.(,(.46-):')5 ):%0,5("&F '-%0, 5(

F)6'5(%#(-'a&%-'6($)(0,50&5,$'(," ('#$%F,$'()*($.'( :-)&"6_,$'- (*5&S($)($.'(#', M(7(" &F ' -%0, 5(F)6'5(_)&56(,5#)(.'5G($)($'#$(565 
$.'(.4G)$.'#%#()*(,(#5%:.$(#',_,$'-(%"$-&#%)"(%"($.'(C,#,5$(,a&%*'-M(

b'(,-'( $.&#(6'3'5)G%":("&F'-%0,5(.46-):')5):%0,5(F)6'5#($.,$(_%55(,55)_(*&-$.'-(,##'##F'"$#()*($.'(&"8")_"#M(L,"&,5(

," 6(,&$)F,$%0(:-)&"6_,$'-(5'3'5(F',#&-'F'"$#( ,-' ($)(C'(0)"$%"&'6(*)-(#'3'-,5(4',-#M(+3'"$&,5541($)(*&-$.'-('SG5)-'($.'(

G)$'"$%,5( *''6C,08( )*($.'( :-)&"6_,$'-( #4#$'F( )" ($.'( :5,0%'-(64",F%0#1( ,(0)&G5%":( )*( ,(:5,0%)5):%0,5(F)6'5(,"6($.'(

.46-):')5):%0,5(F)6'5( _)&56(C'("'0'##,-4M(570 
7#( 6'F)"#$- ,$'61( #&C:5,0%,5( -'0.,-:'( $)( ,a&%*'-#(%#( #%:"%*%0,"$(*)-( _,-F <C,#'6( :5,0%'-#( 54%":( )"( #'6%F'"$#( ,"6k)-(

*-,0$&-'6(C'6-)08M(!$(%#($.&#(%FG)-$,"$($)(%"05&6'($. ' (:-)& " 6_,$'-(0)FG) " ' " $($)('3,5&,$' (,00&-,$'54($.'(_ ,$'- (C,5,"0'()*(

:5,0%'-%`'6(0,$0.F'"$#(, " 6($) (' 3, 5&, $' ($. ' (%F G, 0$() *(: 5, 0%' -(F ' 5$%" : (&" 6' -(05%F , $%0(0. , " : ' ($) (" , $&-, 5(. , ` , -6(#&0. (, #(

5, " 6#5%6' #1(*5) ) 6#1() -(#' 3' -' (6-) &: . $#M(

(575 
A&$&)&I&49&"494$,)755("'_(6,$,(,0a&%-'6(*)-($.%#(G,G'-(,"6(6'#0-%C'6(%"(#'0$%)"(R(,-' ()G'"54(,3,%5,C5'1(_%$.)&$(,"4(

-'#$-%0$%)"#(,"6(,5)":(_%$.($.'(,##)0%,$'6(F'$,6,$,()"(j'")6) (-'G)#%$)-4d(/5&:g'#$#(m,$,d(

.$$G#dkk`'")6)M)-:k-'0)-6k;;=lO>;h(!0'7a(A-)&"6_,$'-(\)&-54(m,$,d( .$$G#dkk`'")6)M)-:k-'0)-6k;;=lROPh(!0'7a(

A-)&"6_,$ '-(L)"$.54(L,"&,5(m,$,d( .$$G#dkk`'")6)M)-:k-'0)-6k;;=lPlQM 
)580 
!3$7.%#)'.2$%4"3$4.2)7c( 6'3%#'6($.'(G-)9'0$M(7c( G5,""'6($.'( *%'56(_)-8(,"6(0,--%'6(%$()&$(,5)":(_%$.(Km1(WT1(/c1(A7(

,"6 (/AM(V\(G-)3%6'6(6,$,(*-)F(*%'56(_)-8(0,--%'6()&$(%"(Q>=Q<Q>=PM(TI(G-)3%6'6(#&FF'-(F,##(C,5,"0'(6,$,M(7c1(Km(

,"6( WT($-',$'6( $.'( 6,$,M( 7c1( /c1( A71( Km( ,"6( WT( 0)"$-%C&$'6( $)( $.'( %"$'-G-'$,$%)"( )*( $.'( -'#&5$#M(7c( _-)$'( $.'(

F,"&#0-%G$(_%$.(#&GG)-$(*-)F(/c(,"6( 0-%$%0,5(*''6C,08#(*-)F (,55(,&$.)-#M 
 585 
Q32/42>) !0'7a ( G-)9'0$( .,#( -'0'%3'6( *&"6%":( *-)F($.'( +&-)G',"( 2"%)"p#( \)-%`)"( Q>Q>( -'#',-0.( ,"6( %"")3,$%)"(

G-):-,F (&"6' -($.'( L,-%'( /8Š)6)_#8, <K&-%'(:-,"$( ,:-''F'"$( " +(UO=;PQM(+S$-,(#&GG)-$(_,#( -'0'%3'6(*-)F (K,FG&#(

T-,"0'(I\K( V&5'#(c'-"'(*&"6%" :(eT-'"0. <!0'5,"6%0(G,-$"'-#.%G1(,:-''F'"$("sRNPP>/B f(,"6( $_)(+-,#F&#t (:-,"$#M(

(

https://zenodo.org/record/7716507
https://zenodo.org/record/7716453
https://zenodo.org/record/7716362


 

24 

!'_2.-9+/>+:+2$# (L%0.,'5( I'$$'-##)" (*)-( *%'56( _)-8( ,##%#$,"0'(*-)F( L,4( Q>Q=( $)( /'G$'FC'-( Q>QQ1(\,&8&-( !":%(590 
+%",-##)"(*-)F(A5,0%'-(763'"$&-'(%"( \,5%(*)-( .%#(.'5G(_%$.($.'( :-)&"6_,$'-(5'3'5(6,$,( ,0a&%#%$%)"1(L,&6( X'-",$ (*)-(

*%'56( ,##%#$,"0'( %"( V&"'( Q>QQ1(,"6( #'3'-,5( *,-F'-#( *)-( ,00'##( $)( $.'%-( 5,"6A(g. ' ( , &$. ) -#( ,08")_5'6:' ( K. -%#$) G. ' (

K&6' " " ' 01( ‰&':,)( K.'" 1( ,"6( ,")"4F)&# ( -'3 %' _'-#( *)-( $.'%-(0)"#$-&0$%3'( 0)FF'"$#( )"( G-' 3%)&#( 3'-#%)" ( )*( $.'(

F,"&#0-%G$M(

P+C+%+2'+#(595 
7^,5:'%-#6i$$%-1(AM1(L,:"[##)"1(+M1(Io5##)"1(TM1(g.)-#$'%"##)"1(gM1(X'5,-$1(VM(LM(KM1(Vi.,""'##)"1(gM1(\,""'#6i$$%-1(\M1(

