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[ ��y]\A^1_a`Fbdcfehgi\�jakHlmc�^DgÂy<�&�º��y<���$�$�$�&|��±| ���+��� �£�)� ���<� �&�ºyU�£� �#¶$ä æèç�ç�ú�ê ¥����������$����y9²³|��&z¹�H�������zNy£}$y�x>|��$���+ä æèçPñ�çPê ¶H¨¸�¼�$�E��yð���N}�y��°�-�&�$�&²W� ��y ����y<�Ä���R¯�� �$ª y<�����$�&¥$�$��y<�P�����&|��P�º}$����y<��zN�E��$���+y<����|��$����}$�<��� �P�+�#¦­�<��|��$��y<zNy<�P����|�z2zNy¬�&�R�H����| �$��� ����y ��¯$|�zN|�ª�~��$y¸¯�|�����ö<|��P�R����y<zNy<�P�<��yU�y��¡���<ª�����ª�y<� �P����y��9²³|��&�<y<�+}�y-�$��y����&��|��¿y���}�yÍ·9|�����|������<¶®ù®�$�+��y-�<| �G�����$y��P�ð����y-���R¯��<z2��n6ùTo9¨äNn:�G��y<�6²W� �<yÁù®| �E�"o´��|��&�$¯$~<�&yU�	¨���zN|����$¯�~<��y¬�£��|�����¯����¹y��p����� �P��|��Z� æèç�é�ç�ê ����y<�&z2yU�+}Z¦­|�¥���y<�$�����y<���<| �$}$������|�����}$y����$�6²W� �<y�¶�ù®�$�º��y��£|��<�<� �$�ºy��£��y<������y<�$}��$y<�´}Z¦©y<� �2âÍ�F¦©���P���<�&��y��$�Ä}$y��º��y<�&��y<�����y<����� ����� ¥$��y<�9����|��$| �&�����G�$y<�+�&|��P����|��$�&��}$�����<y����<|��$�6�R� �P��y<��y��¬�°����|��$ª �$y<�$�9}$yÍ���$ª�| �������-y<�6�}$| �$�$�<yÍ�����+�°��²³|��&zµ�$��y-}$y�·9¯�� �&�$|®�q�åä æèçPú ú�ê õ üAr �tsvu ýxw!yzwDw!{H|~}A�m�� �$�è� y<�.M��+�°�Â������y<���&yÍ}$y²³�&| ����y<zNy<�P�ð¶
[ ��yi\A^1_h`Tb�c�eag��HjhkH��ja�NgT�a^Dgå}Z¦­|���}���y¹���óy��Â}$y<zN��ä#·9�®ì�� �6�µyU�µ� �F¶�� í����D�Pê y<�6�µ¥�� �&�¹�&�$��$��yÀ�<�G��������|��å�$�&|��$|��6��������yÀ�±|������#¦­�<�$y���ª���yÂ�<���$�������G�$yµ���$��¥$����y<�P��yÀy��Í�$�$yµ²³y���zNy����$��yÀ��������µ��|��$ª �$y<�$�9}$y�z2���°� ��ª�y-}$y.o9| �$ª�yð���$���+yU�¬x¤� �ð� �&��~���yNä æðç�é�çPê ¶$ò-� ���+��y��ð���+���$� ��� � æ òÂ��|D��&y<�$���Ä��y��Åª���� }$��y��P���Å� y<�&�����<� �®ìÂ��|��P����|��$����}$�<�&�<�����°�¬��|��$ª �$y<�$�Ã}$y�zN�<��� �$ª�y´â¸�R¯�� �G�$y+������y<� �}$y��#¦©����zN|��&�$¯$~<�&yÍ�±y����7JU���&yÂ��y������<yÁâ2���N}$���&��� �$�<y��G�$yÂ��y<������� �&�<|����������$��yÂ��� �&�<y�����yÍ}Z¦©� �����|����&�<}����G�Á�F¦©���$y<�&ª���yµ�����$�U��������yµ���$�E����� ��yÁ}$���$��� yð� �§�§��y����Í��yµ¯$� ���ð�§|��å��y<�&�Í��yµ¥����<�>�ð��� �P�}Z¦�J�����yÁ� �&�
J����<yÍ��� ����y<�+yW�±y�����}�y.K$| ����� ¥$��������� ¶
[ ��y�\�^*_h`Fbdc�ehgx^D������gF^��H�N��� äto9y��R¯P��|���}wy��¹� �F¶�� í*�D��æ�ê y<�6�¹¥$� ���¡���$�N�°�ë²³|��&zµ�$��������|���â
K���ì�}$y¿z¹� �&��y¿}$y��Í� ���®�:¢����������R¯ ä æèç�çD�Pê ¶º·9y¿���R¯$��z¹�{y<�6�2�®���������&��}�� �$�¼��y��¼}$|�z2� ���$y��¼â���¹������|���������|��ë¯$|��&��ö�|��P�R� ��yÂ�°�(�����$�¸²W����¥$��y ¶±x
�(��|��P��y�������|���y<�6�Í���<�&|�����yÀyUì®�$�����<�E��y<zNy<�P���®���}$y��)���G��������|��$�¡�$��| �$|��&�����G�$y���}�� ���)��y<�¿}$|�z2� ����y<�¿}$|��P�)�°�j������|���������|�� ¯�|�����ö<|��P�R����yåy<�6��&�!�N��� zNz2y��P�¬»$�$y ¶

[ ��yi\A^1_h`Tb�c�k1c:e��Nc!�H�Nl-y<�6�µ��y<�����´�������������2� ��·>X=�£�ë��Y äW}��<�<�&���Â}�� �$�µ�)|�������yU����y�� æèç ç�æ�ê ��$�&y<�����G��y<�(��|�z2�®��y¸��y<�£�������$�&²³y��&���´��� }��°������²³�º}�� �$�9��y<�´}$|�z2� ����y<����������¥$��y¬y��9����²³��� ��| �$ª�y¬y<�����z2| ���$¯$~���yÍ�<��� ���&y-|��¿�G��� ª�y��$��y��
[ yU������\A^1_h`Tb�c�bd�t^DkH�~��_��h\A����jag �®}$|��P�¬|��¿��� ����y<���¼�����$�+y��)}$�U�R� ���Z��� �����µ���$�E��y ¶ï-�)��¦©���G���<�&y<���&yÂ}����$����y��&��y���¯$~���y�âN��y<�6�R� ���$���<�$����|�}$y<�¬}$yÍ�$�����<���$����������|��$�����G��y<�$�&y<�¬|�¥$�&y<�&� �<�}$�$��� �P�¬�°�µ�ð��z2����ª��$y��)¨5�
¶ ò¸y<�¬�����$}$y����$�&�<���<}$y��G��y<�µä³îó� ���&y<�+y���� �F¶�� í��D���]� îó� ����y<�+yU�¸ù®�R¯�� ���
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(b) (c)(a)

ª9«­¬]® í ¶ æ [�¯!°�±h²m³µ´�¶N·D¸
¶T¹RºN·»°�¼µ½
¾�³µ°�´�¿
°�¹�³µÀN°�´"¾Á²m¼µ¶:ÂN¹R°�³µ·»·»²m´I¾�¶(ÃqÄÅ²"ÆDÇ�È�ÉI±�Ä�Ê�Ë�Ì � Ê�Ë�Ì�ÍÎ°�³µ´"¾»·ÁÆ­ÏLÄzÐÎÆ�Ñ~É�±�ÄRÊNÒ"Ë � ÊNÒ"Ë�ÍÎ°�³µ´I¾�·­Æ*¶­¾:ÄzÂtÆÈ~É�±ÓÄRÊ�Ô�Ì � Ê�Ô�Ì�ÍÎ°�³µ´"¾»·ÁÆ­Õ�¯:²m´�·,¼µ¶N·D¾»¹R°�³µ·,Â�²m·tÏ
¼µ¶�·�¼µ³µÖ�´�¶:Í�¼µ¶N³µ´�¶N·,¹R¶�Í
¹�ºN·»¶N´"¾»¶N´"¾:¼µ¶N·,Íq²m¹�²m¼µ¼µ×N¼µ¶�·,¶­¾3±�ºN¹R³µ¸�³µ¶N´�·:Äz¾�°�½�·3¼µ¶N·3Ë"Ø"Æ­Ï
²m³µ´�·»³LÙI½�¶:¼Ú²ÀN°�´�¶~¸�½�¸
°�±h²m³µ´�¶3ÛRÜq¼µ·�Ý­Õ�Þ�²�¾�°�ÍÎ°�Ö�¹»²mÍ�¿
³µ¶�¶N·�¾T³µ´�¸�³µÙI½�ºN¶�¶N´�±ßÕ

í��D�*�Gê |��P�9zN|��P���&������y¸�°���$�&�������&��¥$�����E����}$y¬�°���$�&�������&��|��N}$y��´�G��� �P���������´}�y��$�&�<�����$�E�R������|��$��������y<�£â}$yº��y����¤��� �<�$y�z2y��G���Ä}$���±y��$}Â²³|��6��y<zNy<�P�
}$�����<ª ��zNy�}$y£��y<zN�$�¤y��Ã}$y<�
�<�R¯�y<����y<�
�����H����|H�	��y�z2��|��&y<����y<��<| �$����}$�<�&�<y<��¶à�Ã| �$�µ}$y��µ�<�$����|�}$y<�Â�<|��P��y�������²³�µ�$|��R� zNz2y��P�ð�
��y<�����$��y<�6�������$}$y��Â}�� ���µ�°�¡�$���U�®������|��� �$ª z2y��G��y<�P�N}Z¦©� ���R���G�¼�����$�¼�G�$y¿�°�ë�&�<��| ��������|��j¯$| ����ö�|��P�R� ��y(}$��z2|�}$~���y(y��&�¼²W� ��¥���y �
�#¦­�$�$y¿}$y���ð���$��y����U�R� �P�Á��yµ�<� ��������~���y¼�R¯�� |������G�$y¼}$y¼���(}�«���� zN���G�$yÀ¯G�$zN��}$yÀ�&y<�$}����G�Á��y<�{�$���U��������¥$��y�����y���<y������$��y����<|��P� y<������� y<��� �&��|��<���<y<��¶
x¤����y<�R¯��$���G�$y¿���P��y<���������E��y����$�±y�����yâátã�ä1å�ãSæ�çZè�éÎê�ë�å�ì(íqîLá�ê­ìFèâá"íqïqðFì�ê�ñ�ò�í(ä#ù���y<���jyU�¼� �F¶�� í��D�D�Pê��y<��zNy��¸}$yÂ²W� ����yÁ��|��$�&�$y<��}$���±�<�&y<�P���¸z2|�}$~<��y<��}$yµzóJ<zNyÂ������|���������|��)� y<�6�����<� ��y��±z2� ����}$yÂ���<�&|����������|��¿¯$|��&��ö<| �G��� ��y¸}$���±�<�&y<�P��y�¶�¨¬»��¡}$y��&��zµ����y<�9�°�À���E����������|����6«��$|��������G�$y�� �®�:}�y<���&�$�¬}$y��F¦ÅX��$�&|���y}$y2�#¦­|��$y<�6�ð�¤��y¼²³|���ôð� ª�yNzNy<��|��<�R¯�y<����y2}�y2��| ���Â��y2z2� �&����²�� �������ã� ���$�&�º����y¹�°�¿�&�����$�U���$�&y�â)��y�������y�<�R¯�y<����y�}$���&«��&��~<zNy¡��|��P��y������E²�������| ���µzN|®}�~<��y��µ��zÂ¥$���������<�À}$y¿������|���������|��$�µ}����±�<��y��P��y<�N|��P�¼��������������������¬äW�$�<� �$zN|����$������|��$��}$y��´��� ���&|��$�º�G�$����y���|��P�´yUì®�$�����<�E���<y��º�$�����<����y<�$�&y<zNy<�P�ð� ��y<�º�&��zµ�$��������|��$��G�$zN�<�����G�$y<�+}$���R¯$� �$������y-��|��$��y<���$� �P���#¦©� ���&��zN���°�H����| �À}$y�}$|��$���<y<�+zNy<�&|®���R¯$y<����y���²³|��P�����P��y<�&� y<�$���}$y��®ì¡}$|�z2� ����y<����zµ¥$�����G�$�<�+�&y<�$��y<zNy<�P�ð��}$yÍ�&�<��| ��������|��$�+¯�|�����ö<|��P�R����y<�+}�y é yU� í �Gz ê ¶
x>y<�+z2� ������y<�º�&|��P��}$y �Pí �Gz �±|�������y-�����$�´ª���� ��}�z2|�}$~<��yÀäW� ���&y<ö��°����ª�y��±|�����y<�$ª ��|�¥�y<�´�#¦­����|H����®����| ���&«��$|��������G�$y ê � }$y é �Gzÿ��|��$�+��y�z2|�}$~<��y��$��y���� �P��y<�¡�<|�zN����yÍ��y-²³|��
ô<� ª�yÍz2y���|��<�R¯$y�����y�}$y��| ���-��y�z2� ���&��²º�����$���Z��y���}�y í �Gz �±| �$�¸��yÂzN|®}$~���yÁâ¹���2������|���������|��¡�°�2�����$�¬»��$y �±�<y��G�����µ�&�$�-�������ª���| �2}$�¹x¤� �-�)���&y<�$��¶�x¤�Í�<|��P� y<������|��¹y<�&�´��� ��� zN�����&���&�<y¬}�� �$�£��y��´}$| z¹� ���$y<�£â �Pí �Gz yU� é ��z}$yÁ������|���������|��Z��yU�¸yôì®�$�����<����y<zNy<�P��������|����$yÍ}�� �$����yÁ}�|�z¹�����$y�â í ��zÿ}�yÁ�&�<�&|���������|��¿¯$| ����ö�|��P�R� ��y ¶x¤�Áª ��������y9� y<�6�����<� ��y¬y<�6�9���ÁzóJ<zNy+��|��$�£��y<������|����£zN|�}$~<��y<�<�G�ð� y<� ú*� �$�E��yð���®ì±¶®x>y��´���&|�����}�|�z¹�����$y����| �G�������&��¥$��y<��»�ª �$��y í ¶ æ ¶
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x>y<�Á���R¯$��z¹� ��z2���<�&|��$¯P«������G�$y��Áâ æ z2| z2y��G�Á������������������|��&��}$y<�Á}$�R�§����y<�P��y<�Â�&��zµ���°������|��$���G�®�zN�<�����G�$y<�-�����<�&y<�P������}$� �$�-��y�����yµ��¯$~���yÀ�&|��P�Í��y<�¸���R¯$��z¹� �?n6·>X � ät�����G�:«�y��,+���¥±|���������y � æèç ç�éPê yU�
n6·>X � ä������P�:«øyU�N� �#� í��D�Pí�ê ¶�n:���µ��|��P�N¥�� �&�<�¼�����À��y(�&�R¯$�<z2�{}�y¿x¤���jy��N� �F¶+ä æèç�éD�Pê �Å�G�$�+��|��$�$��y�$�$y���� ��� z2�U���&�����H����| �)âN����| �����<��� ���&y<�-��|��$�¬�°�N�$¯�� �&yÂª���� �<yÁ}$yÂ�F¦©y<� ��yU�-�$�����R¯$��z¹�¹}�y ��y<�&����y����|��$�N��y<�2�$��|��<y����&�$�(�R¯�� ��}$�<¶9x¤y)���R¯$��z¹��n6·>X � ä�n6·>X �Gê �����<}����2�#¦­����| ��������|���}$y<�¹��� �$��|��6���N}$yzN�<�°���$ª�y¼}$y¹�&�Eì0äW�&y<��� ê y�����~<�<y��À}$y¹�F¦©y<� �Z�¤}$|��P������| ���¹äW�G��������y ê �±| �$�����)�$¯$� ��y2ª��°� ��y ¶
x>y<�����Eìy<�&�±~��<y��À�<|�zNzµ�$�$y��µ� ��ìø}$y��®ìó���R¯$��z¹� � n6·>X � yU� n6·>X � ��| �G�¹õ�UWVëä ��� �±y��$�Â}§¦©y<� � ê ��U.-¼ä³ª�|����6���y���yU����y��µ�G��� ª�y��$��y�� ê �àU0/¡äWª |�������y<�µ}�y��$���$��y ê �©yU� U01#��U � y�� U � ä³��y<�&�±y���������y�z2y��P�2ª �°� ��y¹�$�&��z2� ���&y ��$y���ª�y.2 � ª��&�<ªP������y��£ª�|��®����y��ºª�y<���<y<�32�ª���� �$��y<���º��� �$ª���y<�º���$�E��� �P�´��y<�$��| ��}$�&y¬����|�������� �P�´}�y¬ª ������� ª y ê ¶x>y-���R¯��<z2��n6·>X � ���P��~<ª��&y-y<���$���$����y������ ����y<zNy<�P��yôì®�$�����<����y¸}Z¦­�$�$y��G���H������~<zNy-�ð�H���<ª |�����y¸��|��$������$¯�����yÍª��°���<yÀõ�U.4¹äWª���J<��y ê ¶x>y<����|��$�<y��P�����H����| �$��y<�¹�$���$��y �G�$y���ª�y��®ª���� �$��y<��y��+ª �
J<��y��&|��P�+}$��� ª��$|��6���������<y<�´��� �´}$y-����z2����y<���| ���º�$�$���������$�<y65	7 ý98 7;:=< >+|D�@?BA�CµUEDGFHDJI�DGK�LF�
:¿y��&�+��y��$� ��� zN~�����y¬}$y-��y<�P��y¸}$y-�°�Á}$���6���&��¥$������|��y<�¼�R��������y9yU� 8 yU��M(}$y��£��|��$�6�R� �P��y��9y�z2�$����������y<�Ä��������y<�º}$y<�º|�¥���y<�6��������|��$�º��� }$� �<¶Px¤�Í}$���6���&��¥$������|��y<�¿�R��������y¸�&�$�����$��yÁ��|��ON�ª��<�$����� �����&�<yÀõPà�RQÓ��ý 5 y I �SQ���ý 5 yUTWVYX9�SZ:� :=[]\ ��
J^ MH_ �"� � : Q�� [
ª äWò ê y��&�����¼²³|��&z2yÁ�$|��&z¹�������&�<y�¶±ò4y<�&�-��yÁ}$�°� zN~�����y¹äW���
�&yµ���U²³~<�&yµâ¹���2}$��z2y��$����|��)z2�Hì®��z2� ��y�}$y�°�2��� �&�������$��yµ��|��$�&��}$�����<y ê ¶��
|��$� T¾ý`Zëý { � Pß�SQÓ� }$yU����y<�P�Í���(��|��
}$yN��� �&��¯������E���Å� ��z2y��<¶��Ã| �$���y��Â�&y<�°�H����| �$��z2� �&��yU�#�R� ������yNyU�Â������y<�&��yU�#�R� ������y �¤|��ø������������yN}$y��µ��|�����y��j�$�$���������$�<yëõba ýdceQBf yU�O ý9g;QBh ¶�x¤�Â�ð� ��� �����<�&�����H����| �¹�<| z2�$��~���y¸}$y-�R¯$� �<�$��y�}$y<�+�<������ª�|�����y<�´�±y����]J�����y¸��������� �����&�<y���� ¥$��yí ¶ æ ¶ i��ø}�y<�À� ���±|��6����}$y¹��y�����y¹��¯�~<��y¹y<�&�µ�°��� ������}$������|���}$�ø���R¯��<z2��z2���<�&|��$¯P«������G�$y n6·>X � ¶ßX��yW�±y�����y<���§��y¬���R¯��<z2� n6·>X � y��&�+��|��$�´�#¦­���$�6�R� �P�´���P����ª�����}�� �$�´��y��9zN|®}$����y<�´�$¯P«������G�$y��+������������� ¥$��y<���� �+�F¦©y��$��y�zµ¥$��yÁ}�y<������������������y<�$�&��}$y��)y<�&|�������¶
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����|��<y<�&���$�Ã�<|�zNzµ�$���Ã���®ìÍ���R¯��<z2� ��n6·>X � y���n6·>X � �y������ ¥$��y í ¶ � ��|��$����y<���$�&|®��y<���&�$�Á�����<�<�E»��G�$y<��âÓn6·>X � ¶
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����|��<y�������� �)�<�<� �$����zNy ���$�E��� ù�|��$����y�¬�$�<���ð������|���¯$�U������|�ª�~��$y U�VlÂ U01 UWV U01�����<���<������|���¯$|�zN|�ª�~��$y U0-WÂ U01 U.- U01

U0/mÂ U � U0/ U �Xà�±y�� o9y���ª�y���|�����¢Å���$}$y<����y�� U0-WÂ U01 U.- U01
U�V ¨ U01�Â U01 UWV U01ò��<��|����E����| � U�V ¨ U � Â U � UWV U �U�V ¨ U � Â U � UWV U �ù®��¥$����z¹������|�� � U01´D�U � D�U � � Â U�V U01´D�U � D�U � U�V¨¸����|®��|��P��y�������|��¡}$yÍ�°�Àª��°���<y-�$�&��z2� ���&y U01 ¨ U;1�Â U � U01 U �¨¸ª��&�<ªP�H����| ��}$yÍ�°�µª���� �<y��$�&��z2� ���&y U01 ¨ U � Â U � U01 U �·9| �$ª��<��������|���}$y��¬ª |�������y<����� �+��|��P�R� �U� U01 ¨ U0/mÂ U � U0/.D�U;1 U �÷Í�E����� ª�y-²W����¥$��y¸}$y��¸� ª ���<ª������ U0- ¨ U � Â U � U.- U �÷�������� ª�y����P��y<�$�&yÁ}�y<��� ª�����ªP����� U.- ¨ U � Â U � U.-GD
U � U �¨+�<����������|��¡}$yÍ�°�µ�����$��y�y���}$y��¸� ª ���<ª������ U0/ ¨ U � Â U � U0/ U �U0/ ¨ U � Â U � U;/0D�U � U �·9��| ������� �$��yÁ�&~<�R¯$yÁ}$�¡ª������$�±y�� � U0/.D�U0-3D�U01´D�U �I� ¨ U � Â U � U;/.D�U.-GD
U01ÃD�U � U �·9|��$ª �<�°�H����| ����� �&����y�����y�y��¬��y<�&��yÍy<�¡yð� � U0- ¨ � U � � Â U0/ U.- U0/ð�!U �U0/ ¨ � U � � Â U;/ U0/ U;/·9�&|����&��� �$��yÍ¯���z2��}$y�}$�¡ª���� ���±y�� � U0/;D�U.-GD�U01´D�U �I� ¨ U � Â U � D�U.4 U;1ÃD�U.-GD
U01ÃD�U � U � D�U04¢ ������| � U;1�Â U.- U01 U.-
U � Â U0/ U � U;/¢ ������| �µ2��<| �G� y<�&����| � U � Â U � U � U �w%xÄy�® í ¶ í [ùÞA³µ·�¾�¶3¸�¶N·�Í�¹R°�ÂN¶N·»·�½�·D±�³µÂN¹R°�Í�¿ ½�·»³µÙI½�¶N·ÆÅÅ¹R°�³µ¸�·�ÂN°�±�±�½�´�·1²m½ � ·»ÂÁ¿�ºN±h²m·1±�³µÂN¹�°�Í�¿�½�·»³µÙI½�¶N·s¾À¿HÁ�Ç:¶­¾Y¾À¿eÁ1Ò~¸�¶ � ¶�·�°ÃÇÉÈ�Ê~Õ

