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=?>A@CBEDGFH@4I�JLKNMPOE@CQ4I%RCS;RCT;JCQ7Q7U
KWV @$XGOEDGYWXZ>[Y]\;^_\�O`@aQ V JCbcXGDGOEdA>[O`@ V @$XeO`DeYfXZ>[Yhgi>kjl>kbZ>kmE@onCpimEqCOEDrXsn7tuO�brv.OE@7>kOCn V JCbrXZDeO`dk>kO

UHV @�XeO`DeYfXG>kY]\;^_\?n7p_m�qCO`DZXNn7twOEbZv.O`@7>[O7n V JCbcXGDGOEdA>[O
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� qabrFNDZj�O�XG>Am�@CbP�aO�jEF?bZ�7m��6@.XG�CO�X6O]bZv.O`dkd�q7J�X6br>kB`�

@7>��LYHO`@$X�O`v�m�J7@$X�mE�?B�dAm�qCO`d8�8O`DGv�>k@7B	�COEb�m�YHYHJ7DGDZFsQ
m�jEFHD�XZ�CF%�COEbrX�YWFN@�XGJ7DG�����c�8\6\��N���E�$�fR t8�7>kb�>[b
�am$bZbZ>AqCdA�%Q�J7F�XZm�XZ�7F0>k@CYWDGFNO�brF*mE��XZ�CF�B�DZFNFH@7�7m�JCbZF
B�OEbZFNbNnw�6�7>kYe���CO�jEF�B�DZm��6@*bZJ7qCbrXGOE@$XZ>[O`dkdA��br>k@CYHF��7DGFW�
>A@CQ7JCbcXGDZ>[O`d/XG>Av�FsbHn��6>�XG��XG�CO�X�B�DZm��8XG��d[O`DGBEFNdA��O`Xr�
XZDG>Aq7J7XZFNQ�XZm��lJ7v.OE@�OEYWXZ>kj$>AXZ>kFNbNnibZJCYe��OEb�XZ�7F	q7J7DG@��
>A@7B�m`�u��m�bGbr>kd���J7FNdzn�d[O`@CQ�� JCbZFhYe�CO`@7B�F¡OE@CQ4O`BEDG>[YWJ7dAXZJ7DGFER
t8�7F?m�qCbZFHDGj�O`XZ>kmE@Cb¢m�jEFNDPXZ�CF V @�XeO`DeYfXG>kY?DZFNBE>kmE@�qLFW��m�DZF
XZ�7F	�N�$£`¤Eb]O`DGF�dA>kv�>�XGFNQ�YWmEv��COEDZFsQ�XZm�m`XG�7FHD�DZFNBE>kmE@Cb
O`DGmEJ7@CQ�XZ�7F/�;mEDGdkQ¥R�^6FNYHFH@$X.mEqCbZFHDGj�O�XZ>kmE@ab]�CO�j�F�DGFW�
jEFNOEdAFsQ�dk>�XZXZdkF+Ye�CO`@CBEFimE� V @�XeO`DeYfXG>kYhbZFNO��¦>[YWF¡FW§lXZFN@�X_OEd��
XZ�7m�J7BE��dkOEDZB�F]DGFNQ�JCYWXZ>kmE@Cb¡>k@�qLm`XG�	bZFNO`� >[YWF¨XZ�C>kYe©l@7FsbZb
O`@CQ�OEDZFsO/�CO�jEF.qLFHFN@�mEqCbZFHDGjEFsQ�>k@�XG�7F V DeYfXG>kY&��FER BCRkn
T«ªcm�DZB�m�FWX+OEdzR.�s�E�$¬�­¥^6m`XG�7DZm�Ye©/FWX®O`d R��s�E�E�$�fR®¯1m�Ql�
FHdkdA>k@7B°brXZJaQ�>AFsbimE�±XZ�7F�YWdk>kv�O`XZF�Ye�CO`@7B�F+m�jEFND6XZ�CF¨�CO�bcX
�N¤E¤��EFsO`Deb°m�D1brm0�6>�XG����JCdAdk��YHmEJ7�7dkFNQ�O�XGv�m�bZ�7�7FHDGFW�
mlYHFNOE@��¦bZFNO`� >[YWF�v�mlQ7FHd[b��CO�jEF�bZm��²O`D��7DG>Av.OEDZ>kdA�³OEQl�
Q�DZFsbZbZFNQ�B�FH@7FNDGOEd_BEdkmEqaO`di>[bGbrJ7Fsb&�²FER BCRkn?´�O`@$XGFHD�FHX4OEdzR
�N�E���7­lpiO�bZbZFHdkv.O`@7@	�N���$¬`�¢O`@CQ�XZ�CF+Ye�CO`@7B�FNb;>k@°�LmEd[O`D
DZFNBE>kmE@Cb«�CO�jEFµDZFsYWFH>kjEFsQ®dkFNbGbwO`XrXGFH@$XZ>kmE@�Q�J7F;XZm?XZ�7F;d[OEYe©
m`�¢m�qCbrFNDZj�O`XZ>kmE@CbNR]t8�7F�mEq7ªcFNYfXG>Aj�F¨mE�¢XG�7>kbhDGFNbZFNOEDGYe�1>[b
XZm�XZDG��XGm�FW§7O`v�>k@7F/XZ�7F V @$XGO`DeYfXG>kY1Ye�aO`@7B�FNb.OEbGbZmlYH>��
O�XZFsQ	�6>�XG��BEdkmEqCOEd±�;OEDZv�>k@7BCnum�jEFHD¡XG�7F��CO�bcX]YHFH@$XZJ7DG�
O`@CQ°�am$bZbZ>kq7dA�°Q�FHj�FHdkmE�7>k@7B�>A@4XG�7Fh��J�XZJCDZF�R
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t8�CF V JCbcXGDGOEdA>[O`@1\8´l�c^ � YWm�J7�7dkFNQ�B�dAm�qCO`d�YWdk>kv�O`XZF
v�m�Q�FNd_�z¾¡m�DGQ�m�@	OE@CQ �¨¿ SaO`DGDZFNdAd8�N���$¬E�6>[b+O°YHmEv��7DGFW�
�7FH@CbZ>kjEFPB�FH@7FNDGOEdEYW>kDGYHJ7d[O�XZ>kmE@+YHdA>kv.O�XGF¢v�m�Q�FHdlYWm�v��CDZ>[bc�
>A@7B%bZJ7q��¦v�mlQ7FHd[b�mE��XG�7F�O�XZv�m$br�7�CFHDGFEn�m�YWFNOE@on.brFsO��
>kYHF*O`@CQ�q7>km�bZ�7�7FNDZF�RÀ�¦X9�COEb1�CmEDG>AÁNmE@$XGOEd¡DGFNbZmEdkJ�XG>Am�@
DZFN�7DZFsbrFN@$XZFNQ�ql��XZ�7F&¾hOEJCbZbZ>[O`@�B�DZ>[Q*mE�¡ÂCR Ã�Äfd[O�XNR�ql�
£�R ��ÄfdkmE@CBCRkn`�6>�XG�.�hdAFNjEFHd[bÅ>k@¨XG�7F6jEFNDrXG>kYNO`d�>k@�XZ�7F_O`XZv�m`�
br�7�CFHDGF�O`@CQ*Ã7�.dAFNjEFHd[b®>k@�XZ�CF�m�YWFNOE@oR/�Æ@�XZ�7>[b]brXZJaQ��
XZ�7F¢YHmEJ7�CdAFsQ?v�m�Q�FNd`�;O�b���mEDeYWFsQ¡�6>�XG�+O8@$JCv]qLFHDomE�lQ�>A�Ç�
��FHDGFH@$X_>A@aYWDGFNOEbZ>k@7B�BEDGFHFH@C�7mEJCbZFhB�O�b_bZYHFH@COEDZ>km�bNR¢t8�7FsbrF
O`DGF�qCO�brFsQ*mE@0mEqabrFNDZj�O�XG>Am�@Cb¨m�jEFHD¨XZ�CF4�aOEbrX�YHFH@$XZJ7DG�
�Ç��DGmEvÈ�NÉEÉ�¤���OE@CQh�7DGm`ªcFNYWXZFsQiXGmiQ�>AÊLFNDZFN@$X«dAFNjEFNdkb«m`�7bcXeO��
q7>Adk>[bZO`XZ>kmE@&OE@CQ1XG�7FH@	YWmE@$XG>A@lJ7>k@7B�>k@$XZm°XZ�7F¨��J�XGJ7DZF�noO�X
XZ�7m$brF8�7§�FsQ.dAFNjEFNdkbNRut8�7Fi��J�XZJCDZFiO`XZv�m�bZ�7�7FNDZ>[Y8FNË$J7>kj�O��
ÌGÍCÎZÏ²Ï�ÐÆÑ�Ò�ÎZÓNÔHÕ ÓHÖ�×GØWÙ²ÚNÎZÏ?×ZÔNÔHÏ�ÐÆÑ²Ñ Û/Ü�Õ ÓHÖGÏ�ÐÆÓ°Ý?Ø�Þ¢ß�ÓeÙ²×GÏ�à¦Ù²Õ àÍ7áCÍ�Þiâoã7äæå7ÎÆç UGèZUrékêZë Þ¨ì�ÎGíH×GÏÇÙ�î ëZëWK Þ]ß�ØHÑ�Ù²Ï�×Gï Õ ×Wð.Ð ékñ ×ZÕ ï�ÛÜoò Ý¡ØNó¥ØHÙ²×ZÑ¦ò ÐÆÔNØ�ò ×GØ