/%:&-^##)"1( WM1( A&"",-##)"1(7M1( +%",-##)"1( XM1( X'-$.%'-1( +M1( /0.F%6$1( BM( /M1( \,-,56##)"1( \M( \M1( ,"6( X9]-"##)"1( \Md(

A5,0%'-( K.,":'#( %"( !0'5,"6( T-)F( ! =NU>( $)( Q>=U1( T-)"$M( +,-$.( /0%M1( N1( OQPlRl1(

.$$G#dkk6)%M)-:k=>MPPNUk*',-$MQ>Q>MOQPlRl1(Q>Q>M(

7")"d(I4$.)"1(Q>QQM(600 
7")"d(W?=Q>NNMG6*M(

7")"d(GMQl(/&FF,-4()*(/&-*,0'(F',#&-'F'"$()*(G'-F',C%5%$4(_%$.(A&'5G.(G'-F',F'$'-d(gW(/++(!E(m+g7!B/‹nn(

7 -",56#1(ŒMd(/)%5(/&-3'4(,"6(m,$,C, #'#(%"(!0'5,"61(+&-M(/)%5(X&-M(?'#M(?'G1(U=vUl1(=UUUM(

7-",56#1(WMd(g.'(/)%5#()*(!0'5,"61(/G-%":'-(E'$.'-5,"6#1(m)-6-'0.$1(=UP(GGM1(.$$G#dkk6)%M)-:k=>M=>>;kU;N<UR<>=;<UlQ=<

; 1(Q>=OM(605 
7-"i-##)"1( /Md( A')$.'-F,5( #4#$'F#( %"( !0'5,"6d( /$-&0$&-'( ,"6( 0)"0'G$&,5( F)6'5#• !M( \%:.<$'FG'-,$&-'( ,-',#1(

A')$.'-F%0#1(QR1(Ol=vl>Q1(.$$G#dkk6)%M)-:k=>M=>=lk>P;O<lO>OeUOf>>>QO<U1(=UUOM(

X'":$##)"1(BM1(7"6-,'1(2M1(7#G'5%'"1(gM1(X,$-,81( M̂1(K,53)1(VM1(6'(?))41(bM1(A5''#)"1(+M1(\,"#'"</,##1(XM1(\)F5'%61(LM1(

\)-$,51(LM1(!3,-##)"1(YM<!M1(B'"6'-%"81(AM1(E%'F'5Ž1(/M1(E%'5#'"1(YM(IM1(W"35''1(VM1(?)"$&1(BM1(/,F&'5##)"1(IM1(L&•)`1(mM(

/M1(/&C%,#1(7M1(g%9F1(/M1(g)551(cM1( ,̂":1(‰M1(,"6(Y•5$`)_1(LM(‘Md(g.'(\7?LWE!+v7?WL+(L)6'5(K)"*%:&-,$%)"(%"($.'(610 
7B7m!E v\!?B7L( EbI( /4#$'F1( L)"$.54( b',$.'-( ?'3%'_1( =RO1( =U=U v=UPO1(.$$G#dkk6)%M)-:k=>M==;OkLb?<m<=l <

>R=;M=1(Q>=;M(

X9]-"##)"1(\Md(g.'(:5,0%'-#()*(!0'5,"61(7$5,"$%#(I-'##1(7F#$'-6,F(eE'$.'-5,"6#f1(l=P(GGM1(Q>=;M(

X9]-"##)"1(\M(,"6(Io5##)"1(TMd(!0'5,"6%0(:5,0%'-#1(V]8&551(ON1(PlOvPNl1(Q>>NM(

X9]-"##)"1( \M( ,"6( Io5##)"1(TMd( ?,6%)<'0.)( #)&"6%":#( )"( !0'5,"6%0( $'FG'-,$'( :5,0%'-#d( .%#$)-4( )*( $'0."%a&'#( ,"6(615 
*%"6%":#1(7""M(A5,0%)5M1(=v=>1(.$$G#dkk6)%M)-:k=>M=>=;k,):MQ>Q>M=>1(Q>Q>M(

X9]-"##)"1( \M1( I,5##)"1( TM1( A&6F&"6##)"1( LM( gM1( ,"6( \,-,56##)"1( \M( \Md( L,##( C,5,"0'( )*( _'#$'-"( ,"6( ")-$.'-" (

c,$",9]8&551(!0'5,"61(=UU=<=UUOM1(V]8&551(RO1(POvPN1(=UUNM(

X9]-"##)"1( \M1( Io5##)"1( TM1( A&6F&"6##)"1( /M1( L,:"[##)"1( +M1( 76,5:'%-#6i$$%-1( AM1( Vi.,""'##)"1( gM1( X'-$.%'-1( +M1(

/%:&-6##)"1(WM1(,"6(g.)-#$'%"##)"1(gMd(K)"$-%C&$%)"()*(!0'5,"6%0(%0'(0,G#($)(#',(5'3'5(-%#'d(g-'"6#(,"6(3,-%,C%5%$4(#%"0'(620 
$.'( B%$$5'( !0'( 7:'d( L7//( BW//( T?WL( !K+B7Em!K( !K+( K7I/1( A')G.4#%0,5( ?'#',-0.( B'$$'-#1( R>1( =ORlv=OO>1(

.$$G#dkk6)%M)-:k=>M=>>Qk:-5MO>Q;N1(Q>=PM(

X):,6i $$%-1( \M1( X)&5$)"1( AM( /M1( giF,##)"1( \M1( ,"6( g.)-#1( YMd( g.'( #$-&0$&-'( )*( $.'( #'6%F'"$#( C'"',$.(

X-'%^,F'-8&-#,"6&-(,"6($.'(*)-F()*($.'(&"6'-54%":(C'6-)08M1(%"d(!0'5,"6(K),#$,5(,"6(?%3'-(/4FG)#%&FM(I-)0''6%":#M1(

?'489,3’81(QUOvP>P1(=UNlM(625 
X)&5$)"1(AM(/M1(\,--%#1(IM1(,"6(V,-3%#1(VMd(/$-,$%:-,G.4(,"6(#$-&0$&-'() *(,(0),#$,5(#'6%F'"$(_'6:'()*(:5,0%,5()-%:%"(%"*'--'6(

*-)F(#G,-8'-(F',#&-'F'"$#(%"(:5,0%,5(B,8'(V]8&5#o-5i"(%"(#)&$.',#$'-"(!0'5,"61(V]8&551(P;vR;1(=UNQM(

X)&_'-1(\M(,"6(?%0'1(?M(KMd(7(#5&:($'#$(*)-(6'$'-F%"%":(.46-,&5%0(0)"6&0$%3%$4()*(&"0)"*%"'6(,a&%*'-#(_%$.(0)FG5'$'54(

