
Landuse Impacts on Belowground Carbon Turnover and 

Ecosystem CO2 Source Attribution Using Radiocarbon 
!

"#$%&!'()#$*#+,!#+-!./0!12%*-,$&/+!

3,+4,$!5/$!6((,*,$#4/$!'#&&!78,(4$/0,4$9!
6::;<=>7!>#?$,+(,!>%@,$0/$,!A#4%/+#*!>#B/$#4/$9!

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

! ! ! ! ! ! ! ! ! ! =#C,!
=$/D,(4!;,&($%84%/+!

! E+4$/-2(4%/+! ! ! ! ! ! ! ! F!

! =$/D,(4!=*#+!! ! ! ! ! ! ! ! F!

! '#+#C,0,+4!=*#+! ! ! ! ! ! ! G!

! 74$#4,C%(!6*%C+0,+4! ! ! ! ! ! ! H!

! 7200#$9!IJKG!8CL! ! ! ! ! ! ! M!
N,5,$,+(,&!3%4,-! ! ! ! ! ! ! ! O!

P%/C$#8Q%(#*!7R,4(Q,&! ! ! ! ! ! ! FS!

!

!

!



 1!

-.'/%0+&1%,0.23+2'*&

4*+.'560+2'*&
!

)/$,&4&!$,8$,&,+4!#!&%C+%5%(#+4!(/08/+,+4!/5!4Q,!4,$$,&4$%#*!(#$B/+!8//*!/5!

4Q,!T+%4,-!74#4,&!#+-!A/$4Q!60,$%(#J!)/$,&4!&,U2,&4$#4%/+!/5!(#$B/+!(2$$,+4*9!

/55&,4&!%+!,V(,&&!/5!FSW!/5!T7!3XK!,0%&&%/+&!IY//-B2$9!,4!#*JZ!KSSMLJ![/?!4Q,!+,4!

284#R,!/5!#40/&8Q,$%(!3XK!(/+(,+4$#4%/+!B9!5/$,&4&!?%**!$,&8/+-!4/!5242$,!(Q#+C,&!

%+!(*%0#4,!#+-!*#+-\2&,!%&!+/4!?,**!2+-,$&4//-J!.Q2&!4Q,!$,&8/+&,!/5!4Q,!4,$$,&4$%#*\
B%/&8Q,$,!#+-!%4&!5,,-B#(R!/+!#40/&8Q,$%(!83XK!%&!#!&%C+%5%(#+4!2+(,$4#%+49!%+!

(/28*,-!(#$B/+\(*%0#4,!0/-,*&J!

7/%*!$,&8%$#4%/+!IN7L!%&!#!&%C+%5%(#+4!5*2V!/5!4,$$,&4$%#*!3XK!4/!4Q,!#40/&8Q,$,!

#+-!%&!#!&2B&4#+4%#*!(/08/+,+4!/5!4/4#*!,(/&9&4,0!$,&8%$#4%/+!IN:L!IN#%&(Q!KSSK]!

3/V!KSSSLJ!6($/&&!-,(%-2/2&!B$/#-*,#5!5/$,&4&Z!@#$%#4%/+&!%+!N7!,V8*#%+!02(Q!/5!4Q,!

&8#4%#*!#+-!%+4,$\#++2#*!@#$%#B%*%49!%+!+,4!,(/&9&4,0!,V(Q#+C,!IA::L!I^2#+!,4!#*JZ!
KSS_LJ!N7!%&!*%R,*9!4/!B,!%+5*2,+(,-!B9!(*%0#4,!#+-!*#+-\2&,!(Q#+C,Z!B24!8$,-%(4%/+!/5!

5242$,!(Q#+C,&!%&!(Q#**,+C,-!B9!-%55%(2*49!%+!0/-,*%+C!5*2V,&!/@,$!&8#(,!#+-!4%0,J!!

.Q,!5#(4/$&!4Q#4!#$,!%+(/$8/$#4,-!%+!0/-,*%+C!/5!N7!%+(*2-,!4,08,$#42$,Z!

0/%&42$,Z!#+-!3!&2B&4$#4,!#@#%*#B%*%49!I;#@%-&/+!,4!#*!KSSHLJ!.Q,!-,@,*/80,+4!/5!

$/B2&4!8$/(,&&\B#&,-!0/-,*&!/5!N7Z!4/!%08$/@,!28/+!4Q,&,!,08%$%(#*!5#(4/$!(/+4$/*!
0/-,*&Z!Q#&!B,,+!-%55%(2*4J!X+,!(Q#**,+C,!%&!4Q#4!N7!%+(*2-,&!3XK!$,*,#&,-!@%#!

#24/4$/8Q%(!I$//4L!$,&8%$#4%/+!#+-!Q,4,$/4$/8Q%(!I0%($/B%#*L!$,&8%$#4%/+Z!@,$9!

-%55,$,+4!8$/(,&&,&!4Q#4!$,&8/+-!4/!4,08,$#42$,!#+-!0/%&42$,!-%55,$,+4*9Z!#+-!#$,!
4Q2&!*%R,*9!4/!$,&8/+-!-%55,$,+4*9!4/!5242$,!(Q#+C,&!%+!(*%0#4,!#+-!,(/&9&4,0!

(Q#$#(4,$%&4%(&J!E+!#--%4%/+Z!(Q#+C,&!%+!(*%0#4,!/$!*#+-\2&,!4Q#4!5#@/$!0%($/B%#*!

#(4%@%49!0#9!(Q#+C,!3!&/2$(,&!2&,-!B9!0%($/B,&J!)/$!,V#08*,Z!?#$0,$!

4,08,$#42$,&!/$!,(/&9&4,0!-%&42$B#+(,!0#9!(#2&,!0%($/B,&!4/!&Q%54!5$/0!*#B%*,!&/%*!

3!8//*&!-/0%+#4,-!B9!$,(,+4!8*#+4!*%44,$!%+824&!4/?#$-&!#!C$,#4,$!2&,!/5!0/$,!&4#B*,!
&/%*!3!8//*&!I4Q$/2CQ!#!8$/(,&&!(/00/+*9!$,5,$$,-!4/!#&!8$%0%+CL!I72*`0#+!,4!#*JZ!

KSSG]!;%/(Q/+!#+-!",**0#+Z!KSSOLZ!(#$B/+!(/+@,+4%/+#**9!4Q/2CQ4!4/!B,!
&,U2,&4,$,-!5/$!02*4%8*,!-,(#-,&!4/!(,+42$%,&!#+-!0%**,++%#J!

-.'/%0+&-$"*&
!

X2$!C/#*!%&!4/!-,4,$0%+,!4Q,!&Q/$4\4,$0Z!%+4,$#++2#*Z!,55,(4&!/5!*#+-\2&,<*#+-!

