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�/�F�V�S�B�M �3�B�J�O�G�B�M�M���3�V�O�P�ê �.�P�E�F�M�J�O�H

�$�P�Q�Z�S�J�H�I�U �‰ �������� �� �'�F�E�P�S �4�D�I�P�M�[�
 �&�C�F�S�I�B�S�E �,�B�S�M�T �6�O�J�W�F�S�T�J�U�Z �P�G �5�Ø�C�J�O�H�F�O��

�5�I�J�T �E�J�T�T�F�S�U�B�U�J�P�O �J�T �P�S�J�H�J�O�B�M �X�P�S�L�
 �X�S�J�U�U�F�O �T�P�M�F�M�Z �G�P�S �U�I�J�T�Q�V�S�Q�P�T�F�
 �B�O�E �B�M�M �U�I�F �B�V�U�I�P�S�T

�X�I�P�T�F �T�U�V�E�J�F�T �B�O�E �Q�V�C�M�J�D�B�U�J�P�O�T �D�P�O�U�S�J�C�V�U�F�E �U�P �J�U �I�B�W�F �C�F�F�O �E�V�M�Z �D�J�U�F�E�� �1�B�S�U�J�B�M �S�F�Q�S�P��

�E�V�D�U�J�P�O �J�T �B�M�M�P�X�F�E �X�J�U�I �B�D�L�O�P�X�M�F�E�H�N�F�O�U �P�G �U�I�F �B�V�U�I�P�S �B�O�E �S�F�G�F�S�F�O�D�F �U�P �U�I�F �E�F�H�S�F�F�


�B�D�B�E�F�N�J�D �Z�F�B�S�
 �J�O�T�U�J�U�V�U�J�P�O�w�6�O�J�W�F�S�T�J�U�Z �P�G �5�Ø�C�J�O�H�F�O�w�B�O�E �Q�V�C�M�J�D �E�F�G�F�O�T�F �E�B�U�F��

�-�B�S�H�F �M�B�O�H�V�B�H�F �N�P�E�F�M�T �X�F�S�F �V�T�F�E �G�P�S �F�E�J�U�P�S�J�B�M �B�T�T�J�T�U�B�O�D�F�
 �J�O�D�M�V�E�J�O�H �H�S�B�N�N�B�S �D�I�F�D�L��

�J�O�H�
 �S�F�Q�I�S�B�T�J�O�H�
 �B�O�E �J�N�Q�S�P�W�J�O�H �D�M�B�S�J�U�Z��

�1�S�F�Q�B�S�B�U�J�P�O �P�G �U�I�J�T �X�P�S�L �X�B�T �G�B�D�J�M�J�U�B�U�F�E �C�Z �U�I�F �V�T�F �P�G �U�I�F�*�1�-�F�J�S�J�B���5�I�F�T�J�T�U�F�N�Q�M�B�U�F �	�+�P�T�Æ

�"�S�F�J�B�
 ���������
��





�"���8�:�7��� �:

�)�Z�E�S�P�M�P�H�J�D�B�M �N�P�E�F�M�J�O�H �U�S�B�E�J�U�J�P�O�B�M�M�Z �S�F�M�J�F�T �P�O �N�F�D�I�B�O�J�T�U�J�D �N�P�E�F�M�T �U�I�B�U�
 �X�I�J�M�F �Q�I�Z�T�J��

�D�B�M�M�Z �J�O�U�F�S�Q�S�F�U�B�C�M�F�
 �T�U�S�V�H�H�M�F �U�P �D�B�Q�U�V�S�F �U�I�F �O�P�O�M�J�O�F�B�S �E�Z�O�B�N�J�D�T �P�G �F�O�W�J�S�P�O�N�F�O�U�B�M �T�Z�T��

�U�F�N�T�� �%�B�U�B���E�S�J�W�F�O �B�Q�Q�S�P�B�D�I�F�T �T�V�D�I �B�T�B�S�U�J�a�D�J�B�M �O�F�V�S�B�M �O�F�U�X�P�S�L�T �	�"�/�/�T�
�D�B�O �B�V�U�P�N�B�U��

�J�D�B�M�M�Z �E�J�T�D�P�W�F�S �Q�B�U�U�F�S�O�T �J�O �P�C�T�F�S�W�B�U�J�P�O�B�M �E�B�U�B�
 �P�G�U�F�O �B�D�I�J�F�W�J�O�H �T�V�Q�F�S�J�P�S �Q�F�S�G�P�S�N�B�O�D�F�


�C�V�U �U�Z�Q�J�D�B�M�M�Z �P�Q�F�S�B�U�F �B�T �C�M�B�D�L �C�P�Y�F�T �U�I�B�U �N�B�Z �O�P�U �B�E�I�F�S�F �U�P �F�T�U�B�C�M�J�T�I�F�E �Q�I�Z�T�J�D�B�M �D�P�O��

�T�U�S�B�J�O�U�T�� �5�I�J�T �E�J�T�T�F�S�U�B�U�J�P�O �J�O�U�S�P�E�V�D�F�T�%�3�3�"�J�/�/�	�%�J�T�U�S�J�C�V�U�F�E �3�B�J�O�G�B�M�M���3�V�O�P�ê �"�S�U�*�a��

�D�J�B�M �/�F�V�S�B�M �/�F�U�X�P�S�L�
�
 �B �G�V�M�M�Z �E�J�ê�F�S�F�O�U�J�B�C�M�F �B�O�E �G�V�M�M�Z �E�J�T�U�S�J�C�V�U�F�E�"�/�/ �B�S�D�I�J�U�F�D�U�V�S�F

�G�P�S �S�B�J�O�G�B�M�M���S�V�O�P�ê �N�P�E�F�M�J�O�H���%�3�3�"�J�/�/�D�P�O�T�J�T�U�T �P�G �U�X�P �D�P�N�Q�P�O�F�O�U�T�� �B �T�Q�B�U�J�B�M�M�Z �E�J�T��

�U�S�J�C�V�U�F�E �S�B�J�O�G�B�M�M���S�V�O�P�ê �N�P�E�F�M �P�Q�F�S�B�U�J�O�H �P�O �B �S�F�H�V�M�B�S �H�S�J�E�
�B�O�E �B �H�S�B�Q�I���C�B�T�F�E �S�J�W�F�S �E�J�T��

�D�I�B�S�H�F �N�P�E�F�M �U�I�B�U �D�B�Q�U�V�S�F�T �b�P�X �E�Z�O�B�N�J�D�T �B�M�P�O�H �U�I�F �S�J�W�F�S �O�F�U�X�P�S�L�� �5�I�F �S�B�J�O�G�B�M�M���S�V�O�P�ê

�D�P�N�Q�P�O�F�O�U �V�T�F�T �T�Q�F�D�J�B�M�J�[�F�E �D�P�O�W�P�M�V�U�J�P�O�B�M �S�F�D�V�S�S�F�O�U �O�F�U�X�P�S�L�T �X�J�U�I �Q�I�Z�T�J�D�T���J�O�G�P�S�N�F�E

�J�O�E�V�D�U�J�W�F �C�J�B�T�F�T �U�P �N�P�E�F�M �M�B�U�F�S�B�M �X�B�U�F�S �Q�S�P�Q�B�H�B�U�J�P�O �B�O�E �F�W�B�Q�P�U�S�B�O�T�Q�J�S�B�U�J�P�O �Q�S�P�D�F�T�T�F�T��

�5�I�F �E�J�T�D�I�B�S�H�F �D�P�N�Q�P�O�F�O�U �F�N�Q�M�P�Z�T �B �H�S�B�Q�I �O�F�V�S�B�M �O�F�U�X�P�S�L �U�I�B�U�S�F�T�Q�F�D�U�T �U�I�F �D�P�O�O�F�D��

�U�J�W�J�U�Z �P�G �H�B�V�H�J�O�H �T�U�B�U�J�P�O�T�� �5�I�J�T �N�P�E�V�M�B�S �B�S�D�I�J�U�F�D�U�V�S�F �F�O�B�C�M�F�T �F�O�E���U�P���F�O�E �P�Q�U�J�N�J�[�B�U�J�P�O

�V�T�J�O�H �T�Q�B�S�T�F �E�J�T�D�I�B�S�H�F �N�F�B�T�V�S�F�N�F�O�U�T �X�I�J�M�F �N�B�J�O�U�B�J�O�J�O�H �Q�I�Z�T�J�D�B�M �Q�M�B�V�T�J�C�J�M�J�U�Z �U�I�S�P�V�H�I

�B�S�D�I�J�U�F�D�U�V�S�B�M �D�P�O�T�U�S�B�J�O�U�T�� �5�I�F �N�P�E�F�M �J�T �F�W�B�M�V�B�U�F�E �P�O �U�I�F �/�F�D�L�B�S �S�J�W�F�S �D�B�U�D�I�N�F�O�U �J�O

�4�P�V�U�I�X�F�T�U �(�F�S�N�B�O�Z �V�T�J�O�H �E�B�U�B �G�S�P�N ���� �H�B�V�H�J�O�H �T�U�B�U�J�P�O�T���%�3�3�"�J�/�/�E�F�N�P�O�T�U�S�B�U�F�T

�J�N�Q�S�P�W�F�E �Q�F�S�G�P�S�N�B�O�D�F �D�P�N�Q�B�S�F�E �U�P �U�I�F�&�V�S�P�Q�F�B�O �'�M�P�P�E �"�X�B�S�F�O�F�T�T �4�Z�T�U�F�N �	�&�'�"�4�


�B�D�S�P�T�T �N�V�M�U�J�Q�M�F �N�F�U�S�J�D�T�� �5�I�F �G�V�M�M�Z �E�J�ê�F�S�F�O�U�J�B�C�M�F �B�S�D�I�J�U�F�D�U�V�S�F �F�O�B�C�M�F�T �J�O�U�F�S�Q�S�F�U�B�C�J�M�J�U�Z

�B�O�B�M�Z�T�J�T �U�I�S�P�V�H�I �H�S�B�E�J�F�O�U���C�B�T�F�E �B�U�U�S�J�C�V�U�J�P�O �N�F�U�I�P�E�T�� �5�I�F�T�F �U�F�D�I�O�J�R�V�F�T �E�F�N�P�O�T�U�S�B�U�F

�U�I�F �B�C�J�M�J�U�Z �U�P �S�F�D�P�O�T�U�S�V�D�U �Q�I�Z�T�J�D�B�M�M�Z �N�F�B�O�J�O�H�G�V�M �D�B�U�D�I�N�F�O�U �C�P�V�O�E�B�S�J�F�T �U�I�B�U �F�Y�I�J�C�J�U �S�F�B��

�T�P�O�B�C�M�F �D�P�S�S�F�T�Q�P�O�E�F�O�D�F �X�J�U�I �U�P�Q�P�H�S�B�Q�I�J�D�B�M�M�Z �E�F�S�J�W�F�E �X�B�U�F�S�T�I�F�E�T�
 �X�I�J�D�I �T�I�P�X�T �U�I�B�U

�U�I�F �N�P�E�F�M �M�F�B�S�O�T �J�O�U�F�S�Q�S�F�U�B�C�M�F �T�Q�B�U�J�B�M �Q�B�U�U�F�S�O�T�� �-�F�B�W�F���P�O�F���P�V�U �D�S�P�T�T���W�B�M�J�E�B�U�J�P�O �F�Y�Q�F�S��

�J�N�F�O�U�T �F�W�B�M�V�B�U�F �U�I�F �N�P�E�F�M�r�T �B�C�J�M�J�U�Z �U�P �H�F�O�F�S�B�M�J�[�F �U�P �V�O�H�B�V�H�F�E �C�B�T�J�O�T�
 �X�I�J�D�I �J�T �B �D�S�J�U��

�J�D�B�M �S�F�R�V�J�S�F�N�F�O�U �G�P�S �Q�S�B�D�U�J�D�B�M �I�Z�E�S�P�M�P�H�J�D�B�M �B�Q�Q�M�J�D�B�U�J�P�O�T�� �"�O�B�M�Z�T�J�T �S�F�W�F�B�M�T �J�N�Q�P�S�U�B�O�U

�J�O�T�J�H�I�U�T �B�C�P�V�U�"�/�/ �C�F�I�B�W�J�P�S �J�O �F�O�W�J�S�P�O�N�F�O�U�B�M �N�P�E�F�M�J�O�H�� �5�I�F �N�P�E�F�M �B�D�I�J�F�W�F�T �T�U�S�P�O�H

�Q�F�S�G�P�S�N�B�O�D�F �Q�B�S�U�M�Z �C�Z �V�T�J�O�H �F�M�F�W�B�U�J�P�O �E�B�U�B �B�T �Q�P�T�J�U�J�P�O�B�M �F�O�D�P�E�J�O�H �S�B�U�I�F�S �U�I�B�O �F�Y�Q�M�J�D�J�U

�b�P�X �S�P�V�U�J�O�H�
 �X�I�J�D�I �F�Y�Q�M�B�J�O�T �C�P�U�I �J�U�T �F�ê�F�D�U�J�W�F�O�F�T�T �X�J�U�I�J�O �U�I�F �U�S�B�J�O�J�O�H �E�P�N�B�J�O �B�O�E �J�U�T

�T�Q�B�U�J�B�M �H�F�O�F�S�B�M�J�[�B�U�J�P�O �D�I�B�M�M�F�O�H�F�T�� �" �O�P�U�B�C�M�F �U�S�B�E�F���P�ê �F�N�F�S�H�F�T �C�F�U�X�F�F�O �Q�S�F�E�J�D�U�J�W�F �B�D��

�D�V�S�B�D�Z �B�O�E �Q�I�Z�T�J�D�B�M �Q�M�B�V�T�J�C�J�M�J�U�Z�
 �X�J�U�I �U�I�F �N�P�T�U �Q�I�Z�T�J�D�B�M�M�Z�S�F�B�M�J�T�U�J�D �N�P�E�F�M �J�O�T�U�B�O�D�F�T �O�P�U

�D�P�S�S�F�T�Q�P�O�E�J�O�H �U�P �U�I�P�T�F �X�J�U�I �P�Q�U�J�N�B�M �G�P�S�F�D�B�T�U �Q�F�S�G�P�S�N�B�O�D�F���,�F�Z �M�J�N�J�U�B�U�J�P�O�T �J�O�D�M�V�E�F