�º�&|®��y<�&���$� �)�<�<� �$����zNy ���$����� ù�|��$����y·9��| ������� �$��y�¯G�$zN��}$y�}��¡ª ��� �$��y<� U � Â U.4 U � U.4·9��| ������� �$��yÁ¯G�$zN��}�y�}$yÍ�°�µª���J<��y � U;/.D�U.-oD�U01ÃD
U � D
U � � ¨ U04qÂ U.4 U0/;D�U.-GD�U01´D�U � D�U � U.4¢��$�&��|�� U04#Â U0/ U.4 U0/
w%xÄy�® í ¶ � [ ÞA³µ·R¾»¶�¸�¶N·FÍ�¹R°�ÂN¶N·»·�½�·T±�³µÂN¹R°�Í�¿�½
·�³µÙ�½�¶N·eÅÅ¹R°�³µ¸�·F·»ÍÎºNÂN³ ÜqÙ�½
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x¤����|���|�ª������$¯$��y�}$yÀ�°�(ö�|��$yÀ}$�{x¤� �N���è�&y<�$���¤� ���$�&�Å�G�$y¼�°�2�±|��&������|��ë}�y<�Í��� }$� ���qä�|��$��� ��}§��)|��P��yU��x>y�z¹�Áy���ùP�"�Ã| �±�&|��P����y��$������y��G���<y��¬�&�$�9���Á»�ª�¶ � ¶ æ ¶®x>y-x¤� �¸�����&y��$��y<�6���&�������-� �2�$|���}¹}$y�#¦�n	�R������y�� ���$��y<}�}$y��+�±y��P��y<���&�$}¿}$y<�+¨�����y<�<��� ���$�E��yð���¡|����<y<�+}�y<������~<�&y<��²³|��&z2y��P�+�$�$y�¥���������~<�&yy<�¿�����¸}�y-�<y����<��y �®�ð��y<�����(��y<�&��� ���¹��¦©��������� �P�+��� �$��}$y<zNy<�P�ð¶�x¤�Â�����&����y¸�&�$}�}$y¸�����&�<ª���|��(�����<���®�9����$��� ���$y�}$���Änµy��G����y-����zNy<�£¨+}$�����������G�$y�yU������zNy<�´x¤��ª��$�&y ��� ������� �G�$y-��y��´¨��±y��$�$���$�<�®z2|��P��� ª��$y��}$yÍ�$���$��²W� ��¥���y-��������������|����G�$yÁ��y��+¨¸���±y��<¶x¤�Nö�|��$yÍ}$�ëx¤� �Á�)���&y<�$�¬y<�6�¸�&�H�&y��&��y�� �¿��� �&��� ª�yÁ}$yÍ�$|�zÂ¥$��y��®ì¡�<�$����|�}$y<�¬âÀ²³|��&��y<���$�&�<�<���$�E��R�H����| �$�<���$| ��� z2zNy<�P�¸y<�{� ����|�z2��yÂ�<| z2zNyÂzNy<�P����|��$�$���$�����<��}$y<zNz2y��P�ð¶>ò¸����� �P�Í�°�2�ð� zN��� ª���y�)¨7�Ã����|�zµ¥$�&y¸}$y-��y<�+���$���&|®}$y���|��P���U���-}�|®���$z2y��P���<���$y��9�<y-�R¯$� �$������y-��|��$��y<����y��#¦­������}$y¸}$y¸�#¦­�$�}Z¦­y<�P���&y�y��®ì�õ���� �´ï5n í ¨ }$� æ�ñ ��y�����y�zµ¥$�&y æèç ç�ç ¶
å2Æ<Ç æpÉ�Ê
×£ÜÅßLö�Ý¤ß�Ë�Ù Ò�É Ô�Þ ç`èêé>��ë

ò¸�$��� �P�¸��y�����yù�´ï5nR���$�¡���P��y<�$�&y��6«®�6��~�z2yÁ�<|��P� y<������²Å|���|�ª ��� �$¯����G�$y��<¦­y<�6�¸����|�����ª��Á� �®�:}�y<���&�$�}$yÁ�°�¼����ª���|��¡}$��x
���µ���è�&y<�$��¶±ò�y<�¸��� �®ì¡}$yÁ�$�����<���$����������|��¿��zN�±|��6�R� �P���<�$}$yÁ�$���$��}�y ñ�� z2z�y<�
� ¯$y<�$�&y<����| �G�¬�U���Áy<�$�&y<ª����&���&�<����yU�¬}$y�²³|��&���¬���R¯$|��¬��� }$� ����y<��� ���������$}$y¼ä�� ��� }:o9ö ê |��P�¬����� �<��������$�&�<��y��$�<y�}$yÍö<|���y<��ª��
J�����ª�~<�$y��<¶
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x¤�-��������������|���z2�U���<| ��|���|�ª����G�$y´}$y��F¦©�U���<��y<zNy<�P�ºy<�6�º}$�<��������y+â-��� �6�����Å}$y��º� ��� �E«®�&y<�Ä| �±����������|��®��$y�����y���}$y æðç�ç�ç }$�¡·>X=�£�ë��Y�� ��|��$����y æ�ñ �&y<����y<zµ¥���y æèç�ç ç â æ�í ipY¬·4äRi Y¬· �±|����li��$�E��y��������
Y+��zNyÁ·9|�|���}$��������y<}Z�$| �ZY
y<zN�$�òi�������y����&y<� ê ¶¨ �°�(�&�$�&²W� ��y �>�$��yNö�|��$yÀ}$y¼¥�������y�������y<�&����|��$�Á�ð��y<�¼�$��zN���$��zµ�$z }$y ç�é�í ¯:�Å�{äF¢Å��ª$¶ � ¶ í ¥ êy<�6�+���E���$� æ�ú � âÂ�F¦©y��&�9}$y<���;n ��y������&�°� ��}�� ���&y<���®����|��&�´�G�Z¦­�$�$y�ö�|��$y-}$y¸¥�� ���&y<�+�$�&y<�&����| �$����y��<|���}�� ���&yy<�6�Í�$������y��G��y¹���®�:}$y����&�$�Í}$yÀ�°�(���<�$���$������yµ�E�R� ����y<���$yÂyU�Íª��<�$~���yÀ�$� K���ì�}$y æ�� z¡¶©� ��
 � �®�:}�y<���&�$�}$yÍ�°�µzNy<�+¨+}����°�H�����G�$y��$}$������ª �¸��y����¬��y��$|��&}®�:| �$y<�6��}�yÁ�F¦zn	��� ����y ¶
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ª9«­¬]® � ¶ æ [Bø�°�ÍÎ°�Ö�¹»²mÍ
¿�³µ¶~¸�½�Þ�²mÂ � ²Sù�¶N½�¹�Äûú
½�¶~·»²v¾»¶N¼µ¼µ³ ¾�¶vÆ,¶­¾FÍL°�·�³ ¾»³µ°�´�¸�¶N·T¹�²m¸q²m¹R·tÕ
¨ ú���� ¯��Å�(äF¢Å��ª$¶ � ¶ í � ê ���$�$y�}$|��&��� ��y¸�<¦­����y<�$}�}�y-�°�Á��|���ª�����y��&�$�&�G�Z¦½âµ���µù®�<� �$}$�����ð����y ��y��9�$���¯$� ���´y<ª�}$yº�#¦�n:����� �$}$y��&�$���G�Z¦©� �����$}Á}$y��#¦zX�������ª��$y ¶�x>y���|����E����|��$�$y�z2y��G�Z}$��²³��|��P�
â æ�í i Y¬·¸��� ���$����G�$y¼��|��{}$���$�°� ��y<zNy<�P����y����Á�#¦­y<�6�ð�Zy��&�Áz2���-y<���U�®��}$y<���<yN��� ���#¦­���P�����$�&��|��ë}§¦½� �����&��������|����$¯��<�����G�$yâ �D�D� ¯:�Å�ãäF¢Å��ª$¶ � ¶ � � ê y<�{� zN|��P��}$�å²³��| �G�<�§�G�$���&yÀ�ð� ��� �����<������yÀ�����-}$yÀ²³|��&��y<�¸��� ��y<�$�&��}$y��Wüä³��|��$�&¥$������|��À��| ��y��P����y�� ê ¶Px¤�Á��y<�6���$�&¥�������|��2� ���&|®�����<y¬� �N²³��|��P�´� �N�°� �&ª�y�}$y<�£�0n���y<�£y<�6��¥$��y<�¼��������¥$��y�����¸�#¦­��z2� ª�y¸������y<��������yÍ¢Å��ª$¶ � ¶ � ��â æðé õ �D� ipY¬·¸¶Z·9yÁ²³��|��P�¬²³��|���})��|��$�&��y���yÍ��y�����y��$�-�R¯����$}�äF¢Ã��ª$¶

� ¶ í � �­} ê ¶�x¤�������<�&y<�$��y)}§¦©�$�j��¯�� ���´y<ª�}$y���|��$�6��y���| �$ª��$y��$�µ}Z¦­|��$}$y������&��¥$��y(�����À�°�ë�ð���&��y¿â ú*�D�¯��Ã�¹���$����yÍ����}®�:y��&��}$y��°�N¢���� �$��y�����|è��|��G�$yµ�$�$y����$�6�R� ¥������E���-}�yÂ�#¦©� ����� �®�:}�y<���&�$�-}$y��#¦�n	�R� ����y������� }�� y<�U����| �(}Z¦­�$��� ���º²³�&|���}2y��9¯���z2��}$y�}$� �$�9��y<�£�<|����R¯$y<�+���G��y<�&z2��}$�°� ����y��<¶Px¤�Â¥����$}$y¸�����<�����$�E�R� �P��y� �&��|��<����yÁ� �$��� ���Y�������$���#¦­��z2� ª�y�������y<��������y-â æèé õ ��� ipY¬·väW¢Å��ª$¶ � ¶ � � ê ¶x>y�K��®ìÂy<�À�������E���$}�y´y��&���$� K$�®ìµ}�y9����}®�:|���y<�&��ä � í�� z¡¶©� ��
 â ú���� ¯��Å� ê � �®�	}$y<�&���$�Ä}�y��#¦�n	�R� ����y}$�)��|��&}Z¶
ìEû�ü=ûvú ýþð5ÿFþ���ÿÄ�W������
7ÿþ�	' ÿe$]ÿH����� þ

x>yÀ��� }$��|���| �$}�� ª�yÂ}$yN�)����� �®�:x¤��������y(äW¢Å��ª$¶ � ¶ � � ê â æèí i Y¬·uzNy��-y<��������}�y<�$��yN��yµ�ð����� �U��~<�&y�����&�R��¥$��y¬}$y¸���÷�£ï5nR¶�ù®|��(�U��|���������|��¹â æèé ipY¬· äF¢Å��ª$¶ � ¶ � ¥ ê ���<zN|���ª��$y¬}Z¦©���$y¸}$y��&��� ¥$��������������|��¼}$y�#¦©����z2|��&�$¯$~���y �������<y�â¹�#¦©� �$����|��R¯$yÂ}$�)��¯�� �R�9y�ª(}$yµ��|��$�6��yµ��|��$ª��$y��$�¬}Z¦©| �$}$yµ�G�$�Ã�$��|è��|��G�$yÀ�#¦©� }®���y�������|��N}Z¦­�$�(� ����¯G�$z2��}$y�y<�N�$��|è� y<��� ���<y¸}�y����ÍzN�<}�����y������ �$�<y�}����$�º��y<�º��|��$�R¯$y��9���P��y<��zN�<}��°� ����y<�äW��yÂ��� }$��| ��|��$}$� ª�yÂ}�yN�)����� ��zN|��P���&yµ�$�âK��®ìë}$yµ�&�$}{â æ�í i Y¬· â ñ��D� ¯��Å����K��®ìë�����Ä}$y�����y<�P�}$yÍ����}®�:|���y<�&�¸â æèé i Y¬· ê ¶ò¸�$��� �P�º��y<�Ã�±������|®}$y��Ä}Z¦­|�¥$�&y<�&��������|����Å���P��y<�$�&����y���}$y����¸�ð� zN��� ª �$y+�)¨7�Ã����y9�&�<��y<� �À}$y���� }�� �&�ò¸|����$��y���¥������<�¸� ���&|��¤z2y��P����| �$�$�Á�$�����<�<}�y<zNz2y��G�¸}�� �$���<yU����yÍ��¯�~<��y�äSä�|��$������}Z�±�)|��P��yU��x>y�z¹���y��+ùG�"�
|�� ê �Â��y<��zN���£}$y-}�|®���$z2y��P��y<�´��y��9�&«��6��~<zNy<�+�����<�����$�E�R� �P���9��y¸}$��� y<��| �$��� �P�������9�°�Áö<|���y-}$�
�Gí
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ª9«­¬]® � ¶ í [6¿3²m¹�¾�¶�·*· ½�´�°�Í
¾�³µÙ�½
¶�·1ÍÎ°�½�¹H¼Ú² ��� ¾�È � Ïm¸�� ²mÍ�¹�×N·1¼µ¶N·*²m´�²m¼ ½
·�¶�·1°�ÍÎºN¹»²v¾�³µ°�´�´�¶N¼µ¼µ¶N·�¸�½O¿HÁ ����� ø~ÕIÄÅ²"ÆE¿,²m¹�¾»¶,¸
½(Ö�ºN°�ÍÎ¶�´"¾�³µ¶�¼� Ë�Ì�Ì�¿ � ² � Ê�È���ø
¿.¼µ¶aÊ	�a·»¶NÍ
¾�¶N±(Ð�¹R¶�ÏA¶N´=±ßÕ;Á*´à¾»¹�²m³ ¾�·�ºNÍq²m³µ·�Ï�¼µ¶N·:¾�¿q²m¼ 
,¶NÖ�·~¶­¾�¼Ú²a¸
°�¹�·»²m¼µ¶�º�ú"°�ÙI½�ºN·�¸�²m´�·�¼µ¶�¾�¶ � ¾�¶�Õ�ÞA¶N·��q×NÂÁ¿�¶N·¹R¶�Í
¹�ºN·»¶N´"¾»¶N´"¾F¼µ¶�ú"¶N´"¾ � Ë�Ì�Ì�¿ � ²:¶N´h±ßÕ ·	
��!Äz¼Ú²�Í�¼µ½�·�Ö�¹�²m´�¸�¶!²�ÍL°�½
¹Yú�²m¼µ¶N½�¹DÇ�Ì~±ßÕ ·�
��­Æ­ÕqÄzÐÎÆ ¿,²m¹�¾»¶T¸�¶TÍ
¹�¶N·»·�³µ°�´�ºNÙ�½�³ úm²m¼µ¶N´I¾�¶:¹�²m±�¶�´
º�¶²m½�´�³ ú"¶�²m½�¸�¶F¼Ú²:±�¶N¹,ÄÅ½�´
³ ¾»ºT¶�´(¿ � ²"Æ � Ê�È��
ø
¿>¼µ¶�Ê	�!·»¶NÍ
¾�¶�±�Ð�¹R¶"ÕIÞA¶N·��q×NÂÁ¿�¶N·D¹R¶�Í
¹�ºN·»¶N´"¾»¶N´"¾F¼µ¶eú"¶N´"¾,²m½�Í�¹R¶N±�³µ¶N¹*´�³ ú"¶�²m½�¸�½(±�°�¸�×N¼µ¶�Ï¶N´�±ßÕ · 
�� ÕWÄÅÂtÆ,¶­¾�Äz¸ÎÆHø�¶N±�ÍLºN¹�²v¾»½
¹�¶~ÍÎ°m¾»¶N´"¾»³µ¶N¼µ¼µ¶�Äz¶�´W{~Æ�¶N¾�ú"¶N´I¾ � Ë�Ì�Ì�¿ � ² � Ê�È���ø�¿7¶­¾~Ê�Ñ���ø�¿!Ï
¹�¶N·»ÍÎ¶NÂ­¾»³ ú"¶N±�¶N´"¾tÕ
�,�
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ª9«­¬]® � ¶ � [ ¿D¿q²m±�Í�·�¸�¶ ��� Äz¾�°�½�¹RÐ�³µ¼µ¼µ°�´]ÍÎ°m¾»¶N´"¾»³µ¶N¼&Ï1¶N´]½�´�³ ¾�ºa¸
¶ ��� Æ � Ç�Ì�Ìà¿ � ²�Ä&²"Æ � Ê�È��
ø
¿ ¶N¾aÄzÐÎÆ � Ê�Ñ���ø�¿!Ï�¼µ¶àÊ	�·»¶NÍ
¾�¶N±(Ð�¹R¶�Ê������
Ïq·»½
ÍL¶N¹RÍÎ°�·»ºN·:²m½bú"¶�´"¾ � Ç�Ì�Ì�¿ � ²
Õ�ÄzÂtÆ
¿,²m¹�¾»¶~·»²v¾»¶N¼µ¼µ³ ¾�¶=¾�� � Ê�Ñ�Ã Ç�Ì���ø�¿7¼µ¶�Ê	��·»¶NÍ
¾�¶N±(Ð�¹R¶�Õ
���! �,�	»G|��"�$# �%�! '&�#Þ��� &�»)(*��|�)y���y<|Gù��$���&��y ·>XàYE� �-·9¨�äù®�$���&��y ¢������$�<y i-ù�¨x¤���G2 x>|�� ä �,� ¶ ���Gís� ��� é ¶ éD�D� � X ê ä �Gú ¶ �,�D�s� ��� é ¶ ú®æèñs� X ê ä �Gú ¶ ñ���ç � ��� é ¶ ñ���ç � X ê¨¸�E�������$}$y æ��Pí ú z æ�ú�ú z �D�Pú z

o9� �$}$y · · ù
Yº«��±y ò¸|����$��y�� ò¸|����$��y�� ò�|��$�$��y<�	2 �Ã|���� ����z2�U�������G�$y

w%xÄy�® � ¶ æ [%+!½�¶N¼µÙI½�¶N·!Â�²m¹»²mÂ­¾�ºN¹�³µ·R¾»³µÙI½�¶N·�¸�¶N·T¹�²m¸q²m¹R·:¸�ºNÍ�¼µ°R½"º�·T·»½�¹3¼Ú²(ÀN°�´�¶~¸�½�Þ�²mÂ � ²´ùR¶�½
¹F¸
½�¹»²m´"¾:¼µ¶N·3ÍÎºN¹�³µ°I¸�¶N·!¸,� °�Ð
·»¶N¹Àúm²v¾»³µ°�´³µ´"¾»¶N´�·�³ ú"¶"Õ
x¤� �À�)���&y<�$��¶.--�$y����G�$y<���<� ���������������&�����G�$y<��}$yµ�<y��-}$�R�§����y<�P���-��� }$� ������|��P��}$| �$�$�<y������ ���°�N��� ¥$��y
� ¶ æ ¶ x�¦½� ����� ���E����|��2yU����y�}$�U��y���|��$��y<zNy<�P�����®�:}$y����&�$�+}$��x¤� �-�����&y<���9}$�(�6«��&��~�z2y���|��P��y������E²¤}$y-���
�£ï5n í ¨ �±y�����y��G�7J�����yÍ}$�<�����E���¬y<�¡������������� �P�+��y����R¯�� zN�$����� }����+}$y��&�WK�y�������������� ¶ x>y<�+���&|����+��� }�� �&��$�&�<��y��P���-�&�$�����Nö�|��$yÁ|��P�¸yL�§y������$�Â}$y��¸yôì�����|���������|��$�+��|����$zN���G�$y<����y<�&z2yU���R���G��}$yÍ�������$� ������y<������&�����$�U���$�&yÁ������}$��zNy<�$�&��|����$y<����y¬}$y<���R¯�� zN�$��}$yÍ���LK�y<�U���E�®�E����¶x�¦©�U��|���������|��Â}$y´�<y��Å���LK�y<�U���E�®�E�����Å|�¥$�&y<�6���<y���y<�P���&y æA� i Y¬·ó��y æ�ñ ��y�����y�zµ¥$��y9y�� �D� ipY¬·ó��y æèé��y�����y�zµ¥$�&y9y<�6�Ã��������¥���yÄ»�ª�����y � ¶ ú â í��D�D� z y��Ãâ �D�D�D� z¡¶H·9y<�¤»�ª��$�&y<�Å����|è����y<���$y<�P�Ã}$�À�����µò-�����·9y<�P����y��±��ò�·���y��¤��| �G�
}$������|��$��¥$��y��>â+�#¦©� }$��y����&y£�&�$����� �P��y+õð¯P�����Nõ 2 21�]�]�Í¶­z¹� �§¶©zNy���y<|��I��������¶©�R¯=2®¶

