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�'VX*+�G>'&>q'VXUYkWl>'B7()EC>K#'()x�2L7BCoZpq̈

m3()2'��N��'"#>#qB]@56=Ve'K;<#A6#bKH'56=*+#�6�>#R'3Acb>#R'5a>q>#

U�4�DEFB+@�\3<oB.
O'$%#*+¦¼*+' 56!' 56UAa�()#>kWl' &I.�*VW2,X' VXUYkWl>#' S�*CdG>#' L78M*+#N' ��� >'K#2L7

&##2�*##/0' rVWde' ()*+BC()' rVWde' A6B]#Y>#' [U,X*##N' B]##$%d0q' VXUYkWl>kWl' A625�6̂ >#' /�&=N
"#>#q/0'VXUYkWl>2$%*+̂ 'VW>Aa'A6B]#Y'L7Aa'J)#[&^K#>?5@'&.b;�'(]L7{BCoZpqN

w$D�6G*+�kWl' ���©/0' &##2�*##' "#>#q' J)#[&^K#>#' kW�¤>' B7()EC>#' ()x�2LC>KH
1/0L)KL78M*+#N'�P#&2de'56UAa�()#>/0':!H'VW*CY,X*C>'VXUYkWl>#'S�*CdG!Ve'A6KH$%́&#J)̂ I*+#N
VW*CY,X*C>'()!ÓVe'356F4|#()�2'rVW': 4̀VXU!'!J)#"#2m2`N'VXUYkWl>',-#U2m'VW*CY,X*C>'()!Ó
: 4̀VXU'�/G'*C8M;<#�' ÆÆkW�¤' �*P#'()x�vAb' &##2�*##':2()dG'A6B]#Y' [U�,':&VX8Z2'w2`N
VXUYkWl>kWl'A625�6#de()'VXUYVW'A625�6#2'/�VWS�*##K56�deV�'VXUYkWl>/0'LC/G&#2`'r�V'kWl/G>kWlR
/�$D'r�V'&28M>kWlR'/�$D'r�V'3,X&^>kWl'L]2`K'BCoZpq'VX�def'BCoZp q'(7uVW,X'�VW2':&=(C*+#NÇÇ

()&#'356J]̂ [EC>K#'VXST;<#VhdG!Ve'VXUYkWl>#'S�*C;7'"$4DEC!Ve'rVW'w$D�6G*+�K#'L)̂ $D_2N
��  º�� �'&#$4%I'&##2�*##/0!'© 'VW*CY,X*C>#'VXUYkWl>'B7()EC!H'�©N¢'8M()2'()x�2LC*##N
Å!Ve'A6�2$%K,X'© R   'VXUYkWl>#'56!'&^E7Aa'A6B]#YkWl'̀ ,X*+#N'© 'VW*CY,X*C>#'� '*hi>STP#
&#^AaB7J)#�;�¡*##N



 !"#$%"&'#()*+"&',$-./01!+2345(+67/0+&'!&89: 229

:$7"$4%2,X' ����/0' \&K'&IJ)#2' ?5*+#,-#(h2`
VXÂ'VXUYkWl>'B7()EC>#'&^3()2'?5*+,-P2'/�$%#N'$D2(h
&##2�*##/0!':!H'VW*CY,X*C>'VXUYkWl>#'A6B]#Y'L7J)#P2
&>q'�©'*hi>STP#'"#>#q>#'56!'L7J)#/�$%#N

VXUYkWl>#' ()&#' B7()EC>' VhA6B7#' VXkWl2;�' 3�de�6�
BCoZqK#2;�'F4G*+()$78Z'}T�()23()I2'VhA62'kW�;�'S�*C;�*+#N
�� �/0'356ÔGI()'}T�()23()I'A6&#*+J]̂ $4%#;]@K'/0VW&^KI
.>VÕkWl'3�de�6�'356F4|#()�2'1*+#'A62&()£*C>'$78Z'��aG�6g*+�
¶VW�'" 4̀2m2`N'Å!!'&I.�*VeA6̂ b'&##2�*##'VXUYkWl>#
1*+#'*hi>'B]#*+#56='A6B]#YkWl'`,X*+#N'O'"$4%2,X'A6B]#Y>
$D�*C'VXUYkWl>#'}T�()23()I'w$%I&#2/0'ST/Ì�ECH*+#N

m3()2'��N��'VXUYkWl>'A6&^B78M!H'L)̂ 5aA6#bKH'm3()2

VXUYkWl>#'A6B]#Y' 2$%#kWl'L7vABCoZpq̈
�()*+'L)*+I>kWl'�$%#>#'A6B]#YE7'1J)##$4%2,X
 2$%#kWl'w56J]̂ x2L7BCoZpq̈