)-(G,-$%,554(G'"'$-,$%":(_'55#1(b,$'-(?'#)&-M(?'#M1(=Q1(RQPvRQN1(.$$G#dkk6)%M)-:k=>M=>QUkb?>=Q%>>PG>>RQP1(=U;lM(

https://doi.org/10.3389/feart.2020.523646
https://doi.org/10.1007/978-94-017-9621-7
https://doi.org/10.1007/978-94-017-9621-7
https://doi.org/10.1016/0375-6505(95)00025-9
https://doi.org/10.1175/MWR-D-16-0417.1
https://doi.org/10.1175/MWR-D-16-0417.1
https://doi.org/10.1017/aog.2020.10
https://doi.org/10.1002/grl.50278
https://doi.org/10.1029/WR012i003p00423


 

25 

X&'5'-1(+M(,"6(X-)_"1(VMd(/.,55)_(#.'5*( ,GG-)S%F,$%)"(,#(,(„#5%6%":(5,_…(%"(,($.'-F)F'0.,"%0,554(0)&G5'6(%0'(#.''$(630 
F)6'51(VM(A')G.4#M(?'#M1(==R1(T>P>>N1(.$$G#dkk6)%M)-:k=>M=>QUkQ>>NVT>>==;U1(Q>>UM(

X&-0.,-6$1( /M1( g,""'-1( mM( KM1( g-)551( cM( ?M1( Y-&FC.)5`1( LM1( ,"6( A&#$,*##)"1( BM( +Md( g.-''<6%F'"#%)",5( :')F'$-4( )*(

0)"0'"$-%0( %"$-&#%3'( #.''$( #_,-F#( %"( $.'( A'%$,*'55( ,"6( $.'( m4-*9]55( 3)50,")'#1( ',#$'-"( !0'5,"6d( %"05%"'6( #.''$#( %"(

!0'5,"6%0( 3)50,")'#1( A')0.'F%#$-41( A')G.4#%0#1( A')#4#$'F#1( =Q1( "k,<"k,1(.$$G#dkk6)%M)-:k=>M=>QUkQ>==AK>>POQ;1(

Q>==M(635 
K):5'41(VM(AM1(\)081(?M1(?,#F&##'"1(BM(7M1(7-'"6$1(7M(7M1(X,&6'-1(7M1(Y,#'-1(AM1(L]55'-1(LM1(E%0.)5#)"1(BM1(,"6(j'FG1(

LMd( A5)##,-4( )*( A5,0%'-( L,##( X,5,"0'( ,"6( ?'5,$'6( g'-F#1( I)5,-( ?'0)-61( RN1( ==R1(

.$$G#dkk6)%M)-:k=>M=>=;k/>>PQQR;R==>>>N>O1(Q>==M(

K))G'-1(?M(VM1(b,6.,F1(VM(BM1(g-,"$'-1(LM1(\)6:8%"#1(?M1(,"6(I'$'-#1(EM(+Md(A-)&"6_,$'-(.46-)0.'F%#$-4(%"($.'(,0$%3'(

5,4'-( )*( $.' ( G-):5,0%,5( `)"'1( T%"#$'-_,56'-C-''"1( /3,5C,-61( V)&-",5( )*( \46-)5):41( QlU1( Q>NvQQP1(640 
.$$G#dkk6)%M)-:k=>M=>=lk/>>QQ<=lURe>Qf>>Q;U<Q1(Q>>QM(

K-)0.'$1( IM1(Vi.,""'##)"1(gM1(Vi"##)"1(gM1( /%:&-^##)"1(WM1(X9]-"##)"1( \M1( Io5##)"1(TM1( ,"6(X,-#$,61( !Md(+#$%F,$%":($.'(

/G,$%,5( m%#$-%C&$%)"( )*( I-'0%G%$,$%)"( %"( !0'5,"6( 2#%":( ,( B%"',-( L)6'5( )*( W-):-,G.%0( I-'0%G%$,$%)"1( V)&-",5( )*(

\46-)F'$')-)5):41(N1(=QNOv=P>l1(.$$G#dkk6)%M)-:k=>M==;OkQ>>;V\L;UOM=1(Q>>;M(

K-)#C%'1(?M(/M1(X%""%":1(IM1(,"6(Y,5F,1(VM(mMd(7($%F'(#'-%'#(,GG-),0.($)(%"*'--%":(:-)&"6_,$'-(-'0.,-:'(&#%":($.'(_,$'-(645 
$,C5'( *5&0$&,$%)"( F'$.)6d( !ET+??!EA( A?W2Emb7g+?( ?+K\7?A+1( b,$'-( ?'#)&-M( ?'#M1( R=1(

.$$G#dkk6)%M)-:k=>M=>QUkQ>>Rb?>>P>;;1(Q>>OM(

K&**'41(YM1(I,$'-#)"1(bM/MXMd(g.'(G.4#%0#()*(:5,0%'-#1(R'( ('6M('6M(X&$$'-_)-$.k+5#'3%'-1(X&-5%":$)"1(Q>=>M(

m'&'-5%":1(YM(LM1(L,-$%"1(VM(XM1(L,-$%"1(+M(+M1(,"6(/0-%C"'-1(KM(7Md(\46-)5):%0('S0.,":'(,"6(0.'F%0,5(_',$.'-%":(%"(,(

G-):5,0%,5( _,$'-#.'6( "',-( Y,":'-5&##& ,a1( _'#$( A-''"5,"61( V)&-",5( )*( \46-)5):41( OOl1( QQ>vQPQ1(650 
.$$G#dkk6)%M)-:k=>M=>=lk9M9.46-)5MQ>=;M==M>>Q1(Q>=NM(

m)0.,-$,%:.1(XM(DM(ŒM1(L,0m)",561(7M(LM1(b%5#)"1(I M1(,"6(X)"#)-1(\M(KMd(A-)&"6_,$'-(%"3'#$%:,$%)"#(,$(c%-8%#9“8&551(