�E�F�Q�F�O�E�F�O�D�Z �P�O �B�D�D�V�S�B�U�F �Q�S�F�D�J�Q�J�U�B�U�J�P�O �G�P�S�F�D�B�T�U�T�
 �F�W�B�M�V�B�U�J�P�O �S�F�T�U�S�J�D�U�F�E �U�P �B �T�J�O�H�M�F �S�J�W�F�S

�O�F�U�X�P�S�L�
 �B�O�E �S�F�T�P�M�V�U�J�P�O �D�P�O�T�U�S�B�J�O�U�T�� �5�I�F �E�B�J�M�Z �E�B�U�B �S�F�T�P�M�V�U�J�P�O �M�J�N�J�U�T �U�I�F �N�P�E�F�M�r�T �B�C�J�M�J�U�Z

�J



�J�J

�U�P �D�B�Q�U�V�S�F �S�B�Q�J�E �I�Z�E�S�P�M�P�H�J�D�B�M �S�F�T�Q�P�O�T�F�T�
 �X�I�J�M�F �U�I�F4 km � 4 km �H�S�J�E �N�B�Z �J�O�B�E�F�R�V�B�U�F�M�Z

�S�F�Q�S�F�T�F�O�U �a�O�F���T�D�B�M�F �Q�S�P�D�F�T�T�F�T�� �'�V�U�V�S�F �X�P�S�L �T�I�P�V�M�E �G�P�D�V�T �P�O�N�V�M�U�J���D�B�U�D�I�N�F�O�U �U�S�B�J�O�J�O�H�


�I�J�H�I�F�S �U�F�N�Q�P�S�B�M �S�F�T�P�M�V�U�J�P�O �E�B�U�B�
 �B�O�E �T�B�U�F�M�M�J�U�F���C�B�T�F�E �B�Q�Q�S�P�B�D�I�F�T �G�P�S �V�O�H�B�V�H�F�E �S�F�H�J�P�O�T��

�0�W�F�S�B�M�M�
 �U�I�J�T �X�P�S�L �B�E�W�B�O�D�F�T �U�I�F �a�F�M�E �P�G �I�Z�E�S�P�M�P�H�J�D�B�M �N�P�E�F�M�J�O�H �C�Z �E�F�N�P�O�T�U�S�B�U�J�O�H �U�I�B�U

�D�B�S�F�G�V�M�M�Z �E�F�T�J�H�O�F�E�"�/�/ �B�S�D�I�J�U�F�D�U�V�S�F�T �D�B�O �B�D�I�J�F�W�F �C�P�U�I �I�J�H�I �Q�S�F�E�J�D�U�J�W�F �B�D�D�V�S�B�D�Z �B�O�E

�Q�I�Z�T�J�D�B�M �J�O�U�F�S�Q�S�F�U�B�C�J�M�J�U�Z�
 �P�Q�F�O�J�O�H �O�F�X �Q�P�T�T�J�C�J�M�J�U�J�F�T �G�P�S�L�O�P�X�M�F�E�H�F �E�J�T�D�P�W�F�S�Z �J�O �I�Z�E�S�P�M��

�P�H�Z �X�I�J�M�F �I�J�H�I�M�J�H�I�U�J�O�H �U�I�F �J�N�Q�P�S�U�B�O�D�F �P�G �C�B�M�B�O�D�J�O�H �Q�F�S�G�P�S�N�B�O�D�F �P�Q�U�J�N�J�[�B�U�J�P�O �X�J�U�I

�Q�I�Z�T�J�D�B�M �S�F�B�M�J�T�N��

�,�F�Z�X�P�S�E�T���S�B�J�O�G�B�M�M���S�V�O�P�ê �N�P�E�F�M�J�O�H�
 �S�J�W�F�S �E�J�T�D�I�B�S�H�F �Q�S�F�E�J�D�U�J�P�O�
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 �J�U �D�B�O �G�P�M�M�P�X �N�V�M�U�J�Q�M�F �Q�B�U�I�X�B�Z�T�� �4�P�N�F �X�B�U�F�S �N�B�Z �C�F

�J�O�U�F�S�D�F�Q�U�F�E �C�Z �W�F�H�F�U�B�U�J�P�O�
 �X�I�J�M�F �P�U�I�F�S �Q�P�S�U�J�P�O�T �J�O�a�M�U�S�B�U�F�J�O�U�P �T�P�J�M�T�
 �D�P�O�U�S�J�C�V�U�F �U�P �T�V�S�G�B�D�F

�S�V�O�P�ê�
 �P�S �B�D�D�V�N�V�M�B�U�F �B�T �T�O�P�X �B�O�E �J�D�F�� �8�B�U�F�S �U�I�B�U �J�O�a�M�U�S�B�U�F�T �J�O�U�P �T�P�J�M�T �N�B�Z �C�F �T�U�P�S�F�E