0#+#C,0,+4!/+!N:!#+-!N7!5*2V,&!%+!#!0#42$,!+/$4Q,$+!Q#$-?//-!5/$,&4!#+-!4/!
#44$%B24,!(Q#+C,&!%+!4Q,!$,C%/+#*!B%/&8Q,$,!&%C+#*!/5!#40/&8Q,$%(!Fa3XK!4/!4Q%&!

-%&42$B#+(,!2&%+C!Fa3!#&!#+!%&/4/8%(!4$#(,$J!A,4!,(/&9&4,0!$,&8%$#4%/+!%+4,C$#4,&!

0%($/B%#*!IQ,4,$/4$/8Q%(L!#+-!8*#+4!I#24/4$/8Q%(L!$,&8%$#4%/+J!:--9!(/@#$%#+(,!

0,4Q/-&!(#+!B,!2&,-!4/!,&4%0#4,!B2*R!3XK!5*2V,&!B24!4Q,9!(#++/4!-%&($%0%+#4,!

8$/(,&&!+/$!3!&/2$(,!/5!$,&8%$,-!3XKJ!E4!%&!4Q,&,!8$/(,&&,&Z!?Q%(Q!#$,!8#$#0,4,$%`,-!



 2!

%+!8$,-%(4%@,!0/-,*&!#+-!0#9!(Q#+C,!?%4Q!5242$,!(*%0#4,!#+-!*#+-\2&,!(Q#+C,!4Q#4!

/2$!/B&,$@#4%/+&!?%**!-%$,(4*9!#--$,&&J!!
Y,!?%**!(/08#$,!/B&,$@#4%/+&!/5!Fa3!%+!3XK!5*2V,&!#+-!&/%*!/$C#+%(!0#44,$!

8//*&!/5!@#$9%+C!42$+/@,$!4%0,!0#-,!B,5/$,!#+-!#54,$!&,*,(4%@,!Q#$@,&4!5/$!#!?,**!

&42-%,-!$,C%/+!4/!-,4,$0%+,!?Q%(Q!B,*/?C$/2+-!(#$B/+!8//*&!(/+4$%B24,!4/!(Q#+C,&!

%+!/@,$#**!,(/&9&4,0!3!&4/$#C,!#+-!5*2V!5/**/?%+C!0#+#C,0,+4!%+-2(,-!-%&42$B#+(,J!

Y,!?%**!4Q,+!$,*#4,!,(/&9&4,0\*,@,*!$,&8%$#4%/+!#+-!Fa3XK!4/!$,C%/+#*!8#44,$+&!/5!
Fa3XKJ!!X2$!/BD,(4%@,&!#+-!(/$$,&8/+-%+C!Q98/4Q,&,&!#$,b!

!

!"#$%&'($)*+)=#$4%4%/+!3!&/2$(,&!4/!3XK!*/&&!@%#!N:!#+-!N7!%+!+/$4Q,$+!Q#$-?//-!!
5/$,&4!B,5/$,!#+-!#54,$!&,*,(4%@,!Q#$@,&4J!

!

!"#$%&'()(*+,-!;%&42$B#+(,!?%**!(#2&,!#!&Q%54!3!&/2$(,&!5/$!,(/&9&4,0!#+-!!

&/%*!$,&8%$#4%/+J!'/$,!&8,(%5%(#**9Z!-%&42$B#+(,!?%**!(#2&,!#!&Q%54!%+!3!!

&/2$(,&!2&,-!B9!0%($/B,&!5$/0!8$%0#$%*9!*#B%*,!8//*&!4/?#$-!
%+($,#&,-!2&,!/5!&4#B*,!&/%*!3J!

!

!"#$%&'($),+);,4,$0%+,!4Q,!$,*#4%/+&Q%8!B,4?,,+!8*/4\*,@,*Z!,(/&9&4,0\*,@,*Z!#+-!!

$,C%/+#*!3XK!5*2V,&!

!
!"#$%&'()(*.,-!=*/4\*,@,*!-%55,$,+(,&!%+!$,&8%$#4%/+!$#4,&!#+-!3!&/2$(,&!?%**!!

B,!-,4,(4,-!#4!,(/&9&4,0!#+-!$,C%/+#*!&(#*,&J!

!

-&./0)12$3)

Y,!8$/8/&,!4/!4#R,!#-@#+4#C,!/5!#!8*#++,-!5/$,&4!Q#$@,&4!&(Q,-2*,-!5/$!,#$*9!

KSFK!%+!#!?,**\&42-%,-!#+-!%+&4$20,+4,-!$,C%/+!/5!+/$4Q,$+!Y%&(/+&%+J!.Q,!FHS!

R0K!&42-9!#$,#!%&!8#$4!/5!#!02*4%\/$C#+%`#4%/+#*!,55/$4!4/!&42-9!

B%/&8Q,$,<#40/&8Q,$,!%+4,$#(4%/+&!%+!+/$4Q,$+!0%V,-!5/$,&4J!.Q,!#$,#!%&!?,**!
%+&4$20,+4,-!5/$!0%($/0,4,$/*/C9!#+-!%+(*2-,&!&,@,$#*!,--9\(/@#$%#+(,!4/?,$&Z!

?Q%(Q!#$,!/$!Q#@,!B,,+!8#$4!/5!4Q,!60,$%5*2V!+,4?/$RZ!#+-!#!AX66!:7N><1';!4#**!

4/?,$!IY>:)LJ!.Q,!&,*,(4%/+!Q#$@,&4!?%**!/((2$!%+!#+!O!R0K!#$,#!2+-,$!4Q,!5//48$%+4!
/5!4Q,!Y%**/?!3$,,R!,--9\(/@#$%#+(,!4/?,$!I60,$%)*2V!&%4,!T7\Y3$LZ!?Q%(Q!*%,&!

2+-,$!4Q,!5//48$%+4!/5!4Q,!Y>:)!4#**!4/?,$J!!
.Q,!Q#$@,&4!8$,&($%84%/+!#+-!0#+#C,0,+4!C/#*&!#$,!$,8$,&,+4#4%@,!/5!

0#+#C,0,+4!8*#+&!5/$!4Q,!$,C%/+J!.$,,&!?%**!B,!&,*,(4,-!5/$!$,0/@#*!4/!#((,*,$#4,!

5/$,&4!4$#+&%4%/+!5$/0!0%-\&2((,&&%/+#*!,@,+\#C,-!0%V,-!5/$,&4!4/!2+,@,+\#C,-!
+/$4Q,$+!Q#$-?//-&!4Q#4!0%0%(!/*-\C$/?4Q!5/$,&4!I#!C$,#4,$!-%@,$&%49!/5!4$,,!#C,!