!0'5,"6d(m,$,(?'G)-$(Q>=Q1(X-%$%#.(A')5):%0,5(/&-3'41(OQ(GGM1(Q>=QM(

m)0.,-$,%:.1(XM(DM(ŒM1(L,0m)",561(7M(LM1(X5,081(7M(?M1(+3'-'#$1(VM1(b%5#)"1(IM1(m,-5%":1(bM(AM1(V)"'#1(BM1(,"6(?,%"'#1(

LMd( A-)&"6_,$'- v: 5,0%'-( F'5$_,$'-( %"$'-,0$%)"( %"( G-):5,0%,5( ,a&%*'-#1( \46-)5M( +,-$.( /4#$M( /0%M1( QP1( ROQ;vROPU1(655 
.$$G#dkk6)%M)-:k=>MO=URk.'##<QP<ROQ;<Q>=U1(Q>=UM(

m-'%F,"%#1(7Md(I'"'0)"$'FG)-,"')&#(G,-$%,5(6%#,::-':,$%)"(,"6k)-(-'#'6%F'"$,$%)"(6&-%":($.'(*)-F,$%)"(,"6(6'G)#%$%)"(

)*(#&C:5,0%,5($%==1(70$,(A')5):%0,(\%#G,"%0,1(=N1(=OPv=l>1(=UNPM(

m`%8)_#8%1( LM1( V)C,-61( /Md(L%S%":( 5,_( 3'-#&#( 6%#0.,-:'( ,"6( '5'0$-%0,5( 0)"6&0$%3%$4( -'5,$%)"#.%G#d( ,GG5%0,$%)"( $)( ,"(

,5G%"'( G-):5,0%,5( #$-',Fd( L%S%":( 5,_( 3'-#&#( ~<+K( -'5,$%)"#.%G#( *-)F( ,"( 75G%"'( G-):5,0%,5( #$-',FM( \46-)5):%0,5(660 
I-)0'##'# 1(.$$G#dkk6)%M)-:k=>M=>>Qk.4GMNPll1(Q>=QM(

+%",-##)"1(”Md(A')5):4()*(!0'5,"6d(-)08#(,"6(5,"6#0,G'1(Lo5():(L'""%":1(?'489,3%81(P>U(GGM1(=UURM(

+3,"#1(mM(VMd(7( :-,3'5( )&$_,#.k6'*)-F,$%)"($%55(0)"$%"&&F1( /8,5,*'55#9)8&551( !0'5,"61(A'):-,*%#8,(7"",5'-d( /'-%'#(71(

I.4#%0,5(A'):-,G.41(NQ1(RUUvO=Q1(Q>>>M(

+3,"#1(mM(VM(7M(,"6(\%'F#$-,1(VM(TMd(g%55(6'G)#%$%)"(C4(:5,0%'-(#&CF,-:%",51(%"0-'F'"$,5($.%08'"%":1(+,-$.(/&-*M(I-)0'##M(665 
B,"6*)-F#1(P>1(=lPPv=llQ1(.$$G#dkk6)%M)-:k=>M=>>Qk'#GM=QQR1(Q>>OM(

T,3%'-1(cM1(K)&6-,%"1(7M1(K,6%'-1(+M1(T-,"0)&1(XM1(74, C, 0, 1(+M1(L , %#%" 0. ) 1(BM1(I -, 6' -%) 1(+M1(c %55, 0%#1(L M1(b , : " ) " 1(I Md(

+3%6'"0'( )*( :-)&"6_,$'-( *5)_( )"( 7"$%`,",( %0'<0)3'-'6( 3)50,")1( +0&,6) -( k( \46-)5):%0,5( /0%'"0'#( V)&-",51(

.$$G#dkk6)%M)-:k=>M=lQPk.4#9MOPM=MQ;N1(Q>>N(

https://doi.org/10.1029/2008JF001179
https://doi.org/10.1029/2011GC003527
https://doi.org/10.1017/S0032247411000805
https://doi.org/10.1016/S0022-1694(02)00279-2
https://doi.org/10.1175/2007JHM795.1
https://doi.org/10.1029/2004WR003077
https://doi.org/10.1016/j.jhydrol.2017.11.002
https://doi.org/10.5194/hess-23-4527-2019
https://doi.org/10.1002/hyp.8366
https://doi.org/10.1002/esp.1224
https://doi.org/10.1623/hysj.53.1.278


 

26 

T' $$'-1(KM(bMd(7GG5%'6(.46-):')5):41(R$.('6M1(I-'"$%0'(\,551(2GG'-(/,665'(?%3'-1(EMV1(OUN(GGM1(Q>>=M(670 
A,-6"'-1(7M(/M1(L).)56$1(AM1(K):5'41(VM(AM1(b)&$'-#1(XM1(7-'"6$1(7M(7M1(b,.-1(VM1(X'-$.%'-1(+M1(\)081(?M1(I*'**'-1(bM(gM1(

Y,#'-1(AM1(B%:$'"C'-:1(/M(?M(LM1(X)50.1(gM1(/.,-G1(LM(VM1(\,:'"1(VM(WM1(3,"(6'"(X-)'8'1(LM(?M1(,"6(I,&51(TMd(7(?'0)"0%5'6(

+#$%F,$'( )*( A5,0%'-( K)"$-%C&$%)"#( $)( /', ( B'3'5( ?%#'d( Q>>P( $)( Q>>U1( /0%'"0'1( PR>1( NOQvNO;1(

.$$G#dkk6)%M)-:k=>M==Qlk#0%'"0'M=QPROPQ1(Q>=PM(

A)56$._,%$1(?M(IM(e+6Mfd(g%55d(,(#4FG)#%&F1(W.%)(/$,$'(2"%3'-#%$4(I-'##M1(R=R(GGM1(=U;=M(675 
A&^F&"6##)"1(/M1(X9]-"##)"1(\M1(Io5##)"1(TM1(L,:"[##)"1(+M1(/qF&"6##)"1(”M1(,"6(Vi.,""'##)"1(gMd(g'-F%"&#(5,8'#()"(

$.'(#)&$.(#%6'()*(c,$",9]8&55(%0'(0,G1(/+<!0'5,"61(VWYB1(lU1(=vPR1(.$$G#dkk6)%M)-:k=>MPP;UUk9)8&55Q>=UMlUM>>=1(Q>Q>M(

\,""'#6i$$%-1(\M1(j].-'-1(7M1(m,3%6#1(\M1(/%:&-:'%-#6i$$%-1(/M(!M1(/8@-"%#6i$$%-1(\M1(,"6(•-",#)"1(”Md(c,$", 9]8&55(E,$%)",5(

I,-8d(A')5):4(,"6(A')64",F%0#1(Q>=>M(

\,""'#6i$$%-1( \M1( X9]-"##)"1( \M1( Io5##)"1( TM1( 7^,5:'%-#6i$$%-1( AM1( ,"6( A&^F&"6##)"1( /Md( c,-%,$%)"#( )*( #)&$.',#$(680 
c,$" ,9]8&55( %0'( 0,G( e!0'5,"6f( =lO><=U>>( ,"6( -'0)"#$-&0$%)"( )*( $.'( :5,0%'-( #&-*,0'( :')F'$-4( ,$( $.'( B%$$5'( !0'( 7:'(