ò¸�$��� �P�2��y<�À�$�&y<zN��~���y<�Â¯$y<�$�&y<���£y��P����y æ�� ipY¬·oyU� æèé i Y¬·¸�������<|��P� y<������|���}�� ���À�°�ëö<| �$y}$�¾x¤� �¡�����&y��$�¼y<�&�N����zN������y¹���®ì��$�&y<zN��~<�&y<�À��y<�P��y��<�£� ���$|��&}®�:| �$y<�6�¼}$y<�¼����}�� ����¶ºx>y<�À²W� ��¥���y<��$�&�<�<���$����������|��$�¬�$��|è����y��$�$y��G�Í}�yµ�<y���������y<�¬�<| �G� y<�U����� y<���
����|����<y��<�±â2²W� ��¥���yÁ}$�$����yÀ}$yÂ����y�¶Zx�¦­yUì���y��®�����|���� y<�&�����<� ��yÁ}$yµ��y<�-��y<�����$��y���y��&��zN|�}$�<�&�<y ��y��¸y<����y<�¬��| �G�-}$y�²W� ��¥$��yÁ���P��y<�$�&������¶±¨4��� �6������}$y æèçi Y¬·¸�Å�<y<�Â�<y<�����$��y<����y(�&y<ª��&|��$��y<�P�À��|��$�Â²³|��&z2y������$y(����ª��$yN�<|��P� y<������� y¡¥���y<�ó}$��»�����y �Ã|�����y<�P����y�$|��&}®�:y��&�G2����$}��:|��$y��&�¹äW�&|����Í}$� �$����yÀ�&y<�$�Á}$�å��y��P�Ây��ó� �E���E���$}$y��<|�zNzNyÀ��yµzN|��P���&yÀ�#¦­|�����y<�P�R������|��
�D�
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ª9«­¬]® � ¶ � [1�F²m¸�³µ°�·»°�´�¸�²mÖ�¶�·T¸�¶ � ³µ¼Ú²m´oÇ$Þ�³µ´q²v¾»¶!¼µ¶�Ê	��2mÌ��32�Ê������àÄÅ²"Æ � Ê�È���ø�¿7¶­¾~ÄzÐÎÆ � Ê�Ñ��
ø
¿!Õ
}$y���K$~<�R¯$y��2��|��$�µ��y¹��y��P�¹â �D���D� zÕ�&�$�¼�°�)»$ª��$��y � ¶ ú�ê ¶ßYÃ� ¥�� �6«�ä í*�D�Pí�ê ����z2���Â�F¦©¯P«��±|���¯$~���y�G�$y-��y��+������ª �$y<zNy<�P�£�������$�E��y¸}§¦©�$����¯�� ����ª�y¸y��G����y���y�²³| �
ôð��ª�y�| ��|�ª���� �$¯$���G�$y�yU����y¬²³|���ôð� ª y¸����}$�$������ �¸��yµ����������ª�y¼}$�å��¯�� �R�9y�ª¿â(�<|����&��y¼��|��$ª��$y��$�-}Z¦­|��$}�y¼â ú��D� ¯��Ã��¶>x¤���<|��P��y�������|�����yÀ����|���� y� ���$�����&y<��²³|��&�<��y������£�����$������y<���<y¸��|�zµ¥$���$�<y�}$y¬�<y��9}$y��®ì¼²³|���ôð� ª�y��<¶�·9yU����y�����ª��$y���|��P��y<�U���E��y-��|�z¼�zNy<�$��y�âÂ��y�����|�����ª�y<�£��y<����y¬�$�$y-����ª���y�}$y¸ª���� ���¹��y����+��y¸����}®�:y��&�+}$��}�|�z¹�����$y���}$� �$�����Â}$���&y<�U����| �|��$��|��&�<y¿� � K���ìj�����<��}�y<�P�ð¶Åx¤y¹�&«��&��~<zNy¡��¦©���P��y<������»$y(��y<�&� í�� i Y¬·¸¶Äò¸y<�¼�<y������$��y��Â�<| �G� y<�U����� y<�� �$����� ���������&y<�P�£y<�2� zN|��P��}$y��°�-����ª��$y�� �&y<�$}����G�£��y+�&«��&��~<zNy�������}$��zNy<�$�&��|����$y<�F¶*n:�$����y<��}(� ��|����Ä���$y²³|��&z2y��&y<��|��$��� ������� ¥$��y9y<�À²³y<�ºâ-�R¯$yU��� � â í�í i Y¬· äF¢Å��ª$¶ � ¶ ú ê ¶�x�¦­yUì���y��$����|��À��y��&�����ð� ��y�}$�¼�&«��6��~<zNyy<�6���<| �$��������y<�P��y��G�è� y<����y9�&|�z2zNy��Ã}$y��Å�G��� ª�y������&��y<��ª���� �P�Ã��|�����y£}$�<�����������G�º��y<� æ��D�D�D� z äW��²�¢Ã��ª$¶
� ¶ � � y<��� æèç ipY¬· ê ¶®x>y¸�&«��6��~<zNy¸��|��P��������y¸�����$��|�ª ��y<�&����|��2� y<���´��y¬���$}��:y<�6�ð��y��´»���� ��y<zNy<�P�9�G�$�E����y�°��ö�|��$yN}Z¦©| ¥$��y��&��������|��ó}�y<�Á��� }�������� �$��~�� ��� ipY¬·¸�
|��ó}$y���|�¥���y<�6��������|��$�Í������y<��������y<��zN|��P���&y<�P��$�$yÍ}$���<�&|����&��� �$��y���� �$��}$y�}$yÍ��|��¡���P��y<�$�&������¶
å2Æ�� 4Nß�Ñ � Ô�Þ�Ý¤ß�Ë�Ù Ù � Ñ Ö�ÜÃß<à � ÉÕÒ�ÉbÜÃÖ65�Ö�ÜÃÉ�Ù¿×9ÉÚÒ�ÉmÔ<Þ ç`è é¤��ë

x�¦©�U��|���������|��ëy<�ë��y<zN�$�-�&�<y<�Å}$yµ�°�i�´ï5n í ¨ �¹�����Àz¹� �
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x¤����� ����}��H����| �ë}$y<�Í�$�&�������&��|�����}$y<�Á�$�����<���$����������|��$�-��������y<��zN|�}$~<��y<��y<�6�Á�$�ã}�y<�Í�$��| ¥$��~�z2y��� �U���$y����<¶�o9|��$ª�y<� ���¹ä í*�D�Pí�ê ���U�R� ¥$���Å�$�{�������Í}$y¼�#¦©� �6��}$y¼�°�¹� �<���E»��ð�H����| �å}$y<�ÍzN|®}$~���y���}$y¼�$���ô������&��|��j}$�j��y<zN�$�À��� �À��y<�À|�¥$�&y<�6� �H����| �$�<�Ãy��N�$| ��� z2zNy<�P�Â�°����� ����}�������|��ã}$y<�¼zN|®}$~���y��Àâë¯�� ����y������|���������|��0y�� ���������������G�2y<�P����y{� ������yå��y����$�����<���$����������|��$�(âø���ø���$�6²W� �<y�¶M--��� �$}����ø���<�&|����®����| �}$�¡������yð���ë}Z¦­|�¥$��y��&��������|��$��y��&���$���$����z2��|��&��� �P��y-�G�$yÁ�°�À�&�<��| ��������|��¿}$yÁ�°�µª��&������y-}$�¡zN|®}$~���y��$�$��R¯�� zN�¼|�¥$�&y<�&� ��y<�&�º�&y<��|��$�&�����$�E�º���$�����-ª���������y£}��NzN|�}$~<��yÍä#·9¯$y����$¥����$�$yU�£� �#¶E� í��D�Pí ����� �Äyôì®y<zN�$��y��}$���<���E��y��G���$�$yÍ��y��R¯$�$������y��&��zN�$��y-yU�¬yW�N�ð� ��y�}$� �$����y��<� ��}�yÁ���Â��� ����}�������|��(}$y������$zµ�$���+}$yÁ�$���ô��<���$����������|������$� í*� ¯ø}$�jzN|�}$~<��yN}���·>XS�£�ë�ZY���â��#¦©� ��}$y2}§¦©�$�j�&�<�&yð� �j}$y��$��y�}�y¹�&��������|��$��y<�
X��$��| �±y)õ
�����Í�ð�����<����y<�P���°�¡z2|è«�y��$�$y¹� ���E��¯$zN�������G�$y¼}$y2��|�����y<�Â��y<�Á�&��������|��$�Á���$�����$�&y<�Â}$� �$�Â���$yz2� ������yÀ}$�jzN|®}�~<��y ê ¶
���<� �$zN|������<�
}$y(�$|����&|��$�����Å���)������|���������|��ø}$�ó���<�&yð� ��}Z¦­|�¥$�&y<�6� �H����| �$�µy<�6�¥$��y<����|��®��y<�P�Á���®²³�<����y<�$�&yÀâ��°�(�&�<��| ��������|��ë}�y<�Íz2|�}$~���y<���§�$|��R� zNz2y��P��}�� �$����yµ�ð���Á}�y<��zN|®}$~���y��zNy<��|H�:�<�R¯�y<����y<�+âµ¯$� ����y��&�<�&|���������|��§¶$ï-����y<����}����$�+�<y��<� �+���P��y�����|���y��9��y<�9��� ��y<�$�&��}$�¿�R¯�� zN��}$�zN|®}$~���yµ�&�$�Í�R¯�� ���$�$yN}$y<�Í�&��������|��$���Z�$�{yW�±y��Á�$��²W���&��y¼�U�R� �P�Á��yÀ��������� ª�yµ}�y<�Á��|��6����y���}$�{z2|�}$~<��y ���� �6�����<�$����~<�&y<zNy<�P�-ª �<��� �P�Á}�� ���Á���(�$���U��������|��å}$y¼�$¯$���$|�zN~<�$y������P��y<����y<��¶�i��$yN� �®����yµ��y<�R¯$�����G�$y�<| �$�����&��y�â¼�����������&y<�����µ� ����y<���¬}���zN|®}$~���y����¼�����$���$�&|®�R¯$yÁ���$������� ��y�z2y��G��}�y��F¦©|�¥���y<�6��������|��Z�$z2� ���|��¿��ª �$|���yÍ�����$�&�Z�#¦­y<�&��y<���+}$�$y�� �¿�±|��&������|��$��y<zNy<�P�ð¶ò-� �$�À��y��&��y(��¯�~<��yCN�|��j����|��<~<}�y(��|����µ}Z¦½��¥±|��&}jâë�$�$y���|�zN��� ��������| �jâ�ª���� �$}$y(���R¯$y<����y�}$y���R¯�� zN�$��}$yÍ�$�&�<�<���$����������|��$�����$zµ�$���<y��<¶~�Ã| �$����y<���¼| �¡�®���������&y-��y�������� ��«��&y<��ä³� y<���&��|�� í ¶ �Pê }$yÁ¢���y ÿy��¡� � ����y<�ëä í��D�®æ�ê �ð��y����$�$yå������|���������|��0�$�&|®�R¯�y{}�y í�ú �Gz �������#¦­¯$|�����ö<|��P��� ��yóäF¢Å��ª$¶ � ¶ ç � ê ¶9n:��<¦©� ª��E��}$yÍ�<�$zÂ�$����}$yÍ�$�&�<�<���$����������|��$���&�$� í*� ¯$y<�$�&y<�¬y<�P���&y���y æ�ñ ��y<�®��y<zÂ¥$��y�â ��� ipY¬· y��¬��y æèé��y�����y�zµ¥$�&yÂâ �D� i Y¬·¸¶x¤�¼�&��zµ���°������|��iX´·£��ï�ò æ ��y�}$�<z2� ����� �P���G�$yÍ��y æ�ñ �&y<����y<zµ¥$�&yÂâ æ�í ipY¬·¸����y��$�¤�#¦©� �<���<��� �®ì�$�&�<�<���$����������|��$���&�$� æèé ¯$y��$��y��Ây<�P����y æèí i Y¬·u��y æ�ñ �&y<����y<zµ¥���y¹yU� ��� i Y¬·v��y æèé �&y<����y<zµ¥���yy<�6�Á�±|��&����¥$��y¿äW¢Å��ª�¶ � ¶ ç ¥ ê ¶>x¤�¿��|�zN��� ��������| �å�ð��y<�2¢���y ÿ y����7������y��¸�&y<�&��yÀ� ���°� ¥$��y �±�#¦­y<���&y<�P����y<��}$y���$�&�<�<���$����������|��$��}����$�)���jö<|��$y{}$� x¤� �ø�)���&y<�$�)�ð«P� �P�)y<� ����y�� � �$��~�� æèí ipY¬·¸¶��¬�ð� ��z2|����$�<��#¦©� ¥$�&y<�$��y�}$� �$�9��������zÂ�$�°������|��À}�y�����²W����¥$��y+¥�� �$}$y¬�$�&�<�<���$����� �P��y�|�¥$�&y<�6���<y-â��#¦­|��$y��&�£}$�2}$|�z2� ���$yäW������y£| ��y��Â��� �6����y£������y´���Â��� �&��� ª y´}$�Á²³��|��P� ê ��y<���Ã�<¦­yUì®�$�����G�$y��Ã�����Ã��y�����y´}����±�<��y��$�<y´���$�
��y���y<zN�$�}$y¼�<��zµ�$�#¶¤x>y¼z2�Hì®��zµ�$zá���������(ö<|��$yN}$�ãx¤� �2�����&y<����y��&�Á¥$��y��ã�&y�����|���� �2�$� �Í�°�(����zµ�$��������|��Z�zóJ<zNy����>�°�µö�|��$yÍ}$yÍ�$�&�<�<���$����������|�����y�zµ¥$��y��$���$���U��y<��}$�$y ¶i��µö�|®| zu�&�$�Å�����&�<ª���|��Â}$�µx
���+�����&y��$�Åy��&��y��$��������y´yW�±y<�U���$������»��Â}Z¦½�ð� |����Ã�$�$y9��|�zN��� ��������| �}$y����$�&�<�����$�E�R������|��$�9âN���R¯$y<����y-»���y ¶ò¸y¼�$|�zµ¥���y<����y<�Í�6�R������|��$�-� ����|���ä ��æ�ú |��P���U���¼��y��<y��$����y<�Á}�� �$�����(ö<|��$yÀ��|����&y<�&�±|���}�� �P��� �}$|�z2� ���$yÍ��y<��|���� y<�&�-��� �¸��yÁ����|�������~<zNy�z2|�}$~<��y ê �������<�&y<�P��y���}�� �$���°�¼����ª���|��)}$�åx¤� �µ�����&y<���<���$y²³|��$�&�$���&��y��G���G�$yN}$y<�Á}$|��$���<y<�+�&|��$�&��� ����~<�&y<�<�§�<yN�����£��y2��y<�&z2yU���$� ��}§¦½�ð��| ���Í}$y<�Á���®²³|���z2������|��$����T�2��� �P��y��Á�&�$���#¦­��� |����®����| ��}$�å�6«®�6��~�z2y�¶
ï����¹� ���$�&�Å�&y<�$��y<zNy<�P�Í� ���<~<�Í���®ìå�$�&�<�����$�E�R������|��$��� �ô�
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(b)(a)

17/10/1999

ª9«­¬]® � ¶ ç [�Ä&²"Æ � ¹�ºNÂN³µÍ�³ ¾»²v¾»³µ°�´�·D²mÂ�ÂN½�±�½�¼µºN¶N·FÄz¶N´�±�±aÆW·»½
¹*ÈmÒ�¿
¶�½
¹�¶N·�¸
º�¸
½�³ ¾»¶N·*¸�¶N·�²m´q²m¼ ½�·»¶N·Æú"¶N¹�·�³µ°�´�È
Õ Ì!¸�¶>Oq¹R¶7PA¶­¾ Ê�Qm¼µ¼µ¶�¹,ÄÅÈ�Ì�Ì
ÊtÆ²Rú"¶NÂ~½�´�¶�¹RºN·»°�¼µ½
¾�³µ°�´�¿
°�¹�³µÀN°�´"¾Á²m¼µ¶�¸�¶~È�Ë(ÉI± ¶N´"¾»¹R¶�Ì�Ô��
ø
¿ ¼µ¶�Ê	��2mÌ��32R����¶­¾TÌ�Ô���ø�¿p¼µ¶�Ê�Ñ32mÌ��32R���
Õ�ÄÅÐÎÆ � ¹�ºNÂN³µÍ�³ ¾»²v¾»³µ°�´�·!²mÂNÂ�½
±(½�¼µºN¶N·¸�ºN¸�½�³ ¾�¶N·!¸�½�±�°�¸
×�¼µ¶�ÄÅ¹RºN·»°�¼µ½
¾�³µ°�´ß¿�°�¹R³µÀN°�´I¾»²m¼µ¶~¸�¶�Ç�È(É�±aÆ�·�½�¹�Ê�Ñ(¿�¶N½�¹R¶N·!¶N´I¾�¹R¶hÊ�È��
ø
¿ ¼µ¶�Ê	��2mÌ��32R����¶­¾!Ì�Ô��
ø
¿ ¼µ¶�Ê�Ñ32mÌ��32R���
Õ
�<��zµ�$����y<�¬y<� í*� ¯$y<�$�&y<��¶§x>y<�¬�&��������|��$�+²³|��$�&�$���&��� �P�¬}$y���}$| �$�$�<y��¸¯$| ��� ����y<���&|��P�¸¥�yð� ���<|��$�)�$�����������y<��ä æ�í®æ }�� �$�����µz J�z2y�ö�|��$y ê ¶

x>y��R¯�� zN�w}�y��$�&�<�<���$����������|���� �<���$zµ�$���<y¡}$�<}��$���2}$y<�¹}$|��$�$��y<�2��� }����2�F¦½�������ëâã�$� �&�����¼}$��<| z2��|����E��y¼����}�� �Í���$�����&yåä³����|����Í��� }������Á¥�� �����µâ��)|��P��yô��x>y<z2���¤¨¸��¥$����yU�Àx¤�)ò	n���y ê ¶Ã·9y2�&�<�&yð� �²³|��$�&�$���¤}�y<�¤}$|��$���<y<�¤��| ����y��Ã��y<�>�<���$�-zN���G����y<�<�<�<|��P����� ���&y<zNy<�P�Ã� �Í������yð���Â}$yº����}�� ���¤}$yº�&y<�R¯$y����R¯$yä#�¡|��P��yU�:x>y<z2����ä�|��$��� ��}�yU�¬ùG���Ã|�� ê ���±|�������y����G�$y<������y��9}$| �$�$�<y����$y-��| �G��}$����|��$��¥$��y��´�G�$y-��|�����y����y��Å�G�$���$ö<y´z2�����®��y<��¶Hx
��z¹���&| �������º}$y<�Ä�����<�����$�E�R������|����
y��&�Å���P��y��&��y��G�$y+y<�P���&y æèé i Y¬·óy�� �D� ipY¬·¸��°�-��|�zN��� ��������| �µ}$y<�º���$zµ�$����y<�P���&y æ�í i Y¬·�yU� �D� i Y¬·�y<�6�´}�|��$�+����ª��$�E»��ð������� y��±| �$�Ä�°�?�£ï5n í ¨�¶
X�����y<�&z2y¿}$y¿�$�&�<�<���$����������|��$�µ���$�&��� �P�R� ���<y<����|�����y�����|��®��y¡������}$y�z2zNy<�P�¼��y���y���� ��}��$�&���À��� �¼�������zµ�$��������|���}$y(�<| �G���on���y ¶Ãò¸y(�$���$�<�
��y��Â���G��y<�$�&�����<�µ�&|��P�À�$������²W� ��¥$��y��<�¤���º�$��y<���Âz2|����$�Á�<|�zN��� �&�� �®ì¾|�¥���y<�6��������|��$�åä³|��0�H����y����P�(���0z¹��ì���zµ�$z �&�$���<����y<�$�¹â æ��D� z2zB2�¯¾â í®æ i Y¬·�}�� ���(��y��|�¥$�&y<�6� �H����| �$�º�Ä¢Å��ª$¶ � ¶ æ�� ���Ä����|��&�£�G�Z¦©âÂ���ÁzóJ<zNy�¯$y<�$�&y¸��y¸z2�Hì®��zµ�$zvy<�&�9����²³������y<�$�£â ñ�� zNzÞ2H¯}�� ���9�°���&��zµ�$��������|��À}$y��<|��P���Jn���y��Ä¢Å��ª�¶ � ¶ æ�� ¥ ê ¶�·9yU�����ð� �6�9�&y������&��� ������y+�&�$�9�F¦©�U��|���������|��¼}$y<�£�R� �®ì}$yº�$�&�<�<���$����������|���¯$|���� ���&y<�£äW¢Å��ª$¶ � ¶ æ�� � ê �ð|D�Á��yÄ��� �®ì�}�y´�$�&�<�����$�E�R������|��-zN|è«�y����&y<�&��y´��|��$�6�R� zNz2y��P����®²³�<����y<�$�£� ��ìN|�¥$��y��&��������|��$��¶�x
�Í»�ª��$�&y � ¶ æ�æ zN|��P����y¬��y��´�R¯$� z2���´}$y��$�����<���$����������|��$�º� ���<�$zµ�����<y��}$�$��� �P����y¸��y<zN�$�+�G�Z¦©�¼}��$���Í�#¦­yUì®���<�&��y<���<y�}$y���|��P���on ��y ����|��E� æ�í ¯$y��$��y��¬y��P����y æ�í ipY¬· ��y æ�ñ 2 � çy�� �D� ipY¬·j��y æðé 2 ��ç ¶Hx>y9���$zµ�$��}$����� ���&y+��y�� í��D� z2z }����$�Å��y<�Å| ¥$��y��&��������|��$�Ã�±|����Ã��y9z2�Hì®��zµ�$z¡�y��Åy<�6������²³������y<�$�Ãâ çD� zNz }�� ���Ä�°�¬����zÂ�$�°������|��§¶�ù®������ö�|��$y9}�y<�Äz2�Hì®��z2�����µ�$��� yð� �À}�y<�Ä��� }�� �&�Åy<�6�¥$��y<�À��|��ð�������&�<y��H�$� �Ä�<| �G����y+��y<�Äz2�Hì®��z2�����À���$}®�	y<�6�º}$�¼}$|�z2� ���$y¸ä³���$�ºâ-����²³|����Å��� �Å��y���|�z2��|��&����y����}�� ��yU�+��� ����y<���6�R������|������ ���&|�� ê ��|��P�¬� ¥$�&y<�P���+}$� �$�+�°������zÂ�$�°������|��§�P�<y<���µ����� �P�+��� ���+}$|�����y-}�S� �µ�&y���� ��}À�$�&���Ã��� �Å�����&��zµ�$��������|��Á}�� �$�Ä�F¦©���P��y<������»$�ð������|��Á}$y����¸�<|��P� y<������|��À������y9â-�F¦½� ����� ���E����|��Í}$y�°�À�$| ����y�����yÍ��y<�����$��y���|��P��y������E��yµy����ð��� �¤}$yÁ�°�À����ª��$y�}$yÍª���� ���¿���$�����°� ��y ¶�¨4�$|���y<�¬� �������
�#¦©� ¥$�&y<�$��y}�� ���¬�F¦©yôì®�±������y��$�<yÍ}$yÍ��|��P���on ��y�}$yÍ�°�À¥����$}$yÍ�$�����<���$����� �P��y�}$�¡�$|��&}®�:|���y<�&�<¶
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(a) (b)

(c)