#+-!&%`,!#+-!C$,#4,$!#0/2+4&!/5!-/?+,-!?//-LJ!.Q%&!?%**!%+(*2-,!4Q,!$,0/@#*!/5!
,#$*9!&2((,&&%/+#*!4$,,!&8,(%,&!#+-!($,#4%/+!/5!(#+/89!C#8&!4/!8$/@%-,!B,44,$!

?%*-*%5,!Q#B%4#4Z!%08$/@,!$,($,#4%/+#*!#(4%@%4%,&Z!%+($,#&,!$,&%*%,+(,!4/!%+&,(4!

/24B$,#R&Z!#+-!8$/0/4,!-%@,$&%49!#+-!&4#B%*%49J![#$@,&4!%&!&(Q,-2*,-!5/$!?%+4,$!)^!
KSFKZ!#**/?%+C!5/$!/+,!9,#$!/5!8$,\0#+#C,0,+4!0,#&2$,0,+4&!#4!Y%**/?!3$,,RJ!E+!

#--%4%/+Z!5*2V!#+-!0%($/0,4,$/*/C%(#*!0,#&2$,0,+4&!#$,!4#R,+!(/+4%+2/2&*9!#4!4Q,!

+,#$B9!=#$R!)#**&!IT7\=)#L!60,$%)*2V!&%4,Z!0#R%+C!=#$R!)#**&!#+!%-,#*!(/+4$/*J!

6+R2$!;,&#%!#+-!:$%R#!'#$%+\78%/44#!IT+%@,$&%49!/5!Y%&(/+&%+\'#-%&/+L!8*#+!

4/!0,#&2$,!,(/&9&4,0\*,@,*!3XK!5*2V,&!#4!4Q,!Y%**/?!3$,,R!4/?,$!#+-!N7!B,5/$,!#+-!



 3!

#54,$!Q#$@,&4!I+/4!&288/$4,-!B9!4Q%&!8$/D,(4LJ!Y,!8$/8/&,!4/!#--!0,#&2$,0,+4&!/5!
Fa3!%+!N:!#+-!N7!#+-!%+!&/%*!3!8//*&!4Q#4!(/+4$%B24,!4/!B2*R!N7!4/!B,!(/+-2(4,-!#4!
36'7J!.Q,&,!0,#&2$,0,+4&!?%**!#**/?!2&!4/!%-,+4%59!&/2$(,&!5/$!3!*/&&!5/**/?%+C!

-%&42$B#+(,!#+-!-%$,(4*9!#+&?,$b!!E&!%4!/+*9!c9/2+Cd!*#B%*,!8//*&!4Q#4!#$,!#(4%@,*9!

$,&8%$,-!5/**/?%+C!-%&42$B#+(,e!;/!/4Q,$!0/$,!$,(#*(%4$#+4!8//*&!/5!(#$B/+!B,(/0,!

(/+&20,-e![/?!02(QZ!%5!#+9Z!/5!4Q,!*#B%*,!8//*!%&!4$#+&024,-!%+4/!#!*/+C,$\4,$0!

&4/$#C,!8//*e!E+!#--%4%/+Z!?,!8$/8/&,!4/!(/+4%+2,!Fa3!0,#&2$,0,+4&!/5!3XK!
(/**,(4,-!#4!4Q,!Y>:)!AX66!4#**!4/?,$!+,#$B9!4/!#**/?!5/$!$,C%/+#*!&(#*%+CJ!

!

!"#$%&'($)*+)4$56'23&'78)-7.2%$)932&'&'78'8:)

A,4!,(/&9&4,0!,V(Q#+C,!/5!3XK!%&!4Q,!B#*#+(,!B,4?,,+!8Q/4/&9+4Q,&%&!#+-!

N:J!N:!%&!#!0%V42$,!/5!3XK!$,&8%$,-!B9!#B/@,C$/2+-!8*#+4!B%/0#&&!#+-!N7!I)%C2$,!FLJ!

E+!42$+Z!N7!%&!#!0%V42$,!/5!$//4!I#24/4$/8Q%(L!$,&8%$#4%/+!#+-!0%($/B%#*!

IQ,4,$/4$/8Q%(L!$,&8%$#4%/+J!!

!!

!

)%C2$,!FJ!7(Q,0#4%(!/5!:(/&9&4,0!#+-!

7/%*!N,&8%$#4%/+!(/08/+,+4!5*2V,&b!!

N:!f!,(/&9&4,0!$,&8%$#4%/+Z!N6!f!

#B/@,C$/2+-!#24/4$/8Q%(!$,&8%$#4%/+!

N7!f!&/%*!$,&8%$#4%/+Z!NN!f!$//4!
I#24/4$/8Q%(L!$,&8%$#4%/+Z!!

N[!f!Q,4,$/4$/8Q%(!I0%($/B%#*L!

$,&8%$#4%/+!

!

YQ%*,!$,&8%$#4%/+!B9!8*#+4!$//4&!#+-!0%($/B,&!(/0B%+,!4/!9%,*-!B2*R!N7Z!4Q,!

4?/!(/08/+,+4!5*2V,&!#$,!-$%@,+!B9!-%55,$,+4!8$/(,&&,&J!E+!/$-,$!4/!B,44,$!
2+-,$&4#+-!4Q,!0,(Q#+%&0&!B,Q%+-!(Q#+C,&!%+!N7!#+-!(/+&,U2,+4!(Q#+C,&!%+!N:Z!%4!

%&!+,(,&&#$9!4/!&,8#$#4,!3XK!5*2V,&!5$/0!$//4&!#+-!Q,4,$/4$/8Q%(!-,(/08/&%4%/+J!

N#-%/(#$B/+!(#+!B,!2&,-!4/!8#$4%4%/+!N7!5*2V,&!%+4/!&/2$(,!(/08/+,+4&!%+(*2-%+C!
&,8#$#4%/+!/5!NN!5$/0!N[!I3#$B/+,!,4!#*JZ!KSSO]!3`%0(`%R!,4!#*JZ!KSSHL!#+-!

%-,+4%5%(#4%/+!/5!3\&/2$(,&!5/$!0%($/B%#*!-,(/08/&%4%/+!I3`%0(`%R!#+-!.$20B/$,Z!
KSSMLJ!7/2$(,!8#$4%4%/+%+C!0,4Q/-&!2&%+C!+#42$#*!#B2+-#+(,!Fa3!4#R,!#-@#+4#C,!/5!

4Q,!#40/&8Q,$%(!Fa3XK!$,(/$-Z!?Q%(Q!%+(*2-,&!#!&8%R,!-2$%+C!4Q,!0%-\KS4Q!(,+42$9!