dkFH@$Xi\ � U YHmE@CYHFH@$XZDeO�XG>Am�@���mEdkdAm��;FNQ.XZ�7F¡�r´���ÃEO���>k@�XG�7Fv�>[Q7Q�dkF�m`�PXG�7F��r´���Ã*ôc�²O`v�>kdA��õ$�]�²�c�;\6\È�s�E�E�$�8DeOEQ�>[O��
XG>Aj�F¡��mEDeYW>k@7B.bZYHFH@COEDZ>km]XGm�Ã`¤E¤�¤���XZ�7F®�7DGFNbZFH@$Xsn�mEDhö÷� ¿ �fn
ÃE¤EÂ�Â���Xc�µm�XG>Av�FNb.XZ�7F1j�O`dkJ7F1mE���sÉEÉE¤CnPmED/öøÃ�§ ¿ ��O`@CQ
ÃE¤EÉ$Ã��ÇXG�7DGFHF?XZ>kv�Fsb;XZ�7F¡j�O`dkJ7F¡m`�µ�sÉEÉ�¤7nEm�D¡ö Â`§ ¿ �fn$XG�7FH@
YHmE@$XZ>k@lJ7FNQ��6>AXZ��XG�7m�bZF6DGFNbZ�aFsYfXZ>kjEF6j�OEdAJ7Fsb±��m�D±XZ�7FiDZFsbcX
mE�µXG�7F.br>kv]JCdkO`XZ>kmE@oR V XZmEXGOEd±m`�8Ã7n ¤�¤E¤°�EFsO`Deb¡bZ>kv]J7d[O��
XG>Am�@¨�aOEbÅqLFHFH@��LFHDZ��mEDGv�FsQ+��m�DwXZ�7F_Â`§]YHOEbZFEn�O`@CQ°�En÷Ã`¤�¤
��FNOEDGbµ��mED8XG�7F+��YHO�brF®O`@aQ4Ã�§°YHO�brF�n�DZFsbr�LFNYWXZ>kjEFHdk�ER
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� qabrFNDZj�O�XG>Am�@Cb+bZ�7m��³XZ�CO`X]XZ�CF�v�FNO`@�B�dAm�qCO`d;brJCDr�
�²O�YWF&XZFHv��LFHDeO�XGJ7DZF&�COEb�>A@CYHDZFsOEbZFNQ�ql��O`qLmEJ�X/¤7R Â�XZm
¤CR �$ÄN\%��DZm�vÀXZ�CF.dkO`XZF1�N�`XZ��YWFN@�XGJ7DG�1XZm��N���������c�8\6\
�s�E�����fR1t8�7F4YWm�J7�7dkFNQ�v�m�Q�FHd8br>kv]JCdkO`XZFNb¨br>kv�>Ad[O`D]q7J�X
B�DZFsO�XGFHD;BEdkmEqCOEdLv�FsO`@4�;OEDZv�>k@7B]mE�wO`qLmEJ7X6¤CR÷¬EÄN\�m�jEFHD
XG�7F�bGO`v�F��LFHDG>Am�Q¥R't8�CF*BEDGFNO`XZFHD&�;OEDZv�>k@7B�>kb�Q�J7F
XGm0XZ�7F��7>kBE�7FND/�;OEDZv�>k@7B0bZ>kv]J7d[O�XGFNQ�>k@�XZ�7F�	_m�DrXG���
FNDZ@�p_FNv�>kbZ�7�7FNDZF/qLFNYHOEJCbZF4mE�iXG�7F/dkO�Ye©�m`�iXG�7F9YWmlm�d��
>k@7B0FWÊ�FNYWX/mE�¨O`FNDZm$brm�dkb��6�7>[Ye��O`DGF&@Cm`X/>A@CYHdAJaQ�FNQ�>A@
XG�7F�v�mlQ7FHd_�²pi>ADebrX��N�E�����WR]S7m�D?XG�7F�´lmEJ7XZ�7FNDZ@�p_FNv�>A�
bZ�7�7FNDZF�XZ�CF�bZ>kv]J7d[O�XGFNQ�v�FsO`@�brJ7DZ�²OEYHF&XGFHv��LFHDeO�XZJCDZF
Ye�aO`@7B�F&YWm�v��aO`DGFNb��;FHdkd?�6>AXZ��m�qCbZFHDGj�O`XZ>kmE@Cb1�²I�J�FWX
OEdzR]�N�E�����WR8SCmEDiXZ�7F V @$XGO`DeYfXG>kY°�²��¤�ÄH´1�am�dAFN�;OEDGQC�µXG�7F
bZ>kv]J7d[O�XGFNQ9Ye�COE@7BEF+��DZm�v �sÉEÉC�W�e�N�7�s¤¨XZm&�s�EÉ�¤��e�N�E�
�¨>[b
ªcJabcX�m�j�FHD¨¤CR÷¬EÄs\?nÅ�7m��;FHj�FHDsn±qaFsYHOEJCbrF4m`�?XZ�7F/d[OEYe©�mE�
m�qCbZFHDGj�O`XZ>kmE@CbµqLFW��mEDGF¡XZ�7Fh�Æ@$XZFNDZ@aO�XZ>kmE@aO`d¥¾¡FHmE�C�$��bZ>kYNO`d
�PFsO`D	�c�N�$£�¬��G�s��£`É$�]YHmEv��COEDZ>[brm�@Cb�YNO`@�@7mEX�qaF�v.OEQ�F
m�j�FHD�XG�7F9�CO�bcX9�s¤E¤	�EFsO`DebHR�t8�CF9br>kv]J7d[O�XGFNQ�bZJ7DZ�²OEYWF
XGFHv��LFHDeO�XZJCDZF;Ye�CO`@7B�FNb«��mEDuXZ�7F V @$XeO`DeYfXZ>[YPDGFHB�>Am�@h��DZm�v
�s��£E¤��e�N�E�
�1XZm��s�EÉE¤`�G�s�E�
�9>kb.¤CR �$Â Ä \(�6�7>[Ye�0>kb�YHdAm$brF
XGm4XZ�7F�mEqabrFNDZj�O�XG>Am�@Cb¡m`�8¤7R �C�sÄN\�Q�FNDZ>kjEFsQ1��DGmEv
�hFNdAdk�
OE@CQ���mE@7Fsb&�r�N�E�����WR��¦X4bZ�7mEJCdkQ�qLF&@Cm`XZFsQ�XZ�aO�X�XG�7F
QCO�XGO&��DGmEv��hFHdkdA��OE@CQ���mE@7Fsb+��m�D]XG�7F V @$XGOEDGYWXZ>[Y�DGFW�
B�>Am�@*�;FHDGF�qCO�brFsQ�mE@�dA>kv�>�XGFNQ*m�qCbZFHDGj�O`XZ>kmE@Cb]qamEXZ�0>A@
bZ�CO�YWF¨OE@CQ/XG>Av�FEn¥�aO`DZXZ>[YWJ7d[O`DGdA�°��mED?XZ�CF¨FsO`DGdA�4�aFNDZ>km�Q¥n
OE@CQhXG�7Fµv�m�Q�FNdlbZ>kv]J7d[O�XG>Am�@Cb«YHm�jEFHDwO`dkd�DGFHB�>Am�@Cb¥mE�CFNO�Ye�
XG>Av�F+brXZFN�oRÅ�Æ@4O�Q7Q�>AXZ>kmE@°XZ�7FNDZFhO`DGF?d[O`DGBEF¡j�O`DG>kOEq7>kdA>AXZ>kFNb
>k@�XZ�CF�Q7O�XeO°��mED+qLm`XG��XZ�7F�m�qCbZFHDGj�O`XZ>kmE@CbhOE@CQ�v�mlQ7FHd
bZ>kv]J7d[O�XG>Am�@CbHR
t8�CF*DZFsOEbZmE@COEq7dkF��;OEDZv�>k@7B�br>kv]JCdkO`XZFNQ�m�jEFHD/XG�7F