F,S%F&Fd(g%F%":(,"6(-'0)"#$-&0$%)"()*($.'(B!7(F,S%F&F()*(/+<c,$",9]8&551(A'):-,*%#8,(7"",5'-d(/'-%'#(71(I.4#%0,5(

A'):-,G.41(U;1(QP;vQlR1(.$$G#dkk6)%M)-:k=>M====k:'),M=Q>lR1(Q>=OM(

\ , -$1( VM( YMd( /&C:5,0%,5( $%55( *)-F,$%)"d( L%0-)#0,5'( G-)0'##'#( _%$.%"( $.'( #&C:5,0%,5( #.',-( `)"'1( ~&,$'-",-4( /0%'"0'(

?'3%'_#1(=;>1(QlvRR1(.$$G#dkk6)%M)-:k=>M=>=lk9Ma&,#0%-'3MQ>=;M>lM>Q=1(Q>=;M(685 
\,-C,&:. 1(7 M(b M1(X,"$, 1(+M(?M1(\%551(L M(KM1(L , 0m) " , 561(L M(AMd(L)6*5)_ <Q>>>1(g.'(2M/M(A')5):%0,5(/&-3'4(L)6&5,-(

A-)&"6<b,$'-(L)6'5 • 2#'-(A&%6'($)(L)6&5,-%`,$%)"(K)"0'G$#(, "6($.'(A-)&"6 <b,$'-(T5)_(I-)0'## M(2M/M(A')5):%0,5(

/&-3'4 M(WG'"<T%5'(?'G)-$(>><UQ1(Q>>>M(

\,-$1(VM( YM1( ?)#'1( YM( KM1( K5,4$)"1(7M1(L,-$%"'`1( YMd( +":5,0%,5( ,"6( #&C:5,0%,5( _,$'-( *5)_( ,$( /8o5,*'55#9]8&551( !0'5,"6(

6'-%3'6(*-)F(:-)&"6(G'"'$-,$%":(-,6,-1(%"(#%$&(A5,0#_'C(G-)C'(,"6(C)-'.)5'(_,$'-(5'3'5(F',#&-'F'"$#1(+,-$.(/&-*,0'(690 
I-)0'##'#(,"6(B,"6*)-F# 1(R>1(Q>;=vQ>NP1(.$$G#dkk6)%M)-:k=>M=>>Qk'#GMP;NP1(Q>=OM(

\',541( ?M( bM( ,"6( K))81(IM( AMd( 2#%":( :-)&"6_,$'-( 5'3'5#( $)( '#$%F,$'( -'0.,-:'1( \46-):')5):4( V)&-",51( =>1( U= v=>U1(

.$$G#dkk6)%M)-:k=>M=>>;k#=>>R><>>=<>=;N<>1(Nl(GGM1(Q>>QM(

\',$.1(?M(KMd(X,#%0(:-)&"6<_,$'-(.46-)5):41(2M/M(A')5):%0,5(/&-3'41(=UNPM(

\))61( VMBM1( ?)41( VMbM1( \,4,#.%1( LMd(!FG)-$,"0'( )*( :-)&"6_,$'-( %"( $.'( _,$'-( C,5,"0'( )*( ,"( ,5G%"'( .',6_,$'-( 5,8'M(695 
A')G.4#%0,5(?'#',-0.(B'$$'-#M(.$$G#dkk6)%M)-:k=>M=>QUkQ>>lAB>Qll==1(Q>>lM(

\ 3)-#5'31( LM( VMd( g%F'( 5,:( ,"6( #)%5( G'-F',C%5%$4( %"( :-)&"6<_,$'-( )C#'-3,$%)"#M1( K)-G#( )*( +":%"''-#1( 2/( 7-F41(

b,$'-_,4#(+SG'-%F'"$(/ $,$%)"1(=UO=M(

!0'5,"6%0( L'$')-)5):%0,5( W**%0'd( !0'5,"6%0( L'$')-)5):%0,5( W**%0'( m,$,C,#'1( 6'5%3'-%'#( ")M( Q>QQ<>;<>;kA+V>l1( ")M(

Q>QQ<>P<P>kA+V>Q1(")M(Q>QQ<>P<QNkA+V>P1(!0'5,"6%0(L'$')-)5):%0,5(W**%0'1(Q>QQM(700 
!3'-#)"1(EM(?M1(L0K-,08'"1(?M(AM1(j)'$1(BM(YM1(X'"'6%8$##)"1(xM(–M1(/0.)F,08'-1(7M1(V)."#)"1(LM(mM1(,"6(b))6,-61(VMd(7(

g.')-'$%0,5(L)6'5()*(m-&F5%"(T)-F,$%)"(X,#'6()"(WC#'-3,$%) "#(,$(L[5,9]8&551(!0'5,"61(VM(A')G.4#M(?'#M(+,-$.(/&-*M1(

=QQ1(QP>QvQPQP1(.$$G#dkk6)%M)-:k=>M=>>QkQ>=;VT>>RPOR1(Q>=;M(

!FF'-`''51(bMbM1(3,"(X''81(BMIM\M1(Y)"`1(LM1(/.-'#$., 1(7 M(XM1(X%'-8'"#1(L M(TM(I Md(\46-)5):%0,5(-'#G)"#'($)(05%F,$'(

0.,":' (%"( ,( :5,0%'-%`'6(0,$0.F'"$(%"($.'( \%F,5,4,#M(K5%F,$%0(K.,":'(==>1( ;Q=v;Pl M(.$$G#dkk6)%M)-:k=>M=>>;k#=>ONR<705 
>==<>=RP<R1(Q>=QM(

V,4"'1(?M(/M(,"6(I)554',1(?M(LMd(I'-F',C%5%$4(0)--'5,$%)"(#$-&0$&-'()*($.'(K)5&FC%,(?%3'-(I5,$',&(,"6(%FG5%0,$%)"#(*)-(

*5&%6( #4#$'F( ,-0.%$'0$&-'( %"( 0)"$%"'"$,5( 5,-:'( %:"')&#( G-)3%"0'#1( A')5):41( Rl1( ;=Ov;=N1(

