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?91BO!)1:=)(!+99)99;)B:!28;*8B)B:9!8(!:=)!()9?6:9!8K!:=19!9:?,.!+:!92+6)9!9;+66)(!:=+B!:=)!K?66!
E8(:=)+9:!<)O18B4!!C=)!*(8d)2:!M+9!*(1;+(16.!,)91OB),!:8!*(8,?2)!+B!+99)99;)B:!?9)K?6!K8(!
()O18B+6!+1([`?+61:.!;+B+O)(97!*(8H1,1BO!+!()O18B+6!*)(9*)2:1H)!8K!K8()9:!+B,!+`?+:12!()98?(2)!
H?6B)(+-161:.!?B,)(!,1KK)()B:!*866?:+B:!);19918B9!+B,!+:;89*=)(12!,)*891:18B!92)B+(1894!!0B,[
?9)(9!8K!:=)!,+:+!M=89)!1B:)()9:9!61)!1B!)H+6?+:18B!8(!;+B+O);)B:!8K!9*)21K12!6+B,!*+(2)69!+()!
)B28?(+O),!:8!?9)!:=)!()O18B+6!9:?,.!()9?6:9!+9!O?1,+B2)!*(8H1,1BO!1BK8(;+:18B!8B!:=)!O)B)(+6!
;+OB1:?,)!8K!2(1:12+6!68+,9!+B,!)L2)),+B2)!)L*)2:),!:8!*()H+16!8B!+!O1H)B!*+(2)64!!C=)!()O18B+6!
+99)99;)B:!1,)B:1K1)9!+()+9!;89:!61F)6.!:8!-)!+:!28B:1B?),!(19F!K(8;!9?6K?(!+B,!B1:(8O)B!
,)*891:18B!+B,!*(8H1,)9!()98?(2)!;+B+O)(9!M1:=!1BK8(;+:18B!:=+:!2+B!)KK)2:1H)6.!O?1,)!
,)21918B9!+-8?:!M=)()!+B,!M=+:!:.*)!8K!+,,1:18B+6!,+:+!9=8?6,!-)!2866)2:),!:8!(),?2)!
?B2)(:+1B:.!1B!2(1:12+6!68+,!)9:1;+:)9!+:!:=)!682+6!92+6)4!
!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$J$

!
$)2'/)'2-!5<!)@-!"52)@-37)!B-,*5.3(!$)-3609$)3)-!12*)*/3(!45367!#258-/)!

!
! 5):=8,9!K8(!2(1:12+6!68+,!)9:1;+:18B!M)()!);*68.),!:=+:!+668M),!+!28B919:)B:!;):=8,!
8K!2+62?6+:18B7!28;;8B!,+:+!98?(2)97!+B,!+!28B919:)B:!9*+:1+6!()986?:18B!+2(899!:=)!M1,)!
H+(1):.!8K!)289.9:);9!*()9)B:!1B!:=)!E8(:=)+9:4!!C=)!;):=8,9!?9),!K8668M),!*()H18?9!M8(F!
Y5166)(!):!+64!#&&Q7!U?1;):!):!+64!#&&QZ!1B!:=)!E)M!0BO6+B,!G:+:)9!+9!*+(:!8K!:=)!E)M!0BO6+B,!
>8H)(B8(9f!+B,!0+9:)(B!T+B+,1+B!'();1)(9f!YE0>$0T'Z!I21,!J)*891:18B!I99)99;)B:!K8(!
K8()9:),!)289.9:);9!YE0>$0T'!#&&"Z4!!C=19!*(8d)2:!)L:)B,),!:=)!E)M!0BO6+B,!+99)99;)B:!:8!
1B26?,)!E)M!e8(F!G:+:)!Y9))!G)2:18B!%Z4!!VB!28B:(+9:!:8!:=)!E0>$0T'!9:?,.7!:=19!*(8d)2:!+698!
)9:1;+:),!:=)!)L)2)),+B2)!8K!:=)!2(1:12+6!68+,!?B,)(!+!*8:)B:1+6!K?:?()!+:;89*=)(12!,)*891:18B!
92)B+(18!Y9))!G)2:18B!#Z4!!C=)!+`?+:12!)289.9:);!+99)99;)B:!,)H1+:),!K(8;!*(18(!E0>$0T'!
M8(F!YJ?*8B:!):!+64!#&&WZ!-.!;+F1BO!+B!)KK8(:!:8!+99)99!28B,1:18B9!1B!+66!9?(K+2)!M+:)(9!(+:=)(!
:=+B!+!9;+66!*8*?6+:18B!8K!9+;*6),!6+F)9!Y9))!G)2:18B!PZ4!!C=)!+`?+:12!28;*8B)B:!8K!:=)!
+99)99;)B:!;+,)!?9)!8K!:=)!)L:)B91H)!,+:+!6+.)(9!O)B)(+:),!1B!:=)!:)(()9:(1+6!)289.9:);!
+99)99;)B:!+B,!);*68.),!+!;8,1K12+:18B!8K!:=)!91;*6)[;+99[-+6+B2)!:.*)!;8,)69!?9),!M1,)6.!
1B!0?(8*)!+B,!E8(:=!I;)(12+!Y9))!9)2:18B!PZ4!
!
! VB!-8:=!:=)!K8()9:),!:)(()9:(1+6!+B,!+`?+:12!)289.9:);!2+9)97!:=)!+99)99;)B:!K8668M9!
:=)!M)66[)9:+-619=),!9:)+,.[9:+:)!;+99[-+6+B2)!+**(8+2=!:8!+228?B:1BO!K8(!:=)!98?(2)9!+B,!
91BF9!8K!+21,1K12+:18B!*8:)B:1+6!YVT'!5+**1BO!5+B?+6!#&&PZ4!!I!9:)+,.[9:+:)!+**(8+2=!M+9!
()`?1(),!:8!;)):!:=)!O8+6!8K!+!28;*()=)B91H)!Y+66!+()+9!28B91,)(),Z!()O18B+6!+99)99;)B:4!!
C=)()!M)()!B8:!+,)`?+:)!,+:+!+H+16+-6)!:8!);*68.!,.B+;12!Y:1;)!28?(9)!91;?6+:18BZ!
;8,)61BO!+**(8+2=)9!:8!+!28;*()=)B91H)!()O18B+6!+99)99;)B:4!!J.B+;12!;8,)61BO!M+9!
+**61),!-.!+!9)*+(+:)!*(8d)2:!:)+;!YG?661H+B!+B,!T89-.Z!:8!9*)21K12!M+:)(9=),9!M1:=1B!:=)!
B8(:=)+9:)(B!^G!M=)()!9?1:+-6)!,+:+!M)()!+H+16+-6)4!!
!
! C=)!K),)(+6!;?6:1[+O)B2.!M8(F1BO!O(8?*!9*8B98(1BO!:=)!*(8d)2:7!+68BO!M1:=!*(1;+(.!
9:+F)=86,)(9!Y9:+:)!+1(!+B,!M+:)(!`?+61:.!+O)B21)9Z7!M)()!-(1)K),!8B!:=)!;):=8,868O1)97!
+:;89*=)(12!,)*891:18B!92)B+(1897!+B,!F).!;8,)61BO!+99?;*:18B94!!A)),-+2F!8B!+**(8+2=)97!
+99?;*:18B97!+B,!2(1:12+6!:=()9=86,9!M+9!8-:+1B),!K(8;!:=)!K),)(+6!+O)B21)9!+B,!9:+F)=86,)(9!
+B,!1B28(*8(+:),!1B:8!:=)!+99)99;)B:!,)91OB4!!<)9?6:9!8K!:=)!+99)99;)B:!M)()!()H1)M),!M1:=!
:=)!9*8B98(1BO!K),)(+6!+O)B21)9!+B,!9:+F)=86,)(94!!58,)6!1B*?:!,+:+!+B,!+99)99;)B:!()9?6:9!
M)()!9:8(),!+B,!:(+B9;1::),!8B!*8(:+-6)!^GD!,19F9!:8!:=)!6)+,!9*8B98(1BO!+O)B2.!K8(!+(2=1H+6!
+B,!,19:(1-?:18B4!
!
!

E.)-2C2-)*.,!)@-!2-7'()7!5<!7)-36097)3)-!/2*)*/3(!(5367!3.3(07*7!

!
! V:!19!1;*8(:+B:!K8(!:=)!)B,[?9)(!8K!:=)!+99)99;)B:!()9?6:9!:8!?B,)(9:+B,!:=)!28B2)*:!8K!
+!g7)-36097)3)-h!2(1:12+6!68+,!+B,!:=)!,1KK)()B2)!-):M))B!9:)+,.[9:+:)!+B,!,.B+;12!;8,)69!8K!
)289.9:);!*(82)99)94!!C=)!28B2)*:!8K!9:)+,.[9:+:)!()K)(9!:8!+!28B,1:18B!M=)B!)L:)(B+6!
1BK6?)B2)9!Y)4O4!+:;89*=)(12!,)*891:18BZ!+B,!1B:)(B+6!*(82)99)9!8K!+!9.9:);!Y)4O4!O(8M:=!(+:)9Z!
+()!?B2=+BO1BO!+B,!1B[-+6+B2)!9?2=!:=+:!9.9:);!9:+:)!*(8*)(:1)9!Y)4O4!-18;+997!9816!-+9)!
9+:?(+:18B7!9?(K+2)!M+:)(!*NZ!+()!B8:!2=+BO1BO4!!G:)+,.[9:+:)!;8,)69!;+F)!:=)!+99?;*:18B!
:=+:!)L:)(B+6!K+2:8(9!Y)4O4!+:;89*=)(12!,)*891:18BZ!+B,!1B:)(B+6!*(82)99)9!Y)4O4!O(8M:=Z!();+1B!
28B9:+B:!1B,)K1B1:)6.4!!C=19!+99?;*:18B!O()+:6.!91;*61K1)9!;8,)6!9:(?2:?()!+B,!,+:+!
()`?1();)B:94!!C=)!()*()9)B:+:18B9!8K!)289.9:);!*(8*)(:1)9!1B!9:)+,.[9:+:)!;8,)69!+()!:=)!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$K$

!
H+6?)9!8K!*(8*)(:1)9!K8(!+!9.9:);!$%&"'($)$!*$(+!M1:=!:=)!9*)21K1),!H+6?)9!8K!)L:)(B+6!+B,!
1B:)(B+6!,(1H1BO!*+(+;):)(94!!,-"*"&$.&%/&$%0/*+12$/%&1!/(2&2$+"341*5$%#&6*/6"*2$".&/0&1&
.5.2"+!$%&1&.2"1753.212"&8*$2$81)&)/17.&+/7")9!!N8M)H)(7!1:!19!28;;8B!:8!28;*+()!:=)!
9:)+,.[9:+:)!)289.9:);!*(8*)(:1)9!()9?6:1BO!K(8;!)`?161-(1?;!M1:=!,1KK)()B:!9):9!8K!,(1H1BO!
*+(+;):)(94!!A()`?)B:6.!:=)!,1KK)()B2)9!1B!*+(+;):)(9!()*()9)B:!,1KK)()B:!H+6?)9!8K!:=)!
,(1H1BO!H+(1+-6)9!FB8MB!8(!+B:121*+:),!+:!,1KK)()B:!:1;)94!!C=?97!9:)+,.!9:+:)!;8,)69!+()!?9),!
*(1;+(16.!:8!)9:1;+:)!2-"&"8/.5.2"+&6*/6"*2$".&2/:1*7&:-$8-&1&.5.2"+&$.&)$;")5&2/&"4/)4"!
?B,)(!:=)!9*)21K1),!H+6?)9!8K!)L:)(B+6!+B,!1B:)(B+6!*+(+;):)(9!+:!98;)!K?:?()!:1;)!K(8;!:=)!
)`?161-(1?;!*(8*)(:1)9!+99821+:),!M1:=!)L:)(B+6!+B,!1B:)(B+6!*+(+;):)(!H+6?)9!+:!+!*()H18?9!
:1;)4!!!G:)+,.[9:+:)!;8,)69!2+B!+698!-)!?9),!:8!)9:1;+:)!:=)!,1()2:18B!8K!2=+BO)!1B!)289.9:);!
*(8*)(:1)9!K(8;!8-9)(H),!YB8B[9:)+,.!9:+:)Z!28B,1:18B9!1K!)L:)(B+6!+B,!1B:)(B+6!*+(+;):)(9!
M)()!:8!();+1B!28B9:+B:!+:!8-9)(H),!H+6?)9!1B,)K1B1:)6.4!
!

E+:?(+6!9.9:);9!+()!B8:!:.*12+66.!1B!+!9:)+,.!9:+:)4!!E+:?(+6!+B,!+B:=(8*8O)B12!
,19:?(-+B2)9!Y)4O4!K1()7!261;+:)!H+(1+-161:.7!=+(H)9:1BO7!*866?:18BZ!28B:1B?+66.!*)(:?(-!B+:?(+6!
9.9:);9!9=1K:1BO!-18;+997!9*)21)9!28;*891:18B7!B?:(1)B:!9:82F9!):24!!A8(!:=19!()+98B7!
)289.9:);9!+()!8K:)B!()K)((),!:8!+9!g,.B+;12"h!8(!:1;)[H+(.1BO!9.9:);94!!02868O12+6!+B,!
-18O)82=);12+6!;8,)69!:=+:!+()!2+*+-6)!8K!91;?6+:1BO!:=)!:1;)[H+(.1BO!*(8*)(:1)9!8K!+B!
)289.9:);!+()!8K:)B!);*68.),!:8!1B:)(*():!+B!8-9)(H+:18B+6!()28(,!8K!2=+BO)9!8H)(!:1;)!1B!
9.9:);!*(8*)(:1)9!+B,!:8!*(),12:!61F)6.!K?:?()!H+6?)9!8K!)289.9:);!*(8*)(:1)9!1B!()9*8B9)!:8!
+B:121*+:),!K?:?()!2=+BO)9!1B!)L:)(B+6!1BK6?)B2)9!8(!1B:)(B+6!*(82)99)94!!J.B+;12!;8,)69!2+B!
*(8H1,)!:1;)[9)(1)9!()*()9)B:+:18B9!8K!:=)!:(+d)2:8(1)9!+B,!:=)!)1#32$+"!8K!)289.9:);!
*(8*)(:1)9!()9*8B,1BO!:8!:);*8(+6!H+(1+:18B!1B!,(1H1BO!K+2:8(94!!G?2=!;8,)69!*(8H1,)!,):+16),!
()*()9)B:+:18B9!8K!=8M!)289.9:);!*(8*)(:1)9!=+H)!)H86H),!:8!*()9)B:!28B,1:18B9!+B,!:=)!(+:)!
+:!M=12=!:=).!+()!61F)6.!:8!2=+BO)!1B!()9*8B9)!:8!)9:1;+:),!2=+BO)9!1B!,(1H1BO!K+2:8(94!
!
! >1H)B!:=)!1B=)()B:!:1;)[H+(.1BO!B+:?()!8K!*(8*)(:1)9!1B!B+:?(+6!9.9:);97!M=.!,1,!:=19!
*(8d)2:!?9)!+!9:)+,.[9:+:)!;8,)61BO!K(+;)M8(F!:8!+99)99!2(1:12+6!68+,9!+B,!)L2)),+B2)i!!X=16)!
,.B+;12!;8,)69!*(8H1,)!()*()9)B:+:18B9!:=)!:);*8(+6!H+(1+:18B!8K!B+:?(+6!9.9:);!*(8*)(:1)97!
:=).!+()!H)(.!,+:+!1B:)B91H)4!!589:!,.B+;12!)289.9:);$-18O)82=);12+6!;8,)69!9?1:+-6)!K8(!
2(1:12+6!68+,9!+B+6.919!()`?1()!:1;)!9)(1)9!8K!8-9)(H+:18B9!K8(!8B)!8(!;8()!*+(+;):)(9!1B!8(,)(!
:8!2+61-(+:)!:=)!H+6?)!8K!8:=)(!*+(+;):)(9!1B!:=)!;8,)6!:=+:!+()!B8:!)+916.!,1()2:6.!;)+9?(),!
YVT'!5+**1BO!5+B?+6!#&&PZ4!!C=19!+**(8+2=!M8(F9!H)(.!M)66!M=)B!)H+6?+:1BO!2(1:12+6!68+,9!
+B,!)L22),+B2)!K8(!9*)21K12!682+:18B9!8(!M+:)(9=),9!:=+:!=+H)!-))B!)L:)B91H)6.!9:?,1),!+B,!
K8(!M=12=!:1;)!9)(1)9!8-9)(H+:18B9!8K!:=)!()`?1(),!*+(+;):)(9!+()!+H+16+-6)4!!C=19!+**(8+2=!
M8(F9!6)99!M)66!M=)()!B8!8-9)(H+:18B9!+()!+H+16+-6)4!!I!*(1;+(.!8-d)2:1H)!8K!:=)!2?(()B:!9:?,.!
M+9!:8!*(8H1,)!".2$+12".!8K!2(1:12+6!68+,9!+B,!)L2)),+B2)!K8(!+66!K8()9:),!+B,!+`?+:12!
)289.9:);97!B8:!d?9:!:=89)!9.9:);9!K8(!M=12=!)L:)B91H)!8-9)(H+:18B9!M)()!+H+16+-6)4!!C=)!K8(;!
8K!9:)+,.[9:+:)!;8,)69!*)(;1:9!91;*61K12+:18B9!8K!:=)!,)92(1*:18B9!8K!)289.9:);!*(82)99)9!
9?2=!:=+:!K)M)(!,+:+!+()!()`?1(),7!+B,!:=)!()`?1(),!,+:+!+()!;8()!+;)B+-6)!:8!)9:1;+:18B4!!!!
!

C=)!()*()9)B:+:18B9!8K!)289.9:);!*(8*)(:1)9!1B!9:)+,.[9:+:)!;8,)69!+()!:=)!H+6?)9!8K!+!
*(8*)(:.!K8(!+!9.9:);!1B!)`?16-(1?;!M1:=!:=)!9*)21K1),!H+6?)9!8K!)L:)(B+6!+B,!1B:)(B+6!
*+(+;):)(94!!!A()`?)B:6.7!9:)+,.[9:+:)!;8,)69!+()!+698!?9),!:8!*(8H1,)!1BK8(;+:18B!8B!:=)!
68BO[:)(;[+H)(+O)!(+:)!8K!2=+BO)!8K!)289.9:);!*(8*)(:1)9!+9!+!9.9:);!9=1K:9!K(8;!8B)!9:)+,.[

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"!I2:1H)!+B,!2=+BO1BO!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$B$

!
9:+:)!Y)`?161-(1?;!M1:=!8B)!9):!8K!)L:)(B+6!+B,!1B:)(B+6!*+(+;):)(9Z!:8!+!,1KK)()B:!9:)+,.[9:+:)!
Y)`?161-(1?;!M1:=!+!,1KK)()B:!9):!8K!)L:)(B+6!+B,!1B:)(B+6!*+(+;):)(9Z4!!@8BO[:)(;!+H)(+O)!
(+:)9!8K!2=+BO)!*(8H1,)!8B6.!+!O)B)(+6!9)B9)!8K!:=)!(+:)!8K!2=+BO)7!+9!:=)!()*()9)B:+:18B!8K!
)289.9:);!*(82)99)9!+()!:88!91;*61K1),!1B!+!9:)+,.[9:+:)!;8,)6!:8!*(8H1,)!1BK8(;+:18B!8B!B8B[
61B)+(!H+(1+:18B!M1:=!()9*)2:!:8!:1;)4!!0L2)*:!K8(!:=)!?B?9?+6!2+9)!M=)()!+!B+:?(+6!9.9:);!19!1B!
)`?161-(1?;!M1:=!:=)!9*)21K1),!)L:)(B+6!+B,!1B:)(B+6!*+(+;):)(97!2-"&"8/.5.2"+&6*/6"*2$".&
".2$+12"7&:$2-&.2"1753.212"&+/7").&*"6*"."%2&<6/2"%2$1)=&8/%7$2$/%.&12&./+"&0(2(*"&2$+"&
*12-"*&2-1%&8(**"%2&8/%7$2$/%.9!!C=?97!1:!19!K()`?)B:6.!:=)!2+9)!:=+:!)289.9:);!*(8*)(:1)9!
Y)4O4!*NZ!*(),12:),!-.!+!9:)+,.[9:+:)!;8,)6!8B!:=)!-+919!8K!8-9)(H),!,(1H1BO!*+(+;):)(9!Y)4O4!
261;+:)7!+:;89*=)(12!,)*891:18BZ!,8!B8:!;+:2=!:);*8(+66.!281B21,)B:!8-9)(H+:18B9!8K!
)289.9:);!*(8*)(:1)94!!#C=19!,8)9!B8:!()*()9)B:!+!K+16?()!8K!:=)!;8,)67!-)2+?9)!:=)!;8,)6!19!
B8:!,)91OB),!:8!*(),12:!:=)!:1;)[H+(.1BO7!B8B[)`?161-(1?;!)289.9:);!28B,1:18B!()K6)2:),!1B!
:=)!8-9)(H),!*(8*)(:1)94!!<+:=)(7!M=)B!:=)!)`?161-(1?;!H+6?)!8K!+B!)289.9:);!*(8*)(:.!
1B,12+:),!-.!+!9:)+,.[9:+:)!;8,)6!,1KK)(9!K(8;!:=)!8-9)(H),!H+6?)!8K!+B!)289.9:);!*(8*)(:.7!
:=19!1B,12+:)9!:=+:!:=)!)289.9:);!19!B8:!1B!)`?161-(1?;!M1:=!:=)!8-9)(H),!,(1H1BO!)L:)(B+6!+B,!
1B:)(B+6!*+(+;):)(94!!VB!9?2=!+!2+9)!:=)!,1KK)()B2)!-):M))B!:=)!9:)+,.[9:+:)!)9:1;+:)!8K!:=)!
*(8*)(:.!+B,!:=)!8-9)(H),!H+6?)!8K!:=)!*(8*)(:.!*(8H1,)9!+B!1B,12+:18B!8K!:=)!,1()2:18B!+B,!
68BO[:)(;!+H)(+O)!(+:)!8K!2=+BO)!8K!:=)!*(8*)(:.7!9=8?6,!:=)!,(1H1BO!*+(+;):)(9!();+1B!
28B9:+B:!68BO!)B8?O=!K8(!:=)!9.9:);!:8!)`?161-(+:)4!
!
! A8(!)L+;*6)7!1K!:=)!9:)+,.[9:+:)!+`?+:12!2(1:12+6!68+,!+99821+:),!M1:=!+!:+(O):!9?(K+2)!
M+:)(!*N!8K!Q4Q!19!%/2&)L2)),),!-.!:=)!8-9)(H),!(+:)!8K!+:;89*=)(12!,)*891:18B!:=19!,8)9!B8:!
;)+B!:=+:!:=)!8-9)(H),!9?(K+2)!M+:)(!*N!M166!-)!Q4Q!8(!O()+:)(4!!>2&+"1%.&2-12&2-"&.(*018"&
:12"*&6?&.-/()7&!"&"@6"82"7&2/&8-1%#"&0*/+&2-"&/!."*4"7&41)("&2/:1*7&1&41)("&/0&A9A&/*&
#*"12"*&1.&2-"&.5.2"+&+/4".&2/:1*7&"'($)$!*$(+&:$2-&2-"&%":&8/%7$2$/%.9&&,$+"3)1#.&7("&
2/&*"6/6()12$/%&/0&2-"&./$)3"@8-1%#"&8/+6)"@&:$2-&!1."&812$/%.&/*&*")"1."&/0&.2/*"7&B&1%7&
C&+15&7")15&/!."*4"7&8-1%#".&$%&.(*018"&:12"*&6?9!!!!C8!)9:1;+:)!:=)!(+:)!8K!2=+BO)!1B!
9?(K+2)!M+:)(!*N!8(!:=)!:1;)!+:!M=12=!:=)!:+(O):!9?(K+2)!M+:)(!*N!M166!-)!()+2=),!()`?1()9!
,.B+;12!;8,)61BO!8K!)289.9:);!*(82)99)94!!I9!,192?99),!+-8H)7!,.B+;12!;8,)61BO!197!+:!
*()9)B:7!8B6.!*8991-6)!K8(!+!()6+:1H)6.!9;+66!B?;-)(!8K!91:)9!M1:=!9?1:+-6)!8-9)(H+:18B94!
!
! C=)!E)M!0BO6+B,!G:+:)9!+B,!E)M!e8(F!=+H)!)L*)(1)B2),!91OB1K12+B:!6+(O)[92+6)!
,19:?(-+B2)9!1B!()2)B:!2)B:?(1)97!M=12=!;+F)!1:!?B61F)6.!:=+:!;+B.!:)(()9:(1+6!+B,!+`?+:12!
)289.9:);9!+()!1B!)`?161-(1?;!M1:=!)L:)(B+6!+B,!1B:)(B+6!,(1H1BO!K+2:8(94!!C=)!1;*612+:18B9!8K!
:=)!FB8MB!,19:?(-+B2)9!B)),!:8!-)!28B91,)(),!M=)B!1B:)(*():1BO!:=)!()9?6:9!8K!:=)!9:)+,.[
9:+:)!2(1:12+6!68+,9!+B+6.919!K(8;!:=19!9:?,.4!!!5?2=!8K!:=)!()O18B!M+9!9?-d)2:!:8!)L:)B91H)!
,)K8()9:+:18B!,?(1BO!:=)!"R&&9!+B,!"S&&97!)L*8(:1BO!91OB1K12+B:!+;8?B:9!8K!-+9)!2+:18B9!K(8;!
)289.9:);94!!<)O(8M:=!8K!K8()9:9!,?(1BO!:=)!"\&&9!9=1K:),!-+9)!2+:18B9!K(8;!:=)!9816!
)L2=+BO)+-6)!*886!:8!O(8M1BO!H)O):+:18B4!!!G1OB1K12+B:!K8()9:!=+(H)9:1BO!+B,!+99821+:),!
B?:(1)B:!)L*8(:!28B:1B?)9!1B!98;)!*+(:9!8K!:=)!()O18B!+:!*()9)B:4!!!VB,?9:(1+61b+:18B7!
?(-+B1b+:18B7!+B,!+99821+:),!1B2()+9)9!1B!9?6K?(!+B,!B1:(8O)B!+:;89*=)(12!,)*891:18B!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
#!C=)()K8()7!:=)!)B,[?9)(!9=8?6,!B8:!=+(-8(!:=)!)L*)2:+:18B!:=+:!+!;+*!8K!9:)+,.[9:+:)!2(1:12+6!
68+,!)L2)),+B2)!9=8?6,!=+H)!+!"/"!28(()9*8B,)B2)!M1:=!2?(()B:!8(!=19:8(12!8-9)(H+:18B9!8K!
)289.9:);!28B,:18B9!Y)4O4!*N7!IETZ4!!C=)!;+*!28BH).9!1BK8(;+:18B!+-8?:!+!6/2"%2$1)&0(2(*"&
8/%7$2$/%!8K!:=)!)289.9:);!$0&$2&:"*"&2/&*"18-&.2"1753.212"!M1:=!()9*)2:!:8!:=)!1B*?:9!+B,!
28B,1:18B9!8K!:=)!;8,)6),!92)B+(184!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$L$

!
1B2()+9),!-+9)!2+:18B!6899)9!K(8;!9816!)L2=+BO)+-6)!*8869!,?(1BO!:=)!6+9:!2)B:?(.4!!G1B2)!:=)!
;1,!"\R&9!9?6K?(!,)*891:18B!=+9!,)261B),!1B!:=)!()O18B4!!C=?97!)289.9:);9!1B!:=)!()O18B!+()!
:(+B91:18B1BO!K(8;!+!9:+:)!8K!O)B)(+66.!O()+:)(!-+9)!2+:18B!)L*8(:9!8B!+B!+BB?+6!-+919!Y"S&&!
:=(8?O=!"\R&9Z!:8!6)99)(!-+9)!2+:18B!)L*8(:9!8B!+B!+BB?+6!-+919!Y"\R&9!:8!*()9)B:Z4!!!
!

VB!:=)!()2)B:!*+9:7!-+9)!2+:18B!)L*8(:9!;+.!=+H)!-))B!O()+:)(!:=+B!:=)!2+*+21:.!8K!
;+B.!)289.9:);9!:8!()*6)B19=!+H+16+-6)!-+9)!2+:18B9!:=(8?O=!;1B)(+6!M)+:=)(1BO4!!I9!+!()9?6:7!
+H+16+-6)!*8869!8K!-+9)!2+:18B9!,)261B),!1B!K8()9:!98169!+B,!*N!,)261B),!1B!;+B.!9?(K+2)!M+:)(94!!!
C=)!*)(18,!8K!-+9)!2+:18B!,)*6):18B!*)(919:),!K8(!+B!)L:)B,),!*)(18,!8K!:1;)7!91OB1K12+B:6.!
(),?21BO!9816!B?:(1)B:!6)H)69!+B,!+`?+:12!*N4!!I:!*()9)B:!Y+B,!?B,)(!:=)!98;)M=+:!68M)(!
9?6K?(!,)*891:18B!(+:)9!+B:121*+:),!1B!#&"SZ!;+B.!+()+9!8K!:=)!6+B,92+*)!+()!*(8d)2:),!:8!
)L*)(1)B2)!;?2=!68M)(!(+:)9!8K!B?:(1)B:!)L*8(:9!,?)!:8!=+(H)9:1BO!+B,!+21,[,)*891:18B!
1B,?2),!6)+2=1BO!:=+B!1B!*()H18?9!,)2+,)94!!VB!;+B.!682+:18B97!:=)!B?:(1)B:!6899!(+:)9!+**)+(!
:8!-)!6)99!:=+B!:=)!(+:)!8K!()*6)B19=;)B:!,?)!:8!;1B)(+6!M)+:=)(1BO4!!C=)()K8()7!9816[+H+16+-6)!
-+9)!2+:18B!*8869!+()!61F)6.!1B2()+91BO!K(8;!;1B1;?;!H+6?)94!!N8M)H)(7!,?)!:8!:=)!6+(O)!*(18(!
,(+M[,8MB!8K!)L2=+BO)+-6)!-+9)!2+:18B!*8869!+B,!9;+66!:8!;8,)9:!*(8d)2:),!B):!+BB?+6!
1B2()+9)9!1B!:=)9)!*88697!9816!-+9)!9+:?(+:18B!+B,!+`?+:12!*N!;+.!-)!968M!:8!()28H)(4!
!
! X=)B!9:)+,.[9:+:)!+B+6.919!1B,12+:)9!:=+:!2?(()B:!8(!*(8d)2:),!K?:?()!(+:)9!8K!
+:;89*=)(12!,)*891:18B!8K!9?6K?(!+B,!B1:(8O)B!,8!B8:!)L2)),!:=)!2(1:12+6!68+,!+:!+!682+:18B!
M=)()!*(18(!(+:)9!8K!+:;89*=)(12!,)*891:18B!,1,!)L2)),!:=)!2(1:12+6!68+,7!:=19!28B,1:18B!
1B,12+:)9!:=)!9.9:);!19!61F)6.!-)O1BB1BO!()28H)(.!8K!9816!-+9)!2+:18B!()9)(H)9!+B,$8(!+`?+:12!
*N4!!E?;)(12+66.!:=19!28B,1:18B!19!()*()9)B:),!-.!+!B)O+:1H)!H+6?)!8K!g)L2)),+B2)h!YVT'!
5+**1BO!5+B?+6!#&&PZ4!!>)B)(+66.7!:=)!;8()!B)O+:1H)!:=)!)L2)),+B2)7!:=)!;8()!(+*1,!:=)!(+:)!
8K!()28H)(.4!!C=)!9*)21K12!:(+d)2:8(.!8K!()28H)(.!M166!,)*)B,!8B!K+2:8(9!:=+:!+()!B8:!28B91,)(),!
1B!9:)+,.[9:+:)!;8,)69!-?:!M=12=!+()!28B91,)(),!1B!,.B+;12!;8,)69!9?2=!+9!:=)!91b)!8K!:=)!
)L2=+BO)+-6)!*886!8K!-+9)!2+:18B9!+B,!:=)!-+9)!9+:?(+:18B4!!N8M)H)(7!O1H)B!:=)!91OB1K12+B:!
,)O())!8K!-+9)!2+:18B!,)*6):18B!:=+:!=+9!822?((),!1B!;+B.!+()+9!,?)!:8!*(18(!28B,1:18B97!:=)!
()28H)(.!8K!9816!-+9)!9+:?(+:18B!+B,!+`?+:12!*N!;+.!:+F)!,)2+,)9!8(!68BO)(4!!A1O?()9!"4"["4%!
M=12=!+()!=.*8:=):12+67!O)B)(+61b),!:1;)!9)(1)9!8K!F).!9.9:);!*+(+;):)(9!166?9:(+:)!:=)9)!
28B2)*:94!
!
! A1O?()9!"4"!:8!"4%!-)68M!*(8H1,)!=.*8:=):12+67!O)B)(+61b),!)L+;*6)9!8K!:=)!28;*6)L!
()6+:18B9=1*9!,192?99),!+-8H)!-):M))B!:1;)[H+(.1BO!)289.9:);!*(8*)(:1)9!9?2=!+9!9816!-+9)!
9+:?(+:18B!+B,!9?(K+2)!M+:)(!*N7!:=)!(+:)!8K!9?6K?(!j!B1:(8O)B!,)*891:18B7!+B,!:=)!9:)+,.[9:+:)!
2(1:12+6!68+,9!K8(!K8()9:!+B,!+`?+:12!)289.9:);9!:=+:!M8?6,!-)!2+62?6+:),!?B,)(!,1KK)()B:!9):9!
8K!+99?;*:18B9!:=+:!+B!8-9)(H)($+B+6.9:!M8?6,!;+F)!,?(1BO!,1KK)()B:!:1;)!*)(18,9!1B!:=())!
,1KK)()B:!=.*8:=):12+6!B8B[)`?161-(1?;!9.9:);94!!!C=)9)!K1O?()9!,8!B8:!()*()9)B:!+!,.B+;12!
91;?6+:18B!8K!+B.!9*)21K12!682+:18B!1B!:=)!()O18B4!!C=)9)!K1O?()9!+()!28B9:(?2:),!=.*8:=):12+6!
)L+;*6)9!,)91OB),!:8!=)6*!:=)!)B,[?9)(!8K!:=)!9:)+,.[9:+:)!2(1:12+6!68+,9!+B+6.919!?B,)(9:+B,!
=8M!9:)+,.[9:+:)!2(1:12+6!68+,!;8,)61BO!()9?6:9!2+62?6+:),!?91BO!,1KK)()B:!+99?;*:18B9!()6+:)!
:8!28;;8B6.!;)+9?(),!*+(+;):)(9!9?2=!+9!9816!-+9)!9+:?(+:18B!+B,!9?(K+2)!M+:)(!*N!1B!+!
B8B[9:)+,.!9:+:)!9.9:);4!!C=)!)L+;*6)9!9=8?6,!=)6*!+B!)B,[?9)(!1B:)(*():!:=)!9:)+,.!9:+:)!
()O18B+6!+99)99;)B:!()9?6:9!1B!:=)!28B:)L:!8K!B8B[)`?161-(1?;!9816!-+9)!9+:?(+:18B!+B,!9?(K+2)!
M+:)(!*N!28B,1:18B9!8-9)(H+-6)!8B!:=)!6+B,92+*)!:8,+.4!!
!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$?D$

!
C=)!9:)+,.[9:)+,.!9:+:)!2(1:12+6!68+,9!+B+6.919!1B!:=19!9:?,.!M+9!,)91OB),!:8!*(8H1,)!+B!

8-d)2:1H)!+**(8+2=!K8(!1,)B:1K.1BO!)289.9:);9!M=)()!()28H)(.!19!*8991-6)!+B,!M=)()!()28H)(.!
19!?B61F)6.!?B,)(!*()9)B:!+B,!K?:?()!+:;89*=)(12!,)*891:18B!92)B+(1894!!C=19!9:?,.!1,)B:1K1),!
+()+9!M=)()!+,,1:18B+6!,+:+!9=8?6,!-)!2866)2:),!1B!8(,)(!:8!+**6.!,.B+;12!;8,)69!:8!)9:1;+:)!
:=)!61F)61=88,!8K!+B,!:=)!)L*)2:),!()28H)(.!:(+d)2:8(.!:8M+(,!+!9*)21K12!:+(O):!9816!-+9)!
9+:?(+:18B!8(!+!9?(K+2)!M+:)(!*N4!!!C=)!9:?,.!M+9!B8:!,)91OB),!:8!-)!+!K1B+6!+99)99;)B:!8K!(19F!
:8!:)(()9:(1+6!+B,!+`?+:12!)289.9:);97!-?:!(+:=)(!+9!+B!1B1:1+6!9:)*!:8M+(,!8-d)2:1H)6.!
1,)B:1K.1BO!+()+9!:=+:!;+.!-)!1B!)+(6.!9:+O)9!8K!()28H)(.!8(!:=+:!61F)6.!M166!28B:1B?)!:8!,)O(+,)!
?B,)(!:=)!+B:121*+:),!#&"S!,)*891:18B4!!!<)98?(2)!;+B+O)(9!2+B!?9)!:=)!()9?6:9!8K!:=19!9:?,.!
:8!1,)B:1K.!+()+9!M=)()!:=)!,):+16),!K1)6,!9:?,1)9!()`?1(),!-)K8()!,.B+;12!;8,)61BO!M8?6,!-)!
;89:!289:[)KK)2:1H)!K8(!)9:1;+:1BO!:=)!:);*8(+6!()9*8B9)!8K!)289.9:);9!:8!K?:?()!2=+BO)9!1B!
+:;89*=)(12!,)*891:18B4!
!
! !

!
!

F*,'2-!GHGH!!+!@0C5)@-)*/3(I!,-.-23(*J-6!-;3?C(-!5<!)@-!2-(3)*5.7@*C!D-)K--.!7)-36097)3)-!/2*)*/3(!(5367!

/3(/'(3)-6!'.6-2!377'?C)*5.7!2-C2-7-.)3)*L-!5<!6*<<-2-.)!)*?-!C-2*567I!3)?57C@-2*/!6-C57*)*5.!23)-!3.6!

)23.7*-.)!-/5707)-?!/5.6*)*5.7H!!C=)!)L+;*6)!:1;)[9)(1)9!+()!1B:)B,),!:8!+1,!1B!?B,)(9:+B,1BO!9:)+,.[9:+:)!
2(1:12+6!68+,!28B2)*:9!+B,!1B:)(*():+:18B4!!VB!:=19!K1(9:!)L+;*6)!:=)()!19!B8!,)K8()9:+:18B!M1:=!9)::6);)B:!+B,!
:=)()!19!B8!g,))*!M)+:=)(1BOh!28B:(1-?:1BO!:8!-?KK)(1BO!8K!9?(K+2)!M+:)(4!!I!=.*8:=):12+6!()*()9)B:+:1H)!:1;)!!

!"!!#

!"$!#

!"%!#

!"&!#

!"'!#

('!!# (')!# (*!!# (*)!# $!!!# $!)!# $(!!# $()!# $$!!#

+,-.#/012#+034506,7#

!"!!#
!")!#
("!!#
(")!#
$"!!#
$")!#
8"!!#
8")!#

('!!# (')!# (*!!# (*)!# $!!!# $!)!# $(!!# $()!# $$!!#

9+:;#<2=,1-6,79#

+320>?#+3032#@#AB#

CD406E#++#AB#

%"!#

)"!#

&"!#

F"!#

('!!# (')!# (*!!# (*)!# $!!!# $!)!# $(!!# $()!# $$!!#

+45G0E2#H0325#=I#



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$??$

!
F*,'2-!GHG!/3C)*5.!/5.)*.'-6!M!

!
28?(9)!8K!:=)!)L:)(B+6!,(1H1BO!K+2:8(!+:;89*=)(12!9?6K?(!*6?9!B1:(8O)B!YGjEZ!,)*891:18B!1B!:=)!E8(:=)+9:)(B!^G!1B!
28;*+(198B!:8!:=)!9:)+,.[9:+:)!:)(()9:(1+6!+B,!2(1:12+6!68+,9!2+62?6+:),!K8(!+B!)289.9:);!?91BO!+99?;*:18B9!
()*()9)B:+:1H)!8K!,1KK)()B:!:1;)!*)(18,9!19!9=8MB!1B!:=)!:8*!*+B)64!!I:;89*=)(12!,)*891:18B!8K!GjE!1B2()+9),!
9?-9:+B:1+66.!K(8;!*()9?;),!-+2FO(8?B,!6)H)69!:=(8?O=!"\RP!+K:)(!M=12=!1:!,)261B)9!91OB1K12+B:6.!:=(8?O=!#&"S7!
-?:!B8:!:8!*()[1B,?9:(1+6!6)H)694!!C=)!)L+;*6)!+99?;)9!,)*891:18B!();+1B9!28B9:+B:!1B,)K1B1:)6.!+K:)(!#&"S4!!VB!
:=19!)L+;*6)7!B8!9)::6);)B:!,)K8()9:+:18B!8(!2?(()B:!=+(H)9:1BO!19!+99?;),!+B,!:=)!9:)+,.[9:+:)!2(1:12+6!68+,!K8(!
GjE!,)*891:18B!:=+:!M8?6,!-)!2+62?6+:),!-.!+B,!8-9)(H)(!,?(1BO!,1KK)()B:!:1;)!*)(18,9!,1KK)(9!H)(.!61::6)!,?)!:8!
:=)!+9!+:;89*=)(12!-+9)!2+:18B!,)*891:18B!,)261B),!+K:)(!"\RP4!!!A8(!+!9:)+,.[9:+:)!+B+6.919!28B,?2:),!+:!+B.!
O1H)B!:1;)!*)(18,7!,)*891:18B!)L2)),9!:=)!9:)+,.[9:+:)!+`?+:12!2(1:12+6!68+,!K(8;!+-8?:!"\&&!:=(8?O=!:=)!
();+1B,)(!8K!:=)!)L+;*6)!:1;)!*)(18,4!!A8(!+!9:)+,.[9:+:)!+B+6.919!28B,?2:),!+:!+B.!O1H)B!:1;)!*)(18,7!
,)*891:18B!)L2)),9!:=)!:)(()9:(1+6!2(1:12+6!68+,!K(8;!+-8?:!"\%&!:=(8?O=!#&&&4!!!C=)!;1,,6)!*+B)6!9=8M9!+B!
)L+;*6)!:1;)!28?(9)!8K!9816!-+9)!9+:?(+:18B!1B!()9*8B9)!:8!2=+BO1BO!+:;89*=)(12!,)*891:18B!(+:)94!!G816!-+9)!
9+:?(+:18B!,)261B)9!91OB1K12+B:6.!1B!()9*8B9)!:8!:=)!)6)H+:),!K6?L!8K!+B18B9!:=(8?O=!:=)!)289.9:);!+99821+:),!M1:=!
:=)!8B9):!8K!1B2()+9),!GjE!,)*891:18B4!!I9!,)*891:18B!K+669!-)68M!:=)!)9:1;+:),!2(1:12+6!68+,!+K:)(!#&&&7!9816!-+9)!
9+:?(+:18B!-)O1B9!:8!()28H)(4!!D)2+?9)!,)*891:18B!();+1B9!8B6.!961O=:6.!-)68M!:=)!2(1:12+6!68+,7!()28H)(.!19!
*(8:(+2:),!+B,!-+9)!9+:?(+:18B!();+1B9!K+(!-)68M!*()[1B,?9:(1+6!28B,1:18B9!#&&!.)+(9!+K:)(!()28H)(.!-)O1B94!!
G?(K+2)!M+:)(!*N!,)261B)9!961O=:6.!+9!+B18B!6)H)69!1B!:=)!9.9:);!Y,?)!:8!GjE!,)*891:18BZ!(19)7!-?:!9816!-+9)!
9+:?(+:18B!();+1B9!()6+:1H)6.!=1O=!Y-8::8;!*+B)6Z4!!VB!:=)!)L+;*6)!9.9:);7!+9!-+9)!9+:?(+:18B!K+669!91OB1K12+B:6.7!
9?(K+2)!M+:)(!*N!,)261B)9!9?-9:+B:1+66.!:8!M)66!-)68M!:=)!2(1:12+6!68+,!:+(O):!6)H)6!YQ4QZ4!!D)2+?9)!,)*891:18B!
();+1B9!+-8H)!:=)!9:)+,.[9:+:)!+`?+:12!2(1:12+6!68+,7!*N!M166!B8:!()28H)(!:8!Q4Q7!-?:!,8)9!1B2()+9)!961O=:6.!K(8;!1:9!
;1B1;?;!H+6?)!1B!()9*8B9)!:8!(),?2),!9?6K?(!,)*891:18B4!
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!

!!
F*,'2-!GHNH!+!@0C5)@-)*/3(I!,-.-23(*J-6!-;3?C(-!5<!)@-!2-(3)*5.7@*C!D-)K--.!7)-36097)3)-!/2*)*/3(!(5367!

/3(/'(3)-6!'.6-2!377'?C)*5.7!2-C2-7-.)3)*L-!5<!6*<<-2-.)!)*?-!C-2*567I!3)?57C@-2*/!6-C57*)*5.!23)-!3.6!

