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Mt. Kilimanjaro in time
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! $=�%$(�(�("���� '��$ �"+ �. '($(�%$��-�"+ �'�88(" "  �+�) �A(. 5! �'+(%#�(8=�'"$��
(%-�� %'(%#�"+ �+ ��"+��%.�$ '�!("���-� ) !���8 !(' �%1��

�+�"B$�A+��
� $"���($+ .�"+!  �#�(.(%#�=!(%'(=� $�- �!�����'�88(""  �A�!94�("�$+���.�! ����%�"+ �
8�$"���C '"() �$'( %' D�("�$+���.�'�%$(. !�'�$"$��% ���$(% $$ $��%.�'�%$�8 !$D��%.�"+ �
��! ��'!�'��$+���.�$ !) ��%�"�!�� ��"+ �= �=� 1��

3("+��"�"+ $ �=!(%'(=� $��A �'�%%�"�8�9 � -- '"() � =���('�=��('��. '($(�%$1��+ ���! �
% ' $$�!��"����"+�(8=!�) �"+ � %)(!�%8 %"��%.� %'�� !�# � '�%�8('�#!�A"+��%.�=!�$= !("�1��

	% �) !��'!("('��� � 8 %"�"����!�$�'' $$��$�=��('�8 �9 !$�($�+�A�A ��$ �$'( %' 1��+�"�($�
 $= '(�����"!� �-�!� %)(!�%8 %"���=��('���A+('+�! � ( $�) !��+ �)(����%�$'( %' 1�
�+�) �(%$($" .�
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�
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!�� $�.('"�" .������! ��'!�"$1��'( %' �($�(!! � )�% "5(%$" �.��-�!� &"! 8($"$��=��("('$��%.�=�A !�
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��.���"+�"B$�"!� ��-�"+ �'�!! %"�. ��" ��) !�8�%�� %)(!�%8 %"���($$� $1������-" %� 8�"(�%��
$"�9 .����(!! $=�%$(�� �!+ "�!('��!�"+ !�"+�%�-�'"$ ���$ .��%���C '"() �$'( %' ��$+�= $�"+ �
'�%"��!$��-� %)(!�%8 %"���=��('�1��

��!�"+ !�" ��(%#� &�8=� ��-�"+($��!�$ �.�!(%#�/! $( . %"���$+B$�-(!$"�.��$�(%��--(' ��A+ %�
 8�"(�%��($8��) !A+ �8 .�$'( %' �(%�"+ �. ��" ��) ! ��!$ %('�$"�%.�!.$�(%�.!(%9(%#�A�" !1�
�%)(!�%8 %"���#!��=$��(%'��.(%#�"+ ��( !!��,�����%. �"+ ���"�!���
 $��!' $�* - %$ �,��%'(���
)(�(-( .�/! $(. %"���$+�-�!�F=�($�%(%#F�'+(�.! %�� '��$ �+ �G� $"(�% .�"+ �$'( %"(-('���$($��-���
! #���"(�%�(8=� 8 %" .�(%�"+ �-(%���.��$��-�"+ �,�( %"�%��.8(%($"!�"(�%��

�+ �. ��" �- �"�! .�" � )($(�%��.$��-(%�%' .���� %) (!�%8 %"���#!��=$���-�'+(�.! %��$9(%#�-�!�
�%�"+ !�#��$$��-��!$ %('5��. %�A�" !1��+ �$'( %' �� %. !��(%#�"+ �$"�%.�!.��A+('+�A�$�-�(8$��
�"�� $"��A�$�+�!.���8 %"(�% .��!�+ �.��=�"���%��$'! �"(%�1��

�+ �� %�" �A %"�"+!��#+���$(8(��!�$'�! ���'9�(%�200 �1��+�"�� �!�$�8 �8 8� !$�$ (E .��%�
.�"��-!�8������$�## $"(%#�"+�"��%��E�% �+�� �A�$�. ) ��=(%#�(%�"+ ���!"+ !%�� 8($=+ ! 1�
�+ �� %�" �"+ %�!�$+ .�(%"��=�%('��!�88(%#�"+!��#+� ������0?�"����)�" ���%��'' � !�" .���%�
�%�' !"�(%�'+��!�-���!�'�!��%�! -!(# !�%"$1�	%���"A ��A  9$���" !������=!�.�' .�% A�.�"��
$+�A(%#�"+�"�"+ (!�(%("(���-(%.(%#�A�$���#!�$$� &�# # !�"(�%���%.�"+ ��E�% �+�� �% ) !�
�== �! .1��

�+ �($$� ��-�'�"�$"!�=+('�#������A�!8(%#��A+('+�
�A ���.��(9 �"��$= �9�����"�"�.����-("$�
= !- '"���(%"��"+($�8��.1���'+��-�"+ �. ��" ��) !�# ������A�!8(%#�($�=! .('�" .��%�- �!��!�"+ !�
"+�%�$'( %' 1�>������A�!8(%#����!8($"$�$  ���-�"�! �=��#� .����'�"�$"!�=+('�-���.(%#��A�!��
" !!�!($8�� '�%�8('�.($��'�"(�%$��.!��#+"$��'!�=�-� (��! $��8�$G�("�5��!% �.($ �$ $���%.�
+�!$+�A �"+ !5����'��$ .����8�%58�. �#!  %+��$ �#�$ � 8($$(�%$1��

��%$���(&��'+( -�<1�1�A �=�%$�(%$= '"�!��$��%. .��� "+�!(.('����$��%.����!8($"�A+ %�+ �$�(.�
(%���!'+��F
B8�8�! �A�!!( .�����"�#������A�!8(%#�"+ �%�
��8��-��%��8�C�!�8(�("�!��'�%-�('"1F��

�'( %' �A!(" !�*�)(.��== ����A+��+�$�A!("" %�-�!�$� '+�=���('�"(�%$��$�"+ �� A��'( %"($"��%.�
�'( %"(-('��8 !('�%��=�!!�" .���(&�A+ %�+ �$�(.�#�� ����A�!8(%#�A���.�F"+! �" %�-�%.�8 %"���
-��.��%.�A�" !�$��!' $1�
"�A���.�� �.�"��.($=��' 8 %"��-��(��(�%$��-�= �=� ��%.�+�# �A�) $��-�
! -�#  $��$=�A%�" !!�!($8��%.�"�==� �#�) !%8 %"$��$ =! �.�.($ �$ ��'!�$$�"+ �#��� 1F��

�== ��B$�% &"�=�(%"�. $ !) $�$= '(��� 8=+�$($��� '� �$ �("�. 8�%$"!�" $�"+ �$+  !���%�'���-�
 %)(!�%8 %"��� &"! 8($"$4�FH>������A�!8(%#I�A���.��  �'+��$�����%��8 �$�! ��-�!�#! �" !�
 ) %�"+�%�"+ �$�8�"�"����-�'+��$��-�"+ �#������A�!$ ��-�"+ ���"+�' %"�!����%.�$��(%�"+($�$ %$ �
��(&�($�!(#+"�"��� �'�%' !% .1����%.$��(9 ���A �=�% ��-�8�$$�. $"!�'"(�%�"��8 1F��

���A�%. !�"+ ���" �=��("('���$'( %"($"���!�%�3(�.�) $9��'��� .�#������A�!8(%#����!8($8�"+ �
F8�"+ !��-����� %)(!�%8 %"���$'�! $1F��

�== ����%.���(&�$��%.�) !��8�'+��(9 �"+�$ �A+��A�!%  .��$�(%�"+ �20@�$�"+�"�"+ �=��% "�A�$�
+ �. .�-�!���'�"�$"!�=+('�#������'���(%#1�	%��=!(�� ����20@���� A$A  9�=!(%" .��%��!"('� �
"("� .��F�+ �,���(%#�3�!�.�F�(%�A+('+�"+ �8�#�E(% � A�!% .4�F�+ ! ��! ��8(%��$�$(#%$�"+�"�"+ �
 �!"+B$�A �"+ !�=�"" !%$�+�) �� #�%�"��'+�%# �.!�8� "('������%.�"+�"�"+ $ �'+�%# $�8���
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=�!" %.���.!�$"('�. '�(% �(%�-��.�=!�.�'"(�%5A("+�$  !(��$�=��("('���(8=�('�"(�%$�-�!�C�$"�����"�
 ) !��%�"(�%��%� �!"+1F��


%���$(8(��!�! -!�(%���(8 �8�#�E(% �-�!���% �����20 @��. '��! .4�F��A ) !�A(. ���"+ �A �"+ !�
)�!( $�-!�8�=��' �"��=��' ��%.�"(8 �"��"(8 ��A+ %�8  " �!���#($"$�"�9 ��%��) !�# ��-�
" 8= !�"�! $��!��%.�"+ �#��� �"+ ��-(%.�"+�"�"+ ��" 8�$=+ ! �+�$��  %�#!�A(%#�#!�.������
'��� !�-�!�"+ �=�$"�"+!  �. '�. $1F��


%�20@��"+ ���"(�%����'( %' ����!.��"+ �#�) !%(%#�� �.���-�"+ ���"(�%����'( %' ����%.�"(�%��
$"�" .4�F*�!(%#�"+ ���$"����"������ �!$��A�!�.�" 8=  !�"�! �+�$�-��� %��(!! #���!����"�-(!$"���"�
8�! �$+�!=����) !�"+ ���$"�. '�. 1F��A��� �!$� �!�(  !��"+ ����!.�+�.���$ !) .4�F��.#(%#�
-!�8�"+ �! '�!.��-�"+ �=�$"�(%" !#��'(����# $��"+ � =! $ %"�"(8 ��-�+(#+�" 8= !�"�! $�$+���.�� �
.!�A(%#�"���%� %.111� �.(%#�(%"��"+ �% &"�#��'(���� # 1F��

��A�G�('9���"+(%#$�'+�%# 1�� �!��-�"+ �'�8(%#�(' �� # �($���.�+�"����"�- �!�"+�"�8�%58�. �
#!  %+��$ �#�$ $��! �'��$(%#�" 8= !�"�! $�"��!($ �" ��+�!8-���� ) �$�($�(%�)�#� 1����!8($"$�
�!�E %����$$ !"�"+�"�"+($�=+ %�8 %�%�($�-�'"���%.�" +�"�"+ �$'( %' ��-�'�(8�" �'+�%# �($�
F$ ""� .1F��

���'(" �C�$"��% � &�8=� ��
�%���A� $��-�!8 !�$ %(�! �$'( %' �.(! '"�!��%� %)(!�%8 %"���($$� $�
-�!�"+ �,�(%"�%���"(�%���� '�!("��,��%'(���$�(.�(%� "+ ��=!(���������2� .("(�%��-�"+ ���$"�%�
>��� 4�F"+ ���$('��(%9�� "A  %�'�!��%� 8($$(�%$���' '�8���"(�%��-�#!  %+��$ �#�$ $�(%�"+ �
�"8�$=+ ! ���%.�"+ �=+ %�8 %�%��-�'�(8�" �'+�%# �($ �%�"�$ !(��$���.($=�" .�(%�"+ �$'( %"(-('�
'�88�%("�1F��

��"�(%�-�'"�"+ �($$� �($�-�!�-!�8�$ ""� .���%.�(%.  .�($�$ !(��$���.($=�" .1�
�A���.��(9 �"��
$��8("��"�"+ � %.��-�8��! 8�!9$���������� .("�!(��� ���-�!8 !�,�!" !��.8(%($"!�"(�%��% !#��
� '! "�!����8 $��'+� $(%# !��%�"+ �$'( %' ��-�'�(8� " �'+�%# 1�
%�"+�"� .("�!(����*!1�
�'+� $(%# !�"�9 $�($$� �A("+����!8($"$�A+���$$ !"�" + ! �($���$'( %"(-('�'�%$ %$�$�$�==�!"(%#�
"+ (!�)( A$1��

H
 - !�"��,+�!"��I�F�+ ! �($��%�(. ���8�%#�"+ �=��� ('�"+�"�"+ �$'( %' �($�$ ""� .�F�*!1�
�'+� $(%# !�A!�" 1�F111H�I+�"�! 8�(%$�-�!�-!�8�"+ � "!�"+1F��

��.���� ) %�$��(%#�"+ ! �($�$'( %"(-('�.($�#!  8 %" ��) !�#������A�!8(%#�($�("$ �-�
'�%"!�) !$(��1���"��%��% �A+��=��$� ) %�'�!$�!���""  %"(�%�"��"+ �($$� ��%. !$"�%.$�"+�"�
$'( %"($"$�)(#�!��$���.($�#!  ��) !�A+ "+ !�+�8�%�� '"()("( $��! �! $=�%$(�� �-�!�#������
A�!8(%#���!�A+ "+ !�"+�$ ��'"()("( $�A(���=! '(=("� " �%�"�!���.($�$" !$1��


�A���.�$��8("��-�!"+ !8�! ��"+�"�%�"��%���($�"+ ! ���. ��" ����"�"+ �. ��" �($�$+(-"(%#��A���
-!�8�"+�$ �A+��$��$'!(� �"��#������A�!8(%#����!8($8 1��-" !�$"�.�(%#�"+ �($$� ��) !�"+ ���$"�
$ ) !���� �!$��
�� �( ) �"+�"�"+ �����%' ��-�"+ � ) (. %' ��-- !$�$"!�%#�=!��-�"+�"�%�"�!���
)�!(��(�("��($�"+ ��) !A+ �8(%#�-�'"�!�(%-�� %'(%#� '�(8�" 1��


"B$���$��(8=�!"�%"�"��G� $"(�%�A+ "+ !�#������A�!8 (%#�($� ) %���=!��� 8�-�!�+�8�%�
 &($" %' 1��+�$�-�!�%���% �+�$�$ !(��$���. 8�%$"!�"  .��%��$'( %"(-('�=!��-�"+�"�(%'! �$ .�
#������" 8= !�"�! $�A���.�� �.�"��"+ �'�"�$"!�=+ $� =! .('" .�������!8($"$1�
%�-�'"��("��== �!$�
"+�"�C�$"�"+ ��==�$(" �($�"!� 4�"+�"�(%'! �$ $�(%�# ������" 8= !�"�! $�8���+�) ���� % -('(���
 -- '"��%�+�A�A ��() ���!��() $1��

��!�"+ $ �! �$�%$�
�A���.��(9 �"��.($'�$$��%�(8=�!" �%"���.���-�$'( %"(-('�! $ �!'+�"+�"�! -�" $�
"+ ��%"+!�=�# %('�"+ �!���-�'�"�$"!�=+('�#������A�! 8(%#1�
�� �( ) �"+($�! $ �!'+��-- !$�
'�8= ��(%#�=!��-�"+�"�+�8�%��'"()("( $�+�) ��(""� � (8=�'"��%�'�(8�" 1��
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�+($�! $ �!'+��A ���.�'�8 %" .�(%�"+ �$'( %"(-('��( " !�"�! ��.(! '"���'+��� %# $�"+ �
 %)(!�%8 %"���A�!�.)( A��-�"+ �8 .(���$��"+ ��"�=(' �����.�%B"�! ' () �=!�= !��"" %"(�%��%.�
.($'�$$(�%1�, !"�(%�8 8� !$��-�"+ �8 .(��A���.�!�"+  !�� ) ��= !$�%����""�'9$��%�$'( %"($"$�
A+��G� $"(�%�F�'' =" .F�#������A�!8(%#�"+ �!( $�"+� %� %#�# ��%�"+ �$'( %' 1��

�+($�($��%��%-�!"�%�" ��!"(-�'"��-�"+ �. ��" 5"+ �!  � %"� $$�(%'! �$ �(%�= !$�%����""�'9$��%�
' !"�(%�8 8� !$��-�"+ �$'( %"(-('�'�88�%("��A+��G� $"(�%�$�5'��� .�'�%) %"(�%���A($.�81��


�� �( ) �("�($� &"! 8 ���(8=�!"�%"�-�!�"+ �-�"�! � �-�"+($�'��%"!��"+�"�"+ �-�'"$��%.�"+ �$'( %' �
# "���-�(!�+ �!(%#1�3("+��"�=!�= !�9%�A� .# ��%.��% . !$"�%.(%#�����!8($"$�A(���$'�! �"+ �
'��%"!��(%"�� %�'"(%#�("$���"(8�" �#���4�8�9(%#� % !#��$�==! $$(�%��(%�"+ �-�!8��-�+�!8-���
8�%.�"�!��! $"!('"(�%$��%�'�!��%�.(�&(. ��%.��"+ !� #!  %+��$ � 8($$(�%$��"+ ��--('(���=��('��
�-�"+ �<%(" .��"�" $1��

��'+���=��('��A���.�(%.�' �$ !(��$� '�%�8('�+�!8�� $= '(�����-�!���A5(%'�8 ��%.�8(%�!("��
=�=���"(�%$1��% !#��$�==! $$(�%���$��--('(���#�) !% 8 %"��%.�%�%5=�!"($�%�=!()�" ��%���$ $�
+�) ��8=���'�%-(!8 .��8 �%$�+(#+ !�=!(' $�-�!�-��.� �8 .('���'�! ���%.� � '"!('("����$�A ����$�
8�$$() �C�����$$ $��%.�.!�$"('�! .�'"(�%$�(%�#!�$$� .�8 $"('�=!�.�'"������"+ �A+(� �=!�)(.(%#�
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�+ �($$� ��-�#������A�!8(%#�+�$�#�!% ! .�$(#%(-('�% "�(%" !%�"(�%����"" %"(�%�"+!��#+�"+ �
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'�%$(. !��� ��8��%"$�� ��A�200��� ) �$1��
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�-�-�$$(��-� �$���! �'��$(%#�#������" 8= !�"�! $�"� �!($ �� ) %"������"��'�"�$"!�=+('�� ) �$1�
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($��"+ ��A���.�=��' ���! ��"() ���#! �" !���!. %��% ���A !5(%'�8 �+��$ +��.$�"+�%��%�+(#+ !5
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�$�"��"+ ��!��. !��8�'!� '�%�8('� -- '"$��-�'�!��%� '�=��%.�"!�. �$'+ 8 $��,�	�$�(.��F��
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Composite temperatures from best records: Fairbanks , Anchorage, Nome and Barrow. 
Since 1978 (after the Great Pacific Climate Shift o f 1976-1977, caused by the Pacific 