U�4�UE+W'G.W'�B+&'4�A�\b!
"2()' �"#P2§�' B]##$%d0q' F4G*+()$78Z2/0' "$DI&2()#/²@K' BCoZq/0' LC/G&#2`' VXUYkWl>

A6&#A6I>K#'56def2L)#Vh/�$%#N'F4G*+()$78Z2/0'56U38Z&#>K#' /G':�4&À ´̀'L7J)̂ >KH$D!�V'BCoZpq
3ST$4DKI()!LC{*+#N' VXUYkWl>kWl' w2;<&>AaK' 56!' 56UAa�()#>' ,-#U2m' (zu' $%8Z/0' :2(),X
1/0m2L)/�$%#N

:*##(7'�2()VW2§�'18Z{*+I2'VWux2L7'"�6J)#B7#"#P2§�'3�PE¬/0!'VW*CY,X*+'J)#[&^K#>#R
BCIST*+A6#b>#R' }T&^¥VW' VX*+IVW*+b>#' F4G*+()$78Z' VXUYkWl>' 56!' 56UAa�()#>' 56Pq' 12$hoZK
&IVWb56*+L)}T,X*+#N'O'A6&#A6I>'B]@56=Ve'356F4|#()�'$%À�af!'1VWU�2L)dG!Ve'VWÀ�a'L7J)#}T,X*+#N

VXUYkWl>'56UAa�()#>K#'B]#*+#,-#'56*+L)dG!Ve'3�PE¬/0'&^`U'F4G*+()$78Z2/0'kW�;�'L)dGf>#
w2;�>!':VWg;�'STU38M"#VWB7()b>#R'}T&^¥VW'VX*+IVW*+b>#'&.b;�'L7J)#}T,X*+#N'O'&.b;�'VX*+�2,X
56!,-2P>#' ()x�2L)dG!VeR' VXUYkWl>kWl' 8Z>&>#' �&�dG!Ve' L)dGf>#' L7J)^>!' 356F4|#()�2
()>S�J)#}Tx2`N'Å!!'F4G*+()$78Z2/0!'STU38M"#VWB7()b>#R'"$DI&2()#>#'°3&2,X'&I.�*Ve2LC*+#N
VXUYkWl>kWl'Aa�*+'1$DJ)̂ >#R'8Z>&='&2de'}ÈVW*CI>#'VWu�vAb'"#>#q'w()�.b'()x�S�()#2$%!R'J)#[&^K#>
­*+#{>#'?5UxS�(CJ)#!'BCoZpq'BC`2LC*+#N'Å!'&>q'VW*CY,X*C>/0'w()�.b'L7vA'&A6#b&=>'­*+#{
?5UxS�()#2`N'�$7'[Ux(7'3�PE¬'K#2m'&L7{'&A6#b&=>#'(7uVW,X':&##Y;<*##IR'F4G*+()$78Z2/0
56U38Z&#>'356,-.'kWl2P#56;<#()#2`N

F4G*+°J)#' VXUYkWl>' A62�V�&#256Pq' 3�de�6�' STU38M"#VWB7()b>' 12$hoZKK#' F4G*+°J)#
STU38M"#VWB7()b>#' A62$7�aG2L)}T,X*+#N' BCA6bBC!Ve' BCoZq' }n2()' 356J]^[EC/�' BCoZq' &#KA6#/0q
wECHJ7#B]^N



SA!&T8.UE)V"W'X!230 F4G*+()$78Z2?5@'&>A6BC$%' 356F4G&2

1850

1860

1870

1880

1890

1900

1910

1920

1930

1940

1950

1960

1970

1980

1990

2000

2010

2020

2030

356F4|#()�2' B]##$%de' VW*CY,X*C>' L)dGf!H
����/0' L7Aa2`N' Å!' $D�*C' 356(7IVe2m
56!L7vA'5a>q>'A62�V�&#2'VhA62'O'`,-#&
v5*zgKH'!J)#&^>#'L7Aa2`�
�;<#' A62&()£*C>' /056=' 5a>q>K#
VW*CY,X*C>/0'!J)#"#2L)kW�;<$%#N
�º�©'A62&()£*C>'5a>q>(h'*hiVe'�
,-2P>VW2§� kWlg&'56!'L7*##2L)kW�;<$%#R
*hi/0' rVW' ,-2P' "*C&#2' �BC�uN
BCoZqVe'E]>/0'̄ '*hi>'?A>&=>#'�BC�uN