)23.7*-.)!-/5707)-?!/5.6*)*5.7H!!VB!:=19!)L+;*6)!Y+B,!91;16+(!:8!A1O?()!"Z!:=)()!19!B8!,)K8()9:+:18B!M1:=!
9)::6);)B:!1B26?,),4!!N8M)H)(7!1B!:=19!)L+;*6)!:=)()!19!+!g,))*!M)+:=)(1BOh!Y-)68M!:=)!9816!(88:1BO!b8B)Z!
28B:(1-?:18B!8K!;1B)(+6!M)+:=)(1BO!1B!,))*!:166!;+:)(1+69!8(!-),(82F!+68BO!=.,(868O12!K68M!*+:=9!1B26?,),!1B!
+,,1:18B!:8!:=)!(88:!b8B)!9816!;1B)(+6!M)+:=)(1BO4!!C=)!)L+;*6)!166?9:(+:)9!=8M!+,,1:18B+6!M)+:=)(1BO!Y()6+:1H)!:8!
:=)!:=1B[9816!)L+;*6)!1B!A1O?()!"Z!(+19)9!:=)!2+62?6+:),!9:)+,.[9:+:)!+`?+:12!2(1:12+6!68+,!+-8H)!:=)!9:)+,.[9:+:)!
:)(()9:(1+6!2(1:12+6!68+,!Y:8*!*+B)6Z!+:!+B.!O1H)B!:1;)!*)(18,4!VB!:=19!=.*8:=):12+6!)L+;*6)7!-)2+?9)!:=)!,))*!
M)+:=)(1BO!28B:(1-?:18B!*(8H1,)9!+,,1:18B+6!-?KK)(1BO7!9?(K+2)!M+:)(!*N!();+1B9!()6+:1H)6.!9:+-6)!+B,!+-8H)!:=)!
:+(O):!*N!8K!Q4Q!?9),!:8!)9:+-619=!:=)!+`?+:12!9:)+,.[9:+:)!2(1:12+6!68+,!Y-8::8;!*+B)6Z4!!

!"!!#

!"$!#

!"%!#

!"&!#

!"'!#

('!!# (')!# (*!!# (*)!# $!!!# $!)!# $(!!# $()!# $$!!#

+,-.#/012#+034506,7#

!"!!#
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(")!#
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8")!#
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9+:;#<2=,1-6,79#

+320>?#+3032#@#AB#

CD406E#++#AB#
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F"!#
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!
!

!
!
F*,'2-!GHOH!+!@0C5)@-)*/3(I!,-.-23(*J-6!-;3?C(-!5<!)@-!2-(3)*5.7@*C!D-)K--.!7)-36097)3)-!/2*)*/3(!(5367!

/3(/'(3)-6!'.6-2!377'?C)*5.7!2-C2-7-.)3)*L-!5<!6*<<-2-.)!)*?-!C-2*567I!3)?57C@-2*/!6-C57*)*5.!23)-!3.6!

)23.7*-.)!-/5707)-?!/5.6*)*5.7H!!C=19!=.*8:=):12+6!)L+;*6)!?9)9!:=)!9+;)!,)*891:18B!+99?;*:18B9!+9!A1O?()9!
"[#!+B,!:=)!9+;)!*+B)6!+((+BO);)B:4!!G816!(88:!b8B)!M)+:=)(1BO!(+:)9!1B!:=19!)L+;*6)!+()!=1O=)(!:=+B!1B!:=)!
)L+;*6)!9=8MB!1B!A1O?()!"4!!VB!:=19!)L+;*6)!91OB1K12+B:!K8()9:!=+(H)9:1BO!Y91;16+(!:8!*()9)B:!(+:)9!1B!5+1B)Z!19!
;+1B:+1B),!K8(!+B!)L:)B,),!*)(18,!K(8;!"S&&!:=(8?O=!"\&&4!!IK:)(!"\&&!=+(H)9:1BO!(+:)9!+()!91;?6+:),!:8!K+66!
O(+,?+66.!:8!(+:)9!91;16+(!:8!:=)!*()9)B:!Ee!9:+:)!+H)(+O)!+B,!9:+-161b)!+:!:=+:!6)H)6!:=(8?O=!##&&4!!C=19!)L+;*6)!
166?9:(+:)9!=8M!,1KK)()B:!+99?;*:18B9!+-8?:!-+9)!2+:18B!();8H+6!,?)!:8!=+(H)9:1BO!91OB1K12+B:6.!+KK)2:!-8:=!:=)!
:)(()9:(1+6!+B,!+`?+:12!9:)+,.[9:+:)!2(1:12+6!68+,!2+62?6+:18B94!!C=)!,1KK)()B2)!1B!9:)+,.[9:+:)!2(1:12+6!68+,9!
2+62?6+:),!M1:=!()9*)2:!:8!,1KK)()B:!=+(H)9:1BO!(+:)9!()*()9)B:+:1H)!8K!,1KK)()B:!:1;)!*)(18,9!19!9=8MB!1B!:=)!:8*!
*+B)64!!VB!:=)!)L+;*6)7!+9!1B2()+9)9!1B!GjE!,)*891:18B!K8668M!:=)!*)(18,!8K!=1O=!=+(H)9:1BO!(+:)9!Y;?2=!61F)!:=)!
=19:8(.!8K!E8(:=)+9:)(B!K8()9:9Z7!-8:=!=+(H)9:1BO!+B,!+21,!,)*891:18B!+2:!:8!();8H)!-+9)!2+:18B9!K(8;!:=)!9816!
)L2=+BO)+-6)!*886!Y;1,,6)!*+B)6Z4!!!I9!1B!:=)!)L+;*6)!92)B+(18!9=8MB!1B!A1O?()!"7!9?(K+2)!M+:)(!*N!Y-8::8;!
*+B)6Z!,)261B)9!+9!:=)!9816!-+9)!9+:?(+:18B!,)261B)97!K+661BO!-)68M!:=)!:+(O):!6)H)6!YQ4QZ!1B!:=)!;1,!"\&&94!!!G816!
-+9)!9+:?(+:18B!-)O1B9!:8!()28H)(!+K:)(!,)*891:18B!K+669!-)68M!:=)!:)(()9:(1+6!2(1:12+6!68+,!:=+:!M8?6,!-)!2+62?6+:),!
?91BO!:=)!+99?;),!=+(H)9:1BO!(+:)!1B!:=)!)L+;*6)!K8(!:=)!6+:)!"\\&94!!VB!:=19!)L+;*6)7!9816!-+9)!9+:?(+:18B!,8)9!
B8:!()28H)(!:8!*()[9)::6);)B:!6)H)69!-.!##&&4!!UB2)!:=)!,)*891:18B!K+669!-)68M!:=)!+`?+:12!9:)+,.[9:+:)!2(1:12+6!
68+,!2+62?6+:),!:8!-)!()*()9)B:+:1H)!8K!#&"S!28B,1:18B97!9?(K+2)!M+:)(!*N!-)O1B9!:8!()28H)(4!!J?)!:8!:=)!=1O=)(!
M)+:=)(1BO!(+:)9!?9),!1B!:=19!)L+;*6)!()6+:1H)!:8!:=89)!?9),!1B!A1O?()!"7!+!;8,)9:!()28H)(.!8K!9816!-+9)!
9+:?(+:18B!822?(9!+B,!9?(K+2)!M+:)(!*N!B)+(6.!()+2=)9!:=)!*N!Q4Q!:+(O):!-.!##&&4!
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!

PL-2L*-K!5<!=-/@.*/3(!B-C52)!

!
! C=)!:)2=B12+6!()*8(:!8K!+99)99;)B:!:+9F9!19!,1H1,),!1B:8!;?6:1*6)!9)2:18B9!K8(!)+9)!8K!
?9)4!!0+2=!,82?;)B:!,)92(1-)9!+!28;*8B)B:!:+9F!8K!:=)!+99)99;)B:4!!C=)!;+d8(!:+9F9!+()!
8?:61B),!-)68M!M1:=!()K)()B2)!:8!:=)!,):+16),!,82?;)B:+:18B!+99821+:),!M1:=!)+2=!:+9F4!
!

G)2:18B!"!k!I99)99;)B:!J8;+1B!
J)K1B1:18B!8K!+99)99;)B:!,8;+1B7!9*+:1+6!()986?:18B!8K!,+:+!6+.)(97!,+:+!K8(;+:97!+B,!
O)8O(+*=12!()K)()B2)!9.9:);!?9),!1B!;8,)61BO!

!
G)2:18B!#!k!I:;89*=)(12!J)*891:18B!
I:;89*=)(12!J)*891:18B!G2)B+(189!

• 09:1;+:18B!8K!g2?(()B:h!9?6K?(7!B1:(8O)B!+B,!-+9)!2+:18B!,)*891:18B!!
• 09:1;+:18B!8K!#&"S!9?6K?(!+B,!B1:(8O)B!,)*891:18B!!

!
G)2:18B!%!k!Ee!C)(()9:(1+6!T(1:12+6!@8+,9!
09:1;+:18B!8K!K8()9:!)289.9:);!2(1:12+6!68+,9!+B,!)L2)),+B2)!1B!E)M!e8(F!G:+:)!

• J)H)68*;)B:!8K!:=)!K8()9:),!)289.9:);!2(1:12+6!:=()9=86,!
• G:)+,.[9:+:)!;+99!-+6+B2)!;8,)6!
• 09:1;+:18B!8K!K8()9:!B?:(1)B:!,);+B,!
• G816!;1B)(+6!M)+:=)(1BO!
• A8()9:!)289.9:);!2(1:12+6!68+,9!

!
G)2:18B!P!k!I`?+:12!T(1:12+6!@8+,9!

• J)H)68*;)B:!8K!+`?+:12!)289.9:);!2(1:12+6!:=()9=86,!92)B+(189!
• G:)+,.[9:+:)!+`?+:12!2(1:12+6!68+,!;8,)61BO!?91BO!:=)!GGXT!;):=8,!
• G:)+,.[9:+:)!+`?+:12!2(1:12+6!68+,!;8,)61BO!?91BO!:=)!K1(9:[8(,)([+21,1:.[-+6+B2)!

!
G)2:18B!W!k!VB:)O(+:18B!
VB:)O(+:18B!8K!K8()9:),!+B,!+`?+:12!)289.9:);!2(1:12+6!68+,9!+B,!)L2)),+B2)!;+*9!
!
!
G)2:18B!Q!k!^B2)(:+1B:.!1B!T(1:12+6!@8+,!+B,!0L2)),+B2)!09:1;+:)9!

!
!
!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$?I$

!

B-<-2-./-7!Q!E.)256'/)*5.!

!
Dupont, J., T.A. Clair, C. Gagnon, D.S. Jeffries, J.S. Kahl, S J. Nelson, and J.M. Peckenham. 2005. 

Estimation of critical loads of acidity for lakes in northeastern United States and eastern 
Canada.  Environmental Monitoring and Assessment. 109:275-291.  

CASAC 2011. 
http://yosemite.epa.gov/sab/sabproduct.nsf/264cb1227d55e02c85257402007446a4/0FC13C
821EE6181A85257473005AE1EC/$File/NOxSOx+PA+2nd+Ext+Rev+Draft+9-15-
2010.pdf 

VT'!5+**1BO!5+B?+6!Y#&&PZ!VB:)(B+:18B+6!T88*)(+:1H)!'(8O(+;;)!8B!58,)661BO!+B,!5+**1BO!
8K!T(1:12+6!@8+,9!+B,!@)H)69!+B,!I1(!'866?:18B!0KK)2:97!<19F9!+B,!C()B,97!^E0T0!
T8BH)B:18B!8B!@8BO[(+BO)!C(+B9-8?B,+(.!I1(!'866?:18B4!!&4.'4($1.$&-)3181(1,*-5$4.8$
/2*)-2*4$M12$&18-((*.,$4.8$&4==*.,$1M$62*)*/4($71485$4.8$7-A-(5$4.8$+*2$"1((')*1.$NMM-/)5O$

<*5P5$4.8$;2-.85Q!!Y=::*/$$12*;+**1BO48(O$2;9$b)1O)D)()12=$W$;+B?+6[?B,[
,8MB68+,94=:;6Z!

!
5166)(7!0434!Y#&&QZ!I99)99;)B:!8K!A8()9:!G)B91:1H1:.!:8!E1:(8O)B!+B,!G?6K?(!J)*891:18B!1B!

5+1B)4!!C)2=B12+6!()*8(:!9?-;1::),!:8!5+1B)!J)*:4!8K!0BH1(8B;)B:+6!'(8:)2:18B7!
D?()+?!8K!I1(!]?+61:.7!G:+:)=8?9)!G:+:18B!l"R7!I?O?9:+7!5+1B)!&P%%%4!!0289.9:);9!
<)9)+(2=!>(8?*7!@:,47!E8(M12=7!mC4!

!
E0>$0T'!A8()9:!5+**1BO!>(8?*4!#&&"4!'(8:8286!K8(!+99)99;)B:!+B,!;+**1BO!8K!K8()9:!

9)B91:1H1:.!:8!+:;89*=)(12!G!+B,!E!,)*891:18B4!!C=)!T8BK)()B2)!8K!:=)!E)M!0BO6+B,!
>8H)(B8(9!+B,!0+9:)(B!T+B+,1+B!'();1)(94!!RQ!G?;;)(!G:4!D89:8B7!5I!&#""&4!R\!**4!

!
U?1;):7!<47!'4!I(*7!G4!X+:;8?O=7!a4!I=)(B)7!+B,!V4!J)5)(2+B:4!!#&&Q4!J):)(;1B+:18B!+B,!

;+**1BO!2(1:12+6!68+,9!8K!+21,1:.!+B,!)L2)),+B2)9!K8(!?*6+B,!K8()9:!98169!1B!0+9:)(B!T+B+,+4!!
R4)-2O$+*2O$4.8$#1*($"1((')*1.!"R#/!WR[QQ4!

!
e)7!n47!a4!N+87!@4!J?+B7!+B,!o4!o=8?4!!#&&#4!!I21,1K12+:18B!9)B91:1H1:.!+B,!2(1:12+6!68+,9!8K!+21,!

,)*891:18B!K8(!9?(K+2)!M+:)(9!1B!T=1B+4!!G21)B2)!8K!:=)!C8:+6!0BH1(8B;)B:4!#S\/"S\[#&%4!
!
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!

$-/)*5.!G!Q!+.3(07*7!R5?3*.I!$C3)*3(!B-75(')*5.7I!S-5,23C@*/!B-<-2-./-!

$07)-?I!3.6!R3)3!$)523,-!F52?3)!
!
!

C=19!9)2:18B!,)92(1-)9!:=)!+B+6.919!,8;+1B7!9*+:1+6!()986?:18B97!O)8O(+*=12!()K)()B2)!
9.9:);7!+B,!,+:+!9:8(+O)!K8(;+:!K8(!:=)!E'G!$!5?6:1!IO)B2.!T(1:12+6!@8+,9!'(8d)2:/!!G:)+,.[
G:+:)!T(1:12+6!@8+,9!+B,!0L2)),+B2)!K8(!C)(()9:(1+6!+B,!I`?+:12!0289.9:);9!1B!:=)!
E8(:=)+9:)(B!^B1:),!G:+:)94!
!
!

+.3(07*7!R5?3*.I!$C3)*3(!B-75(')*5.7I!3.6!S-5,23C@*/!B-<-2-./-!$07)-?!

!
C=19!*(8d)2:!;+F)9!?9)!8K!*()H18?96.!O)B)(+:),!)9:1;+:)9!8K!K8()9:),!)289.9:);!2(1:12+6!

68+,9!K8(!9?6K?(!+B,!B1:(8O)B!,)*891:18B!K8(!:=)!E)M!0BO6+B,!G:+:)9!Y9))!E0>$0T'!#&&"7!
5166)(!#&&Q7!G2=+-)(O!):!+64!#&&RZ!+B,!)L:)B,9!:=)!,8;+1B!:8!1B26?,)!E)M!e8(F!G:+:)4!!C=19!
*(8d)2:!+,8*:),!:=)!9*+:1+6!()986?:18B9!+B,!;8,)61BO!O)8O(+*=12!()K)()B2)!9.9:);!);*68.),!
1B!:=)!*()H18?9!9:?,.4!!5166)(!Y#&&QZ!);*68.),!,+:+!+B,!;8,)61BO!+:!;1L),!()986?:18B9!
+**(8*(1+:)!:8!:=)!,+:+!98?(2)!+B,!:1)(!1B!:=)!;8,)61BO!9:+2F4!!G*)21K12!O(1,!()986?:18B!
,82?;)B:+:18B!19!1B26?,),!M1:=!)+2=!K16)4!!!C=)!=1O=)9:!()986?:18B!,+:+!6+.)(9!M)()!,)H)68*),!
+:!%&[;):)(!O(1,!2)66!()986?:18B4!!C=)!O(1,!2)669!28(()9*8B,!:8!^G>G!E+:18B+6!@+B,!T8H)(!J+:+!
YE@TJZ!()986?:18B4!!A8(!98;)!,+:+!6+.)(9!YB8:+-6.!9816!*+(+;):)(9!+B,!;1B)(+68O.Z!:=)!
()986?:18B!19!\&[;):)(!O(1,!2)6694!!X=)()!\&[;):)(!+B,!%&[;):)(!()986?:18B!,+:+!M)()!?9),!
:8O):=)(!1B!;8,)61BO!:=)!\&[;):)(!,+:+!M)()!-161B)+(6.!1B:)(*86+:),!:8!%&[;):)(!()986?:18B!
?91BO!:=)!VJ<GVpY!MMM426+(F6+-948(O!Z!'<Ua0TC!;8,?6)4!
!

J?)!:8!:=)!H)(.!6+(O)!+;8?B:!8K!,+:+!+99821+:),!M1:=!:=)!%&[;):)(!()986?:18B!
;8,)61BO7!:=)!K?66!;8,)61BO!,8;+1B!YEe7!mC7!EN7!507!5I7!TC7!<VZ!M+9!,1H1,),!1B:8!#!9?-[
,8;+1B9!YEe!+B,!E)M!0BO6+B,Z4!!C=)!K16)!B+;)9!K8(!:=)!E)M!0BO6+B,!,8;+1B!+()!*()K1L),!
M1:=!:=)!+--()H1+:18B!gB)M)BOh!1B!:=)!+228;*+B.1BO!,+:+!K16)94!C=)!K16)!B+;)9!K8(!:=)!E)M!
e8(F!,8;+1B!+()!*()K1L),!M1:=!:=)!+--()H1+:18B!gB.h!1B!:=)!+228;*+B.1BO!,+:+!K16)94!!!J+:+!
K16)9!+:!%&[;):)(!()986?:18B!K8(!)+2=!,8;+1B!+()!8B!:=)!8(,)(!8K!"4R!>D4!

!
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!
S-1,24=3*/$<-M-2-./-$#05)-F$

!
I66!O)8O(+*=12!,+:+!+()!9?**61),!1B!:=)!0'I!9:+B,+(,!I6-)(9!0`?+6!I()+!'(8d)2:18B!K8(!

E8(:=!I;)(12+!Y,)K1B),!-)68MZ4!!!^B6)99!8:=)(M19)!9*)21K1),!1B!:=)!,82?;)B:+:18B!+66!
;8,)61BO!M+9!28B,?2:),!8B!:=19!O(1,4!
!

ref. system : Alber's Equal Area Conic for EPA 
projection  : Alber's Equal Area Conic 
datum       : NAD83 
delta WGS84 : 0 0 0 
ellipsoid   : GRS80 
major s-ax  : 6378137 
minor s-ax  : 6356752.314 
origin long : -96.0 
origin lat  : 23.0 
origin X    : 0 
origin Y    : 0 
scale fac   : na 
units       : m 
parameters  : 2 
stand ln 1  : 29.5  
stand ln 2  : 45.5 
!

!
!

"3)*L-!SE$!F52?3)!5<!#258-/)!R3)3!

!
IB+6.919!+B,!;8,)61BO!M+9!28B,?2:),!?91BO!+!28;-1B+:18B!8K!:8869!1B26?,1BO!VJ<VGVp!

YMMM426+(F6+-948(OZ!O)8O(+*=12!1BK8(;+:18B!9.9:);!98K:M+()!+B,!:+9F[9*)21K12!2?9:8;!
98K:M+()4!!A8(!)+9)!8K!,+:+!;+B1*?6+:18B7!*(82)991BO7!+B,!,19*6+.7!:=)!VJ<VGVp!(+9:)(!K8(;+:!
M+9!?9),!K8(!*()*+(1BO!+B,!9:8(1BO!,+:+4!!C=)!O)8O(+*=12!,+:+!,)H)68*),!K8(!:=19!*(8d)2:!+()!
M)()!+(2=1H),!+B,!:(+B9;1::),!:8!:=)!*(1;+(.!9*8B98(1BO!+O)B2.!1B!VJ<VGVp!(+9:)(!K8(;+:!
YK16)!9?KK1L!g4(9:hZ4!!
!

VJ<VGVp!(+9:)(!K8(;+:!19!+!K6+:!-1B+(.!K68+:1BO[*81B:!K16)!:=+:!2+B!-)!1;*8(:),!1B:8!+66!
;+d8(!>VG!8(!1;+O)!*(82)991BO!98K:M+()!?91BO!K6+:!-1B+(.!:8869!9?2=!+9!DG]!Y-+B,[9)`?)B:1+6!
K8(;+:Z!1;*8(:4!!IB!IGTVV!:)L:!(+9:)(!,82?;)B:+:18B!K16)!YK16)!9?KK1L!g4(,2hZ!+228;*+B1)9!)+2=!
,+:+!K16)!+B,!28B:+1B9!:=)!B)2)99+(.!K16)!9:(?2:?()!+B,!O)8()K)()B21BO!1BK8(;+:18B4!!IB!
+BB8:+:),!)L+;*6)!,82?;)B:+:18B!K16)!19!*(8H1,),!8B!:=)!K8668M1BO!*+O)4!!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$?B$

!
!
!
0L+;*6)!VJ<VGVp!(+9:)(!O(1,!,82?;)B:+:18B!K16)4!
 
file format : IDRISI Raster A.1 
file title  : HRDM Annual Total (wet+dry) S Deposition (kg/ha/y) 
data type   : real 
file type   : binary 
columns     : 23769 
rows        : 18127 
ref. system : alberepa 
ref. units  : m 
unit dist.  : 1.0000000 
min. X      : 1297410.0000000 
max. X      : 2010480.0000000 
min. Y      : 2122980.0000000 
max. Y      : 2666790.0000000 
pos'n error : unknown 
resolution  : 30.000000 
min. value  : 0.0000000 
max. value  : 19.7469902 
display min : 0.0000000 
display max : 19.7469902 
value units : kg/ha/y 
value error : unknown 
flag value  : none 
flag def'n  : none 
legend cats : 0 
lineage     : This file was created by Ecosystems Research Group, Ltd. 
!
!
!

B-<-2-./-7!Q!$-/)*5.!G!

!
5166)(7!0434!#&&Q4!!I99)99;)B:!8K!A8()9:!G)B91:1H1:.!:8!E1:(8O)B!+B,!G?6K?(!J)*891:18B!1B!5+1B)4!!

C)2=B12+6!()*8(:!*()*+(),!8B!-)=+6K!8K!:=)!T8BK)()B2)!8K!E)M!0BO6+B,!>8H)(B8(9f!+B,!
0+9:)(B!T+B+,1+B!'();1)(9f!A8()9:!5+**1BO!>(8?*7!"W!J)2);-)(!#&&Q7!K8(!:=)!5+1B)!
J)*+(:;)B:!8K!0BH1(8B;)B:+6!'(8:)2:18B7!D?()+?!8K!I1(!]?+61:.7!G:+:)=8?9)!G:+:18B!l"R7!
I?O?9:+7!50!&P%%%4!

!
E0>$0T'!A8()9:!5+**1BO!>(8?*4!#&&"4!'(8:8286!K8(!+99)99;)B:!+B,!;+**1BO!8K!K8()9:!

9)B91:1H1:.!:8!+:;89*=)(12!G!+B,!E!,)*891:18B4!!C=)!T8BK)()B2)!8K!:=)!E)M!0BO6+B,!
>8H)(B8(9!+B,!0+9:)(B!T+B+,1+B!'();1)(94!!RQ!G?;;)(!G:4!D89:8B7!5I!&#""&4!R\!**4!

!
G2=+-)(O7!'4>47!5166)(7!04347!0+O+(7!T4!I99)991BO!:=)!C=()+:!:=+:!IB:=(8*8O)B12!T+621?;!J)*6):18B!

'89)9!:8!A8()9:!N)+6:=!+B,!'(8,?2:1H1:.4!!#&&R4!!^GJI!A8()9:!G)(H12)!>)B)(+6!C)2=B12+6!
<)*8(:!'EX[>C<[S&Q!Y+!*))([()H1)M),7!28;-1B),!*?-612+:18B!8K!:=)!G8?:=)(B!+B,!'+21K12!
E8(:=M)9:!<)9)+(2=!G:+:18B9Z!+B,!+!2=+*:)(!8B!:=)!M)-[-+9),!K8()9:(.!)B2.268*),1+/!
MMM4:=()+:94K8()9:)B2.268*),1+4B):!

!
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!
$-/)*5.!N!Q!+)?57C@-2*/!R-C57*)*5.!:7)*?3)-7!/*2/3!NTTT!3.6!NTGU!<52!)@-!

"52)@-37)-2.!A.*)-6!$)3)-7!
!

C=)!*(8d)2:!,)H)68*),!=1O=[()986?:18B!+:;89*=)(12!,)*891:18B!)9:1;+:)9!K8(!Ee!+B,!
E)M!0BO6+B,4!!C=)!E8(:=)+9:!G:+:)9!K8(!T88(,1B+:),!I1(!^9)!5+B+O);)B:!YE0GTI^5Z7!+!
()O18B+6!+1(!`?+61:.!*6+BB1BO!8(O+B1b+:18B7!)9:1;+:),!:=)!2=+BO)!1B!9?6K?(!+B,!B1:(8O)B!
,)*891:18B!)L*)2:),!:8!822?(!1B!:=)!E8(:=)+9:!-):M))B!#&&#!+B,!#&"S!1B!()9*8B9)!:8!*6+BB),!!
+B,!)B+2:),!+1(!*866?:18B!28B:(86!*(8O(+;9!1B!:=)!)+9:)(B!^G!YE0GTI^5!#&&S+_!E0GTI^5!
#&&S-Z4!!G?6K?(!,)*891:18B!19!)L*)2:),!:8!,)2()+9)!-.!+B!+H)(+O)!8K!%Qc!+B,!B1:(8O)B!
,)*891:18B!19!)L*)2:),!:8!,)2()+9)!-.!+B!+H)(+O)!8K!#Pc!+2(899!:=)!()O18B4!!N8M)H)(7!98;)!
682+:18B9!M1:=1B!:=)!()O18B!+()!)9:1;+:),!:8!)L*)(1)B2)!1B2()+9)9!8H)(!#&&#!6)H)694!!C=19!9:?,.!
M+9!?B,)(:+F)B!:8!)9:1;+:)!:=)!682+:18B!+B,!)L:)B:!8K!:=)!K8()9:!+B,!+`?+:12!()98?(2)9!61F)6.!
:8!();+1B!+:!(19F!:8!*(8d)2:),!#&"S!6)H)69!8K!9?6K?(!+B,!B1:(8O)B!,)*891:18B4!!C=)!*)(2)B:+O)!8K!
K8()9:!+B,!+`?+:12!()98?(2)9!:=+:!;1O=:!-)O1B!:8!()28H)(!K(8;!:=)!)KK)2:9!8K!=19:8(12+66.!=1O=)(!
9?6K?(!,)*891:18B!6)H)69!+9!,)*891:18B!,(8*9!:8!:=)!6)H)69!*(8d)2:),!K8(!#&"S!M)()!+698!
)9:1;+:),4!

!
C=)!8(1O1B+6!,)91OB!8K!:=)!*(8d)2:!M+9!:8!?9)!+1(!+B,!*()21*1:+:18B!28B2)B:(+:18B!,+:+!

K(8;!T5I]!;8,)6!(?B9!28B,?2:),!-.!E0GTI^5!:8!,)K1B)!:=)!+1(!+B,!*()21*1:+:18B!
28B2)B:(+:18B!K1)6,9!K8(!%&[;):)(!()986?:18B!(?B9!8K!+!=1O=!9*+:1+6!()986?:18B!,)*891:18B!;8,)6!
YN<J57!5166)(!):!+64!#&&W7!5166)(!#&&&Z!K8(!9)+98B+6!+H)(+O)!28B,1:18B94!!C=)!=1O=[()986?:18B!
,)*891:18B!(?B9!M)()!:8!-)!28B,?2:),!M1:=!%&[.)+(!B8(;+6!261;+:)!*+(+;):)(9!:8!*(8H1,)!+B!
+**(8*(1+:)!()*()9)B:+:18B!8K!68BO[:)(;!261;+:12!28B,1:18B9!K8(!9:)+,.[9:+:)!2(1:12+6!68+,9!
;8,)61BO4!!!
!

^*8B!()2)1*:!8K!T5I]!,+:+!K(8;!E0GTI^57!0<>!28B,?2:),!+B!+B+6.919!28;*+(1BO!:=)!
T5I][O)B)(+:),!)9:1;+:)9!M1:=!EIJ'!+B,!TIGCE0C!,+:+!+B,!M1:=!*(18(!;8,)61BO!-+9),!8B!
%&[.)+(!B8(;+6!261;+:)!+B,!1B:)(*86+:),!+1(!+B,!*()21*1:+:18B!28B2)B:(+:18B!K1)6,9!,)(1H),!
K(8;!EIJ'!+B,!TIGCE0C!,+:+4!!C=19!+B+6.919!1B26?,),!28B9?6:+:18B!M1:=!a8=B!>(+=+;!
YK8(;)(6.Z!+:!E0GTI^5!+B,!<8--1B!J)BB19!+:!0'I4!!X)!28;*+(),!:=)!E0GTI^5!T5I]!(?B9!
M1:=!;8()!()2)B:!T5I]!(?B9!+B,!28(()2:18B9!*()*+(),!-.!0'I4!!C=19!28;*+(+:1H)!+B+6.919!19!
,)92(1-),!1B!:=)!+228;*+B.1BO!,82?;)B:!YI**)B,1L[E'GT@[CJ#+[T5I][T8;*+(+:1H)[
IB+6.9194*,KZ!gT8;*+(+:1H)!+B+6.919!8K!5IE0[m^!#&&#!G1;?6+:18B!M1:=!0'I!E0<@!T5I]!
#&&#!G1;?6+:18B!VB:)(B+6!J82?;)B:+:18B!K8(!5?6:1[IO)B2.!0+9:)(B!T(1:12+6!@8+,9!'(8d)2:!
J)*891:18B!09:1;+:)9!k!W$#\$#&&\h4!
!

D(1)K6.7!T5I]!Y-8:=!E0GTI^5!+B,!0'I!(?B9Z!M+9!K8?B,!:8!?B,)(!*(),12:!G!+B,!E!1B!
:=)!E8(:=)+9:)(B!^G!()6+:1H)!:8!EIJ'!+B,!TIGCE0C!,+:+!+B,!*(18(!N<J5!(?B9!-+9),!8B!
EIJ'!+B,!TIGCE0C!8-9)(H+:18B9!M1:=!%&[.)+(!B8(;+6!261;+:)4!!T5I]!*)(K8(;+B2)!+B,!
0'If9!28(()2:18B!(8?:1B)9!=+H)!-))B!8*:1;1b),!K8(!-8:=!:=)!B+:18B+6!;8,)6!,8;+1B!+B,!+!
;?2=!6+(O)(!)+9:)(B!,8;+1B!:=+:!1B26?,)9!:=)!51,[I:6+B:12!G:+:)94!!X=16)!T5I]!*)(K8(;+B2)!
19!()+98B+-6)!M=)B!9?;;+(1b),!8H)(!:=)!K?66!;8,)6!,8;+1B!8(!:=)!)+9:)(B!,8;+1B7!:=)()!+()!
+()+9!8K!-)::)(!+B,!*88()(!;8,)6!*)(K8(;+B2)4!!TIGIT!Y#&""7!*+O)!%!+B,!:+-6)!R["Z!+698!B8:),!
:=+:!M=16)!:=)!G!;+99[-+6+B2)!19!=+B,6),!()+98B+-6.!M)66!g8H)(+66h!Y;)+B1BO!B+:18B+66.Z!:=)()!
+()!g,1KK12?6:1)9!1B!9*+:1+6!*+1(1BO!8K!8-9)(H+:18B9!+B,!;8,)6),!()9?6:9!8K!M):!,)*891:18Bh!+B,!!
g:=19!9*+:1+6!*+1(1BO!=+9!1;*(8H),!M1:=!:=)!;8()!()2)B:!'<VG5!+,d?9:;)B:9HV!TIGIT!Y#&""Z!
*(8H1,)9!+!91;16+(!9:+:);)B:!K8(!EU%!+B,!ENP7!=8M)H)(7!:=)9)!9*)21)9f!;19;+:2=!M1:=!
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!
8-9)(H+:18B9!19!;?2=!O()+:)(!:=+B!K8(!GUP4!C=)!,1KK12?6:1)9!1B!g9*+:1+6!*+1(1BOh!Y14)4!+22?(+2.!8K!
:=)!)9:1;+:)9!+:!+B.!O1H)B!8-9)(H+:18B!*81B:Z!M)()!)H+6?+:),!YM1:=!:=)!'<VG5!+,d?9:;)B:9!
1B26?,),Z!K8(!:=)!E8(:=)+9:)(B!G:+:)9!+9!*+(:!8K!:=19!*(8d)2:4!!C=)!B8(:=)+9:)(B!^G!19!+B!+()+!
M=)()!:=)!6)H)6!8K!,19+O());)B:!-):M))B!;8,)6!8?:*?:!+B,!8-9)(H+:18B9!19!6+(O)!)B8?O=!:8!-)!
91OB1K12+B:!M=)B!2+62?6+:1BO!2(1:12+6!68+,!)L2)),+B2)9!YI**)B,1L[E'GT@[CJ#+[T5I][
T8;*+(+:1H)[IB+6.9194*,KZ4!!C=)!+**+()B:!;8,)6!-1+9!1B!:=)!B8(:=)+9:)(B!^G7!:-$)"&%/2&)1*#"&
$%&2-"&8/%2"@2&/0&7"6/.$2$/%&41*$1%8"&18*/..&2-"&%12$/%7!19!8K!:=)!9+;)!8(,)(!8K!;+OB1:?,)!+9!
:=)!+B:121*+:),!2=+BO)9!1B!E8(:=)+9:)(B!^G!,)*891:18B!()9?6:1BO!K(8;!:=)!28;-1B),!)KK)2:9!8K!
TIV<7!A),)(+6!A?)6!+B,!58:8(!m)=126)!'(8O(+;9!+B,!GV'94!
!

I!28BK)()B2)!2+66!M1:=!9:+F)=86,)(9!+B,!*(8d)2:!*+(:121*+B:9!M+9!8(O+B1b),!:8!()H1)M!
:=19!199?)7!+B,!:8!,)H)68*!+B!+6:)(B+:1H)!+**(8+2=!K8(!O)B)(+:1BO!,)*891:18B!)9:1;+:)94!!C8!
*(8H1,)!)9:1;+:)9!8K!B)+(!2?(()B:!Y21(2+!#&&&Z!+B,!#&"S!,)*891:18B!K8(!?9)!M1:=!9:)+,.[9:+:)!
2(1:12+6!68+,9!;8,)61BO!1:!M+9!,)21,),!:8!;8,1K.!:=)!+**(8+2=!?9),!*()H18?96.!-.!0<>!K8(!:=)!
E0>$0T'!2(1:12+6!68+,9!*(8d)2:!YE0>$0T'!#&&"7!5166)(!#&&QZ4!!A8(!:=)!21(2+!#&&&!,)*891:18B!
)9:1;+:)9!+:;89*=)(12!,)*891:18B9!8K!9?6K?(!YGZ7!B1:(8O)B!YEZ7!2=68(1,)!YT6Z7!2+621?;!YT+Z7!
;+OB)91?;!Y5OZ7!98,1?;!YE+Z7!+B,!*8:+991?;!Y3Z!M)()!)9:1;+:),!?91BO!:=)!-)9:!+H+16+-6)!
8-9)(H+:18B+6!,+:+!K8(!)+2=!9:+:)4!!C=)!W[.)+(!+H)(+O)!Y"\\\[#&&%Z!M+9!?9),!1B!8(,)(!:8!
*(8H1,)!98;)!9;88:=1BO!8K!.)+([:8[.)+(!H+(1+:18B9!1B!261;+:)!+B,!*+::)(B9!8K!+:;89*=)(12!
:(+B9*8(:4!!C=)!*)(18,!"\\\[#&&%!M+9!9)6)2:),!-+9),!8B!,+:+!+H+16+-161:.!+B,!:=)!:1;1BO!8K!
K?B,1BO!K8(!+:;89*=)(12!,)*891:18B!;8,)61BO4!!C8:+6!,)*891:18B7!1B26?,1BO!*()21*1:+:18B7!268?,!
,(8*6):!1B:)(2)*:18B7!+B,!,(.!,)*891:18B7!M+9!)9:1;+:),!K8(!+66!d?(19,12:18B94!!C8:+6!,)*891:18B!
:8!:=)!()O18B!M+9!;8,)6),!+:!+!%&[;!O(8?B,!()986?:18B!?91BO!+:;89*=)(12!2=);19:(.!,+:+!
K(8;!:=)!EIJ'!+B,!TIGCE):7!,)*891:18B!;8B1:8(1BO!B):M8(F9!?91BO!0289.9:);9!<)9)+(2=!
>(8?*7!@:,4f9!N1O=[<)986?:18B!J)*891:18B!58,)6!Y5166)(!):!+64!#&&W7!E0>$0T'!A8()9:!5+**1BO!
>(8?*7!#&&"7!5166)(7!#&&&Z4!!J)*891:18B!;8B1:8(1BO!91:)9!+()!9*+(9)6.!,19:(1-?:),!1B!:=)!()O18B!
+B,!K+2:8(9!+KK)2:1BO!,)*891:18B!(+:)9!+()!=1O=6.!H+(1+-6)7!*+(:12?6+(6.!1B!;8?B:+1B8?9!()O18B9!
Y9))!5166)(!):!+647!"\\%Z7!:=?9!:=)!,)*891:18B!)9:1;+:)9!2+((.!28B91,)(+-6)!?B`?+B:1K1+-6)!
?B2)(:+1B:.4!
!!!!

A8(!21(2+!#&"S!)9:1;+:)97!:=)!(+:18!8K!:=)!5IE0[m^!T5I]!YE0GTI^5!#&&QZ!)9:1;+:),!
,)*891:18B!K8(!#&"S$#&&#!M+9!28;*?:),!+B,!;?6:1*61),!-.!:=)!"\\\[#&&%!N<J5!91;?6+:18B!
()9?6:94!!!C=19!+**(8+2=!*(8,?2),!#&"S!G!+B,!E!,)*891:18B!)9:1;+:)9!M1:=!+!-+919!+B,!
;+OB1:?,)!:1),!:8!EIJ'!+B,!TIGCE):!8-9)(H+:18B97!-?:!M1:=!:=)!5IE0[m^!T5I]!91;?6+:18B!
1BK)()B2)!8K!:=)!9*+:1+6!,19:(1-?:18B!8K!*(8*8(:18B+6!2=+BO)!1B!,)*891:18B!-):M))B!21(2+!#&&&!
+B,!21(2+!#&"S!()9?6:1BO!K(8;!:=)!28;-1B),!)KK)2:9!8K!TIV<7!A),)(+6!A?)6!+B,!58:8(!m)=126)!
'(8O(+;9!+B,!GV'94!!
!

I9!8(1O1B+66.!*6+BB),7!"\R"[#&&&!B8(;+6!261;+:)!K1)6,9!O)B)(+:),!K(8;!:=)!EUII!
B):M8(F!8K!8-9)(H1BO!9:+:18B9!Y5166)(!):!+64!#&&WZ!M)()!?9),!:8!,(1H)!:=)!N<J54!!^91BO!261;+:)!
B8(;+69!(+:=)(!:=+B!1B,1H1,?+6!.)+(!261;+:)!19!;8()!+**(8*(1+:)!K8(!,)H)68*1BO!1B*?:!6+.)(9!
K8(!9:)+,.[9:+:)!2(1:12+6!68+,9!;8,)61BO4!!C=)!9:)+,.!9:+:)!68+,9!B)),!:8!()*()9)B:!68BO[:)(;!
+H)(+O)!261;+:12!28B,1:18B9!(+:=)(!:=+B!28B,1:18B9!1B!+!9*)21K12!.)+(4!!I9!:=)()!M)()!B8!T5I]!
#&"S$#&&#!2=+BO)!,+:+!+H+16+-6)!K8(!T+7!5O7!37!E+7!+B,!T67!#&"S!,)*891:18B!M+9!B8:!)9:1;+:),!
K8(!:=)9)!)6);)B:94!!VB!2(1:12+6!68+,9!;8,)61BO!:=)!,)*891:18B!8K!:=)9)!)6);)B:9!19!+99?;),!:8!
-)!:=)!9+;)!1B!21(2+!#&"S!+9!1B!21(2+!#&&&4!!
!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$C?$

!
W*,@!B-75(')*5.!R-C57*)*5.!&56-(!XWBR&Y!

!

C=)!N<J5!Y5166)(!):!+64!#&&WZ!M+9!,)H)68*),!:8!*(8H1,)!)9:1;+:)9!8K!+:;89*=)(12!
,)*891:18B!:8!28;*6)L!6+B,92+*)9!1B!9?**8(:!8K!)289.9:);!+B+6.919!+B,!;8,)61BO4!!V:!19!M)66!
?B,)(9:88,!:=+:!1B!:=)!28;*6)L!6+B,92+*)!8K!B8(:=)+9:)(B!E8(:=!I;)(12+!:=+:!+:;89*=)(12!
,)*891:18B!2+B!H+(.!-.!+!K+2:8(!8K!P!8B!9;+66!Yq!#!F;Z!9*+:1+6!92+6)9!YA1O?()!#4"Z4!!V:!19!+698!M)66!
)9:+-619=),!:=+:!)289.9:);!)KK)2:9!8K!+:;89*=)(12!,)*891:18B!H+(.!8B!9;+66!9*+:1+6!92+6)9!1B!
()9*8B9)!:8!,)*891:18B!H+(1+B2)!+B,!8:=)(!6+B,92+*)!K+2:8(9!YG2=+-)(O!):!+64!#&&RZ4!!C=)!
N<J5!M+9!,)H)68*),!:8!*(8H1,)!+:;89*=)(12!,)*891:18B!)9:1;+:)9!:=+:!1B26?,)!:=)!1BK6?)B2)!
6+B,92+*)!H+(1+B2)!+B,!()2)*:8(!2=+(+2:)(19:129!8B!q!"!F;!9*+:1+6!92+6)94!
!
!

!
F*,'2-!NHGH!!Z32*3)*5.!*.!.*)25,-.!6-C57*)*5.!3(5.,!3![\T9?-)-2!-(-L3)*5.3(!,236*-.)!3.6!GH]!^?!?3C!

6*7)3./-!*.!"_!7)3)-!X<25?!&*((-2!-)!3(H!G``OYH!

!
!
!

C=)!N<J5!19!,)92(1-),!1B!,):+16!-.!5166)(!):!+64!Y#&&WZ!+9!+**61),!:8!)9:1;+:1BO!
;)(2?(.!,)*891:18B4!!!VB!:=19!*(8d)2:!:=)!N<J5!M+9!?9),!:8!)9:1;+:)7!9?6K?(7!B1:(8O)B!+B,!-+9)!
2+:18B!,)*891:18B4!!C=)!,1KK)()B2)9!-):M))B!:=)!+**612+:18B!8K!:=)!N<J5!-.!5166)(!):!+64!
Y#&&WZ!+B,!1B!:=19!*(8d)2:!+()!,)92(1-),!-)68M4!!!
!

C=)!N<J5!;+F)9!?9)!8K!-8:=!*81B:!+B,!28B:1B?8?9!,+:+!YA1O?()!#4#Z4!!J+:+!8B!
6+B,92+*)!*(8*)(:1)9!B)2)99+(.!:8!,)92(1-)!:=)!2=+(+2:)(19:129!8K!:=)!()2)*:8(!9?(K+2)!+B,!
;12(8261;+:12!28B,1:18B9!+:!:=)!()2)*:8(!9?(K+2)!M)()!+991;16+:),!1B:8!+!O)8O(+*=12!
1BK8(;+:18B!9.9:);!+:!%&[;):)(9!O(8?B,!()986?:18B4!!C=)!%&[;):)(!()986?:18B!M+9!9)6)2:),!:8!
:+F)!+,H+B:+O)!8K!:=)!B+:1H)!()986?:18B!8K!^G>G!E+:18B+6!@+B,!T8H)(!J+:+!YE@TJZ!*(8,?2:4!!I9!
,)92(1-),!)69)M=)()!Y5166)(!):!+64!#&&WZ!+B,!1B!G)2:18B!%!8K!:=19!,82?;)B:!:=)!E@TJ!M+9!+!F).!
28;*8B)B:!8K!+!;):=8,!K8(!)9:1;+:18B!8K!:=)!H)O):+:18B!:.*)!*()9)B:!1B!+!O(1,!2)66!?91BO!:=)!
E@TJ!9+:)661:)!,)(1H),!1BK8(;+:18B!+68BO!M1:=!;12(8261;+:)!1BK8(;+:18B!Y9))!G)2:18B!%!8K!:=19!
,82?;)B:Z4!