Decadal Oscillation, or PDO)  the average temperatu re has dropped nearly 1F.
Source: Willie Soon
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Original calculation has data and computational err ors
(Mann et al. 1998)

Recalculation with errors corrected 
-- the 20th century is not the warmest

Resolving Data and Computation ErrorsResolving Data and Computation Errors
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�%.�'�%'��$(�%$��=!�8�" �'� �!��%.�'�! -����==!�($� ���%.�=! $ %"�"(�%��-�"+ ��%' !"�(%"( $�
����"�'�(8�" �'+�%# ��$�A ����$�"+�$ ��! �$�(%�A+(' +�$'( %' �($�� �.(%#�"��!���$"�'�%'��$(�%$��
�%.�A�!9�"�A�!.���$(#%(-('�%"�(8=!�) 8 %"�(%�"+ ��� (�("��"��=!�C '"�"+ �-�"�! 1;�������*
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. '��!(%#�- �!� $$���"+�"�+�8�%��'"()("��($���!# �� �! $=�%$(�� �-�!�("1;�	-�'��!$ ���$�"+ �
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%�A��=!�)(%#���#������A�!8(%#�'�%$ %$�$1��
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A�!8(%#1��+ �'��(8�"+ ! �($�'�%$ %$�$�! $"$��%�-��! �-�%.�8 %"���=(���!$1����=! )(��$�
$=  '+ $�8�. �'� �!�"+�"�"+ �-(!$"�"+!  �=(���!$��!  �8�. ��-�$�%.1�
"R$�%�"�"!� ��-�!� &�8=� ��
"+�"�"+ ���"(�%����'�. 8���-��'( %' $�� �( ) $�"+ � $'( %' ��-�'�(8�" �'+�%# �($�$ ""� .1�
%�
-�'"��"+ �! =�!"�($�! =� " �A("+�'�) �"$�A�!%(%#�"+  �! �. !��-�"+ �8�%���%' !"�(%"( $�
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"�($���$��%�"�"!� �"+�"�"+ �$ ' �%.�=(���!���"+ �<��$'( %' �! =�!"�9%�A%��$�
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/,,�! =�!"���=!�) $���'�%$ %$�$1��+ �-��#$+(=� $"�.���%�A+('+�"+ �
/,,�! =�!"�! �( $��
9%�A%��$�"+ �+�'9 ��$"('9��%.�A+('+�$+�A$��%��%=! '  . %" .�!($ �(%���"+�' %"�!��
" 8= !�"�! $��+�$��  %�"+�!��#+���.($'! .(" .����$' ( %"($"$��%���"+�$(. $��-�"+ �. ��" 1�
��! �) !��"+ �<��! =�!"�! �( $��%� &=��$() �(%'! �$  $�(%�#!  %+��$ � 8($$(�%$����=��!�
'��%"!( $��) !�"+ �% &"�' %"�!����$ .��%�"+ �=��("( '���. '($(�%����"+ �! =�!"R$���"+�!$�"+�"�
'��%"!( $�$�'+��$���# !(��A(���� ��$�A ��"+����!�A ��"+( !��"+�%�"+ �<%(" .��"�" $1��+ �"+(!.�
=(���!�$�==�$ .���=!�)(%#�"+�"�"+ �$'( %' �($�$ ""�  .���"+�"�"+ ��!'"('�($�8 �"(%#���($�%�"�$��
8�'+���$ .��%�+�!.�$'( %' ��$��%�=��("('���$'( %' 1 ��!'"('�" 8= !�"�! $��! �%��A�!8 !�"+�%�
"+ ��A ! �(%�"+ �20��$1��(8(��!����"+ �"+('9% $$��- ��!'"('�#��'( !$��%.�$ ��(' ��== �!$�"��)�!��
%�"�!���������$�8�'+��$�2?�= !' %"��%%�����1��+ $ � �%.��"+ !�-�'"$�A+('+����!8($"$�-(%.�
(%'�%) %( %"�A���.�$  8�"��(%.('�" �"+�"�=!�C '"(�% $��-��%��!'"('�'�(8�" �'�"�$"!�=+ ��! �
$= '���"() ��"�� $"1���.���
�A���.��(9 �"��'�%'��. �8��$ !( $��%�"+ ����!�/(���!$��-�,�(8�" �
���!8($8����.($'�$$(%#�"+ �=!��� 8$��$$�'(�" .�A("+ �#������'�(8�" �8�. �$1�� "�8 �� #(%����
�!( -��� &=��(%(%#�A+�"�'�(8�" �8�. �$��! ��%.�+�A� "+ ��-�%'"(�%1�,�(8�" �8�. �$�+ �=�
$'( %"($"$�. $'!(� �'+�%# $�(%�"+ �'�(8�" �$�$" 81� �+ ���! �%�"�8�. �$�(%�"+ �'�%) %"(�%���
$ %$ D�"+�"�($��"+ ���! �%�"�=+�$('���! =�('�$1�
�" + !��"+ ���! �8�"+ 8�"('���! =! $ %"�"(�%$�
�-�"+ �=+�$('�����A$��%.�=!�' $$ $�"+�"�#�) !%� �!" +R$�'�(8�" 1��''�!.(%#�"��*!1�*�)(.�
� #�" $��-�"+ �<%() !$("���-�* ��A�! ��'�(8�" �8�. �$�:�! �. $(#% .�"��� �. $'!(="(�%$��-�"+ �
-����"+!  5.(8 %$(�%���$"!�'"�! ��-�"+ � �!"+B$�'�( 8�" 1;�*!1�� #�" $� &=��(% .�"+�"�8�. �$��! �
�$ .�:(%���)�!( "���-��==�('�"(�%$��(%'��.(%#�"+ �( %) $"(#�"(�%��-�"+ �=�$$(�� �!�� ��-�)�!(��$�
'�(8�" �-�!'(%#�8 '+�%($8$��%.�"+ �$(8���"(�%��-�=� $"��%.�-�"�! �'�(8�" $1;��+��$�%.$��-�
'�(8�" �'+�%# �$"�.( $�! ����%�'�8=�" !�8�. �$1��+ ��!'"('�,��%'(���A+�$ �A�!9�
��..! $$ .�
��$"�A  9��$"�" .�"+�"��!'"('�A�!8(%#��%.�"+ �(8=�' "$�$" 88(%#�-!�8�"+�"�A�!8(%#��! �
-(!8��� $"���($+ .����'�8=�" !�8�. �$1�:3+(� �"+ �8 �. �$�.(-- !�(%�"+ (!�=!�C '"(�%$��-�$�8 �
�-�"+ �- �"�! $��-�'�(8�" �'+�%# �;�"+ ��!'"('�,��% '(��A!�" ��:"+ ���! �����(%��#!  8 %"�"+�"�
"+ �A�!�.�A(���A�!8�$(#%(-('�%"����$���! $��"��-�+� 8�%��'"()("( $��%.�"+�"�"+ ��!'"('�($��(9 ���"��
 &= !( %' �%�"(' ��� �A�!8(%#�=�!"('���!��� �!����% .�(%" %$ ��1;��(8(��!����"+ �
/,,��A+('+�
�
��$��.($'�$$ .�(%��%� �!�( !�$=  '+��! �( .��%�$�'+ �8�. �$�"��=!�C '"�����%#5" !8�" 8= !�"�! �
(%'! �$ �!�%#(%#�-!�8��1��"��2�1��. #!  $�, �$(�$�� %.��$$�!" .��%.�=�" %"(�����.�%# !��$�
'�(8�" �'+�%# $��) !�"+ �% &"�' %"�!�1��''�!.(%#�"� �*!1�� %% "+�>!  %��*!1��(8�������%.�*!1�
�" ) %��'+!� . !��:=��("('(�%$�'� �!���.��%�"�! ��( E �"+�"�"+ �8�C�!�'�%'��$(�%$��-�"+ �
/,,R$�
! =�!"$��! �%�"���$ .��%�+�!.� )(. %' ��%.���$ !)�" (�%���"�!�"+ !���!# ����=�%�"+ ���"=�"��-�
�$$�8="(�%5.!() %�'�(8�" �8�. �$1;�/<��
�>��	*����
 ��,	���\�����!8($"$�'(" �"+ �! $��"$�
�-�'�(8�" �8�. �$��$�=!��-��-�"+ �'�"�$"!�=+('�A�!8 (%#�+�=�"+ $($1�,�%$(. !��% ����!8($"�
$'!(� ��A+��A!�" �! ' %"����:*!�A(%#��%�+(#+���$�=+ ($"('�" .�'�8=�" !�8�. �$��'�(8�" �
$'( %"($"$�'�%�=!�C '"���%�"�=! .('"���+�A�8�'+�" 8 = !�"�! $�8���!($ �����$�����2���(-�A �
'�!!���%�A("+���$(% $$��$��$���1;�� �'�%"(%� .4�:�� "+��#+�$' %�!(�$�)�!���$�8 �# "�=! ""��
$ ) ! 1����.��"+ �=!�C '" .�(8=�'"$��-�'�(8�" �'+�% # 4�!($(%#�$ ��� ) �$��$= '( $� &"(%'"(�%$��
#��'(���8 �"(%#���%.�$��-�!"+1;����%.$�=! ""��$'�!� ����"�"+ �$"�" 8 %"�($�'�8=� " ���)�'���$4�

"�$+ .$�%���(#+"��%�"+ ��(9 �(+��.��!�! �(��(�("�� �-�$�'+�=!�C '"(�%$1�
-��-�!� &�8=� ����8�. ��
$+�A$���$(#%(-('�%"�" 8= !�"�! �(%'! �$ ��) !�"+ �%  &"����� �!$��+�A�8�'+�'�%-(. %' �.��A �
+�) �(%�"+�"�=!�C '"(�%M�
��
�""�'+(%#�=!����(�("( $�"��8�. ��! $��"$�($� &"! 8 ���.(--('��"��%.�!(- �A("+��%' !"�(%"( $1�
%�
"+ ������ .("(�%��-���"�! ��-��!�'�(8�" �8�. � !$�% �" .�"+�"��:����$('�=!��� 8�A("+�����$�'+�
=! .('"(�%$�"��.�" �+�$��  %�"+ �.(--('��"���-�=!�) (.(%#��%��$�$" 8�"('� $"(8�" ��-�
�%' !"�(%"�1;��+($�=!��� 8�$" 8$�-!�8�"+ �-�'"�"+�" �:"+ $ �H'�(8�" I�8�. �$�.��%�"�
% ' $$�!(���$=�%�"+ �-����!�%# ��-�9%�A%�'�(8�" �$� $" 8�� +�)(�!1;��''�!.(%#�"��"+ ���"(�%���
�'�. 8���-��'( %' $��:XA("+��"��%��%. !$"�%.(%#��-� "+ �$��!' $��%.�. #!  ��-��%' !"�(%"���
. '($(�%58�9 !$�'���.�-�(��"��. -(% �"+ �� $"�A��$� "��. ���A("+�"+ �$ !(��$�($$� ��-�#������
A�!8(%#1;��+($�-�'"�$+���.�" 8= !�"+ � %"+�$(�$8��- �"+�$ �A+��$�==�!"����"�5$"�� �
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"+ ���"=�"��-���8�. ��'��'���"(�%1�/�"��%�"+ !�A��� �("R$��%����$�#��.��$�"+ �8�. �R$� G��"(�%$�
�%.�(%=�"$1��$�A �A(���$  ���" !�(%�"+($�$=  '+��$� '+�(%=�"$���!��$$�8="(�%$�����"�"+ �-�"�! ��
'�%�� � &"! 8 ���-��A .��(-�%�"�"�"�����.()�!' .�-! �8�! ��("�1��%.�"+($��"��� �$�! ��($��%����% �
�-�"+ �8�%��" '+%('���$+�!"'�8(%#$�"+�"��(8("�"+ �$ '( %"(-('�)��(.("���-�'�(8�" �8�. �(%#1��
�
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�
<%-�!"�%�" ����!�! ���.� $��%��$'!�"(%���''�8=�%��8 �. ��$(8���"(�%$1���"���$ .��%�A+�"�A �
9%�A�����"�"+ �=+�$('$��-�'�(8�" �8�. �$���$�A ���� $�"+ �G� $"(�%��� ��$$�8="(�%$���(�"�(%"��
"+ �8�. �$�"+ 8$ �) $��A �$+���.�� �) !��$9 ="('��� �-�"+ (!�! $��"$1��+($�($� &�'"���"+ �)( A��-�
"+ ���"(�%����'�. 8���-��'( %' $1��''�!.(%#�"������ �:,�(8�" �8�. �$��! �(8= !- '"1��+ (!�
$(8���"(�%�$9(���($��(8(" .�����%' !"�(%"( $�(%�"+ (!�-�!8���"(�%��"+ ��(8(" .�$(E ��-�"+ (!�
'��'���"(�%$���%.�"+ �.(--('��"���-�(%" !=! "(%#�"+  (!��%$A !$�"+�"� &+(�("��$�8�'+�'�8=� &("��
�$�(%�%�"�! 1;��"�"+($�=�(%"��'�(8�" �8�. �(%#�($�$ "(�����) !��!�.(8 %"�!��$'( %' 1��$�
('+�!.�
� !!�A!�" �(%��'( %' �8�#�E(% ��:,�(8�" �-�! '�$"(% #���-" !������($�$"(���(%�("$�(%-�%'�1;���. �$��
A+(� �+ �=-���-�!�$'( %"($"$�(%��%. !$"�%.(%#�"+ �' �(8�" �$�$" 8���! �-�!�-!�8�= !- '"1�
�''�!.(%#�"��'�(8�"���#($"�> !��.���!"+��-�� &�$��P ��<%() !$("���:
"B$� &"! 8 ���+�!.�"��" ���
A+ "+ !�"+ �8�. �$�+�) �(8=!�) .D�"+ ��%' !"�(%"( $ ��! ���!# 1;�	!��$�'�(8�" �8�. � !�/ " !�
�"�% ��-�"+ ���$$�'+�$ ""$�
%$"("�" ��-�� '+%���#�� =�"�("��:�+ �8�C�!�H'�(8�" �=! .('"(�%I�
�%' !"�(%"( $�+�) �%�"��  %�! .�' .��"����1;���$ .� �%�"+ $ ��%' !"�(%"( $��'���.�=+�$('($"�

�� !"�,+�!�$�%��=!�- $$�!� 8 !("�$��"�"+ �<%() !$( "���-�3�$+(%#"�%��� �""� ��+�$�'�%'��. .4�
:���8�9 �("�$��%.��(9 �A ��%. !$"�%.�'�(8�" �($�%�" �!(#+"1;��+($�($�%�"�"��. %��"+�"�'�(8�" �
8�. �(%#�+�$�(8=!�) .��) !�"+ ���$"�"+!  �. '�. $1� 
%.  .��$'( %"($"$�+�) �'�%$"!�'" .�
8�. �$�"+�"�8�! ��''�!�" ���! -� '"�"+ �! ���A�!�.1 �
%�"+ �20@�$��8�. �$�A ! �'�=��� ��%����-�
. $'!(�(%#�"+ ��"8�$=+ ! ��A+(� ��) !�"+ ���$"�- A� � �!$��8�. �$�'�%�. $'!(� ������ ("�
(%�. G��" �����"+ ��"8�$=+ ! ����%.�$�!-�' ���' �%$ ��$ ��(' ���%.��"+ !�)�!(��� $1���"�
#! �" !�'�8=� &("��.� $�%�"�8 �%�8�! ��''�!�" �! $� �"$1�
%�-�'"��"+ �8�! �)�!(��� $�
$'( %"($"$�(%'�!=�!�" ��"+ �8�! ��%' !"�(%"( $��!($  1�*!1����9�!����%�� ��A+��+ �= .�'! �" �
"+ �-(!$"�'�(8�" �8�. ��"+�"�'��=� .�"+ ��"8�$=+ ! ��%.��' �%$��+�$���$ !) .��:��. �$�"+�"�
(%'�!=�!�" � ) !�"+(%#�-!�8�.�$"�"��) # "�"(�%�8��� ���9��(9 �"+ �! ���A�!�.����"�"+ � !!�!�
!�%# ��$$�'(�" .�A("+�"+ ��..("(�%��-� �'+�% A�)�!( ��� �'���.�! $��"�(%�% �!�"�"����%' !"�(%"�1�
�+($�A���.�! =! $ %"���=�!�.�&4��+ �8�! �'�8=� &�"+  �8�. �$��"+ �� $$�A �9%�A1;�3 ��! �
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���"+ �
/,,�+�) �8�%��8�! �"+�%�"A %"��(%=�"$���%.� 8�%���-�"+�$ �(%=�"$�A(���� �9%�A%�
A("+�8�'+�� $$�"+�%�0��= !' %"�'�%-(. %' 1;��
�
��$���"(%9 !(%#�A("+�'�(8�" �)�!(��� $�($���. �('�"  ���$(% $$���# ""(%#��% �)�!(��� �A!�%#�'�%�
#! �"���$9 A�8�. ��! $��"$1�*!1�*�)(.�� #�" $�+�$�% �" .�"+�"�:�%�"+(%#�����.��A!�%#�(%���
'�(8�" �8�. ��A(����.) !$ ����-- '"�"+ �$(8���"(�%� �-� ) !���"+ !�)�!(��� 1;���9 �=! '(=("�"(�%��
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�"8�$=+ !('�8�($"�! �'�%" %"��!�=! '(=("�"(�%5'��$( %#�8 '+�%($8$�A(���! $��"�(%� !!�!$�(%�"+ �
$(8���"(�%��-�=! '(=("�"(�%1;�:,� �!���;�*!1�� #�" $�'�%'��. .��:"+ �(%" !! ��"(�%$+(=$��8�%#�
"+ �)�!(��$�'�8=�% %"$�"+�"�'�8=!($ �"+ �'�(8�" �$� $" 8�8�9 �'�(8�" �8�. �(%#�.(--('��"1;�
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�
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Left – Changes in the sun’s output are strongly correlate d with terrestrial temperatures 
where records are available. Data are from S. Baliu nas and W. Soon 1995. 

Right – YOKOH satellite image of one million C plasma in t he sun’s outer atmosphere. 
The plasma is shaped and heated by magnetic fields.
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