�aOEbrX;�7DGm�jl>kQ7FNbµJCb;�6>�XG�4bZmEv�FhYWmE@7�aQ�FH@aYWF¡>A@�XZ�7F®bZ>Av��
JCdkO`XZ>kmE@�mE�6XZ�7F°��J�XGJ7DZF1YHdA>kv.O�XZ>[Y�Ye�aO`@7B�FNbNR	Sw>kBEJ7DGF&�
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1900 = 1881-1910
2000 = 1981-2010
2100 = 2081-2110
2500 = 2481-2510
3000 = 2981-3010
3500 = 3481-3510
3800 = 3781-3810

Su>kBEJCDZF¨� � t8�7FhO`@7@lJCOEdaÁNmE@COEdav�FNOE@°bZJ7DZ�²OEYWFiXZFNv��LFHDZ�
O�XZJCDZF_Ye�COE@7BEF8��DGmEv �N��¤E¤?XZm�Ã`¤E¤�¤7nEÃ7�N¤E¤Cn�ÃE£E¤E¤CnEÂE¤�¤E¤7n
Â�£`¤�¤+O`@aQ°Â�ÉE¤E¤®��DZm�væXZ�7F®Â�§�brXGOEq7>kdA>[bZO`XZ>kmE@4YHOEbZFER��Pj$�
FHDG��FH�Lm�Ye�°>[b6DGFH�7DGFNbZFH@$XZFsQ��6>AXZ�1O�ÂE¤`� ��FNO`D;v�FNOE@oR