!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$CC$

!
J+:+!8B!+1(!+B,!*()21*1:+:18B!28B2)B:(+:18B9!8K!,1KK)()B:!)6);)B:9!+:!:=)!9?(K+2)!M)()!

2866)2:),!+:!*81B:!682+:18B9!-.!:=)!B+:18B+6!;8B1:8(1BO!B):M8(F9!EIJ'!+B,!TIGCE):!YA1O?()!
#4%Z4!!T8B:1B?8?9!+1(!+B,!*()21*1:+:18B!28B2)B:(+:18B!K1)6,9!M)()!1B:)(*86+:),!K8(!:=)!()O18B!
K8668M1BO!5166)(!):!+64!Y#&&WZ!K(8;!:=)!B):M8(F!8-9)(H+:18B94!!5):)8(868O.!+B,!261;+:)!
8-9)(H+:18B9!;)+9?(),!+:!*81B:!682+:18B9!YTIGCE):!+B,!EXGZ!M)()!(),?2),!:8!9)+98B+6!
=8?(6.!+H)(+O)9!()*()9)B:+:1H)!8K!+!,1?(B+6!2.26)!+B,!1B:)(*86+:),!:8!28B:1B?8?9!K1)6,9!
K8668M1BO!5166)(!):!+64!Y#&&WZ4!!C);*)(+:?()!+B,!*()21*1:+:18B!K1)6,9!M)()!28;*?:),!K(8;!%&[
.)+(!261;+:)!B8(;+69!1B!8(,)(!:8!O)B)(+:)!)9:1;+:)9!()*()9)B:+:1H)!8K!68BO[:)(;!+H)(+O)!
28B,1:18B9!(+:=)(!:=+B!+!*+(:12?6+(!.)+(!Y9))!,192?9918B!8K!9:)+,.[9:+:)!2(1:12+6!68+,9!+B+6.919!
()`?1();)B:9!1B!:=)!VB:(8,?2:18BZ4!!C=)9)!K1)6,9!:8O):=)(!M1:=!:=)!6+B,92+*)!+B,!()2)*:8(!
2=+(+2:)(19:129!K1)6,9!M)()!?9),!:8!,(1H)!1BK)()B:1+6!;8,)69!8K!:=)!268?,[M+:)(!+B,!,(.!
,)*891:18B!*(82)99)9!Y9))!5166)(!):!+64!#&&W7!+B,!5166)(!):!+64!"\\%Z4!!!G?6K?(!,)*891:18B!M+9!
;8,)6),!1B,1H1,?+66.!K8(!+`?)8?9!GUP7!*+(:12?6+:)!GUP7!+B,!H+*8([*=+9)!GU#4!!!E1:(8O)B!
,)*891:18B!M+9!;8,)6),!1B,1H1,?+66.!K8(!+`?)8?9!EU%!+B,!ENP7!*+(:12?6+:)!EU%!+B,!ENP7!+B,!
H+*8([*=+9)!NEU%!Y5166)(!):!+64!"\\%Z4!!I)(8986!,(.!,)*891:18B!M+9!;8,)6),!K8(!:=)!-+9)!
2+:18B9!T+#j7!5O#j7!3j7!+B,!E+j!M1:=!-+9)!2+:18B!+1(!28B2)B:(+:18B9!)9:1;+:),!-.!;)+B9!8K!
8-9)(H),!;+99!92+H)BO1BO!(+:189!K(8;!*()21*1:+:18B!28B2)B:(+:18B9!Y5166)(!):!+64!"\\%Z4!

!
!
!

!
!
F*,'2-!NHNH!!$/@-?3)*/!2-C2-7-.)3)*5.!5<!)@-!3CC(*/3)*5.!5<!)@-!WBR&!X&*((-2!-)!3(H!NTT\Y!)5!-7)*?3)*5.!5<!

7'(<'2I!.*)25,-.I!3.6!D37-!/3)*5.!6-C57*)*5.H!

!
!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$CG$

!
!

C=)!,(.!,)*891:18B!+B,!268?,!M+:)(!9?-;8,)69!M)()!(?B!K8(!Q!()*()9)B:+:1H)!;8,)6!
,+.9!()*()9)B:1BO!:=)!+H)(+O)!,1?(B+6!;):)8(868O12+6!2.26)9!8K!M1B:)(7!9*(1BO!M1:=!6)+H)9!8KK7!
9*(1BO!M1:=!6)+H)9!8B7!9?;;)(7!K+66!M1:=!6)+H)9!8B7!+B,!K+66!M1:=!6)+H)9!8KK4!!C=)!+H)(+O)!
,)*891:18B!(+:)9!K8(!:=)9)!;8,)6!,+.9!M)()!;?6:1*61),!-.!:=)!B?;-)(!8K!,+.9!+99821+:),!M1:=!
:=)9)!;):)8(868O12+6!28B,1:18B9!1B!8(,)(!:8!92+6)!)9:1;+:)9!:8!+!K?66!.)+(4!!G)+98B+6!YM1B:)(7!
9*(1BO7!9?;;)(7!K+66Z!*()21*1:+:18B!,)*891:18B!M+9!2+62?6+:),!+9!:=)!*(8,?2:!8K!:=)!)9:1;+:),!
9)+98B+6!*()21*1:+:18B!+B,!)9:1;+:),!+H)(+O)!9)+98B+6!*()21*1:+:18B!28B2)B:(+:18B4!!C=)!
9)+98B+6!H+6?)9!M)()!9?;;),!:8!92+6)!)9:1;+:)9!:8!+!K?66!.)+(4!
!

!
!
F*,'2-!NHOH!45/3)*5.7!"+R#!X2-6!/*2/(-7YI!1+$=":=!X,2--.!/*2/(-7Y!3.6!"a$!XD(3/^!65)7Y!/55C-23)*L-!

5D7-2L-2!.-)K52^!C2-/*C*)3)*5.!7)3)*5.7!'7-6!*.!C2-C32*.,!,2*67!<52!)@-!WBR&H!!UB)!EIJ'$EUII!I1(58B!
9:+:18B!1B!B8(:=)(B!mC!19!+698!9=8MB!+9!+!O())B!21(26)4!!C=)!28B:1B?8?9!2868(!92+6)!9=8M9!:=)!%&[.)+(!B8(;+6!
Y"\R"[#&&&Z!9?;;)(!9)+98B!9)+[6)H)6!28(()2:),!Y9))!5166)(!):!+64!#&&WZ!*()21*1:+:18B!Y2;Z!K1)6,!+9!+B!)L+;*6)!8K!
+B!1B:)(*86+:),!1B*?:!O(1,!,)(1H),!K(8;!*81B:!8-9)(H+:18B94!
!
!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$CH$

!
!

R-C57*)*5.!$/-.32*5!P')C')!

!
A16)9!K8(!:8:+6!B1:(8O)B!,)*891:18B7!M):!B1:(8O)B!,)*891:18B7!+B,!,(.!B1:(8O)B!

,)*891:18B!+()!,19:(1-?:),!M1:=!?B1:9!8K!FO!E!*)(!=+!*)(!.)+(!YFO$=+$.Z4!!A16)9!K8(!:8:+6!9?6K?(!
,)*891:18B7!M):!9?6K?(!,)*891:18B7!+B,!,(.!9?6K?(!,)*891:18B!+()!*(8H1,),!M1:=!?B1:9!8K!FO!G!
*)(!=+!*)(!.)+(!YFO$=+$.Z4!!C=)!:8:+6!9:)+,.[9:+:)!+21,1K.1BO!*8:)B:1+6!8K!G!j!E!19!*(8H1,),!1B!
:)(;9!8K!:=)!2=+(O)[)`?1H+6)B:!,)*891:18B!(+:)!1B!F168)`?1H+6)B:9!YG&P#[!j!EU%[Z!*)(!=)2:+()!
*)(!.)+(!YF)`$=+$.Z!YA1O?()!#4PZ4!!!C=19!K8(;?6+:18B!+99?;)9!+66!K8(;9!8K!E!M166!-)!28BH)(:),!
:8!8L1,1b),[E!YEU%[Z!+:!9:)+,.!9:+:)!+9!:=)!9816!T$E!(+:18!,(8*9!:8!+!6)H)6!28B,?21H)!:8!
B1:(1K12+:18B4!!C=19!+99?;*:18B!19!1;*6121:!1B!:=)!9:)+,.[9:+:)!;8,)61BO!K(+;)M8(F!Y9))!
E0>$0T'!#&&"Z4!!C=)!28BH)(918B!8K!E!;?9:!-)!+228?B:),!K8(!1B!:=)!,)H)68*;)B:!8K!:=)!
68+,1BO!:)(;!K8(!9:)+,.[9:+:)!;8,)61BO!M1:=!K8(;!8K!;8,)6!?9),!1B!:=19!*(8d)2:!YE0>$0T'!
#&&"Z4!!A16)9!K8(!+66!8:=)(!)6);)B:9!YT+7!5O7!37!E+7!T6Z!+()!*(8H1,),!1B!:)(;9!8K!:=)!2=+(O)[
)`?1H+6)B:!,)*891:18B!(+:)!1B!F168)`?1H+6)B:9!YT+#j7!5O#j7!3j7!E+j7!T6[Z!*)(!=)2:+()!*)(!.)+(!
YF)`$=+$.Z4!

!
!
!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$CI$

!

!
!
F*,'2-!NHbH!!:;3?C(-!5<!WBR&!5')C')!<52?3))-6!37!)5)3(!7)-36097)3)-!3/*6*<0*.,!C5)-.)*3(!5<!$!c!"!

X^->%@3%0Y!<52!Z=!3.6!"WH!!!UB6.!mC!+B,!EN!+()!9=8MB!1B!8(,)(!:8!()H)+6!98;)!8K!:=)!=1O=[()986?:18B!
1BK8(;+:18B!2+*:?(),7!9?2=!+9!)6)H+:),!,)*891:18B!1B!:=)!>())B!58?B:+1B9!8K!mC!+B,!X=1:)!58?B:+1B9!8K!E)M!
N+;*9=1()4!!A8(!9:)+,.[9:+:)!2(1:12+6!68+,9!;8,)61BO!+66!,)*891:),!E!19!+99?;),!:8!-)!28BH)(:),!:8!EU%[!+:!9:)+,.!
9:+:)!Y9))!E0>$0T'!Y#&&"Z4!!I!O)B)(+6!98?:=M)9:!:8!B8(:=M)9:!,)261B)!1B!,)*891:18B!19!1B,12+:),!+9!M)66!+9!=1O=)(!
,)*891:18B!(+:)9!1B!:=)!;8?B:+1B8?9!+()+94!
!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$CJ$

!
B-<-2-./-7!Q!$-/)*5.!N!
!
5166)(7!0434!#&&&4!I:;89*=)(12!J)*891:18B!:8!T8;*6)L!@+B,92+*)9/!N<J5!k!I!G:(+:)O.!K8(!

T8?*61BO!J)*891:18B!58,)69!:8!+!N1O=[<)986?:18B!>VG4!!'(82)),1BO9!8K!:=)!E+:18B+6!
I:;89*=)(12!J)*891:18B!'(8O(+;!C)2=B12+6!T8;;1::))!5)):1BO7!U2:8-)(!"R[#&7!#&&&7!
G+(+:8O+!G*(1BO97!E)M!e8(F4!

!
5166)(7!04347!I4a4!A(1),6+B,7!04I4!I(8B97!m4I4!58=B)B7!a4a4!D+::6)97!a4I4!'+B)F7!a4!3+,6)2)F!+B,!I4N4!

a8=B98B4!"\\%4!I:;89*=)(12!J)*891:18B!:8!A8()9:9!I68BO!+B!06)H+:18B+6!>(+,1)B:!+:!
X=1:)K+2)!58?B:+1B7!Ee!^GI4!+)F15=3-2*/$N.A*21.F-.)!#RI/!#"#"[#"%Q4!

!
5166)(7!04347!I4!m+BI(9,+6)7!>4a4!3))6)(7!I4!T=+6;)(97!@4!'8199+B:7!E4!3+;;+B7!+B,!<4!D(?68::)4!!

#&&W4!!09:1;+:18B!+B,!5+**1BO!8K!X):!+B,!J(.!5)(2?(.!J)*891:18B!I2(899!E8(:=)+9:)(B!
E8(:=!I;)(12+4!!N/1)1T*/1(1,0!"P/!W%[R&4!

!
E0>$0T'!A8()9:!5+**1BO!>(8?*4!#&&"4!'(8:8286!K8(!+99)99;)B:!+B,!;+**1BO!8K!K8()9:!

9)B91:1H1:.!:8!+:;89*=)(12!G!+B,!E!,)*891:18B4!!C=)!T8BK)()B2)!8K!:=)!E)M!0BO6+B,!
>8H)(B8(9!+B,!0+9:)(B!T+B+,1+B!'();1)(94!!RQ!G?;;)(!G:4!D89:8B7!5I!&#""&4!R\!**4!

!
NESCAUM, 2006. Contributions to Regional Haze in the Northeast and Mid-Atlantic United 

States, Technical Report for the MANE-VU Regional Planning Organization, NESCAUM, 
Boston, MA, August, 2006 (See http://www.nescaum.org/documents/ contributions-to-
regional-haze-in-the-northeast-and-mid-atlantic--united-states/). 

Schaberg, P.G., Miller, E.K., Eagar, C. Assessing the Threat that Anthropogenic Calcium Depletion 
Poses to Forest Health and Productivity.  2007.  USDA Forest Service General Technical 
Report PNW-GTR-806 (a peer-reviewed, combined publication of the Southern and Pacific 
Northwest Research Stations) and a chapter on the web-based forestry encyclopedia: 
www.threats.forestencyclopedia.net 

 

!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$CK$

!

!$-/)*5.!O!Q!:7)*?3)*5.!5<!F52-7)!:/5707)-?!12*)*/3(!45367!3.6!:;/--63./-!

XNTTN!3.6!NTGUY!*.!"-K!_52^!$)3)-!
!

C=19!9)2:18B!,)92(1-)9!:=)!)9:1;+:18B!8K!K8()9:!)289.9:);!2(1:12+6!68+,9!+B,!)L2)),+B2)!
1B!E)M!e8(F!G:+:)4!!A8()9:!)289.9:);!2(1:12+6!68+,9!+B+6.919!K8(!E)M!e8(F!K8668M),!:=)!
*()H18?96.!)9:+-619=),!;):=8,9!?9),!K8(!:=)!E)M!0BO6+B,!>8H)(B8(9f!+B,!0+9:)(B!T+B+,1+B!
'();1)(9f!A8()9:!5+**1BO!VB1:1:+:1H)!YE0>$0T'!#&&"7!5166)(!#&&Q7!U?1;):!):!+64!#&&QZ4!!C=)!
;):=8,868O.!19!()H1)M),!=)()!*(8H1,1BO!1BK8(;+:18B!9*)21K12!:8!:=)!,+:+!98?(2)9!?9),!1B!:=)!
E)M!e8(F!+99)99;)B:4!
!
!

R-L-(5C?-.)!5<!)@-!<52-7)!-/5707)-?!/2*)*/3(!)@2-7@5(6!

!
I6:=8?O=!9?6K?(!);19918B9!=+H)!,)2()+9),!+9!+!()9?6:!8K!GU#!28B:(86!*(8O(+;97!

*(8d)2:),!);19918B9!8K!-8:=!9?6K?(!+B,!B1:(8O)B!28;*8?B,9!+()!)L*)2:),!:8!=+H)!28B:1B?1BO!
B)O+:1H)!1;*+2:9!8B!K8()9:97!*()9)B:1BO!68BO[:)(;!:=()+:9!:8!K8()9:!=)+6:=!+B,!*(8,?2:1H1:.!1B!
B8(:=)+9:)(B!E8(:=!I;)(12+4!!IB:=(8*8O)B12!9?6K?(!+B,!B1:(8O)B!,)*891:18B!2+B!2+?9)!
)L2)991H)!B?:(1)B:!2+:18B!Y2+621?;7!;+OB)91?;7!+B,!*8:+991?;Z!6)+2=1BO7!(),?21BO!:=)!9?**6.!
8K!B?:(1)B:!2+:18B9!+H+16+-6)!K8(!*6+B:!O(8M:=7!+!*(82)99!2+66),!2+:18B!,)*6):18B!Y)4O4!
X+:;8?O=!+B,!J1668B!#&&%Z4!!VB+,)`?+:)!B?:(1)B:!9?**61)9!K()`?)B:6.!6)+,!:8!1B2()+9),!
9?92)*:1-161:.!:8!261;+:)7!*)9:!+B,!*+:=8O)B!9:()997!+B,!()9?6:!1B!(),?2),!K8()9:!=)+6:=7!
(),?2),!O(8M:=7!+B,!)H)B:?+6!2=+BO)9!1B!K8()9:!9*)21)9!28;*891:18B!YA1O?()!%4"7!9))!+698!
G2=+-)(O!):!+64!#&&"7!G2=+-)(O!):!+64!#&&RZ4!!
!

C=)!+**(8+2=!?9),!:8!)9:1;+:)!:=)!2(1:12+6!68+,!8K!9?6K?(!+B,!B1:(8O)B!,)*891:18B!19!+B!
)2868O12+6!+99)99;)B:!-+9),!8B!+!9:)+,.[9:+:)7!)289.9:);!;+99!-+6+B2)!K8(!B?:(1)B:!2+:18B9%!
YVT'!;+**1BO!;+B?+6!#&&P7!U?1;):!):!+64!#&&QZ!+9!1;*6);)B:),!-.!:=)!E0>$0T'!Y#&&"Z4!!!C=)!
2(1:12+6!68+,!8K!9?6K?(!j!B1:(8O)B!19!:=)!6)H)6!8K!,)*891:18B!-)68M!M=12=7!:8!:=)!-)9:!8K!+H+16+-6)!
FB8M6),O)7!B8!=+(;K?6!)2868O12+6!)KK)2:9!822?(!1B!+!K8()9:!)289.9:);4!!0L2)99!+21,12!,)*891:18B!
:8!K8()9:!)289.9:);9!2+B!+,H)(9)6.!+KK)2:!K8()9:!O(8M:=!+B,!*(8,?2:1H1:.4!!A8()9:!=)+6:=!
28B9)`?)B2)9!8K!)6)H+:),!B1:(8O)B!+B,!9?6K?(!,)*891:18B!=+H)!-))B!,82?;)B:),!1B!:=)!
61:)(+:?()!+B,!+()!H+(1+-6)!,)*)B,1BO!8B!;+B.!91:)[()6+:),!2=+(+2:)(19:129!Y)4O4!U?1;):!):!+64!
#&&"7!G2=+-)(O!):!+64!#&&"7!G2=+-)(O!):!+64!#&&QZ4!!VB!O)B)(+67!+21,12!,)*891:18B!2+B!2+?9)!9816!
+B,!9?(K+2)!M+:)(!+21,1K12+:18B7!1B2()+9)!986?-6)!9816!+6?;1B?;!:8!:8L12!6)H)697!+B,!6)+,!:8!+!
,)*6):18B!8K!9816!-+9)!2+:18B97!)9*)21+66.!:=89)!()`?1(),!K8(!*6+B:!O(8M:=!+B,!=)+6:=!YT+7!5O!
+B,!3Z4!!

!
C=)!9.;*:8;9!8K!*6+B:!B?:(1)B:!,)K121:9!;+B1K)9:!:=);9)6H)9!+:!:=)!2)66?6+(!6)H)67!-?:!

+698!-)28;)!H191-6)!+9!*(1;+(.!1B,12+:8(9!8K!:())!=)+6:=!YA1O?()!%4"Z4!!E8:+-6)!:())!=)+6:=!
*(8-6);9!1B26?,)!1B2()+9),!9?92)*:1-161:.!:8!M1B:)(!1Bd?(.7!1B2()+9),!2(8MB!,1)-+2F7!+B,!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
%!D+9)!2+:18B9!M)()!)H+6?+:),!1B,1H1,?+66.!:8!,):)(;1B)!M=):=)(!:=)()!M+9!+B!1B9?KK121)B:!
9?**6.!8K!+B.!1B,1H1,?+6!-+9)!2+:18B4!VK!:=)()!M+9!+B!1B+,)`?+:)!9?**6.!8K!+B.!8B)!-+9)!2+:18B7!
:=)!)289.9:);!M+9!28B91,)(),!9)B91:1H)!:8!:=)!2?(()B:!6)H)69!8K!GjE!,)*891:18B4!C=)!2(1:12+6!68+,!
M+97!:=)()K8()7!2+62?6+:),!-+9),!8B!:=)!;89:!61;1:1BO!B?:(1)B:!2+:18B4!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$CB$

!
1B2()+9),!*(861K)(+:18B!8K!1B9)2:!8(!,19)+9)!+2:1H1:1)94!!I66!8K!:=)9)!;+.!(),?2)!K8()9:!O(8M:=!!
YA1O?()!%4#Z!+B,!1B2()+9)!;8(:+61:.4!!UH)(!:1;)7!9:+B,!*(8,?2:1H1:.!;+.!,)2()+9)7!+B,!:=)!
+22?;?6+:18B!8K!=)+6:=!*(8-6);9!;+.!6)+,!:8!9=1K:9!1B!9*)21)9!28;*891:18B!+B,!,1H)(91:.!
YG2=+-)(O!):!+64!#&&RZ4!!!IK:)(!)L:)B91H)!,)61-)(+:18B!+B,!1B:)(B+:18B+6!*))(!()H1)M7!:=)!
E0>$0T'!A8()9:!G)B91:1H1:.!5+**1BO!VB1:1+:1H)!+,8*:),!+!K8()9:!)289.9:);!9:)+,.[9:+:)!
2(1:12+6!:=()9=86,!28(()9*8B,1BO!:8!+!28B,1:18B!8K!+66!B?:(1)B:!-+9)!2+:18B!;+99!-+6+B2)9!)`?+6!
:8!b)(8!YE0>$0T'!#&&"Z4!!VK!:=)!9:)+,.[9:+:)!T+7!5O7!8(!3!;+99[-+6+B2)!19!B)O+:1H)7!:=19!
1B,12+:)9!:=)!)289.9:);!19!8B!+!*+:=!:8!(),?2),!2(1:12+6!B?:(1)B:!+H+16+-161:.!Y9:+:)!8K!B?:(1)B:!
,)*6):18BZ4!!VK!:=)!9:)+,.[9:+:)!;+99!-+6+B2)9!K8(!+66!B?:(1)B:!2+:18B9!+()!*891:1H)!:=)B!:=)!
)289.9:);!=+9!:=)!2+*+21:.!:8!;+1B:+1B!Y+B,!()-?16,!9:82F9Z!8K!2(1:12+6!B?:(1)B:94!!C=)!
;+OB1:?,)!8K!:=)!9:)+,.!9:+:)!B?:(1)B:!,)*6):18B!8(!+22():18B!(+:)!*(8H1,)9!1BK8(;+:18B!8B!
9)H)(1:.!8K!B?:(1)B:!,)*6):18B!8(!:=)!-?KK)(1BO!2+*+21:.!8K!:=)!9.9:);4!

!
'()H18?9!9:?,1)9!=+H)!28;*+(),!;8,)6),!2(1:12+6!68+,!)L2)),+B2)9!-+9),!8B!+!2(1:12+6!

:=()9=86,!8K!)L2=+BO)+-6)!B?:(1)B:!-+9)!2+:18B!,)*6):18B$B8B[,)*6):18B!M1:=!;+B.!8K!
1B,)*)B,)B:!1B,12+:8(9!8K!K8()9:!=)+6:=4!!A8(!)L+;*6)7!K1O?()!%4#!9=8M9!:=)!+99821+:18B!
-):M))B!:())!O(8M:=!8K!=+(,M88,!+B,!98K:M88,!9:+B,9!1B!]?r-)27!+B,!:=)!*68:[9*)21K12!
,)*891:18B!1B,)LP4!!G1;16+(!+99821+:18B9!M)()!8-:+1B),!-):M))B!:=)!()O18B+6!+99)99;)B:!
,)(1H),!,)*891:18B!1B,)L!+B,!2(8MB!,1)-+2F!+B,!2+B8*.!:(+B9*+()B2.!YG2=+-)(O!):!+64!#&&RZ!
+B,!9816!2=);19:(.!Y*N7!T+$I67!*)(2)B:!-+9)!9+:?(+:8B7!T+!+;8?B:Z7!2+B8*.!,1)-+2F7!+B,!:())!
O(8M:=!Y5166)(!#&&Q7!A1O?()!%4%Z4!!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
P!J1KK)()B:!9:?,1)9!=+H)!?9),!,1KK)()B:!:)(;1B868O.!:8!)L*()99!:=)!,1KK)()B2)!-):M))B!:=)!
+:;89*=)(12!,)*891:18B!(+:)!8K!+!*866?:+B:!+B,!:=)!2(1:12+6!68+,!8K!+!*866?:+B:4!!J)*891:18B!
1B,)L!M+9!:=)!:)(;1B868O.!?9),!-.!:=)!E0>$0T'!*(8d)2:!:8!`?+B:1K.!:=)!,1KK)()B2)!-):M))B!
+:;89*=)(12!,)*891:18B!+B,!:=)!2(1:12+6!68+,!Y2(1:12+6!68+,!;1B?9!+:;89*=)(12!,)*891:18BZ4!!I!
B)O+:1H)!,)*891:18B!1B,)L!1B,12+:)9!:=+:!+:;89*=)(12!,)*891:18B!)L2)),9!:=)!2(1:12+6!68+,4!!C=)!
2?(()B:!*(8d)2:!=+9!+,8*:),!:=)!0?(8*)+B!9:+B,+(,!:)(;1B868O.!8K!2(1:12+6!68+,9!+B+6.919!YVT'!
5+**1BO!5+B?+6!#&&PZ4!!C=)!g)L2)),+B2)h!8K!:=)!2(1:12+6!68+,!19!,)K1B),!+9!:=)!+:;89*=)(12!
,)*891:18B!(+:)!;1B?9!:=)!2(1:12+6!68+,4!!C=?97!d-;/--63./-V!3.6!d6-C57*)*5.!*.6-;V!@3L-!
)@-!73?-!3D75(')-!.'?-2*/!L3('-I!D')!5CC57*)-!7*,.74!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$CL$

!

!
F*,'2-!OHGH!!137/36-!5<!C@07*5(5,*/3(!C25D(-?7I!C(3.)!70?C)5?7I!3.6!-/5707)-?!-<<-/)7!37!)@-!2-7'()!5<!(5K!

13I!&,I!52!e!3L3*(3D*(*)0!X3<)-2!)@-!/5./-C)7!5<!$/@3D-2,!-)!3(H!NTTG!3.6!$/@3D-2,!-)!3(H!NTT[YH!
!
!

!
F*,'2-!OHNH!!S25K)@!23)-7!5<!.52)@-2.!@326K556!3.6!D52-3(!/5.*<-25'7!<52-7)!7)3.67!2-(3)*L-!)5!)@-!

6-C57*)*5.!*.6-;!X7--!<55).5)-!NI!C3,-!N!<52!6-<*.*)*5.YH!!A8()9:!O(8M:=!M+9!91OB1K12+B:6.!68M)(!8H)(!+!"\[.)+(!
*)(18,!+:!=+(,M88,!+B,!98K:M88,!9:+B,9!1B!]?r-)2!M=)()!2?(()B:!,)*891:18B!6)H)69!)L2)),!:=)!2(1:12+6!68+,!
Y,)*891:18B!1B,)L!q!&Z!:=+B!+:!91:)9!M=)()!,)*891:18B!19!6)99!:=+B!:=)!2(1:12+6!68+,!Y,)*891:18B!1B,)L!s!&Z4!J+:+!
*()9)B:),!+()!;)+B9!+,d?9:),!K8(!*68:!1B1:1+6!H86?;)!+B,!9:+B,!+O)4!!0((8(!-+(9!()*()9)B:!9:+B,+(,!)((8(9!8K!:=)!
+,d?9:),!;)+B9!YU?1;):!):!+647!#&&"Z4!
!

!"#$%&'$()'$&*+$,$&-&./&0./.12$3&2$/4&+$1"$5$

6*784&94+$:;974<=0./.12$1"$
<4919$&*+$+.94&94$

>4+;74+$7"/+$1"/48&*74$?$
3"84$@84A;4*1$#.*148$
.*B;82$

>4+;74+$
84)4*48&="*$C$
%D&*)49$.*$9<47.49$
7"3<"9.="*$

>4+;74+$)8"#1D$C$
6*784&94+$3"81&/.12$%8"#*$+.40&7E$

%4//$34308&*4$+491&0./.F&="*$

!"99$"@$*"83&/$918499$9.)*&/.*)$

>4+;74+$*41$<D"1"92*1D4=7$
7&<&7.12$

>4+;74+$7"/"*.F&="*$&*+$+.-489.12$
"@$9230."=7$&80;97;/&8$327"88D.F&/$
@;*).$

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



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$GD$

!
!

!

!
 

 
 

F*,'2-!OHOH!!15?C32*75.!5<!75*(!?-37'2-?-.)7!)5!?56-(-6!6-C57*)*5.!*.6-;f!B55)9J5.-!D37-!/3)*5.!

3L3*(3D*(*)0!-;C2-77-6!37!D37-!73)'23)*5.!Y:=)!*)(2)B:!8K!)L2=+BO)!91:)9!*8*?6+:),!-.!-+9)!2+:18B9Z!+9!+!
K?B2:18B!8K!:=)!;8,)6),!,)*891:18B!1B,)L!K8(!9816!*1:9!1B!5+99+2=?9)::94!!G816!-+9)!9+:?(+:18B!M+9!28(()6+:),!M1:=!
:=)!,)*891:18B!1B,)L!Y(#!t!&4WQ7!*!q!&4&&&"7!B!t!#"!*1:9Z4!A(8;!5166)(!Y#&&QZ4!
!

!
!

$)-36097)3)-!.')2*-.)!?377!D3(3./-!?56-(!

!
C8!;+1B:+1B!28B919:)B2.!M1:=!:=)!E)M!0BO6+B,!G:+:)9!+B+6.919!YE0>$0T'!#&&"7!5166)(!

#&&QZ7!:=)!Ee!+99)99;)B:!);*68.),!:=)!9+;)!9:)+,.[9:+:)!B?:(1)B:!;+99!-+6+B2)!;8,)61BO!
+**(8+2=4!!C=)!E0>$0T'!9:)+,.[9:+:)!;8,)6!19!,)92(1-),!)69)M=)()!YE0>$0T'!#&&"7!U?1;):!
):!+64!#&&QZ4!!C=19!+B+6.919!K8668M9!:=)!+**(8+2=!+**61),!1B!;?2=!8K!0?(8*)!YVT'!5+**1BO!
5+B?+6!#&&PZ!M1:=!)+2=!d?(19,12:18B!2=8891BO!+!2(1:12+6!:=()9=86,!8(!:=()9=86,9!Y,192?99),!
+-8H)Z!+**(8*(1+:)!K8(!:=)!)289.9:);9!*()9)B:!1B!+!d?(19,12:18B4!!C=)!2(1:12+6!68+,!8K!G!j!E!
,)*891:18B!YT@GjEZ!M+9!)9:1;+:),!-.!28;*?:1BO!:=)!9:)+,.[9:+:)!;+99!-+6+B2)!K8(!98?(2)9!+B,!
91BF9!8K!+21,1:.!1B!+!K8()9:!)289.9:);!YA1O?()!%4PZ4!!!

!
T@GjE!t!DTML!j!DT,)*!j!E91BF9!k!IET6)+2=1BO!k!T6,)*!k!DT2?*:+F)!7! ! ! !
!

M=)()!DTML!19!:=)!-+9)!2+:18B!M)+:=)(1BO!(+:)7!DT,)*!19!:=)!+:;89*=)(12!,)*891:18B!8K!-+9)!
2+:18B97!E91BF9!19!:=)!9?;!8K!+66!)289.9:);!*(82)99)9!:=+:!();8H)!B1:(8O)B!K(8;!:=)!9.9:);7!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$G?$

!
IET6)+2=1BO!19!:=)!6899!8K!-+9)!2+:18B9!+B,!8(O+B12!+21,!+B18B9!K(8;!:=)!9.9:);!M1:=!*)(286+:1BO!
9816!M+:)(7!T6,)*!19!+:;89*=)(12!,)*891:18B!8K!2=68(1,)7!+B,!DT2?*:+F)!19!:=)!?*:+F)!8K!-+9)!
2+:18B9!K(8;!9816!()`?1(),!:8!()O(8M!-18;+99!:=+:!19!();8H),!-.!K1()!8(!=+(H)9:1BO4!!!
!
! C=)!K1(9:!:=())!:)(;9!8B!:=)!(1O=:!=+B,!91,)!8K!:=)!;+99[-+6+B2)!)`?+:18B!+()!:=)!
)289.9:);!91BF9!8K!+21,1:.4!!C=)!;):=8,9!K8(!)9:1;+:1BO!DTML!+()!,192?99),!-)68M4!!C=)!
)9:1;+:18B!8K!DT,)*!19!,192?99),!1B!G)2:18B!#!8K!:=19!,82?;)B:4!!C=)!*(1B21*6)!B1:(8O)B!91BF9!1B!
+!:)(()9:(1+6!)289.9:);!+()!,)B1:(1K12+:18B7!68BO[:)(;!1;;8-161b+:18B!1B!()2+621:(+B:!9816!
8(O+B12!;+::)(7!+B,!)L*8(:!8K!B1:(8O)B!M1:=!-18;+99!();8H),!-.!K1()!8(!=+(H)9:1BO4!!A8668M1BO!
:=)!+99?;*:18B9!;+,)!1B!:=)!E0>$0T'!*(8d)2:!YE0>$0T'!#&&"7!U?1;):!):!+64!#&&QZ7!
,)B1:(1K12+:18B!+B,!B):!1;;8-61b+:18B!8K!B1:(8O)B!+()!+99?;),!:8!-)!b)(8!+:!9:)+,.!9:+:)W!Y9))!
+698!I-)(!):!+64!"\\S7!>+668M+.!):!+64!#&&%Z4!!E1:(8O)B!();8H+6!,?)!:8!K1()!+B,!=+(H)9:1BO!
YE?*:+F)Z!19!,192?99),!-)68M4!
!

C=)!9)28B,!:=())!:)(;9!8B!:=)!(1O=:!=+B,!91,)!8K!:=)!;+99[-+6+B2)!)`?+:18B!+()!:=)!
)289.9:);!98?(2)9!8K!+21,1:.4!!C=)!6)+2=1BO!8K!+21,!B)?:(+61b1BO!2+*+21:.!YIET6)+2=1BOZ!1B26?,)9!
-+9)!2+:18B!6)+2=1BO!1B!28Bd?B2:18B!M1:=!6)+2=1BO!8K!GUP#[!+B,!EU%[!K6?L1BO!:=(8?O=!:=)!
)289.9:);!+9!M)66!+9!:=)!6)+2=1BO!8K!8(O+B12!+21,!+B18B94!!C=)!;):=8,9!K8(!)9:1;+:1BO!
IET6)+2=1BO!1B!:=)!E0>$0T'!;8,)6!?9),!=)()!+()!,)92(1-),!1B!,):+16!1B!U?1;):!):!+64!Y#&&QZ4!!
C=)!E0>$0T'!+**(8+2=!19!-+9),!8B!+!28B9:(+1B:!8K!;+1B:+1B1BO!+!;1B1;?;!9816!-+9)!
9+:?(+:18B!8K!#Wc!:8!-)!28B919:)B:!M1:=!28B,1:18B9!8K!9:+-6)!-+9)!2+:18B!*8869!()*()9)B:1BO!
+,)`?+:)!B?:(1:18B!YE0>$0T'!#&&"7!U?1;):!):!+64!#&&Q7!G2=+-)(O!):!+64!#&&RZ4!gC=)!8-9)(H),!
9816!*N!k!-+9)!9+:?(+:18B!()6+:18B9=1*!K8(!K8()9:!98169!1B!:=)!()O18B!1B,12+:),!:=+:!:=)!28B9:+B:9!
?9),!1B!:=)!2+62?6+:18B!8K!uIETv!6)+2=1BO!9=8?6,!-)!9):!:8!"&!Y5$5Z!K8(!:=)!;86+(!D2$I6!(+:18!
1B!9816!6)+2=+:)!+B,!"&\!Y;86!@w"Z#!K8(!:=)!O1--91:)!,19986?:18B!28B9:+B:h!YU?1;):!):!+64!#&&QZ4!!!
09:1;+:18B!8K!T6,)*!19!,192?99),!1B!G)2:18B!#!8K!:=19!,82?;)B:4!!C=)!;):=8,9!K8(!)9:1;+:1BO!
DT2?*:+F)!+()!,)92(1-),!-)68M4!
!

0L*()99),!91;*6.7!:=)!;+99!-+6+B2)!;8,)6!)H+6?+:)9!M=):=)(!:=)!-+9)!2+:18B9!YT+#j7!
5O#j7!3j7!E+jZ!689:!1B!28Bd?B2:18B!M1:=!6)+2=1BO!8K!GUP#[!+B,!EU%[!K(8;!:=)!)289.9:);!+B,!H1+!
=+(H)9:1BO!8(!K1()!2+B!-)!()*6+2),!8B!+B!8BO81BO!-+919!-.!-+9)!2+:18B9!()6)+9),!1B:8!:=)!9816!-.!
;1B)(+6!M)+:=)(1BO!()+2:18B9!+B,!:=89)!,)*891:),!K(8;!:=)!+:;89*=)()!YA1O?()!%4PZ4!!5+99!
-+6+B2)9!K8(!T+7!5O7!37!+B,!E+!M)()!)H+6?+:),!1B,1H1,?+66.4!!VK!:=)!9:)+,.[9:+:)!;+99!-+6+B2)!
K8(!+B.!8B)!1B,1H1,?+6!2+:18B!19!B)O+:1H)7!:=)!2(1:12+6!68+,!19!)L2)),),4!!I!B)O+:1H)!;+99[
-+6+B2)!K8(!T+7!5O!8(!3!1B,12+:)9!+!68BO[:)(;!28B,1:18B!8K!B?:(1)B:!,)*6):18B4!!VK!+66!2+:18B!;+99!
-+6+B2)9!+()!*891:1H)7!:=)!2(1:12+6!68+,!19!B8:!)L2)),),!+B,!:=19!1B,12+:)9!:=)!9.9:);!=+9!:=)!
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Figure 3.4.  Cartoon of steady state mass balance model described in Ouimet et al. (2006) and the ICP Mapping 
Manual (2004)H!
!
!
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+:!:=19!,)*:=!1BK6?)B2)!:=)!H86?;)!8K!9816!8H)(!M=12=!M)+:=)(1BO!19!()6)H+B:!:8!*6+B:!B?:(1:18B4!!
E8:!9?(*(191BO6.7!:=)!M)+:=)(1BO!(+:)!19!+!=1O=6.!682+61b),!*+(+;):)(!+B,!H)(.!,1KK12?6:!:8!
)H+6?+:)!8B!+!()O18B+6!-+919!O1H)B!:=)!28;*6)L1:.!8K!K+2:8(9!1BH86H),!+B,!,+:+!()`?1(),4!!C=)!
)9:1;+:18B!+**(8+2=!);*68.),!*(8H1,)9!H+6?)9!8K!:=)!+H)(+O)!M)+:=)(1BO!(+:)!K8(!?*6+B,!
98169!YE0>$0T'[A5>7!#&&"Z4!!@82+6!M)+:=)(1BO!(+:)9!;+.!,)*+(:!9?-9:+B:1+66.!K(8;!:=)!
+H)(+O)9!,)(1H),7!-?:!:=)!)9:1;+:)9!*(8H1,)!+!(+:18B+6!-+919!K8(!,1KK)()B:1+:1BO!:=)!+-161:.!8K!
,1KK)()B:!+()+9!M1:=1B!:=)!()O18B!:8!()*6)B19=!689:!B?:(1)B:94!!!

!
VB!+()+9!M1:=!?*M)661BO!O(8?B,M+:)(7!M)+:=)(1BO!(+:)9!M8?6,!1B26?,)!,))*!:166!+B,!

-),(82F!28B:(1-?:18B9!-)68M!:=)!(88:!b8B)!+B,!+68BO!%[,1;)B918B+6!O(8?B,!M+:)(!:(+B9*8(:!
*+:=M+.94!!C8!+::);*:!:8!1B26?,)!9?2=!?*M)661BO!M+:)(!28B:(1-?:18B9!1B!:=)!M)+:=)(1BO!(+:)!
)9:1;+:)9!M8?6,!()`?1()!28;*6)L!+B,!,+:+!1B:)B91H)!O(8?B,M+:)(!;8,)61BO!:=+:!M+9!-).8B,!
:=)!928*)!+B,!-?,O):!8K!:=19!*(8d)2:4!!C=?97!:=)!)B,!?9)(!8K!:=)!1BK8(;+:18B!1B!:=19!()*8(:!;?9:!
-)!+M+()!:=+:!:=)!M)+:=)(1BO!(+:)9!?9),!()*()9)B:!:=)!;1B1;?;!61F)6.!M)+:=)(1BO!(+:)9!1B!
+()+9!8K!?*M)661BO!M+:)(94!

!
!

=3D(-!OHGH!!&-3.!(*<-)*?-!5<!3!G!??!/207)3(!5<!/5??5.!C2*?320!?*.-23(7!

+:!#W8T!+B,!*N!W4&4!A(8;!28;*16+:18B!-.!@+9+O+!):!+64!Y"\\PZ4!

51B)(+6! 5)+B!@1K):1;)!8K!+!"!;;!2(.9:+6!Y.)+(9Z!
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E)*=)61B)! #""!

J18*91,)! Q7S&&!

0B9:+:1:)! "&7"&&!

>1--91:)! #RQ7&&&!

G+B1,1B)! #\"7&&&!

I6-1:)! WRW7&&&!

512(8261B)! \#"7&&&!
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5?928H1:)! #7Q&&7&&&!
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!
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!

C=)!;8?B:+1B8?9!6+B,92+*)7!(+BO)!8K!261;+:)7!,1H)(9)!-),(82F!O)868O.7!O6+21+6!=19:8(.7!
+B,!6+2F!8K!+B.!,+:+!:=+:!M)()!92+6)[+**(8*(1+:)!K8(!:=)!)B:1()!()O18B!*()9)B:),!+!9)(1)9!8K!
2=+66)BO)9!:8!)9:1;+:1BO!;1B)(+6!M)+:=)(1BO!(+:)94!!C=(8?O=!+!28;-1B+:18B!8K!K1)6,!9:?,1)97!
;8,)61BO7!+B,!61:)(+:?()!()H1)M!M)!,)H)68*),!+B!);*1(12+6!;8,)6!,)92(1-1BO!:=)!O6+21+6!
:(+B9*8(:!8K!;1B)(+69!1B!:=)!q#;;!91b)!K(+2:18B7!,)H)68*),!+!28;*()=)B91H)!9:+:)[M1,)!
,+:+-+9)!8K!-),(82F!;1B)(+68O.!:8!-)!?9),!M1:=!:=)!O6+21+6!:(+B9*8(:!;8,)67!,)H)68*),!
6+B,92+*)!28B:)L:!9)B91:1H)!);*1(12+6!;8,)69!8K!F).!261;+:12!K+2:8(9!+B,!9816!2=+(+2:)(19:1297!
+B,!?9),!:=)!'<UAV@0!YGH)(,(?*!+B,!X+(KH1BO)7!"\\%_!9))!+698!E0>$0T'[A5>7!#&&"Z!
M)+:=)(1BO!(+:)!;8,)6!:8!*(82)99!:=19!1BK8(;+:18B!9:8(),!1B!+!O)8O(+*=12!1BK8(;+:18B!9.9:);4!
C=)!*(82)99!8K!,)H)68*1BO!:=)!1B*?:!,+:+!K8(!:=)!'<UAV@0!;8,)6!YGH)(,(?*!+B,!X+(KH1BO)7!
"\\%Z!19!,)92(1-),!-)68M4!

!