ª9«­¬]® � ¶ æ�� [ � ¹RºNÂ�³µÍ
³ ¾Á²v¾�³µ°�´�·F³µ´�·�¾»²m´I¾»²m´�ºN¶N·�ÄÅ¶N´a±�±A2v¿ÎÆ � È
ÊF�
ø
¿p¼µ¶~Ê	��·�¶�Í�¾»¶N±(Ð
¹�¶�Ê������aÄÅ²"Æ�¸�ºN¸�½�³ ¾�¶�·3¸�¶N·,°�Ð�·�¶N¹Àúm²v¾»³µ°�´�·F¹�²m¸q²m¹¶­¾�ÄzÐÎÆ,Â�²m¼µÂ�½
¼µº�¶N·!²Rú"¶NÂ~¼Ú²(·»³µ±�½�¼Ú²v¾»³µ°�´a¸�¶~ÂN°�´I¾�¹KJ�¼µ¶OÁs¿ Ç � ¯�Ê�ÕGÁ1´�ÄÅÂtÆÁÏqº�ú"°�¼µ½
¾�³µ°�´à¸�½�¾»²m½ � ±�°S½"¶N´�¸�¶~Í�¹RºNÂN³µÍ�³ ¾Á²v¾�³µ°�´à¿�°�¹�²m³µ¹�¶�¶N´I¾�¹R¶aÊ�Ñ�
ø
¿÷¼µ¶aÊ	��2mÌ��ß¶­¾�Ì�Ì9�
ø
¿ù¼µ¶�Ê�Ñ32mÌ��
Õ�Þ�²�±�°R½"¶N´�´�¶�¶N·�¾�¹Rº�²m¼µ³µ·»ºN¶�·»½
¹�¼µ¶�¸�°�±h²m³µ´�¶�¸
¶OÅÅ°�´
ÂN¾�³µ°�´�´�¶N±�¶N´"¾�¸
½�¹�²m¸q²m¹~¸�¶ � °�´I¾�¶�Ç$ÞA¶N±h²ÍÎ°�½�¹:¼µ¶N·:°�Ð�·�¶N¹Àúm²v¾»³µ°�´�·�ÄÅÑ�È�ÌmÒ"Ë�ÍÎ°�³µ´"¾»·ÁÆ­ÏW¶­¾:·»½
¹:¼µ¶�¾�¹R°�³µ·»³µ×N±�¶�¸
°�±h²m³µ´�¶ � ¼Ú²�¹Rº�·�°�¼µ½
¾�³µ°�´S¿
°�¹�³µÀN°�´"¾Á²m¼µ¶�¸
¶�È�É�±ÓÍÎ°�½�¹!¼µ¶�·!·»³µ±(½
¼Ú²v¾»³µ°�´�·ÄÅÈ�Ô�ÈmÒ�Ò�ÍL°�³µ´"¾�·­ÆÁÕ

ú��
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ª9«­¬]® � ¶ æ æ [�ÄÅ²"Æ � ¹�ºNÂN³µÍ�³ ¾»²v¾»³µ°�´�·T¸�ºN¹�³ ú"ºN¶N·:¸�¶N·F¹»²m¸�²m¹�·�ÄÅ¶N´ß±�±aÆ�²mÂNÂN½�±�½�¼µºN¶�·F·»½
¹~Ê�È�¿
¶�½
¹�¶N·�Äz¸�½�Ê	��·»¶NÍ
¾�¶�±�Ð�¹R¶hÊ�È��
ø
¿5²m½9Ê�Ñ·»¶NÍ
¾�¶N±(Ð�¹R¶TÌ�Ì^��ø
¿FÆ�·»½
¹�¼µ¶N·»ÙI½�¶N¼µ¼µ¶N·�°�´�²�·»½
ÍL¶N¹RÍÎ°�·»ºF¼µ¶�·*Í�¹Rº�ÂN³µÍ�³ ¾»²v¾�³µ°�´�·,±�¶N·»½�¹RºN¶�·�²m½�·»°�¼AÄz¹�¶NÍ�¹RºN·»¶N´"¾»ºN¶N·3Íq²m¹�¸�¶N·DÂ�²m¹R¹�ºN·ÁÆ�²mÂNÂ�½
±(½�¼µºN¶N··»½
¹�¼Ú²S±.?N±�¶hÍÎº�¹R³µ°I¸�¶�Õ!ÄzÐÎÆ�¿D¿q²m±�ÍE¸�¶ßÍ�¹RºNÂ�³µÍ
³ ¾Á²v¾�³µ°�´�·aÂ�½
±(½�¼µºN¶N·�·»½
¹ßÊ�È9¿�¶N½�¹R¶N·=Äz±.?N±�¶�ÍÎºN¹R³µ°�¸�¶àÙI½�¶�ÄÅ²"ÆRÆ(ÍL°�½
¹a¼Ú²=·»³µ±�½�¼Ú²v¾�³µ°�´Á ¿sÇ � ¯�Ê�Õ�ÄzÂvÆe¿D¿q²m±�Ía¸�¶�Í�¹RºNÂ�³µÍ
³ ¾Á²v¾�³µ°�´�·:ÂN½�±�½�¼µºN¶�·3·�½�¹�Ê�È(¿�¶N½�¹R¶�·�ÄÅ±.?N±�¶TÍLºN¹R³µ°�¸
¶�ÙI½�¶�ÄÅ²"Æ3¶­¾~ÄzÐÎÆ�Æ,ÍÎ°�½�¹F¼Ú²�·»³µ±�½�¼Ú²v¾�³µ°�´zÁs¿ Ç � ¯:È
ÕìEûmú>ûRì L ��
	�O��'7ÿ�����
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x¤�d�£ï5n í ¨py��&�¹�$�w�6«®�6��~�z2y¡²³|��&��y<zNy<�P�¹��|��P��y������E²��´}����N�<����y¿âã������� |����2�ð��y���yUì�� �U���E���$}$y�â�#¦©� ��}$yµ}Z¦­�$�{z2|�}$~<��yµ|����<��������|��$�$y���â��<�R¯$y�����y¼zNy<�&|�� T â¿�°�(�&�<�&|���������|��å¯�|�����ö<|��P�R����yµ���$���!�N��� �P��y��|��$�£��y<����|�}$�$���&y���y<�£}$�U�R� �����ºâ���y�������y¬���R¯$y<����y¬}$y<�´�<y���������y<�º|���� ª�y��$��y��<¶�ï��N��|��E�£���<�$��|����´�#¦©� �$��|��&�}$y+���¸¯�� ����y+������|���������|��À}�� �$�����$y+����zµ�$�°�H����| �Â�G�$zN�<�����G�$y ���G�$���±y���zNy���}$y������ �E��y��ÄyUì®�$�����<�E��y�z2y��G�}$y��¸�$�&|®��y<���&�$�-�G�$�¤�$y���|��P����� �¸�&�<�&|����$��â¼}$y<���<�R¯$y�����y��¸zN|�������»��$y<���§��|�z2zNyÍ�°�À�<| �G� y<�U����| �Z�±yU�� ���$���Ä}§¦½� ���<��}$y<��â��$�$yNz2y�������y<�$�&yÂ}$y����������®����| �{}��ã�G��� ª y ¶
��� ��ª����À�F¦½��¥$��y��$�<y¼}$y¼}$|����$�<y���}����$��#¦©� ������«���y£���$�E����� ��y¬ä³}$|��P�Ä����������|���������|��Â¯�|�����ö<|��P�R����yºy<�6��}$y��F¦©|��&}$��y£}$y ú�� �Gz ê ���$�Ã�°�¬�<|�zN�±| ��������|���G��� ª�y��$��y���| �R� zNzNy<�P�ð�
��y2z2|�}$~<��y¹�$| �®�:¯P«�}$��| �&�R�H�����G�$y¹¯�� ����y(������|���������|����)y���|��:�¸�r� �&���E��y � �¯$y��$��y��´���$��~��£�F¦©���$�����°� ������������| ��}$y��°������zÂ�$�°������|��§��â��&y<�$�&|®}$������y9�°�-ª����$~<�&y¬}§¦©�$�N�&«��6��~<zNy��<|��P� y<������²}Z¦­�<�R¯$y�����yÁzNy<�&|��ÃN
�������$�&�Z�G�$yÍ���¼�$��|��$� ªP������|����$�E��������y��$��y�¶���<� �$zN|����$�����<y��&�R�����$����|����P�����&y<�&��y<�P��âN� zN�<����|��&y<�<�®y<�¡��y<�&z2yÍ}Z¦­���P��y<�$�&�����Á}$yÁ�$�����<���$����������|��Z�}$yÍ��|��ð��������������|��2��y<zN�±| ��y<����y��®yU��}§¦©yôì®��y<�$�&��|��)¯$|��&��ö<| �G��� ��y¸}$�)�6«��&��~�z2y�¶ò-� �$�N��y¿�R¯����$������y¿���$�E��� �P�ð�º}$���±�<�&y<�P���¼��y��&���2}$y¡��y��$����¥$���������(��|��P�2yW�±y<�U���$���<���ð� y<�¡}�� �$�N�$��$�&y<zN��y<�9����y��(�$����y��&�¬}$y��&y<�$�&��¥$���������-� �¿�&�R¯$�<z2�Àz2���<��| �$¯P«®�&���G�$y��$���$�E���Z}Z¦­�$�¡��y<�6��}$y���y��$����¥$���������� �®ì��<|��$}�������|��$�����$�����°� ��y<��¶
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x>y<�µ|�¥���y<�6��������|��$�Â}�y(�°���´ï5n í ¨ z2yU����y<�P�µy��j������}$y��$�<y¹�°�)�����<�&y<�$��y¿}$y¹ª���J<��y¹y<�ó���$� �P�����������ª��$�E»��ð������� yÀ}$~<�Á��y¼}$��¥$����}$y¼�°���$¯�� �&y2}§¦©���G��y<�$�&��»��<������|���}$�ó�6«��&��~�z2y¼��y���� æèç i Y¬·¸�
�<|�zNz2y|��¡�±y����¬��� �+yôì�y�z2����yÍ��y-� |����+}����$�����µ�<|����±y���y��&�����ð����yÍ�$������y��G���<yÂ¢Å��ª$¶ � ¶ � ¶ ·9y��&��yÁ�$������y��$�<y�}$yª���J<��y¸yUì®�$�����G�$yÍ��y<�´��|��$�&��}$y-²³|��&��y����LK�y<�U�������E���Í� �$�$� ��� ������� �P��y<�¿�<y��&�R�����$�+y��$}$��| �����+}��¡�6«��&��~�z2y�¶ò¸y��$���$�<��}�y<�º�����$}$y<�£�$�&�<�<��}$y<�P��y<��äRä¬���R¯�� �&}Ày��´� �#� í��D�D��ê |��P�ºz2| �G�����+�$��y���z2������| ��������|��Á}�� �$�º����$�&�������&��|��¿}$�¿�&«��6��~<zNyÍ���>|��¿�&y<zN�$�°� ��y-��y��+�ð� ��� �����<�&���&�����G�$y��¬}��¡ª ��� �$��y<�§��� �+�<y�����y<�+}$y����µª��
J���y �¯P«�}$��|�zN�����<|��&yÍ�$���$�+²³|��6��y�z2y��G��ª ��������¶x>y{�&�R¯$�<z2�¾�6�R� ��}�� ��}¨n6·>X � �®���������&�ë}�� �$�¿�����&��zµ���°������|��0}�y{��|��P���Jn���yå�$�&y<�$} y<� �<|�zN����y�$�$���G�$y<zNy<�P�º���&|����Ä�<������ª�|��&��y<��}�y¬�$� �&�����<����y<��ª �°� ���<y<�+õP���-ª��°���<y+�$�&��z2� ���&y �H�°�-�$y���ª�y+yU�´��y�ª���� �$��y<�#¶x�¦©���P����|�}$�$�U����|���}Z¦­�$�$yº�G�������&��~�z2y����°� �&��yº}�� �$�¤��y����R¯$��z¹��z2���<�&|��$¯P«������G�$y£�+}$|����£�U���ºy<�P����y<�������&y�õ�<y�����y�}$yÍ�°�µª���J<��y�¶ ·9yÍ�$|���� yð� �)���R¯$��z¹�¼y<�6�-���$�±y����?n6·>X � ¶i��$y¸�$|���� y<����y¸�&��zµ�$��������|��¼�G�$z2����������y-�Â�U���¸�&�ð� �����&�<yÂäF� �$��y<���<y7X´·£��ï�ò í ��� �´�°�Á���$�E��y ê ���ð� y<��<yU����yN²³|������#¦­������������������|��¡}$�{���R¯$��z¹�¡z2���<��| �$¯P«®�&���G�$y�n6·>X � ���$���G�$y�z2y��G�Á}����$����yµ���&|����&��~<zNyµ}$|H�z2� ���$yµäW��y<�����>âµ�°�µ�&�<��| ��������|��(¯�|�����ö<|��P�R����y¸}�y í �Gz¡����y<�P���&�Á�&�$�+��y-x
���Á�����&y<��� ê ¶:Xº����y-y��&��}$| �$�y<�(��|����+��|����G�9��y�zµ¥$�°��¥$��y�âµ�°�Á����zÂ�$�°������|��N}$y-��|��P���Jn���y���yUì®��y<�������#¦­������������������|��¼}Z¦­�$�����R¯$��z¹�ÀzN�E��<�&|��$¯P«���������y2�$���$��}$�U�R� �������Á}�� ���Á��yÂ���&|����&��~�z2y�}$|�z2� ���$y�¶Zx>y<�Í�&�<�������R�H������|��$���<yU����yÀ����zÂ�$�°������|����| �G�¬�$�&�<�&y<�P�����¸�<� �:}$y����&|��$�<¶
g û�ü=ûIü E�ÿ�����'ò�
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 �Tþ���� þ��7þ9����G5þ��µ�
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x�¦©�U��|���������|��2}��¹�&«��6��~<zNy¸��|��P��y������E²Z��y�����y¬�G�Z¦­y<����y�y<�6�9�����<}�����y¬��� �º��y�����y¸�&��zµ�$��������|��µy��&��zN|��®����&�<yÀ�&�$����y����<|��$��y<�Í¯$| ����ö�|��P�R� ��y<��}$yÀ���LK�y<�U�������E���À����}�� �-����������� ��y��P��yÀ}$yÀ����¢Å��ª$¶ � ¶ í â í��D�D� zy���â �D�D��� z¡¶i��$yÂ}$���±�<�&y<�$��yµz¹�è�&y<�$�&yÂy<�P����yµ��y<�¸yôì®�±������y��$�<y��.X£·£�6ï�ò æ y��5X£·£�6ï�ò í y��&����yÂzNy<������y��$�+�±|H����E����|��$�$y�z2y��G�´��y�z2��|���y��±}�y-�°�Â����ª���y�}$y¸ª���� ���¹}����$�EX£·£�6ï�ò í ¶�x¤y¸�&«��&��~<zNy��<|��P��y�������²
��y��$��|�}$�$�E�
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(b)

(a)

20 UTC 21 UTC 22 UTC
EC−OD1

EC−OD2

ª9«­¬]® � ¶ æ [�¿D¿q²m±�Í�·!¸
¶µú"¶N´"¾»· � Ë�Ì�Ì�±�ÄÅ²"ÆFÍÎ°�½�¹T¼Ú²�·»³µ±�½�¼Ú²v¾»³µ°�´zÁ ¿sÇ � ¯�Ê:¶N¾�ÄÅÐqÆFÍÎ°�½�¹!¼Ú²�·�³µ±(½�¼Ú²v¾�³µ°�´WÁs¿sÇ � ¯:È
ÕqÞA¶N·:·�½�¹ÉÅ&²mÂN¶N·ÂN°�¼µ°�¹�ºN¶N·!¹R¶NÍ�¹Rº�·�¶N´I¾�¶N´I¾�¼Ú²�Â�°�´�ú"¶N¹�Ö�¶N´�ÂN¶�¿�°�¹�³µÀN°�´"¾Á²m¼µ¶ � Ë�Ì�Ì�±fÄz¶�´�· 
�� Æ­Õ
��� � X´·£��ï�ò í ��y�}$���$�°���<y(¥$��y<�j}$�j��|���}®�	|��$y��&�µ� y<���¼��y¹����}®�:y��&�ð�Åy��¼y<�6�ÀzN|����$��y<����yU�R� �&}j�G�$y��yÀ�6«��&��~�z2y¼�&y<�$�&|®}$�����Í��� �.X£·£��ïÍò æ ¶�i��$yN� �®����y¼��z2������| ��������|��¡y<�6������¥±|����$yÀ��|��ð� ������������|���}$y��z2�Hì®��z2��}Z¦­���P��y��$���E���������$�6��|��®�ºâ �D�D�D� zu|D�¼�<y���z¹��ì���z¹�¬��|��P�º��|�z2�$� ��� ¥���y<�+ä � ú�� }�olk¿}����$����y����| �$�����<|��P��y���������y��Í��y<���$�����¸��zN��|��&��� �P��y<����â2�°�¼²³|����¬}�� ���-��y��¸|�¥$�&y<�6� �H����| �$�¸yU�?X£·£�6ï�ò í�ê �Z� ��|�����G�Z¦­�����¼�&|��P�¹�&|��$�6�	y<�6����zN�<�N}�� ���iX£·£�6ï�ò æ ¶9·9yU����y�¥�|��$�$y¡��|��ð� ������������|��ø}$y��N²³|��6��y��2�&�WK�y������E���������}�� ����}$y<�-��|���| �$�$y<����¦©�U��y��$}�� �P�Á� �®�	}$y<�&���$�Í}$y �D�D�D� zá��y�zµ¥$��yµ���$}����G�$y<�¸����yÀ��yÂzN|�}$~<��yÂ��y��$��|H�}$�$�E�-¥$��y<�å���¹�<�&|����&��� �$��yÀ¯G�$z2��}$yÂ}��{ª ���<�&���Ã� ¥�|������������ �P�Íâ(�°�2²³| ��z2������|��)}�yÀª��
J���yÂy��{� ����������}$y �|D����y��$��y¿�°�åª���J<��y��±y����¹ª �<�$����y<�N}$y��2�&�WK�y������E���������N� �$���&����zN�±|��6�R� �P��y<�<¶Äò¸y)�����$���Ä�#¦©� �$������������|��}$yÀ���(�$|���� y<����yÀ�<y���������yµ���{zN|�zNy<�P��}$yÀ�F¦©�U��|���������|��ë}$���6«®�6��~�z2y¼y<�{�&«��6��~<zNyÀ���&�E�:}���zNy<�$�&��|��$��y<�y<�6�(zN��y��®ìj���$y¡��� � X´·£��ï�ò í �G�$y)��� � X´·£��ï�ò æ �ºy��2�°���&�����$�U���$�&y�y<��²³y<�2â{�R¯�y���� �¬y<�&�¹¥$��y����y��$��|�}$�$�E��y�¶+·9y��&��yå���G��y<�$�&��»��<������|�� }$� �6«®�6��~�z2y���y�zµ¥$��yë�����<yåâø���ã²³|���z2������|��¾}Z¦©���$yåö<|���yå}$y�<| �G� y<�&ª�y<�$��y¹���&~<�Áz¹�����G�$�<yN}�� ���Â��y��Í¥�� ���&y<���<|��$�R¯�y<�¿äW¢Å��ª$¶ � ¶ æèê ¶¤ò-� ���Â��y��Í}$y<�®ìã�&��zµ�$��������|��$�|��ë� |�������y�����y<zNy<�P�Á�#¦©� �$������������|��¡}$yÀ���¹ö<|���yN}�yÀ�<|��P��y���ª�y��$�<yNy<�P����yÀ�$� K��®ìë}Z¦­y<�&�<�>�$� K��®ìë}$y��yU��|����¬}�y��$| ��}¡}$�����)�&y�²³��| ��}$������y�z2y��P�µä ²³|���z2������|��(}§¦©�$�)¥�� �&�����¡}Z¦©� ���+²³�&|���}�|���ïqäE}Rë~��ä�äE} ê �����Íâ�#¦­����� ��|���������|��(}$y����$�&�<�����$�E�R������|��$����yU���$�ZK$�®ì¡}$yÍ���$}¡y<�¡�$�&|�� y<�����$�<y�}$y<��¨¸��y<���$���$��¶
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x>y<�Å�����<�����$�E�R������|����¤� �<���$zµ�$���<y<�
�����Ã��y<� æ�í ¯�y<�$�&y<�Å}�y´���¬�&��zµ�$��������|��.X£·£�6ï�ò í ��|��P�Ãz2|��P�����<y��¢Å��ª$¶ � ¶ æ æ � ¶�ï-���±y����+�<| �$�&������y����G�$y-�#¦­yUì���y<�$�&��|��(� y<���+��y¸�&�$}®�:y��&�+}�y-�°�Âö�|��$y-�����<�����$�E�R� �P��yÀäF�ð� y<�
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ò¸y<�Á�����$}$y����$�&�<���<}$y��G��y<�µ| �G�Í}�����â¿z2���-y<�{������}�y<�$��y2����²³| �&��yÀ�&y<�$�&��¥$�����E���µ}$y¼���(����zÂ�$�°������|���G�$zN�<�����G�$y9}$y9�°�7�£ï5n í ¨ ���®ì��<|��$}�������|��$�
���$�E����� ��y��9äRä¬���R¯�� �&}Ây���� �#¶E� í��D��æ�ê ��y���}$y´�°�¬�$�<��y<���&�����+}$y�#¦­����������� ������y��9�ð��y��Â��y<�¬� ��� �E«���y<�¬}$�ë·>XS�£�ë�ZYu�������on �¬����y���y<��� ��� �E«®�&y<�¬¨#äp�=X´÷.X0}$������|��$��¥���y<�âÀ�)�U����|���¢������$�<y�¶!X�� í����Pí �G��y¸·>X=�´����Y �Áz2���9âÂ}�������|��&������|��¼�$�Á�&y���}$y¸�&�ð� ������«���y����<|��®�®��� �P���| ����y��°�¼�±������|�}$yÍ}Z¦­|�¥$�&y<�&��������|��������<�<��� ��yÍ}$yµ�)¨5�
¶Z·9y��-���<� ��� �E«���y<�¬��|��P���&y<�6�®����}$� �$�¸���2�&�$����y}$y¿�<y¿�R¯����$������y¡âå���$�E���°�������&y<�Á}$y¿�$|���� y<����y<�¼�&��zµ�$��������|��$������z2�������G�$y��¼}$y¿�°� �£ï?n í ¨Â�Ä��| �H�&|��$�&��ð��y��Á�)y<�&|���������y���y<�&�±����� �P���$�$y-� z2������|���������|��¼�$|��R� ¥$��y ¶®x>y<�9�����ð��� �®ì¹�$������y<�P���<��}�� �$�9�°�Â�&�$����y}$yÍ�<yU����yÁ�&y<�U����| �)|��P��²W� �E�+�#¦­|�¥��&yU��}Z¦©���$yÍ�$�$¥$�����ð�H����| �{äFx¤� ���<� �®ì¿yU��� �#� í��D��� �®��|����+¨¸�$�$yôì®y o ê ¶
·9|�zN��� ����y<�¿� ��ì � �$� ��«���y���|����<���H����| �$�$y<����y��<�£��y<�¹���ð����� ��«��&y<��}$� ·9y��G����y X��$��| �±��y<�����$��|��6���|���y��G��}$y��$|�zµ¥$�&y<�$�&y<��}$|��$�$��y<�-�&�$�$�$���<zNy<�P�R������y�����|�����y<�U���<y���}��$��� �P���#¦­yUì®���<����y<�$��yÂ}$yÍ��y������ ���Z���y�����y<�Å�G�$y9}$y<�Ä}�|��$�$��y<�����&���$y��Ä}$y����$��| »$��y<�����Å}�y9��y��G�<��}$y���|�zµ¥$�&y<�$�&y<�Ä|�¥���y<�6��������|��$�Ä}$y9���$�6²W� �<y��|��ë}�y<��}$|����$�<y���������y<��������y<�¬y<�å�$���$�¸ª���� �$}$yÂ���$� �P�������¿äW��y<��}$���±�<�&y<�$��y<���<| �$�<y������ �P�Í��y<�¸}�|��$�$��y<�y<�P����y���y<�
}$y<�®ìµ� ������«���y��Å��| �G�Å�±| �&����y<�
�R� ¥$��y � ¶ æ�ê ¶Hx¤y´z2|�}$~���yº�������������£� �À·9y��P����y>Xº����|����<y��Z��� ���$����G�$y-��y¸���R¯��<z2�µ}Z¦½��������z2���°������|��§� |��P��� �������±�<|�������}�y<�+� zN�<����|���������|��$�¬ä��Íy���� y���·�� ��}$����� ���#� í������Gê ¶x>y��$|�zµ¥���y-}$y�������y<� �®ì¿�&�$�+�°�Á��y<�6�����ð� ��y-y<�6���$� ���&��}$y ú�� â �D� �®�$�$y��$|��®��y<����y-| ��|�ª���� �$¯$��y��µ��������P����|�}$�$����y �>�����$�&�£�G�$y2}$y<�Á�R¯�� ��ª�y<zNy<�P���Â}�� �$�Á��y����&�R¯$�<z2� �Á}$y¹��|��P��y<�U����|��øy���}$yN�G��� ª�y��<¶Ãò¸y�$���$�<�����N�&�<��| ��������|��¿¯$|��&��ö�|��P�R� ��y�y<�&���$���$�+»��$y �±�ð��y����$�)��� �&��� ª�yÁ}Z¦©� �$�$�&|ðì���z¹�H����� y<zNy<�P� �D� ��z��|��$�Ä�$��y+z¹� ������y£}�y<�º� ������«���y���|��±����������|����$y<����y<�Åâ-�$�$y+z2� ������yº}$y �,� �Gz4�±|����Ä��y��Ä���<� ��� �E«®�&y<�¬ä³}$y