#44$%B24,-!4/!#40/&8Q,$%(!+2(*,#$!?,#8/+&!4,&4%+C!R+/?+!#&!4Q,!B/0B\(2$@,!#+-!
%&/4/8%(!0%V%+C!0/-,*&J!624/4$/8Q%(!$,&8%$#4%/+!IN6!#+-!NNL!Q#&!#!Fa3XK!&%C+#42$,!

&%0%*#$!4/!4Q,!#40/&8Q,$,!#&!%4!%&!-/0%+#4,-!B9!+,?!8Q/4/&9+4Q#4,\3Z!?Q%*,!4Q,!Fa3!
&%C+#42$,!/5!N[!$,5*,(4&!4Q,!3!&/2$(,I&L!5/$!0%($/B%#*!-,(/08/&%4%/+J!P2*R!N7!!Fa3!

@#*2,&!$,&2*4!5$/0!4Q,!8$/8/4%/+#*!0%V%+C!/5!NN!#+-!N[J!!

3#+/89!C#8!5/$0#4%/+!@%#!&,*,(4%@,!Q#$@,&4!&Q/2*-!%+($,#&,!&/%*!4,08,$#42$,!

#+-!0/%&42$,Z!(Q#+C,&!4Q#4!,V8,(4,-!4/!%+($,#&,!N[J![/?,@,$Z!4Q,&,!,55,(4&!0#9!B,!

B#*#+(,-!B9!-,($,#&,&!%+!FL!N6!#+-!NN!-$%@,+!B9!-,($,#&,-!#B/@,C$/2+-!

8$/-2(4%@%49!/$!KL!N[!$,&2*4%+C!5$/0!-,($,#&,-!8*#+4!3!%+824&J!6&!#!$,&2*4!/5!4Q,&,!

%+4,$#(4%+C!0,(Q#+%&0&Z!$,8/$4,-!,55,(4&!/5!&,*,(4%@,!Q#$@,&4!/+!N7!#$,!%+(/+&%&4,+4!!

N:!

N6! N7!

NN!

N[!



 4!

I,JCJZ!3/+(%*%/!!"#$%JZ!KSSG]!=,+C!#+-!.Q/0#&Z!KSSH]!!74/55,*!!"#$%JZ!KSFSLZ!B24!N7!%&!

$#$,*9!&,8#$#4,-!%+4/!NN!#+-!N[!%+!4Q,&,!&42-%,&!#+-!%4!%&!8/&&%B*,!4Q#4!%+!&/0,!(#&,&!
Q,4,$/4$/8Q%(!$,&8/+&,&!?,$,!0/$,!/$!*,&&!%08/$4#+4!%+!-,4,$0%+%+C!/@,$#**!5*2V!

4Q#+!%+!/4Q,$&J!

Y,!?%**!0,#&2$,!!Fa3XK!5$/0!N:!#+-!NN!B,5/$,!I)^FF<FKL!#+-!#54,$!

I)^FK<FgL!&,*,(4%@,!Q#$@,&4J!!Fa3XK!/5!N:!?%**!B,!0,#&2$,-!,@,$9!4Q$,,!-#9&!5$/0!

4Q,!Y%**/?!3$,,R!,--9\(/@#$%#+(,!4/?,$!-2$%+C!4Q,!4Q$,,!9,#$&!/5!4Q%&!8$/D,(4J!N7!

5*2V,&!#+-!!Fa3XK!/5!N7!?%**!B,!0,#&2$,-!#4!5%@,!8*/4&!2+-,$!4Q,!Y%**/?!3$,,R!4/?,$!

?,,R*9!5$/0!'#9!4Q$/2CQ!X(4/B,$!4/!(#842$,!4Q,!0#D/$%49!/5!N7J!!

./!8#$4%4%/+!$,&8%$#4%/+!5*2V,&!2&%+C!Fa3!#4!Y%**/?!3$,,R!?,!?%**!0,#&2$,!

%&/4/8%(!,+-\0,0B,$&!0/+4Q*9!5$/0!'#9!4Q$/2CQ!X(4/B,$J!=#$4%4%/+%+C!/5!&/%*!

$,&8%$#4%/+!B,4?,,+Z!5/$!,V#08*,Z!$//4!#+-!Q,4,$/4$/8Q%(!&/2$(,&!2&%+C!Fa3!$,U2%$,&!

4Q#4!!Fa3XK!/5!NN!#+-!N[!B,!R+/?+J!P,(#2&,!4Q,9!0#9!(Q#+C,!&,#&/+#**9Z!!Fa3XK!/5!

NN!#+-!N[!?%**!B,!-,4,$0%+,-!0/+4Q*9J!!Fa3XK!5/$!NN!?%**!B,!-,4,$0%+,-!B9!5%,*-!

%+(2B#4%/+!/5!5$,&Q*9!(/**,(4,-!$//4&!I$%+&,-!5$,,!/5!&/%*LZ!(/**,(4%/+!/5!$,&8%$,-!3XKZ!

#+-!Fa3!#+#*9&%&!/5!(/**,(4,-!3XKJ!.Q,!!Fa3XK!/5!N[!?%**!B,!#44#%+,-!B9!&#08*%+C!3XK!

$,&8%$,-!-2$%+C!&/%*!*#B/$#4/$9!%+(2B#4%/+!?%4Q/24!4Q,!8$,&,+(,!/5!*%@,!$//4&J!./!

,+&2$,!+/!NN!?%**!(/+4$%B24,!4/!3XK!,@/*@,-!-2$%+C!%+(2B#4%/+Z!&/%*!&#08*,&!#$,!
(/**,(4,-!#+-!$,5$%C,$#4,-!5/$!#4!*,#&4!/+,!?,,R!8$%/$!4/!%+(2B#4%/+!4/!,+&2$,!4Q#4!

#+9!*%@,!$//4&!&,@,$,-!-2$%+C!&#08*%+C!Q#@,!-%,-J!6**!%+(2B#4%/+&!?%**!/((2$!%+!4Q,!

-#$R!4/!,+&2$,!+/!$,&8%$#4%/+!B9!8Q/4/&9+4Q,&%`%+C!4%&&2,&!/$!/$C#+%&0&!/((2$&J!

654,$!B2*R!5*2V,&!Q#@,!B,,+!0,#&2$,-!#+-!4Q,!!Fa3!@#*2,&!/5!4/4#*Z!$//4Z!#+-!

Q,4,$/4$/8Q%(!/$C#+%(!#+-!0%+,$#*!&/%*!$,&8%$#4%/+!Q#@,!B,,+!-,4,$0%+,-Z!

$,&8%$#4%/+!&/2$(,&!#$,!8#$4%4%/+,-!2&%+C!#+!%&/4/8%(!0#&&!B#*#+(,!#88$/#(QJ!!