X-821/P$&*.-24(1,0$

I!,1O1:+6!H)(918B!8K!:=)!-),(82F!O)868O12!;+*!K8(!Ee!M+9!8-:+1B),!K(8;!:=)!Ee!G:+:)!
5?9)?;!Y9))!http://www.nysm.nysed.gov/publications/Z4!!C=)!;+*!M+9!1;*8(:),!1B:8!T6+(F!
@+-8(+:8(1)9!T+(:+61BLp!H)2:8(!>VG!98K:M+()!Ywww.clarklabs.orgZ4!!C=)!O)868O12!61:)(+:?()!+B,!
?B*?-619=),!,82?;)B:9!Y9)B18(7!;+9:)(97!'=4J4!:=)9)97!:)2=B12+6!()*8(:97!):24Z!M)()!9)+(2=),!
K8(!+66!*8991-6)!;1B)(+68O12+6!,)92(1*:18B9!8K!9*)21;)B9!2866)2:),!K(8;!,82?;)B:),!682+:18B94!!
I!,)92(1*:18B!8K!:=)!,)H)68*;)B:!8K!:=19!,+:+-+9)!+B,!+!28;*6):)!619:1BO!8K!98?(2)9!?9),!+()!
*(8H1,),!1B!I**)B,1L!E'GT@[CJ%2[D),(82F[51B)+(68O.4*,K4!!VB!98;)!2+9)9!+!()*8(:!8K!:=)!
;1B)(+6!28;*891:18B!K8(!+!9*)21;)B!M+9!+228;*+B1),!-.!288(,1B+:)9!K8(!:=)!9+;*61BO!
682+:18B4!!VB!8:=)(!2+9)9!:=)!682+:18B!8K!:=)!9+;*6)!28?6,!-)!,):)(;1B),!K(8;!+!:)L:!,)92(1*:18B!
8(!9+;*6)!;+*!+68BO!M1:=!28B9?6:+:18B!8K!:8*8O(+*=12!+B,!O)868O12!;+*94!!I!9.9:);+:12!
+::);*:!M+9!;+,)!:8!682+:)!9+;*6)9!()*()9)B:+:1H)!8K!)+2=!;+*!?B1:!+B,!)+2=!*86.O8B!
()*()9)B:1BO!+B!822?(()B2)!8K!+!;+*!?B1:4!!G+;*6)!;1B)(+68O.7!98?(2)!()K)()B2)!1BK8(;+:18B7!
+B,!9+;*6)!288(,1B+:)9!M)()!28;*16),!1B:8!+!,+:+!:+-6)!YI**)B,1L!E'GT@[CJ%,[
EeD),(82F51B)(+68O.C+-6)4L69Z4!!I9!2)(:+1B!-),(82F!:.*)9!28B:+1B),!;1B)(+69!:=+:!M)()!B8:!
()*()9)B:),!1B!:=)!'<UAV@0!;8,)67!(+:18B+6!9?-9:1:?:18B9!M)()!;+,)!:8!26+991K.!:=)!B8B[
'<UAV@0!;1B)(+69!1B:8!;1B)(+69!8K!91;16+(!2=);19:(.!+B,!()+2:1H1:.!K8668M1BO!:=)!9?OO)9:18B9!
8K!GH)(,(?*!+B,!X+(KH1BO)!Y"\\%Z7!:=)!;8,)6!,82?;)B:+:18B7!+B,!N?(6-?:!+B,!36)1B!Y"\RRZ4!!!

E8:!+66!;+*!?B1:9!8(!;+*!*86.O8B9!M)()!()*()9)B:),!-.!+!9+;*6)4!!X=)B!:=19!91:?+:18B!
822?((),7!:=)!:)L:?+6!,)92(1*:18B9!8B!:=)!O)868O12!;+*!+B,!1B!()6)H+B:!()K)()B2)9!1B!:=)!
O)868O12!61:)(+:?()!()H1)M),!M)()!28B9?6:),!+B,!?9),!:8!+991OB!H+6?)9!8K!;1B)(+68O.!
28B919:)B:!M1:=!:=)!,)92(1*:18B!8K!:=)!;+*!?B1:4!!589:!8K:)B!;1991BO!H+6?)9!M)()!()*6+2),!M1:=!
:=)!+H)(+O)!H+6?)9!8K!;1B)(+6!*)(2)B:+O)9!K(8;!+66!8:=)(!9+;*6)9!K(8;!:=)!;+*!?B1:4!!X=)B!B8!
9+;*6)9!M)()!+H+16+-6)!K8(!+!;+*!?B1:7!:=)!+H)(+O)!H+6?)!8K!:=)!;89:!91;16+(!;+*!?B1:!+9!
,):)(;1B),!K(8;!?B1:!,)92(1*:18B9!+B,!:=)!61:)(+:?()!M+9!?9),4!!C=19!:.*)!8K!()*6+2);)B:!M+9!
:.*12+66.!8B6.!B)2)99+(.!K8(!;+*!*86.O8B9!8K!;1B8(!?B1:9!M1:=!H)(.!61;1:),!O)8O(+*=12!)L:)B:4!
C=)!,+:+!:+-6)!1B26?,)9!1BK8(;+:18B!8B!:=)!:.*)!8K!,+:+!Y;)+9?();)B:!:.*)!8(!)9:1;+:18BZ!
?9),!:8!+991OB!;1B)(+68O.!:8!)+2=!;+*!*86.O8B4!!X1:=!+66!;+*!*86.O8B9!+99821+:),!M1:=!+!
;)+9?(),!8(!)9:1;+:),!;1B)(+68O.7!:=)!,+:+!:+-6)!M+9!d81B),!:8!:=)!;+*!*86.O8B!28H)(+O)!:8!
;+*!:=)!9*+:1+6!,19:(1-?:18B!8K!-),(82F!;1B)(+6!822?(()B2)9!+9!M)1O=:!*)(2)B:9!8K!:=)!9*)21K12!
;1B)(+69!?9),!1B!:=)!*(8K16)!;8,)64!!C=)!H)2:8(!28H)(+O)9!M)()!(+9:)(1b),!:8!+!\&[;):)(!
()986?:18B!O(1,!1B!:=)!;8,)61BO!O)8O(+*=12!()K)()B2)!9.9:);!Y9))!G)2:18B!"!8K!:=19!,82?;)B:Z4!!!
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VB!:=)!,)H)68*;)B:!8K!:=)!E)M!0BO6+B,!G:+:)9!-),(82F!;1B)(+68O.!,+:+-+9)7!K?B,1BO!

M+9!+H+16+-6)!K8(!K1)6,M8(F!+B,!9+;*6)!+B+6.919!:8!)9:+-619=!:=)!;1B)(+68O.!8K!;+d8(!;+*!
?B1:9!+B,!;+d8(!;+*!*86.O8B9!K8(!M=12=!:=)()!M)()!B8!*(18(!9+;*6)9!+H+16+-6)4!!!C=)()!M+9!B8!
K?B,1BO!K8(!91;16+(!M8(F!K8(!E)M!e8(F!+9!*+(:!8K!:=19!9:?,.7!M=12=!()9?6:),!1B!+!=1O=)(!(+:)!8K!
)9:1;+:18B!8K!;1B)(+68O.!Y+9!,)92(1-),!+-8H)Z!K8(!E)M!e8(F4!!C=)!)B,!?9)(!9=8?6,!-)!+M+()!
:=+:!-)2+?9)!:=)!;1B)(+68O.!8K!;+B.!;+d8(!;+*!*86.O8B9!19!)9:1;+:),7!:=)!`?+61:.!8K!:=)!E)M!
e8(F!G:+:)!;1B)(+68O.!,+:+-+9)!19!98;)M=+:!68M)(!:=+B!:=)!E)M!0BO6+B,!G:+:)9!;1B)(+68O.!
,+:+-+9)4!

!

S(4/*4($<-8*5)2*V')*1.$1M$X-821/P$&*.-24(5$

! I9!*+(:!8K!:=)!E0>$0T'!*(8d)2:7!0(12!5166)(!Y0<>Z7!'):)(!<.+B!Y51,,6)-?(.!T866)O)Z!+B,!
2866)+O?)9!,)H)68*),!+B!);*1(12+6!;8,)6!8K!:=)!O6+21+6!(),19:(1-?:18B!8K!-),(82F!;+:)(1+69!1B!
:=)!q#;;!91b)!K(+2:18B!8K!9816!*+()B:!;+:)(1+694!!C=).!K82?9),!8B!:=)!q#;;!91b)!K(+2:18B!
-)2+?9)!:=19!91b)!K(+2:18B!8K!;+:)(1+6!28B:+1B9!:=)!H+9:!;+d8(1:.!8K!;1B)(+6!9?(K+2)!+()+!
+H+16+-6)!K8(!M)+:=)(1BO!()+2:18B9!YWhite et al. 1996, Malmström et al. 2000)4!!C=)!'<UAV@0!
;8,)6!91;?6+:)9!M)+:=)(1BO!()+2:18B9!1B!:=19!91b)!K(+2:18B4!!C=)!;):=8,9!+B,!()9?6:9!8K!:=19!
)KK8(:!+()!6+(O)6.!()*8(:),!1B!5?B(8)!):!+64!Y#&&SZ4!!<.+B!+B,!5166)(!+B,!5?B(8)!):!+64!Y#&&SZ!
?9),!:=)!-),(82F!;1B)(+68O.!,+:+-+9)!,)H)68*),!K8(!m)(;8B:!:8!682+:)!9;+66!;+*!*86.O8B9!
28B:+1B1BO!?B1`?)!;1B)(+69!:=+:!M)()!B8:!*()9)B:!1B!9?((8?B,1BO!;+*!*86.O8B9!+:!,19:+B2)9!
8K!#&!8(!;8()!F;4!!C=).!:()+:),!:=)9)!;+*!*86.O8B9!+9!9;+66!+()+!8(!*81B:!98?(2)9!8K!:=)9)!
;1B)(+69!:8!-)!(),19:(1-?:),!-.!O6+21+6!+2:1H1:.4!!C=).!,?O!+!9)(1)9!8K!9816!*1:9!+:!*(8O()991H)!
,19:+B2)9!K(8;!:=)!98?(2)!682+:18B9!+68BO!:=)!,1()2:18B!8K!O6+21+6!:(+B9*8(:!+9!1B,12+:),!-.!
;+*9!8K!O6+21+6!;8:18B!YI2F)(6.!+B,!@+(9)B!"\SRZ4!!!T[=8(1b8B!Y?BM)+:=)(),!9816!*+()B:!
;+:)(1+6Z!M+9!9+;*6),!+B,!:=)!q#;;!91b)!K(+2:18B!9)*+(+:),4!!]?+B:1:+:1H)!n[(+.!,1KK(+2:18B!
;):=8,9!Y5?B(8)!):!+64!#&&SZ!M)()!?9),!:8!`?+B:1K.!:=)!*)(2)B:+O)!8K!,1KK)()B:!;1B)(+69!
*()9)B:!1B!:=)!q!#;;!91b)!K(+2:18B4!!C=).!K8?B,!:=+:!K8(!;1B)(+69!:=+:!+()!K+1(6.!()919:+B:!:8!
M)+:=)(1BO7!;1B)(+6!28B2)B:(+:18B9!,)261B),!61B)+(6.!M1:=!,19:+B2)!K(8;!:=)!98?(2)!:8!B)+(!
b)(8!+:!+!,19:+B2)!8K!"S!F;!+68BO!:=)!,1()2:18B!8K!O6+21+6!:(+B9*8(:!YA1O?()!%4WZ4!!N1O=6.!
M)+:=)(+-6)!;1B)(+69!9?2=!+9!2+621:)!M)()!B8:!,):)2:),!O()+:)(!:=+B!#!F;!K(8;!:=)!98?(2)!1B!
:=)!O6+21+6!:(+B9*8(:!,1()2:18B!YA1O?()!%4QZ4!!!

D)2+?9)!8K!:=)!=1O=!*8:)B:1+6!28B:(1-?:18B!8K!:=)!;1B)(+69!2+621:)!+B,!,868;1:)!:8!9816!
;1B)(+6!M)+:=)(1BO!(+:)97!K?(:=)(!1BH)9:1O+:18B9!M)()!;+,)!:8!H)(1K.!:=)!1BK)((),!#!F;!B):!
:(+B9*8(:!,19:+B2)!K8(!:=)9)!;1B)(+694!!D)2+?9)!8K!:=)!91OB1K12+B:!)L*)B9)!1BH86H),!M1:=!
,1OO1BO!9816!*1:9!+B,!`?+B:1:+:1H)!n[(+.!,1KK(+2:18B!+B+6.9197!52@+B)!+B,!5166)(!Y?B*?-619=),Z!
`?+B:1K1),!:=)!*(8*8(:18B!8K!:())9!+B,!=)(-+2)8?9!*6+B:9!FB8MB!:8!()`?1()!=1O=!6)H)69!8K!
2+621?;!+68BO!:(+B9)2:9!K(8;!2+621?;[(12=!O)868O12!K8(;+:18B9!Y)4O4!61;)9:8B)Z!+68BO!:=)!
,1()2:18B!O6+21+6!:(+B9*8(:!1B:8!2+621?;[*88(!O)868O12!K8(;+:18B9!Y)4O4!96+:)97!9+B,9:8B)9Z4!!
C=)1(!9:?,.!28BK1(;),!+!#[F;!)KK)2:1H)!O6+21+6!:(+B9*8(:!61;1:!K8(!T+4!!C=)!,1KK)()B2)!1B!
)KK)2:1H)!O6+21+6!:(+B9*8(:!,19:+B2)!19!61F)6.!,?)!:8!:=)!H)(.!=1O=!(+:)9!8K!2+621:)!+B,!,868;1:)!
2=);12+6!-()+F,8MB!,?(1BO!+B,!1;;),1+:)6.!*89:!O6+21+:18B!YTaylor and Blum 1995, White et 
al. 1996Z4!

C=)!8-9)(H+:18B9!8K!,)261B1BO!28B2)B:(+:18B9!8K!;1B)(+69!1B!:=)!q!#!;;!9816!*+()B:!
;+:)(1+6!91b)!K(+2:18B!+M+.!K(8;!:=)1(!O)868O12!98?(2)9!M)()!?9),!:8!,)(1H)!+B!);*1(12+6!
,19*)(918B!K?B2:18B4!!C=19!K?B2:18B!M+9!+**61),!:8!)+2=!\&[;):)(!O(1,!2)66!:8!)9:1;+:)!:=)!
28B:(1-?:18B!8K!;1B)(+69!K(8;!O6+21+66.!?*9:()+;!O(1,!2)6694!!C=)!*(82)99!O)B)(+:),!+!9)(1)9!8K!
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O(1,9!,)92(1-1BO!:=)!)9:1;+:),!M)1O=:!*)(2)B:+O)!8K!,1KK)()B:!;1B)(+69!*()9)B:!1B!:=)!q#;;!
*+()B:!;+:)(1+64!!!I,,1:18B+6!1BK8(;+:18B!,)(1H),!K(8;!:=)!<.+B!+B,!5166)(!+B,!5?B(8)!):!+64!
Y#&&SZ!`?+B:1:+:1H)!n[(+.!,1KK(+2:18B!9:?,1)9!8B!M)+:=)(),!9816!=8(1b8B9!1B!:=)!9+;)!*1:9!M+9!
?9),!:8!+,d?9:!:=)!*+()B:!;+:)(1+6!M)1O=:!*)(2)B:+O)9!K8(!:=)!+;8?B:!8K!9)28B,+(.!26+.!+B,!
+;8(*=8?9!;1B)(+69!K8(;),!1B!:=)!M)+:=)(1BO!b8B)!,?)!:8!M)+:=)(1BO!91B2)!O6+21+:18B4!!C=)!
M)1O=:!*)(2)B:+O)9!8K!()+2:1H)!;1B)(+69!M)()!(),?2),!:8!+228?B:!K8(!M)+:=)(1BO!91B2)!
O6+21+:18B!Y9))!C+.68(!+B,!D6?;!"\\WZ4!!C=)!+,d?9:),!;1B)(+6!M)1O=:!*)(2)B:+O)9!M)()!?9),!
+9!1B*?:!K8(!:=)!'<UAV@0!M)+:=)(1BO!(+:)!;8,)64!

D)2+?9)!K?B,1BO!M+9!B8:!+H+16+-6)!:8!28B,?2:!91;16+(!9:?,1)9!1B!E)M!e8(F7!M)!+99?;),!
:=+:!-),(82F!;+:)(1+69!1B!:=)!6)99!:=+B!#!;;!91b)!K(+2:18B!?B,)(M)B:!91;16+(!O6+21+6!
(),19:(1-?:18B!+B,!*89:[O6+21+6!M)+:=)(1BO!:8!:=+:!8-9)(H),!1B!:=)!m)(;8B:!9:?,.4!!!

!

#1*($U-=)3$4.8$;-T)'2-$

09:1;+:)9!8K!9816!,)*:=!Y:8!(82F!8(!)KK)2:1H)!(88:!*)B):(+:18B!,)*:=Z7!-?6F!,)B91:.7!+B,!
:)L:?()!Y*)(2)B:!9+B,7!916:7!+B,!26+.Z7!M=12=!+()!()`?1(),!1B*?:!K8(!:=)!'<UAV@0!;8,)67!M)()!
:+F)B!K(8;!:=)!^GJI!E<TG!GCICG>U!98169!,+:+-+9)!
Yhttp://soils.usda.gov/survey/geography/statsgo/Z4!!C=)!GCICG>U!,+:+!M)()!?9),!Y+9!8**89),!:8!
:=)!=1O=)(!()986?:18B!GG^<>U!,+:+Z!-)2+?9)!+:!:=)!:1;)!8K!1B1:1+:18B!8K!:=)!E0>$0T'!*(8d)2:!
,1O1:+6!GG^<>U!,+:+!M)()!B8:!+H+16+-6)!K8(!:=)!)B:1()!*(8d)2:!,8;+1B4!!C=)!GCICG>U!H)2:8(!
28H)(+O)9!M)()!(+9:)(1b),!+B,!+99821+:),!,+:+!H+6?)9!1B:)(*86+:),!:8!:=)!*(8d)2:!\&[;):)(!
O(1,4!!C=)9)!O(1,9!M)()!;8,1K1),!?91BO!1BK8(;+:18B!8B!:=)!,)*:=!8K!:166!+B,!,)*:=!8K!9:(+:1K1),!
;+:)(1+69!:+F)B!K(8;!:=)!^G>G!28H)(+O)!,)92(1-1BO!:=)!9?(K121+6!O)868O12!,)*891:9!8K!E)M!e8(F!
+B,!E)M!0BO6+B,!YG8668(!"\\&!+B,!http://geo-nsdi.er.usgs.gov/metadata/digital-
data/38/qsurf.htmlZ4!

!

6(*F4)*/$"424F-)-25$

! T61;+:)!+B,!<?B8KK!H+6?)9!()`?1(),!-.!'<UAV@0!M)()!O)B)(+:),!-.!:=)!N<J5!261;+:)!
;8,?6)!Y9))!5166)(!):!+64!#&&WZ!?91BO!%&[.)+(!Y"\R"[#&&&Z!B8(;+6!*()21*1:+:18B!+B,!
:);*)(+:?()!,+:+!K(8;!:=)!E+:18B+6!T61;+:12!J+:+!T)B:)(!+B,!0BH1(8B;)B:!T+B+,+4!!
0H+*8:(+B9*1(+:18B!M+9!)9:1;+:),!?91BO!:=)!;):=8,!8K!J1BO;+B!Y"\\PZ!+228?B:1BO!K8(!
,1KK)(1BO!H)O):+:18B!:.*)9!+B,!9816!28B,1:18B9!Y9))!9)2:18B!P!K8(!;8()!,):+16Z4!!V:!M+9!+99?;),!
:=+:!;)+B!+BB?+6!9816!:);*)(+:?()!1B!:=)!(88:1BO!b8B)!M+9!)`?1H+6)B:!:8!;)+B!+BB?+6!+1(!
:);*)(+:?()4!

!

!

!

!
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Figure 3.5.  Weight percentage sepentine in the < 2mm size fraction of soil parent material (C Horizon) in the  
direction of glacial transport from an isolated outcrop of the mineral!Y(),!9=+,),!+()+!M1:=1B!-86,!-6+2F!8?:61B)Z4!!
D86,!+((8M!1B,12+:)9!:=)!,8;1B+B:!,1()2:18B!8K!O6+21+6!:(+B9*8(:!+9!()H)+6),!-.!O6+21+6!9:(1+)4!!A(8;!?B*?-619=),!
()9)+(2=!-.!04!5166)(!Y0<>Z!+B,!'4!<.+B!Y51,,6)-?(.!T866)O)Z4!
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Figure 3.6.   (Left) Map illustrating the spatial distribution of calcite in Vermont bedrock4!!Y<1O=:Z!0B6+(O);)B:!
8K!-8L),!+()+!8B!6)K:!K1O?()4!!G816!*1:!682+:18B9!+()!9=8MB!+68BO!M1:=!:=)1(!,19:+B2)!K(8;!;+d8(!2+621:)!-)+(1BO!
(82F!K8(;+:18B94!!E8!2+621:)!M+9!K8?B,!1B!:=)9)!9816!*1:9!,);8B9:(+:1BO!:=+:!2+621:)!)L*)(1)B2)9!,1KK)()B:!B):!
:(+B9*8(:!:8!;8()!M)+:=)(1BO!()919:+B:!;1B)(+69!Y9))!A1O?()!W!+B,!+698!5?B(8)!):!+64!#&&SZ4!

&

!

"<Y@Z7N$&18-(*.,$

C=)!'<UAV@0!9816!;1B)(+6!M)+:=)(1BO!(+:)!;8,)6!YGH)(,(?*!+B!,!X+(KH1BO)!"\\%Z!M+9!
(?B!K8(!)+2=!O(1,!2)66!?91BO!:=)!,+:+!6+.)(9!,)92(1-),!+-8H)!+9!1B*?:4!!A8(!:=19!()O18B+6!
;8,)61BO!)KK8(:!1:!M+9!B8:!*8991-6)!:8!)9:1;+:)!9816!*+(+;):)(9!+228(,1BO!:8!,1KK)()B:!9816!
=8(1b8B94!!C=)()K8()7!M)+:=)(1BO!(+:)9!M)()!28;*?:),!K8(!+!91BO6)!9816!6+.)(!M1:=!+H)(+O)!
*(8*)(:1)9!8K!:=)!9816!*(8K16)!8H)(!:=)!(88:!b8B)!,)*:=!Y:.*12+66.!&4W!:8!"4W!;):)(9Z4!!U?:*?:!
K(8;!:=)!;8,)6!1B26?,),!:=)!M)+:=)(1BO!K6?L!8K!T+7!5O7!37!+B,!E+4!

!

!
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!

F52-7)!:/5707)-?!12*)*/3(!45367!

!

C=)!)9:1;+:),!2(1:12+6!68+,!8K!9?6K?(!j!B1:(8O)B!K8(!Ee!+B,!:=)!E)M!0BO6+B,!G:+:)9!19!
9=8MB!1B!K1O?()!%4RZ4!!T(1:12+6!68+,9!1B!Ee!+()!=1O=)9:!1B!+()+9!8K!9),1;)B:9!+B,!;):+9),1;)B:9!
28B:+1B1BO!61;)9:8B)!8(!2+621:)!H)1B!K1661BO94!!T(1:12+6!68+,9!+()!K+1(6.!=1O=!1B!:=)!I,1(8B,+2F!
*+(F!,?)!:8!:=)!*()9)B2)!8K!+-?B,+B:!+B8(:=1:)!+B,!=8(B-6)B,)!1B!:=)!+B8(:=891:)!-),(82F4!!
IB8(:=1:)7!:=)!T+!)B,[;);-)(!8K!:=)!*6+O1826+9)!K)6,9*+(!9861,!986?:18B!9)(1)9!19!8B)!8K!:=)!
;89:!=1O=6.!M)+:=)(+-6)!*(1;+(.!;1B)(+69!YC+-6)!%4"!+B,!@+9+O+!):!+67!"\\PZ4!!I()+9!8K!68M!
2(1:12+6!68+,9!822?(!1B!:=)!=1O=)(!)6)H+:18B9!8K!:=)!I,1(8B,+2F!58?B:+1B9!M=)()!2886)(!
:);*)(+:?()9!+B,!:=1B!98169!(),?2)!M)+:=)(1BO!(+:)94!!m)(.!68M!2(1:12+6!68+,9!822?(!1B!:=)!
T+:9F1669!+B,!8:=)(!+()+9!M)()!9+B,9:8B)!-),(82F!*()H+1694!

!

!
!

F*,'2-!OH[H!!=-22-7)2*3(!-/5707)-?!/2*)*/3(!(536!5<!7'(<'2!c!.*)25,-.!*.!)@-!.52)@-37)-2.!A$H!!X=1:)!+()+9!8B!
:=)!;+*!+()!?(-+B7!+O(12?6:?(+67!8(!M+:)(!+()+9!M=)()!:=)!:)(()9:(1+6!2(1:12+6!68+,!M+9!B8:!;+**),4!
!
!
!
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!
! C+-6)!%4#!28;*+()9!9:+:)M1,)!+H)(+O)9!8K!:=)!2(1:12+6!68+,!+B,!1:9!F).!28;*8B)B:94!!
E)M!e8(F!=+9!68M)(!9:+:)M1,)!)9:1;+:),!-+9)!2+:18B!();8H+69!,?)!:8!=+(H)9:1BO!:=+B!:=)!
E)M!0BO6+B,!9:+:)94!!VB!28B:(+9:7!E)M!e8(F!=+9!+!=1O=!9:+:)M1,)!+H)(+O)!M)+:=)(1BO!(+:)!+B,!
+!=1O=!9:+:)M1,)!+H)(+O)!2(1:12+6!68+,!()6+:1H)!:8!:=)!E)M!0BO6+B,!G:+:)9!,?)!:8!:=)!+-?B,+B2)!
8K!2+62+()8?9!(82F9!+B,!+B8(:=891:)S!1B!:=)!9:+:)4!!E)M!e8(F7!M1:=!1:9!6+(O)!6+B,!+()+7!=+9!+!
M1,)!(+BO)!8K!O)868O12!;+:)(1+69!+B,!+!M1,)!(+BO)!8K!261;+:12!28B,1:18B9!6)+,1BO!:8!+!6+(O)!
H+(1+B2)!1B!:=)!M)+:=)(1BO!(+:)4!!!
!
!
=3D(-!OHNH!!15?C32*75.!5<!7)3)-K*6-!3L-23,-!/2*)*/3(!(5367I!D37-!/3)*5.!K-3)@-2*.,I!3.6!D37-!/3)*5.!

'C)3^-!6'-!)5!@32L-7)*.,H!!hGiaj!$R!2-<-27!)5!)@-!7)3.6326!6-L*3)*5.!5<!)@-!D37-!/3)*5.!K-3)@-2*.,!23)-H!

!
!
!
!
! A1O?()!%4S!9=8M9!:=)!+()+9!M=)()!9?6K?(!*6?9!B1:(8O)B!+:;89*=)(12!,)*891:18B!19!
)9:1;+:),!:8!)L2)),!:=)!2(1:12+6!68+,!K8(!K8()9:),!)289.9:);9!K8(!E)M!e8(F!+B,!E)M!0BO6+B,!
?B,)(!24+4!#&&&!+B,!#&"S!+:;89*=)(12!,)*891:18B!(+:)94!!!I66!9:+:)9!9=8M!+!(),?2:18B!1B!
)9:1;+:),!K8()9:!+()+!M=)()!,)*891:18B!)L2)),9!:=)!2(1:12+6!68+,!-):M))B!#&&#!+B,!#&"S!
YA1O?()!%4\Z4!!!!
!
!
!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
S!IB8(:=891:)!19!28;*89),!*(1;+(16.!8K!:=)!;1B)(+6!+B8(:=1:)4!!IB8(:=1:)!19!:=)!T+[)B,!;);-)(!8K!:=)!*6+O1826+9)!
9861,!986?:18B!9)(1)94!!IB8(:=1:)!19!8B)!8K!:=)!;89:!()+,16.!M)+:=)(+-6)!;1B)(+69!+K:)(!2+621:)!+B,!,868;1:)!Y9))!
C+-6)!%4"Z4!!C=)!;1B)(+6!=8(B-6)B,)!19!+698!K()`?)B:6.!+!91OB1K12+B:!28B9:1:?)B:!8K!+B8(:=891:)7!28B:+1B9!91OB1K12+B:!
2+621?;7!+B,!19!()+,16.!M)+:=)(),4!
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!
F*,'2-!OHUH!!+2-37!K@-2-!3)?57C@-2*/!6-C57*)*5.!5<!7'(<'2!3.6!.*)25,-.!*7!-7)*?3)-6!)5!-;/--6!)@-!/2*)*/3(!

(536!<52!<52-7)!-/5707)-?7!*.!NTGU!X2-6Y!3.6!*.!NTTNI!D')!.5)!*.!NTGU!XD('-YH!!!I:;89*=)(12!,)*891:18B!19!
)9:1;+:),!:8!-)!-)68M!:=)!2(1:12+6!68+,!1B!-8:=!;8,)6),!:1;)!*)(18,9!K8(!:=)!M=1:)!+()+94!
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!
!
F*,'2-!OH`H!!#-2/-.)3,-!5<!<52-7)-6!32-3!XD0!7)3)-!3.6!)*?-!C-2*56Y!K@-2-!3)?57C@-2*/!6-C57*)*5.!5<!

7'(<'2!3.6!.*)25,-.!*7!-7)*?3)-6!)5!-;/--6!)@-!/2*)*/3(!(536H!!J1KK)()B2)9!-):M))B!.)+(9!K8(!1B,1H1,?+6!9:+:)9!
O)B)(+66.!()*()9)B:!,)261B1BO!9?6K?(!,)*891:18B4!!J1KK)()B2)9!-):M))B!9:+:)9!M1:=1B!.)+(9!()9?6:!K(8;!,1KK)()B2)9!
1B!O)868O.7!=+(H)9:1BO!(+:)97!+B,!+:;89*=)(12!,)*891:18B!(+:)94!
!
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B-<-2-./-7!Q!$-/)*5.!O!

!
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@+9+O+7!I4T47!a454!G86)(7!a4>4!>+B8(7!C404!D?(2=7!+B,!34@4!E+O.4!"\\P4!!T=);12+6!M)+:=)(1BO!(+:)!

6+M9!+B,!O68-+6!O)82=);12+6!2.26)94!!S-1/3*FQ$-)$615F1/3*FQ$+/)4!WS/#%Q"[#%SQ4!
!
5+6;9:(x;7!54047!>4!J)9:8?B17!G4I4!D+BM+(:!+B,!D4N404!G:(x;-)(O4!!#&&&4!<)986H1BO!:=)!92+6)[

,)*)B,)B2)!8K!;1B)(+6!M)+:=)(1BO!(+:)94!!N.A*21.F-.)4($#/*-./-$4.8$;-/3.1(1,0!
%P/"%RW["%RS4!

 
5166)(7!0434!#&&&4!I:;89*=)(12!J)*891:18B!:8!T8;*6)L!@+B,92+*)9/!N<J5!k!I!G:(+:)O.!K8(!

T8?*61BO!J)*891:18B!58,)69!:8!+!N1O=[<)986?:18B!>VG4!!'(82)),1BO9!8K!:=)!E+:18B+6!
I:;89*=)(12!J)*891:18B!'(8O(+;!C)2=B12+6!T8;;1::))!5)):1BO7!U2:8-)(!"R[#&7!#&&&7!
G+(+:8O+!G*(1BO97!E)M!e8(F4!

!
5166)(7!0434!#&&Q4!!I99)99;)B:!8K!A8()9:!G)B91:1H1:.!:8!E1:(8O)B!+B,!G?6K?(!J)*891:18B!1B!5+1B)4!!

C)2=B12+6!()*8(:!*()*+(),!8B!-)=+6K!8K!:=)!T8BK)()B2)!8K!E)M!0BO6+B,!>8H)(B8(9f!+B,!
0+9:)(B!T+B+,1+B!'();1)(9f!A8()9:!5+**1BO!>(8?*7!"W!J)2);-)(!#&&Q7!K8(!:=)!5+1B)!
J)*+(:;)B:!8K!0BH1(8B;)B:+6!'(8:)2:18B7!D?()+?!8K!I1(!]?+61:.7!G:+:)=8?9)!G:+:18B!l"R7!
I?O?9:+7!50!&P%%%4!

!
5166)(7!04347!I4a4!A(1),6+B,7!04I4!I(8B97!m4I4!58=B)B7!a4a4!D+::6)97!a4I4!'+B)F7!a4!3+,6)2)F!+B,!I4N4!

a8=B98B4!"\\%4!I:;89*=)(12!J)*891:18B!:8!A8()9:9!I68BO!+B!06)H+:18B+6!>(+,1)B:!+:!
X=1:)K+2)!58?B:+1B7!Ee!^GI4!+)F15=3-2*/$N.A*21.F-.)!#RI/!#"#"[#"%Q4!

!
5166)(7!04347!I4!m+BI(9,+6)7!>4a4!3))6)(7!I4!T=+6;)(97!@4!'8199+B:7!E4!3+;;+B7!+B,!<4!D(?68::)4!!

#&&W4!!09:1;+:18B!+B,!5+**1BO!8K!X):!+B,!J(.!5)(2?(.!J)*891:18B!I2(899!E8(:=)+9:)(B!
E8(:=!I;)(12+4!!N/1)1T*/1(1,0!"P/!W%[R&4!

!
588()7!a[J4!+B,!<4!U?1;):4!!#&&Q4!!C)B[.)+(!)KK)2:!8K!,868;1:12!61;)!8B!:=)!B?:(1:18B7!2(8MB!

H1O8(7!+B,!O(8M:=!8K!9?O+(!;+*6)4!!64.48*4.$[1'2.4($1M$@12-5)$<-5-42/3!!%Q/"S%P["SP"4!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$HJ$

!
!
58((198B7!N4I47!):!+64!#&&W4!!#&&P!T+B+,1+B!I21,!J)*891:18B!G21)B2)!I99)99;)B:4!!0BH1(8B;)B:!

T+B+,+!k!5):)8(868O12+6!G)(H12)!8K!T+B+,+7!P\&W!J?KK)(1B!G:()):7!J8MB9H1)M7!UB:+(187!
T+B+,+!5%N!WCP4!

!
5?B(8)!a4G47!<.+B!'4T47!T+(698B!N4I47!+B,!5166)(!04347!#&&S7!C)9:1BO!@+:)9:!X1928B91B+B!V2)!A68M!

J1()2:18B9!1B!m)(;8B:!:=(8?O=!]?+B:1:+:1H)!n[(+.!J1KK(+2:18B!IB+6.919!8K!G816!51B)(+68O.4!
!12)3-45)-2.$S-1(1,0$4.8$N.A*21.F-.)4($#/*-./-57!#\YPZ/!#Q%[#RW4!

!
E0>$0T'!A8()9:!5+**1BO!>(8?*4!#&&"4!'(8:8286!K8(!+99)99;)B:!+B,!;+**1BO!8K!K8()9:!

9)B91:1H1:.!:8!+:;89*=)(12!G!+B,!E!,)*891:18B4!!C=)!T8BK)()B2)!8K!:=)!E)M!0BO6+B,!
>8H)(B8(9!+B,!0+9:)(B!T+B+,1+B!'();1)(94!!RQ!G?;;)(!G:4!D89:8B7!5I!&#""&4!R\!**4!

!
E0>$0T'!A8()9:!5+**1BO!>(8?*4!#&&%4!!I99)99;)B:!8K!A8()9:!G)B91:1H1:.!:8!E1:(8O)B!+B,!

G?6K?(!J)*891:18B!1B!E)M!0BO6+B,!+B,!0+9:)(B!T+B+,+/!!T8BK)()B2)!8K!E)M!0BO6+B,!
>8H)(B8(9!+B,!0+9:)(B!T+B+,1+B!'();1)(9!A8()9:!5+**1BO!>(8?*!'168:!'=+9)!<)*8(:4!!
C=)!T8BK)()B2)!8K!:=)!E)M!0BO6+B,!>8H)(B8(9!+B,!0+9:)(B!T+B+,1+B!'();1)(94!!W"Q"!
>)8(O)!G:()):7!G?1:)!"&&Q7!N+61K+L7!EG7!D%a!"5R4!!"Q**4!

!
EGCT4!"\\S4!E+:18B+6!I21,!'()21*1:+:18B!I99)99;)B:!'(8O(+;!D1)BB1+6!<)*8(:!:8!T8BO()99/!IB!

VB:)O(+:),!I99)99;)B:4!E+:18B+6!G21)B2)!+B,!C)2=B868O.!T8?B2167!T8;;1::))!8B!
0BH1(8B;)B:!+B,!E+:?(+6!<)98?(2)97!G16H)(!G*(1BO7!5J4!

!
U?1;):7!<47!@4!J?2=)9B)7!J4!N8?6)7!+B,!'4I4!I(*4!#&&"4!T(1:12+6!68+,9!8K!+:;89*=)(12!G!+B,!E!

,)*891:18B!+B,!2?(()B:!)L2)),+B2)9!K8(!E8(:=)(B!:);*)(+:)!+B,!-8()+6!K8()9:9!1B!]?r-)24!
R4)-2$+*2O$4.8$#1*($"1((')*1.4!@1/'5!"Y"$#Z/""\["%P4!

!
U?1;):7!<47!'4!I(*7!G4!X+:;8?O=7!a4!I=)(B)7!+B,!V4!J)5)(2+B:!Y#&&QZ!!J):)(;1B+:18B!+B,!

;+**1BO!2(1:12+6!68+,9!8K!+21,1:.!+B,!)L2)),+B2)9!K8(!?*6+B,!K8()9:!98169!1B!0+9:)(B!T+B+,+4!!
R4)-2O$+*2O$4.8$#1*($"1((')*1.!"R#/!WR[QQ4!

!
'+(,87!@4N47!54!<8-1B[I--8::7!E4!J?+(:)7!+B,!0434!5166)(4!!#&&W4!!C())!T=);19:(.!J+:+-+9)!

Ym)(918B!"4&Z4!!^GAG!>)B)(+6!C)2=B12+6!<)*8(:!E0[%#P4!!^GJI!A8()9:!G)(H12)7!""!T+;*?9!
D6H,4!G?1:)!#&&&7!E)M:8MB!G`?+()7!'I4!

!
G2=+-)(O7!'4>47!J4N4!J)N+.)97!+B,!>4a4!N+M6).4!!#&&"4!!IB:=(8*8O)B12!T+621?;!J)*6):18B/!I!

^B1`?)!C=()+:!:8!A8()9:!0289.9:);!N)+6:=i!!N/1505)-F$W-4()3!R/!#"P[##S4!
!
G2=+-)(O7!'4>47!5166)(7!04347!0+O+(7!T4!I99)991BO!:=)!C=()+:!:=+:!IB:=(8*8O)B12!T+621?;!J)*6):18B!

'89)9!:8!A8()9:!N)+6:=!+B,!'(8,?2:1H1:.4!!#&&R4!!^GJI!A8()9:!G)(H12)!>)B)(+6!C)2=B12+6!
<)*8(:!'EX[>C<[S&Q!Y+!*))([()H1)M),7!28;-1B),!*?-612+:18B!8K!:=)!G8?:=)(B!+B,!'+21K12!
E8(:=M)9:!<)9)+(2=!G:+:18B9Z!+B,!+!2=+*:)(!8B!:=)!M)-[-+9),!K8()9:(.!)B2.268*),1+/!
MMM4:=()+:94K8()9:)B2.268*),1+4B):!

!
G2=+-)(O7!'4>47!a4X4!C166).7!>4a4!N+M6).7!J4N4!J)N+.)97!+B,!G4X4!D+16).4!!#&&Q4!!I99821+:18B9!8K!

2+621?;!+B,!+6?;1B?;!M1:=!:=)!O(8M:=!+B,!=)+6:=!8K!9?O+(!;+*6)!:())9!1B!m)(;8B:4!!@12-5)$
N/1(1,0$4.8$&4.4,-F-.)!##%/!"W\["Q\4!
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!
!
GH)(,(?*7!N4!+B,!'4!X+(KH1BO)4!"\\%4!T+62?6+:1BO!K1)6,!M)+:=)(1BO!(+:)9!?91BO!+!;)2=+B19:12!

O)82=);12+6!;8,)6!'<UAV@04!!+==(*-8$S-1/3-F*5)20!S/!#R%[#S%4!
!
C+.68(7!I4!+B,!a4J4!D6?;4!!"\\W4!!<)6+:18B!-):M))B!9816!+O)!+B,!91612+:)!M)+:=)(1BO!(+:)9!

,):)(;1B),!K(8;!:=)!2=);12+6!)H86?:18B!8K!+!O6+21+6!2=(8B89)`?)B2)4!!S-1(1,0!#%/\R\[
\S#4!

!
X+:;8?O=7!G4I4!+B,!'4a4!J1668B4!#&&%4!!T+621?;!6899)9!K(8;!+!K8()9:),!2+:2=;)B:!1B!G8?:=[

T)B:(+6!UB:+(187!T+B+,+4!!N.A*21.Q$#/*Q$;-/3.1(Q!%R/!%&SW[%&S\4!
!
X=1:)7!I4A47!I404!D6?;7!54G4!G2=?6b7!C4J4!D?66)B7!a4X4!N+(,)B7!+B,!54@4!'):)(98B4!!"\\Q4!!

T=);12+6!M)+:=)(1BO!(+:)9!8K!+!9816!2=(8B89)`?)B2)!8B!O(+B1:12!+66?H1?;/!!V4!!
]?+B:1K12+:18B!8K!;1B)(+68O12+6!+B,!9?(K+2)!+()+!2=+BO)9!+B,!2+62?6+:18B!8K!*(1;+(.!
91612+:)!()+2:18B!(+:)94!!S-1/3*F*/4$-)$615F1/3*F*/4$+/)4!Q&/#W%%[#WW&4!

!
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!

$-/)*5.!b!Q!"52)@-37)!$)-360!$)3)-!+>'3)*/!12*)*/3(!45367!3.6!:;/--63./-!

XNTTN%NTGUY!
!
!
! G:)+,.[9:+:)!+`?+:12!)289.9:);!2(1:12+6!68+,9!M)()!2+62?6+:),!K8(!()O18B+6!9?(K+2)!
M+:)(94!!!CM8!+**(8+2=)9!M)()!)H+6?+:),4!!UB)!+**(8+2=!M+9!:8!?9)!9?(K+2)!M+:)(!2=);19:(.!
,+:+!+H+16+-6)!K8(!"PS#!M+:)(9!:8!)9:1;+:)!2(1:12+6!68+,9!?91BO!:=)!G:)+,.[G:+:)!X+:)(!
T=);19:(.!;):=8,!YGGXTZ!+9!,)92(1-),!1B!:=)!VT'!5+**1BO!5+B?+6!Y#&&PZ4!!V:!M+9!=8*),!:=+:!
:=)9)!9*)21K12!M+:)(!-8,.!2(1:12+6!68+,9!28?6,!-)!)L:(+*86+:),!:8!:=)!()O18B!-.!,)H)68*1BO!
9:+:19:12+6!;8,)69!8K!)1:=)(!2(1:12+6!68+,!8(!2(1:12+6!68+,!*+(+;):)(9!+9!K?B2:18B9!8K!:=)!
1BK8(;+:18B!1B!:=)!:)(()9:(1+6!2(1:12+6!68+,9!,+:+!6+.)(9!8B!O)868O.7!981697!H)O):+:18B7!261;+:)7!
+B,!6+B,92+*)!)6);)B:9!Y9))!G)2:18B!%!8K!:=19!,82?;)B:Z4!!J)9*1:)!28B91,)(+-6)!)KK8(:7!1:!M+9!
B8:!*8991-6)!:8!+2=1)H)!+!9+:19K+2:8(.!()O18B+6!)L:(+*86+:18B4!!C=19!K+16?()!:8!+2=1)H)!+!
9+:19K+2:8(.!()O18B+61b+:18B!?91BO!+!92+61BO!+**(8+2=!19!61F)6.!,?)!:8!:=)!)L:();)!,1H)(91:.!8K!
6+B,92+*)97!O)868O.7!+B,!9?(K+2)!M+:)(9!+2(899!:=)!E8(:=)+9:!()O18B4!!C=)!K+16?()!8K!:=19!
+**(8+2=!19!+698!()6+:),!:8!M)+FB)99)9!1B!:=)!GGXT!;):=8,!8K!)9:1;+:1BO!+!-+9)!2+:18B!
M)+:=)(1BO!K(8;!8-9)(H),!9?(K+2)!M+:)(!,+:+!:=+:!+()!9:(8BO6.!1BK6?)B2),!-.!,.B+;12!
*(82)99)9!9?2=!+9!2+:18B!,)*6):18B$+22():18B!Y<+**!#&&"7!<+**!+B,!D19=8*!#&&\Z!+B,!9?6K?(!
():)B:18B$()6)+9)!Y51:2=)66!):!+64!#&"&Z4!
!
! I!9)28B,!+**(8+2=!M+9!);*68.),!:=+:!1BH86H),!2+62?6+:1BO!+`?+:12!2(1:12+6!68+,9!?91BO!
+!;8,1K1),!K8(;!8K!:=)!K1(9:[8(,)(!+21,1:.!-+6+B2)!H+(1+B:!8K!:=)!9:)+,.[9:+:)!91;*6)!;+99!
-+6+B2)!;8,)6!YVT'!5+**1BO!5+B?+6!#&&PZ4!!A8(!:=19!;):=8,!:=+:!M)!2+66!:=)!g6+B,92+*)!;+99[
-+6+B2)!;):=8,h!Y@5DZ7!98?(2)9!+B,!91BF9!8K!+21,1:.!:8!:=)!9?(K+2)!M+:)(!9.9:);!M1:=1B!+!
M+:)(9=),!M)()!2+62?6+:),!K(8;!,+:+!,)H)68*),!K8(!:=)!:)(()9:(1+6!)289.9:);!+B+6.9197!:=?9!
,1()2:6.!()O18B+61b1BO!:=)!)9:1;+:)9!8K!+`?+:12!2(1:12+6!68+,94!!X)!)L*6121:6.!,8!B8:!28B91,)(!1B[
6+F)!*(82)99)9!():)B:18B!8(!()6)+9)!+9!:=)9)!+()!,.B+;12!*(82)99)94!!58,)69!:=+:!)9:1;+:)!1B[
6+F)!():)B:18B!+B,!()6)+9)!K(8;!8-9)(H+:18B9!+()!B8:!:(?)!9:)+,.!9:+:)!;8,)697!+9!:=).!,)*)B,!
8B!+!K6+M),!+99?;*:18B!:=+:!:=)!1B[6+F)!*(82)991BO!,),?2),!K(8;!8-9)(H+:18B9!M166!*(8*)(6.!
()*()9)B:!:=)!9:)+,.!9:+:)!28B,1:18B4!!C=)!*?()!9:)+,.[9:+:)!+**(8+2=!M)!+,8*:),!M+9!M)66!
9?1:),!:8!:=)!*(8d)2:!O8+6!8K!9:(8BO!1B:)O(+:18B!-):M))B!:=)!:)(()9:(1+6!+B!+`?+:12!)289.9:);!
+B+6.9)94!!!
!