br�7m��_b¡XG�7F�O`@C@$JaO`dPv�FNOE@�ÁHmE@aO`d±v�FNOE@�bZJ7DZ�²OEYHF¨XGFHv��
�aFNDGO`XZJ7DGF6Ye�CO`@7B�F¢��DGmEv �N�E¤�¤_��m�DPOh@lJ7v]qLFHD±mE�LFN�am�Ye�Cb
��mED°XZ�7F�YHO�brF�m`��Â�§¥R��Pj�FHDG��FN�am�Ye��>[b/DGFH�7DGFNbZFH@$XZFsQ
q$��O�ÂE¤`� ��FNO`D�v�FsO`@�OEb4BE>kjEFN@�>A@�Sw>ABaRÀ�ER(�¦X9YHOE@
qaF�bZFHFH@�XZ�aO�X1��mED4XG�7>kb&bZYHFH@COEDZ>km�d[O`DGBEF	�;OEDZv�>k@7B�>[b
br>kv]J7d[O�XGFNQ�qaFHXc�µFNFH@��s�E¤�¤9O`@CQ0Ã��s¤E¤7nÅFsbr�LFNYH>kOEdAdk����mED
XZ�7F V DeYfXG>kYEn��6�7>kdAF¡XZ�CF¡FsË$J7>Aj�OEdAFN@�X?\ � U >k@CYWDGFNO�brFsb¢J7�J7@$XZ>kd6ÃE¤EÉ$Ã4XZ�7FN@�brXGOEq7>Adk>[brFsbHR�S7m�D]XG�7F V @$XGOEDGYWXZ>[Y�DGFW�
BE>kmE@�d[O`DGBEF°�;OEDZv�>k@7B�YWmE@$XG>A@lJ7Fsb]XG�7DGmEJ7B��*XZ�CF/bZ>kv]J��
dkO`XZ>kmE@on��6>AXZ��XZ�7F��;OEDZv�>k@7B�qLFWXc�;FHFN@�Ã��s¤E¤�OE@CQ�Ã�£`¤�¤
qaFN>A@7B&@7FNOEDZdk�&FsË�JaO`dPXGm1XZ�CF��8O`DGv�>k@7B1qLFW��m�DZF�FsË$J7>Aj$�
O`dkFH@$X�\ � U >[b�brXGOEq7>kdA>[brFsQ¥n¢qLFWXc�;FHFN@0ÃE¤E¤E¤�O`@CQ0Ã��s¤E¤7R¯1m�brX?mE�±XZ�7F��¢OEDrXG� ¿ b?brJCDr�²O�YWF]DGFNO�Ye�7FNbi@7FNOED_XGm°FsË�JC>��
dA>kq7DG>AJ7v%ql�+Â�¤E¤E¤_q7J�X±>�XwXGOE©EFsbuOi��J7DZXZ�7FND±£E¤E¤i�EFNOEDGbo��mED
XZ�7F V @$XGOEDGYWXZ>[Y_XGm¨DGFNO�Ye�.@7FNOEDµFsË$J7>Adk>kq7DZ>kJ7v/n�ql���6�7>kYe�
XZ>kv�F¨>�X¡�;OEDZv.b?O`qLmEJ�X?Xc�6>kYHF]OEb?v]JCYe�9O�b_dkm��µFNDid[O�XG>��
XZJCQ�FsbHRPt8�C>kb6>[b6OEbGbZmlYH>kO`XZFsQ��6>AXZ�/XZ�CF+Ye�CO`@7B�FNb;m`�ÅbrFsO��
>kYHF°O`@aQ*>[b�Q7>kbGYWJCbGbZFNQ�>k@*XG�7F°@CFW§lX�bZJ7q��ÆbZFNYfXG>Am�@oR�t«m
YWmEv��COEDZF�XZ�7F���J�XZJ7DGF4�;OEDZv�>k@7B&bZ>Av¨J7dkO`XZFsQ��6>�XG��Q�>A�Ç�
��FHDGFH@$X¢FNË$J7>kj�O`dkFH@$X8\ � U brXGOEq7>kdA>[bZO`XZ>kmE@�XZ�CF_v�FNO`@�XGFHv���aFNDGO`XZJ7DGF�Ye�aO`@7B�F+��DGmEv"�N��¤E¤�m�jEFHDiXZ�7F�DGFHB�>Am�@&brm�J�XZ�
m`�o�E¤$ÄH´���m�D±XZ�7FiXZ�7DGFHF?YHOEbZFNbPm`�«�Ån$Ã�§�OE@CQ.Â�§�>kb¢BE>kjEFN@
>A@�tuOEq7dkF4��R¨t8�7F�B�dAm�qCO`dÅ�8O`DGv�>k@7B4>kb®OEdkbZm4BE>kjEFH@&��mED
DZFH��FHDGFH@CYHFER8Tµ�°XZ�CF+FH@CQ9m`�ÅXZ�7>[biYHFH@$XZJCDZ�°XZ�7F¨O�jEFHDeO`B�F