.Q,!&#0,!0,4Q/-/*/C9!(#+!4Q,+!B,!2&,-!4/!8#$4%4%/+!N[!8$/@%-,-!4Q,!Fa3!/5!

-%55,$,+4!0%($/B%#*!3!&/2$(,&!#$,!#*&/!-,4,$0%+,-J!Y,!?%**!2&,!8Q9&%(#*!5$#(4%/+#4%/+!

/5!&/%*!/$C#+%(!0#44,$!8//*&!B9!-,+&%49!4/!%&/*#4,!&/%*!/$C#+%(!0#44,$!8//*&!/5!@#$9%+C!

&4#B%*%49J!!Fa3XK!@#*2,&!/5!4Q,&,!5$#(4%/+&!?%**!@,$%59!4Q,!-%55,$,+(,&!%+!42$+/@,$!

4%0,&!B,4?,,+!4Q,&,!8//*&!#+-!8$/@%-,!,+-\0,0B,$&!5/$!&/2$(,!8#$4%4%/+%+C!/5!N[!

B,5/$,!#+-!#54,$!Q#$@,&4J!P,(#2&,!4Q,!!Fa3!@#*2,&!/5!4Q,&,!&/%*!8//*&!-/!+/4!(Q#+C,!

/+!#!&,#&/+#*!4%0,&(#*,!4Q,9!?%**!B,!-,4,$0%+,-!#++2#**9J!

!
!"#$%&'($)*+)4$56'23&'78)-7.2%$)932&'&'78'8:) )

!Fa3XK!0,#&2$,0,+4&!/5!#%$!&#08*,-!#4!4Q,!Y>:)!4/?,$!?%**!B,!0#-,!,@,$9!

g!-#9&!-2$%+C!4Q,!(/2$&,!/5!4Q%&!&42-9Z!&#0,!#&!5/$!4Q,!Y%**/?!3$,,R!,--9\

(/@#$%#+(,!4/?,$J!3XK!(/+(,+4$#4%/+&!#+-!!Fa3XK!0,#&2$,-!#4!Y>:)!?%**!B,!

(/08#$,-!4/!3XK!5*2V!#+-!!Fa3XK!0,#&2$,0,+4&!0#-,!#4!4Q,!Y%**/?!3$,,R!4/?,$!4/!

-,4,$0%+,!4Q,!%+5*2,+(,!/5!(Q#+C,&!%+!,(/&9&4,0!$,&8%$#4%/+!#+-!$,&8%$,-!Fa3XK!#4!
Y%**/?!3$,,R!5/**/?%+C!/+!Fa3XK!0,#&2$,-!#4!Y>:)J!!

!

;$<'($23"<$5)38/)='>$<'8$)

6**!Fa3!0,#&2$,0,+4&!?%**!B,!-/+,!#4!36'7!#+-!B,!#((/08#+%,-!B9!Fg3!

0,#&2$,0,+4&!4/!(/$$,(4!5/$!0#&&\-,8,+-,+4!5$#(4%/+#4%/+Z!#**/?!5/$!#+9!#--%4%/+#*!

%+4,$8$,4#4%/+!8$/@%-,-!B9!4Q,!&4#B*,!%&/4/8,Z!#+-!8$/@%-,!#!0/$,!(/08*,4,!-#4#!&,4!
5/$!0/-,*%+C!/5!3!(9(*%+C!%+!4Q,!&42-9!#$,#J!
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P,(#2&,!Fa3!0,#&2$,0,+4&!#$,!,V8,+&%@,Z!0/&4!$,&,#$(Q,$&!2&%+C!Fa3!4/!

8#$4%4%/+!$,&8%$#4%/+!5*2V,&!#$,!*%0%4,-!%+!4Q,!+20B,$!/5!0,#&2$,0,+4&!4Q,9!(#+!
0#R,J!6&!#!$,&2*4Z!0,#&2$,0,+4&!#$,!/54,+!0#-,!/@,$!&0#**!&8#4%#*!&(#*,&!#+-!&Q/$4!

4%0,&(#*,&J!Y,!#$,!%+!#!2+%U2,!8/&%4%/+!4/!0#R,!4Q,!+20B,$!/5!Fa3!0,#&2$,0,+4&!

$,U2%$,-!4/!,V#0%+,!4Q,!,55,(4&!/5!*#+-!0#+#C,0,+4!/+!$,&8%$#4%/+!5*2V,&!/@,$!

02*4%8*,!9,#$&!#+-!&,#&/+&!#+-!4/!$,*#4,!Fa3XK!$,*,#&,-!B9!&/%*!4/!,(/&9&4,0!*,@,*!

$,&8%$#4%/+!#+-!4/!$,C%/+#*!5*2V,&!?%4Q!4,08/$#*!$,&/*24%/+J!6&!#!$,&2*4Z!?,!?%**!
C,+,$#4,!-#4#!2&,52*!5/$!3!(9(*,!0/-,*,$&!/8,$#4%+C!#4!02*4%8*,!&(#*,&Z!!

N,&,#$(Q!4#&R&!#+-!-,*%@,$#B*,&!/24*%+,-!#B/@,!?%**!B,!(/08*,4,-!#&!

-,&($%B,-!%+!4Q,!4%0,*%+,!&Q/?+!%+!.#B*,!FJ!)%,*-!&#08*%+C!?%**!B,C%+!#&!&//+!#&!
8/&&%B*,!#54,$!52+-&!#$,!$,(,%@,-!%+!)^KSFFJ!=$,8#$#4%/+!/5!0#+2&($%84&!4/!8,,$\

$,@%,?,-!D/2$+#*&!?%**!B,C%+!#&!&//+!#&!%+%4%#*!$,&2*4&!Q#@,!B,,+!8$/-2(,-J!N,&2*4&!

?%**!#*&/!B,!8$,&,+4,-!#4!&,@,$#*!8$/5,&&%/+#*!0,,4%+C&Z!%+(*2-%+C!&,@,$#*!-/0,&4%(!

#+-!/+,!%+4,$+#4%/+#*!(/+5,$,+(,J!;#4#!C,+,$#4,-!B9!4Q%&!$,&,#$(Q!?%**!B,!#@#%*#B*,!

4/!4Q,!&(%,+4%5%(!(/002+%49!4Q$/2CQ!60,$%)*2V!-#4#!#$(Q%@,&J!
!

.#B*,!FJ!.%0,*%+,!/5!8$/8/&,-!4#&R&!%+!#**!5%&(#*!9,#$&!B9!&,#&/+!I5#**Z!?%+4,$Z!&8$%+CZ!

&200,$LJ!

.#&R! ;,&($%84%/+! )^KSFF!

)!!Y!!78!!72!

)^KSFK!