A8(!-8:=!+**(8+2=)97!,+:+!K8(!9?(K+2)!M+:)(!2=);19:(.!M)()!8-:+1B),!K(8;!9:+:)!+B,!
K),)(+6!6+B,[;+B+O);)B:!+B,!)BH1(8B;)B:+6!+O)B21)9!:=(8?O=!+!,+:+!()`?)9:4!!I,,1:18B+6!
K),)(+6!,+:+!M)()!8-:+1B),!K(8;!:=)!^G0'I!E+:18B+6!G:()+;!G?(H).!+B,!05I'!0+9:)(B!@+F)!
G?(H).4!!C=)9)!,+:+!M)()!?9),!:8!,)(1H)!+!;):=8,!K8(!2+62?6+:1BO!:=)!)KK)2:9!8K!,19986H),!
8(O+B12!2+(-8B!8B!:=)!2=+(O)[-+6+B2)!IET!()`?1(),!:8!+2=1)H)!+!9*)21K12!*N!:+(O):4!
!

T(1:12+6!68+,9!M1:=!()9*)2:!:8!:M8!)289.9:);!*(8:)2:18B!6)H)69!Y*N!Q4Q7!IETtW&!y)`$@!
+:!JUT!t!&!;O$@!+B,!*N!R4W7!IET!t!"&&!y)`$@!+:!JUT!t!&!;O$@Z!M)()!)H+6?+:),4!!C=)!
+B:121*+:),!2=+BO)!1B!)L2)),+B2)!8K!+`?+:12!2(1:12+6!68+,9!M+9!+99)99),!-):M))B!#&&#!+B,!
#&"S!-+9),!8B!T5I]!;8,)61BO!8K!2?(()B:!g8B[:=)[-88F9h!9:+:)!+B,!K),)(+6!+1(!*866?:18B!
28B:(86!;)+9?()9!Y9))!G)2:18B!#!8K!:=19!,82?;)B:Z4!!!G)B91:1H1:.!+B+6.9)9!M)()!28B,?2:),!:8!
)6?21,+:)!?B2)(:+1B:.!1B!+99)99;)B:!()9?6:9!+99821+:),!M1:=!JUT!+B,!9+6:!28(()2:18B94!
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!
!

S53(7!5<!)@-!+>'3)*/!12*)*/3(!45367!$)'60!

!
C=)!9*)21K12!O8+69!8K!:=19!+`?+:12!2(1:12+6!68+,9!+B,!)L2)),+B2)!+B+6.919!,1KK)(!

98;)M=+:!K(8;!*(18(!()O18B+6!9:?,1)9!1B!:=)!E8(:=)+9:!Y)4O!J?*8B:!):!+64!#&&W7!ENJ0G!#&&P7!
mCJ0T!#&&%Z4!!C=)!*(1;+(.!O8+6!8K!:=19!9:?,.!M+9!:8!28B,?2:!+`?+:12!2(1:12+6!68+,9!+B+6.919!
M1:=1B!,+:+!+B,!+B+6.:12+6!K(+;)M8(F9!:=+:!=+(;8B1b),!M1:=!+!*+(+66)6!:)(()9:(1+6!2(1:12+6!
68+,9!+B,!)L2)),+B2)!+B+6.919!K8(!:=)!E8(:=)+9:!^G!()O18B4!!IB!1;*8(:+B:!8-d)2:1H)!8K!:=)!
*(8d)2:!M+9!:8!O)B)(+:)!+B!1B:)O(+:),!+`?+:12!+B,!:)(()9:(1+6!2(1:12+6!68+,9!;+*4!!I!2(1:12+6!
68+,9!+B,!)L2)),+B2)!+B+6.919!-+9),!8B!8-9)(H),!9?(K+2)!M+:)(!2=);19:(.!M+9!1B:)B,),!:8!
*(8H1,)!+!K8?B,+:18B!,+:+!6+.)(!K(8;!M=12=!);*1(12+6!()6+:18B9=1*9!M8?6,!-)!,)H)68*),!:8!
)9:1;+:)!2(1:12+6!68+,9!K8(!?B9+;*6),!9?(K+2)!M+:)(9!1B!8(,)(!:8!2()+:)!+!28;*()=)B91H)!
9?(K+2)!M+:)(!+99)99;)B:!K8(!:=)!()O18B4!!IB!+6:)(B+:1H)!+**(8+2=!2+62?6+:1BO!+`?+:12!2(1:12+6!
68+,9!,1()2:6.!K(8;!:=)!M+:)(9=),!*+(+;):)(9!M+9!?6:1;+:)6.!()`?1(),!:8!+!28;*6):)!()O18B+6!
+99)99;)B:4!

!
I9!1B:)O(+:18B!8K!:)(()9:(1+6!+B,!+`?+:12!+B+6.9)9!M+9!*+(+;8?B:7!9)H)(+6!28B9:(+1B:9!

8K:)B!);*68.),!1B!)+(61)(!+`?+:12!2(1:12+6!68+,9!+99)99;)B:9!B)),),!:8!-)!()6+L),!k!+B,!
+6:)(B+:1H)!+**(8+2=)9!,)H)68*),!K8(!9)6)2:1BO!:(+1B1BO!91:)!,+:+4!!C=)!1B:)O(+:),!+99)99;)B:!
+**(8+2=!+B,!)L:(+*86+:18B!O8+6!()`?1(),!:=)!K8668M1BO!,)H1+:18B9!8(!)L*+B918B9!K(8;!
*()H18?9!)KK8(:94!
!

• D(8+,!O)8O(+*=12!+B,!6+B,92+*)!*891:18B!()*()9)B:+:18B!YB8:!d?9:!FB8MB!9)B91:1H)!
91:)9Z!

• VB26?918B!8K!M)66[-?KK)(),!9?(K+2)!M+:)(9!
• VB26?918B!8K!9?(K+2)!M+:)(9!1;*+2:),!-.!,)[121BO!+O)B:9!
• VB26?918B!8K!9?(K+2)!M+:)(9!1;*+2:),!-.!B8B[+:;89*=)(12!*81B:!+B,!B8B[*81B:!B1:(8O)B!

1B*?:9!
• 0L*6121:!1B26?918B!8K!JUT!)KK)2:9!8B!*N!

!
'(18(!9:?,1)9!1B!:=)!B8(:=)+9:!^G!)1:=)(!K82?9),!8B!9?-()O18B9!8(!9+2(1K12),!-(8+,!

O)8O(+*=12!+B,!6+B,92+*)!*891:18B!2=+(+2:)(1b+:18B!1B!8(,)(!:8!+H81,!:=)!28;*6)L1:1)9!
1B:(8,?2),!-.!=1O=!9+6:!28B:+;1B+:18B!+B,!B8B[+:;89*=)(12!B1:(8O)B!1B*?:9!YJ?*8B:!):!+64!
#&&W7!ENJ0G!#&&P7!mCJ0T!#&&%Z4!!C=?97!:=)!*()9)B:!9:?,.!+22)*:9!98;)!+;8?B:!8K!+,,1:18B+6!
?B2)(:+1B:.!1B:(8,?2),!-.!=+B,61BO!:=)9)!B8B[9:+B,+(,!28B,1:18B9!1B!)L2=+BO)!K8(!1B2()+9),!
O)8O(+*=12!+B,!6+B,92+*)!()*()9)B:+:18B4!
!
!
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R-L-(5C?-.)!5<!)@-!+>'3)*/!12*)*/3(!=@2-7@5(6!$/-.32*57!

!

;42,-)$=W$4.8$)3-$+!6$(*F*)$

&
VB!8(,)(!:8!2+62?6+:)!+!2(1:12+6!68+,7!+!2(1:12+6!:=()9=86,!28B,1:18B!;?9:!-)!)9:+-619=),!

M1:=!()9*)2:!:8!+!-18O)82=);12+6!;):(12!:=+:!2+B!-)!;8,)6),!+B,!M=12=!19!+99821+:),!M1:=!
)289.9:);!=)+6:=!8(!:=)!28B,1:18B!8K!F).!8(O+B19;9!1B!+B!)289.9:);!YVT'!5+**1BO!5+B?+6!
#&&P7!N)B(1F9)B!+B,!'892=!#&&"Z4!!A8(!+`?+:12!)289.9:);9!9?-d)2:!:8!+21,1K12+:18B!-.!9?6K?(!
+B,!B1:(8O)B7!:=)!*+(+;):)(!;89:!8K:)B!()6+:),!:8!:=)!28B,1:18B!8K!F).!8(O+B19;!+B,!+`?+:12!
)289.9:);!=)+6:=!19!*N!YVT'!5+**1BO!5+B?+67!#&&P7!J?*8B:!):!+64!#&&WZ4!!A8(!=19:8(12+6!
()+98B9!k!,?)!*(1;+(16.!:8!:=)!28;*612+:18B9!+99821+:),!M1:=!;8,)61BO!JUT!Y,192?99),!-)68MZ!
+!:+(O):!*N!2(1:12+6!:=()9=86,!=+9!-))B!:(+B96+:),!:8!+!28(()9*8B,1BO!H+6?)!8K!:=)!+21,!
B)?:(+61b1BO!2+*+21:.!:)(;),!:=)!IET!61;1:!Y9))!,192?9918B!1B!J?*8B:!):!+64!#&&WZ4!!C=19!19!,8B)!
-)2+?9)!:=)!2=+(O)[-+6+B2)!K8(;!8K!:=)!+21,!B)?:(+61b1BO!2+*+21:.!Y9))!58()6!+B,!N)(1BO!
"\\%Z!19!91;*6)(!:8!;8,)6!:=+B!*N!1B!+!9:)+,.[9:+:)!28B:)L:!M1:=!61;1:),!,+:+!YVT'!5+**1BO!
5+B?+6!#&&PZ4!!!!

!
J192?9918B9!M)()!=)6,!M1:=!9:+F)=86,)(9!+B,!*(8d)2:!*+(:121*+B:9!:8!)9:+-619=!;8,)6!

92)B+(189!:8!-)!)H+6?+:),!M1:=!()9*)2:!:8!:=)!IET!61;1:!?9),!1B!:=)!;8,)6!+B,!:=)!1;*61),!8(!
g:+(O):h!*N!+99821+:),!M1:=!+B!IET!61;1:4!!G:+F)=86,)(9!+B,!*+(:121*+B:9!M)()!*(8H1,),!
1BK8(;+:18B!8B!:=)!,1KK)()B2)!-):M))B!:=)!2+62?6+:),!2=+(O)[-+6+B2)!IET!);*68.),!1B!:=)!
GGXT!8(!@5D!;8,)69!+B,!+6F+61B1:.!Y8K:)B!1BK8(;+66.!()K)((),!:8!+9!gIEThZ7!M=12=!19!+B!
8*)(+:18B+6!;)+9?();)B:!8K!+21,!B)?:(+61b1BO!2+*+-161:.!8K!+!986?:18B!Y9))!58()6!+B,!N)(1BO!
"\\%Z4!!0B8?O=!28BK?918B!)L19:9!1B!:=)!61:)(+:?()!:=+:!822+918B+66.!1BH)9:1O+:8(9!;19:+F)B6.!
)`?+:)!+6F+61B1:.!+B,!2=+(O)[-+6+B2)!IET!M=)B!9)::1BO!:=)!2=+(O)!-+6+B2)!IET!61;1:!K8(!
2(1:12+6!68+,!;8,)61BO4!
!

C=)!8-9)(H),!9:(8BO!+B,!*(),12:+-6)!()6+:18B9=1*!-):M))B!*N!+B,!+6F+61B1:.!19!B8:!
:(+B9K)(+-6)!:8!+668M!,1()2:!1BK)()B2)!8K!:=)!2=+(O)[-+6+B2)!IET!61;1:!28(()9*8B,1BO!:8!+!
O1H)B!*N!1B,12+:1H)!8K!)289.9:);!28B,1:18B94!!JUT!+B,!2=+(O)[-+6+B2)!IET!:8O):=)(!28B:(86!
:=)!+6F+61B1:.!+B,!*N!8K!+!9.9:);!+9!)L*6+1B),!1B!:=)!I**)B,1L!YE'GT@[CJP+[JUT[28(()2:18B[
8K[IET[61;1:4*,K7!9))!+698!58()6!+B,!N)(1BO!"\\%7!*O4!"\\Z4!
!

G:+F)=86,)(9!+B,!*(8d)2:!*+(:121*+B:9!)9:+-619=),!:M8!;8,)6!92)B+(189!:8!-)!)H+6?+:),4!
!

"4 C+(O):!*N!t!Q4Q7!V;*61),!IET!61;1:!t!W&!y)`$@!+:!JUT!t!&!;O$@!
#4 C+(O):!*N!t!R4"W7!V;*61),!IET!61;1:!t!"&&!y)`$@!+:!JUT!t!&!;O$@!

!
C=)!JUT!28(()2:18B!K8(!:=)!2=+(O)!-+6+B2)!IET!61;1:!YI**)B,1L!E'GT@[CJP+[JUT[

28(()2:18B[8K[IET[61;1:4*,KZ!M+9!+**61),!8B!:=)!-+919!8K!;)+9?(),!JUT!H+6?)94!!A8(!*(+2:12+6!
()+98B97!:=)!+99?;*:18B!M+9!;+,)!:=+:!8-9)(H),!JUT!M8?6,!()*()9)B:!9:)+,.[9:+:)!JUT7!
+6:=8?O=!:=19!+99?;*:18B!19!B8:!61F)6.!H+61,!Y9))!58B:)1:=!):!+64!#&&RZ4!!!C=)!1;*612+:18B9!8K!
:=19!+99?;*:18B!K8(!2(1:12+6!68+,9!+B,!)L2)),+B2)!M)()!)L*68(),!H1+!9)B91:1H1:.!+B+6.919!Y#Wc!
JUT!1B2()+9)!:=(8?O=!#&"SZ4!
!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$I?$

!

#'2M4/-$R4)-2$U4)4$

!
J+:+!K8(!9?(K+2)!M+:)(!2=);19:(.!M)()!8-:+1B),!K(8;!9:+:)!+B,!K),)(+6!6+B,[

;+B+O);)B:!+B,!)BH1(8B;)B:+6!+O)B21)9!:=(8?O=!+!,+:+!()`?)9:4!!I,,1:18B+6!K),)(+6!,+:+!
M)()!8-:+1B),!K(8;!:=)!^G0'I!E+:18B+6!G:()+;!G?(H).!+B,!05I'!0+9:)(B!@+F)!G?(H).4!
!

G?(K+2)!M+:)(!,+:+!()28(,9!M)()!)H+6?+:),!M1:=!()9*)2:!:8!,+:+!28;*6):)B)997!
O)8O(+*=12!()*()9)B:+:18B7!+B,!:);*8(+6!()*()9)B:+:18B4!!VB!8(,)(!:8!+2=1)H)!:=)!-(8+,)9:!
O)8O(+*=12!+B,!6+B,92+*)!*891:18B!()*()9)B:+:18B7!98;)!9+;*6)9!6+2F1BO!JUT7!EU%[7!8(!ENPj!
;)+9?();)B:9!M)()!+22)*:),4!!!
!
#2-<-2-./-7!<52!63)3!*./('7*5.!*.!)@-!3.3(07*7f!

• '()K)()B2)!K8(!,+:+!2866)2:),!K(8;!+**(8L1;+:)6.!"\\W!:=(8?O=!#&&W!
• VB26?,)!,+:+!K(8;!8:=)(!:1;)!*)(18,9!1K!B8!,+:+!+()!+H+16+-6)!K(8;!"\\W[#&&W!
• '()K)(!28;*6):)!2=);12+6!+B+6.919!Y9))!-)68MZ!

!
&3.63)520!*.<52?3)*5.!)5!D-!*./('6-6!*.!3.3(07*7!

• @+:1:?,)!+B,!@8BO1:?,)!
• J+:)!8K!9+;*6)!2866)2:18B!
• *N!
• JUT!! Y;O$@Z!;1661O(+;9!*)(!61:)(!!
• T+#j!! Y?)`$@Z!;12(8!)`?1H+6)B:9!*)(!61:)(!
• 5O#j!! Y?)`$@Z!;12(8!)`?1H+6)B:9!*)(!61:)(!
• 3j!! Y?)`$@Z!;12(8!)`?1H+6)B:9!*)(!61:)(!
• E+j!! Y?)`$@Z!;12(8!)`?1H+6)B:9!*)(!61:)(!
• ENPj!! Y?)`$@Z!;12(8!)`?1H+6)B:9!*)(!61:)(!!
• GUP#[!! Y?)`$@Z!;12(8!)`?1H+6)B:9!*)(!61:)(!
• EU%[!! Y?)`$@Z!;12(8!)`?1H+6)B:9!*)(!61:)(!!
• T6[!! Y?)`$@Z!;12(8!)`?1H+6)B:9!*)(!61:)(!

!
+66*)*5.3(!/@-?*/3(!63)3!@-(C<'(!)5!)@-!3.3(07*7!

• JVT!Y,19986H),!1B8(O+B12!2+(-8BZ!Y;O$@Z!;1661O(+;9!*)(!61:)(!
• I@3!Y>(+B!:1:(+:18B!I6F+61B1:1.Z!Y;O$@Z!;1661O(+;9!*)(!61:)(!
• I6!Y:8:+6Z!Y?;86)9$@Z!;12(8!;86)9!*)(!61:)(!
• I6!Y8(O+B12Z!;12(8!;86)9!*)(!61:)(!
• I6!Y)L2=+BO)+-6)Z!;12(8!;86)9!*)(!61:)(!
• A[!Y?)`$@Z!;12(8!)`?1H+6)B:9!*)(!61:)(!
• G1U#!Y;O$@Z!;1661O(+;9!*)(!61:)(!
• U(O+B12!E1:(8O)B!Y;O$@Z!;1661O(+;9!*)(!61:)(!
• C8:+6!E!Y;O$@Z!;1661O(+;9!*)(!61:)(!
• C8:+6!'!Y;O$@Z!;1661O(+;9!*)(!61:)(!

!
+66*)*5.3(!*.<52?3)*5.!@-(C<'(!)5!)@-!3.3(07*7!

• G?(K+2)!X+:)(!E+;)!
• G:+:)!VJ!B?;-)(!K8(!9?(K+2)!M+:)(!9+;*61BO!9:+:18B!
• G)22=1!,)*:=!Y;Z!
• T868(!Y*6+:1B?;!2868(!?B1:9Z!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$IC$

!
• G?(K+2)!X+:)(!I()+!Y=+Z!=)2:+()9!
• X+:)(9=),!I()+!Y=+Z!=)2:+()9!
• ]!YIBB?+6!<?B8KK!8(!J192=+(O)Z!Y;$.Z!;):)(9!*)(!.)+(!!
• ]9!YJ192=+(O)!+:!:1;)!8K!9+;*61BOZ!Y;%$9Z!;):)(9!2?-),!*)(!9)28B,!

!
A8(!+!9;+66!B?;-)(!8K!9+;*6)9!JUT!M+9!B8:!+H+16+-6)7!-?:!TU@U<!;)+9?(),!1B!

*6+:1B?;!2868(!?B1:9!M+9!+H+16+-6)4!!A8(!:=)9)!9+;*6)97!JUT!M+9!)9:1;+:),!K(8;!:=)!
()6+:18B9=1*!-):M))B!JUT!+B,!TU@U<!)9:+-619=),!1B!+!9?-9):!8K!:=)!,+:+!9):4!

!
X=)B!+66!()`?1(),!+B,!2(1:12+6!9?**8(:1BO!,+:+!M)()!+H+16+-6)!:=)!()28(,!M+9!+991OB),!

+!9:+:?9!8K!,+:+!28;*6):)B)99!gIh4!!A8(!:=19!+B+6.919!1K!2(1:12+6!9?**8(:1BO!,+:+!M)()!B8:!
+H+16+-6)!:=).!M)()!+99?;),!:8!-)!b)(84!!G+;*6)9!6+2F1BO!2(1:12+6!9?**8(:1BO!,+:+!M)()!
+991OB),!+!9:+:?9!8K!,+:+!28;*6):)B)99!gDh4!
!

IB2166+(.!,+:+!+228;*+B.1BO!9?(K+2)!M+:)(!2=);19:(.!M)()!8-:+1B),!M=)B!+H+16+-6)!
K(8;!)+2=!,+:+!98?(2)4!!C=)9)!,+:+!1B26?,),!G17!I67!+B,!'!28B2)B:(+:18B97!+B,!G)22=1!,)*:=4!
!

G?(K+2)!M+:)(!,+:+!()*()9)B:),!+!(+BO)!8K!9+;*61BO!:1;)9!K(8;!:=)!;1,!"\S&9!K8(!0'I!
EGG!+B,!0@G!,+:+!:8!;1,!#&&&9!K8(!9?(K+2)!M+:)(!,+:+!*(8H1,),!-.!9)H)(+6!9:+:)94!!!I9!:=)!
*(1;+(.!?9)!8K!9?(K+2)!M+:)(!,+:+!M+9!:8!,):)(;1B)!:=)!*()[+21,1K12+:18B!Y8(!2=);12+6!
M)+:=)(1BO!O)B)(+:),Z!K6?L!8K!-+9)!2+:18B9!1B!+!2+:2=;)B:7!9+;*6)9!()*()9)B:1BO!,1KK)()B:!
:1;)!*)(18,9!9=8?6,!B8:!-)!*(8-6);+:124!!D.!,)K1B1:18B!+B,!)L*6121:!+99?;*:18B!1B!:=)!GGXT!
;8,)6!:=)!*()[+21,1K12+:18B!K6?L!8K!-+9)!2+:18B9!YzDT&Z\!19!+!:1;)!1BH+(1+B:!28B9:+B:"&4!
!

J+:+!()*()9)B:1BO!;?6:1*6)!:1;)!*)(18,9!K8(!:=)!9+;*61BO!9:+:18B!M)()!+OO()O+:),!+9!
;)+B94!!X=)B!,1KK)()B:!+O)B21)9!9+;*6),!:=)!9+;)!M+:)(!-8,1)97!:=)9)!M)()!:()+:),!+9!
,1KK)()B:!9+;*61BO!9:+:18B97!+9!:=)!9*)21K12!9+;*61BO!682+:18B9!M)()!+6;89:!+6M+.9!,1KK)()B:4!

!!
! I9!:1;)[8K[9+;*61BO!8K!9:()+;!8(!6+F)!,192=+(O)!,+:+!M)()!B8:!K()`?)B:6.!+H+16+-6)7!B8!
+::);*:!M+9!;+,)!:8!,192=+(O)[M)1O=:!:=)!;)+B94!!G)H)(+6!,+:+!9):9!*(8H1,),!8B6.!91BO6)!
9+;*6)9!O)B)(+66.!8-:+1B),!-.!:=)!9+;*61BO!+O)B2.!:8!-)!()*()9)B:+:1H)!8K!)1:=)(!;)+B!8(!
9*(1BO!28B,1:18B9!+228(,1BO!:8!:=)!O8+69!8K!:=)!9*)21K12!9+;*61BO!*(8O(+;4!!!
!
!
!
!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
\!'6)+9)!B8:)!:=+:!K8(!28B919:)B2.!-):M))B!:)L:7!O(+*=1297!+B,!:+-?6+(!,+:+!O)B)(+:),!M1:=!9:+:19:12+6!98K:M+()7!M)!
=+H)!+,8*:),!+!B8:+:18B!K8(!9+6:!28(()2:),!28B2)B:(+:18B9!:=+:!19!961O=:6.!,1KK)()B:!K(8;!9:+B,+(,!?9+O)4!!VB!
9:+B,+(,!?9+O)!:=)!+9:)(19F!+**)+(9!:8!:=)!(1O=:!8K!:=)!2=);12+6!9.;-86!Y)4O4!DT&z7!9))!VT'!5+**1BO!5+B?+6!
#&&PZ4!!A8(!*(+2:12+6!()+98B9!1B!:=19!,82?;)B:!+B,!+228;*+B.1BO!K1O?()97!:+-6)9!+B,!,+:+!-+9)!K16)97!9+6:!
28(()2:),!H+6?)9!+()!B8:),!-.!*6+21BO!:=)!+9:)(19F!-)K8()!:=)!2=);12+6!9.;-86!Y)4O4!zDT&Z4!
!
"&!<+**!Y#&&"Z!+B,!8:=)(9!=+H)!B8:),!:=+:!:=)!1BK)((),!H+6?)9!8K!DT&z!)9:1;+:),!K(8;!9?(K+2)!M+:)(!2=);19:(.!
;)+9?();)B:9!()*()9)B:1BO!,1KK)()B:!:1;)!*)(18,9!;+.!-)!,1KK)()B:4!!C=19!()9?6:9!K(8;!K+?6:.!+99?;*:18B9!1B!:=)!
9:+B,+(,!GGXT!;):=8,!K8(!)9:1;+:1BO!DT&z!?91BO!:=)!A[K+2:8(4!!C=19!19!+B!+(:1K+2:!8K!:=)!1B28(()2:!+99?;*:18B9!
(+:=)(!:=+B!)H1,)B2)!:=+:!DT&z!H+(1)9!8H)(!9=8(:!Y,)2+,+6Z!:1;)!*)(18,9!Y<+**!#&&"Z4!!VB!:)(;9!8K!:=)!)L*6121:!
+99?;*:18B9!8K!+!9:)+,.!9:+:)!;8,)61BO!K(+;)M8(F!M)+:=)(1BO!+B,!DT&z!9=8?6,!-)!:+F)B!:8!-)!28B9:+B:94!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$IG$

!
#4()$6122-/)*1.$

!
C=)!+99);-6),!,+:+!)L=1-1:),!)L:)B91H)!g9+6:h!1;*+2:9!)1:=)(!K(8;!;+(1B)!+:;89*=)(12!

98?(2)9!8(!(8+,[,)121BO!+O)B:94!!T=68(1,)!28B2)B:(+:18B9!(+BO),!8H)(!#!8(,)(9!8K!;+OB1:?,)!
K(8;!#[\!y)`$@!1B!();8:)!1B6+B,!682+:18B9!:8!"&&&[\S&&!y)`$@!1B!28+9:+6!8(!(8+,[9+6:!
1;*+2:),!M+:)(9!YA1O?()!P4"Z4!!C=)!91;*6)!g9)+[9+6:h!28(()2:18B!+**(8+2=!-+9),!8B!)1:=)(!E+!
8(!T6!,)92(1-),!1B!:=)!VT'!5+**1BO!5+B?+6!Y#&&PZ!()9?6:),!1B!?B+22)*:+-6)!()9?6:9!YB)O+:1H)!
28B2)B:(+:18B!H+6?)9!K8(!28(()2:),!18B!28B2)B:(+:18B9Z!1B!;+B.!9+;*6)94!C=)()K8()7!+!
;8,1K1),!g9+6:h!28(()2:18B!+**(8+2=!M+9!,)H)68*),4!

!
!

!
!
F*,'2-!bHGH!!F2->'-./0!6*7)2*D')*5.!5<!?-37'2-6!1(9!/5./-.)23)*5.7!*.!-L3('3)-6!7'2<3/-!K3)-27H!

!
C=)!E+$T6!(+:18!M+9!?9),!:8!)9:+-619=!M=12=!18B!M8?6,!-)!:=)!;89:!9?1:+-6)!1B,)L!K8(!

:=)!9+6:!28(()2:18B!K8(!+!9*)21K12!682+:18B4!!VK!:=)!9+;*6)!18B12!E+$T6!(+:18!M+9!O()+:)(!:=+B!:=)!
E+$T6!(+:18!1B!9)+M+:)(7!:=19!1B,12+:),!+!M)+:=)(1BO!28B:(1-?:18B!8K!E+!:8!:=)!9+;*6)7!:=?9!T6!
M8?6,!-)!:=)!;8()!+**(8*(1+:)!g9+6:h!:(+2)(!+:!:=+:!682+:18B4!!I!9+;*6)!M1:=!+B!18B12!E+$T6!
(+:18!6)99!:=+B!:=)!(+:18!1B!9)+M+:)(7!1B,12+:)9!)1:=)(!+!91BF!K8(!E+!8(!682+66.!O()+:)(!
+:;89*=)(12!T6!28B:(1-?:18B!:=+B!T6!M1:=!+!;+(1B)!8(1O1B4!!I9!91BF9!K8(!E+!28?6,!B8:!()+,16.!-)!
)H+6?+:),7!1:!M+9!+99?;),!Y1;*6121:!1B!:=)!VT'!;):=8,Z!:=+:!E+!19!28B9)(H+:1H)7!:=?9!E+!M8?6,!
-)!+!-)::)(!:(+2)(!8K!g9+6:h!1B!9?2=!+!2+9)4!
!

T+621?;7!5O7!37!YE+!8(!T6Z!M)()!28(()2:),!K8(!:=)!g9+6:h!28B:(1-?:18B!8K!)1:=)(!;+(1B)!8(!
+B:=(8*8O)B12!Y(8+,[9+6:Z!28B:(1-?:18B9!-.!:=)!+**(8*(1+:)!1B,)L4!!A8(!s"&c!8K!:=)!9+;*6)9!
:=19!()9?6:),!1B!B)O+:1H)!H+6?)9!K8(!:=)!5O!28B2)B:(+:18B!+B,!s#4Wc!K8(!:=)!3!28B2)B:(+:18B7!
26)+(6.!1;*6+?91-6)!()9?6:94!!I9!:=)!E+$T6!(+:18!O?1,+B2)!+6M+.9!9)6)2:),!:=)!6)99)(!
28B2)B:(+:18B!8K!)1:=)(!E+!8(!T6!+9!:=)!1B,)L!K8(!28(()2:18B7!2=8891BO!:=)!+6:)(B+:1H)!1B,)L!18B!
M8?6,!8B6.!;+F)!:=)!91:?+:18B!M8(9)4!!!
!

C=)!;89:!*6+?91-6)!1B:)(*():+:18B9!8K!B)O+:1H)!9+6:!28(()2:),!5O!8(!3!28B2)B:(+:18B9!
+()/!

• B8B!9)+[9+6:!98?(2)!8K!1B,)L!YE+!8(!T6Z!
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!
• +B+6.:12+6!)((8(!Y68M!-1+9Z!1B!:=)!5O!8(!3!28B2)B:(+:18B!
• +B+6.:12+6!)((8(!Y=1O=!-1+9Z!1B!:=)!1B,)L!YE+!8(!T6Z!18B!28B2)B:(+:18B4!

!
C=)!6+::)(!)L*6+B+:18B!9));9!;89:!*6+?91-6)!M=)B!E+!M+9!9)6)2:),!YE+$T6!q!&4SWSZ!+9!

:=)!1B,)L!18B4!!X=)B!:=)!T6!28B2)B:(+:18B!19!9)6)2:),!+9!:=)!1B,)L!1:!19!*8991-6)!:=+:!8:=)(!,)[
121BO!+O)B:9!Y)4O4!T+T6#Z!28?6,!-)!:=)!98?(2)!8K!)6)H+:),!T6!M1:=!+!9:812=18;):(.!,1KK)()B:!K(8;!
9)+M+:)(4!
!

C8!,)+6!M1:=!:=19!*(8-6);7!-+2FO(8?B,!6)H)69!8K!z5O#j!+B,!z3j!M)()!)9:+-619=),!M1:=!
()9*)2:!:8!zT+#j!K(8;!9+;*6)9!:=+:!M)()!B8:!91OB1K12+B:6.!9+6:[1;*+2:),!YGUP#[$T6[!s"Z4!!A(8;!
WQW!9+;*6)9!M1:=!GUP#[!s!T6[7!:=)!(+BO)!8K!?B28(()2:),!T6[!28B2)B:(+:18B9!M+9!&4SW!:8!#WP!
?)`$@!M1:=!\&c!8K!9+;*6)9!q!R%!?)`$@4!!VB!:=)9)!()6+:1H)6.!,16?:)!M+:)(9!M1:=!68M!T67!:=)!g9+6:h!
28(()2:18B!,1,!B8:!*(8,?2)!B)O+:1H)!28(()2:),!28B2)B:(+:18B94!!X1:=!+!9;+66!B?;-)(!8K!
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28B:(1-?:),!K(8;!98?(2)9!M1:=1B!:=)!M+:)(9=),7!:=)!2(1:12+6!68+,!M166!-)!68M)(!:=+B!)9:1;+:),!
1B!:=19!9:?,.4!!
!

VB!8(,)(!:8!=+(;8B1b)!M1:=!:=)!+99?;*:18B9!?9),!1B!:=)!1B:)O(+:),!:)(()9:(1+6!2(1:12+6!
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,+:+!K8(!)+2=!M+:)(9=),4!!C=)!H+6?)9!*()9)B:),!1B!I**)B,1L!E'GT@[CJP+4*,K!+()!:=)!
M+:)(9=),!+H)(+O)!H+6?)9!8K!+66!?*968*)!,(+1B+O)!+()+!28B:(1-?:1BO!:8!+!O1H)B!9+;*61BO!
682+:18B4!
!

!

$/-.32*57!K*)@!+CC253/@!GI!$$a1!

!
"4 C+(O):!*N!t!Q4Q7!V;*61),!IET!61;1:!t!W&!y)`$@!+:!JUT!t!&7!J)*891:18B!#&&#7!#&"S!

!
#4 C+(O):!*N!t!R4"W7!V;*61),!IET!61;1:!t!"&&!y)`$@!+:!JUT!t!&7!J)*891:18B!#&&#7!#&"S!

!
%4 G)B91:1H1:.!+B+6.919!Y["&c!E+T67!IET!W&!y)`$@7!#&"SZ!

!
P4 G)B91:1H1:.!+B+6.919!Yj#Wc!JUT7!IET!W&!y)`$@7!#&"SZ!

!
V;*61),!G:)+,.[9:+:)!IET!+B,!*N!H+6?)9!M)()!28;*?:),!?91BO!:=)!GGXT!+B,!JUT!
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M+:)(9!M1:=!2(1:12+6!68+,!)L2)),),!8(!B8:!)L2)),),7!;)+B!H+6?)9!8K!)L2)),+B2)Z!+()!
()*()9)B:+:1H)!986)6.!8K!:=)!9+;*6)!*8*?6+:18B!8K!M+:)(9!+B,!B8:!:=)!()O18B+6!*8*?6+:18B!8K!
M+:)(9!+9!+!M=86)4!!X=16)!:=)!*()9)B:),!()9?6:9!+()!2+:)O8(1b),!-.!9?(K+2)!M+:)(!:.*)!
Y6+F)$*8B,7!9:()+;$(1H)(7!8(!M):6+B,Z7!1B:)(*():+:18B9!+()!61;1:),!:8!:=)!9+;*6)!*8*?6+:18B!1B!
)+2=!2+:)O8(.4!!!A8(!9)H)(+6!8K!:=)!+O)B2.!,+:+!9):97!8B6.!9?(K+2)!M+:)(9!M1:=!:=)!O()+:)9:!(19F!
:8!+21,1K12+:18B!M)()!9+;*6),7!M=16)!1B!8:=)(9!+!-(8+,)(!9+;*6)!8K!9?(K+2)!M+:)(9!M+9!
2866)2:),4!!A8(!+!9)28B,!*=+9)!8K!+B+6.9197!Y,)92(1-),!-)68MZ!)L:(+*86+:1BO!+`?+:12!2(1:12+6!
68+,9!+B,!)L2)),+B2)!:8!:=)!K?66!*8*?6+:18B!8K!B8(:=)+9:!9?(K+2)!M+:)(97!+!-(8+,!
()*()9)B:+:18B!8K!9?(K+2)!M+:)(9!M+9!()`?1(),4!!C=)!1B1:1+6!)L:(+*86+:18B!;):=8,!()61),!8B!:=)!
+-161:.!:8!;8,)6!9*+:1+6!H+(1+B2)!1B!8-9)(H),!zDT&!+B,!JUT!28;*16),!1B!:=)!*()9)B:!9:?,.!
?91BO!,+:+!6+.)(9!,)H)68*),!K8(!:)(()9:(1+6!2(1:12+6!68+,9!;8,)61BO!Y)4O4!5166)(!#&&Q7!G)2:18B!%!
8K!:=19!,82?;)B:Z4!!
!
! 09:1;+:),!2(1:12+6!68+,9!?91BO!:=)!GGXT!;):=8,!(+BO),!K(8;!B)O+:1H)!H+6?)9!
Y1B,12+:1BO!:=)!IET!61;1:!+B,!:+(O):!*N!6)H)69!+()!?B+::+1B+-6)!1B!98;)!9.9:);9Z!:8!O()+:)(!
:=+B!#&!F)`$=+$.!1B!)L:();)6.!M)66!-?KK)(),!9.9:);9!?B,)(6+1B!-.!2+621?;!2+(-8B+:)!(12=!
(82F9!YA1O?()9!P4%!+B,!P4PZ4!!G1L:))B!*)(2)B:!8K!:=)!9?(K+2)!M+:)(!9+;*61BO!682+:18B9!)H+6?+:),!
+()!B8:!)L*)2:),!:8!-)!+-6)!:8!8-:+1B!8(!9?9:+1B!:=)!IETtW&!y)`$@!+:!JUTt&!8(!*N!Q4Q!6)H)6!8K!
*(8:)2:18B4!!A8(:.!*)(2)B:!8K!:=)!9?(K+2)!M+:)(!9+;*61BO!682+:18B9!)H+6?+:),!+()!B8:!)L*)2:),!
:8!-)!+-6)!:8!8-:+1B!8(!9?9:+1B!:=)!IET!"&&!y)`$@!+:!JUTt&!8(!*N!R4"W!6)H)6!8K!*(8:)2:18B4!!!
C=)!;)+B!2(1:12+6!68+,!K8(!+21,1:.!M+9!&4#W!F)`$=+$.!Y"QcZ!68M)(!K8(!:=)!;8()!9:(1BO)B:!
IETt"&&!y)`$@!+:!JUTt&!8(!*N!R4"W!6)H)6!8K!*(8:)2:18B!:=+B!:=)!IETtW&!y)`$@!+:!JUTt&!8(!
*N!Q4Q!6)H)6!8K!*(8:)2:18B4!
!

!
!
F*,'2-!OH!!F2->'-./0!R*7)2*D')*5.!5<!)@-!12*)*/3(!4536!<52!+/*6*)0!-7)*?3)-6!'7*.,!)@-!$$a1!?56-(!<52!3.!

+"1!(*?*)!5<!\T!l->%4I!/522-7C5.6*.,!)5!3!)32,-)!CW!5<!]H]!3)!RP1!m!TH  E)O+:1H)!2(1:12+6!68+,9!1B,12+:)!:=+:!
:=)!IET!61;1:!+B,!:+(O):!*N!+()!B8:!+::+1B+-6)!,?)!:8!68M!-+9)!2+:18B!9?**6.!K(8;!;1B)(+6!M)+:=)(1BO7!=1O=!JUT!
8(!+!28;-1B+:18B!8K!:=)9)!K+2:8(94!
!
! 09:1;+:),!#&&#!+:;89*=)(12!,)*891:18B!8K!GjE!+21,1:.!)L2)),),!:=)!2(1:12+6!68+,!K8(!
WWc!8K!:=)!M+:)(9=),9!)H+6?+:),!K8(!:=)!IETtW&!y)`$@!+:!JUTt&!8(!*N!Q4Q!6)H)6!8K!
*(8:)2:18B!YC+-6)!P4"Z4!!C=)!*)(2)B:+O)!8K!M+:)(9=),9!M1:=!)9:1;+:),!#&"S!+:;89*=)(12!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$IL$

!
,)*891:18B!8K!GjE!+21,1:.!)L2)),1BO!:=)!2(1:12+6!68+,!,(8**),!:8!PWc!K8(!:=19!*(8:)2:18B!6)H)6!
YC+-6)!P4"Z4!!C=)()!M+9!+!,1KK)()B2)!1B!*)(2)B:+O)!8K!9+;*6),!682+:18B9!2=+BO1BO!)L2)),+B2)!
9:+:?9!-):M))B!,1KK)()B:!9?(K+2)!M+:)(!:.*)94!!'(8*8(:18B+66.!;8()!(1H)(!+B,!9:()+;!()+2=)9!
9M1:2=),!K(8;!2(1:12+6!68+,!)L2)),),!:8!B8:[)L2)),),!9:+:?9!:=+B!K8(!M):6+B,97!M=12=!
1;*(8H),!961O=:6.!;8()!:=+B!6+F)9!+B,!*8B,97!M=12=!1B!:?(B!1;*(8H),!;8()!:=+B!:=)!9;+66!
9+;*6)!8K!()9)(H81(9!1B!:=)!9:?,.4!
!

!
!
F*,'2-!bHbH!!F2->'-./0!R*7)2*D')*5.!5<!)@-!12*)*/3(!4536!<52!+/*6*)0!-7)*?3)-6!'7*.,!)@-!$$a1!?56-(!<52!3.!

+"1!(*?*)!5<!GTT!'->%4I!/522-7C5.6*.,!)5!3!)32,-)!CW!5<![HG\!3)!RP1!m!T.  E)O+:1H)!2(1:12+6!68+,9!1B,12+:)!:=+:!
:=)!IET!61;1:!+B,!:+(O):!*N!+()!B8:!+::+1B+-6)!,?)!:8!68M!-+9)!2+:18B!9?**6.!K(8;!;1B)(+6!M)+:=)(1BO7!=1O=!JUT!
8(!+!28;-1B+:18B!8K!:=)9)!K+2:8(94!
!
 

09:1;+:),!#&&#!+:;89*=)(12!,)*891:18B!8K!GjE!+21,1:.!)L2)),),!:=)!2(1:12+6!68+,!K8(!
%Wc!8K!:=)!M+:)(9=),9!)H+6?+:),!K8(!:=)!IETt"&&!y)`$@!+:!JUTt&!8(!*N!R4"W!6)H)6!8K!
*(8:)2:18B!YC+-6)!P4"Z4!!!<)2+66!:=+:!:=19!6)H)6!8K!*(8:)2:18B!M+9!B8:!+::+1B+-6)!K8(!P&c!8K!
M+:)(9=),97!98!:=)!:8:+6!9?(K+2)!M+:)(!9:+:18B9!1B!:=)!9+;*6)!M1:=!*N!q!R4"W!+:!9:)+,.!9:+:)!19!
)9:1;+:),!:8!-)!RWc4!!!C=)!*)(2)B:+O)!8K!M+:)(9=),9!M1:=!)9:1;+:),!#&"S!+:;89*=)(12!
,)*891:18B!8K!GjE!+21,1:.!)L2)),1BO!:=)!2(1:12+6!68+,!,(8**),!:8!%"c!K8(!:=19!*(8:)2:18B!6)H)6!
YC+-6)!P4"Z4!!I9!M1:=!:=)!IETtW&!92)B+(187!:=)()!M+9!+!,1KK)()B2)!1B!*)(2)B:+O)!8K!682+:18B9!
2=+BO1BO!)L2)),+B2)!9:+:?9!-):M))B!9+;*6),!,1KK)()B:!9?(K+2)!M+:)(!:.*)9!1B!:=)!9+;*6)4!!
'(8*8(:18B+66.!;8()!(1H)(!+B,!9:()+;!()+2=)9!9M1:2=),!K(8;!2(1:12+6!68+,!)L2)),),!:8!B8:[
)L2)),),!9:+:?9!:=+B!K8(!6+F)9!+B,!*8B,97!M=12=!1;*(8H),!;8()!:=+B!M):6+B,94!!C=)()!M+9!B8!
2=+BO)!1B!)9:1;+:),!)L2)),+B2)!9:+:?9!-):M))B!:=)!#&&#!+B,!#&"S!,)*891:18B!92)B+(189!K8(!
:=)!9;+66!9+;*6)!8K!()9)(H81(9!1B!:=)!9:?,.!1B!:=)!IETt"&&!y)`$@!+:!JUTt&!8(!*N!R4"W!(?B94!
 

C=)!)`?+:18B9!?9),!K8(!)9:1;+:1BO!:=)!2(1:12+6!68+,!+B,!)L2)),+B2)!?91BO!:=)!GGXT!
M1:=!JUT!28(()2:18B!2+B!-)!()+((+BO),!:8!986H)!K8(!:=)!9:)+,.[9:+:)!*N!H+6?)!+99821+:),!M1:=!
+!O1H)B!68+,!8K!+21,1:.4!!G:)+,.[9:+:)!*N!H+6?)9!+99821+:),!M1:=!:=)!#&&#!+B,!#&"S!
+:;89*=)(12!GjE!,)*891:18B!92)B+(189!M)()!28;*?:),4!!C=)9)!9:)+,.[9:+:)!*N!H+6?)9!2+B!-)!
28;*+(),!M1:=!:=)!8-9)(H),!Y:1;)!8K!9+;*61BOZ!*N!:8!)9:+-619=!:=)!*N!:()B,!-):M))B!:=)!
:1;)!8K!9+;*61BO!28B,1:18B!+B,!9:)+,.[9:+:)!28B,1:18B9!+99821+:),!M1:=!+B!+:;89*=)(12!
,)*891:18B!92)B+(184!!VK!:=)!9:)+,.[9:+:)!*N!K8(!+!,)*891:18B!92)B+(18!19!6)99!:=+B!:=)!8-9)(H),!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$JD$

!
Y:1;)!8K!9+;*61BOZ!*N!:=)!9.9:);!19!)L*)2:),!:8!+21,1K.!?B6)99!:=)!+:;89*=)(12!68+,!19!
2=+BO),4!VK!:=)!9:)+,.[9:+:)!*N!K8(!+!,)*891:18B!92)B+(18!19!O()+:)(!:=+B!:=)!8-9)(H),!Y:1;)!8K!
9+;*61BOZ!*N!:=)!9.9:);!19!)L*)2:),!:8!1;*(8H)!Y,)2()+9)!+21,1:.Z!?B6)99!:=)!+:;89*=)(12!
68+,!19!2=+BO),4!!X=)B!28;-1B),!M1:=!:=)!2(1:12+6!68+,!)L2)),+B2)!1BK8(;+:18B!:=)!K8668M1BO!
26+991K12+:18B!92=);)!()9?6:94!
 