�;OEDZv�>k@7B4bZ>kv]J7d[O�XGFNQ	DGOE@7BEFsb?��DZm�v'�ER ���²�µ�?XGm �CR ¤�Äs\
�²Â�§C�°m�jEFND�XG�7F V @$XeO`DeYfXZ>[Y	DZFNBE>kmE@��6�7>AdkF	XZ�7F�B�dAm�qCO`d
�;OEDZv�>k@7B9>[b¨j�FHDG�	bZ>kv�>kd[O`D/�c�ER ���z�µ�+XZm	Â7Rø¬`ÄN\À�²Â�§C�Z�fR
p_m��;FHjEFNDNn�ql� ÂE¤�¤E¤�XZ�7F�YHmEDGDZFsbr�LmE@CQ7>A@7B:bZ>Av¨J7dkO`XZFsQ
�;OEDZv�>k@7B�bum�jEFNDuXG�7F V @$XGOEDGYWXZ>[Y;DZFNBE>kmE@]>k@CYHDZFsOEbZF¢XGmhÂCRA�
�²�µ�«XGm¡ÉCR÷¬EÄs\��zÂ�§C�u�6�7>[Ye��OEDZF;v]JCYe�¨BEDGFNO`XZFHDuXZ�aO`@¨XZ�7F
YWmEDGDGFNbZ�am�@CQ�>k@7B&B�dAm�qCO`d8�8O`DGv�>k@7B��zÃ7R ¤��²�;�]XZm*£�R÷£EÄs\
�²Â�§C�Z�fR±t8�7>[b;bZJ7B�BEFNbrXGbPXZ�CO`XµXG�7FhO`�7�7DGm�O�Ye��XZm¨FNË$J7>kdA>kq��
DZ>kJ7v"m`�6XG�7F V @$XGOEDGYWXZ>[Y�DGFHB�>Am�@���mED�BEdkmEqCOEdµ�8O`DGv�>A@CB
v�O���qLFibrdkm��;FHD±XG�CO`@.XG�7FiDGFNbrX¢mE�LXG�7F��µO`DZXZ� ¿ bPbZJ7DZ�²OEYWF
Q�J7F�XZm4>�XebhFW§lXZFN@CbZ>Aj�F�>[YWF�YWm�j�FHDhO`@CQ�>AXGbhDGFNbZ�am�@CbrF]XZm
�7FNO`XZ>k@7B���DGmEv XG�7F.Q�FHFN��m�YHFNO`@	O��ÇXGFHDhXZ�CF�FsË$J7>Aj�OEdAFN@�X
\ � U >kbwbrXGO`qC>Adk>kbZFNQoRut8�7F¢Ye�aO`@7B�FNboYNO`@®XeO`©EF±v�m�DZF±XG�CO`@�En ¤E¤E¤+�EFNOEDGb¢��mED;XG�7F V @$XGOEDGYWXZ>[YiDGFHB�>Am�@��6�7>kdAF¡v�m�brX;mE�
XZ�7F��¢OEDrXG� ¿ b¡bZJ7Dr�²O�YWF¨�µm�J7dkQ&DZFsOEYe�9@CFNO`D¡FNË$J7>kdk>Aq7DG>kJ7v
m�jEFHDPXZ�7>[bPXG>Av�F�R±�Æ@�mEJ7D;br>kv]JCdkO`XZ>kmE@.XG�7Fi@7FsO`DµFNË$J7>kdA>kq��
DZ>kJ7v�XZFHv��LFHDeO�XGJ7DZF+Ye�aO`@7B�FNb8��m�DiÂ�§/>kb?O`qLmEJ�X¨�N¤7R ¤�ÄN\
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twO`qCdAF+� � t8�7F?br>kv]J7d[O�XGFNQ.OEDZFsO��¦�µFN>AB���XGFNQ¨O�jEFHDeO`B�F;OE@��
@lJCOEdÅv�FsO`@�brJCDr�²O�YWF¨XZFHv��LFHDeO�XGJ7DZF�Ye�COE@7BEF4�zÄ�\8�?m�jEFHD
XG�7F V @$XGOEDGYWXZ>[Y¢DGFHB�>Am�@��²��¤�ÄN´®�LmEdkFH�8O`DeQC�¥��DGmEv(�s�E¤�¤8XZm
XG�7F¢FN�am�Ye�Cb«m`�aÃ7�N¤E¤CnNÂ�¤E¤E¤8OE@CQ+ÂEÉ�¤E¤µ��mEDw�ÅnsÃ�§hOE@CQ®Â�§¥R
t8�CF.BEdkmEqCOEdwv�FsO`@�Ye�CO`@7B�F�>kb®bZ�7m��6@&>k@��CO`DGFH@$XG�7FNbZFNb
��m�D_YWm�v��aO`DG>kbZmE@oR