)!!Y!!78!!72!

)^KSFg!

)!!Y!!78!!72!

! ! ! !

=$,\[#$@,&4! h!!!h!!!h!!!h! h!!!h! !

.$,#40,+4!

=/&4\[#$@,&4! ! !!!!!!!!!!!h!!!h! h!!!h!!!h!!!h!

! ! ! ! !

! ! ! !

Y>:)!$,C%/+#*!! h!!!h!!!h!!!h! h!!!h!!!h!!!h! h!!!h!!!h!!!h!

Y%**/?!3$,,R!N:! h!!!h!!!h!!!h! h!!!h!!!h!!!h! h!!!h!!!h!!!h!

Y%**/?!3$,,R!N7! !!!!!!!!!!!h!!!h! !!!!!!!!!!!h!!!h! !!!!!!!!!!!h!!!h!

Fa3!',#&2$,0,+4&!

#+-!;#4#!6+#*9&%&!

NNZ!N[! !!!!!!!!!!!h!!!h! !!!!!!!!!!!h!!!h! !!!!!!!!!!!h!!!h!

! ! ! ! !

! ! ! !

7/%*!5$#(4%/+&! h! h! h!

3/+5,$,+(,&! !!!!!!h! h!!!h! h!!!h!

;#4#!6$(Q%@,! h!!!h!!!h!!!h! h!!!h!!!h!!!h! h!!!h!!!h!!!h!

;,*%@,$#B*,&!

=2B*%(#4%/+&! !!!!!!!!!!!h!!!h! h!!!h!!!h!!!h! h!!!h!!!h!!!h!

!

7"*"8%9%*+&-$"*&
!

Fa3!Q#&!9,4!4/!B,!%+(/$8/$#4,-!%+4/!4,$$,&4$%#*!3!(9(*,!&42-%,&!4Q#4!(#+!B,!

-%$,(4*9!$,*#4,-!4/!$,C%/+#*\&(#*,!5*2V,&!/5!3XKJ!X+,!$,#&/+!5/$!4Q%&!%&!4Q#4!,V4,+&%@,!
Fa30,#&2$,0,+4&Z!?Q%(Q!36'7!%&!2+%U2,*9!,U2%88,-!4/!0#R,Z!#$,!+,(,&&#$9!#+-!

&9&4,0#4%(!&42-%,&!-,&%$,-!B9!*#$C,\&(#*,!0/-,*,$&!#$,!%+!4Q,%$!%+5#+(9J!6+/4Q,$!
$,#&/+!%&!4Q,!*,@,*!/5!Fa3!,V8,$%,+(,!$,U2%$,-!5/$!-#4#!#+#*9&%&!#+-!%+4,$8$,4#4%/+J!!
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"#$%&!'()#$*#+,Z!4Q,!*,#-\=EZ!?%**!B,!$,&8/+&%B*,!5/$!,V8,$%0,+4#*!-,&%C+Z!

&#08*,!(/**,(4%/+Z!8$,8#$#4%/+!5/$!Fa3!#+#*9&%&Z!#+-!-#4#!#+#*9&%&J!E+!#--%4%/+Z!&Q,!
?%**!(//$-%+#4,!$,&,#$(Q!,55/$4&!?%4Q!(/**#B/$#4/$&!?/$R%+C!#4!4Q,!&42-9!&%4,!I;$J!

;,&#%!#+-!;$J!'#$i+\78%/44#LJ!'()#$*#+,!?%**!8$,&,+4!$,&2*4&!#4!8$/5,&&%/+#*!

0,,4%+C&Z!,+&2$,!4Q#4!-#4#!#$,!#@#%*#B*,!4/!4Q,!&(%,+4%5%(!(/002+%49Z!#+-!8$,8#$,!

0#+2&($%84&!C,+,$#4,-!5$/0!4Q%&!?/$R!5/$!82B*%(#4%/+!%+!8,,$\$,@%,?,-!D/2$+#*&J!

./0!12%*-,$&/+!?%**!8$/@%-,!+,(,&&#$9!,V8,$4%&,!%+!&#08*,!(/**,(4%/+!#+-!
8$,8#$#4%/+!5/$!Fa3!#+#*9&%&!#4!36'7J!.Q,&,!4#&R&!%+(*2-,!4Q,!%08*,0,+4#4%/+!/5!

&#08*,!(/**,(4%/+!5$/0!4Q,!Y%**/?!3$,,R!,--9\(/@#$%#+(,!4/?,$!#+-!4Q,!

(/+&4$2(4%/+!#+-!4,&4%+C!/5!0/*,(2*#$!&%,@,&!5/$!4$#88%+C!/5!3XK!%+!4Q,!5%,*-J!!
P$%#+!>#)$#(Q%!%&!%+@/*@,-!%+!AX66d&!4#**!4/?,$!0,#&2$,0,+4&!8$/C$#0!#+-!

?%**!8$/@%-,!#--%4%/+#*!,V8,$4%&,!%+!&(#*%+C!,(/&9&4,0!4/!$,C%/+#*!5*2V,&J!

6--%4%/+#**9Z!?,!%+4,+-!4/!2&,!4Q%&!8$/D,(4!4/!,+C#C,!#!+,?!8/&4\-/(4/$#*!

$,&,#$(Q,$!?%4Q!#!B#(RC$/2+-!8$%0#$%*9!%+!5%,*-!#+-!$,0/4,!&,+&%+C!B#&,-!

,(/&9&4,0!$,&8%$#4%/+!#+-!&,(/+-#$%*9!B%/C,/(Q,0%&4$9!0/-,*%+CJ!.Q,!%+4,+4!%&!5/$!
4Q%&!8/&4-/(!4/!$,&%-,!%+!4Q,!A#42$#*!3#$B/+!1$/28!#4!36'7!B24!4Q,9!?%**!B,!

,+(/2$#C,-!4/!%+4,$#(4!?%4Q!&(%,+4%&4&!%+!4Q,!640/&8Q,$%(!7(%,+(,&!1$/28Z!%+(*2-%+C!

B24!+/4!,V(*2&%@,*9Z!=3';EJ!

:+."+%820&;$28*9%*+&
!

.Q%&!?/$R!#--$,&&,&!>>A>d&!'%&&%/+!)/(2&!6$,#b!:+,$C9!7,(2$%49!#+-!

N,C%/+#*!3*%0#4,!3Q#+C,!E08#(4&J!78,(%5%(#**9Z!4Q%&!$,&,#$(Q!?%**!0#R,!@#*2#B*,!

(/+4$%B24%/+&!4/!4Q,!%08$/@,-!#B%*%49!4/!8$,-%(4!N,C%/+#*!3*%0#4,!3Q#+C,!B9!