.$$G#dkk6)%M)-:k=>M==P>kARO>>=M=1(Q>=NM(

https://doi.org/10.1126/science.1234532
https://doi.org/10.33799/jokull2019.69.001
https://doi.org/10.1111/geoa.12064
https://doi.org/10.1016/j.quascirev.2017.06.021
https://doi.org/10.1002/esp.3783
https://doi.org/10.1007/s10040-001-0178-0
https://doi.org/10.1029/2006GL026611
https://doi.org/10.1002/2017JF004354
https://link.springer.com/article/10.1007/s10584-011-0143-4#auth-A__B_-Shrestha-Aff4
https://link.springer.com/article/10.1007/s10584-011-0143-4#auth-M__F__P_-Bierkens-Aff2-Aff5
https://doi.org/10.1007/s10584-011-0143-4
https://doi.org/10.1007/s10584-011-0143-4
https://doi.org/10.1130/G45001.1
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Vi.,""'##)"1(\M(,"6(/qF&"6##)"1(YMd(A')5):%0,5(L,G()*(!0'5,"61(=dO>>(>>>d(X'6-)08(A')5):41(!0'5,"6%0(!"#$%$&$'()*(710 
E,$&-,5(\%#$)-4(eEo$$[-&*-q^%#$)*"&"(x#5,"6#f1(=UUNM(

Vi.,""'##)"1(gM1(X9]-"##)"1(\M1(L,:"[##)"1(+M1(A&̂ F&"6##)"1(/M1(Io5##)"1(TM1(/%:&-^##)"1(WM1(g.)-#$'%"##)"1(gM1(,"6(

X'-$.%'-1( +Md( !0'<3)5&F'( 0.,":'#1( C%,#( '#$%F,$%)"( )*( F,##<C,5,"0'( F',#&-'F'"$#( ,"6( 0.,":'#( %"( #&C:5,0%,5( 5,8'#(

6'-%3'6( C4( 5%6,-( F,GG%":( )*( $.'( #&-*,0'( )*( !0'5,"6%0( :5,0%'-#1( 7""M( A5,0%)5M1( OR1( lPv;R1(

.$$G#dkk6)%M)-:k=>MP=NUkQ>=P7)AlP7RQQ1(Q>=PM(715 
Vi.,""'##)"1(gM1(Io5F,#)"1(XM1(\9,-$,-#)"1(•M1(V,-)#0.1(7M(\M1(L,:"[##)"1(+M1(X'5,-$1(VM(LM(KM1(,"6(A&6F&"6##)"1(LM(

gMd(E)"<#&-*,0'(F,##(C,5,"0'() *(:5,0%'-#(%"(!0'5,"61(VM(A5,0%)5M1(=v=P1(.$$G#dkk6)%M)-:k=>M=>=;k9):MQ>Q>MP;1(Q>Q>M(

V)%"1(VM<BMd(K,-,0$H-%#,$%)"(.46-):H)5):%a&'(6&(F%5%'&(3)50,"%a&'(%"#&5,%-'‹d(I%$)"(6'#(E'%:'#1(—5'(6'(5,(?H&"%)"1(I.m1(

2"%3'-#%$H(6'(L)"$G'55%'-(!!1(l=(GGM1(=UU=M(

V)"##)"1(XM(,"6(\, *#$,̂ (” Md(T59)$#6,5&-(\46-)'5'0$-%0(I-)9'0$1(W-8&#$)*"&"1(U>GGM1(=UU=M(720 
B,0.,##,:"'1( IM1(7&",41( XM1( T-%##,"$1( EM1( A&%5C'-$1( LM1( ,"6( L,5,-61(7Md( \%:. <-'#)5&$%)"( 0)"0'G$&,5( .46-):')5):%0,5(

F)6'5( )*( 0)FG5'S( C,#,5$%0( 3)50,"%0( %#5,"6#d( ,( L,4)$$'1( K)F)-)#1( 0,#'( #$&641( g'--,( E)3,1( Ql1( P>;vPQ=1(

.$$G#dkk6)%M)-:k=>M====k$'-M=Q=>Q1(Q>=RM(

B,"6Fq5%":,(x#5,"6#(k(E,$%)",5(B,"6(/&-3'4()*(!0'5,"6d(!#5,"6#m+L3=1(B,"6Fq5%":,(x#5,"6#(k(E,$%)",5(B,"6(/&-3'4(

)*(!0'5,"61("M6M(725 
B%1( \M1( X'56-%":1( /M1( ‰&1(KM<̂M1( \&##1( LM1( L'53)561( YM1( ,"6( V,%"1( /M( YMd( !"$':-,$%":( ,( :5,0%'-( -'$-',$( F)6'5( %"$)( ,(

.46-)5):%0,5( F)6'5(v( K,#'( #$&6%'#( )*( $.-''( :5,0%'-%#'6( 0,$0.F'"$#( %"( E)-_,4( ,"6( \%F,5,4,"( -':%)"1( V)&-",5( )*(

\46-)5):41(OQ;1(lOlvll;1( .$$G#dkk6)%M)-:k=>M=>=lk9M9.46-)5MQ>=OM>OM>=;1(Q>=OM(

L,0m)",561(7M(LM1(L,&-%0'1(BM1(m)CC#1(LM(?M1(?''3'#1(\M(VM1(,"6(7&$)"1(KM(7Md(?'5,$%":(%"(#%$&(.46-,&5%0(0)"6&0$%3%$41(

G,-$%05'(#%`'(,"6(-'5,$%3'(6'"#%$4()*(#&G'-*%0%,5(6'G)#%$#(%"(,(.'$'-):'"')&#(0,$0.F'"$1(V)&-",5()*(\46-)5):41(RPRvRPO1(730 
=P>v=R=1(.$$G#dkk6)%M)-:k=>M=>=lk9M9.46-)5MQ>=QM>=M>=N1(Q>=QM(

L,08,41( VM( mM1( X,--,"61( EM( +M1( \,"",.1( mM( LM1( Y-,&#'1( /M1( V,08#)"1( KM( ?M1( +3'-'#$1( VM1( L,0m)",561(7M( LM1( ,"6( Œ(

m)0.,-$,%:.1(XM(DMd( I-):5,0%,5( :-)&"6_,$'-(#$)-,:'(64",F%0#(&"6'-(05%F,$'(0.,":'( ,"6( :5,0%'-( -'$-',$1( \46-)5):%0,5(

I-)0'##'#1(.4GM=PUl=1(.$$G#dkk6)%M)-:k=>M=>>Qk.4GM=PUl=1(Q>Q>M(

L,-$%"1( +M1( I,a&'$$'1( VM( BM1( X)##'1( cM1( ?&**'$1( AM1( g%'G)5)1( LM1( ,"6( /%:F,-##)"1( WMd( A')64",F%0#( )*( -%*$vG5&F'(735 
%"$'-,0$%)"( %"( !0'5,"6( ,#( 0)"#$-,%"'6( C4( "'_( R>7-kPU7-( ,"6( %"( #%$&( 2vIC( `%-0)"( ,:'#1( +,-$.( ,"6( I5,"'$,-4( /0%'"0'(