�U�F�N�Q�P�S�B�S�J�M�Z �B�T �T�P�J�M �N�P�J�T�U�V�S�F�
 �U�B�L�F�O �V�Q �C�Z �Q�M�B�O�U �S�P�P�U�T�
 �P�S �Q�F�S�D�P�M�B�U�F �E�F�F�Q�F�S �U�P �S�F�D�I�B�S�H�F

�H�S�P�V�O�E�X�B�U�F�S �B�R�V�J�G�F�S�T�� �4�V�S�G�B�D�F �S�V�O�P�ê �D�P�M�M�F�D�U�T �J�O �T�U�S�F�B�N�T �B�O�E �S�J�W�F�S�T�
 �F�W�F�O�U�V�B�M�M�Z �b�P�X�J�O�H

�U�P�X�B�S�E �M�B�L�F�T�
 �X�F�U�M�B�O�E�T�
 �P�S �U�I�F �P�D�F�B�O�� �"�U �B�O�Z �T�U�B�H�F �J�O �U�I�F�T�F �Q�B�U�I�X�B�Z�T�
 �X�B�U�F�S �D�B�O �S�F�U�V�S�O

�U�P �U�I�F �B�U�N�P�T�Q�I�F�S�F �W�J�B�F�W�B�Q�P�U�S�B�O�T�Q�J�S�B�U�J�P�O �	�&�5�
�
 �U�I�F �D�P�N�C�J�O�F�E �Q�S�P�D�F�T�T �P�G �F�W�B�Q�P�S�B�U�J�P�O

�G�S�P�N �X�B�U�F�S �B�O�E �T�P�J�M �T�V�S�G�B�D�F�T �B�O�E �U�S�B�O�T�Q�J�S�B�U�J�P�O �G�S�P�N �W�F�H�F�U�B�U�J�P�O�� �4�P�M�B�S �F�O�F�S�H�Z �T�F�S�W�F�T �B�T

�U�I�F �N�B�J�O �E�S�J�W�F�S �P�G �U�I�F �X�B�U�F�S �D�Z�D�M�F�
 �Q�S�P�W�J�E�J�O�H �U�I�F �F�O�F�S�H�Z �O�F�D�F�T�T�B�S�Z �G�P�S�&�5�
 �X�I�J�M�F �H�S�B�W�J�U�Z

�E�S�J�W�F�T �U�I�F �N�P�W�F�N�F�O�U �P�G �X�B�U�F�S �U�I�S�P�V�H�I �T�V�S�G�B�D�F �B�O�E �T�V�C�T�V�S�G�B�D�F�Q�B�U�I�X�B�Z�T��

�5�I�F �H�M�P�C�B�M �T�D�B�M�F �P�G �U�I�F�T�F �Q�S�P�D�F�T�T�F�T �J�T �S�F�N�B�S�L�B�C�M�F�� �8�P�S�M�E�X�J�E�F �U�I�F�S�F �J�T111 000 km3 �Q�S�F��

�D�J�Q�J�U�B�U�J�P�O �Q�F�S �Z�F�B�S �	�0�L�J �F�U �B�M���
 ���������
�� �0�G �U�I�B�U�
45 500 km3 �F�W�F�O�U�V�B�M�M�Z �S�F�B�D�I �U�I�F �P�D�F�B�O �W�J�B

�S�J�W�F�S�T�
 �X�J�U�I �B �N�F�B�O �S�F�T�J�E�F�O�D�F �U�J�N�F �P�G �X�B�U�F�S �J�O �V�O�N�P�E�J�a�F�E �S�J�W�F�S�T �P�G �B�Q�Q�S�P�Y�J�N�B�U�F�M�Z2•5

�X�F�F�L�T�� �5�I�F �S�F�N�B�J�O�J�O�H65 500 km3�
 �B�O�E �U�I�F�S�F�G�P�S�F �N�P�S�F �U�I�B�O �I�B�M�G�
 �V�O�E�F�S�H�P�&�5�� �"�D�D�P�V�O�U��

�J�O�H �G�P�S�&�5�J�T �U�I�F�S�F�G�P�S�F �D�S�V�D�J�B�M �G�P�S �N�P�T�U �I�Z�E�S�P�M�P�H�J�D�B�M �N�P�E�F�M�T��

�5�I�F �E�J�ê�F�S�F�O�U �L�J�O�E�T �P�G �b�P�X �D�B�O �C�F �C�S�P�B�E�M�Z �D�B�U�F�H�P�S�J�[�F�E �J�O�U�P �T�V�S�G�B�D�F �B�O�E �T�V�C�T�V�S�G�B�D�F

�b�P�X�T �	�#�S�V�U�T�B�F�S�U�
 ���������
�� �4�V�S�G�B�D�F �b�P�X �J�O�D�M�V�E�F�T �P�W�F�S�M�B�O�E �b�P�X �P�D�D�V�S�S�J�O�H �E�J�S�F�D�U�M�Z �P�O �U�I�F