����/0'&#�aGoG'VXUYkWl>'A62�V�&#2'VhA62
L)dGf>#'L78M*+#N'Qde'356VX*+2�
&#�aGoG' VXUYk Wl>(h' *hiVe' ��
,-2P>kWl'"#2m'56!'L7*##2L)kW�;<$%#N
&#�aGoG' VXUYkWl>kWl' *hiVe' ,-2PKH*+
"*C&#2'�BC�uN
5a>q>'56!',-2P>K#'*hiVe'�'K#2m
�Ve'()x�2LC*+#N'(z"#Y`'A62&()£*C>/056=
5a>q>K#'VW*CY,X*+'J)#[&^K#>#'56!/0
?5P#fVhkWl2;�'!v� 4̀2LC*+#N'F4G*+()$78Z2R
STVe}TbE¬>kWl'3�PE¬'K#2;�'}T�()23()I2
>�42m2`N

VXUYVW'L)dGf>#'STU38M"#VWB7()b>K#'�
"$4%2,X'356F4G"()2'L7Aa'w2dG*##¨

3�de�6�'STU38M"#VWB7()b>#'F4G*+()$78Z2/0
56U38Z&#>' :�4&À`´!' &I.�*Ve2LC*+#N
:*##K56�deV�'BCoZpq''F4G*+()$78Z'VXUYkWl>
56V�XK'!>�;�¡*+#N' 2$%#kWl¨

3�de�6�' VX>2/0' �' &J)#A6#£' /056>
5a>q>K#' VXUYkWl>#,X' ?5P#fVhkWl2;�
L78M*+#¨

356A6#b()'L)dGf>'356VX*+2'�'&J)#A6#£'/056>
5a>q>K#'VXUYkWl>#,X'?5P#fVhkW�;<$%#N

VXUYVW' L)dGf>' 356VX*+2' ' &#�aGoZ>#R
56=*+#�6�>#' *hiVe'  !H' ,-2P>STP#
56!L7J)^u¨

Q#*+#' �' A62&()£*+2/0' 56=dGf*+#¨
O'VX>56defVW/0'$D!!',-#Ub2L)2;�N
Q#'()uq$%23;<#>#R'(C(CR':&�>#R
Q>*##( 7' Vz2( )&#2`' &À$ % ´
�2$4%#&=>#'56=defK'A62&()£*C>K#
kW�;�',-#Ub2L)2;�N

QoZq/0' &�*@EC'�$]@EC'VXUYVW'L)dGf>
&>q' 356J]^[K2' Sn2$D�*B]##
(]>#A6#Vh2;�N

B]##$%d0q'VXUYkWl>'A62�V�&#2?5@'F4G*+()$78Z2
/0!'"$DI&2()#>#' 2$%#kWl':2(),X'$%À�af
?5Pf/�$%#¨

U�4�DEFB+W'!�U�G.!+U�W'!+50<o�B.

56U38Z&#>/0'56=*+#�6�>#': 4̀VW'A62­I/0'56!
L7A6#bECH*+#N' :*##(7' QoZq' A62�V�&#2' VhA62
����'&*+kWl' P#&2de'L)dGf>#'L7J)#/�$%#N
����'VW*CY,X*C>'L)Pf2'356VX*+2�

&J]̂ [K'56=*+#�6'VXUYkWl>(h'*hiVe'�©
,-2P>VW2§� kWlg&'56!'L7*##2L)kW�;<$%#N

1*+#' ,-2P>#' 56!' ()*+BC()' :*+,-2P
"*C&#2'w2;�uN



 !"#$%"&'#()*+"&',$-./01!+2345(+67/0+&'!&89: 231

3�de�6�' VX>2/0' F4G*+()$78Z2/0' �*+�;�K
�*2;<#'&##­IB]#�K'VXUYVW'A625�6̂ >#'�"¨
VXUYkWl>kWl' VXUYVW' A625�6#2'  2$%#kWl
&##­IB]#�K`¨'L)U{2L)2;�N

VXUYkWl>'A62�V�&#2'VhA62'L)dGf>#'L7vAb
F4G*+()$78Z2/0' 56U38Z&#>#' :�4&À`´
L]2$%&!' �VWg;�' "$DI&2()#>#' kW�;�
"8Z�Aa2L)}T,X*+#N'���¢/0'F²2,X/9/0!
`K'563.VW/0'356L)#U()B]#�K'Vz!H'BCVXI>#
1ECde'1/0L)KK#'&IVWb56*+#}Tb*##N'ÆÆO'Vz()b
5 6U 38 Z&#>K#' EC8 ZK2' L 7 vAV W2§ �
VXUYkWl>/0' : 4̀VW' A62­I/0' &#*+�G>K#
VzK}T,-!&�P2'A6�*@K`NNN'&#K'56U38Z&#>#
FG,X' !>$zkWlgkWlKH' ()*+BC()' VXUYkWl>
356J]̂ [EC>K#'VXST;<&L)#{NÇÇ