• T@!^EICCIVEID@07!M1:=!K?(:=)(!+21,1K12+:18B!)L*)2:),!
• T@!^EICCIVEID@07!M1:=!*N!1;*(8H);)B:!Y-?:!B8:!+2=1)H);)B:!8K!:=)!:+(O):Z!
• T@!0nT00J0J7!M1:=!K?(:=)(!+21,1K12+:18B!)L*)2:),!
• T@!0nT00J0J7!M1:=!*N!1;*(8H);)B:!Y-?:!B8:!+2=1)H);)B:!8K!:=)!:+(O):Z!
• T@!EUC!0nT00J0J7!M1:=!*N!,)261B)!)L*)2:),!Y-?:!B8:!-)68M!:=)!:+(O):Z!
• T@!EUC!0nT00J0J7!M1:=!*N!1B2()+9)!Y()28H)(.!:8!+-8H)!:=)!:+(O):Z!

 
 

C+-6)9!P4#7!P4%7!+B,!P4P!*()9)B:!:=)!2(1:12+6!68+,!)L2)),+B2)!9:+:?9!K8(!:=)!,1KK)()B:!
,)*891:18B7!*(8:)2:18B!6)H)67!+B,!9)B91:1H1:.!+B+6.919!92)B+(189!2+:)O8(1b),!-.!-8:=!)L2)),+B2)!
9:+:?9!+B,!*N!:()B,!Y-):M))B!*()9)B:!+B,!9:)+,.[9:+:)!1;*61),!*NZ4!!I698!1B26?,),!1B!:=)9)!
:+-6)9!+()!:=)!;)+B!)L2)),+B2)!H+6?)9!K8(!)+2=!)L2)),+B2)!+B,!*N!:()B,!2+:)O8(.!-.!9?(K+2)!
M+:)(!:.*)4!!>)B)(+66.7!:=)!#&"S!,)*891:18B!92)B+(18!()9?6:9!1B!+B:121*+:),!*N!1;*(8H);)B:!8(!
()28H)(.!8H)(!:=)!#&&#!,)*891:18B!92)B+(18!-?:!M1:=!98;)!)L2)*:18B94!

!
C=)!1;*612+:18B9!8K!:=)!9)B91:1H1:.!+B+6.919!K8(!?B2)(:+1B:.!1B!:=)!2(1:12+6!68+,!+B,!

)L2)),+B2)!()9?6:9!19!-)9:!166?9:(+:),!-.!+!28;*+(+:1H)!+B+6.919!8K!:=)!2?;?6+:1H)!K()`?)B2.!
,19:(1-?:18B9!8K!8-9)(H),!Y:1;)!8K!9+;*61BOZ!*N!+B,!1;*61),!9:)+,.[9:+:)!*N!?B,)(!:=)!
,1KK)()B:!92)B+(189!YA1O?()!P4WZ4!!C=)!,1KK)()B2)!-):M))B!:=)!()9?6:9!K8(!:=)!:M8!+:;89*=)(12!
,)*891:18B!92)B+(189!19!9?-9:+B:1+66.!O()+:)(!:=+B!:=)!,1KK)()B2)!-):M))B!)1:=)(!:=)!["&c!E+T6!
8(!j#Wc!JUT!9)B91:1H1:.!+B+6.919!(?B9!+B,!:=)!#&"S!2+9)!Y-+9)!K8(!:=)!9)B91:1H1:1.!+B+6.919Z4!!
I9!+698!1B,12+:),!1B!C+-6)!P4%7!:=)!?B2)(:+1B:.!1B!()9?6:9!+(191BO!K(8;!?B2)(:+1B:.!1B!:=)!E+!+B,!
T6!+B+6.:12+6!,):)(;1B+:18B9!+B,!9?-9)`?)B:!9+6:[28(()2:18B!2+62?6+:18B9!19!:.*12+66.!6)99!:=+B!
+!K)M!*)(2)B:4!!C=)!?B2)(:+1B:.!+(191BO!K(8;!:=)!?BFB8MB!*8:)B:1+6!K?:?()!2=+BO)9!Y61F)6.!:8!
-)!1B2()+9)9Z!1B!JUT!2+B!-)!`?1:)!9?-9:+B:1+6!Y{%&cZ!K8(!=1O=!JUT!M+:)(9!M=)()!:=)!:+(O):!
IET!+B,!*N!6)H)69!+()!?B+::+1B+-6)4!!C=)()K8()!:=)!,)O())!8K!*8:)B:1+6!1;*(8H);)B:!Y-)68M!
:=)!:+(O):!6)H)6Z!8(!K?(:=)(!,)O(+,+:18B!19!=1O=6.!?B2)(:+1B!1B!:=)9)!9.9:);94!!A8(!9.9:);9!
M=)()!:=)!:+(O):!IET!+B,!*N!+()!+::+1B+-6)7!:=)!?B2)(:+1B:.!1B:(8,?2),!-.!*8:)B:1+6!2=+BO)9!
1B!JUT!+**)+(9!:8!-)!;8()!;8,)9:4!!N8M)H)(7!1B,1H1,?+6!M+:)(9!+B,!M+:)(9=),9!8K!9*)21K12!
28B2)(B!9=8?6,!-)!)H+6?+:),!K8(!:=)1(!2?(()B:!+B,!*8:)B:1+6!JUT!6)H)69!+9!2=+BO)9!1B!JUT!;+.!
*()H)B:!98;)!9.9:);9!K(8;!+::+1B1BO!:=)!:+(O):!IET!+B,!*N4!
 
 



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$J?$

!
=3D(-!bHGH!!$'??320!5<!-;/--63./-!7)3)'7!D0!7'2<3/-!K3)-2!)0C-!'.6-2!6*<<-2-.)!6-C57*)*5.I!)32,-)!+"19

CWI!3.6!7-.7*)*L*)0!3.3(07*7!7/-.32*57H!

!

!
!

!
 
 
 
 
 
 
 
 
 
 
 
 
 
 



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$JC$

!
 
 
=3D(-!bHNH!!$'??320!5<!-;/--63./-!7)3)'7!3.6!CW!)2-.6!D0!7'2<3/-!K3)-2!)0C-!'.6-2!NTTN!3.6!NTGU!

-7)*?3)-6!3)?57C@-2*/!6-C57*)*5. M1:=!+!:+(O):!*N!8K!Q4Q!28(()9*8B,1BO!:8!+B,!IET!61;1:!t!W&!y)`$@!+:!JUT!t!
&4!!C=)!*N!:()B,!()K)(9!:8!,1()2:18B!8K!*N!2=+BO)!1B,12+:),!-.!:=)!;8,)6!-):M))B!:=)!*()9)B:!8-9)(H),!*N!+B,!
:=)!9:)+,.!9:+:)!;8,)6),!92)B+(18!*N4!!^B,):)(;1B),!()K)(9!:8!:=)!91:?+:18B!M=)()!B8!*()9)B:!Y8-9)(H),Z!*N!
1BK8(;+:18B!M+9!+H+16+-6)4 
 

!
!
!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$JG$

!
=3D(-!bHOH!!#-2/-.)!/@3.,-!<25?!7)3.6326!2'.!*.!-;/--63./-!7)3)'7!3.6!CW!)2-.6!D0!7'2<3/-!K3)-2!)0C-!

'.6-2!NTGU!-7)*?3)-6!3)?57C@-2*/!6-C57*)*5. M1:=!+!:+(O):!*N!8K!Q4Q!28(()9*8B,1BO!:8!+B,!IET!61;1:!t!W&!
y)`$@!+:!JUT!t!&!?B,)(!,1KK)()B:!9)B91:1H1:.!+B+6.919!+99?;*:18B94!C=)!*N!:()B,!()K)(9!:8!,1()2:18B!8K!*N!2=+BO)!
1B,12+:),!-.!:=)!;8,)6!-):M))B!:=)!*()9)B:!8-9)(H),!*N!+B,!:=)!9:)+,.!9:+:)!;8,)6),!92)B+(18!*N4!!
^B,):)(;1B),!()K)(9!:8!:=)!91:?+:18B!M=)()!B8!*()9)B:!Y8-9)(H),Z!*N!1BK8(;+:18B!M+9!+H+16+-6)4 
 



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$JH$

!
=3D(-!bHbH!!$'??320!5<!-;/--63./-!7)3)'7!3.6!CW!)2-.6!D0!7'2<3/-!K3)-2!)0C-!'.6-2!NTTN!3.6!NTGU!

-7)*?3)-6!3)?57C@-2*/!6-C57*)*5. M1:=!+!:+(O):!*N!8K!R4"W!28(()9*8B,1BO!:8!+B!IET!61;1:!t!"&&!y)`$@!+:!JUT!
t!&4!!C=)!*N!:()B,!()K)(9!:8!,1()2:18B!8K!*N!2=+BO)!1B,12+:),!-.!:=)!;8,)6!-):M))B!:=)!*()9)B:!8-9)(H),!*N!+B,!
:=)!9:)+,.!9:+:)!;8,)6),!92)B+(18!*N4!!^B,):)(;1B),!()K)(9!:8!:=)!91:?+:18B!M=)()!B8!*()9)B:!Y8-9)(H),Z!*N!
1BK8(;+:18B!M+9!+H+16+-6)4 
!

!
!
!
!
!
!
!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$JI$

!

!
F*,'2-!bH\H!!1'??'(3)*L-!<2->'-./0!6*7)2*D')*5.7!5<!!-L3('3)-6!7'2<3/-!K3)-2!7)3)*5.7 K8(!8-9)(H),!
Y*()9)B:Z!*N!Y-6+2F!61B)Z7!#&&#!,)*891:18B!92)B+(18!1;*61),!9:)+,.[9:+:)!*N!Y(),!61B)Z7!!#&"S!,)*891:18B!
9)2)B+(18!1;*61),!9:)+,.[9:+:)!*N!Y-6?)!61B)Z7!#&"S!,)*891:18B!9)2)B+(18!M1:=!["&c!E+T6!1;*61),!9:)+,.[9:+:)!*N!
Y,+9=),!.)668M!61B)Z7!+B,!#&"S!,)*891:18B!9)2)B+(18!M1:=!j#Wc!JUT!1;*61),!9:)+,.[9:+:)!*N!Y,+9=),!O())B!
61B)Z4!
!
!
!
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!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$JJ$

!

+))-?C)-6!7C3)*3(!-;)23C5(3)*5.!5<!$$a1!K3)-27@-6!2-7'()7!

!

UB)!+**(8+2=!)L*68(),!K8(!8-:+1B1BO!+!()O18B+6!+99)9;;)B:!8K!2(1:12+6!68+,9!K8(!+66!
9?(K+2)!M+:)(9!1B!:=)!B8(:=)+9:!M+9!:8!+::);*:!:8!O)B)(+61b)!:=)!()9?6:9!8K!:=)!"PS#!9*)21K12!
M+:)([-8,.!+B+6.9)9!,)92(1-),!+-8H)4!!C=)!*(8d)2:!*6+B!2+66),!K8(!)L*68(1BO!+B,!,)H)68*1BO!+B!
);*1(12+6!9:+:19:12+6!)L:(+*86+:18B!8K!:=)!9*)21K12!M+:)(!-8,.!()9?6:9!-.!()6+:1BO!)1:=)(!:=)!
2(1:12+6!68+,!8(!28;*8B)B:9!8K!:=)!2(1:12+6!68+,!2+62?6+:18B!:8!6+B,92+*)!1BK8(;+:18B!K(8;!:=)!
:)(()9:(1+6!)289.9:);!+99)99;)B:!+B,!8:=)(!+H+16+-6)!98?(2)94!!X+:)(9=),!+H)(+O)!Y8(!:8:+6!+9!
+**(8*(1+:)Z!H+6?)9!8K!+66!+H+16+-6)!,+:+!6+.)(9!M)()!28;*?:),4!!C=)9)!H+6?)9!M)()!
9.9:);+:12+66.!)L*68(),!H1+!O)B)(+6!61B)+(!;8,)61BO!K8(!*(),12:1H)!+-161:.!M1:=!()9*)2:!:8!:=)!
GGXT!2(1:12+6!68+,!+B,!28;*8B)B:9!8K!:=)!2(1:12+6!68+,!2+62?6+:18B4!
!

E8!;8,)6!:8!,1()2:6.!*(),12:!:=)!2(1:12+6!68+,!28?6,!-)!*(8,?2),!:=+:!)L*6+1B),!;8()!
:=+B!P&c!8K!H+(1+B2)!+2(899!+66!:.*)9!8K!M+:)(!-8,1)94!!N8M)H)(7!:=)()!M+9!6+(O)!+;8?B:!8K!
H+(1+B2)!+99821+:),!M1:=!2(1:12+6!68+,9!O()+:)(!:=+B!%!F)`$=+$.7!+!H)(.!=1O=!(+:)!8K!GjE!
,)*891:18B!B8:!K()`?)B:6.!)L*)2:),!K8(!:=)!()O18B4!!C=)()K8()7!:=)!H+(1+B2)!1B!2(1:12+6!68+,!M+9!
28;*()99),!-.!2+**1BO!2(1:12+6!68+,!H+6?)9!+:!%!F)`$=+$.4!!C=19!2+**1BO!8K!:=)!2(1:12+6!68+,!
1;*(8H),!:=)!+;8?B:!8K!H+(1+B2)!)L*6+1B),!:8!8B6.!WSc!YA1O?()!P4QZ4!!I66:=8?O=!:=19!;8,)6!
28?6,!)L*6+1B!WSc!8K!:=)!2+**),!2(1:12+6!68+,!H+(1+B2)7!:=)!()91,?+69!M)()!K()`?)B:6.!`?1:)!
6+(O)!K8(!M)66[9:?,1),!M+:)(!-8,1)94!
!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$JK$

!

!
F*,'2-!bH]H!!g-7)9<*)!$$a1!2-,*5.3(!-;)23C5(3)*5.!?56-(!M1:=!2(1:12+6!68+,!2+**),!+:!%!F)`$=+$.4!
!

!

43.67/3C-!&3779g3(3./-!X4&gY!+CC253/@!

!

C=)!g@+B,92+*)!5+99!D+6+B2)!I**(8+2=h!,)H)68*),!=)()""!19!28B2)*:?+66.!91;16+(!:8!
:=)!K1(9:[8(,)(!+21,1:.!-+6+B2)!+B,!GGXT!+**(8+2=)9!1B!:=+:!:=+:!:=).!+()!+66!,)(1H),!K(8;!:=)!
9:)+,.[9:+:)!;+99!-+6+B2)!K(+;)M8(F!YN1B,+(!):!+64!#&&&7!VT'!5+**1BO!5+B?+6!#&&PZ4!
!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
""!VB!:=)!1B1:1+6!9?-;19918B!8K!:=19!()*8(:!:=)!;):=8,!M+9!91;*6.!2+:)O8(1b),!+9!+!K8(;!8K!:=)!AID!+**(8+2=4!!I9!
8B)!()H1)M)(!9:(8BO6.!8-d)2:),!:8!:=19!,)91OB+:18B7!M)!=+H)!2=+BO),!:=)!B+;)!8K!:=)!+**(8+2=!:8!:=)!g@+B,92+*)!
5+99[D+6+B2)!I**(8+2=h!Y@5DZ!:8!);*=+91b)!:=)!1B:)O(+:18B!8K!98?(2)9!+B,!91BF9!8K!+21,1:.!8H)(!:=)!)B:1()!
6+B,92+*)!?*9:()+;!8K!+!O1H)B!9:()+;!()+2=7!6+F)!8(!*8B,4!!X)!+()!B8:!:(.1BO!:8!;+F)!+!26+1;!8K!,)H)68*1BO!+!
gB)Mh!;):=8,!-.!?91BO!:=19!B8;)B26+:?()7!(+:=)(!M)!+()!:(.1BO!:8!+228;;8,+:)!,1KK)()B:!()H1)M)(!9)B91-161:1)94!!
CM8!8?:!8K!%!()H1)M)(9!M)()!9+:19K1),!M1:=!:=)!,)91OB+:18B!8K!:=19!+**(8+2=!?B,)(!:=)!AID!?;-()66+4!!X)!
28B91,)(!:=)!+**(8+2=!Y61F)!:=)!AIDZ!:8!-)!+!H+(1+B:!8K!:=)!91;*6)!9:)+,.[9:+:)[;+99!-+6+B2)!;):=8,!YVT'!
5+**1BO!5+B?+6!#&&PZ4!!!IB!+,,1:18B+6!,1KK)()B2)!-):M))B!@5D!+B,!AID!19!:=+:!AID!;+F)9!:=)!1;*6121:!
+99?;*:18B!:=+:!8-9)(H+:18B9!8K!1B6):!+B,!8?:6):!2=);19:(.!2+B!*(8H1,)!+!O88,!)9:1;+:)!8K!9:)+,.[9:+:)!1B[6+F)!
*(82)991BO!8K!E!+B,!DT4!!I9!,192?99),!)69)M=)()!1B!:=19!,82?;)B:7!K)M!9.9:);9!+()!2?(()B:6.!1B!9:)+,.[9:+:)!98!
:=19!19!+!*88(!+99?;*:18B4!!X)!=+H)!+H81,),!:=19!M)+FB)99!1B!:=)!@5D4!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$JB$

!
T@!YGjE!I21,1:.Z!! t!DT&![!IET61;1:!
! ! ! t!]!z!YuDTv&![!uIETv61;1:Z!

!
N8M)H)(7!1B!:=)!@5D7!DT&!19!)9:1;+:),!,1()2:6."#!K(8;!:=)!M+:)(9=),!91BF9!K8(!+21,1:.!+B,!:=)!
+21,1:.!98?(2)!()6+:),!:8!-+9)!2+:18B!?*:+F)!+9/!
!

DT&!t!CDTML!j!DT,)*!k!CDT?*:+F)!\M(1E>E-*,3)-8$4A-24,-]O$
$

M=)()!+66!8K!:=)!:)(;9!8B!:=)!(1O=:!=+B,!91,)!+()!K68M[M)1O=:),!+H)(+O)9!Y,)92(1-),!-)68MZ!
(+:=)(!:=+B!K(8;!8-9)(H+:18B9!8K!M+:)(!2=);19:(.4!!VB!:=)!1;*6;)B:+:18B!1B!:=19!*(8d)2:!:8:+6!
-+9)!2+:18B!M)+:=)(1BO!YCDTMLZ!19!:+F)B!K(8;!:=)!:)(()9:(1+6!)289.9:);!9816!)9:1;+:)!YG816!
@+.)(!DTMLZ!;8,1K1),!-.!+!K+2:8(!()6+:),!:8!:=)!2=+(+2:)(!8K!:=)!-),(82F!Y2+62+()8?9!$!8:=)(Z!
+B,!9?(K12+6!;+:)(1+69!YG866)(!"\\&Z!;+**),!1B!+!O(1,!2)664!
!

CDTML!t!G816!@+.)(!DTML!YK(8;!:)(()9:(1+6!+99)99;)B:Z!z!]G^<A!
!
M=)()!]G^<A!M+9!:=)!:=)!;)+B!(+:18!-):M))B!+!O1H)B!9?(K12+6!;+:)(1+6!26+99!+B,!:=)!:=1B!:166!
:.*)!26+99!8K!DT&!2+62?+:),!K8(!:=)!:(+1B1BO!91:)9!K(8;!9?(K+2)!M+:)(!,+:+4!!!V:!M+9!+99?;),!
Y-+9),!8B!:=)!,)91OB!8K!:=)!:)(()9:(1+6!+B+6.919Z!:=+:!G816!@+.)(!DTML!M+9!()*()9)B:+:1H)!8K!!
M)+:=)(1BO!(+:)9!1B!:=1B!:166!:.*)!981694!!C=)!G816!@+.)(!DTML!(+:)9!M)()!;8,1K1),!+228(,1BO6.!-.!
O)868O12!;+:)(1+6!26+99!Y2+62+()8?9!-),(82F7!:=1B!:1667!,))*!:1667!28+(9)[O(+1B),!9:(+:1K1),!
9),1;)B:7!!K1B)[O(+1B),!9:(+:1K1),!9),1;)B:7!+B,!8(O+B12!9),1;)B:Z4!
!

S-5(5,*/!&3)-2*3(! B3)*5!)5!=@*.!=*((!1(377!g1T!:7)*?3)-!

T+62+()8?9!-),(82F! #4\&!
A1B)[O(+1B),!9:(+:1K1),!9),1;)B:! #4##!
T8+(9)[O(+1B),!9:(+:1K1),!9),1;)B:! "4Q#!

J))*!C166! "4PP!
C=1B!C166! "4&!

U(O+B12!9),1;)B:! "4&!
!
!
C=)!B):!98?(2)9!8K!+21,1:.!+()!91;16+(6.!2+62?6+:),!K(8;!:=)!M+:)(9=),!,+:+!+9/!
!

C8:+6!I21,1:.!t!T6,)*!j!G,)*!j!E,)*!k!CE?*:+F)!!\M(1E>E-*,3)-8$4A-24,-]!
!
M=)()!+O+1B7!:=)!:)(;9!8B!:=)!(1O=:!=+B,!91,)!+()!:=)!K68M[M)1O=:),!+H)(+O)9!Y,)92(1-),!
-)68MZ4!!!
!
!
!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"#!+9!8**89),!:8!-.!1BK)()B2)!K(8;!8-9)(H),!9?(K+2)!M+:)(!2=);19:(.!M1:=!+66!8K!:=)!,1KK12?6:1)9!+99821+:),!-.!:=)!
+99?;*:18B9!?9),!1B!:=)!9:+B,+(,!1BK)()B2)!;):=8,9!Y9))!:)L:!+-8H)Z4!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$JL$

!

@(1E>E-*,3)-8$4A-24,-$84)4$*.$)3-$7&X$4==214/3$

!

G?(K+2)!M+:)(9!K8(!:=)!@5D!+**(8+2=!M)()!,)K1B),!+9!+B.!O(1,!2)66!26+991K1),!+9!M+:)(!
1B!:=)!^G>G!E@TJ4!!@5D!2+62?6+:18B9!Y,)92(1-),!+-8H)Z!M)()!2+((1),!8?:!K8(!)H)(.!6+B,92+*)!
O(1,!2)66!1B!:=)!;8,)6!,8;+1B!+9!1K!)+2=!2)66!M)()!+!M+:)(!2=);19:(.!9+;*61BO!682+:18B4!!C=)!
28B:(1-?:18B!8K!+21,1:.!98?(2)9!+B,!91BF9!K(8;!?*9:()+;!O(1,!2)669!Y6+B,!+B,!M+:)(Z!M)()!
,):)(;1B),!?91BO!VJ<VGVp!98K:M+()!M1:=!:=)!()`?1(),!,+:+!6+.)(9!K(8;!:=)!:)(()9:(1+6!
)289.9:);!+B+6.919!Y9))!G)2:18B!%!8K!:=19!,82?;)B:Z4!!C=)!*(82)),?()!M+9!+9!K8668M9/!

!
"4 C=)!K68M!B):M8(F!M+9!2+62?6+:),!K(8;!:=)!\&[;):)(!J05!+K:)(!*1:[();8H+6!

YA1O?()!P4RZ!?91BO!:=)!VJ<VGV!A@UX!+B,!'VC<05UmI@!:88694!
#4 '+(+;):)(!H+6?)9!+:!)+2=!O(1,!2)66!28B:(1-?:1BO!K68M!M)()!+22?;?6+:),!+68BO!

:=)!K68M!B):M8(F!?91BO!:=)!VJ<VGVp!<^EUAA!:8864!
%4 I:!)+2=!O(1,!2)66!+68BO!:=)!K68M!B):M8(F7!:=)!28B:(1-?:1BO!M+:)(9=),!+()+!M+9!

2+62?6+:),!+9!M)66!+9!:=)!B?;-)(!8K!28B:(1-?:1BO!O(1,!2)669!2+62?6+:),!?91BO!:=)!
VJ<VGVp!<^EUAA!:8864!

P4 C=)!K68M[+22?;?6+:),!*+(+;):)(!H+6?)!:8:+69!M)()!,1H1,),!-.!:=)!B?;-)(!8K!
28B:(1-?:1BO!O(1,!2)669!8(!28B:(1-?:1BO!+()+!YM=12=)H)(!M+9!+**(8*(1+:)Z!:8!
.1)6,!:=)!+H)(+O)!H+6?)!8K!+!*+(+;):)(!+99821+:),!M1:=!M+:)(!K68M1BO!1B:8!)+2=!
O(1,!2)664!

!

!
!

F*,'2-!bH[H!!F(5K!.-)K52^!/3(/'(3)-6!<25?!)@-!`T9?-)-2!R:&4!!D6?)!+()+9!+()!K68M!B):M8(F!9)O;)B9:!M1:=!
M+:)(9=),!28B:(1-?:1BO!+()+9!O()+:)(!:=+B!#&!=+4!!>())B!+()+9!+()!26+991K1),!+9!M+:)(!1B!:=)!E@TJ4!
!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$KD$

!
@5D!2+62?6+:18B9!8B!:=)9)!K68M[+22?;?6+:),!98?(2)$91BF!O(1,9!.)16,),!+!28B:1B?8?9!

()*()9)B:+:18B!8K!:=)!+`?+:12!)289.9:);!2(1:12+6!68+,!+2(899!:=)!6+B,92+*)!YA1O?()!P4SZ4!!C=?97!
H+6?)9!()*(9)B:1BO!:=)!+22?;6+:),!M+:)(9=),!28B:(1-?:18B!:8!:=)!+`?+:12!2(1:12+6!68+,!+:!+B.!
O(1,!2)66!8B!:=)!K68M!B):M8(F!+()!9:8(),!1B!)+2=!O(1,!2)66!()*()9)B:1BO!6+B,!M=16)!:=)!)KK)2:1H)!
2(1:12+6!68+,!K8(!+!9?(K+2)!M+:)(!()+2=!8(!)6);)B:!19!()*()9)B:),!1B!:=)!O(1,!2)669!26+991K1),!+9!
M+:)(4!
!

!
!
F*,'2-!bHUH!!15.)*.'5'7!2-C2-7-.)3)*5.!5<!4&g!3>'3)*/!/2*)*/3(!(536!YF)`$=+$.!GjE!,)*891:18BZ!+99821+:),!
M1:=!+!:+(O):!*N!8K!Q4Q4!!C=)!2(1:12+6!68+,!19!2+62?6+:),!K8(!)+2=!O(1,!2)66!1B!:=)!K68M!B):M8(F!1B26?,1BO!6+B,!+()+9!
8K!+!M+:)(9=),4!!X=1:)!+()+9!1B:)(B+6!:8!:=)!K1O?()!+()!()O18B9!M=)()!:=)!2(1:12+6!68+,!19!6)99!:=+B!b)(84!!C=19!
;)+B9!:=+:!O)868O127!JUT7!+B,!8:=)(!28B,:18B9!+()!9?2=!:=+:!:=)!:+(O):!*N!2+B!B8:!-)!()+2=),4!
!

!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$K?$

!

$/-.32*57!K*)@!+CC253/@!NI!4&g!

$

@+B,92+*)!;+99[-+6+B2)!;8,)61BO!Y@5DZ!M+9!28B,?2:),!K8(!:M8!2(1:12+6!:=()9=86,!
92)B+(1897!)+2=!M1:=!:M8!+:;89*=)(12!,)*891:18B!92)B+(1894!
!

"4 C+(O):!*N!t!Q4Q7!V;*61),!IET!61;1:!t!W&!y)`$@!+:!JUT!t!&7!J)*891:18B!#&&#7!#&"S!
!

#4 C+(O):!*N!t!R4"W7!V;*61),!IET!61;1:!t!"&&y)`$@!+:!JUT!t!&7!J)*891:18B!#&&#7!#&"S!
!

C=)!()9?6:9!+()!28B:1B?8?9!O(1,9!8K!()*()9)B:1BO!:=)!K68M[+H)(+O),!28B:(1-?:18B!8K!+66!
?*9:()+;!M+:)(9=),!+()+!:8!:=)!+`?+:12!)289.9:);!2(1:12+6!68+,!+:!+!O1H)B!O(1,!2)66!YA1O?()!
P4SZ4!!C=)!)B,!?9)(!19!K())!:8!:+-6?+:)!:=)9)!()9?6:9!1B!,1KK)()B:!M+.9!,)*)B,1BO!8B!:=)!O8+69!8K!
)+2=!)B,!?9)(f9!+B+6.9194!!I!H+6?)!()*()9)B:1BO!:=)!2(1:12+6!68+,!()*()9)B:+:1H)!8K!+!9*)21K12!
M+:)(!-8,.!Y6+F)7!*8B,Z!;+.!-)!8-:+1B),!-.!)L:(+2:1BO!:=)!,+:+!K8(!:=)!O(1,!2)66!+99821+:),!
M1:=!:=)!6+F)!8?:6):4!!T+()!9=8?6,!-)!:+F)B!:8!2=)2F!K8(!O)8()K)()B21BO!)((8(9!+B,!:8!-)!9?()!
:=)!9+;*6)!*81B:!288(,1B+:)9!)L:(+2:!:=)!+**(8*(1+:)!H+6?)!K(8;!:=)!O(1,4!!G1;16+(6.7!:=)!
2(1:12+6!68+,!K8(!+B.!O1H)B!9:()+;!()+2=!2+B!-)!():(1)H),!-.!)L:(+2:1BO!:=)!H+6?)!K8(!)1:=)(!:=)!
=1O=)9:!8(!:=)!68M)9:!)6)H+:18B!*81B:!8B!:=)!()+2=!9:()+;!()+2=4!!G)6)2:1BO!:=)!H+6?)!
28(()9*8B,1BO!:8!:=)!=1O=)9:!)6)H+:18B!*81B:!8B!+!()+2=!M8?6,!O)B)(+66.!*(8H1,)!:=)!68M)9:!
2(1:12+6!68+,!Y+9!2(1:12+6!68+,9!:)B,!:8!1B2()+9)!,8MB9:()+;Z!K8(!:=)!()+2=4!!G)6)2:1BO!:=)!H+6?)!
+99821+:),!M1:=!:=)!68M)9:!)6)H+:18B!*81B:!8B!:=)!()+2=!M8?6,!:.*12+6.!*(8H1,)!:=)!;+L1;?;!
2(1:12+6!68+,!K8(!:=)!()+2=4!
!
! D)2+?9)!:=)()!+()!+!6+(O)!B?;-)(!8K!H+61,!M+.9!:8!:+-6?6+:)!+B,$8(!;+*!:=)!+`?+:12!
2(1:12+6!68+,9!+B,!)L2)),+B2)9!,)H)68*),!K8(!:=)!()O18B+6!+99)99;)B:!8B6.!:M8!)L+;*6)9!8K!
:=)!*8991-161:)9!+()!*(8H1,),!=)()!YA1O?()9!P4S!+B,!P4\Z4!!!
!
!

$*,.*<*/3.)!75'2/-7!5<!'./-2)3*.)0!*.!)@-!3>'3)*/!/2*)*/3(!(5367!377-77?-.)!

!!
@)99!:=+B!W&c!8K!H+(1+B2)!1B!:(+1B1BO!91:)!JUT!28B2)B:(+:18B!M+9!)L*6+1B),!-.!:=)!

()O18B+6!;8,)6!K8(!9?(K+2)!M+:)(!JUT4!!I9!:=)!()O18B+61b),!JUT!)9:1;+:)!M+9!?9),!:8!+,d?9:!
:=)!IET61;1:!:8!*(8,?2)!:=)!,)91(),!:+(O):!*N7!:=)!?B2)(:+1B:.!1B!JUT!)9:1;+:)9!:(+B96+:)9!
,1()2:6.!:8!?B2)(:+1B:.!1B!:=)!IET61;1:4!!C=)!:)(()9:(1+6!(88:!b8B)!9816!;1B)(+6!M)+:=)(1BO!(+:)!
92+6),!-.!9?(K121+6!O)868O.!26+99!M+9!?9),!:8!)9:1;+:)!M)+:=)(1BO!1B*?:9!8K!-+9)!2+:18B9!:8!:=)!
+`?+:12!9.9:);94!!C=)()!19!)H1,)B2)!8K!28B91,)(+-6)!M)+:=)(1BO!+:!:=)!9816$-),(82F!1B:)(K+2)!
1B!9=+668M!98169!Y5166)(!):!+64!"\\%7!5?B(8)!):!+64!#&&RZ!+B,!1B!,))*!:166!+B,!9:(+:1K1),!
9),1;)B:9!8K!6+(O)!+`?1K)(94!!C=)!91;*6)!);*1(12+6!92=);)!K8(!1B2()+9)1BO!:=)!9816[6+.)(!
M)+:=)(1BO!(+:)!:8!+228?B:!K8(!,))*)(!6+.)(!M)+:=)(1BO!28?6,!-)!28B91,)(+-6.!1;*(8H),4!!G:1667!
+B.!;):=8,!-+9),!8B!+H+16+-6)!,+:+!K8(!:=)!)B:1()!()O18B!M8?6,!B8:!-)!+-6)!:8!+228?B:!K8(!
9?-9?(K+2)!Y8(!?B;+**),Z!O)868O12!H+(1+:18B9!K(8;!:=)!9?(K+2)!;+*!:=+:!1BK6?)B2)!28B,1:18B9!
1B!+!,))*!K68M!*+:=4!!C=)()!M)()!B8!,+:+!+H+16+-6)!9?1:+-6)!K8(!)H+6?+:1BO!:=)!)KK)2:9!8K!1B:)(B+6!
GUP!():)B:18B$()6)+9)!8B!:=)!GGXT!DT&!)9:1;+:)9!?9),!:8!2+61-(+:),!,))*!M)+:=)(1BO!(+:)9!K8(!
:=)!@5D!:=)!;8,)64!!N8M)H)(7!:=)()!M)()!9:(8BO!1B,12+:18B9!8K!GUP!():)B:18B!8(!()6)+9)!K8(!
;+B.!8K!:=)!:(+1B1BO!91:)9!+B,!:=)!*=)B8;)B+!=+H)!-))B!)9:+-619=),!+9!K()`?)B:6.!1;*8(:+B:!
1B!:=)!()O18B!Y51:2=)66!):!+64!#&"&Z4!
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!

!
!

!
F*,'2-!bH`H!!:;3?C(-!5<!<(5K!.-)K52^!Y682+:18B9!M1:=!?*9:()+;!M+:)(9=),!+()+!O()+:)(!:=+B!#&!=+Z!
()*()9)B:+:18B!8K!#&&#!2(1:12+6!68+,!)L2)),+B2)!K8(!+!:+(O):!*N!8K!Q4Q!1B!:=)!98?:=M)9:)(B!I,1(8B,+2F!58?B:+1B97!
Ee4!
!

!

!
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!

15?C32*75.!5<!4&g!7)-36097)3)-!/2*)*/3(!(536!3.6!-;/--63./-!2-7'()7!)5!*.6C-.6-.)!

?-)2*/7!5<!7'2<3/-!K3)-2!3/*6!7-.7*)*L*)0!

!
I9!9:+:),!+-8H)7!K)M!Y1K!+B.Z!)289.9:);9!1B!:=)!E8(:=)+9:)(B!^G!+()!2?(()B:6.!+:!9:)+,.!

9:+:)!M1:=!()9*)2:!:8!+:;89*=)(12!,)*891:18B7!261;+:127!+B,!6+B,[?9)!28B,1:18B94!!C=)()K8()7!:=)!
)B,[?9)(!8K!:=19!+99)99;)B:!9=8?6,!B8:!=+(-8(!:=)!)L*)2:+:18B!:=+:!+!;+*!8K!9:)+,.[9:+:)!
2(1:12+6!68+,!)L2)),+B2)!9=8?6,!=+H)!+!"/"!28(()9*8B,)B2)!M1:=!2?(()B:!8(!=19:8(12!
8-9)(H+:18B9!8K!)289.9:);!28B,:18B9!Y)4O4!*N7!IETZ4!!C=)!;+*9!*(8,?2),!?91BO!:=)!@5D!
+B+6.919!28BH).!1BK8(;+:18B!+-8?:!+!6/2"%2$1)&0(2(*"&8/%7$2$/%!8K!:=)!)289.9:);!$0&$2&:"*"&2/&
*"18-&.2"1753.212"!M1:=!()9*)2:!:8!:=)!1B*?:9!+B,!28B,1:18B9!8K!:=)!;8,)6),!92)B+(184!!>1H)B!
:=19!28B9:(+1B:!+99821+:),!M1:=!9:)+,.[9:+:)!;8,)61BO!=8M!2+B!M)!28;*+()!:=)!;8,)6!M1:=!
8-9)(H+:18B9!1B!+!;)+B1BOK?6!M+.i!!G?2=!28;*+(198B9!+()!,1KK12?6:!1K!B8:!1;*8991-6)!Y<+**!
#&&"Z4!!N8M)H)(7!M)!2+B!()+98B+-6.!+(O?)!:=+:!9.9:);9!K8(!M=12=!:=)!8-9)(H),!9?(K+2)!M+:)(!
*N!=+9!();+1B),!+-8H)!:=)!2(1:12+6!:=()9=86,!8K!*N!Q4Q!K8(!:=)!)B:1()!*)(18,!8K!()28(,!+()!6)99!
+21,!9)B91:1H)!:=+B!9.9:);9!:=+:!=+H)!)L=1-1:),!+!*N!8K!Q4Q!8(!68M)(!,?(1BO!:=)!*)(18,!+9!+!
()9?6:!8K!=19:8(12+6!+B,!()2)B:!+:;89*=)(12!,)*891:18B!6)H)694!!X)!28;*+(),!:=)!@5D!
)9:1;+:)9!8K!2(1:12+6!68+,!+B,!)L2)),+B2)!:8!:=19!91;*6)!g*N!9:+:?9h!;):(12!:8!,):)(;1B)!1K!:=)!
@5D!+**(8+2=!M+9!1B,12+:1BO!:=)!()6+:1H)!+21,!9)B91:1H1:.!8K!9?(K+2)!M+:)(9!91;16+(6.!:8!:=)!
g*N!9:+:?9h!;):(12!8H)(!:=)!K?66!E8(:=)+9:)(B!,8;+1B!+B,!1B!:=)!M)66[9:?,1),!I,1(8B,+2F!'+(F!
<)O18B!8K!Ee!9:+:)4!

!
C=)!@5D!;8,)6),!2(1:12+6!68+,9!K8(!GjE!+21,1:.!9));!:8!()+98B+-6.!()K6)2:!:=)!8-9)(H),!

,1KK)()B2)9!1B!+21,!9)B91:1H1:.!+9!()K6)2:),!-.!9?(K+2)!M+:)(!*N!1B!:=)!I,1(8B,+2F!'+(F!<)O18B!
9+;*6),!,?(1BO!"\\#[#&&S!YI@GT"%7!J(192866!):!+64!#&&%Z4!!C=)()!M+9!+!9:+:19:12+66.!91OB1K12+B:!
,1KK)()B2)!Y8B)[91,),!:[:)9:7!?B)`?+6!H+(1+B2)97!*!t!&4&&W"Z!1B!:=)!6+F)[M+:)(9=),!9*+:1+6!
+H)(+O)9!8K!:=)!;8,)6),!+`?+:12!9:)+,.[9:+:)!*N!Q4Q!2(1:12+6!68+,!-):M))B!6+F)9!:=+:!=+H)!
)L=1-1:),!+!*N!q!Q4Q!Y;)+B!T@!t"4"\!F)`$=+$.Z!+B,!6+F)9!K8(!M=12=!*N!();+1B),!st!Q4Q!
Y;)+B!"4\&!F)`$=+$.Z4!!C=19!28(()9*8B,)B2)!-):M))B!+!;8,)6!()9?6:!+B,!:=)!8-9)(H+:18B9!
9?OO)9:9!:=+:!:=)!2(1:12+6!68+,!;8,)61BO!*(82)99!+B,!?B,)(6.1BO!,+:+!6+.)(9!+()!,192(1;1B+:1BO!
8-9)(H),!,1KK)()B2)9!1B!+21,!9)B91:1H1:.!1B!:=)!I,1(8B,+2F!<)O18B4!!!

!
C=)()!M+9!+698!+!9:+:19:12+66.!91OB1K12+B:!,1KK)()B2)!Y8B)[91,),!:[:)9:7!?B)`?+6!H+(1+B2)97!

*!q&4&&&"Z!1B!:=)!*)(2)B:+O)!8K!6+F)[M+:)(9=),!+()+!M=)()!#&&#!)9:1;+:),!+:;89*=)(12!
,)*891:18B!)L2)),),!:=)!;8,)6),!+`?+:12!9:)+,.[9:+:)!*N!Q4Q!2(1:12+6!68+,!K8(!6+F)9!:=+:!=+H)!
)L=1-1:),!+!*N!q!Q4Q!Y;)+B!t!%#4QcZ!+B,!6+F)9!K8(!M=12=!*N!();+1B),!st!Q4Q!Y;)+B!t!%4RcZ!
K8(!:=)!I@GT!,+:+4!!C=?97!:=)!2(1:12+6!68+,!)L2)),+B2)!)9:1;+:)9!-+9),!8B!#&&#!+:;89*=)(12!
,)*891:18B!+()!+698!28B919:)B:!M1:=!8-9)(H),!,1KK)()B2)9!1B!+21,!9)B91:1H1:.!1B!:=)!I,1(8B,+2F!
<)O18B4!!!!

!
C=)!K1B,1BO9!8K!28B919:)B2.!-):M))B!:=)!9:)+,.[9:+:)!2(1:12+6!68+,9!+B,!)L2)),+B2)!

)9:1;+:)9!8K!+21,!9)B91:1H)!+()+9!+B,!9?(K+2)!M+:)(!-+9),!;)+9?()9!8K!+21,!9)B91:1H1:.!
Y8-9)(H),!*N!+-8H)!8(!-)68M!:=)!2(1:12+6!:=()9=86,Z!:=+:!M)()!+**+()B:!1B!:=)!I,1(8B,+2F!
()O18B!+()!+698!+**+()B:!M=)B!28;*+(),!:8!9?(K+2)!M+:)(!8-9)(H+:18B9!K(8;!:=(8?O=8?:!:=)!
E8(:=)+9:4!!!C=)!+H)(+O)!@5D!)9:1;+:)!8K!+`?+:12!9:)+,.[9:+:)!2(1:12+6!68+,!Y()6+:1H)!:8!+!
2(1:12+6!:=()9=86,!8K!*N!Q4QZ!)9:1;+:),!K8(!:=)!M+:)(9=),9!+99821+:),!M1:=!9+;*6)!*81B:9!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"%!=::*/$$MMM4+,1(8B,+2F6+F)99?(H).48(O$6:;*+O)4=:;6!
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!
,)92(1-),!+-8H)!K8(!:=)!GGXT!+B+6.919!Y1B26?,1BO!6+F)97!*8B,97!+B,!9:()+;!()+2=)9Z!M+9!
91OB1K12+B:6.!6)99!Y8B)[91,),!:[:)9:7!?B)`?+6!H+(1+B2)97!*!q!&4&&&"7!Bt"#&&Z!K8(!M+:)(9=),9!
)L=1-1:1BO!9?(K+2)!M+:)(!*N!q!Q4Q!Y;)+B!t!"4#S!F)`$=+$.Z!:=+B!K8(!M+:)(9=),9!)L=1-1:1BO!*N!
st!Q4Q!Y;)+B!"4\%!F)`$=+$.Z4!!G1;16+(6.7!:=)!+H)(+O)!@5D!)9:1;+:)!8K!+`?+:12!9:)+,.[9:+:)!
2(1:12+6!68+,!)L2)),+B2)!)9:1;+:),!K8(!:=)!M+:)(9=),9!+99821+:),!M1:=!9+;*6)!*81B:9!
Y1B26?,1BO!6+F)97!*8B,97!+B,!9:()+;!()+2=)9Z!M+9!91OB1K12+B:6.!O()+:)(!Y8B)[91,),!:[:)9:7!
?B)`?+6!H+(1+B2)97!*!q!&4&&&"7!Bt"#&&Z!K8(!M+:)(9=),9!)L=1-1:1BO!9?(K+2)!M+:)(!*N!q!Q4Q!
Y;)+B!t![&4%"!F)`$=+$.Z!:=+B!K8(!M+:)(9=),9!M1:=!9?(K+2)!M+:)(9!)L=1-1:1BO!*N!st!Q4Q!Y;)+B!
["4&&!F)`$=+$.Z4!!