Y ��æèç â Y ú®æ�æ �®y<���&y<�$�&�<��y��P�R������|����&�$¯$�<�&���G�$y-¯$� ��zN|��$������y ê ¶®x¤��²³y<�!J����&y-}Z¦©� ���&��zN����������|�� � ò¬�Ãü£�������������� ��y�z2y��P�9}$y � ¯$y��$��y�����|��$����y���� ��� �E«���y<�¬�À�������U��y��$}$�$y�â æ�í ¯$y<�$�&y<��¶
·9|�zNz2y�|������å��y(��| ���À��� �¼���ë���$�E��y ����y<�À�&�<�������R�H���¼}$y<�N����zµ�$��������|��$�Â���$�����°� �����&�<y<���ð��y��)��y<����<� ��� �E«���y<���Ä}$y(z2� �$��~<�&y2���&~<�µ�&�$������y<�$� �P��y ���&|��P�µ��|��R� ��y<zNy<�P�µ���$���������6²W� ����� �P���<¶Ãx¤������zµ�$��������|��Z��G�$�-}$��z¹������yëâ æ�í i Y¬· ��y æèñ ��y<�®��y<zÂ¥$��y��+�<�R¯$|���yãâø�&y<�$�&|®}��$���&yë�#¦©� �$������������|���}$���&«��6��~<zNy�<| �G� y<�U����²Å|���ª�� �$���&� ¶
ò-� �$�¹�$�w�$�&y<zN��y��N��y<zN�$�<�º�$|����(� ����|��$�¼�$�&�<�&y<�P��y��(}�� �$�2�<yU����y���� �&����y¿��y��2�&�<�&�$���������2}$y�����$|��®��y<����y+�&��zµ�$��������|��µ�G�$zN�<�&���G�$y�}$y��°�.�£ï5n í ¨Â¶3X��$�&�$����y¬��|��$�£� ����|��$�Ä��|��$�´������� �R¯$y<�£â����&|���y�����y���$�&���$������� ��y<��}$�R�§����y��$�<y���yôì����&��� �P��y��P����y2� ������«���y¼y��Á�&�ð� ������«���yN�±y���zNy��&�R� �P�Í}Z¦­yUì®�$�����G�$y<�Á�$����y���<| z2��|��&��y<zNy<�P�
}$y<�Ã����zµ�$�°�H����| �$�>z2y���|��<�R¯$y�����y<�<¶�·9y��Ä�ð� ��� �����<�&���&�����G�$y��Ã��|��$�<y����$y��P����y£��yU²³��|���}$���&��yU�zNy<�P�º}$y<�£�<| �$�R¯$y<�£���P��y<��zN�<}��°� ����y<�������-�<|��P� y<��ª y<�$��y¸y<�N¥�� �&��y��´��|��$�R¯$y��´yU�´��y��R¯�� zN�N}Z¦©¯G�$zN��}������}$y��£¥$� ���&y<�º�<|����R¯$y<��¶®ò�y¬z2� �$��~<�&y9�$���$�������<����»��G�$y��P}Z¦½�������&y<�º����zµ�$�°�H����| �$�Ã| �G�º�U���+zNy<�$��y<�£â�¥$��y����»��¡}$y���y��&��y<��y<�¡}$����� ���§�#¦­���!K���y<�$��yÁ}�yÁ��y��&��yÍ¯G�$z2��}$�����-����������� ��y�¶
��|��&z2������y��Á��|��$}$�E����|��$������������� ��y��¸yU����y<�Í�<| �$}$������|����Í� �ã¥�|��&}Z�Z��|��®��y<�Á��y���yUì®���<����y<�$��y<��}$|��P��$|����Í� ����|��$�¬��� ����y<�-}$� �$�-��y�����y¼��y<�U����|��å|��P�������À���<� �������<y���â(�#¦­��}�y<�P��������y ��}$yÀ�°�¹zóJ<zNyµz2� �$��~<��y�G�$yÁ�°�¼����zÂ�$�°������|��¹}$y���|��P���Jn���yùX£·£�6ï�ò æ ��â¼���ð��| ���Íõ ������������������|��¹}�yÁ����|����¬}�|�z¹�����$y��+��zµ¥$�&���G�$���}$y��&�<�&|���������|��Â�<��| ������� �P��yÁä �Pí � é y�� í �Gz ê ��������������������|��Á}$�À���R¯$��z¹�-zN������|���¯G«��&���G�$y>n6·>X � }$���&�<������$���$��¯�� ���Á}����$���<yU����y¼��¯�~<��y��>}$�<z2� �&��� ª�yÀ}�y<�Í����zµ�$�°�H����| �$�-â æ�í i Y¬· ��y æ�ñ �&y<����y<zµ¥$�&y æèç�ç�ç ����P���<ª���������|������$� æ�í ¯$y��$��y����&�����G�Z¦©â �D� ipY¬· ��y æèé �&y<����y<zµ¥$�&y æðç�ç�ç ¶
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x¤�2����zµ�$��������|��fX£·£��ä�¨uy��&�¸}$|��$�Á�&�������U��y�z2y��G����}�y<�P��������yÂâ¼�°�¼����zµ�$�°�H����| ��}$y���|��P���Jn���yùX£·£�ï�ò æ �$¯�|���zN�����F¦©�®����������������|��2}�y<�����<� ��� �E«®�&y<��}$��·>X=�´����Y y<�¿�R���G���G�$yÍ��|��$}$�E����| �$������������� ��y��´yU�}$y�²³|���ôð� ª�yÍ���®ì¿¥�|���}$�¬âÀ�°�À�$��� �<y�}�y<�¬� ��� �E«���y<��|����<��������|��$�$y�����y<�<¶x>y<�-�&�WK�y������E���������-�<�G�$�E��� ��y��G��y<�-�<� �����$����y<����� �-��y�zN|®}�~<��y�â í��D��� zp� ���$�&�Ã�G�$yÂ��yÂ�R¯$� z2��}$y�$�&�<�<���$����������|��$�À���<�<��zµ�$����y<�N���$� æ�í ¯$y��$��y��¹�&|��P�N��������¥���y<�¼¢Ã��ª$¶ � ¶ æ�� ä³��� �$ª �<y¿}$��¯�� ��� ê ¶=�Ã| �$������$�±y��#�±��y<�¸���WK$y<�������������<����|����&y<����|��$}$� �P��y<�Í��|��$�-���(����zµ�$�°�H����| �)}$yÀ��|��P���Jn���yµ�&|��P�Í��y��$������y<�P���<y<�¢Å��ª$¶ � ¶ é â í��D�D� z¡�$y��¬��|��$�+��y��+|�¥$�&y<�&��������|����<� ¢Å��ª$¶ � ¶ ñ ����|��H�&|������¬â í��D�D� z¡¶i��$yÍö�|��$yÍ}$y�²W� ��¥���y<�9�$�����<�������R�H����| �$�´²W� �E�+}$����|��&z¹� ���+��|��)� �$�$� ���E����| ��� �¿�$|��&}®�:|���y<�&��}��)}$|H�z2� ���$y���y��ëù®�������&y ¶±·9y<���$�&�<�����$�E�R������|��$��äW�G�$�¤|��P�������Á| ¥$��y��&����y<�-�$� �+��y���|�z2��|��&����y¸��� }����+���$������y��z2� ������� �¬��� �¬��yÁ������y<� �ë����}�� ��ò¸|��$�$��y<� ê �&|��P�-� ¥���y<�P��y<�-}$y��°�¼����zµ�$�°�H����| ��}$yÂ�&��²³�<�&y<�$��y ¶Z·9y�����yzNy<������y��$��y¼}$y����<�&��������|��ó}$y(�°�)¥�� �$}$y¹�$�����<�������R���G��y¹��y<��� J����&y(�<| �$����}$�<�&�<y��<| z2zNy2���$y¿� zN�<����|�����H����| �¡}�y<�¬���<�&�$����������¶±��� ��¯�y<�$�&y<�$�&y<zNy<�P�ð� �$�)���<�&�$��������²³��� ����� �P�¬}$y���y��&��yÁ�$|���� y<����yÍ����zÂ�$�°������|��y<�6���#¦©� ¥$�&y<�$��yµ��| ��� ��y�}$yµ��|��P��y<�U����|��{� �®�:}�y<���&�$��}$yµ�F¦zn	��� ����y�}�����|��&}Z¶.--�$y����G�$y<�¸�<y<�����$��y<����yµ}$�ô���y���|����±y��G�¬�&�$����y<�+�$�&y<zN��~���y<����y<�P��y���}�y<��¨¸���±y��<��z2� ����y�����y<�+|��P�¬�$�$y�²W� ��¥$��y-}��$����yÁ}�yÁ����y�yU�¬�$y�<¦©� �&��y<zÂ¥$��y��G�9âÍ� �$���$�2zN|�zNy<�P�ºy<�N�$�N�&«��&��~<zNy���|��P��y������E²Z|��&ªP� �$������¶Px>y<�º�$�����<���$����������|��$�Ä�&y<�&��y<�P�²W� ��¥$��y��<��yU�¬�<|��$��y<�P���&�<y��¸�����¬���À���<ª ��|���zN|��P�R� ª �$y<�$�&y ¶x�¦©�U��|���������|��å}$���R� �®ìë}$yÀ�$�&�<�<���$����������|��ë¯$| ��� ����yµy��&������� �<�¼¢Ã��ª$¶ � ¶ æA� � ¶§xº¦©� ¥$�&y<�$��y2}�yÀ}$��� yU���| �$�±y�z2y��P���<|��P��y�������²Ä�&y�������}$�$�����$� �+}$y<�¬�$�&�<�<���$����������|��$���G�������E�	���$yôì®���&��� �P��y���� �$��~�� æèé i Y¬·¸¶��|�����������| �$�-yUì�� zN����y<��}�� ���Á��y<��������� ª���� �$¯$y��Í���$�E� ���G���Í��y<��}����±�<��y��$�<y���y��P����yN�#¦©� ������«���yµyU��°�Á���<� ��� �E«®�&y¸}$� æ�ñ �&y<����y<zµ¥$�&y æèç�ç ç â æ�í i Y¬·0yUì®�$�����G��� �P�9�$�¹��y��±���ð� �6��}����$�9��y<�9�&�<�&�$���������´}$y�°�µ��������������| �¡}��)�6«®�6��~�z2y�¶
�Pñ
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ª9«­¬]® � ¶ ç [�¯!³ uLºN¹�¶N´�ÂN¶�¸�¶�ÂÁ¿q²m±�Í�·3¸�¶�¾�¶N±�ÍLºN¹�²v¾»½
¹�¶ � ��ÉI±i¸,� ²m¼ ¾�³ ¾�½�¸�¶�¶N´I¾�¹R¶�¼µ¶�Ê	��·�¶NÍ
¾»¶N±�Ð�¹�¶ � Ê�Ñ��
ø
¿7¶­¾T¼µ¶�Ê	��·»¶NÍ
¾�¶�±�Ð�¹R¶� Ê�È��
ø
¿pÍÎ°�½�¹3¼µ¶N·F²m´q²m¼ ½
·�¶N·F°�ÍÎºN¹�²v¾»³µ°�´�´
¶�¼µ¼µ¶N· � Ö"²m½�ÂÁ¿
¶�¶­¾3¼µ¶N·3¹�º�²m´q²m¼ ½�·»¶N· � ¸�¹R°�³ ¾»¶�Õ
ÞA¶N·TÂN°�´"¾»°�½�¹R·F·»°�´"¾F¾�¹�²mÂ�ºN·F¾»°�½�·3¼µ¶N·FÌ
Õ ËO{(Õ�ÞA¶N·ú�²m¼µ¶N½�¹R·!´
º�Ö"²v¾�³ ú"¶N·!·�°�´I¾F¹R¶�Í
¹�ºN·»¶N´"¾»ºN¶N·�Íq²m¹3¸�¶N·3¾»³µ¹R¶­¾»ºN·tÕ
g ûmú>ûIü ý�� ���Î������ÿl�"þ�
�
 þ�
%� �"þ�ÿk�	��� ���!þ�
��(þ�ÿ0�
xhX�äpX£¢zä+ï5n�ò7n6ù$ù!X£��Xº� Y ò7X´ù¡·+ïqi-·�� X´ùfn�� YEX�ä���Xºò7n:¨7n�äpX£ùx>|����Á}Z¦­�$�$y¹�U���$}�y¹� �P���<����y<�$�&y �hYÃ� ¥�� �6«¾ä í��D��í�ê �)zN����y��ó������}$y<�$��y¹��yN�Jn���y¼}$�{��¯������´y<ª¡}$y�<| �$�&��y���|��$ª��$y��$�+}Z¦­|��$}$yÍ��y���� ú��D� ¯��Å�N�$������y��G�-� �®�	}$y<�&���$��}$�)�&�$}�}�y����N¢���� �$�<yÁâ æ�í i Y¬· ��yæ�ñ ��y�����y�zµ¥$�&y�äF¢Ã��ª$¶ � ¶ í ê y����N��z2���+�#¦­¯P«®��| ��¯$~<�&y��G�$yÁ�#¦­���P��y��$���E»��ð�H����| ��}$yÍ�°�À�<|��P� y<������|��)y<�¿»��}Z¦©� �$�&~<�6�	z2��}$����y æèñ ��y<�®��y<zÂ¥$��y+y��&����y9�������$�E�R���Ä}Z¦©���À�$¯�� ��� ª�y+y<�P����y+��y£²³|��
ô<� ª�y´|���|�ª ��� �$¯����G�$y�}$y��¥�� �&��y��9�<| �$�R¯$y<�£y��´��y�²³| �
ôð��ª�y�}$y<�£�<|����R¯$y<�£���P��y���zN�<}$��� ���&y<�������+� �N��� �&��� ª y�}$y���y¬��¯�� ���´y<ª�¶�·9y�����y�ð����� �U���<�&���6�����G�$y�y<�6�Í�$������y<�P��y¼â(�°�N²³| ���¸}$� �$�-�F¦½� �$� ��«���y�y������2�&�ð� ������«���y�¶Zò-� �����°�2�&�ð� �$� ��«���y��§��y��yU²³��|���}$���&��y�z2y��G�Ä�����$y<�¼�������$�E��y+yU�º�����$�<|��P������¥��$y�â-}$y<�6�R� ¥���������y��Å�#¦©����z2|��&�$¯$~���y�}����$����y����<|��$�R¯�y<����P��y<��zN�<}��°� ����y<�¬y<�6�Íª���| ¥�� ��y�z2y��P�-zN|����$�����P��y��$��y¼���®�:}$y����&�$��}$y<�Í¨�����y<�¼äW¢Å��ª$¶ � ¶ çPê ¶±���<� �$zN|��������| � � zN�$��������}$yë� ���:}$y��������)}$yå���ø����ª���|���}$� x¤� �{���è�&y<�$�¿y<�6�¿����~��¿����zN����� ���&y¿}�� �$�¿��y���}$y<��ì� ������«���y��<¶(n:�Ãy<�6��}$|��$��²³|��&��y<zNy<�P�-��z2�$�&|�¥�� ¥���yÁ����yµ��y��¸}$�R�§����y<���<y<��yôì®���&��� �P��}�� ���-��y��¸�������$�E�R�����}$y��2�&��zµ�$��������|��$�µzNy<�&|®���R¯$y<����y��N����|è����y<���$y<�P�(}§¦©�$��y)z2� ����� ����y�}$y����<�&��������|���}$y¡�<y¿��¯������´y<ª{}$y�<| �$�&��yÁ��|��$ª���y<�$�+}Z¦­|��$}�y ¶
xhX ü?Xº�pY ò+¨-�¸ù)xhX£ùZo9¨-ù$ù!X£ù�·+ïqi¸·��7X£ùi��¼� �®����y9���$ª��&�<}$��y<�P�Ã�±| ��y<�P����y<����y<zNy<�P�Ã�$�<��y<�&��� ����y�� �µ}�����y���|����±y�z2y��G�Ä}$�À�&«��&��~<zNy+�<|��P� y<������²}$y´�°�7�£ï5n í ¨0y��&�Å�°�������<�&y<�$��y+}Z¦­�$�$y�ö�|��$y�}$y´�<|��P� y<��ª y<�$��y¬}�y<�Å� y<�P����}����$�Å��y<�Å����y<zN��y����Ã�$��� yð� �®ì}$y��#¦©����zN|�����¯$~<�&y ¶ x¤�N»�ª �$��y � ¶ æ æ zN|��P���&y��F¦©�U��|���������|��¿}$�ë�R¯�� zN��}�y���y��P�-¯$|��&��ö�|��P�R� �
â ú*�D� z}�� ���(��y � ~<zNy�}$|�z2� ���$y�}$y��°�ó�&��zµ�$��������|��Z�º� ���$�����G�$yå��y)�R¯�� zN� }$y���y�z2���<����������yå� �&��|��<���åâ
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¾�³µ°�´=¸�½=ÂÁ¿q²m±�Íà¸�¶�¹Rº���¶�Â­¾�³ ú
³ ¾�º � È�Ì�Ì�Ìh±âÄÅ½�´
³ ¾»º�¶�´=¸<;>=WÆFÍÎ°�½�¹:¼µ¶N·!¾�¹R°�³µ·�¶ � ÍÎºN¹�³µ¶N´�ÂN¶N·~Ðq²m·»ºN¶N··»½
¹F¼Ú²�¹�º�²m´q²m¼ ½�·»¶�Ä � È�Ì���ø�¿!Ï
È�È��
ø
¿!Ï�¶­¾TÌ�Ì���ø�¿3ÆÁÕ � ¸�¹R°�³ ¾»¶�Ã�ÂÁ¿q²m±�Í�¸�¶:Í�¹RºNÂ�³µÍ
³ ¾Á²v¾�³µ°�´�·�²mÂNÂN½�±(½
¼µº�¶N·3·»½
¹~Ê�È�¿�¶N½�¹�¶N·T¶�´"¾�¹�¶~¼µ¶(Ê	�·»¶NÍ
¾�¶N±(Ð�¹R¶ � Ê�È��
ø
¿?¶N¾:¼µ¶aÊ�Ñh·»¶NÍ
¾�¶N±(Ð�¹R¶ � Ì�ÌA�
ø
¿!ÕL¯!¶(¿q²m½�¾�¶N´SÐ�²m·(ÃL¶ � ÍÎºN¹�³µ¶N´�ÂN¶�Ás¿ Çj� � ÏÎ¶ � ÍÎºN¹�³µ¶N´�ÂN¶�Á ¿sÇ�� � È
ÏÎ¶ � ÍÎº�¹R³µ¶N´�ÂN¶Á ¿sÇ�� � Ç
Õ
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�°�ãz J�z2y�� ����������}$y ¶´ò-� �$�����ó����zµ�$��������|��¾}�yë���U²³�<��y��$�<y¾ä�X´·£��ï�ò æ �9���$�����°� �����&�<y¡�ð��y<�å�F¦½����� ��«��&y|����<��������|��$�$y�����y ê �>|��ó�<|��$�6�R����y�â í�æ i Y¬· �°�¡�$������y��$�<y�}Z¦­�$�j¥����������ø}Z¦©� ���Í²³��| ��}ã����~��Âz2� ���G�$���������âÀ�#¦­����� ��|����H����| �(}$y<���$�&�<�����$�E�R������|��$�9y<�¡�$��|è��y���� �$��y�}��)�6«®�6��~�z2yÁ�<|��P� y<������²�¶�·9yÍª���� }$��y��P��}$y��y�z2���<����������y(�&y(������}$�$���Â��� ���#¦©� �$��� �&������|��{}Z¦­�$�j��y<�P�¼}$y���|���}j}����$�µ��y��Â���&~<�À¥�������y��¼�<|��$�R¯�y<��G�$�¤��y��$�<|��P����yÂy��$��������yÁ�����¬���N���°� ���$y���y-� y<�P�-}Z¦­y<�6�-y��)�$�&|è��y<�$� �$�<yÂ}$y��F¦©¨+}����°�H�����G�$y��$y��¬��yÍ� y<�P�}$y�����} y<� �$��|è� y<��� ���<yó}�y<�¿¨¸��y<�$�����$��¶pY
|����¡��y<�°�j�����&�����<���±y�â��°�ø�����ð�H����| � }Z¦­�$�$y�ö�|��$y{}$y�<| �G� y<�&ª�y<�$��y�����~��9�$yU����y ���G�$�§�Â��|��$�9��|��$�&�<�G�$y<���<yÍ�#¦­���P��y��$���E»��ð�H����| �2}$�¹�&«��&��~<zNy�y�����y�z2� ���G����y��}$yÍ�°�µ��|��P��y�������|���}$� �$����y��+�$��y�z2��~<��y���¯$y<�$�&y<�¬}$yÍ�°�µ�G�$�E�ð¶