%08$/@%+C!/2$!2+-,$&4#+-%+C!/5!4,$$,&4$%#*!8$/(,&&,&!,55,(4%+C!$,C%/+#*!

B%/&8Q,$,<#40/&8Q,$,!3!,V(Q#+C,J!E+!#--%4%/+Z!4Q%&!?/$R!?%**!8$/@%-,!%+&%CQ4&!%+4/!
4,$$,&4$%#*!&/2$(,&!#+-!8#44,$+&!/5!#40/&8Q,$%(!Fa3!4Q#4!?%**!#**/?!2&!4/!B,44,$!

U2#+4%59!B#(RC$/2+-!4,$$,&4$%#*!B%/&8Q,$,!3XK!5*2V,&!#+-!4Q2&!0/$,!#((2$#4,*9!

%+-,8,+-,+4*9!#&&,&&!5/&&%*!52,*!3XK!,0%&&%/+&J!

E+!#--%4%/+Z!4Q%&!?/$R!*%,&!?%4Q%+!4?/!7.j:!=%**#$&b!',#&2$,0,+4&!#+-!

:V8,$%0,+4#*!7(%,+(,!#+-!)2+-#0,+4#*!N,&,#$(Q!%+!4Q,!;%&(%8*%+,&J!:--9\
(/@#$%#+(,!0,#&2$,0,+4&!/5!B%/&8Q,$,<#40/&8Q,$,!3!,V(Q#+C,!B9!5/$,&4&!Q#@,!

8$/@,+!2&,52*!%+!%-,+4%59%+C!-%55,$,+(,&!#0/+C!,(/&9&4,0&!#+-!$,C%/+&Z!B24!-/!+/4!

#**/?!5/$!4Q,!8#$4%4%/+%+C!/5!,(/&9&4,0!3!4Q#4!%&!$,U2%$,-!5/$!4Q,!-,@,*/80,+4!#+-!
4,&4%+C!/5!$/B2&4!3!0/-,*&J!N#-%/(#$B/+!%&!#+!%+@#*2#B*,!4//*!5/$!8#$4%4%/+%+C!5*2V,&!

%+4/!&/2$(,!(/08/+,+4&Z!B24!#((,&&!4/!4Q,!+20B,$!/5!Fa3!0,#&2$,0,+4&!$,U2%$,-!4/!

-,0/+&4$#4,!4Q,!*#$C,\&(#*,!24%*%49!%&!*%0%4,-!5/$!0/&4!/5!4Q,!&(%,+4%5%(!(/002+%49J!

'/&4!=Ed&!(/+&%-,$!4Q,!,+-,#@/$!4//!Q%CQ\$%&R!4/!%+(*2-,!%+!C$#+4!8$/8/&#*&!B,(#2&,!

4Q,!8/4,+4%#*!5/$!Q%CQ\8#9/55!%&!B#*#+(,-!B9!4Q,!Q%CQ!(/&4!/5!4Q,!+20B,$!/5!

0,#&2$,0,+4&!$,U2%$,-J!!64!>>A>Z!?,!Q#@,!#((,&&!4/!#!?/$*-\(*#&&!6'7!5#(%*%49!#+-!

4Q,!,V8,$%,+(,!$,U2%$,-!4/!-,&%C+Z!%08*,0,+4Z!#+-!%+4,$8$,4!#!&42-9!-,0/+&4$#4%+C!
4Q%&!4,(Q+%U2,J!X2$!0,#&2$,0,+4&!?%**!#--!4/!52+-#0,+4#*!4,$$,&4$%#*!3!(9(*,!

&(%,+(,J!E+!#--%4%/+Z!4Q%&!?/$R!?%**!-,0/+&4$#4,!4Q,!24%*%49!/5!Fa3!#&!#+!%&/4/8,!4$#(,$!

%+!4,$$,&4$%#*!B%/C,/(Q,0%&4$9Z!$,-2(%+C!4Q,!8,$(,%@,-!$%&R!%+!2&%+C!C$#+4!52+-&!5/$!
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0,#&2$,0,+4&J!.Q%&!?/$R!?%**!,+(/2$#C,!4Q,!C$,#4,$!&(%,+4%5%(!(/002+%49!4/!2&,!

#+-!&288/$4!4Q,!2&,!/5!Fa3!%+!8$/(,&&\*,@,*!$,&,#$(Q!#+-!0/-,*%+C!4/!#-@#+(,!3!(9(*,!
#+-!(*%0#4,!&(%,+(,J!

!

:699".<&
! Y,!8$/8/&,!4/!4#R,!#-@#+4#C,!/5!#!8*#++,-!5/$,&4!Q#$@,&4!%+!#!Q,#@%*9!
&42-%,-!#+-!%+&4$20,+4,-!$,C%/+!4/!-,0/+&4$#4,!4Q,!(#8#B%*%49!5/$!Fa3!4/!#**/?!5/$!

4Q,!-,4,(4%/+!/5!&Q%54&!%+!3!&/2$(,!5/$!5/$,&4!&/%*!#+-!,(/&9&4,0!$,&8%$#4%/+J!Y,!

8$/8/&,!4/!2&,!Fa3!4/!8#$4%4%/+!&/2$(,&!/5!3!5/$!&/%*!$,&8%$#4%/+!B,5/$,!#+-!#54,$!

&,*,(4%@,!Q#$@,&4!#+-!4/!&(#*,!(Q#+C,&!%+!,(/&9&4,0!3!5*2V,&!4/!$,C%/+#*!5*2V,&J!.Q%&!

$,&,#$(Q!?%**!(/+4$%B24,!&%C+%5%(#+4*9!4/!/2$!#B%*%49!4/!8$,-%(4!$,C%/+#*!(Q#+C,&!%+!

(*%0#4,Z!8#$4%(2*#$*9!?%4Q!$,C#$-&!4/!4,$$,&4$%#*!B%/&8Q,$,!5,,-B#(R&!4/!*#+-\2&,!#+-!

(*%0#4,!(Q#+C,J!E+!#--%4%/+Z!4Q%&!?/$R!?%**!8$/@%-,!+,(,&&#$9!-#4#!5/$!4Q,!

%+(/$8/$#4%/+!/5!Fa3!%+4/!(/28*,-!(*%0#4,\(#$B/+!0/-,*&!#+-!5/$!%08$/@,-!

U2#+4%5%(#4%/+!/5!B#(RC$/2+-!4,$$,&4$%#*!B%/&8Q,$,!3XK!5*2V,&!5/$!5/&&%*!52,*!,0%&&%/+!

@,$%5%(#4%/+!,55/$4&J!.Q%&!&42-9!?%**!#*&/!8$/@%-,!#!-,0/+&4$#4%/+!/5!4Q,!24%*%49!/5!Fa3!