!
C=)!@5D!()O18B+6!9:)+,.[9:+:)!+B+6.919!()9?6:9!+()!+698!28B919:)B:!M1:=!:=)!9*+:1+6!

*+::)(B9!)H1,)B:!1B!*?-619=),!+228?B:9!8K!+`?+:12!9.9:);9!:=+:!+()!8-9)(H),!:8!-)!5.!3!C3)@!
)5!()28H)(.!Y1B2()+91BO!*N!8(!IET!:()B,9Z!+B,!:=89)!:=+:!+()!B8:!()28H)(1BO!8(!28B:1B?1BO!:8!
+21,1K.4!!C=)!()9?6:9!8K!8?(!+B+6.919!O)B)(+66.!+O())!M1:=!9*+:1+6!*+::)(B9!,)92(1-),!1B!)+(61)(!
9:?,1)9!Y)4O47!G:8,,+(,!):!+64!#&&%_!D?(B9!):!+64!#&&QZ7!M=12=!1B,12+:),!1B1:1+6!91OB9!8K!
()28H)(1BO!9?(K+2)!M+:)(!IET!+B,!*N!1B!:=)!I,1(8B,+2F!58?B:+1B9!()O18B!Y()6+:1H)6.!T+[(12=!
+B8(:=891:)!-),(82FZ!-?:!+!;8()!61;1:),!()28H)(.!1B!:=)!T+:9F166!58?B:+1B9!Y9+B,9:8B)7!-+9)[
*88(!O)868O.Z!+B,!B8!()28H)(.!1B!;?2=!8K!E)M!0BO6+B,!Y1B!+()+9!8K!6)99!-+9)[(12=!
;):+;8(*=12!(82F9!+B,!9+B,9:8B)Z4!!J1KK)()B2)9!1B!(+:)9!8K!-+9)!2+:18B!();8H+6!,?)!:8!:1;-)(!
=+(H)9:1BO!-):M))B!:=)!()O18B9!Y9))!9)2:18B9!%!+B,!WZ!+698!61F)6.!*6+.!+!91OB1K12+B:!(86)!1B!:=)!
8-9)(H),!9*+:1+6!*+::)(B9!8K!*(8d)2:),!()28H)(.!Y8(!6+2F!8K!()28H)(.Z4!
!!

C=)!1B,12+:18B!O1H)B!-.!:=)!@5D!()O18B+6!9:)+,.[9:+:)!+99)99;)B:!:=+:!#&&#!)9:1;+:),!
+:;89*=)(12!,)*891:18B!8K!G!+B,!E!,1,!B8:!)L2)),!:=)!9:)+,.!9:+:)!2(1:12+6!68+,!K8(!6+(O)!+()+9!
8K!:=)!I,1(8B,+2F9!19!28B919:)B:!M1:=!:=)!()9?6:!8K!J(192866!):!+64!Y#&&%Z4!!J(192866!):!+64!#&&%!
9:+:)/!

!
gA8(!:=)!)B:1()!O(8?*7!#\!8K!:=)!PS!I@C5!6+F)9!=+,!91OB1K12+B:!:()B,9!8K!1B2()+91BO!IET!Y*!q!&4"Z!K8(!:=)!

*)(18,!"\\#[#&&&4!CM)B:.[8B)!8K!:=)!#Q!:=1B!:166!,(+1B+O)!6+F)9!)L=1-1:),!1B2()+9)9!1B!IET4!C=19!*+::)(B!8K!
1B2()+91BO!IET!=+9!B)H)(!-))B!*()H18?96.!()*8(:),!K8(!6+(O)!B?;-)(9!8K!I,1(8B,+2F!@+F)94!C=)!;)+B!(+:)!8K!
IET!1B2()+9)!K8(!6+F)9!9=8M1BO!+!91OB1K12+B:!:()B,!8H)(!:=)!"\\#[#&&&!1B:)(H+6!M+9!"4Q&!�)`?1H!@["!.(["4!C=19!
()2)B:!1B2()+9)!1B!IET!2+B!-)!+::(1-?:),!:8!:=)!K+2:!:=+:!-8:=!GUP#[!+B,!EU%[!28B2)B:(+:18B9!=+H)!-))B!
,)2()+91BO7!()9?6:1BO!1B!+!;+(F),!(+:)!8K!,)261B)!1B!:=)!9?;!8K!9:(8BO!+21,!+B18B94h!

!
!
!

!
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VT'!5+**1BO!5+B?+6!Y#&&PZ!VB:)(B+:18B+6!T88*)(+:1H)!'(8O(+;;)!8B!58,)661BO!+B,!5+**1BO!
8K!T(1:12+6!@8+,9!+B,!@)H)69!+B,!I1(!'866?:18B!0KK)2:97!<19F9!+B,!C()B,97!^E0T0!
T8BH)B:18B!8B!@8BO[(+BO)!C(+B9-8?B,+(.!I1(!'866?:18B4!!&4.'4($1.$&-)3181(1,*-5$4.8$
/2*)-2*4$M12$&18-((*.,$4.8$&4==*.,$1M$62*)*/4($71485$4.8$7-A-(5$4.8$+*2$"1((')*1.$NMM-/)5O$

<*5P5$4.8$;2-.85Q!!Y=::*/$$12*;+**1BO48(O$2;9$b)1O)D)()12=$W$;+B?+6[?B,[
,8MB68+,94=:;6Z!

!
5166)(7!!04347!a4J4!D6?;!+B,!I4a4!A(1),6+B,!Y"\\%Z!J):)(;1B+:18B!8K!G816!0L2=+BO)+-6)[T+:18B!

@899!+B,!X)+:=)(1BO!<+:)9!^91BO!G(!V98:8*)97!!4)'2-7!%Q#/P%S[PP"4!
!
5166)(7!0434!#&&Q4!!I99)99;)B:!8K!A8()9:!G)B91:1H1:.!:8!E1:(8O)B!+B,!G?6K?(!J)*891:18B!1B!5+1B)4!!

C)2=B12+6!()*8(:!*()*+(),!8B!-)=+6K!8K!:=)!T8BK)()B2)!8K!E)M!0BO6+B,!>8H)(B8(9f!+B,!
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Base Cation 
Harvest 

Soil Base Cation 
Weathering WX 

Forest Ecosystem 
Critical Load 

State keq ha-1 y-1 keq ha-1 y-1 SD[1] keq ha-1 y-1 

Maine 0.41 2.44 1.87 1.28 

New Hampshire 0.26 1.80 0.43 1.35 

Vermont 0.23 2.50 2.09 1.60 

Rhode Island 0.33 2.20 0.33 1.13 

Massachusetts 0.21 2.27 1.24 1.77 

Connecticut 0.17 2.68 1.15 2.29 

New York 0.13 6.50 11.6 5.30 
 

[1] One standard deviation of the weathering rate estimated for different locations in the state expressed as keq ha-1 y-1 of 
base cations released. 
!
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=3D(-!\HNH!!09:1;+:),!9:+:)M1,)!+H)(+O)!:8:+6!+:;89*=)(12!+21,1:.!Y9?6K?(!*6?9!B1:(8O)BZ!68+,1BO!1B!:=)!#&&#!
()K)()B2)!*)(18,!+B,!:=)!#&"S!92)B+(184!!
 

 

Est. 2002 
S+N 
Deposition 

Est. 2018 
S+N 
Deposition 

State keq ha-1 y-1 keq ha-1 y-1 

Maine 0.66 0.48 

New Hampshire 0.88 0.61 

Vermont 0.99 0.71 

Rhode Island 1.21 0.89 

Massachusetts 1.24 0.87 

Connecticut 1.29 0.91 

New York 1.36 0.99 
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B8(:=)+9:)(B!^G4!!X=1:)!+()+9!()*()9)B:!B8B[K8()9:!28H)(!:.*)9!1,)B:1K1),!1B!:=)!^G>G!%&[;):)(!()986?:18B!
E+:18B+6!@+B,!T8H)(!J+:+!K8(!"\\\!YE@TJZ4!
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F*,'2-!\HNH!!A()9=[M+:)(!+`?+:12!)289.9:);!9:)+,.[9:+:)!2(1:12+6!68+,!K8(!9?6K?(!*6?9!B1:(8O)B!,)*891:18B!1B!:=)!
B8(:=)+9:)(B!^G4!!C=)!+`?+:12!)289.9:);!2(1:12+6!68+,!19!;+**),!:8!+66!28B:(1-?:1BO!6+B,!+()+9!1B!+!M+:)(9=),!K8(!
H19?+61b+:18B4!!5+**),!:8!8B6.!9?(K+2)!M+:)(!O(1,!2)6697!:=)!()9?6:9!M8?6,!B8:!-)!1B:)(*():+-6)!+:!+!()O18B+6!92+6)4!!
X=1:)!+()+9!()*()9)B:!682+:18B9!M=)()!:=)!2(1:12+6!68+,!19!6)99!:=+B!b)(87!1B,12+:1BO!:=+:!:=)!2(1:12+6!*N!8K!Q4Q!19!
B8:!+::+1B+-6)!)H)B!M1:=!b)(8!9?6K?(!+B,!B1:(8O)B!,)*891:18B4!!G?2=!+!91:?+:18B!;+.!+(19)!M=)B!M)+:=)(1BO!(+:)9!
+()!H)(.!68M7!JUT!H+6?)9!+()!=1O=7!8(!:1;-)(!=+(H)9:1BO!19!91OB1K12+B:!Y8(!+!28;-1B+:18B!8K!:=)9)!K+2:8(9Z4!
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!
!

:;/--63./-!5<!12*)*/3(!45367!

!
C=)!,1KK)()B2)!-):M))B!:=)!2(1:12+6!68+,!+B,!+:;89*=)(12!,)*891:18B7!:)(;),!

g)L2)),+B2)h!YVT'!#&&PZ7!1B,12+:)9!:=)!9)H)(1:.!8K!:=)!B?:(1)B:!1;-+6+B2)!8(!:=)!2+*+21:.!8K!+B!
)289.9:);!:8!:86)(+:)!+,,1:18B+6!,)*891:18B4!!I:!91:)9!M=)()!:=)!,)*891:18B!)L2)),9!:=)!2(1:12+6!
68+,7!:=)!:1;)!()`?1(),!K8(!:=)!;+B1K)9:+:18B!8K!,)261B)9!1B!K8()9:!=)+6:=!+B,!O(8M:=!(+:)!19!
O8H)(B),7!1B!*+(:7!-.!:=)!91b)!8K!:=)!9816[)L2=+BO)+-6)!*886!8K!B?:(1)B:!2+:18B94!!0L2=+BO)+-6)!
2+:18B9!+()!:=89)!:=+:!+()!6889)6.!():+1B),!1B!:=)!98167!+B,!2+B!-)!:=8?O=:!8K!+9!:=)!9=8(:[:)(;!
9?**6.!8K!B?:(1)B:97!M=16)!9816!;1B)(+6!M)+:=)(1BO!*(8H1,)9!:=)!68BO[:)(;!9?**6.4!!VK!:=)!
)L2=+BO)+-6)!*886!19!6+(O)7!:=)!K8()9:!;+.!-)!+-6)!:8!-?KK)(!+!9;+66!B?:(1)B:!1B*?:[8?:*?:!
1;-+6+B2)!K8(!:)B9!:8!=?B,(),9!8K!.)+(97!,)6+.1BO!:=)!8B9):!8K!=)+6:=!+B,!O(8M:=!61;1:+:18B94!!
C=19!-?KK)(1BO!*)(18,!+668M9!:1;)!K8(!:=)!1;*6);)B:+:18B!8K!+1(!*866?:18B!);19918B9!
(),?2:18B94!!VK7!+9!19!61F)6.!:=)!2+9)!K8(!;?2=!8K!:=)!B8(:=)+9:)(B!^G7!)L2=+BO)+-6)!-+9)!2+:18B!
*8869!=+H)!-))B!9?-9:+B:1+66.!,1;1B19=),!-.!*+9:!,)2+,)9!8K!)6)H+:),!9?6K?(!+B,!B1:(8O)B!
,)*891:18B!Ya8=B98B!):!+64!"\\P_!@+M()B2)!+B,!N?B:1BO:8B!"\\\Z7!+!9;+66!B):!*891:1H)!2+:18B!
-+6+B2)!Y9;+66!B)O+:1H)!)L2)),+B2)Z!M166!;8H)!:=)!9.9:);!8B6.!968M6.!:8M+(,!:=)!2(1:12+6!
6)H)69!8K!-+9)!9+:?(+:18B!8(!9?(K+2)!M+:)(!*N4!!C=?97!M=)B!:=)!9:)+,.[9:+:)!)L2)),+B2)!19!
)9:1;+:),!:8!-)!961O=:6.!B)O+:1H)!Y,)*891:18B!961O=:6.!6)99!:=+B!:=)!2(1:12+6!68+,Z7!)289.9:);9!
;+.!();+1B!1B!+!,)O(+,),!Y68M!9816!-+9)!9+:?(+:18B7!68M!+`?+:12!*NZ!9:+:)!K8(!68BO!*)(18,9!8K!
:1;)!+9!()28H)(.!*(82)),9!968M6.!Y9))!@+M()B2)!+B,!N?B:1BO:8B!"\\\7!J(192866!):!+64!#&&"7!
G:8,,+(,!):!+64!#&&%Z4!!

!
D)2+?9)!:=)!2(1:12+6!68+,!)L2)),+B2)!19!-)1BO!)H+6?+:),!+:!9:)+,.!9:+:)7!+66!B1:(8O)B!

,)*891:),!:8!+B!)289.9:);!1B!)L2)99!8K!H)O):+:1H)!,);+B,! !19!+99?;),!:8!-)!28BH)(:),!:8!
B1:(+:)4"P!!I:!9:)+,.[9:+:)7!:=)()!19!B8!B):!():)B:18B!8(!()6)+9)!8K!9?6K+:)4!!C=)()K8()7!K8(!:=)!
*?(*89)!8K!2+62?6+:1BO!9:)+,.[9:+:)!2(1:12+6!68+,!)L2)),+B2)7!9?6K?(!+B,!B1:(8O)B!,)*891:18B!
2+B!-)!)L*()99),!+9!+!9?;!8K!:=)!8L1,1b),!K8(;9!1B!?B1:9!8K!+B18B12!2=+(O)!YF)`$=+$.7!C+-6)!
W4#Z4!
!
! A1O?()!W4%!9=8M9!:=)!+()+9!M=)()!9?6K?(!*6?9!B1:(8O)B!+:;89*=)(12!,)*891:18B!19!
)9:1;+:),!:8!)L2)),!:=)!9:)+,.[9:+:)!2(1:12+6!68+,!K8(!K8()9:),!)289.9:);9!K8(!E)M!e8(F!+B,!
E)M!0BO6+B,!?B,)(!24+4!#&&&!+B,!#&"S!+:;89*=)(12!,)*891:18B!(+:)94!!!I66!9:+:)9!9=8M!+!
(),?2:18B!1B!)9:1;+:),!K8()9:!+()+!M=)()!,)*891:18B!)L2)),9!:=)!9:)+,.[9:+:)!2(1:12+6!68+,!
-):M))B!#&&#!+B,!#&"S4!!!A1O?()!W4P!9=8M9!:=)!+()+9!M=)()!9?6K?(!*6?9!B1:(8O)B!+:;89*=)(12!
,)*891:18B!19!)9:1;+:),!:8!)L2)),!:=)!9:)+,.[9:+:)!+`?+:12!2(1:12+6!68+,9!K8(!*N!Q4Q!+B,!R4"!
?B,)(!+:;89*=)(12!,)*891:18B!)9:1;+:),!K8(!#&&#4!!A1O?()!W4W!166?9:(+:)9!:=)!2=+BO)!1B!
M+:)(9=),!+()+!M=)()!:=)!9:)+,.[9:+:)!2(1:12+6!68+,!K8(!+!2(1:12+6!*N!8K!Q4Q!19!)L2)),),!+9!
,)*891:18B!2=+BO)9!K(8;!#&&#!:8!*(8d)2:!#&"S!6)H)694!!T1(2+!#&"S!,)*891:18B!19!*(8d)2:),!:8!
(),?2)!:=)!+()+!8K!:=)!K8()9:!+B,!+`?+:12!()98?(2)9!M=)()!:=)!9:)+,.[9:+:)!2(1:12+6!68+,!19!
)L2)),),!1B!+66!9:+:)9!YC+-6)!W4%Z4!!C=19!9?OO)9:9!+!*8:)B:1+6!K8(!+!%&c!(),?2:18B!1B!K8()9:!+B,!
+`?+:12!()98?(2)9!9?-d)2:!:8!28B:1B?),!,)O(+,+:18B!K(8;!+21,1K12+:18B!+9!+!()9?6:!8K!2?(()B:!!
+1(!*866?:18B!28B:(86!*(8O(+;94!!X=)()!)289.9:);9!=+H)!:(+B91:18B),!K(8;!)L2)),+B2)!:8!B8B[

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"P!I:!9:)+,.!9:+:)7!B1:(8O)B!,)*891:18B!,)*891:),!1B!)L2)99!8K!:=)!+BB?+6!O(8M:=!()`?1();)B:!M166!=+H)!
+22?;?6+:),!1B!:=)!9.9:);!,(1H1BO!:=)!T$E!(+:18!:8!:=)!B1:(1K12+:18B!(+BO)!Y9))!I-)(!):!+64!"\\S7!>+668M+.!):!+64!
#&&%7!U?1;):!):!+64!#&&QZ4!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$BG$

!
)L2)),+B2)!8K!:=)!2(1:12+6!68+,7!:=).!+()!61F)6.!:8!-)!1B!:=)!1B1:1+6!9:+O)9!8K!()28H)(.!Y;8,)9:!
9816!-+9)!9+:?(+:18B!1B2()+9)97!968M!1B2()+9)9!1B!9?(K+2)!M+:)(!IET!+B,!*NZ4!!R3-.$8-=15*)*1.$
M4((5$V-(1E$)3-$5)-480>5)4)-$/2*)*/4($(148O$4$505)-F$*5$-T=-/)-8$)1$V-,*.$)1$-A1(A-$)1E428$)3-$

/2*)*/4($)32-531(8$A4('-5Q!!N8M)H)(7!:=19!*(82)99!8K!()28H)(.!;+.!:+F)!+!68BO!:1;)7!)9*)21+66.!
M=)B!*(18(!,)*6):18B!=+9!-))B!)L:)B91H)!+B,!:=)!9:)+,.[9:+:)!-+9)!2+:18B!;+99!-+6+B2)!19!8B6.!
961O=:6.!*891:1H)4!!!
!

 
F*,'2-!\HOH!!09:1;+:),!2=+BO)9!-):M))B!#&&#!+B,!#&"S!1B!:=)!+;8?B:!8K!K8()9:),!+()+!M=)()!:=)!9:)+,.[9:+:)!
K8()9:!)289.9:);!2(1:12+6!68+,!8K!9?6K?(!*6?9!B1:(8O)B!19!)L2)),),4!!D6?)!9=+,1BO!1B,12+:)9!+()+9!M=)()!:=)!2(1:12+6!
68+,!M+9!)9:1;+:),!:8!-)!)L2)),),!1B!#&&#!-?:!19!B8:!*(8d)2:),!:8!-)!)L2)),),!1B!#&"S4!!<),!9=+,1BO!1B,12+:)9!
+()+9!M=)()!:=)!2(1:12+6!68+,!19!)9:1;+:),!:8!-)!)L2)),),!1B!-8:=!#&&#!+B,!#&"S4!!C=)()!+()!9?-9:+B:1+6!)9:1;+:),!
(),?2:18B9!1B!:=)!+()+!M=)()!:=)!2(1:12+6!68+,!19!)L2)),),!8H)(!:=)!*)(18,4!!G:1667!K8(!K8?(!8?:!8K!9)H)B!
E8(:=)+9:)(B!9:+:)97!+:;89*=)(12!,)*891:18B!8K!9?6K?(!*6?9!B1:(8O)B!M166!61F)6.!)L2)),!#&c!8K!K8()9:),!+()+!1B!
#&"S4!
!
!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$BH$

!
!

 
 
 
F*,'2-!\HbH!!X+:)(9=),!28B:(1-?:1BO!+()+9!M=)()!#&&#!9?6K?(!*6?9!B1:(8O)B!,)*891:18B!19!)9:1;+:),!:8!)L2)),!:=)!
9:)+,.[9:+:)!+`?+:12!)289.9:);!2(1:12+6!68+,!K8(!+!2(1:12+6!9?(K+2)!M+:)(!*N!8K!R4"W!Y.)668MZ!8(!Q4Q!Y(),Z4!VB!98;)!
+()+9!Y*1BFZ7!:=)!2(1:12+6!*N!8K!Q4Q!19!B8:!+::+1B+-6)!,?)!:8!68M!M)+:=)(1BO!(+:)97!=1O=!JUT!28B2)B:(+:18B97!8(!
1B:)B91H)!:1;-)(!=+(H)9:1BO!Y8(!+!28;-1B+:18B!8K!:=)9)!K+2:8(9Z4!
!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$BI$

!

 
 
F*,'2-!\H\H!!09:1;+:),!2=+BO)9!-):M))B!#&&#!+B,!#&"S!1B!:=)!+;8?B:!8K!28B:(1-?:1BO!M+:)(9=),!+()+!M=)()!:=)!
9:)+,.[9:+:)!+`?+:12!)289.9:);!2(1:12+6!68+,!8K!9?6K?(!*6?9!B1:(8O)B!K8(!+!2(1:12+6!*N!8K!Q4Q!19!)L2)),),4!!VB!98;)!
+()+9!Y*1BFZ7!:=)!2(1:12+6!*N!8K!Q4Q!19!B8:!+::+1B+-6)!,?)!:8!68M!M)+:=)(1BO!(+:)97!=1O=!JUT!28B2)B:(+:18B97!8(!
1B:)B91H)!:1;-)(!=+(H)9:1BO!Y8(!+!28;-1B+:18B!8K!:=)9)!K+2:8(9Z4!
!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$BJ$

!
!

=3D(-!\HOH!!')(2)B:!8K!M+:)(9=),!+()+!M1:=!+:;89*=)(12!,)*891:18B!8K!9?6K?(!*6?9!B1:(8O)B!1B!)L2)99!8K!)1:=)(!:=)!
K8()9:!8(!+`?+:12!)289.9:);!9:)+,.[9:+:)!2(1:12+6!68+,!K8(!:=)!#&&#!()K)()B2)!*)(18,!+B,!#&"S!+:;89*=)(12!
,)*891:18B!92)B+(184!
 
 
 

State 2002 2018 
Connecticut 7.1% 1.6% 
Maine 34.7% 28.8% 
Massachusetts 31.1% 18.0% 
New Hampshire 35.7% 18.1% 
New York 18.7% 11.8% 
Rhode Island 47.9% 36.1% 
Vermont 35.6% 23.9% 
   
Northeast Region 26.7% 18.4% 

!
!
!
!

C=)!()9?6:9!8K!:=19!+B+6.919!O)B)(+66.!+O())!M1:=!9*+:1+6!*+::)(B9!,)92(1-),!1B!)+(61)(!
9:?,1)9!Y)4O47!G:8,,+(,!):!+64!#&&%7!D?(B9!):!+64!#&&QZ7!M=12=!1B,12+:),!1B1:1+6!91OB9!8K!
()28H)(1BO!9?(K+2)!M+:)(!IET!+B,!*N!1B!:=)!I,1(8B,+2F!58?B:+1B9!()O18B!Y()6+:1H)6.!T+[(12=!
+B8(:=891:)!-),(82FZ!-?:!+!;8()!61;1:),!()28H)(.!1B!:=)!T+:9F166!58?B:+1B9!Y9+B,9:8B)7!-+9)[
*88(!O)868O.Z!+B,!B8!()28H)(.!1B!;?2=!8K!E)M!0BO6+B,!Y1B!+()+9!8K!6)99!-+9)[(12=!
;):+;8(*=12!(82F9!+B,!9+B,9:8B)Z4!!J1KK)()B2)9!1B!(+:)9!8K!-+9)!2+:18B!();8H+6!,?)!:8!:1;-)(!
=+(H)9:1BO!-):M))B!:=)!()O18B9!YC+-6)!W4"Z!+698!61F)6.!*6+.!+!91OB1K12+B:!(86)!1B!:=)!8-9)(H),!
9*+:1+6!*+::)(B9!8K!*(8d)2:),!()28H)(.!Y8(!6+2F!8K!()28H)(.Z4!
!

I()+9!1,)B:1K1),!1B!:=19!9:?,.!+9!*8991-6.!:(+B91:18B1BO!K(8;!+!9:+:)!8K!2(1:12+6!68+,!
)L2)),+B2)!:8!B8B[)L2)),+B2)!M8?6,!-)!O88,!682+:18B9!:8!K82?9!K?:?()!,+:+!2866)2:18B!+B,!
:1;)[9)(1)9!;8,)61BO!)KK8(:9!1B!8(,)(!:8!-)::)(!)H+6?+:)!:=)!61F)6.!:(+d)2:8(.!8K!()28H)(.4!!G?2=!
9:?,1)9!28?6,!,):)(;1B)!:=)!)L:)B:!8K!+,,1:18B+6!(),?2:18B9!1B!,)*891:18B!(+:)9!()`?1(),!:8!
()9:8()!9816!-+9)!9+:?(+:18B!8(!9?(K+2)!M+:)(!*N!:8!2(1:12+6!6)H)69!1B!+!()+98B+-6)!:1;)!K(+;)4!!
G1;16+(6.7!+()+9!M=)()!#&"S!,)*891:18B!19!61F)6.!:8!28B:1B?)!:8!)L2)),!:=)!2(1:12+6!68+,!+698!
9=8?6,!-)!:=)!K82?9!8K!,+:+!2866)2:18B!+B,!:1;)[9)(1)9!;8,)61BO!:8!+92)(:+1B!:=)!,)O())!8K!
K?(:=)(!,)O(+,+:18B!61F)6.!M1:=8?:!1;*6);)B:+:18B!8K!+,,1:18B+6!+1(!*866?:18B!28B:(8694!!C=)!
+()+9!M=)()!:=)!+-986?:)!H+6?)!8K!9:)+,.[9:+:)!2(1:12+6!68+,!)L2)),+B2)!19!9;+66!Y9))!
9?**6);)B:+6!;+:)(1+6Z!9=8?6,!-)!:=)!K82?9!8K!;8()!,):+16),!9:?,.!:8!`?+B:1K.!(19F!8K!
)289.9:);!=+(;!,?)!:8!9?6K?(!+B,!B1:(8O)B!,)*891:18B4!
!
! VB:)O(+:),!2(1:12+6!68+,!)L2)),+B2)!)9:1;+:)9!;+.!-)!,)(1H),!-.!2+62?6+:1BO!9)*+(+:)6.!
:=)!+`?+:12!+B,!:)(()9:(1+6!)L2)),+B2)!+B,!:=)B!28;-1B1BO!8(!-.!2+62?6+:1BO!:=)!)L2)),+B2)!
M1:=!()9*)2:!:8!+B!1B:)O(+:),!2(1:12+6!68+,!Y9))!+-8H)Z4!!!C+-6)!W4%!()*()9)B:9!+!91;*6)!K8(;!8K!
1B:)O(+:18B!k!:=)!2+9)!M=)()!)1:=)(!:=)!:)(()9:(1+6!8(!+`?+:12!2(1:12+6!68+,!Y()6+:1H)!:8!:=)!*N!
Q4Q!:+(O):Z!19!)L2)),),4!!I9!M1:=!2(1:12+6!68+,97!:=)()!+()!;?6:1*6)!M+.9!:8!28;-1B)!:=)!2(1:12+6!
68+,!)L2)),+B2)!)9:1;+:)94!!C=)!-)9:!2=812)!8K!28;-1B+:18B!;):=8,!19!,)*)B,)B:!8B!:=)!
`?)9:18B9!:8!-)!+,,()99),!-.!:=)!)B,[?9)(f9!+B+6.9194!
!



!"#$%$&'()*$+,-./0$!12)3-45)$62*)*/4($71485$"219-/)$:$;-/3.*/4($<-=12)$>$BK$

!
15./('7*5.7!

!
I1(!*866?:18B!28B:(86!*(8O(+;9!2?(()B:6.!)BH1918B),!+B,!1B[*6+2)!+()!61F)6.!:8!*(8,?2)!

+!(),?2:18B!1B!:=)!+()+!8K!K8()9:!+B,!+`?+:12!)289.9:);9!28B:1B?1BO!:8!-)!,)O(+,),!-.!9?6K?(!
+B,!B1:(8O)B!,)*891:18B4!!I()+9!:(+B91:18B1BO!K(8;!)L2)),+B2)!:8!B8B)L2)),+B2)!8K!:=)!
2(1:12+6!68+,!M166!61F)6.!8B6.!968M6.!1;*(8H)!O1H)B!:=)!9;+66!,1KK)()B2)!-):M))B!,)*891:18B!+B,!
:=)!9:)+,.[9:+:)!2(1:12+6!68+,4!!C=)!*(8d)2:!*(8,?2),!;+*9!YA1O?()9!W4%!:=(8?O=!W4WZ!1,)B:1K.1BO!
+()+9!M=)()!8-9)(H+:18B!*(8O(+;9!9=8?6,!-)!K82?9),!:8!9?**8(:!:1;)[9)(1)9!;8,)61BO!:8!
)H+6?+:)!K?:?()!:(+d)2:8(1)9!8K!2(1:12+6!)289.9:);!*(8*)(:1)94!!D)::)(!O)868O12!;+**1BO!+B,!
;8()!9+;*6)!2866)2:18B!:8!,)K1B)!;1B)(+68O.7!1;*(8H),!)9:1;+:)9!8K!9816!*+(+;):)(9!9?2=!+9!
,)*:=!+B,!:)L:?()7!+B,!1;*(8H),!9*+:1+6!;8,)61BO!8K!9?(K+2)!M+:)(!JUT!28?6,!1;*(8H)!K?:?()!
()O18B+6!+99)99;)B:94!
!
!
!
!

B-<-2-./-7!Q!$-/)*5.!\!

!
!
I-)(7!a47!X4!52J8M)667!34!E+,)6=8KK)(7!I4!5+O1667!>4!D)(B:98B7!54!3+;+F)+7!G4!52E?6:.7!X4!T?((1)7!

@4!<?9:+,47!+B,!V4!A)(B+B,)b4!!"\\S4!!X*15/*-./-4!PS/\#"[\%P4!
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8B!EIJ'!+B,!TIGCE0C!8-9)(H+:18B9!M1:=!%&[.)+(!B8(;+6!261;+:)!Y9))!I**)B,1L!E'GT@[CJ#+[
T8;*+(+:1H)IB+6.9194*,KZ4!!T5I]!*)(K8(;+B2)!+B,!0'If9!28(()2:18B!(8?:1B)9!=+H)!-))B!
8*:1;1b),!K8(!-8:=!:=)!B+:18B+6!;8,)6!,8;+1B!+B,!+!;?2=!6+(O)(!)+9:)(B!,8;+1B!:=+:!1B26?,)9!
:=)!51,[I:6+B:12!G:+:)94!!X=16)!T5I]!*)(K8(;+B2)!19!()+98B+-6)!M=)B!9?;;+(1b),!8H)(!:=)!
K?66!;8,)6!,8;+1B!8(!:=)!)+9:)(B!,8;+1B7!:=)()!+()!+()+9!8K!-)::)(!+B,!*88()(!;8,)6!
*)(K8(;+B2)4!!C=)!B8(:=)+9:)(B!^G!19!+B!+()+!M=)()!:=)!6)H)6!8K!,19+O());)B:!-):M))B!;8,)6!
8?:*?:!+B,!8-9)(H+:18B9!19!6+(O)!)B8?O=!:8!-)!91OB1K12+B:!M=)B!2+62?6+:1BO!2(1:12+6!68+,!
)L2)),+B2)94!!C=)!+**+()B:!;8,)6!-1+9!1B!:=)!B8(:=)+9:)(B!^G7!:-$)"&%/2&)1*#"&$%&2-"&8/%2"@2&
/0&7"6/.$2$/%&41*$1%8"&18*/..&2-"&%12$/%7!19!8K!:=)!9+;)!8(,)(!8K!;+OB1:?,)!+9!:=)!+B:121*+:),!
2=+BO)9!1B!E8(:=)+9:)(B!^G!,)*891:18B!()9?6:1BO!K(8;!:=)!28;-1B),!)KK)2:9!8K!TIV<7!A),)(+6!
A?)6!+B,!58:8(!m)=126)!'(8O(+;97!+B,!GV'94!!C=)()K8()7!:=)!*()9)B:!*(8d)2:!?9),!:=)!(+:18!8K!
E0GTI^5!Y#&&QZ!T5I]!()9?6:9!K8(!#&"S!()6+:1H)!:8!#&&#!;?6:1*61),!-.!:=)!#&&#!)9:1;+:)9!
O)B)(+:),!-.!:=)!N<J54!!C=19!+**(8+2=!*(8,?2),!,)*891:18B!)9:1;+:)9!M1:=!+!=1O=)(!K1,)61:.!:8!
:=)!8-9)(H),!;+OB1:?,)9!+B,!9*+:1+6!*+::)(B97!-?:!M1:=!1BK)()B2)!8B!:=)!9*+:1+6!,19:(1-?:18B!8K!
:=)!,1()2:18B!+B,!;+OB1:?,)!8K!2=+BO)!-.!#&"S!*(8H1,),!-.!:=)!T5I]!;8,)61BO4!
!
!
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!

!
!

!

!

F*,'2-!]HGH!!T8;+*+(198B!8K!E0GTI^5!Y#&&QZ!5IE0[m^!T5I]!)9:1;+:),!#&&#!,)*891:18B7!!0'I!T5I]!)9:1;+:),!
#&&#!,)*891:18B!Y<8--1BO!J)BB197!^G0'I!')(98B+6!T8;;?B12+:18BZ!+B,!EIJ'!8-9)(H),!,)*891:18B!K8(!:=)!
B8(:=)+9:)(B!^G4!!G))!I**)B,1L!E'GT@[CJ#+[T8;*+(+:1H)IB+6.9194*,K!K8(!K?(:=)(!,192?9918B!+B,!K1O?()94!
!
!
!
!

Comparison of CMAQ results with NADP observations 
 
Ratio of CMAQ run estimated deposition (kg/ha/y) to NADP observed deposition (kg/ha/y) 
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!
A./-2)3*.)0!*.!-/5707)-?!/2*)*/3(!)@2-7@5(6!L3('-7!

!
! C=)!2(1:12+6!68+,!8K!9?6K?(!j!B1:(8O)B!19!:=)!6)H)6!8K!,)*891:18B!-)68M!M=12=7!:8!:=)!-)9:!8K!
+H+16+-6)!FB8M6),O)7!B8!=+(;K?6!)2868O12+6!)KK)2:9!822?(!1B!+B!)289.9:);4!!T(1:12+6!68+,!
)9:1;+:)9!,)*)B,!8B!+!H+6?)!:)(;),!:=)!2(1:12+6!:=()9=86,4!!IK:)(!)L:)B91H)!,)61-)(+:18B!+B,!
1B:)(B+:18B+6!*))(!()H1)M7!:=)!E0>$0T'!A8()9:!G)B91:1H1:.!5+**1BO!VB1:1+:1H)!+,8*:),!+!K8()9:!
)289.9:);!9:)+,.[9:+:)!2(1:12+6!:=()9=86,!28(()9*8B,1BO!:8!+!28B,1:18B!8K!+66!B?:(1)B:!-+9)!
2+:18B!;+99!-+6+B2)9!)`?+6!:8!b)(8!YE0>$0T'!#&&"Z!+B,!:=19!:=()9=86,!H+6?)!M+9!+,8*:),!K8(!
:=)!*()9)B:!9:?,.4!!VK!:=)!9:)+,.[9:+:)!T+7!5O7!8(!3!;+99[-+6+B2)!19!B)O+:1H)7!:=19!1B,12+:)9!:=)!
)289.9:);!19!8B!+!*+:=!:8!(),?2),!2(1:12+6!B?:(1)B:!+H+16+-161:.!Y+!9:+:)!8K!B?:(1)B:!,)*6):18BZ4!!!
X=16)!:=19!:=()9=86,!9)6)2:18B!19!-+9),!8B!28B91,)(+-6)!:=)8():12+6!+B,!8-9)(H+:18B+6!)H1,)B2)!
Y9))!G)2:18B!%7!G2=+-)(O!):!+64!#&&"7!588()!+B,!U?1;):!#&&Q7!+B,!G2=+-)(O!):!+64!#&&RZ!K(8;!
B8(:=)+9:)(B!E8(:=!I;)(12+!+B,!=+9!-))B!+,8*:),!K8(!?9)!)69)M=)()!Y)4O4!E+9(!):!+64!#&"&Z7!1:!19!
*8991-6)!:=)!:=()9=86,!28?6,!?B,)()9:1;+:)!(19F!K8(!98;)!)289.9:);!28;*8B)B:94!
!

A8(!+`?+:12!)289.9:);9!9?-d)2:!:8!+21,1K12+:18B!-.!9?6K?(!+B,!B1:(8O)B7!:=)!*+(+;):)(!
;89:!8K:)B!()6+:),!:8!:=)!28B,1:18B!8K!F).!8(O+B19;!+B,!+`?+:12!)289.9:);!=)+6:=!19!*N!YVT'!
5+**1BO!5+B?+67!#&&P7!J?*8B:!):!+64!#&&WZ4!!A8(!=19:8(12+6!()+98B9!k!,?)!*(1;+(16.!:8!:=)!
28;*612+:18B9!+99821+:),!M1:=!;8,)61BO!JUT!Y,192?99),!-)68MZ!+!:+(O):!*N!2(1:12+6!:=()9=86,!
=+9!-))B!:(+B96+:),!:8!+!28(()9*8B,1BO!H+6?)!8K!:=)!+21,!B)?:(+61b1BO!2+*+21:.!:)(;),!:=)!IET!
61;1:!Y9))!,192?9918B!1B!J?*8B:!):!+64!#&&WZ4!!C=19!19!,8B)!-)2+?9)!:=)!2=+(O)[-+6+B2)!K8(;!8K!
:=)!+21,!B)?:(+61b1BO!2+*+21:.!Y9))!58()6!+B,!N)(1BO!"\\%Z!19!91;*6)(!:8!;8,)6!:=+B!*N!1B!+!
9:)+,.[9:+:)!28B:)L:!M1:=!61;1:),!,+:+!YVT'!5+**1BO!5+B?+6!#&&PZ4!!!X)!,)H)68*),!+B!
);*1(12+6!K?B2:18B!K(8;!:(+1B1BO!91:)!,+:+!()*()9)B:+:1H)!8K!:=)!()O18B!:8!()6+:)!*N!:8!2=+(O)[
-+6+B2)!IET!+B,!JUT!:=+:!)L*6+1B9!S&c!8K!H+(1+B2)!1B!*N!8-9)(H+:18B9!YA1O?()!Q4#7!9))!+698!
9)2:18B!P7!I**)B,1L!E'GT@[CJP+[JUT[28(()2:18B[8K[IET[61;1:4*,KZ4!!!^9)!8K!JUT!1B!
28Bd?B2:18B!M1:=!IET!(),?2)9!?B2)(:+1B:.!1B!*(),12:),!*N!YA1O?()!Q4#Z4!!N8M)H)(7!JUT!:=)B!
-)28;)9!+!;8,)6!*+(+;):)(!:=+:!B)),9!:8!-)!)9:1;+:),!K8(!()O18B+6!+99)99;)B:4!

!
I**(8L1;+:)6.!PQc!8K!H+(1+B2)!1B!:(+1B1BO!91:)!JUT!28B2)B:(+:18B!M+9!)L*6+1B),!-.!

:=)!-)9:!8-:+1B+-6)!()O18B+6!;8,)6!K8(!9?(K+2)!M+:)(!JUT!YI**)B,1L!E'GT@[CJP+[JUT[
28(()2:18B[8K[IET[61;1:4*,KZ4!!C=19!19!8B6.!#c!6)99!H+(1+B2)!:=+B!:=)!PSc!8K!H+(1+B2)!1B!
9?(K+2)!M+:)(!JUT!)L*6+1B),!-.!T+B=+;!):6!+64!Y#&&PZ!1B!:=)!I,1(8B,+2F!()O18B!?91BO!+!=1O=)(!
9*+:1+6!()986?:18B!Y"&!;!L!"&!;!O(1,Z!;8,)64!!T+B=+;!):!+64!Y#&&PZ!+2=)1)H),!+!961O=:6.!=1O=)(!
*(8*8(:18B!8K!H+(1+B2)!)L*6+1B),!YWWcZ!K8(!+!9+;*6)!8K!%WW!=)+,M+:)(9!6+F)9!8B6.4!!N8M)H)(!
:=)!+**(8*(1+:)!28;*+(198B!:8!:=)!*()9)B:!9:?,.!19!T+B=+;!):!+64f9!Y#&&PZ!)H+6?+:18B!8K!;8,)6!
*)(K8(;+B2)!8H)(!P#S!6+F)9!()*()9)B:1BO!=)+,M+:)(9!+B,!;8()!:.*12+6!28;*8?B,!Y;?6:1*6)!
6+F)9!2=+1B),!+68BO!K68M+O)!9.9:);9Z!6+F)97!M=12=!();+1B9!-1+9),!YS%c!=)+,M+:)(9!6+F)9!1B!
9+;*6)Z!:8!=)+,M+:)(9!Y91;*6)(Z!9.9:);94!!C=)!*()9)B:!9:?,.!28;*+()9!*(),12:18B9!+O+1B9:!
*(1;+(16.!28;*8?B,!6+F)9!+B,!9+;*6)9!K(8;!9:()+;!()+2=)94!!C=)()K8()7!:=)!6)H)6!8K!
)L*6+B+:18B!8K!H+(1+B2)!1B!JUT!)L*6+1B),!-.!:=)!2?(()B:!9:?,.!()*()9)B:9!:=)!2?(()B:!g9:+:)!8K!
:=)!921)B2)h!K8(!:=)!E8(:=)+9:!K8(!28;*8?B,!6+F)9!+B,!9:()+;!()+2=)94!!C=19!19!26)+(6.!+B!+()+!
M=)()!+,,1:18B+6!()9)+(2=!)KK8(:!9=8?6,!-)!K82?9),!:8!(),?2)!:=)!?B2)(:+1B:.!1B!2(1:12+6!68+,!
+B,!)L2)),+B2)!)9:1;+:)94!!!

!
I9!:=)!()O18B+61b),!JUT!)9:1;+:)!M+9!?9),!:8!+,d?9:!:=)!IET61;1:!:8!*(8,?2)!:=)!,)91(),!

:+(O):!*N7!?B2)(:+1B:.!1B!JUT!)9:1;+:)9!:(+B96+:)9!,1()2:6.!:8!?B2)(:+1B:.!1B!:=)!IET61;1:4!!
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!
A?(:=)(;8()7!JUT!28B2)B:(+:18B9!+()!FB8MB!:8!-)!H+(.1BO!M1:=!:1;)!+:!*()9)B:!1B!:=)!
E8(:=)+9:!Y58B:)1:=!):!+64!#&&RZ7!*(8-+-6.!+()!B8:!()*()9)B:+:1H)!8K!9:)+,.[9:+:)!JUT!
28B2)B:(+:18B94!!C=?97!?B2)(:+1B:.!1B!:=)!9:)+,.[9:+:)!2(1:12+6!68+,!*(),12:18B9!19!1B:(8,?2),!-.!
:=)!*8991-161:.!:=+:!:=)!+H+16+-6)!"\SP[#&&W!JUT!8-9)(H+:18B9!?9),!:8!O)B)(+:)!:=)!9*+:1+6!
;8,)6!8K!JUT!;+.!B8:!()K6)2:!:=)!68BO[:)(;!+H)(+O)!JUT!H+6?)97!:=)()K8()!?9)!()*()9)B:9!
Y91;16+(!:=)!=+(H)9:1BO!(+:)!9)6)2:18BZ!+!98;)M=+:!+(-1:(+(.!2=812)!K8(!9:)+,.!9:+:)!
28B,1:18B94!!!N8M)H)(7!9)B91:1H1:.!+B+6.919!1B,12+:),!8B6.!+!;1B8(!)KK)2:!8K!+!#Wc!,)2()+9)!1B!
JUT!8B!:=)!2?;?6+:1H)!K()`?)B2.!,19:(1-?:18B!8K!:=)!()9?6:9!Y9))!C+-6)9!P4"!+B,!P4#Z4!!C=)!
6+(O)!:);*8(+6!(+BO)!8K!JUT!8-9)(H+:18B9!61F)6.!28B:(1-?:)9!:8!?B)L*6+1B),!H+(1+B2)!1B!:=)!
9*+:1+6!;8,)6!8K!JUT!,)(1H),!K(8;!:=)!+H+16+-6)!8-9)(H+:18B94!
!
! VB!:=)!*()9)B:!9:?,.!2(1:12+6!*N!:=()9=86,9!M)()!9)6)2:),!-+9),!8B!O?1,+B2)!*(8H1,),!
-.!0'I!Y-+9),!8B!()2)B:!M8(F!-.!TIGITZ!+B,!28B9?6:+:18B!M1:=!:=)!;?6:1[+O)B2.!K?B,1BO!
O(8?*!1B!2866+-8(+:18B!M1:=!9:+:)!+1(!+B,!M+:)(!()98?(2)!+O)B21)94!!CM8!*N!:=()9=86,9!M)()!
)H+6?+:),4!!I!*N!8K!Q4Q!M+9!9)6)2:),!+9!+!:=()9=86,!*(8H1,1BO!*(8:)2:18B!:8!1;*8(:+B:!K19=!
9*)21)9!8K!1B:)()9:!Y9))!J(192866!):!+64!#&&"7!J?*8B:!):!+64!#&&WZ!M=16)!*N!R4"W!M+9!9)6)2:),!+9!+!
:=()9=86,!*(8H1,1BO!*(8:)2:18B!:8!I:6+B:12!9+6;8B!Y')((.!"\\&7!N+1B)9!):!+64!"\\&7!J166!):!+64!
#&&#Z!+B,!;+B.!9)B91:1H)!*6+BF:8B!9*)21)9!8K!:=)!()O18B!YJ1L1:!):!+64!"\\\Z4!!G8;)!
?B`?+B:1K1),!?B2)(:+1B:.!)L19:9!1B!:=)!+,)`?+2.!8K!:=)9)!:=()9=86,9!+9!:=).!M)()!);*1(12+66.!
,)(1H),!K(8;!9?-*8*?6+:18B9!8K!9?(K+2)!M+:)(9!K(8;!:=)!()O18B4!!C=)!()+,)(!19!)B28?(+O),!:8!
()H1)M!:=)!)L:)B91H)!,192?9918B9!1B!;+:)(1+69!,)H)68*),!-.!:=)!0'I!TIGIT!Y#&""Z!K8(!;8()!
1BK8(;+:18B!8B!2(1:12+6!:=()9=86,9!()6+:),!:8!-1868O12+6!28B,1:18B9!1B!+`?+:12!)289.9:);94!
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!
!
!