ò-� �$�����¹����zµ�$��������|��)¥$� ����yµ���$�����2�&�ð� ������«���y¿ä�X£·£��ä�¨ ê �±��yµ¥$� ���&���å}Z¦©� ����²³��| ��}ëy��&��¥$��y<�å��S$�� ¥$�&y<�P�ð�H� ���<�$�$y£�<| �G� y<�U����| �Â�$y£��y£}$��� y<��|��$��� �P�Ã���$�
�°��ö�|��$y£�±| ����� �P�Ãª �<�$����y<�
}$y��Ã�$�&�<�����$�E�R������|��$���zN��|��&��� �P��y<��¶F�Å� �´�<|��P���&y¸��y¸��|����P�£��zN�±| �&�R���G�´âÂ��| ��y��9y<�6���F¦©���G��y<�$�&������¥�yð� ���<|��$�¹�$���$�£²W� ��¥���y�}$�
K��®ìã}$yN����}Z�Ã�G�$�º�$y2�±y���zNy��Á��� �Á}$y2�<����y<�Á�°�¿ö<|���y2}$y2�<|��P� y<��ª y<�$��y�� �®�	}$y<�&���$��}$y¹�F¦zn	��� ����yµ}$���| ��}Z��ö�|��$yÍ}$yÍ�<|��P� y<��ª y<�$��yµâÀz J�z2y�}�yÁ}�����y���|����±y��¬yU�¬}Z¦©y��P����yU��y��$�����°�À��|��P��y<�U����|��Z¶i��$y���|�zN��� ��������| �¹y<�P����yÁ� ��� �E«���y-|����<��������|��$�$y�����y¬yU�����<� ��� �E«®�&y�â æ�í ipY¬·���y æ�ñ �&y<����y<zµ¥���y��y<��zNy��-}$yÀz2yU������yµy��{�U����}$y��$�<y¼�#¦­|��&��ª����$y�}§¦©�$�å��y<�Å���ð� �6�Í}�� �$�����¹��������yÀ}�yÀ�°�¹�&��zµ�$��������|��¡z2�ô���|��<�R¯�y<����y ¶´x¤�ã»�ª��$�&y � ¶ æ�í �������<yë���ã�����±y�����|����E����| �w}$y��(�R¯�� zN�$�¹}�y���y��G�(}$yë�#¦©� ������«���y¡y��¹}$y�°�{���<� ��� �E«®�&yëâ æA�D�D� z¡¶£ò-� �$�¹�°�����ð����� ��«��&y �9��yZK$�®ì0| ����ª ����� ����y�}$y)�#¦­¨+}$�����������G�$y)y��&� í zÞ2H��$���$�¸²W� ��¥$��y�����yN}$� �$���#¦©� ������«���yµ| �±����������|��$��y<����y ¶�ò¸y¼�$���$�<�±�°�(�<| z2��|������G��yµ}$yÀ�&�$}ã}�� K$�®ì�x>�E�ª��$�&y)y��&�N���&|��¾²W� ��¥$��y���|��$�¼y��G������� ª�y��¹�F¦½� ����� ���E����|��j}�� �$�N��y��¼¯$y<�$�&y<�(�G�$���&�$��� y<�P�(}$y¡�°��ö<| �$y}$yµ��|��P��y���ª�y��$�<y¼}$y��-¥�� �&��y<����|��$�R¯$y���z2y��P����| �$�$�<y��¸�$�&�<���<}$y�z2zNy<�P�ð¶�i��$y�yUì®�$�����ð������|��)}$yµ��y�����y���&���<�G���H����| �Nz2� �&�����<y�}$y��°���<| z2��|������G��y�}$y����$}N}$� K$�®ìNx>��ª�����y+��y<���º��y��$���º}$y�������|���|�ª������$¯$��y�$���$�µ}$�U�R� ��������y2}$� �$�µ�������<� ��� �E«®�&y(�G�$���&y(������}$�$���Â��� �µ}�y<�À¨¸��y<���$���$�Â�$���$�Â¯�� ����y<�Â²W�ð��| ������� �P�� ��|�������y�¥$��|��ð��ª�y-}$����y��P�¸}$y��&�$}Z¶�·9y��°�¼�À�±|������<|������<�G�$y��$�<yÂ�$�$yÍ� ¥$�&y<�$��y�}�yÍ²³| ��z2������|��¹}$yÍ�������ª��$y�}$y��<|��P� y<��ª y<�$��yÂ}�� ���+�°�µ����zµ�$��������|��¹¥������<y��&�$���°�Â�&�ð� �$� ��«���y��$����ª��$y-�G�$�Z� �$��� ���Y���9}�� �$���������zµ�$��������|��µ}$y¬���U²³�<��y��$�<y�¥�� �&�<y¸�&�$�£�#¦©� ��� �E«®�&y+|����<���H����| �$�$y<����y�¶Pò-� �$�9X£·£��ä�¨Â�P��yEK$�®ìNªP� �&}$y����$y|��&��y<�P��������|���}Z¦­y<�&������~<��z2� ���G�$��y ¶

x>y-�$��| ¥$��~�z2y¬}Z¦­�$�$y¸��y<����y�¯P«���| ��¯$~���y��$�$�ð���$z2| ���$�����&�<�&��}$y-}$� �$�9��y�²W� �E�9�G�$y¸��y<�´|�¥$�&y<�&��������|����}$������|��$��¥���y<�º�&�$�9����ö<| �$yÀäW� ¥$��y��$�<y¸}$y¸}$| �$�$�<y��������9��y���y��P�+y<�P���&y ú���� y�� æ�ú��D� z â���y���y��$}$�&|���� ê�$y¬�±y���zNy��&��y<�P�9��� �£}$y¸��|��$�<���$��y�âÍ�#¦­���P��y��$���E��� ��� |����&y¸âÁ�#¦­yUì®���6��y��$�<y��®}Z¦­�$�$y¬��y�����y+ö�|��$y�}$y���|��P��y��6�ª�y��$�<yÁ� �®�	}$y<�&���$��}$yÍ�°�µ�$��� ����y-}Z¦�n	�R� ����y-}$�)��| ��}¡}�� �$����y��+¥�� �&��y<�¬�<| �$�R¯$y<��}$yÍ�#¦©����zN|��&�$¯$~<�&y ¶
x�¦½�	i-��n�ò n�YEX ò7X´ùfo9¨-ù$ù!X£ù�·+ïqi-·�� X£ùi��¡� ������y-���ð� �6����zN�±| �&�R���G�´y<�P����yÍ� ������«���y�yU�+���<� ��� �E«®�&y���������}�y�}�� �$�+�F¦©¯G�$zN��}$�E���¬}$y<�+¥$� ���&y<��<| �$�R¯$y<���G�$y��F¦©| �¡��y<�®�¬� |����¬¢Å��ª$¶ � ¶ æ�� ¶�·9y�����yÁ»$ª��$��yÍzNy���y���������}$y<�$��y����$yÂ�H��zN|����$¯�~<��yÍ¥�yð� ����<| �$�j�$�����Â��~��R¯$y�}�� ���Â��y��Â�$�E��y<� �®ìó����²³������y��$����}$y(���)���<� ��� �E«���y ¶Å·9|�zN��� �&�<y(���ø��� }���|��&|��$}�� ª y}$y¹�)����� �ãâ æ�í i Y¬·¸�
�#¦©� ������«���y¼|����<��������|��$�$y�����yÀ�&y<zµ¥���yN�<y<�6��y��Â�$���$��¯G�$zN��}�y �>z2� �������¡�&�ð� �������«��&y�y��&��¥±y<� �$�<| �$�)����|��¡��~��R¯$y ¶Z·9y�¥$��� ���+�&y<����yÁ�<|���»$��zNyÁ�&�¤|����&y<ªP� �&}$yÍ��y���}$| �$�$�<y��-÷.�£ù¡�&�$���y¹�<|��P��y��G�¾y������ ��y<���µ}Z¦­yð� ��}$������|��$��¥���y ¶Äi���y(��y<����y2}$���±�<�&y<�$��y��±y����¼���!�N�&y¡y���y<����yU�	z J�z2y2âyUì®�$�����G�$y��¬�F¦©���$¯$��¥$������|��N�$��y����G�$yÁ��| ��� ��y-}�yÁ���µ�<|��P� y<������|��)}�� �$�����µ����zÂ�$�°������|���X´·£��ä¬¨�¶
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(ANA OPER)

EC−RA

21 UTC 22 UTC(b)(a)

(c) (d)

(REANALYSE)

EC−OD1

ª9«­¬]® � ¶ æ�æ [�¿D°�½�ÍÎ¶N·,¿�°�¹R³µÀN°�´I¾»²m¼µ¶N·,¸�¶T¾�¶N±�ÍLºN¹�²v¾»½
¹�¶ � Ë�Ì�Ì~±�ÄÅ¶N´�Ø�¿3Æ­Ï"·�½�¹D¼µ¶N·»ÙI½�¶N¼µ¼µ¶N·D·»°�´"¾D·�½�ÍÎ¶�¹RÍÎ°�·»ºN·3¼µ¶N·DÂN°�½�ÍÎ¶�·,¿
°�¹�³µÀN°�´"¾Á²m¼µ¶N·¸�½mú"¶N´"¾ � Ë�Ì�Ìà±ßÕDÄÅ²"Æ�8�³µ±�½�¼Ú²v¾»³µ°�´mÁ ¿sÇ � ¯�ÊàÄÅ²m´q²m¼ ½�·»¶a°�ÍÎº�¹�²v¾�³µ°�´�´�¶N¼µ¼µ¶tÆ­Ï � È
Ê��
ø
¿!ÕDÄÅÐqÆ�8�³µ±(½
¼Ú²v¾»³µ°�´mÁ ¿sÇ � ¯�Ê�Ï � È�È���ø�¿!ÕDÄzÂtÆ8�³µ±�½�¼Ú²v¾»³µ°�´ÄÁ ¿sÇ�� � Äz¹�º�²m´q²m¼ ½�·»¶tÆÁÏ � È
Ê��
ø
¿!Õ�Äz¸ÎÆ>8�³µ±(½
¼Ú²v¾»³µ°�´ÄÁ ¿sÇ�� � Ï � È�È���ø�¿!Õ

ñ®æ
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ª9«­¬]® � ¶ æ�í [ ¿D°�½�ÍÎ¶�¿
°�¹�³µÀN°�´"¾Á²m¼µ¶�¸�¶N·
ú"¶N´I¾�· � Ê�Ì�Ì�Ì�±i¼µ¶�Ê	��·»¶NÍ
¾�¶N±(Ð�¹R¶ � Ê�È���ø�¿7ÍÎ°�½�¹!¼p� ²m´q²m¼ ½
·�¶�ÄÅ¶N´àÐ�¼µ¶N½ÎÆ,¶­¾:¼Ú²�¹Rºt²m´�²m¼ ½
·�¶Äz¶�´�¹�°�½�Ö�¶tÆÁÕ

ª9«­¬]® � ¶ æ�� [ãÊT½�±�³µ¸
³ ¾»º�¹R¶N¼Ú²v¾»³ ú"¶ � Ñ�Ë�Ì=¿ � ²à¼µ¶àÊ	�ß·»¶NÍ
¾�¶N±(Ð�¹R¶ � Ê�È���ø�¿ ÍÎ°�½�¹�¼p� ²m´q²m¼ ½
·�¶h°�ÍLºN¹�²v¾»³µ°�´
´�¶N¼µ¼µ¶�Ä � Ö"²m½
ÂÁ¿�¶tÆ(¶­¾�¼Ú²¹Rºt²m´�²m¼ ½
·�¶hÄ � ¸�¹R°�³ ¾�¶vÆÁÕ��T´
³ ¾»º�¶N´��hÕ
ñ�í
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ª9«­¬]® � ¶ æA� [ ¾$´I¾�¶N¹�ÂN°�±�Íq²m¹�²m³µ·»°�´]¸�¶N·~·»°�´
¸q²mÖ�¶N·�¸,� ¿I½�±�³µ¸�³ ¾�º � � ³µ¼Ú²m´ � Ä&²"Æ(Ê�È9��ø
¿:Ï1ÄzÐÎÆ(Ê�Ñ9�
ø
¿ù¶­¾hÄzÂvÆ�Ì�Ì9��ø
¿ù¼µ¶N·�Ê	��¶­¾Ê�Ñ(·�¶�Í�¾»¶N±(Ð
¹�¶�Ê������
ÕqÞ�¶�·FÍ�¹R°mÜq¼µ·F³µ´I¾�ºN¹�¶N·»·»²m´I¾�·!·�°�´I¾TÂN¶N½ � ¸�¶N·T°�Ð�·�¶N¹Àúm²v¾»³µ°�´�·�ÄÅ¶N´ß´
°�³µ¹ÁÆÁÏq¸�¶N·F²m´q²m¼ ½�·»¶N·T°�ÍÎºN¹�²v¾»³µ°�´�´
¶�¼µ¼µ¶N·(Äz¶N´Äú"¶N¹�¾­ÆÁÏÎ¸�¶N·¹Rºt²m´�²m¼ ½
·�¶�·�ÄÅ¶N´�¹�°�½�Ö�¶tÆ3¶N¾F¸�¶N·F¹�º�²m´q²m¼ ½�·»¶N·F¾»¶N·�¾�Äz¿�½�±�³µ¸
³ ¾»º:ÂN°�¹R¹�³µÖ�ºN¶µÇ�¶N´�¹�°�·�¶vÆÁÕGø3³µ¹Rº�¸�¶µ{:¶N³µ¼�¶­¾=¿,²m¹R¸�³µ´q²m¼µ³&Ï�È�Ì�ÌmÒ�Õ
g ûmú>ûvú í]þ�
7ÿ���ð#�����Ã���î��'d������� ����� �('#�����	���
�j��
	���
�����

¨�»���}Z¦­����� ���$y<��}$yÀz2� �$��~���yÁ�$�����-�$�����<����yµ�F¦©��z2��������}$�å�R¯�� zN�å}Z¦­¯���z2��}$���������$�����°� �>}����$����y������zµ�$��������|��$��zNy<��|��<�R¯�y<����y<�£}$y¬�°�ù�´ï5n í ¨��G}$y<�®ì2yôì����<�&��y��$�<y������$���$����z2y��G��� ���&y<�£|��P�9�U�������ð�������&�<y���ð��y��(�)y���|��:�¸� ä�X´·£��ä¬¨ í y��÷X£·£��ä�¨ �Pê ¶>x�¦©yôì����<�&��y��$�<yóX£·£��ä�¨ í �������N���$�����°� �����&�<yÁâ��#¦©� ��}$yÂ}$y�°�����<� ��� �E«���yå�¡¨5�Ã�£y��2y<�6�(��}$y<�P�����G�$yëâ��°�{����zÂ�$�°������|�� X£·£��ä¬¨á��� �®²Íy<�0��y)�G�$�¬�<|����<y<�&�$yë��y�R¯�� zN��}$y-��� ��y<�$�9}Z¦©y<� �¿���$�E����� �¤õ$âÂ��| �$����y��+�$��� yð� ��ì�}$��zN|®}�~<��y��®��y<����� �$��|��&����}$y�zN�<��� �$ª�y�}$y�°�Â��� ��y<���¬}§¦©y<� �)| �G���U���Í��y�z2���°� ���<�+}�� ���¬���À���ð����� ��«��&y���� �+�<y��®ì¡}$yÍ�#¦©� ������«���y�|����<��������|��$�$y�����y ¶x>y<�����<�&�$���������Áy<�{��y���zNy<�Á}$y2�&�WK�y��������������2����������� ��y��P��y �¤yU�Â}$y2�<�$zÂ�$�º}$y2�����<�����$�E�R������|����Á�&�$� í*�¯$y��$��y��-��|��P���&y<�$�&�<�&y<�P������¢Ã��ª$¶ � ¶ æ�� ä³��� ��ª��<y�}$�åz2������y<� ê ¶ ·9|��P����� ���&y<zNy<�P�-â2�°�2�&��zµ���°������|��ZX£·£�ä�¨Â���$�)�&«��&��~<zNy���|��P��y<�U���E²�|���ª�� �$���&��²W� ���+}�|��������ð� ���G����| �ë� �$�$� ���E����| ��y��¬��yÁ}$�<���°� ��yÁ� y<�����#¦­y<�6�}$�(}�|�z¹�����$y�¶®�¬�ð� ��z2|����$�£|��(��y<���+��| ��y��9�G�$y-��y-�&«��&��~<zNy�� �$�$� ���Y���9y��$�<| ��y-�$���$�9y��(��yU�R� �&}��G�$y}�� ����X£·£�6ï�òÂ��y��´y<�6�9��y�����y<zNy<�P��zN|����$�º���P��y��$��y�¶Fn:� �&y<�&��y¸�&|��$�9���-²³|���zNy�}Z¦©���$y¸����ª��$y+��|��P��y������E��yz2� ���+�Z¦­��� |�����y�������y����$�¡�&«��&��~<zNy�������}���zNy<�$�&��|��$��y<�§��|�zNz2yÍ��y���|�¥$��y��&��������|��$����yÁzN|��P���&y<�P�ð��yU��<| z2zNy��F¦½�ð��� �E���&y<�$�&|®}��$�����°�N����zÂ�$�°������|��¿}$y����U²³�<��y��$�<y�X£·£��ïÍò æ ¶Z·9yÂ���<�&�$�������¸��y<�$}ëâ¹z2| �G����y���G�$y��F¦©��z2�$� ���¼�$��ªP������²�}$y����{�&�ð� ������«���y��)¨5� �&�$�¹���{�&��zµ���°������|��j�$y¡��y<���2��� � J����&y��H�����&��¥$�����y��$��y�z2y��P�¼� �j�R¯�� zN�j}Z¦­¯G�$z2��}$�����2���$�����°� �F�>z J�z2y2���´�<y<���$�E�	�<�´��}$y�z2� �$��~<��yN������}$y<�P��y����j�on���y��zN��|��&��� �P�+}�� �$�����µ}$y<�&�<����������|���²³��������yÍ}$�¡�&«��&��~<zNy���|��P��y<�U���E²�¶x¤�)}$y��®ì®��~<zNy¹yôì®�±������y��$�<yåätX£·£��ä�¨ �Pê y<�6�µzN| ���E����y2�����Â�$�ó��y<�6�µ}$y2��y<������¥��������¼�<|��$}��$���µ� �·9y<�P����yZX��$��|����<y��Z¶�¨�»$��}§¦©y������ð« y<�¹}�y��<|�zN�$��y��$}$�&y���y<�À��� ���&|��$�µ}§¦©�$�j��y<�+�<| z2��|��&��y<zNy<�P�À}$y�����<� ��� �E«���y<�+��|��$�+��� �£ï5n í ¨Â�$���$yÁ������y<�P����|��(��|��®��y���� �6�����<�$����~<�&y-�µ�U������|��&���<y������+�<yÍ�ð� �+�����<������¶ù®�$�E��yÀ���®ìë�����ð��� �®ìå}�y��Íy����Ãy���·�� �&}$���������9ä í��D�*�Gê ���Ä� �$�$� ���Y���-�G�$y¼�#¦©� �&����zN����������|��¿}$y<��}�|��$�$��y<�y<�¾�$��|è� y<��� ���<yë}$�¾�$��|�»���y��$�¼}$y¡� y<�P�(}�y�x>|����H��yZ�Ã|�ö�ö<|���|0ä³���E���$�¡y<�P���&y)��y<�N��� }$� ����ä�|��$������}
ñ��
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y��(ùG���Ã|�� ê y��$ª�y��$}$��y)�$�$y¡���$¥�����}�y<�$��yå� �<�����$y)}�� �$�N�°�åö�|��$y ¶´x�¦½��������z2���°������|��ó}$y<�N}$|��$���<y<�(� �·9y<�P����y5X��$�&|����<y<�¹�±|����£ª �<�$����y<�´��y��£�&�ð� �$� ��«���y��+�)¨7�ø�<¦­y<�6�9²W� �E��y+���°�Í�#¦­������������������|��Â}�y � ò¬�´üÅ¨�äÁ¶x>|�����}$yÍ�F¦½� �&����z2���°������|��¼}$y���}$| �$�$�<y����&�$����y-� y<�P�ð� �<y���}�y<������~<�&y<�¬�*�±y<�U��y<�P�¸� �$�&���>��y����R¯�� zN�$��}$y��y�z2���<����������y9yU�Ä}$y´�$��y����&��|��µ�$� �Å�F¦©���G��y<�&z2��}$�°� ����y�}Z¦­�$�µ��|��$�$��� ª�y´y<�P���&y9z2� ���&y�y��Ã��y<�P�<��� ���$�����G�$y�#¦­¯G�$zN��}$�E���+�����<����»��G�$y¸��� �9�F¦©���P��y<�&z2��}$�°������y+}��(�ð� ���<�$� }$y��#¦­�<�<� �&�6�	�:«��±y�}$y<�9y<���&y<�$�&�9}$y¸�#¦­�<¥�� ���R¯$y��|��$�µ�F¦©¯G�$zN��}$�E����¶Äi¬�$y�yUì®���<�&��y<���<y(��y��&�N� ��·9y��P����yfX��$�&|����<y<���ë�U�������<� ��������y¹|D����y2�<|����$�°� ª yy<�P����y�� y<�P��yU�¸¯G�$zN��}$�E���Í�N�������$�<ª ����ª �NäW�#¦­�<�<� �&�¬�:«��±y�}$y<��y<�&��y<�����¸��|��$�¬�#¦­�<¥$� �$�R¯$yÁy<�ë¯G�$zN��}������y<�6�-��|��$����}$�<�&�Â��y�����y�²³|������<|�zNz2yÍ��|��$�&��� �P� ê ¶§x¤�2�&�ð� �$� ��«���yÍ��y��&�¸���<�&�$����� �P�-}$yÁ�<yU����yÂyUì®���<�&��y<���<yzN|��P����y��$�$yÀ��|����&y<������|����$y��&��yµ}$�å¥��°� ���¸��y�� �§� ��|��&�¸�G�$yÀ��y<�¸�R¯$� z2����}$yÂ��y��P�Íy���}$yÂz¹� �&��yµ�&|��P����&~<�+²W� ��¥$��y�z2y��G�+�*�§y������<�<¶x¤�¼�&��zµ���°������|��ÓX£·£��ä¬¨ � y��&�¬����������� ��������y�âÀ�����&������}$yÍ�<yU����yÁ�&�ð� �$� ��«���y���y<�&�<¶ x>y<���������$�E�R�����+}$y�<yU����y¬yôì®�±������y��$�<y¬��| �G�£�&y<�$�&�<��y��P���<�9¢Å��ª�¶ � ¶ æ�� äW��� �$ª���y�}$�¼¥�� � ê ¶ei��N�&«��&��~<zNy�|���ªP���$���&��²W� ���º���$���&���| �ë� �$�$� ���E����| �Z�$�<| z2zNyÍ}�� �$�7X´·£��ä¬¨ í ¶����<� �$zN|����$�����<|�zN��� �&�Á� �®ì)|�¥$�&y<�&��������|����¬}�yÂ���LK�y<�U��� ��������-��� }$� �<�®��|��¿}$���$�°� ��y<zNy<�P�+��y������#¦­y<�6��y<�6��¥±y<� �$�<| �$������| ����� �$��}$y �®ª��<���<�����G��� ���$���±�$���R¯�� zN�}$y´�$�����<�������R�H����| �$�Z���&~<�Å}����±�<��y��P�Ä}$y´�<y<���$�G|�¥$�&y<�&� � ¶ xº¦­yUì���y<�$�&��|��µ}�y9�°��ö<| �$y9|D����y��Ã�$�&�<�����$�E�R������|��$���| �G�º�&�$���<����y<�$�&y<�ºâ æ�� z2zuy<� æ�í ¯�y<�$�&y<�ºy<�6�ºz2|����$�Å�U��y��$}$�$y+�G�$y+}����$����y��Ä|�¥$�&y<�&��������|����<� yU�º�G�$y}�� ���Á���(����zµ�$�°�H����| ��}$y¼���U²³y<�&y<�$��y X£·£��ïÍò æ ¶hX��ã��|��$�����G�$y<�$��y¹}$����|�z2��|��6��y<zNy<�P�Í}�«�����z2������y}$���&«��6��~<zNyÀ}$�R�§����y<�P�<�Z�$| ��� z2zNy<�P�-â(�ð� �$�&yÀ}Z¦­�$�$yµ������y<���&y¼}$yµ�$�&|���� ªP�H����| �����&|��å��zN�±| �&�R���G��y ���y��$|è«�� �¹}$y��9�$�&�<�����$�E�R������|��$�Åy<�&�´}$���$�°� ���¬� y<�&�9��y��&�$}¹yU�9��y¬¥$� ���&���¼��y<�&��� �P�9}$�iY
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¦ ¢ ± ¾�° ¨ ­ ¨   © ¥�­�¥ ©   ¨   ª ¼ ±&¨ ¬ ©a¨�ªa© ¯o°³Âo£ ¦ ¥ ©n÷:øÊ2nð ú ø Æ ¨Uª<² ¥�¼!¥�¬!­ ¨½¦!© £�¡ ±&¦!±&ª ¥�¬ ª	¨¹¦!© £�  ¨ ¬ ªa¨ ­�¥H¬! 
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(a) (b)MAX=205mm MAX=122mm (c) MAX=119mm

ïPð ñKò ª » é û®"H���������	� %�÷)%&�úõ�ù	mo���4ö��	��� û�m�mC�a�>�[�!k û ù4%C�?û��[���>v�gq�úû�����t'���4t�������� û�%P�����³v³gq�úû��[á4t'���{
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(a) (b)MAX=205mm MAX=132mm (c) MAX=135mm
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 "on2ÿ��$ü!(��#
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10 km

Sol

T = 0°C

Neige

Pluie Pluie forte

Gouttelettes nuageuses

Fonte de la grele 

Coalescence chaude

Cristaux de glace primaire

Givrage

Fonte de la neige
Coalescence chaude

Déposition de vapeur
sur la glace

Zone d’ascendances marquée
sur les 1ères pentes.