��



���� ���� �#�B�D�L�H�S�P�V�O�E

�'�J�H�V�S�F ���������5�I�F �6�4�(�4 �X�B�U�F�S �D�Z�D�M�F �E�J�B�H�S�B�N �	�6�O�J�U�F�E �4�U�B�U�F�T �(�F�P�M�P�H�J�D�B�M �4�V�S�W�F�Z�
 ���������
�� �"�O �P�O�M�J�O�F �W�F�S�T�J�P�O
�X�J�U�I �[�P�P�N �G�V�O�D�U�J�P�O�B�M�J�U�Z �D�B�O �C�F �G�P�V�O�E �B�U�?�i�i�T�b�,�f�f �H���#�b�X�r���i�2�`�/���i���X�m�b�;�b�X�;�Q�p�f �p�B�b�m���H�B�x���i�B�Q�M�b�f
�r���i�2�`�@�+�v�+�H�2�f �B�M�/�2�t�X�?�i�K�H�O�f�� �5�I�F �E�J�B�H�S�B�N �E�F�N�P�O�T�U�S�B�U�F�T �U�I�F �D�P�N�Q�M�F�Y�J�U�Z �P�G �U�I�F �U�F�S�S�F�T�U�S�J�B�M �X�B�U�F�S �D�Z�D�M�F
�X�J�U�I �J�U�T �N�B�O�Z �T�U�P�S�B�H�F�T �B�O�E �Q�S�P�D�F�T�T�F�T�� �*�O �U�I�J�T �X�P�S�L�
 �X�F �X�J�M�M �G�P�D�V�T �P�O �U�I�F �T�V�C�T�F�U �P�G �U�I�F �X�B�U�F�S �D�Z�D�M�F �U�I�B�U
�J�T �T�J�U�V�B�U�F�E �P�O �B�O�E �C�F�M�P�X �U�I�F �H�S�P�V�O�E�
 �J���F���
 �U�I�F �T�V�C�T�F�U �C�F�U�X�F�F�O�Q�S�F�D�J�Q�J�U�B�U�J�P�O �B�O�E �S�J�W�F�S �E�J�T�D�I�B�S�H�F�
 �X�I�J�M�F
�D�P�O�T�J�E�F�S�J�O�H �F�W�B�Q�P�U�S�B�O�T�Q�J�S�B�U�J�P�O �B�O�E �J�H�O�P�S�J�O�H �I�V�N�B�O �J�O�U�F�S�W�F�O�U�J�P�O�T�� �1�S�F�D�J�Q�J�U�B�U�J�P�O �X�J�M�M �C�F �H�J�W�F�O�
 �J���F���
 �X�F
�X�J�M�M �O�P�U �N�P�E�F�M �B�U�N�P�T�Q�I�F�S�J�D �N�P�J�T�U�V�S�F��

�M�B�O�E �T�V�S�G�B�D�F �B�T �S�J�W�F�S�
 �T�U�S�F�B�N�
 �P�S �D�I�B�O�O�F�M �b�P�X�� �4�V�C�T�V�S�G�B�D�F �b�P�X �J�O�D�M�V�E�F�T �J�O�U�F�S�b�P�X �P�D��

�D�V�S�S�J�O�H �E�J�S�F�D�U�M�Z �C�F�M�P�X �U�I�F �T�V�S�G�B�D�F �B�O�E �H�S�P�V�O�E�X�B�U�F�S �P�D�D�V�S�J�O�H �B�U �H�S�F�B�U�F�S �E�F�Q�U�I�T�� �0�G �U�I�F

45 500 km3 �E�J�T�D�I�B�S�H�F �Q�F�S �Z�F�B�S�
 �P�O�M�Z �B�S�P�V�O�E15 300 km3 �b�P�X�T �V�Q�P�O �U�I�F �T�V�S�G�B�D�F�
 �X�I�J�M�F �U�I�F

�S�F�N�B�J�O�E�F�S �U�B�L�F�T �Q�M�B�D�F �J�O �U�I�F �G�P�S�N �P�G �T�V�C�T�V�S�G�B�D�F �S�V�O�P�ê �	�0�L�J �F�U �B�M���
 ���������
�� 10 000 km3

�P�G �U�I�F �T�V�C�T�V�S�G�B�D�F �b�P�X �H�P �J�O�U�P �U�I�F �P�D�F�B�O �X�J�U�I�P�V�U �F�W�F�S �T�F�F�J�O�H �U�I�F �T�V�S�G�B�D�F�� �4�J�O�D�F �U�I�F�T�F

�b�P�X�T �B�S�F �T�J�U�V�B�U�F�E �X�J�U�I�J�O �E�J�ê�F�S�F�O�U �N�F�E�J�B�
 �U�I�F�Z �F�Y�I�J�C�J�U �E�J�ê�F�S�F�O�U �E�Z�O�B�N�J�D�T�� �3�J�W�F�S �b�P�X�


�G�P�S �F�Y�B�N�Q�M�F�
 �J�T �B�M�N�P�T�U �P�O�F���E�J�N�F�O�T�J�P�O�B�M �B�O�E �U�I�F�S�F�G�P�S�F �F�B�T�J�F�S �U�P �N�P�E�F�M �U�I�B�O �P�W�F�S�M�B�O�E

�b�P�X��

���������� �5�F�S�N�J�O�P�M�P�H�Z

�*�O �U�I�J�T �T�U�V�E�Z�
 �U�I�F �U�F�S�N�T�E�J�T�D�I�B�S�H�F�B�O�E�T�U�S�F�B�N�b�P�X�S�F�G�F�S �U�P �U�I�F �T�B�N�F �D�P�O�D�F�Q�U�
 �O�B�N�F�M�Z

�U�I�F �B�N�P�V�O�U �P�G �X�B�U�F�S �U�I�B�U �b�P�X�T �U�I�S�P�V�H�I �U�I�F �D�S�P�T�T���T�F�D�U�J�P�O �P�G �B �S�J�W�F�S �P�S �T�U�S�F�B�N �B�U �B

�H�J�W�F�O �Q�P�J�O�U �J�O �B �a�Y�F�E �U�J�N�F �J�O�U�F�S�W�B�M�� �5�I�F�S�F�G�P�S�F�
 �J�U �J�T �N�F�B�T�V�S�F�E �J�Om3 h� 1�� �3�V�O�P�ê�
 �P�O

�U�I�F �P�U�I�F�S �I�B�O�E�
 �S�F�G�F�S�T �U�P �U�I�F �B�N�P�V�O�U �P�G �X�B�U�F�S �U�I�B�U �J�T �D�V�S�S�F�O�U�M�Z �b�P�X�J�O�H �J�O�T�J�E�F �B �H�J�W�F�O

�D�B�U�D�I�N�F�O�U���%�3�3�"�J�/�/�P�V�U�Q�V�U�T �S�J�W�F�S �E�J�T�D�I�B�S�H�F �P�O�M�Z �B�U �T�Q�F�D�J�a�D �Q�P�J�O�U�T �J�O �T�Q�B�D�F�
 �O�B�N�F�M�Z

�X�I�F�S�F �U�I�F �H�B�V�H�J�O�H �T�U�B�U�J�P�O�T �B�S�F �M�P�D�B�U�F�E�
 �N�B�L�J�O�H �J�U �B �S�J�W�F�S �E�J�T�D�I�B�S�H�F �N�P�E�F�M�� �5�P �B�D�I�J�F�W�F

�U�I�J�T�
 �I�P�X�F�W�F�S�
�%�3�3�"�J�/�/�B�M�T�P �N�P�E�F�M�T �I�P�X �Q�S�F�D�J�Q�J�U�B�U�J�P�O �J�T �D�P�O�W�F�S�U�F�E �J�O�U�P �S�V�O�P�ê �B�O�E

�I�P�X �S�V�O�P�ê �N�P�W�F�T �B�D�S�P�T�T �U�I�F �M�B�O�E�T�D�B�Q�F�� �5�I�F�S�F�G�P�S�F�
 �X�F �S�F�G�F�S �U�P�%�3�3�"�J�/�/�B�T �B �S�B�J�O�G�B�M�M��

�S�V�O�P�ê �N�P�E�F�M�
 �F�W�F�O �U�I�P�V�H�I �J�U �J�T �B �D�P�N�C�J�O�B�U�J�P�O �P�G �B �S�B�J�O�G�B�M�M���S�V�O�P�ê �N�P�E�F�M �B�O�E �B �E�J�T�D�I�B�S�H�F

�N�P�E�F�M��

�" �	�S�J�W�F�S�
 �D�B�U�D�I�N�F�O�U �	�B�S�F�B�
�
�E�S�B�J�O�B�H�F �B�S�F�B�
 �P�S�	�E�S�B�J�O�B�H�F�
 �C�B�T�J�O�S�F�G�F�S�T �U�P �U�I�F �B�S�F�B �G�S�P�N �X�I�J�D�I

https://labs.waterdata.usgs.gov/visualizations/water-cycle/index.html#/
https://labs.waterdata.usgs.gov/visualizations/water-cycle/index.html#/


�������� �)�Z�E�S�P�M�P�H�J�D�B�M �N�P�E�F�M�J�O�H �G�V�O�E�B�N�F�O�U�B�M�T ����

�Q�S�F�D�J�Q�J�U�B�U�J�P�O �F�W�F�O�U�V�B�M�M�Z �S�F�B�D�I�F�T �B �H�J�W�F�O �Q�P�J�O�U�� �&�W�F�O �U�I�P�V�H�I �B �D�B�U�D�I�N�F�O�U �B�S�F�B �F�Y�J�T�U�T �G�P�S