STU38M"#VWB7()b>#R'"$DI&2()#>'O
F4|J)^>kWl'  P#&2de' 1$4D*C>#' /�&=N
F4G*+()$78Z2/0' E]>Vzu�K' VW*CY,X*C>#

/GF4G>K#' 1UË2L)}T,X*##N' *hi*hÐ' Vz()b' VW*CY,X*C>#' }T�5a256�;<#()#ECH*##N' STU38M"#VW
:�4&À ´̀'VXUYkWl>'L7()#/0q'w2`'VX�def'BCoZq'56!'56UAa�()#/0q'B]#*+#,-#$%>K#'BCoZpq'Vh*+#kWlECH*+#N

U�4�UE+W'!&T'PB.

VX>3VW&#2/0'VXUYkWl>'A6&#A6I>#':2$%UV�'(]uJ)#}T,X*##N'Vz2()&#2`'L)$%#&=kWlKHBCoZpq
VXUYkWl>' 56V�XK' !>�;<}T,X*+#R' VXUYkWl>' A6&#A6I>#' (]uJ)#L7A6^b' BC*Cb563.VW>/0' BCI}T>#
*CJ)#}T,X*+#N'VXUYkWl>'A62�V�&#2'VhA62'mKH'mKH'A62A6�>#'kW�;�'�*+W�;<}T,X*##N

A6B]#Y'A6&#J)̂ /0q'Vz2()&#2`'"$DI&2()#>'A6�6ÁJ)#2(h'VXUYkWl>#'()&#'}n2()'A625�6̂ >K#
�*+�*+L)#kWlECH*+#N'Qde!'VXUYVW'A625�6̂ >#':2dG*+#N'�"'A6B]#Y>#'!*+��aG2L7"R'"#>#q'J)#[&^K#>(h
r56�2$D>#'kWl$%#*+#{kWlE7"N'3VW&#2,X'O'A625�6̂ >#'A6B]#Y'VX>2/0E7'VXkWl2;�'VXUYkWl>'A62�V�&#2R
�6GkWlg>'VhA62'A62&()£*+2'Sn;<&=EC'56!'L7J)#}T,X*##N'�P#&2de'A625�6̂ >#'��© >'K#2m
�*+�;<}T,X*##N'}��6uA6#f'F4GBC>(h'356F4G"()B]#�K'BCoZpq'QoZq/0q' kWlg&,X'w2;7BCoZpqN'�P#&&2de
A625�6̂ >/0'ÆxUH'VX2,X*¸'J)#^!J)#E¬Ç'rVWdeN'Å!Ve2$%'&##2�*##'VXUYkWl>#'��©�/0'A6B]#YL7Aa
&#2m' 5�6u(C>#' }T`42LC*+#N' :�6GY$DFG$%#/0' ,X2Å4\' 356F4G&2(h' &#Ð_*¸' &#�6Á[E¬' :KH
8ZVeb&#2()B]#�K'VXUYVW'A625�6#2'�*+�;�2`N

VXUYVW'A625�6̂ >'�*C�P#(h'356F4|#()�2R'"#>#q'J)#[&^K#>#'12$hoZK'L]2$%}T,X*+#N'$D2(h
A6B]#Y>?5@'56U"#()#>#'" 4̀A6̂ b'L)dGf>#'L7J)#}T,X*+#N'VXUYkWl>'A62�V�&#2'VhA62'356F4|#()�2'VXUYVW

:`4VX*+#>K#' !J)#"#2m2`N' A625�6^>' $D�*C
VXkWl2;�'O' VXUYVW' : 4̀VX*+#>' $D�*C' VXUYkWl>#
()&#'A6&#A6I>K#'56U�6gU2L)#VhBC>!'356F4|#()�2'&.b;�
L7J)#}Tx2`N

m3()2'��N��'��¹�/0�2,Xq2;<#/0!'/G2Vh?�@*¸/0'"#>#q
VXUYkWl>#',X2Å4\!'VWuAa'F4G*+()$78Z'}T�()23()I'w$%I&^!Ve