m�j�FHD¡XZ�CF V @$XGO`DeYfXG>kY�DGFHB�>Am�@&O`@CQ�@7FsO`D+�7R ¤�Äs\���m�D?XG�7F
B�dAm�qCO`d8O�jEFNDGOEBEF�R��¦X�>kb�FH§l�LFNYWXZFsQ�XZ�aO�X�brv.OEdAd;�;OEDZv��
>k@7B®m�j�FHDwXZ�7F V @$XGOEDGYWXZ>[Y8DZFNBE>kmE@]�6>kdkdaYWm�@$XZ>k@$JCF;qLFH��mE@CQ
Â�¤E¤�¤;��mEDÅ�&O`@aQ]Ã�§®O`dAXZ�7m�J7BE�+XZ�7FµBEdkmEqCOEdEv�FNOE@+�;OEDZv��
>k@7B�v.O��.@7m`X_Ye�COE@7BEF?v]JCYe����DZm�v Ã�R ¤°�z�µ�µO`@CQ4Â7R Â�Äs\
� Ã�§C�;ql��FNË$J7>kdk>Aq7DG>kJ7v/R

ù«y[¶�º�� �Ný�û�þ��	�²þ�
sÿlý
���zþEÿ

^_FNYWFN@$XumEqabrFNDZj�O�XG>Am�@Cb¥�CO�j�FPDGFHjEFsO`dkFNQ¡dk>�XZXZdkF;Ye�COE@7BEF
mE� V @$XeO`DeYfXZ>[Y0brFsO��¦>kYHF���F�R BaRAn.TuªcmEDGBEm�FWX�O`d R2�N���$¬`�
OEd�XG�7mEJCBE��dkOEDZB�F1DZFsQ�JCYWXZ>kmE@Cb.>k@�bZFNO��¦>[YWF/FW§lXZFN@$X��CO�jEF
qLFHFN@°bZJ7BEB�FNbrXZFsQ�q$�.g?Fid[O]¯9OEDZF¨�c�N���$¬E�ÅqaFHXc�µFNFH@.XG�7F
FsO`DGdA� �N�EÂ�¤Eb4O`@CQ�XZ�CF�v�>[Ql�e�N�l¬�¤EbNR�t8�C>kb1YHmE@$XZDeOEbrXGb
�6>AXZ�ÈXG�7F V DeYfXG>kY0�6�7FNDZF�DGFNQ�JCYWXZ>kmE@Cb�>k@ÈqamEXZ�(brFsO��
>[YWF4XG�7>kYe©l@7FsbZb�OE@CQ�OEDZFsO9�CO�j�F°qLFHFN@�m�qCbZFHDGjEFNQ���FER BCRkn
^_m`XZ�CDZm�Ye©�FHX�O`d R �N���E���WR!t8�7F�br>kv]J7d[O�XGFNQ%OE@7@lJCO`d
ÁNmE@COEdhv�FsO`@ V @$XGOEDGYWXZ>[Y�brFsO��¦>kYHF	YHmE@CYHFH@$XZDeO�XG>Am�@�O`@CQ
XG�7>[Ye©$@CFNbGb.O`DGF/bZ�7m��6@0>A@�Sw>kBEJ7DGF9Ã9��m�D�XZ�7F9Â`§�YHO�brF
��m�D4O*@$JCv]qLFHD4m`�+FH�Lm�Ye�CbNR � @�O�j�FHDeO`BEF4XG�7F�bZ>Av¨J��
d[O�XGFNQ&DZFsQ�JCYfXG>Am�@9m`�¢bZFNO`� >[YWF]m�jEFHDiXZ�7F¨�COEbrX��N¤E¤��EFNOEDGb
�8OEbÅOEqam�J�X¢£���>k@�YHmE@CYHFH@$XZDeO�XG>Am�@¨O`@aQ]¤7Rk�;v�>A@¨XZ�C>kYe©$�
@CFNbGbHR]t8�CF�bZv.O`dkdwDGFNQ7JCYfXG>Am�@&>k@�>[YWF�YWm�@CYWFN@�XGDGO`XZ>kmE@9>[b
�6>AXZ�C>A@�XG�7F_qCO�Ye©$B�DZm�J7@CQ]j�OEDZ>[O`qC>Adk>�Xc�¨O`@CQ�J7@CYHFHDZXGOE>A@$Xc�
mE�ÅXZ�7F¨DZFsYWFH@$X?bGO�XGFHdkdA>AXZF]mEqCbZFHDGj�O�XZ>kmE@abHR8S7m�D_>kYHF®XZ�C>kYe©$�
@CFNbGb/XZ�7FNDZF*OEDZF�@7m�QCO�XGO�O�j�OE>Ad[O`q7dkF	XZm�O�bZbZFNbGb/brJCYe�
O�brv.OEdAd;Ye�CO`@7B�FER9pim��µFNjEFHDsnuXZ�7FsbrF4Ye�CO`@7B�FNb+OEDZF�@7m`X
JC@7DZFsOEbZmE@COEq7dkF�YHmE@CbZ>kQ7FHDG>A@7B°XZ�CF�Ye�CO`@7B�F�m`�¢XGFHv��LFHDeO��
XGJ7DGF+m�jEFND8XZ�7F+�aOEbrX �$£��EFsO`Deb6O`@CQ9ÃE¤��EFsO`Deb¡�¦\µmEv�>[brm