!

!

!
F*,'2-!]HNH!C=)!()6+:18B9=1*9!-):M))B!*N!+B,!I6F+61B1:.!+B,!2=+(O)[-+6+B2)!IET!Y:8*Z4!!<)O()9918B!;8,)6!K8(!
*N!+9!+!K?B2:18B!8K!TDIET7!JUT!+B,!JVT!Y-8::8;Z4!
!
!
!
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!

!
F*,'2-!]HOH!!'(),12:1H)!+-161:.!8K!:=)!()O18B+6!9?(K+2)!M+:)(!JUT!)9:1;+:)4!!U-9)(H),!H+6?)9!+()!K(8;!:=)!:(+1B1BO!
91:)!,+:+!9):!,)92(1-),!1B!E'GT@[CJP[I`?+:12[T@4*,K4!

!
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!

A./-2)3*.)*-7!/5??5.!)5!)-22-7)2*3(!3.6!3>'3)*/!/2*)*/3(!(5367!-7)*?3)-7!

!
! I9!-8:=!:)(()9:(1+6!+B,!+`?+:12!2(1:12+6!68+,9!)9:1;+:)9!()6.!8B!:=)!(88:[b8B)!9816!6+.)(!
;+99!-+6+B2)!Y9))!G)2:18B9!%!+B,!PZ!?B2)(:+1B:1)9!1B!28;*8B)B:9!8K!:=)!;+99!-+6+B2)!+KK)2:!
-8:=!2(1:12+6!68+,9!1B!:=)!9+;)!M+.4!!!!
!

I9!,)92(1-),!1B!,):+16!1B!:=)!I**)B,1L!E'GT@[CJ%-[D18;+99[0L:(+2:18B4*,K!:=)()!19!
28B91,)(+-6)!?B2)(:+1B:.!+99821+:),!M1:=!)9:1;+:)9!8K!-+9)!2+:18B!)L*8(:9!,?)!:8!=+(H)9:1BO4!!
C=)!?B2)(:+1B:.!*(1;+(16.!()9?6:9!K(8;!9:+:?:8(.!61;1:+:18B9!8B!+22)99!:8!^GJI!AVI!:1;-)(!
();8H+6!,+:+4!!I9!:1;-)(!();8H+6!,+:+!M)()!8B6.!+H+16+-6)!:8!:=)!*(8d)2:!+:!28?B:.!6)H)6!-.!
(8?O=!K8()9:!:.*)!+B,!6+B,!?9)!2+:)O8(1)97!:=)!;):=8,!K8(!,19:(1-?:1BO!:=)!28?B:.M1,)!+H)(+O)!
(+:)9!1;*+(:9!?B2)(:+1B:.4!!A?(:=)(;8()7!:=)!^GAG!AVI!2=+(+2:)(1b+:18B!8K!:1;-)(!();8H+69!
K(8;!1BH)B:8(.!M1:=8?:!,19:1B2:18B!:8!+!*)(18,12!();8H+6!K8(!()2?((1BO!=+(H)9:!8(!+!*)(;+B)B:!
();8H+6!,?)!:8!6+B,!,)H)68*;)B:!6)+,9!:8!+!61F)6.!*891:1H)!-1+9!1B!28?B:.[M1,)!)9:1;+:)9!8K!
g=+(H)9:h!();8H+694!!C=19!-1+9!19!61F)6.!O()+:)9:!1B!(+*1,6.!?(-+B1b1BO!+()+94!!>1H)B!:=+:!*+(2)6[
9*)21K12!;+B+O);)B:!1BK8(;+:18B!19!B8:!+H+16+-6)!8B!+!()O18B+6!92+6)7!:=)!+H)(+O)!();8H+6!(+:)!
K8(!+!O1H)B!2+:)O8(.!8K!6+B,!?9)!Y*(1H+:)7!*?-612Z!-.!K8()9:!:.*)!M+9!+991OB),!:8!)+2=!6+B,92+*)!
)6);)B:4!!G8;)!*+(2)69!M166!=+H)!;8()!+OO()991H)!2?::1BO!:=+B!8:=)(!*+(2)69!,?)!:8!,1KK)()B2)9!
1B!;+B+O);)B:!9:(+:)O1)9!+B,!M166!,1KK)(!K(8;!:=)!28?B:.M1,)!+H)(+O)97!:=?9!1;*+(:1BO!
28B91,)(+-6)!?B2)(:+1B:.!+:!:=)!682+6!*+(2)6!92+6)4!!C=)!)B,!?9)(!8K!:=19!+99)99;)B:!
1BK8(;+:18B!:=+:!19!1B:)()9:),!1B!;+B+O);)B:!8K!+!9*)21K12!*+(2)6!19!)B28?(+O),!:8!28;*+()!
M=+:!19!FB8MB!+-8?:!*+(2)6[9*)21K12!;+B+O);)B:!=19:8(.!+B,!*6+B9!:8!:=)!28?B:.M1,)!
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Koseva et al. (2010) affirmed the utility of the PROFILE modeling approach used in this 

study to estimate weathering rates.  Koseva et al. (2010) and many other studies make clear the 
importance of providing PROFILE with representative mineral compositions in order to obtain the 
best estimates of weathering rates.  The method employed in the current study takes into account 
glacial redistribution of bedrock mineralogy, thus reducing uncertainty over methods dependent on 
bedrock mineralogy alone or in combination with soil textural data.  Koseva et al. (2010) point out 
the significant errors and bias that accompanies the often-used soil textural analysis approach (STA) 
in comparison to a PROFILE-based approach.  As described in detail in Section 3, the metamorphic 
geology of New England generates many base-poor, but clay-rich soils, confounding the standard 
STA calibrations.   Nevertheless, some uncertainty must be attributed to errors in geologic mapping, 
sub map scale bedrock variations and lack of samples to populate the bedrock mineralogy database 
(see detailed discussion in Section 3).  Lack of funding also limited bedrock sample collection in 
New York relative the effort conducted in New England resulting in lower confidence in bedrock 
mineralogy estimates for New York.  Lack of funding limited field calibration of the glacial 
redistribution model beyond Vermont.  Therefore, all of New England and New York was modeled 
using the Vermont based glacial dispersion calibration. 

 
Considerable uncertainty in soil depth and texture estimates resulted from use of the 

STATSGO soil database (see Section 3 and Li and McNulty 2007).!
!
!
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Comparative analysis of MANE-VU 2002 Simulation with EPA NERL CMAQ 2002 Simulation 
Internal Documentation for Mult-Agency Eastern Critical Loads Project Deposition Estimates 
 
Prepared by: 
Eric K. Miller, Ecosystems Research Group, Ltd.  
In consultation with John Graham, NESCAUM 
 
5/21/2009 
 
 
All comparisons are made with annual deposition provided in kg/ha. 
 
EPA NERL CMAQ 2002 provided by Robin Dennis and is “precip corrected bias adjusted”. 
 

The bias adjustment for sulfur has one step (first step) and the bias 
adjustment for nitrate and ammonium has two steps.  The first step is to 
multiply the CMAQ deposition by the ratio of PRISM-to-MM5 precipitation. 
This would be like adjusting the wet concentration fields from CMAQ. 
The second step is to compare these precipitation-adjusted data to NADP 
data across the eastern US, identify the degree of bias, and come up 
with a single multiplicative factor that will remove this regional bias 
(on average - there will still be scatter due to errors in emissions, 
etc.).  This second step covers the entire eastern US.  It is not 
specific to the NE. 
 
This is a work in progress and there is as of yet no formal 
documentation.  Kristen can get you the MM5 and PRISM data that we used 
for you to better understand.  I'm having problems with a server and 
can't get you the bias correction numbers yet for step two.  What we 
found is that the step two bias for sulfate was negligible and not worth 
bothering about.  That is why sulfur only goes through one "correction" 
step. 

 
 
MANE-VU CMAQ 2002 was provided by John Graham at NESCAUM. 

 
The MANE-VU CMAQ run used MM5 data provided by EPA (we think it is the same version 

as EPA used).  However the emissions inventory was different taking into account SIPs.  There were 
no other corrections made to the data. 
 
 
 
 



Comparison of CMAQ results with NADP observations 
 
Ratio of CMAQ run estimated deposition (kg/ha/y) to NADP observed deposition (kg/ha/y) 

 
 

  



 
 
 
 
Summary of comparison with NADP observations 
 
The MANE-VU simulation is in better agreement with Northeast NADP observations than the EPA 
simulation. 
 
Both simulations were reasonably well correlated with NADP observations. 
 
The simulations were better correlated with each other than with the NADP observations. 
 
There appears to be something about the 12km PRISM/MM5 precipitation amount ratio correction that 
is skewing the Northeast low for sulfate. 
 
The largest deviations between the two simulations were for NO3 with MANE-VU averaging 2.6X 
EPA.  Still the MANE-VU simulation averaged about 0.65 X the NADP observations. 



  
 



Wet Deposition of Reduced N (NH4) 
Ratio of MANE-VU/EPA RUN 2002  Correlation of MANE-VU with EPA RUN 2002 

 
 
Wet Deposition of Oxidized N (NO3) 
Ratio of MANE-VU/EPA RUN 2002  Correlation of MANE-VU with EPA RUN 2002 

 
 
Wet Deposition of S 
Ratio of MANE-VU/EPA RUN 2002  Correlation of MANE-VU with EPA RUN 2002 
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Documentation of Methods for Producing the NY Biomass Extraction Rate Layer 
 
Eric K. Miller, Ecosystems Research Group, Ltd. 
 
 
Purpose and Limitations 
 

This raster data layer was developed to provide a rough representation of the spatial 
distribution of recent biomass extraction rates1 in New York.  The New York analysis followed the 
same methods employed previously in the NEG/ECP project for the New England States 
(NEG/ECP 2001, Miller 2006).  The process is documented here with examples from Vermont.  
The primary difference between the NY and VT data layer development was that timber removal 
data were retrieved directly from the USFS FIA system (http://www.fia.fs.fed.us/tools-data/) rather 
than provided by the state department of forestry.  The biomass extraction rates are used 
together with localized biomass and nutrient content estimates (developed separately, see Pardo 
et al. 2005) to estimate the quantities of nutrients exported as the result of timber harvest.  It is 
important to include this term of the nutrient mass balance equations in order to calculate critical 
loads that will adequately protect the working forest. 
 

This is a highly generalized representation of recent biomass extraction rates. There are 
many limitations to the use of this data layer.  This data layer is not intended to provide site-
specific information.  It is intended as a reasonable estimate of the spatial apportionment of the 
inferred harvest as a percentage of the estimated biomass inventory, accounting for differential 
extraction rates by county, land-ownership class, and forest type.  There is no reason to expect 
that recent extraction rates are representative of the long-term average rates of extraction that 
would be most appropriate for steady-state critical loads modeling.  Thus the end user of these 
data and of the critical loads assessment is advised to compare their knowledge of forest 
management in parcels or regions of interest with the estimates provided here.  Improvements in 
local critical loads estimates can be made by recalculating the mass balances with better-
constrained local data. 
 
 
 
Forest Inventory and Harvest Data 
 
New York Specifics 

Please note, the example method of development is described below with reference to 
VT.  NY data were obtained directly from the USFS FIA system (http://www.fia.fs.fed.us/tools-
data/).  The period 2003-2006 was the most recent available survey period at the time of access. 
 
Vermont Example 

Bob DeGeus at the Vermont Agency of Natural Resources, Forests Parks and 
Recreation provided a data summary using NEFIA’s forest inventory information and FP&R’s 
Annual Harvest Report.  The data were summarized by county, with Grand Isle County and 
Franklin County being combined, rather than calculated independently. 
 
The data available were:  

• The total estimated living biomass inventory on forests on all forest lands (1997). 
• The annual harvest extraction of biomass from both public and private lands (averaged 

1998-2000).  Bob felt that the 1998-2000 period was reasonably representative of 
conditions today.  These data were tabulated by “softwood” and “hardwood” extractions 
(Table 1). 

 
                                                
1 In this document the term “extraction-rate” refers to the fraction of living biomass removed via 
harvesting activities per year. 
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Table 1. Biomass inventory (1997), Annual Harvest (1998-2000) and Extraction Rates by County.  
Note: Grand Isle figures are included with Franklin County.  From VTANR FP&R. 

 
 
 
 
Spatial Data:  Land-Ownership and Forest-Type Classifications 
 
New York Specifics 

GIS coverages of public land ownership was obtained from the NY State GIS Clearing 
House and classification was interpreted in terms of cut allowed and no cut areas following the 
NYDEC land classification system (http://www.dec.ny.gov/outdoor/7811.html).  There was no 
state-wide coverage of private preserved lands available. 
 
Vermont Example 

Sandy Wilmot (VTANR, FP&R) provided a GIS coverage identifying the West Mountain 
Core Preserve in the former Champion Lands.  She also provided a layer of no-cut stream 
corridor buffer zones for the areas under management by Essex Timber.  VMC provided a 
coverage for the Lye Brook Wilderness Area.  All of these areas were considered “no-cut”. 
 

VCGI provided a GIS-coverage of private preserved lands (subset of private conservation 
lands).  These areas were considered “no-cut”.  ERG analyzed the VT DEM to identify all areas 
above 2500 feet in elevation.  These areas were considered to be “no-cut”. 
 

VCGI provided a GIS-coverage identifying all public (State and Federal) lands as well as 
VT county boundaries. 
 

The USGS/USEPA National Land Cover Data (NLCD) were used to identify softwood, 
hardwood, and mixed forest lands (to be consistent with ERG’s more specific forest-type 
coverage). 
 
 
Approach 
 

The no-cut areas were assembled into a single coverage.  
  

The no-cut coverage was subtracted from the public-lands coverage.  The remaining 
public areas were assumed to allow harvesting. 
 

The no-cut and public lands coverages were subtracted from the full forest coverage.  
The remaining forest areas were assumed to be privately-owned lands potentially available for 
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harvesting. 
 

The areas of each land-ownership (no-cut, public, private) by forest-type (softwood, 
hardwood, mixedwood) were determined by cross-tabulation (Table 2). 

 
 

 
Table 2.  Forested land-area (ha) by ownership-forest-type class by county. 

 
 
 
 
 

Because the extraction rates provided by VTANR FP&R are tabulated for 2 classes of 
wood (softwood and hardwood) and the forest land area is classified into three classes (softwood, 
hardwood, and mixed wood), it was necessary to apportion the mixed wood areas into fractions of 
softwood and hardwood.  For lack of better information, the mixed wood areas were assumed to 
be 50% hardwood and 50% softwood. 
 

Both the biomass inventory and annual harvest were then apportioned according to the 
percentage of forested area by type (softwood or hardwood) and ownership-class within each 
county (Table 3).  The preserve or no-cut class was assigned its portion of the forest inventory, 
but no portion of the harvest.  Bob DeGeus at the Vermont Agency of Natural Resources, Forests 
Parks and Recreation indicated that extraction rates on public lands are 1/2 to 1/3 the rate of 
extraction on private lands.  In order to account for this known differential, the harvest rate on 
public land was taken to be ! the rate over all land ownership classes (because private lands 
represent the vast majority of the total harvestable land area).  The harvest rate for privately held 
lands was increased appropriately so that the total harvest from public and private land areas 
equaled the known county harvest. 
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Table 3.  Fraction of forested area by ownership-forest-type class.  Note: Grand Isle figures are 
included with Franklin County. 

 
 
 

With this apportionment, extraction rates were calculated by forest-type and ownership 
class within each county (Table 4).  The mixed wood extraction rate was taken to be the 
inventory-weighted average of the softwood and hardwood extraction rates. 
 
 
Table 4.  Percentage of living biomass inventory removed by harvest by ownership-forest-type class 
and county.  Note: Grand Isle and Franklin Counties were lumped for analysis and therefore have the 
same rates of extraction. 

 
 
 

The county-aggregate extraction rates by land-ownership class and forest type were then 
assigned to cover the full county area (Figure 1: example using publicly owned hardwood rates). 
 

To remove the hard edges (large apparent differentials in extraction rates) at county 
boundaries, the following process was employed.  This process was undertaken to try to 
represent a more gradual transition in harvesting practices across county lines.  Such a transitiont 
might be more similar to the situation on the ground than the hard-bounded county aggregate 
data.  This estimate is clearly arbitrary, as we lack information at higher spatial resolutions.  
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However, it is common sense that the extraction rates do not change abruptly at the county 
boundaries. 

1. Four-hundred systematic sample points were used to sample the extraction rates on a 
regular grid across the VT image. 

2. These sample point values were interpolated using the 6-nearest neighbors with a 
distance-weighting exponent of 1.0 at a resolution of 167x312 (10X less than the native 
image resolution).  This produced a reasonably smooth interpolated image with minor 
artifacts (Figure 2).   

3. A 7x7 mean (low-pass) filter was applied to produce the final image (Figure 3).   
4. These images were resampled to 30x30m resolution for combination with the land-

ownership x forest-type class masks. 
 

The smoothed/filtered extraction rate images were multiplied by the corresponding mask for 
each land-ownership x forest-type class.  These images were then concatenated (sequentially 
overlaid) to form the full regional biomass extraction-rate layer (Figure 4). 
 
 
Tests for consistency of the regionalized ownership-forest-type generalizations with the 
FP&R survey and USFS FIA data 
 

A simple test was conducted to be sure the regionalized ownership-forest-type 
generalization did not seriously distort the state-wide biomass extraction rate as indicated by the 
FP&R survey data.   
 

The state-wide average biomass extraction rate determined from the FP&R survey data 
(after excluding the inventory we estimated to be associated with “no-cut” preserve areas) is 
0.93%.  This value was determined by summing the softwood and hardwood harvest and dividing 
by the total living biomass inventory (excluding the no-cut inventory) for the whole state.   
 

The average fractional biomass extraction rate computed from the regionalized 
ownership-forest-type generalization was 0.90%.  This value was determined by taking the spatial 
average of all the values in figure 4.  The spatial representation in figure 4 appears to be in good 
agreement with underlying data and no serious distortion was introduced by the spatial 
generalization process. 
 

The amount of timberland area estimated using the 1991-1993 NLCD was 3.5% less than 
FIA’s estimate of timberland area for 1997.  The 1997 FP&R inventory figures are 6.0% less than 
an estimate using the NLCD timberland area and the mean above-ground biomass densities for 
softwoods and hardwoods for the Northeast-FIA region of Smith et al. (2002).  Considering the 
differences in methodology and dates related to these estimates, they are in reasonable 
agreement.  FIA is not currently publishing harvest estimates for Vermont. 
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Figure 1.  Biomass extraction (% inventory 
per year) of hardwoods on publicly-owned 
lands by county. 

 
 
Figure 3.  Low-pass filter of figure 2. 

 
 
Figure 2.  Interpolated surface representing 
biomass extraction (% inventory per year) of 
hardwoods on publicly-owned lands by 
county. 

 
Figure 4.  Biomass extraction (% inventory 
per year) apportioned by ownership-class and 
forest-type.
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Extracted biomass apportionment by tree component 
 

A forester stakeholder group and individual consultations indicated that tree component 
utilization is difficult to assess.  The general sense of those consulted is that practices and market 
conditions in Vermont (in 2000) were heavily weighted to saw-log only extraction.  For the 
purposes of the study we assumed all of the biomass extracted is in the form of saw-logs 
(including bark) and therefore will be extracted from the live bole and bark biomass inventory for 
the purpose nutrient export calculations.  The utilization scheme could be improved in subsequent 
work.  Future scenarios involving significant utilization of slash to be chipped for biomass fuel 
would result in different (likely higher) nutrient extraction rates. 
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Northeastern U.S. Atlas of Mineralogy and Geochemistry 
 
 
 

Introduction 
 
The Northeastern U.S. Atlas of Mineralogy and Geochemistry (NUSAMG) is a compilation of 
data obtained from over 650 published journals, bulletins and professional papers, publications 
from individual state geological surveys, academic theses, and from personal communication 
with geological researchers.  Given the varied nature of scientific research interests, it was 
uncommon for a single resource to contain all of the data we sought for a single rock unit.  Thus, 
there are information gaps within NUSAMG that are due to research that did not fully address our 
needs, a general lack of research, or our inability to locate suitable research publications.   
 
 

Geological Terminology 
 
NUSAMG is a compilation of mineralogical and geochemical data for 
most bedrock types in the northeastern U.S., including the states of Maine, 
New Hampshire, Vermont, Massachusetts, Connecticut, Rhode Island and 
New York.  Over 1,300 geological units are represented within the 
northeast. 
          
To begin compiling data for NUSAMG we identified the names and rock 
type of each individual bedrock unit. We did this on a state-by-state basis 
using each state’s Bedrock Geological Map.  Bedrock Geological Maps 
categorize each rock unit as being part of a Group, Formation, Member, 
a combination of various Formations or Members, or as a Series.  
Definitions of these terms are as follows:   
 
 

Group (Gp) -  Two or more successive Formations, related by lithology or by 
position with reference to unconformities, may be assembled as a 
Group (Krumbein & Sloss, 1963). 

  
Formation (Fm) -  A body of rock strata that consists dominantly of a certain 

lithologic type or combination of types (Bates & Jackson, 1984).  
Formations must be of a definite lithologic composition (or 
interbedded/ intergraded successions of lithologic types), show 
observable lithologic separation from adjacent units above and 
below, and they must be traceable from exposure to exposure 
(Krumbein & Sloss, 1963). 

 
Member (Mbr) -  A lithostratigraphic unit of subordinate rank, comprising some 

specially developed part of a Formation (Bates & Jackson, 1984).  
Members may be recognized and utilized in only part of the area 
of distribution of a Formation (Krumbein & Sloss, 1963). 

  
Series – [This is a]…term often misused for an assemblage of formations, esp. in the 

Precambrian.” (Bates & Jackson, 1984).  Use of the word “Group” would likely be 
more appropriate in the case of various igneous rock Series in the northeast. 

Number of Bedrock Units per 
Northeastern State* 

 
Maine    340 
Massachusetts    312 
New York   177 
New Hampshire    152 
Connecticut  137 
Vermont    130 
Rhode Island      60 
 
* As identified on the Bedrock Geological 
Maps for each state. 
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Many of the Bedrock Geological Maps contain areas of uncertainty as to the underlying bedrock 
type.  In some instances a rock unit may be labeled as “unknown” and it is assumed that 
insufficient mapping or research has been performed to suitably identify the rock type.  Some 
areas are mapped as being covered with glacial or alluvial deposits and therefore the underlying 
bedrock is unknown.  Other areas are mapped with bedrock described as consisting of 
“undivided” Formations or Members. 
 
 
Geological Unit Name Changes 
 
Over the years the names of bedrock units are often changed, or combined with others in an 
attempt to better represent the apparent geologic setting.  We encountered many readily apparent 
bedrock unit name changes during the research for NUSAMG.  However, other changes tended to 
be more subtle, such as re-mapping projects that resulted in a different areal extent of the bedrock 
unit; splitting a unit into two or more separate units with new names; or lumping several units 
into new designations, each with a different areal extent.  In each of these situations we made an 
effort to identify both the former and current unit names within the database, and make notes 
regarding the nature of the changes. 
 
 

Bedrock Geologic Maps 
 
For each state we obtained the most 
recent Bedrock Geologic Map.  Most 
state Geological and/or Natural History 
Surveys also provided lists of state 
geological publications.  In addition, 
ERG obtained electronic copies of each 
map, along with parameters for individual 
digitized bedrock unit polygons.  Rock 
unit names presented on the Bedrock 
Geologic Maps were transferred directly 
into a blank database.   
 
 

Geological Reference Materials 
 
We initially reviewed lists of publications offered by each state Geological Survey.  Most of these 
publications were very helpful in providing a thorough overview of the regional and local 
geology.  These documents typically contained verbal descriptions of rock units, often 
accompanied by data including modal abundances of mineral phases. 
 
The scope of our search for additional materials widened to peer-reviewed journal publications, 
academic theses, and other publications (e.g., U.S. Geological Survey [USGS, Geological Society 
of America [GSA], and others). We identified these reference materials primarily using the 
internet search engines GeoRef.cos.com and GeoBase.  Several searches for reference materials 
using both GeoRef and GeoBase suggested that GeoRef tended to locate more reference articles 
than GeoBase.   
 

Bedrock Geologic Maps used for NUSAMG 
 
Connecticut – Bedrock Geological Map of Connecticut, 1985 
Maine –   Bedrock Geologic Map of Maine, 1985 
Massachusetts – Geologic Map of Massachusetts, 1983 
New Hampshire – Bedrock Geologic Map of New Hampshire, 1997 
New York – Geologic Map of New York, 1970 (reprinted 1995) 
Rhode Island – Bedrock Geologic Map of Rhode Island, 1994 
Vermont – Centennial Geologic Map of Vermont, 1961 
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Internet searches were performed as follows.  For each rock unit (Group, Formation, or Member) 
identified on the state Bedrock Geological Map, we first searched using two descriptors - the unit 
name followed by the state (e.g., Hazens Notch Formation, Vermont).  If necessary, a third 
descriptor (typically “petrology”, “mineralogy”, or “geochemistry”) was used to refine the focus 
of the search.  However, if GeoRef located fewer than two or three references, we altered the 
search parameters by leaving out descriptors such as “Formation”, “Member”, or the state name.  
In many instances, typically for areally limited Members, when GeoRef was unable to locate any 
reference materials we then performed an additional search using GeoBase.   
 
Searches were conducted for each rock unit listed on a Bedrock Geologic Map.  In some cases 
this included searching both a Group and a corresponding Formation included within that same 
Group.  For example, in the Hudson, New York region, separate searches were performed for 
both “Hamilton Group” and “Portland Point shale”, even though the Portland Point shale is a unit 
enveloped within the Hamilton Group.     
 
Each list of potential resource materials obtained by the GeoRef or GeoBase search engines was 
archived electronically and later reviewed for relevancy to this project.   
 
 
Data Sources 
 
Mineralogical, geochemical, and stratigraphic data were obtained from several types of sources 
including articles from refereed journals, bulletins and professional papers, publications from 
individual state geological surveys, academic theses, personal communication, and our own field 
sampling.   

 

Journals used in NUSAMG 
 
Alcheringa       American Journal of Science  
American Mineralogist      Canadian Journal of Earth Sciences  
Canadian Mineralogist      Chemical Geology    
Contributions to Mineralogy and Petrology    Earth and Planetary Science Letters  
Economic Geology       Geochimica et Cosmochimica Acta  
Geology        Geological Society of London  
Journal of Metamorphic Geology    Journal of the Nature  
Journal of Paleontology     Journal of Petrology  
Journal of Sedimentary Petrology    Journal of Structural Geology 
Keck Symposium in Geology     Marine Geology 
Mineralogical Magazine     Northeastern Geology 
Northeastern Geology and Environmental Sciences  Oil & Gas Journal   
Organic Geochemistry        
Palaeogeography, Palaeoclimatology, Palaeoecology  Palaios    
PreCambrian Research     Rocks & Minerals   
Science       Sedimentary Geology  
Sedimentology  
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We also obtained detailed mineralogical and geochemical information from the following 
sources: 

1. Ph.D. dissertations, M.S./M.A theses., and B.S./B.A. theses.  Typically, photocopies of 
theses were obtained through InterLibrary Loan; 

2. Personal communication.  Data for the Iberville shale in Vermont were obtained through 
personal communication with Dr. Helen Mango, a professor of geology at Castleton State 
College in Castleton, Vermont;  

3. Some limited data were obtained from published abstracts, such as the Geological 
Society of America - Abstracts with Programs; and 

4. In Maine, New Hampshire, and Vermont there were several rock units for which we were 
unable to locate published modal or geochemical data.  For these units we collected hand 
samples and performed rock thin section point counts.  Using state Bedrock Geological 
Maps to verify sampling locations, we collected fresh hand samples.  Mineral Optics of 
Wilder, Vermont prepared thin sections from the samples.  Richard Ziegler provided a 
verbal description of the samples, and performed manual thin section point count 
analyses using a Leitz petrographic microscope with mechanical stage.  The data 
collected for these units are included in the database. 

 
Most articles, bulletins, and abstracts were located and photocopied  in the University of 
Minnesota, Walter Library (Science & Engineering Library) located at 117 Pleasant Street SE in 
Minneapolis, MN.  Paper copies of photocopied reference materials are on file.   
 
 
 
 
 
 
 
 

Bulletins and Reports used in NUSAMG 
 

AAPG Bulletin 
EOS – Transactions of the American Geophysical Union 
Geological Society of America-Abstracts with Programs 
Geological Society of America- Bulletin 
Geological Society of America-Special Paper 
Maine Geological Survey- Bulletin 
Maine Geological Survey-Geologic Map Series 
New Hampshire Dept. of Resources and Economic Development – Bulletin 
New York State Museum- Bulletin 
New York State Museum- Map and Chart Series 
State Geological and Natural History Survey of Connecticut 
University of Massachusetts, Amherst- Contribution 
U.S. Geological Survey-Bulletin 
U.S. Geological Survey- Circular 
U.S. Geological Survey- Open-File Report 
U.S. Geological Survey- Professional Paper 
Vermont Geological Survey-Bulletin 
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Geological Reference Management 
 
As we gathered reference materials each article was logged into a Master Reference List (see 
Appendix A) under a heading of  “Article”,  “Bulletin or Professional Paper”,  “Thesis or 
Dissertation”, or “Abstract”.   Each heading is subdivided by state.   
 
Each entry in the “Article” heading was assigned an identification tag typically consisting of the 
state abbreviation followed by a number (e.g., NH–16).  The exception is articles collected for the 
state of Vermont; each Vermont article identification tag consists of only a number.  
Identification tags for entries in the “Bulletin / Professional Paper” heading consist of the state 
abbreviation, followed by “B”, and then a number (e.g., VT-B-20).   Likewise, 
theses/dissertations are identified by state abbreviation, a “T”, and a number (e.g., NY-T-32), and 
abstracts are identified by the state abbreviation, “A”, and a number (e.g., CT-A-3).   
 
NUSAMG began as a pilot study within the state of Vermont, and continued through the New 
England states and New York.  At times we have inadvertently gathered, logged, and numbered 
reference sources that were duplicates of references used earlier in another state. Duplicate 
sources are labeled with each identification tag that was assigned to them (i.e., MA-B-14 / RI-B-
12). 
 
Information contained within the Master Reference List includes the title, author(s) name, year of 
publication, journal of publication, volume, issue, and page numbers.  In addition, we list the 
names of all rock units included within each reference source. 
 
 

 
 

Geological Data 
 
We reviewed each reference source for mineralogical, modal abundance, or bulk rock 
geochemical data, and additional information regarding sampling locations and descriptions of 
rock units.  Some source articles listed in the Master Reference List were not used for NUSAMG; 
these sources either provided redundant or insufficient information as follows:   

! Redundant information typically included data from samples collected at an outcrop or 
locale for which we already had similar or more complete data.  However, in order to 
adequately represent the variability of a rock type we do often present data from multiple 
samples at the same outcrop; and 

! Sources deemed to contain insufficient information usually did not contain modal or 
geochemical data, or did not present detailed descriptions suitable for differentiating 
between rock types.  

 
There were some rock units for which we were either unable to locate reference sources or we did 
not pursue detailed information.  In most cases there is undoubtedly information available 
somewhere –we were just unable to locate it in a timely manner.  We did not seek detailed 
geological information for rock units that were clearly limestone and dolomite.  However, we did 
search for data on rock units that consisted of intercalated carbonate and non-carbonate layers, 
and we did include any data available for primarily carbonate rock units.   
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Rock units for which we did not find either mineralogical or geochemical data are identified in 
the database, and were assigned either a general “description” (and approximate mineralogy) of 
the specific rock type, or actual mineralogical data for a very similar rock type found elsewhere in 
the northeast.  Details including the source of the general rock type description and the location 
and rock type of the representative sample are presented in the database.   
 
Mapping and Sampling Locations 

Most sources that contained mineralogical, modal, or bulk rock data provided clear notations of 
sampling locations either by a map, by listing latitude and longitude coordinates, or by providing 
a verbal description.  Sample locations provided in reference sources were either compared to 
digital and/or paper copies of the Bedrock Geologic Map visually, or by using the topographic 
mapping software TopoUSA.  As could be expected, there were often discrepancies such as: 
 

1. Slight latitudinal / longitudinal offsets in comparison to the digital Bedrock 
Geologic Map, likely an artifact of the digitizing process.   

We accounted for this by keeping the actual sample location in the same relative 
location within the polygon on the digitized map; 

2. Mapping / plotting errors likely introduced primarily due to authors 
focusing on the geology of an area at the quadrangle-scale, versus Geologic 
Bedrock Map editors focusing on the geology at a statewide scale.   

We made notations in the database that indicate this kind of problem and explain 
that error is likely due to the mapping scale; 

3. Rare lack of agreement between reference source authors and Geologic 
Bedrock Map editors for bedrock unit names. 

We noted this type of error in the database, and noted both bedrock unit names;  

4. Poor or vague verbal descriptions of sampling locations, or reference to 
landmarks that no longer exist. 

We used TopoUSA and any other clues provided in the source text to estimate 
sample locations.  We typically noted uncertainties in sample locations in the 
database; and 

5. Individual bedrock polygons on the digital Bedrock Geologic Map that had 
been mislabeled. 

We confirmed the correct labeling of each mislabeled polygon on the digital 
Bedrock Geologic Map and made appropriate corrections to the digital file.   

 

Many sources did not provide discrete sampling information, but instead provided a general rock 
type description(s) for an entire quadrangle or region.  In general these documents can be grouped 
into three categories as follows: 

1. The document presented a verbal description of each rock unit, perhaps 
accompanied by a notation of one or two locations of a representative 
outcrop.   

With these sources we did our best to identify the general area of the mentioned 
outcrops using TopoUSA, confirmed that the outcrop areas were within the 
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desired rock unit as mapped on the Bedrock Geologic Map, and then used these 
locations as “sample” locations;  

2. The source provided only verbal descriptions of bedrock units. 

With no indication of either sample or outcrop locations, we arbitrarily chose 
latitude and longitude coordinates within the appropriate rock unit area.  
Arbitrary coordinates are noted as such within the database; and  

3. In rare instances a reference source contained data collected from rock 
samples but with no indication of sample numbers or sampling locations.  

As noted above, with no mention of sampling locations we arbitrarily chose a 
coordinate within the appropriate rock unit area, and made notes accordingly 
within the database. 

 

Latitude / Longitude 

All sample locations in the database include coordinates for latitude and longitude.  Very few 
reference sources provided actual latitude and longitude coordinates.  Most coordinates were 
listed in a degrees-minutes format, which we converted to decimal degrees.  Otherwise, most 
sampling locations were either identified on a map, or with written verbal descriptions.  We used 
the provided sample maps/verbal descriptions, the Bedrock Geologic Map, and TopoUSA 
software to estimate the sampling location, and then estimated the latitude and longitude 
coordinates. 

 

Additional Sample Information 

Information provided regarding the metamorphic zone, or grade, for rock samples is noted in the 
database, along with indications of a subunit name (e.g., Rawsonville facies of the Mt. Holly 
complex biotitic gneiss), and estimates of the percent of the map unit represented by the rock 
sample.  Information pertaining to these questions was typically not readily available in most 
reference sources.   

 

Modal Mineralogy 

Source references often contained both mineralogical and geochemical data for a rock unit. 
However, it was common for a source to contain either mineralogical data, or geochemical data, 
and not both.  As a rule, we present as much of the data for a rock unit provided in a reference 
source as is possible.   
  
Mineralogical data were evaluated and handled as follows: 
 

1. Typically, modal mineralogical data were presented as “percent by volume”; we 
checked to confirm that totals were close to 100%.   One exception: in the 
Vermont database most of the modes for samples from the Waits River 
Formation (dw) are presented in units of mols per liter of rock.  This is noted 
within a comment for each sample; 

2. Most modal data were gathered from manual point counts; however, some are 
based on visual estimates.  We made notes in the database if the mode was a 
visual estimate;  
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3. Some modes only contained major mineral phases, and not minor constituents.  If  
the presence of minor mineral phases were noted in the text, we included them in 
the mode, with notes addressing the uncertainty of the corresponding values;  

4. Opaque minerals: Identification of various opaque minerals was not common, 
as most were lumped together and labeled “opaques”.  If there was no indication 
within the text as to what opaque minerals were present, we noted this with a 
comment, and entered the “opaques” mode as either the mineral magnetite or 
ilmenite;  

5. Carbonates:  Identification of individual carbonate minerals was not common.  
In these cases we looked for clues, but if there were none, we put the value for 
“carbonate” under calcite and flagged it with a comment. 

6. Plagioclase feldspar: Many references provided anorthite (An) content of 
plagioclase feldspar in samples.  However, most sample data did not include An 
content in plagioclase for individual samples; however, notes within the text 
would often indicate the general An range of  plagioclase (oligoclase, andesine, 
labradorite, etc.).  We handled this as follows: if the An content of a sample was 
listed as oligoclase, we made a note of this in the database and entered the 
average for oligoclase,  An20, for that sample; 

7. Multiple occurrences of the same mineral type:  If two types of amphibole 
were present, or if a amphibole was present both in the groundmass and as 
porphyroblasts, we entered the total of the two, and made note of each individual 
mode in a comment; 

 

Verbal Descriptions of Mineralogy 

In many instances we were unable to locate reference sources that contained modal mineralogy or 
geochemical data.  These sources often contain verbal descriptions of a specific mineral 
assemblage, such as:  

"The Hanover Shale Member consists of intensely bioturbated green-gray silty 
pyritic shale interbedded with argillaceous carbonate beds, calcareous nodules, and 
organic-rich laminated shales."  (Over, D. Jeffrey, 1997, p.165) 

Translating this type of description into an estimate of modal abundances was challenging.  
Decisions regarding both the actual mineral phases present in the rock unit, and the modes, were 
typically based on actual modal data gathered in other areas for similar types of rock units, and an 
understanding of the common components of that particular rock type.   

We note in the database whether the mineralogical information for each sample is from an actual 
point count (P), an estimate of abundance based given in a descriptive narrative (N), or estimated 
from a rock type classification (E).  In some instances we have included data for a single rock 
unit that was taken from two or more sources in which one source may have provided data from 
actual point counts, and the other from “N”-type estimates.  The level of certainty obviously 
diminishes with N and E estimates, however, as a whole the data are still useful.    
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Geochemistry  of Variable Composition Minerals 

Geochemical data was occasionally available for 
compositionally variable minerals such as 
hornblende, pyroxene, epidote, garnet, muscovite, 
biotite, and chlorite within a rock sample.  When 
available, geochemical data for other 
compositionally variable phases including 
plagioclase, staurolite, calcite, ankerite, siderite, 
ilmenite, and hematite were included in the 
database.  

Within the database we present variable phase 
chemical formulas as molar proportions of ions 
based on the appropriate number of oxygens.  
However, some reference sources provided 
chemical formulas on a weight percent of oxides 
basis, so we recalculated those compositions to a 
molar ion basis (see sidebar).  Within the database 
we made notes of samples for which we had 
performed recalculations.  We also include 
additional notes in the database if, for instance, 
geochemical data provided indicated separate 
values for Fe2+ and Fe3+, or AlIV and AlVI.   

When geochemical data for compositionally variable phases were not available, we chose from a 
wide variety of simplified, “ideal” chemical formulas, as was appropriate. Mineral phase names 
for the “ideal” formulas are indicated in comments.  A list of the ideal formulas used in the 
database is presented in Appendix B. 

 

Bulk Rock Geochemistry 

For many rock units reference sources provided bulk rock geochemistry data for individual 
samples.  When available this information, presented in a weight percent of oxides basis, was 
transferred directly to the database.  Notes were included in the database as necessary. 

 

 

Conclusions 

 

The NUSAMG collection of mineralogical and geochemical data will serve many purposes.  
Geological researchers, government agencies and regulators, environmental and geological 
engineers and consultants, teachers, and students will benefit from the accessibility of regional, 
state, and local bedrock mineralogical and geochemical data for various types of projects.  In 
addition, areas of the northeast that warrant additional geological research are readily apparent.   

 

CHEMICAL FORMULA RECALCULATIONS 
molar ions on basis of  

Hornblende -     23 oxygens 
Pyroxene -       6 oxygens 
Epidote -    12 oxygens 
Garnet -    12 oxygens 
Biotote -    11 oxygens 
Muscovite -    11 oxygens 
Chlorite -    17 oxygens 
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Figure 1.  Relationship between pH and ecological effects showing the correspondence between pH and the 
Alkalinity – often loosely referred to (see figure caption) as ANC or acid neutralizing capacity.  Alkalinity 
“ANC” and charge-balance ANC are different entities (see Morel and Hering 1993). 
!
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!
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Figure 2. The relationships between pH and Alkalinity and charge-balance ANC (top).  Regression model for 
pH as a function of CBANC, DOC and DIC (bottom). 
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Figure 3.  Observed pH vs. observed DOC in training site sample.  Note that high DOC does not always 
imply low pH.  There are many observations of high-DOC, high-pH waters.  Similarly, high DOC is not a 
prerequisite for a condition of low pH. 
 
 

!
!

Figure 4.  Different CBANC values are associated with a given pH depending the DOC content of surface 
waters.  Open circles are high DOC waters. 
!
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Figure 5.  Example of DOC adjustments to the CBANClimit to attain a desired pH target in NY and New 
England.  In this example the target pH is 6.6.  At DOC=0 mg/L the appropriate CBANClimit would be 50.5 
ueq/L.  At DOC = 5 mg/L the appropriate CBANClimit would be 109 ueq/L. At DOC = 10 mg/L the appropriate 
CBANClimit would be 168 ueq/L. 
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NY and New England DOC correction for ANC limit
Based on a multiple regression model using ELS data from NY and New England Lakes (n=268 samples)
ANC (ueq/L) = -539.693 + 11.708552*DOC(mg/L) + 89.425403*pH(closed cell)
Adj R2 =0.829, p <0.0001

pH 7.15  < set the target pH level pH=6.6=ANC50 / pH=7.15=ANC100 at DOC=0
ANC at DOC=0 99.7  < this is the mean observed CB ANC at the target pH level when corrected for DOC effects

DOC (mg/L) Adjusted ANC Limit ANCLimit Diff
0 99.7 0.0
1 111.4 11.7
2 123.1 23.4
3 134.8 35.1
4 146.5 46.8
5 158.2 58.5
6 169.9 70.3
7 181.7 82.0
8 193.4 93.7
9 205.1 105.4

10 216.8 117.1
11 228.5 128.8
12 240.2 140.5
13 251.9 152.2
14 263.6 163.9
15 275.3 175.6
16 287.0 187.3
17 298.7 199.0
18 310.4 210.8
19 322.2 222.5
20 333.9 234.2
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DOC = 52.25 
 - 0.1823 * Latitude (in decimal degrees) 
 + 0.5122 * Longitude (in decimal degrees) 
 - 0.00257413 * Elevation (in meters of the target grid cell)  
 + (Longitude + 71.51153) * ((Elevation-291.40) * -0.0036331) 
      + ((Elevation - 291.40) * (Latitude - 43.91869) * 0.00341242) 
      - 9.2055 * Flow-averaged Atmospheric Deposition of Cl (keq/ha/y) 
 + 3.252 * Flow-averaged Wetland fraction 
 - 0.3997 * log(Flow-averaged Percent Clay) 
 
If the surfical material mapped is: 
  Calcareous Rocks - 1.08 
  Coarse-grained stratified sediment + 0.49 
  Fine-grained stratified sediment + 2.50 
  Thick till + 0.79 
  Thin or patchy till - 0.39 
  Organic-rich sediment + 0.26 
  Water (geologic data unknown) - 2.57 
   
   
If the cell is classified in the NLCD as wetland then + 3.85 otherwise for 
non-wetland cells - 1.65 
  
If the cell is classified in the NLCD as water then if the number of grid 
cells contributing to the target cell is > 10,000 then -0.75, otherwise -
1.30 
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