B'$$'-#1(P==1(QNvPN1(.$$G#dkk6)%M)-:k=>M=>=lk9M'G#5MQ>==M>NM>Pl1(Q>==M(

L)"$'%$.1(VM(BMd(+3,G)-,$%)"(,"6('"3%-)"F'"$1(/4FG)#%,()*($.'(/)0%'$4(*)-(+SG'-%F'"$,5(X%)5):41(=U1(Q>OvQPR1(=UlOM(

L )--%#1(mM(7M(,"6(V)."#)"1(7M(!Md(/&FF,-4()*(.46-)5):%0(,"6(G.4#%0,5(G-)G'-$%'#()*(-)08(,"6(#)%5(F,$'-%,5#(,#(,",54`'6(

C4($.'(\46-)5):%0(B,C)-,$)-4()*($.'(2M/M(A')5):%0,5(/&-3'41(2M/M(A')5):%0,5(/&-3'41(RQGGM1(=Ul;M(740 
E,_-%1(EM1(Io5F,#)"1(XM1(I'$'-#'"1(EM1(X9]-"##)"1(\M1(,"6(”)-#$'%"##)"1(/Md(g.'(!K?7(7$F)#G.'-%0(?',",54#%#(I-)9'0$(

*)-(!0'5,"61(!0'5,"6%0(L'$')-)5): %0,5(W**%0'1(PUGGM1(Q>=;M(

E)r51(XM1(7^,5:'%-#6i$$%-1(AM1(Io5##)"1(TM1(b)&$'-#1(XM1(B.'-F%$$'1(/M1(\,,08'-1(VM(LM1(,"6(X-)'8'1(LM(?Md(E)-$.(7$5,"$%0(

K))5%":( %#( /5)_%":( m)_"(L,##( B)##( )*( !0'5,"6%0( A5,0%'-#1( A')G.4#%0,5( ?'#',-0.( B'$$'-#1( RU1(

.$$G#dkk6)%M)-:k=>M=>QUkQ>Q=AB>UOlU;1(Q>QQM(745 
Io5##)"1(TM1(A&"",-##)"1(7M1(L,:"[##)"1(+M1( Io5##)"1( \M( /M1( /$'%"˜i-##)"1( /M1( \,""'#6i$$%-1( \M1( ,"6( ”i-.,55##)"1(?Md(

c7gE7V–Y2BBd(L,##(C,5,"0'1(F'5$_,$'-(6-,%",:'(,"6(#&-*,0'(3 '5)0%$4()*($.'(:5,0%,5(4',-(Q>Q>{Q=1(!"#$%$&$'()*(+,-$.(

/0%'"0'#1(2"%3'-#%$4()*(!0'5,"6(,"6(E,$%)",5(I)_'-(K)FG,"41(Q>QQ1("M6M(

https://doi.org/10.3189/2013AoG63A422
https://doi.org/10.1017/jog.2020.37
https://doi.org/10.1111/ter.12102
https://doi.org/10.1016/j.jhydrol.2015.05.017
https://doi.org/10.1016/j.jhydrol.2012.01.018
https://doi.org/10.1002/hyp.13961
https://doi.org/10.1016/j.epsl.2011.08.036
https://doi.org/10.1029/2021GL095697
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I'"F,"1(\M(BMd(E,$&-,5('3,G)-,$%)"(*-)F()G'"(_,$'-1(C,-'(#)%5(,"6(:-,##1(I-)0''6%":#()*($.'(?)4, 5(/)0%'$4()*(B)"6)"M(

/'-%'#(7M(L,$.'F,$%0,5(,"6(I.4#%0,5(/0%'"0'#1(=UP1(=Q>v=RO1(=URNM(750 
I)-$'-1(KM1(L)-%"1(IM1(\)_,$1(!M1(E).1(LM<VM1(X,$'#1(XM1(I'$'-F,"1(YM1(Y''#'41(/M1(/0.5'"81(LM1(A,-6%"'-1(VM1(g)F8)1(YM1(

b%55%#1(LM1(Y'55'.'-1(KM1(K5)&$%'-1(LM1(\&#C41(+M1(T):,1(/M1(E,8,F&-,1(\M1(I5,$#)"1(LM1(b'$.%":$)"1(LM1(b%55%,F#)"1(KM1(

X,&'-1(AM1(+")#1(VM1(7-")561(AM1(Y-,F'-1(bM1(X'08'-1(IM1(m)#.%1(7M1(mp/)&`,1(KM1(K&FF'"#1(IM1(B,&-%'-1(TM1(,"6(X)9'#'"1(

LMd(7-0$%0m+L1(.$$G#dkk6)%M)-:k=>M;U=>kmcEkW\\2Y\1(Q>=NM(

~A!/(7##)0%,$%)"d(~A!/(A'):-,G. %0(!"*)-F,$%)"(/4#$'F1(Q>QQM(755 
?.),6'#1(VM(mM1(Y,"6%,.1(7M1(,"6(L,#.,5%1(7M(LMd(g.'(&#'()*(#,5%"'(_,$'-#(*)-(0-)G(G-)6&0$%)"1(T))6(,"6(7:-%0&5$&-'(

W-:,"%`,$%)"()*($.'(2"%$'6(E,$%)"#1(?)F'1(=PP(GGM1(=UUQM(

?)C#)"1(/M(AMd(g'0."%a&'#(*)-('#$%F,$%":(#G'0%*%0(4%'56(,"6(#G'0%*%0(-'$'"$%)"(*-)F(:-,%"<#%`'(6,$,(,"6(:')G.4#%0,5(5):#(

*-)F (05,#$%0(C'6-)08(,a&%*'-#1(2/(m'G,-$F'"$()*($.'(!"$'-%)-1(2/(A')5):%0,5(/&-3'41(=UUPM(

/qF&"6##)" 1(YMd(W&$5%"'()*($.'(:')5):4()*(!0'5,"61(V]8&551(QU1(;vQN1(=U;UM(760 
/0.F%6$1( BM( /M1( 7™,5:'%-#6i$$%-1( AM1( Io5##)"1( TM1( B,":'"1( IM( BM1( A&™F&"6##)"1( /M1( ,"6( X9]-"##)"1( \Md( m4",F%0(

#%F&5,$%)"#( )*( c,$",9]8&55( %0'( 0,G( *-)F( =UN>($)( QP>>1( VM( A5,0%)5M1( ll1( U;v==Q1(.$$G#dkk6)%M)-:k=>M=>=;k9):MQ>=UMU>1(

Q>Q>M(

/%:&-^,-#)"1(mM1(/Fo-,#)"1(ŒM(XM1(,"6(”i-^,-#)"1(”Md(\,5%(@(/&^&-#3'%$(A-'%"%":(9,-^5,:,(@(.)5&(\7<QO1(X,00,5,&-'&#(