ÃE¤E¤�¤��hO`@aQ�XZ�7F°DZFsYWFN@�X�brFsO��¦>kYHF�DZFsYWm�DGQ���F�R BaRAnPTuªcm�DZB�m
FHX?O`d R_�s�E�$¬E�fRPt8�7F+bZ>kv]J7d[O�XGFNQ/Ye�CO`@CBEFh>A@ V DGYWXZ>[Y®brFsO��
>[YWFiXZ�7>[Ye©l@7FNbGbP>[b;O`qLmEJ�X8ÂE¤���m�jEFND±XZ�CFi�CO�bcX¡�N¤E¤+�EFNOEDGb
�²@7m`X8br�Cm��6@a�Å�6�7>[Ye��O`�7�LFNOEDGb±XZm+qLF_DGFNOEbZmE@aO`q7dkF6BE>kjEFN@
XG�7F_m�qCbrFNDZj�FNQ¨Ye�CO`@7B�FNbÅO�j�O`>kdkOEq7dkF;m�j�FHDwXZ�CF6�COEbrX¢ÂE¤`� �$¤
��FNOEDGbµ��FER BCRkn`^6mEXZ�7DGm�Ye©¡FHXÅOEdzRµ�N���E���WR��«OEDZB�F±��J�XGJ7DZF8DGFW�
Q7JCYfXG>Am�@Cb+>k@�qamEXZ��>[YWF�YHmE@CYHFH@$XZDeO�XG>Am�@	OE@CQ�XZ�7>[Ye©l@7FNbGb
OEDZF;br>kv]JCdkO`XZFNQ®��DZm�vÈ�s�E¤�¤8XZmhÃ��N¤�¤6O`@CQ+XZ�7FN�®YWmE@$XG>A@lJ7F
XGm	Ã�£`¤E¤CnuFsbr�LFNYH>kOEdAdk�	��mED¨>kYHF�XZ�C>kYe©l@7FsbZbNR�t8�7F V DeYfXG>kY
Ye�aO`@7B�FNbPOEDZF6FNjEFH@�v�mEDGFibZ>AB�@7>A�aYHOE@�XsRut8�7FiDZFsQ�JCYfXG>Am�@Cb
YHmE@$XZ>k@lJ7F9O�X�O	dkm��µFND.DGO`XZF4XZm*Â$£`¤�¤7nµbZ>kv�>kd[O`D�XZm�XG�7F
DGFNQ7JCYWFsQ�brJ7DZ�²OEYHF��8O`DGv�>k@7B/DeO�XZF°O��ÇXZFND�Ã�£`¤E¤��zSu>kBEJCDZF
���fRÅt8�7>[bu>[bwFW§��LFNYfXGFNQ¨qaFsYHOEJCbrF;m`�CXZ�7F;�am$br>AXZ>kjEF8O`dkqLFNQ�m
��FNFNQ�qaOEYe©�RPt8�7F®DGFNQ�JCYWXZ>kmE@4m`�±brFsO��¦>kYHF?>[b_YHdAm$brFNdA��O�bZbZm`�
YH>kO`XZFsQ9�6>AXZ��XZ�7F.bZJ7Dr�²O�YWF�O`@CQ�O�XGv�m$br�C�7FHDGF]�8O`DGv�>A@7B
OE@CQh>k@CYWDGFNO�brFsQi@7FHX«DeOEQ�>[O�XG>Am�@¡DGFNYHFH>kjEFsQ?O`XoXZ�7FµbrJ7DZ�²OEYHFER



Latitude Latitude

Se
a-

ic
e 

co
nc

en
tr

at
io

n 
(f

ra
ct

io
n)

Se
a-

ic
e 

th
ic

kn
es

s 
(m

)19002000

2100

2500
3000

3500
3800

1900

2000

2100

2500
3000

3500
3800

1900 = 1881-1910
2000 = 1981-2010
2100 = 2081-2110
2500 = 2480-2510
3000 = 2981-3010
3500 = 3481-3510
3800 = 3781-3810

1900 = 1881-1910
2000 = 1981-2010
2100 = 2081-2110
2500 = 2480-2510
3000 = 2981-3010
3500 = 3481-3510
3800 = 3781-3810

a b

Su>kBEJCDZF(Ã � t8�7F(br>kv]JCdkO`XZFNQ!O`@7@lJCOEd�ÁHm�@CO`d�v�FNOE@
V @$XGOEDGYWXZ>[Y¡bZFNO`� >[YWF.�zO��8YWm�@CYWFN@$XZDeO�XZ>kmE@/O`@aQ	�²qa�;XG�7>kYe©$�
@7FNbGb���mED«XZ�7F¢FH�LmlYe�ab¥m`�¥�N��¤E¤CnsÃ`¤�¤E¤CnsÃ��s¤E¤CnNÃE£E¤E¤7nsÂE¤�¤E¤7n
Â�£`¤�¤]OE@CQ/ÂEÉE¤�¤+��m�D_Â�§¥R