CAS NON BLOQUE INSTABLE CAS BLOQUE STABLE

 et du graupel

Hydrométéores fortement givrés (graupel et grele)

5 km

sur la glace
Déposition de vapeur

Autoconversion de la
glace primaire en neige

Accrétion de la glace primaire
par la neige

Zone d’ascendances fortes
sur les 1ères pentes
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SUMMARY

The data collected during three contrasted Intensive Observing Periods (IOP) of the Mesoscale Alpine

Programme were used to assess the performance of the Meso-NH model with particular emphasis on precipitation

and microphysical processes. The model was able to reproduce the intense and moderate convective rain

of IOP 2A, and 3 respectively and also the stratiform precipitation associated with IOP 8. Microphysical

budget computations were used to derive the mean verical distribution of the hydrometeors and to quantify the

relationships among the different water species. The results of IOP 8 exhibit a shallow stratiform system in which

the dominant ice hydrometeor is snow, growing efficiently by vapor deposition. In contrast, the results of IOP

2A show a much deeper system in which graupel and its associated growth modes play an important role. These

results are consistent with the two conceptual models of orographic rain that were derived from the MAP radar

observations.

KEYWORDS: High-resolution simulation Microphysical processes Mesoscale Alpine Programme

1. INTRODUCTION

Like most of the major mountain ranges, the European Alps exert a strong influence

on the space and time distribution of precipitation. In particular, during autumn, heavy

rainfalls and consecutive flash floods (e.g. Doswell et al. 1996) frequently occur on

the southern side of the Alps, linked to the passage of a baroclinic trough coming

from the west (Massacand et al. 1998). These heavy precipitation events are often

inaccurately forecasted and can be very devastating. For instance, floods over northern

Italy on 14 October 2000 resulted in 37 casualties and 450 million US dollars in

damage. To improve the understanding and forecasting of these events was one of

the central objectives of the Mesoscale Alpine Programme (MAP). The two-month

∗ Corresponding author: lasf@aero.obs-mip.fr
c© Royal Meteorological Society, 2005.
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Special Observing Period (SOP) of MAP, held in the fall of 1999, provided detailed

documentation on several major rain events in the South of the Alps (Bougeault et al.

2001, Volkert 2005 and references therein).

In recent years, the field of short-range precipitation forecasting has undergone

major development with the emergence and consolidation of new numerical models

solving the full non-hydrostatic set of equations and thus being able to explicitly

resolve moist convection. The development of these new models was accompanied by a

substantial refinement of most physical parameterizations, and especially those devoted

to the explicit representation of clouds and precipitation. In this context, the MAP data

set offered a unique opportunity to test, validate and improve these new high-resolution

numerical tools (see Richard et al. 2005 for a short review).

In this study, the data collected during three Intensive Observing Periods (IOPs)

of MAP are used to assess the performance of the Meso-NH model with particular

emphasis on precipitation and microphysical processes. The study is focused on the

Lago Maggiore MAP target area for which many radar observations are available and

have been processed and analyzed in previous studies. Among these data, the cloud

microphysics retrievals - deduced from the S-Pol radar polarimetric observations and

based upon the fuzzy-logic method of Vivekanandan et al. (1999) - are particularly

valuable.

The three IOPs selected correspond to contrasted situations. All of them are asso-

ciated with an upper-level trough moving eastward with southerly low-level moist flow

pointing toward northwest Italy. However, the associated precipitation was notably dif-

ferent: intense and moderate convection for IOPs 2A and 3 respectively, and widespread

stratiform rain for IOP 8. These three cases were simulated with the Meso-NH model in

the aim of addressing the following questions:

ý -SÏ
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• Is the model able to reproduce the occurrence, location, and intensity of the

observed precipitation?

• Is the vertical distribution of the hydrometeors correctly captured?

• What are the important microphysical pathways and how do they differ from one

case to another?

• Are they consistent with the conceptual models of orographic precipitation derived

from the MAP observations by Medina and Houze (2002)?

The paper is organized as follows. Section 2 provides a description of the model

experimental design and analysis method. Sections 3, 4, and 5 are respectively devoted

to the IOP 2A, 3 and 8 model results which are compared with the available observa-

tions. The microphysical process studies are presented in section 6. A discussion and

summary are given in the final section.

2. MODEL DESCRIPTION

(a) Numerical setup

The numerical simulations were conducted with the French Meso-NH model

(Lafore et al. 1998) developed at Centre National de Recherches de la Météorologie

(CNRM) and Laboratoire d’Aérologie (LA). The Meso-NH model solves a non-

hydrostatic system of equations based upon the Lipps and Hemler (1982) anelastic for-

mulation. The vertical coordinate follows Gal-Chen and Sommerville (1975). A C-grid

in the formulation of Arakawa and Messinger (1976) is used for the spatial discretization

and the temporal scheme is an explicit leapfrog scheme with a time filter (Asselin 1975).

In this study, three interactively 2-way nested domains (Stein et al. 2000) were used with

horizontal mesh sizes of 32, 8, and 2 km. The area corresponding to the coarsest domain

(D1) is shown in Fig. 1(a) together with the location of the nested domains (D2 and

ý - ý
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D3). D1 covers the synoptic conditions above western Europe, D2 covers the entire

Alpine massif, and D3 is centered above the Lago Maggiore area. The topography of

the innermost domain is shown in Fig. 1(b). Subgrid-scale convection is parameterized

for horizontal resolutions of 32 and 8 km by a mass-flux convection scheme (Bechtold

et al. 2001), whereas for the inner grid with a horizontal resolution of 2 km, convection

is explicitly resolved.

The initial and boundary conditions used for the simulations of MAP IOP 3 and

IOP 8 were taken from the MAP ECMWF reanalyses (extensively described in Keil and

Cardinali 2003). For the case of MAP IOP 2A, the ECMWF operational analyses were

preferred to the MAP reanalyses since previous studies (Richard et al. 2001, Lascaux et

al. 2004) had shown, for this particular event, a strong sensitivity to the initial conditions

and the detrimental effect of the MAP reanalyses.

The beginning and ending times of each simulation are indicated in Table 1. IOP

2A was a short event, the simulation only lasted 18 hours, whereas the simulations of

IOP 3 and IOP 8 were both integrated over 36 hours.

(b) Microphysical scheme

All the simulations make use of an explicit bulk microphysical scheme. In the first

two domains, the microphysical scheme (referred to as ICE3, Pinty and Jabouille 1998)

predicts the time evolution of the mixing ratios of six water species: rv (vapor), rc (cloud

droplets), rr (raindrops), and ri (pristine ice), rs (snow/aggregates), and rg (frozen

drops/graupel) - the three ice species being ordered by increasing degree of riming.

This scheme has been recently extended to account for hail particles. The new scheme

(referred to as ICE4, Pinty et al. 2002) is only used in the inner domain. It includes an

additional prognostic variable for the hail mixing ratio, rh. Figure 2 provides a sketch

of the numerous interactions operating between the different water species and Table 2
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gives a comprehensive list of the microphysical processes which are taken into account.

More details about ICE3 and ICE4 microphysical schemes are given in the appendix.

(c) Budget computation

An important tool for this study was the calculation of a full microphysical bud-

get. By quantifying the relationships among water species, one can determine which

microphysical processes contribute most to the production and destruction of a specific

hydrometeor species. The budget computations were performed in a subdomain centered

over the Lago Maggiore area (see Fig. 1(b) for the location). This subdomain is common

to the three IOPs and contains approximately half the grid points over the plain, and

half the grid points over the mountain. The budget was integrated over 15-minute time

periods as indicated in Table1. These time periods were selected to be representative

of the mature phase of each event. The budget computation will be used to derive mean

vertical distribution (horizontally and timely averaged) of the different mixing ratios and

associated microphysical processes.

3. IOP 2A

(a) Synoptic situation

IOP 2A was characterized by the propagation of an intense convective system above

the Lago Maggiore area. Precipitation rates of 70 mm in six hours were observed and

high reflectivity cores in the radar observations (>60 dBz at 6 km) revealed the presence

of hail in significant amounts (Tabary 2002).

The ECMWF analysis was used to describe the meteorological situation on 17

September 1999 at 12 UTC (Figs. 3(a) and (b)). At the surface, a 982 hPa low was

located 15◦ west of Ireland. The associated large-scale cyclonic structure was moving

eastsward towards Europe. A secondary low (1004 hPa) above the Italian peninsula
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generated a 10 m/s flow above the Adriatic towards northwestern Italy. At 500 hPa, a

ridge elongated over northeastern Europe from Hungary to Scandinavia and a trough

from Ireland to southern Spain. Between these two features, a short-wave trough over

southern France was propagating eastward. As a consequence, the atmosphere above

northern Italy was destabilized by advection of cold moist air in the mid-levels as

shown in Figs. 4(a) and (b) displaying the evolution of the Milano-Linate radiosounding

between 12 UTC and 18 UTC.

The mean vertical profile of the equivalent potential temperature, computed for

Milano-Linate during the first ten hours of the simulation and plotted in Fig. 5, confirms

the strong instability of IOP 2A.

(b) Reflectivity fields

Observations of reflectivity over the Lago Maggiore region were provided by a

ground-based Doppler radar network composed of three radars: the American S-Pol

polarimetric radar from the NCAR, the French C-band research radar Ronsard and the

Meteoswiss C-band operational radar located at Monte-Lema. Composite reflectivity

fields were obtained by interpolating the three radar fields on a 2 km x 2 km x 500 m

grid and by retaining the maximum value of the three radar observations.

The time evolution of the composite radar reflectivity at 2000 m is shown in the

top row of Fig. 6. During the first hours of the simulation (from 12 UTC to 18 UTC,

not shown) only isolated cells developed over the first slopes of the Alps. Between 18

UTC and 20 UTC, these cells merged into a well defined convective line which started

to propagate southeastward. In the evening (21 UTC), the system became more complex

with further convection developing ahead of the initial line. After 00 UTC, the system

left the observation area and satellite observations showed that it decayed fast.
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The time evolution of the equivalent radar reflectivity computed from the model

fields (see Richard et al. 2003 for the detail of the computation) is displayed in the

bottom row of Fig. 6. Even though the spatial extent of the simulated system appears

underestimated, the model succeeds reasonably well in reproducing the development of

the convective cells and their merging into a convective line propagating southeastward.

Even the further evolution into a three-dimensional system is captured. A vertical cross

section of the simulated reflectivity field (Fig. 7(a)) shows quite a deep system with

cloud tops reaching 12 km and reflectivity values exceeding 50 dBz up to 10 km. These

features are in agreement with the radar observations described in Tabary (2002).

(c) Precipitation fields

Figures 8 (a) and (b) show the large-scale accumulated precipitation fields derived

from the Frei and Häller’s (2001) analysis (from 17 September, 06 UTC to 18 Septem-

ber, 06 UTC - grid spacing of about 25 km) and the accumulated precipitation field

computed by the model in the first domain of the simulation (from 17 September, 12

UTC to 18 September, 06 UTC with a 32 km resolution) respectively. As the simulation

was only integrated for 18 hours, a strict comparison with the 24h precipitation analysis

is not possible. However, except for the wide precipitation band observed over France

(precipitation not higher than 20 mm in 24 hours, occuring in the morning) and a general

slight overestimation of the modelled precipitation, observed and simulated fields are

fairly similar. In particular, the maximum over the Lago Maggiore region (precipitation

higher than 50 mm) is well located in the simulation.

On a smaller scale, the ALPRAD precipitation fields taken from Richard et al.

(2003) were used to assess the IOP 2A simulation above the Lago Maggiore area.

These fields were derived from the Alpine radar composite of Hagen (1999) but are

available only for a limited period of the MAP SOP. Figure 9(a) shows the ALPRAD
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precipitation accumulated over 12 hours from 17 September 1999, 12 UTC to 18

September 1999, 00 UTC. The model precipitation field (innermost domain, 2 km

resolution) accumulated over the same period is displayed in Fig. 9(c). On both fields,

the corresponding raingauge measurements are superimposed. The location of the wide

precipitation maximum observed in the southeast of the domain (precipitation rates

higher than 40 mm in 12 hours) is well captured by the model. However, the narrow

precipitation band present in the northwest of the domain does not appear in the

simulation. Another estimation of the surface rainfall was deduced from the RAIN

product of the Monte-Lema radar (Germann and Joss 2000). This product is available

from the MAP data centre for the whole MAP SOP but needs to be calibrated with

raingauge measurements. For this IOP, a multiplying factor of 2 was found to give the

best fit between the RAIN data and the raingauge measurements. Figure 9(b) shows the

12-hour accumulated precipitation deduced from the RAIN data. When compared to the

ALPRAD field over the same period, it is clear that precipitation north of Monte Lema

is poorly observed by the radar in the RAIN product. It is important to bear this in mind,

especially when looking at the other two IOPs for which the RAIN product is the only

one available.

4. IOP 3

(a) Synoptic situation

The IOP 3 event was characterized by continuous orographic precipitation above

the Lago Maggiore and the first southfacing slopes of the Alps with observed precipita-

tion rates exceeding 300 mm in 48 hours. A detailed study of this case can be found in

Pujol et al. 2005.
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The 500 hPa geopotential chart from the ECMWF reanalysis of 25 September, 12

UTC (Fig. 3(c)) shows an elongated trough lying over the Atlantic Ocean from west of

Morocco to north of Scotland, inducing a southwesterly flow over the western Mediter-

ranean. At low levels (Fig. 3(d)), the southwesterly flow encounters the mountains north

of Lago Maggiore and this leads to the formation of convective cells. This flow contin-

ued during the whole IOP. At 12 UTC on 25 September, the Milano-Linate radiosound-

ing (Fig. 4(b)) exhibits a layer of warm and wet, potentially unstable air extending from

the ground to 700 hPa.

The mean vertical profile of the equivalent potential temperature computed in the

model (Fig. 5) at Milano/Linate on 25 September confirms the potential instability of the

event. The air is stable in the lowest layers and becomes unstable above approximately

500 m.

(b) Reflectivity fields

Observed values of radar reflectivity were derived from the same radar composite

as the one used for IOP 2A. Reflectivity fields at 2000m are plotted in the top row of

Fig. 10 between 18 UTC and 20 UTC on 25 September. The system was still active on

26 September but the corresponding reflectivities are not shown here. Convective cells

were first initiated over the plain, merged when reaching the first slopes of the Lago

Maggiore mountains and finally released their water content.

The equivalent radar reflectivites computed from the model are shown on the bot-

tom row. As for IOP 2A, the horizontal extent of the low reflectivities is underestimated

in the model. However, the reflectivity maxima associated with the convective cells are

well reproduced. In the evening of 25 September and in the morning of 26 September,

the convective activity persisted over the mountains leading to a significant amount of

accumulated precipitation. The convective system was not as deep as in IOP 2A. The
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vertical cross section of the computed reflectivity on 25 September, 18:30 UTC, shown

in Fig. 7(b) indicates that cloud tops remained beyond 6000m, which is consistent with

the observations shown in Pujol et al. 2005.

(c) Precipitation fields

As for IOP 2A, the accumulated precipitation fields from Frei and Häller 2001

(from 25 September, 06 UTC to 26 September, 06 UTC, Fig. 8 (c)) were compared with

the large-scale precipitation fields computed in the first domain of the simulation (from

25 September, 12 UTC to 26 September, 06 UTC, Fig. 8(d)) The model field shows good

agreement with the observed field, with a good location of the precipitation spot above

the Lago Maggiore area. However, the simulation produces too much precipitation

over the Apennines, and underestimates the large precipitation band on the west of the

domain, although this latter discrepancy may be partly explained by the difference in

the accumulation period (18 hours in the model, versus 24 hours in the observation).

On a smaller scale, the RAIN product of Monte-Lema was used to compare

observations and model results. Fig. 11 shows the 24 hours accumulated precipitation

fields from 25 September, 12 UTC to 26 September, 12 UTC, deduced from RAIN

and computed in the innermost domain. Both fields exhibit an elongated precipitation

pattern, oriented southwest-northeast , and located over the Ticino-Toce watershed. In

the model, precipitation extends further to the northeast than in the radar field. However,

the model results are consistent with the raingauge measurements. As was already

mentioned in section 3b, the Monte Lema radar may not see this region well.
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5. IOP 8

(a) Synoptic situation

During IOP 8, a baroclinic cyclone and associated cold front passing south of the

Alps produced persistent and widespread precipitation over northern Italy. However the

accumulation amounts remained moderate with local maxima hardly reaching 100 mm

over northeastern Italy and not exceeding 60 mm over the Lago Maggiore area.

The 500 hPa geopotential chart from the ECMWF reanalysis of 20 October, 12

UTC (Fig. 3(e)) shows a deep cut off low located north of Spain and the corresponding

surface chart (Fig. 3(f)) indicates a strong southerly flow impinging on the southern tip

of the Alps and the Apennines. The Milano sounding (Fig. 4) reveals close-to-saturation

conditions and stable stratification through the lowest few kilometers. The presence of a

cold stable airmass over the Po valley (further evidenced in Fig. 5) has been outlined as

a distinctive feature of IOP 8 in the previous studies dealing with this case (Medina and

Houze 2003, Rotunno and Ferretti 2003, Bousquet and Smull 2003, Steiner et al. 2003).

(b) Reflectivity fields

Observed reflectivity values exhibited a mean stratiform structure with a bright

band at 2 km. The reflectivity echoes remained weak, less than 20 dBz for the S-Pol

measurements averaged over the whole SOP (see Fig. 14(a) of Medina and Houze,

2003) and less than 40 dBz for the the data colllected on 21 October, around 9:30 UTC,

by the tail radar mounted aboard the NOAA P3 aircraft (see Fig. 5(a) of Bousquet and

Smull, 2003). The simulated reflectivities, shown in Fig. 7(c), are consistent with these

observations. The strongest values - 20 to 30 dBz - are confined within the first two

kilometers.
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(c) Precipitation fields

Simulated and analyzed large scale precipitation are compared in Figs. 8 e and f.

As for IOP2a and IOP3, the accumulation periods do not match exactly, 24 hours for

the analysis, from 21 October, 06 UTC to 22 October, 06 UTC and 18 hours for the

simulation, from 21 October, 06 UTC to 22 October, 00 UTC. In term of localization,

model results are not as good as for the other two IOPs. The observed maximum is found

over the central Po valley whereas the model maximum is located over northeastern

Italy. A similar trend can be noted in the simulation performed with the MM5 model by

Rotunno and Ferretti (2003).

On a smaller scale, the comparison was performed for the 24-hour precipitation

derived from the RAIN product and accumulated between 21 October, 00 UTC and

22 October, 00 UTC (Fig. 12). For the IOP8 event, possibly due to the stratiform

character of the rain, a higher multiplying factor (equal to 6) was found necessary to

obtain a reasonable match between the radar deduced precipitation and the raingauge

measurements. The radar field exhibits two maxima, one in the south of the Toce-Ticino

watershed and a second one over the plain in the southern part of the domain. In the

model, the maximum over the Toce-Ticino watershed is misplaced by 20 to 30 km and

the second maximum occurs too far north, more over the mountains than over the plain.

6. HYDROMETEOR DISTRIBUTIONS AND DOMINANT MICROPHYSICAL PROCESSES

In a study based upon the Monte-Lema radar observations from Autumn 1998

and 1999, Houze et al. (2001) found that the nature of the precipitation over the

Lago Maggiore region is a strongly dependent on the Froude number of the flow,

Fr, which determines whether the flow is blocked or rises easily over the terrrain.

In a later study based on MAP IOPs 2B and 8 observations, Medina and Houze
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(2003) outlined fundamental microphysical differences between the unstable unblocked

cases (low Fr, IOP 2B) and the stable blocked cases (high Fr, IOP8). In the stable

blocked case, precipitation is stratiform and essentially derives from the melting of

snow. In the unstable unblocked case, rainfall is strongly enhanced via the orographic

lifting of low-level moist air. Raindrop coalescence and graupel melting then become

the dominant mechanisms in the rain production. In the following, the microphysical

structure of the simulated cloud systems of IOPs 2A, 3, and 8 is examined with a

view to investigating the extent to which the model results fit the conceptual models

of orographic precipitation mechanisms proposed by Medina and Houze (2003).