/0%'"$%,-&F1(\o#8i5%(x#5,"6#1(l=(GGM1(Q>=lM(765 
/%:&-^##)"1(TMd(A-)&"6_,$'-(*-)F(:5,0%,5(,-',#(%"(!0'5,"61(V]8&551(R>1(==Uv=Rl1(=UU>M(

/)F'-#1(BMmM1(A)-6)"1(?MIM1(L0Y'"`%'1(VMLM1(B,&$`1('$(,5M1(Q>=lM(~&,"$%*4%":(:-)&"6_,$'-<#&-*,0'(_,$'-(%"$'-,0$%)"#(%"(

,(G-):5,0%,5(3,55'41(K)-6%55'-,(X5,"0,1(I'-&d(A-)&"6_,$'-(g-,0%":(%"(,(I-):5,0%,5(K,$0.F'"$M(\46-)5):%0,5(I-)0'##'#M(

.$$G#dkk6)%M)-:k=>M=>>Qk.4GM=>U=Q(

g.)-"$._,%$'1(KM(bMd(7"(7GG-),0.($)_,-6(,(?,$%)",5(K5,##%*%0,$%)"()*(K5%F,$'1(A'):-,G.%0,5(?'3%'_1(PN1(OOvUR1(=URNM(770 
g)-*,#)"1(\Md(!"3'#$%:,$%)"#(%"$)($.'(#$-&0$&-'()*(/)&$.<+,#$'-"(!0'5,"61(I.m1(2"%3'-#%$4()*(B%3'-G))51(=U;UM(

c,"(c5%'$<B," )r1(XM1(X'-:'-,$1(TM1(A')**-)41(BM1(A&%55)&1(\M1(,"6(L,&-41(?M(KMd(Bp!#5,"6'(,&(0)'&-(6'(5p7$5,"$%a&'(E)-61(

!/g+('6%$%)"1(QON(GGM1(Q>Q=M(

c%"0'"$1(7M1(c%)5'$$'1(/M1(,"6(7^,5:'%-#6i$$%-1(AMd(A-)&"6_,$'-(%"(0,$0.F'"$#(.',6'6(C4($'FG'-,$'(:5,0%'-#d(7(-'3%'_1(

+,-$.</0%'"0'(?'3 %'_#1(=NN1(OUv;l1( .$$G#dkk6)%M)-:k=>M=>=lk9M',-#0%-'3MQ>=NM=>M>=;1(Q>=UM(775 
c%)5'$$'1(/M1(B'6)&S1(+M1(A)C5'$1(IM1(,"6(K,-C)""'51(VM<IMd(\46-)5):%0(,"6($.'-F,5(F)6'5%":()*( ,"( ,0$%3'(3)50,")d($.'(

I%$)"( 6'( 5,( T)&-",%#'1( ?'&"%)"1( V)&-",5( )*( \46-)5):41(=U=1( P;vlP1(. $$G#dkk6)%M)-:k=>M=>=lk/>>QQ<=lUReUlf>P>;=<O1(

=UU;M(

b%"#$)"1( ?MXM(d( L)6'5L&#'( 3'-#%)"( R• 7( :-,G.%0,5( &#'-( %"$'-*,0'( *)-( LWmTBWb( ld( 2M/M( A')5):%0,5( /&-3'4(

/0%'"$%*%0(!"3'#$%:,$%)"#(?'G)-$(Q>=UvO>Pl1(=>(GM1(.$$G#dkk6)%M)-:k=>MP=PPk#%-Q>=UO>Pl1(Q>=U(780 
b%"#$)"1(?M(XM1(,"6( A))6' 1(mM(VMd(c%#&,5%`,$%)"()*(:-)&"6_,$'-(_%$.6-,_,5#d(2M/M(A')5):%0,5(/&-3'4(WG'"<T%5'(

?'G)-$(Q>=;v==P;1(N(GM1(.$$G#dkk6)%M)-:k=>MP=PPk)*-Q>=;==P;1(Q>=; M(

b)-56(L'$')-)5):%0,5(7##)0%,$%)"d( /$,$'()*(A5)C,5(K5%F,$'(Q>Q=(<(bLW1(b)-56( L '$')-)5):%0,5(7##)0%,$%)"1(R;GGM1(

Q>QQM(

‰%,":1(BM1(b,":1(\M1(/$'**'"1(\M1(b&1(IM1(V%,1(BM1(V%,":1(BM1(,"6(/.'"1(~Md(A-)&"6_,$'-(#$)-,:'(0.,":'#(%"($.'(g%C'$,"(785 
I5,$',&(,"6(,69,0'"$(,-',#(-'3',5'6(*-)F(A?7K+(#,$'55%$'(:-,3%$4(6,$,1(+,-$.(,"6(I5,"'$,-4(/0%'"0'(B'$$'-#1(RRU1(QQNv

QPU1(.$$G#dkk6)%M)-:k=>M=>=lk9M'G#5MQ>=lM>lM>>Q1(Q>=lM(

https://doi.org/10.7910/DVN/OHHUKH
https://doi.org/10.1017/jog.2019.90
https://doi.org/10.1002/hyp.10912
https://doi.org/10.1016/j.earscirev.2018.10.017
https://doi.org/10.1016/S0022-1694(96)03071-5
https://doi.org/10.3133/sir20195036
https://doi.org/10.3133/ofr20171137
https://doi.org/10.1016/j.epsl.2016.06.002
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)̂&":1( mM( /M1( \,-$1( VM( YM1( ,"6( L,-$%"'`1( YMd(!F,:'( ,",54#%#( $'0."%a&'#( $)( '#$%F,$'( -%3'-( 6%#0.,-:'( &#%":( $%F'<5,G#'(

0,F'- , #(%"(-'F)$'(5)0,$%)"#1(K)FG&$'-#(J(A')#0%'"0'#1(;l1(=v=>1(.$$G#dkk6)%M)-:k=>M=>=lk9M0,:')MQ>=RM==M>>N1(Q>=OM(

j'FG1( LM1( \&##1( LM1(g.%C'-$1( +M1( +08'-$1( EM1( L0E,CC1( ?M1( \&C'-1( VM1('$( ,5Md(A5)C,5( :5,0%'-( F,##( 0.,":'#( ,"6( $.'%-(790 
0)"$-%C&$%)"#( $)( #',<5'3'5( -%#'( *-)F( =Ul=($)( Q>=lM(E,$&-'(OlN1( PNQvPNlM(.$$G#dkk6)%M)-:k=>M=>PNk#R=ONl<>=U<=>;=<>1(
Q>=UM(
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