%+!8$/(,&&\B#&,-!4,$$,&4$%#*!3!(9(*,!&(%,+(,!#+-!?%**!8$/@%-,!-#4#!4/!B,!2&,-!%+!
5242$,!C$#+4!8$/8/&#*&!4/!(#$B/+!8$/C$#0&!#4!02*4%8*,!#C,+(%,&J!

&
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=%(%.%*0%,&)2+%5&
!

3#$B/+,!'7Z!Y%+&4/+!13!j!.$20B/$,!7:!IKSSOL!7/%*!$,&8%$#4%/+!%+!8,$,++%#*!C$#&&!

#+-!&Q$2B!,(/&9&4,0&b!>%+R%+C!,+@%$/+0,+4#*!(/+4$/*&!?%4Q!8*#+4!#+-!0%($/B%#*!

&/2$(,&!/+!&,#&/+#*!#+-!-%,*!4%0,&(#*,&J!k/2$+#*!/5!1,/8Q9&%(#*!N,&,#$(Q!FFgb!

1SKSKK!
!

3/+(%*%/!6Z!'#!7Z!>%!lZ!>,'/%+,!kZ!3Q,+!kZ!A/$4Q!'Z!'//$Q,#-!;!j!k,+&,+!N!IKSSGL!

7/%*!$,&8%$#4%/+!$,&8/+&,!4/!8$,&($%B,-!B2$+%+C!#+-!4Q%++%+C!%+!0%V,-\(/+%5,$!#+-!

Q#$-?//-!5/$,&4&J!3#+#-%#+!k/2$+#*!/5!)/$,&4!N,&,#$(Q!gGb!FGOF\FG_F!

!

3/V!='Z!P,44&!N6Z!k/+,&!3;Z!78#**!76!j!./44,$-,**!Ek!IKSSSL!6((,*,$#4%/+!/5!C*/B#*!

?#$0%+C!-2,!4/!(#$B/+\(9(*,!5,,-B#(R&!%+!#!(/28*,-!(*%0#4,!0/-,*J!A#42$,!aSOb!

FOa\FOM!

!

3`%0(`%R!3E!j!.$20B/$,!7:!IKSSML!7Q/$4\4,$0!(/+4$/*&!/+!4Q,!#C,!/5!0%($/B%#*!

(#$B/+!&/2$(,&!%+!B/$,#*!5/$,&4!&/%*&J!k/2$+#*!/5!1,/8Q9&%(#*!N,&,#$(Q!FFKb!1SgSSF!
!

;#@%-&/+!:6Z!k#+&&,+&!E6!j!>2/!^l!IKSSHL!X+!4Q,!@#$%#B%*%49!/5!$,&8%$#4%/+!%+!

4,$$,&4$%#*!,(/&9&4,0&b!0/@%+C!B,9/+-!lFSJ!1*/B#*!3Q#+C,!P%/*/C9!FKb!FGa\FHa!

!

;%/(Q/+!6!j!",**0#+!>!IKSSOL!A#42$#*!#B2+-#+(,!0,#&2$,0,+4&!/5!Fg3!%+-%(#4,!

%+($,#&,-!-,,8!&/%*!(#$B/+!0%+,$#*%`#4%/+!#54,$!5/$,&4!-%&42$B#+(,J!1,/8Q9&%(#*!

N,&,#$(Q!>,44,$&!gGb!>FaaSK!

!
=,+C!^!j!.Q/0#&!73!IKSSHL!7/%*!3XK!,55*2V!%+!2+,@,+\#C,-!0#+#C,-!5/$,&4&b!

4,08/$#*!8#44,$+&!5/**/?%+C!Q#$@,&4!#+-!,55,(4&!/5!,-#8Q%(!Q,4,$/C,+,%49J!=*#+4!#+-!

7/%*!KO_b!KGg\KHa!

!

N#%&(Q!kYZ!=/44,$!37!j!PQ#C#?#4%!;!IKSSKL!E+4,$#++2#*!@#$%#B%*%49!%+!C*/B#*!&/%*!
$,&8%$#4%/+Z!F_OS\_aJ!1*/B#*!3Q#+C,!P%/*/C9!Ob!OSS\OFK!

!

74/55,*!k>Z!1/?,$!7.Z!)/$$,&4,$!k6!j!'*#-,+/55!;k!IKSFSL!:55,(4&!/5!?%+4,$!&,*,(4%@,!
4$,,!Q#$@,&4!/+!&/%*!0%($/(*%0#4,!#+-!&2$5#(,!3XK!5*2V!/5!#!+/$4Q,$+!Q#$-?//-!

5/$,&4J!)/$,&4!:(/*/C9!#+-!'#+#C,0,+4!KG_b!KGM\KHG!

!

72*`0#+!:YZ!P$#+4!kPZ!P/?-,+!N;!j!>#D4Q#!"!IKSSGL!3/+4$%B24%/+!/5!#B/@,C$/2+-!

*%44,$Z!B,*/?C$/2+-!*%44,$Z!#+-!$Q%`/&8Q,$,!$,&8%$#4%/+!4/!4/4#*!&/%*!3XK!,55*2V!%+!#+!

/*-!C$/?4Q!(/+%5,$/2&!5/$,&4J!P%/C,/(Q,0%&4$9!Mgb!KgF\KGH!

!
Y//-B2$9!=PZ!70%4Q!k:!j![,#4Q!>7!IKSSML!3#$B/+!&,U2,&4$#4%/+!%+!4Q,!TJ7J!5/$,&4!

&,(4/$!5$/0!F__S!4/!KSFSJ!)/$,&4!:(/*/C9!#+-!'#+#C,0,+4!KaFb!Fa\KM!

!
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mQ/2!h[Z!1$2+?#*-!.Z!62B%+,4!'Z!P,$Q/5,$!3Z!P#*-/((Q%!;;Z!3Q,+!klZ!;2++!6>Z!
;,5/$,&4!k>Z!;$#C/+%!;Z!1/*-&4,%+!6[Z!'//$&!:Z!'2+C,$!kYZ!'/+&/+!N"Z!729R,$!6:Z!

74#$!1Z!7(/44!N>Z!.,+Q2+,+!kZ!n,$0#!7PZ!n,&#*#!.!j!Y/5&9!73!IKSS_L!>#4%42-%+#*!

8#44,$+&!/5!0#C+%42-,!#+-!%+4,$#++2#*!@#$%#B%*%49!%+!+,4!,(/&9&4,0!,V(Q#+C,!

$,C2*#4,-!B9!B%/*/C%(#*!#+-!,+@%$/+0,+4#*!@#$%#B*,&J!1*/B#*!3Q#+C,!P%/*/C9!FGb!

K_SG\K_KS!
!

!