(a) Mean vertical structure of the hydrometeors

To outline the mean vertical distribution of the hydrometeors according to the MAP

event, the temporal average of each hydrometeor mixing ratio was horizontally averaged

(within the budget box defined in Fig. 1(b)) on constant height surfaces, with a vertical

spacing of 500 m. As expected, the mean vertical profiles, displayed in Fig. 13, exhibit

significant differences between the three IOPs.

As the convective system of IOP 2A has a considerable vertical extension (cloud

tops exceed 10 km), large amounts of ice and snow are found at high levels. The pristine

ice mean maximun (0.20 g/kg) is at approximately 10 km, and the snow/aggregates

maximum (0.18 g/kg) is located one kilometer below. In comparison with IOP 2A,

convection in IOP 3 is less intense and occurs mainly in isolated cells. As a consequence,

maxima for pristine ice and snow/aggregates are located at lower elevations: 8 km for

pristine ice and 6 km for snow/aggregates. Moreover, these maxima (both equal to 0.08

g/kg) are much weaker. During IOP 2A, large amounts of graupel and hail are present

above the freezing level with maximum values reaching 0.15 g/kg at 7000 m for graupel

and 0.10 g/kg at 4000 m for hail. Graupel and hail are also present in IOP 3 , but only
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in very small amounts (less than 0.02 g/kg for the maxima found at 4000 m and 5000 m

for hail and graupel respectively). For both IOPs, the vertical layering of the simulated

hydrometors is quite consistent with the microphysical retrievals deduced from the S-Pol

polarimetric observations. For IOP 2A, Tabary (2002) obtains a thick layer of hail after

20 UTC extending from 2 to 8 km, topped with a mixture of hail and graupel present up

to 12 km. For IOP 3, Pujol’s (2005) analysis reveals that the dominant hydrometeor type

above the freezing level is dry snow found up to 7 to 8 km except in the most convective

part of the system in which a mixture of hail and graupel appears between 4 and 5 km.

For both IOPs, the amount of hail is as expected to be larger in the updrafts (for instance

0.45 g/kg in the updrafts versus 0.04 g/kg in the downdrafts on average for IOP 2A).

This is also consistent with the radar retrievals.

During IOP 8, cloud tops hardly reach 5 km and all the hydrometeors are concen-

trated in the lower levels. Above the freezing level, the dominant particles are snow and

aggregates. The mean snow maximum, 0.02 g/kg, is located at 3000 m. In contradiction

with the microphysical retrievals shown in Medina and Houze (2003), but in agreement

with the results obtained in a later study (Houze and Medina, 2005), some graupel are

also present, embedded in the snow layer. The maximum - less than 0.01 g/kg - coincides

with the melting level. In the model, below this level, the graupel production essentially

results from the melting of the snow. During the melting process, it is assumed that a

given portion of aggregates is converted into melting graupel at a rate representing the

mixture of melted water and icy structures dense enough to be categorized as graupel.

This type of graupel deriving from the melting snow should be compared with what

the radar algorithm identifies as wet snow, which is usually not considered as a specific

category in the model microphysical schemes. If we assimilate the melting graupel of

the model to the wet snow retrieved from the polarimetric radar observations, the model
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results are in agreement with the IO8 observations and fairly well reproduce a shallow

stratiform system in which the dominant ice hydrometeors are dry snow and wet snow.

(b) Main microphysical processes

In order to better understand the microphysical pathways operating in the three

different cases, the vertical profiles of the most significant microphysical processes

(averaged over time and horizontally) have been plotted in Fig. 14. The main micro-

physical tendencies acting on the liquid (rain) and solid (sum of snow, graupel and hail)

precipitation are plotted on the bottom and top rows respectively. In each case, they have

been normalized by the amount of corresponding precipitation, to better visualize what

happens in the upper part of the cloud where the precipitations are weak, as in the case

of IOPs 3 and 8.

In the case of IOP8, the main processes leading to solid precipitation are snow

growth by autoconversion and aggregation of pristine ice (AUG =AUT+ACG) together

with vapor deposition (DEP) acting within the same height layer (4 to 6km) and

almost in the same proportion. In a thin layer above the freezing level, riming (RIM)

takes over to further increase the amount of snow. All other processes remain weak.

Below the freezing level, rain formation essentially results, first from snow melting

(main contribution to MLT via the conversion-melting process CVM), and then from

the accretion of cloud droplets (ACCR). This scenario is consistent with Medina

and Houze’s conceptual model for the blocked stable case. Vapor diffusion on snow

particules (dominant term in DEP) plays an important role and snow melting makes a

large contribution to the low-level precipitation.

IOP 3 is representative of moderate convection embedded in a stratiform back-

ground. Therefore, typical processes occurring in stratiform precipitation are also

present, autoconversion/aggregation of pristine ice and snow riming above the freezing

ý ïoþ



²Bö6ö¢÷&ø6÷eþ

16 F. LASCAUX et al.

level, and snow melting and cloud accretion below. However, IOP3 differs from IOP8 in

the sense that vapor deposition makes a weaker contribution than in IOP8. Snow growth

in the upper part of the cloud essentially derives from autoconversion and aggregation

of pristine ice.

In the case of IOP 2A, other processes become important. First, the riming of

snow occurs over a much deeper layer (between 4 and 9 km) and is dominated by the

contribution of heavy riming. In the model, the distinction between heavy and light

riming depends on the size of the rimed particles. Smaller than 7 mm in diameter,

the particles are still considered as snow/aggregates (light riming), but larger than

this threshold value they are converted into graupel (heavy riming). Then, two other

processes have significant contributions, dry growth of graupel (DRY), peaking at 7

km, and wet growth of graupel and hail (WET), constantly increasing from 9 km down

to the melting level. Within the melting layer, the solid precipitation grows further by

collecting raindrops. As in IOPs 3 and 8, melting and cloud droplet accretion dominate

the generation of liquid precipitation but melting now essentially originates from graupel

and hail and owing to the larger size of these particles it occurs at a comparatively lower

altitude. These results are consistent with Medina and Houze’s conceptual model for

the unblocked unstable case. Under such flow conditions, the lifting of moisture-laden,

low-level air together with the occurrence of embedded convective cells brings enough

cloud water above the freezing level to favor graupel production, first by snow riming,

then by dry growth. As convection is quite intense in IOP 2A, not all the accreted water

can freeze, the wet growth processes take over close to the freezing level. This leads to

the formation of substantial amounts of hail.
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7. CONCLUSION

A variety of three MAP contrasted cases have been simulated with the French

non-hydrostatic model Meso-NH in order to investigate the capability of the model

to reproduce intense orographic precipitation and associated microphysical processes.

These three events are characterized by different flow regimes. IOPs 2A and 3 exhibit

unstable and potentially unstable conditions respectively, with flow over, whereas IOP

8 is chararaterized by stable conditions and blocked flow in the low levels.

The model succeeds quite well in reproducing the occurrence, location and intensity

of the observed precipitation of IOPs 2A and 3, both on the large-scale and on the

gamma-mesoscale. More mixed results are found in the case of IOP8. On the large scale,

the simulated precipitation occurs too far east. Consequently the fine-scale precipitation

in the Lago Maggiore region cannot be as accurately simulated as for IOPs 2A and

3. However, despite the localization error, the microphysical scheme of the model is

able to reproduce the stratiform character of the precipitation associated with IOP

8. Futhermore, the clear distinction between the three IOPs is well depicted, deep

convection for IOP 2a, reaching 12 km; moderate convection for IOP3, not exceeding 6

km; and stratiform rain for IOP 8, confined to the first 2 km.

Microphysical budget computations carried out during the course of the simulations

have been used to derive the mean vertical distribution of the hydrometeors and to

quantify the relationships among the different water species. In the case of IOP 2A,

the upper part of the cloud is composed of ice particles with an increasing degree of

riming as the melting level is approached. Pristine ice, snow aggregates, and graupel

peak at 10, 9 and 7 km respectively and a thick layer of hail is found above and below

the freezing level located at 4km. In the low levels, liquid precipitation is very intense.

Results obtained for IOP 3 are similar but, the vertical extent of the cloud being reduced,

ý ï3I



²Bö6ö¢÷&ø6÷eþ

18 F. LASCAUX et al.

graupel and hail are present in much smaller amounts. In the case of IOP 8, the vertical

stucture is quite different. Above the freezing level, the cloud is essentially composed

of snow aggregates occupying a thin layer less than 2 km deep and below, the liquid

precipitation is a quarter of that in IOP 2A. All these results are in good agreement with

the cloud microphysics retrievals deduced from the S-Pol radar observations.

In terms of microphysical processes, there are some common features to the three

IOPs. In the upper part of cloud, autoconversion and aggregation of pristine ice are the

most efficient processes to generate solid precipitation, whereas cloud autoconversion

and melting provide the main sources of liquid precipitation in the lower part of the

cloud. But there are also some marked differences between the three cases. First, the

relative contribution of vapor deposition is much larger in IOP 8 than in IOPs 2A and

3. Second, in all three cases, snow riming is present just above the freezing level but the

riming processes become really efficient only in the case of IOP 2A, for which heavy

riming takes place and transforms snow into graupel. Finally, only in IOP 2A, is the

wet growth of graupel strong enough to generate the formation of hail in significant

amounts.

No major inconsistencies were found between the numerical results and the con-

ceptual models of Medina and Houze. In agreement with Medina and Houze’s findings,

the numerical results of IOP 8, repesentative of a blocked stable case, exhibit a shallow

stratiform cloud deck in which the dominant ice hydrometeor is snow, efficiently grow-

ing by vapor deposition. Also in agreement with the conceptual model of an unblocked

unstable situation, the numerical results of IOPs 2A and 3 show much deeper systems in

which graupel and its associated growth modes play an important role. However, major

differences can still be noted between a case of deep convection (IOP 2A) and a case of

moderate convection (IOP 3) as wet growth processes and hail formation only appear in
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the most convective case. IOP 2A, as the most convective event observed during MAP,

and IOP 3, owing to its weak instability, can be viewed as two extreme examples of the

unblocked unstable flow prototype in contrast to IOP 2B which is the most representative

example of such a flow.
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APPENDIX

This section provides a short survey of the microphysical schemes sketched in

Fig. 2. Additional information can be found in the Meso-NH scientific documentation

(http://www.aero.obs-mip.fr/ mesonh).

Pristine ice is initiated by homogeneous nucleation (HON) when T6 −35
oC, or

more frequently by heterogeneous nucleation (HEN, the small ice crystal concentration

depends on the local supersaturation over ice). These crystals grow by water vapor

deposition (DEP as explained below) and by the Bergeron-Findeisen effect (BER).

The snow phase is initiated by autoconversion (AUT) of the primary ice crystals. Snow

grows by deposition (DEP) of water vapor, by aggregation (AGG) through small crystal

collection and by light riming after impaction of cloud droplets (RIM) and of raindrops

(ACC). The graupels are produced by the heavy riming of snow (RIM and ACC) or

by rain freezing (CFR) when supercooled raindrops come in contact with pristine ice
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crystals. According to the efficiency of their collecting capacity on the one hand and to

a heat balance equation on the other, graupels can grow either in a (DRY) mode or in

a (WET) mode, respectively. The latter occurs when riming is intense enough for part

of the collected water to be unable to freeze, leaving the graupel as a hailstone embryo.

In this case, the non-freezable water at the surface of the graupels is shed away (SHD)

and is converted into raindrops. Both DRY and WET rates are computed but the most

limiting one, the lowest rate, is retained in the ICE3 scheme. In the ICE4 scheme, hail

is differentiated from graupel. The hail production rate is estimated as proportional to

the WET growth rate after normalization by the sum of the DRY and the WET rates.

For the sake of simplicity, hail exclusively grows in (WET) mode and never transforms

back into graupel.

When T> 0
oC, the pristine crystals immediately melt into cloud droplets (MLT)

while the melting snowflakes are simultaneously converted (CVM) into graupels. Grau-

pel and hail particles progressively melt (MLT) into raindrops as they fall. The other

(warm) processes are described by the Kessler scheme: autoconversion of cloud droplets

(AUT), accretion (ACC) and rain evaporation (EVA). With the exception of cloud

droplets, each condensed water species has a substantial fall speed, thus leading to an

integrated sedimentation rate (SED).

The coexistence of cloud droplets and small ice crystals in mixed-phase clouds

necessitates careful treatment of the fast water vapor exchanges (DEP and CND).

This question refers back to the way supercooled water can be available in vigorous

convective clouds. As is usually done, a ”floating” water vapor saturation pressure r
sat
vc,i

,

is defined by a barycentric formula using the vapor saturation curves over water and

ice and the respective mixing ratios rc and ri, respectively. In the ICE3/ICE4 schemes,

the DEP and CND rates result from an implicit adjustment relative to r
sat
vc,i

, but with
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an original closure where any deficit(excess) of rv due to the adjustment is directly

compensated (absorbed) by the available water phase amount. The adjustment algorithm

is non-iterative and 2nd order accurate.
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TABLE 1. SIMULATION TIMES

Event Beginning date End date Beginning time

of the simulation of the simulation of the budget computation

IOP 2A 17 Sep. 12 UTC 18 Sep. 06 UTC 17 Sep. 20:00 UTC

IOP 3 25 Sep. 12 UTC 27 Sep. 00 UTC 25 Sep. 18:30 UTC

IOP 8 20 Oct. 12 UTC 22 Oct. 00 UTC 21 Oct. 17:00 UTC

The budget computations were carried out over a 15 mn period.
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TABLE 2. MICROPHYSICAL PROCESSES

Symbol Mechanism Sink Source Process

V-HEN-I rv=>ri rv ri Heterogeneous nucleation

C-HON-I rc=>ri rc ri Homogeneous nucleation

R-HON-G rr=>rg rr rg ”

C-BER-I rc=>ri rc ri Bergeron-Findeisen effect

V-DEP-I rv+ri=>ri rv ri Deposition (Sublimation)

V-DEP-S rv+rs=>rs rv rs ”

V-DEP-G rv+rg=>rg rv rg ”

V-CND-C rv=>rc rv rc Condensation (Evaporation)

C-AUT-R rc+rc=>rr rc rr Autoconversion of cloud droplets

I-AUT-S ri+ri=>rs ri rs Autoconversion of pristine ice

I-AGG-S ri+rs=>rs ri rs Aggregation of pristine ice

R-CFR-(I)G ri+rr=>rg rr rg Raindrop contact freezing

I-CFR-(R)G ri+rr=>rg ri rg ”

C-RIM-S rc+rs=>rs rc rs Light riming of aggregates

C-RIM-(S)G rc+rs=>rg rc rg Heavy riming of aggregates

S-RIM-(C)G rc+rs=>rg rs rg ”

C-ACC-R rc+rr=>rr rc rr Accretion of rain and cloud droplets

R-ACC-(S)G rr+rs=>rg rr rg Accretion of rain and aggregates

S-ACC-(R)G rr+rs=>rs rs rg ”

C-DRY-G rc+rg=>rg rc rg Dry growth of graupel

R-DRY-G rr+rg=>rg rr rg ”

I-DRY-G ri+rg=>rg ri rg ”

S-DRY-G rs+rg=>rg rs rg ”
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TABLE 2. CONTINUED

Symbol Mechanism Sink Source Process

C-SHD-(G)R rc+rg=>rr rc rr Water shedding

C-WET-G rc+rg=>rg rc rg Wet growth of graupel

R-WET-G rr+rg=>rg rr rg ”

I-WET-G ri+rg=>rg ri rg ”

S-WET-G rs+rg=>rg rs rg ”

S-WET-(G)H rs+rg=>rh rs rh Hail formation

G-WET-(S)H rs+rg=>rh rg rh ”

C-WET-H rc+rh=>rh rc rh Wet growth of hail

R-WET-H rr+rh=>rh rr rh ”

I-WET-H ri+rh=>rh ri rh ”

S-WET-H rs+rh=>rh rs rh ”

G-WET-H rs+rg=>rh rs rh ”

I-MLT-C ri=>rc ri rc Melting of pristine ice

G-MLT-R rg=>rr rg rr Melting of graupel

H-MLT-R rh=>rr rh rr Melting of hail

S-CVM-G rs=>rg rs rg Conversion melting

R-EVA-V rr=>rv rr rv Rain evaporation

List of the microphysical processes and corresponding sinks and sources. In the symbol
names, the first letter identifies the sink species (V,C,I,R,S,G, or H for vapor, cloud,
pristine ice, rain, snow, graupel, or hail respectively), the next three letters give the short
name of the microphysical process, and the last letter identifies the source species. An
optional letter is added in parenthesis to recall the name of the reactant species in case of
three-component process.
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Figure 1. a) Geographical domains used for the nested simulation. The outer frame shows the 32 km grid-mesh
domain and its topography, the location of the 8 km (2 km) grid-mesh domain is indicated with thin (thick)
lined square. b) Topography (in m) of the 2 km grid-mesh domain, and locations of the three radars (R,S, and
L for Ronsard, S-Pol, and Monte Lema respectively). The dashed square corresponds to the subdomain used for
the microphysical budget computation and the thick solid line indicates the location of the vertical cross-section

shown in Fig. 7.
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Figure 2. Sketch of the ICE3 and ICE4 microphysical schemes. rv , rc, rr , ri, rs, rg , and rh refer to water vapour,
cloud droplets, raindrops, pristine ice, snow/aggregates, graupel, and hail respectively. The different microphysical

processes are designated by a group of three letters (EVA, DEP, etc; see Table 2 for the complete list).
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Figure 3. Synoptic situations of 12 UTC, 17 September 1999 (IOP 2A), 25 September 1999 (IOP 3) and 20
October 1999 (IOP 8). Top row: 500 hPa geopotential height (contours every 30 m) and wind vectors. Bottom
row: mean sea level pressure (contours every 3 hPa) and surface wind vectors. The thick lines in (a) and (c)

indicate the locations of the troughs or ridges mentioned in the text.
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(c)

(d)(b) (f)

(a) (e)
IOP 8IOP 3IOP 2A

Figure 4. Milano radiosoundings at 12 UTC (top) and 18 UTC (bottom) for IOP 2A (17 September 1999), IOP3
(25 September 1999), and IOP 8 (20 October 1999).
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Figure 5. Mean vertical profile of the equivalent potential temperature for IOP 2A, IOP 3, and IOP 8 at Milano-
Linate computed in the model and averaged over the first ten hours of each simulation.
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18 UTC 21 UTC 00 UTC

Figure 6. Time evolution of the radar reflectivity (in dBz) at 2000 m for IOP 2A from 17 September 18 UTC to 18
September 00 UTC. Top row, observed fields from the radar composite. Bottom row, results from the simulation.
The closed contours indicate the limits of the Toce-Ticino watershed. The other contours correspond to a rough
representation of the political borders between France, Italy and Switzerland, The locations of the Monte-Lema,

S-Pol, and Ronsard radars are indicated by the letters L, S, and R respectively.
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Figure 7. Vertical cross section of the simulated radar reflectivity (in dBz) and temperature (in C) along the line
shown in Fig. 1(b) for (a) IOP 2A : 17 September 1999, 20:00 UTC; (b) IOP 3 : 25 September 1999, 18:30 UTC

and (c) IOP 8 : 21 October 1999, 17:00 UTC.
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(c) 25/09 06 UTC − 26/09 06 UTC (d) 25/09 12 UTC − 26/09 06 UTC

(a) 17/09 06 UTC − 18/09 06 UTC (b) 17/09 12 UTC − 18/09 06 UTC

(e) 21/10 06 UTC − 22/10 06 UTC (f) 21/10 06 UTC − 22/10 00 UTC

IOP 2A

IOP 3

IOP 8

Figure 8. Large scale precipitation fields (in mm). (a), (c) and (e): 24-hour accumulated precipitation as deduced
from precipitation analysis version 2.0 of Frei and Häller (2001) averaged over a 25 km grid-mesh domain. (b),
(d), and (f): 18-hour accumulated precipitation computed in the 32 km grid-mesh model. Beginning and ending

times of the accumulation periods are indicated on top of each frame.

ý21
ý



²Bö6ö¢÷&ø6÷eþ

34 F. LASCAUX et al.

(a) (b)

(c)

L L

L

Figure 9. 12-hour accumulated precipitation (in mm) from 17 September 1999 12 UTC to 18 September 00 UTC
(a) deduced from the alpine radar composite, (b) deduced from the RAIN data product, and (c) computed in the 2
km grid-mesh domain. The corresponding raingauge measurements, represented by diamonds, are superimposed

on each plot.
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18 UTC 19 UTC 20 UTC

Figure 10. Same as Fig. 6, but over a smaller domain centered above the Lago Maggiore area and for IOP 3, 25
September from 18 UTC to 20 UTC.
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(a) (b)

L L

Figure 11. 24-hour accumulated precipitation (in mm) from 25 September 12 UTC to 26 September 12 UTC (a)
deduced from the RAIN data product and (b) computed in the 2km grid-mesh domain. The letter L indicates the

location of the Monte Lema radar.
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(a) (b)

L L

Figure 12. 24-hour accumulated precipitation (in mm) from 21 October 00 UTC to 22 October 00 UTC (a)
deduced from the RAIN data product and (b) computed in the 2km grid-mesh domain. The letter L indicates the

location of the Monte Lema radar.
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(a) (b) (c)

IOP 2A IOP 3 IOP 8

Figure 13. Mean vertical structure of the hydrometeors computed in the budget box shown in Fig. 1(b) for (a)
IOP 2A, averaged between 20 UTC and 20:15 UTC on 17 September 19999, (b) IOP 3, averaged between 18:30
UTC and 18:45 UTC on 25 September 1999, and (c) IOP 8, averaged between 17:00 UTC and 17:15 UTC on 20
October 1999. RH, RG, RS, RI, RR, RC designate the mixing ratios of hail, graupel, snow/aggregates, pristine

ice, rain water, and cloud water respectively.

ý21 -



²Sö6ö¢÷&ø3÷ ° ù?¢�ý;£;¤�¥3¦Ê÷eþ

SIMULATIONS OF THREE MAP CASES 39

(a) (c) (e)

(b) (d) (f)

IOP 2A IOP 3 IOP 8

Figure 14. Mean vertical structure of the main microphysical processes involved in IOPs 2A, 3, and 8. Top row:
Normalized sources acting on the solid precipitation (RS+RG+RH) with DRY=C-DRY-G+C-DRY-I+R-DRY-
G, RIM=C-RIM-(S)S+C-RIM-(S)G, AUG= I-AUT-S+I-AGG-S, DEP=V-DEP-S+V-DEP-G, and ACC=R-ACC-
(S)G. Bottom row row: Normalized sources acting on the liquid precipitation (RR) with ACCR= C-ACC-(C)R,

AUTO=C-AUT-R, REVA=R-EVA-V, RMLT=G-MLT-R+H-MLT-R. Same averaging periods as in Fig. 13.
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