()&#'A625�c#F4GBC!H'(]uJ)#L78M*+#N



SA!&T8.UE)V"W'X!232 F4G*+()$78Z2?5@'&>A6BC$%' 356F4G&2

:*##(7'VXUYkWl>#'Å!Ve':2ÖVWU2L)/�$%#N'()&#'356J]̂ [EC>K#'VXST;<#VhdG!Ve'()&#'}n2()
A625�6̂ >K#'�*C�P#'L7A6#Vh&PB7#'A6�*@K$%K#kWlECH*+#N'O'"$4%2,X'VXUYVW'A625�6̂ >#,X'�*+�;7R
A6B]#Y'L7vA'�6GkWlg?5@'VXUYkWl>#'rVWB]@56=KR'356F4|#()�2R'VW*CY,X*+'J)#[&^K#>#'rVWB]@56=K'B]̂ �6GU2m
S�*CdG>#'VzK}T,-#()̂ E7'wECH*##N

"@A��DEF�

�N :PQ'8M­kWl'B]Ä×':;<&=>K#' /G'VXST;<#VhBCuN'}T�!VW'356[>#R'VW*CY,X*C>#'BCde!'�G3,-()b,X
 /G'"!J]̂ x2L)#VhBCuN':E7':28M>?5@'rVW': 4̀VXU(h'&##ÔG&##Ø'!*+��aG2L)2;�N

©N Q#kWl'$%,-�*+/0'wKH'rVW'VW*CY,X*C!H'A62$%UÙ2m'$D!'L)U3()R'}T2�V.VW'"�GÍK2' /G'&^U2`R
VXUYkWl>#'  VWg;<K#2m' &}Tb*+#' (]>#A6#Vh2;�N' Vz2()&#2`' VXUYkWl>#R'J)̂ [&^KI' 356.!$4%#>(h
&^dGq;�'BCoZq'$%ÀVW�$ÚD>#'(]>#A6#Vh2;�

i.+H,$-�W'g3M�+2O.\b.QR.&'\b50.U�!I�

�N 3�de�6�'ST>KkWl'&##2$%#'356[>#':;<&=>K#' /G'w56J]̂ x2L)#kWlECH*+#¨'1'*hi/0q':;<&=>#
56tUb,X'EC8ZK&#J7#I':&VX8Z2':2()' kWlg&,X' 2$%#kWl'/�$%#¨

©N 1`BCAc>#' &UVe'&I.�*VW2,X'.*+#,-#FGP#'L78M*+#¨'()&#'VhST!HR'!*+A6KÂ'BCoZpq' /G'&IVWb2
L78M*+#¨'Vz!H'w$D�6G*+�>#'�&�2;�N

¹N 1`BCAc'.*+#,-#FGP#>K#'3�de�6�'ST>kWl>#'�"$4%2,X':�mB78M*+#¨
¯N F4G*+()$78Z'""$4%'3ST2(C>/0'1`BCAc>'.*+#,-#FGP#>K#'(]uJ)#L7vA'VX>'56defVW'()J)̂ *+#'L7J)#2;�N

1`BCAc>'.*+#,-#FGP#>#' VWg;]VWg;<' [U,XJ]##' (]>#A6#kWl!'1' 356$78M>K#'F4G*+()$78Z' 56P2/0
,-#Ub2L)2;�N

¢N 3�de�6�'356F4|#()�2(h'F4G*+°J)#'STU38M"#VWB7()b>kWl' P#&2de'A6&#A6I>#'w2;7"¨
®N 3�de�6�'ST>K/0'56U38Z&#>#'E]>Vz>�P2'F4G*+°J)#'VW2?5Â>VW2§�'"$7¾'VW2?5Â>kWl' 2$%#kWl

 kWlg&':&VX8M>#'w2;7"¨'Vz!H'VX*+�G>K#'v5*zgK2;�N
�N VXUYVW'L)dGf>#'&##2$%#,X'5a>q>kWlR'1'()*+BC()'&#�aGoZ>kWlR'm&UVe'56=*+#�6�>kWl'L78M*+#N'Qde!'O

3VW&#2/0' 2$%#kWl'L78M*+#¨
�N STU38M"#VW':�4&À ´̀!'"$%I' /G'356F4G"()2'L7A6#b2`¨'()*+,-./0'L)U{2L)2;�N
�N © &'8Z(C�_2/0!'356$4DK'STU38M"#VW'56Pf�G>K#'F4G*+()$78Z'56P2/0',-#Ub2L)2;�N

U:BUE+&'#cB.

�N'U[*+#�':;<" ©N'*+Ve�()':;<&=># ¹N'B7>2'B7J)#P2
¯N'}T&^¥VW'VX*+IVW*+b># ¢N'STU38M"#VWB7()b ®N'&^*C�;�'BCIST*+#>#
�N'A6B]#Y �N'VXUYVW'A625�6̂ ># �N'STU38M"#VW'56Pf�G>#
� N'VXUYVW'r56�2$D>#