t8�CF4bZ>Av¨J7d[O�XZFsQ*O`@C@$JaO`d¢v�FsO`@�bZFNO`� >[YWF�OEDZFsO*�²Q7FW�
�C@7FNQ¨OEbuXZ�CF8O�YfXGJCO`dlO`DGFNO?YWm�jEFNDZFsQhql�+brFsO��¦>kYHF?��FH§7YWdkJCQl�
>A@7B¨mE�LFH@��8O�XGFHDf�±�6>AXZ���s£���mED;v�mEDGFibZFNO��¦>[YWFiYHmE@CYHFH@��
XZDeO�XZ>kmE@L�±��m�D_O`dkd�XZ�7DGFHF®YHO�brFsb;>kb8B�>Aj�FH@�>k@/tuOEq7dAF+Ã�O`@aQ
XZ�7FiYHmEDGDZFsbr�LmE@aQ�>A@CB¡bZFNO`� >[YWF6j�mEdkJ7v�F6>kb±B�>Aj�FH@�>k@�tuOEq7dAF
Â7R 	_m`XGF�XG�CO�X�XZ�7F°XZ>kv�F°>k@$XZFNDZj�O`d[b]OEDZF°@7m`X�J7@7>A��mEDGv
>A@/XG�7F®XGOEq7dkFER8S7mED_XZ�7F]��YNOEbZF¡XZ�7F+d[O`DGBEFsbcX_DGFNQ7JCYfXG>Am�@
DGO`XZF�>kb+m�jEFHDhXG�7F.�CO�bcX��s¤E¤4�EFsO`DebHR V �ÇXZFHD+XZ�7F�FsË$J7>Aj$�
O`dkFH@$X°\ � U >[b.brXGO`qC>Adk>kbZFNQ0O�X�ÃE¤E¤E¤&XZ�CF4DGFNQ7JCYfXG>Am�@�mE�qamEXZ�°bZFNO`� >[YWF?O`DGFNO��zO`d[brm¨DZFN�7DZFsbrFN@$XZ>k@7B+>[YWF?YHmE@CYHFH@$XZDeO��
XZ>kmE@a�®OE@CQ	jEm�dAJ7v�F9�²DZFN�7DZFsbrFN@$XZ>k@7B1O1YWmEv¨q7>k@CO�XG>Am�@�mE�
qamEXZ�	>kYHF�OEDZFsO�OE@CQ9XG�7>[Ye©$@CFNbGbG�?qLFNYWm�v�FNbhbrv.OEdAdkFHDsnoO�X
O`qLmEJ�X�Ã��ÆÂ�� �aFND9�N¤�¤&��FNO`DebNR�SCmED�XG�7F&Ã�§�YNOEbZF4XZ�7F
DZFsQ�JCYfXG>Am�@�mE�8bZFNO`� >[YWF�>[b®@7FNOEDZdk�&YHmE@CbrXGOE@�X®J7@$XG>AdµÃ7�N¤�¤
O`@CQ.m�@7dk��brdk>AB��$XZdk��B�DZFsO�XGFHDPXG�CO`@�XZ�7F®��YHOEbZFER±SCmEDµXZ�7F
Â�§+YHO�brF;dkOEDZB�FPDGFNQ�JCYWXZ>kmE@�YWmE@$XG>A@lJ7Fsb«XGm¡Â�¤E¤�¤7R 	iFNO`Dw>AXGb
FNË$J7>kdA>kq7DG>AJ7v�XG�7Fµv.O`§l>kv]JCv�brFsO��¦>kYHF¢O`DGFNO6>[bÅbr>kv�>Ad[O`D«XZm
XZ�7F8�7DGFNbZFH@$XPQ7O��+v�>k@7>Av¨J7v³bZFNO`� >[YWF8O`DGFNO?q7J�X±XG�7F6brFsO��
>kYHF®>kb6v¨JCYe�4XZ�7>k@7@7FND]�²bZFHF+OEdkbZm.Sw>AB�J7DZF+Ã��fR¢t8�7F®DeO�XG>Am
m`�«bZFNO��¦>[YWFij�mEdkJ7v�F_XGm�OEDZFsO®DZFN�7DGFNbZFH@$XGbPXZ�7F®bZ>Av¨J7dkO`XZFsQ
O`@7@lJCOEd$v�FsO`@.brFsO��¦>kYHF¢XG�7>[Ye©$@CFNbGbÅ�6�7>kYe��DGFNQ�JaYWFNQ]��DGmEv
���¨YHv�O�Xh�N��¤E¤®XGm�É��]YHv�O�X_Ã`¤E¤�¤7RÅT;��ÂE¤E¤�¤hXZ�C>kb;qLFW�
YWmEv�Fsb;¬E¬�n$��Â+O`@aQ�£EÃ®YHvÈDGFNbZ�LFNYfXG>Aj�FHdk�]��m�D;�ÅnlÃ�§�O`@aQ
Â�§¥R¡t8�CF]>[YWF�YWm�jEFNDZFsQ/O`DGFNO.>[b?OEdkbZm�v¨JCYe�&bZv.O`dkdAFND?ql�
ÂE¤E¤�¤7nE��mED6Â�§�>AX;>[b8dkFNbGbPXG�CO`@/ÂE¤
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YW>k�7>�XeO�XG>Am�@�>A@aYWDGFNOEbZFNb9v�m�DZF�XZ�COE@�FHj�OE�am�DGO`XZ>kmE@�O`@aQ
XZ�7>[b+DGFNbZJ7dAXGb®>k@�O`@�>k@CYWDGFNO�brF.mE�6�7DZFsYW>k�7>AXGO�XG>Am�@�v�>k@lJCb
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