�F�W�F�S�Z �Q�P�J�O�U �P�O �U�I�F �M�B�O�E�T�D�B�Q�F�
 �U�I�F�T�F �Q�P�J�O�U�T �B�S�F �V�T�V�B�M�M�Z �M�P�D�B�U�F�E �P�O �B �T�U�S�F�B�N �P�S �S�J�W�F�S�� �*�O

�U�I�J�T �T�U�V�E�Z�
 �X�F �B�S�F �J�O�U�F�S�F�T�U�F�E �J�O �U�I�F �D�B�U�D�I�N�F�O�U �B�S�F�B�T �U�I�B�U �C�F�M�P�O�H �U�P �U�I�F �H�B�V�H�J�O�H �T�U�B�U�J�P�O�T��

�3�F�H�B�S�E�J�O�H �E�J�ê�F�S�F�O�U �N�P�E�F�M�J�O�H �B�Q�Q�S�P�B�D�I�F�T�
 �U�F�S�N�J�O�P�M�P�H�Z �D�B�O �W�B�S�Z �C�F�U�X�F�F�O �E�J�ê�F�S�F�O�U �T�V�C��

�H�S�P�V�Q�T �P�G �U�I�F �I�Z�E�S�P�M�P�H�J�D�B�M �D�P�N�N�V�O�J�U�Z�� �*�O �U�I�J�T �X�P�S�L�
 �X�F �V�T�F �U�I�F �U�F�S�N�N�F�D�I�B�O�J�T�U�J�D �N�P�E�F�M

�G�P�S �B�O�Z �I�Z�E�S�P�M�P�H�J�D�B�M �N�P�E�F�M �U�I�B�U �F�Y�Q�M�J�D�J�U�M�Z �S�F�Q�S�F�T�F�O�U�T �U�I�F �V�O�E�F�S�M�Z�J�O�H �N�F�D�I�B�O�J�T�N�T �P�G

�B �I�Z�E�S�P�M�P�H�J�D�B�M �T�Z�T�U�F�N �U�I�S�P�V�H�I �D�P�N�Q�P�O�F�O�U�T �B�O�E �S�F�M�B�U�J�P�O�T�I�J�Q�T �U�I�B�U �D�P�S�S�F�T�Q�P�O�E �U�P �S�F�B�M��

�X�P�S�M�E �R�V�B�O�U�J�U�J�F�T �B�O�E �Q�S�P�D�F�T�T�F�T �P�S �B�C�T�U�S�B�D�U�J�P�O�T �U�I�F�S�F�P�G�� �5�I�J�T �D�P�O�U�S�B�T�U�T �X�J�U�I �E�B�U�B���E�S�J�W�F�O

�N�P�E�F�M�T �U�I�B�U �M�F�B�S�O �Q�B�U�U�F�S�O�T �B�V�U�P�N�B�U�J�D�B�M�M�Z �X�J�U�I�P�V�U �F�Y�Q�M�J�D�J�U�N�F�D�I�B�O�J�T�N �S�F�Q�S�F�T�F�O�U�B�U�J�P�O��

�8�F �S�F�H�B�S�E�D�P�O�D�F�Q�U�V�B�M �N�P�E�F�M�T�
 �X�I�J�D�I �S�F�Q�S�F�T�F�O�U �I�Z�E�S�P�M�P�H�J�D�B�M �V�O�E�F�S�T�U�B�O�E�J�O�H �U�I�S�P�V�H�I �T�J�N��

�Q�M�J�a�F�E �T�U�S�V�D�U�V�S�F�T �T�V�D�I �B�T �T�U�P�S�B�H�F �S�F�T�F�S�W�P�J�S�T�
 �B�O�E�Q�S�P�D�F�T�T���C�B�T�F�E �N�P�E�F�M�T�
 �X�I�J�D�I �F�O�D�P�E�F

�N�F�D�I�B�O�J�T�N�T �U�I�S�P�V�H�I �Q�I�Z�T�J�D�B�M �F�R�V�B�U�J�P�O�T�
 �B�T �T�V�C�T�F�U�T �P�G �N�F�D�I�B�O�J�T�U�J�D �N�P�E�F�M�T��

�*�O �U�I�F�N�B�D�I�J�O�F �M�F�B�S�O�J�O�H �	�.�-�
�D�P�N�N�V�O�J�U�Z�
 �U�I�F �U�F�S�N�Q�S�F�E�J�D�U�J�P�O�J�T �P�G�U�F�O �V�T�F�E �G�P�S �U�I�F

�P�V�U�Q�V�U �P�G �B �N�P�E�F�M�
 �S�F�H�B�S�E�M�F�T�T �P�G �U�J�N�F�� �*�O �I�Z�E�S�P�M�P�H�Z�
 �P�O �U�I�F �P�U�I�F�S �I�B�O�E�
�Q�S�F�E�J�D�U�J�P�O�J�T

�S�F�T�F�S�W�F�E �G�P�S �N�P�E�F�M �P�V�U�Q�V�U�T �U�I�B�U �M�J�F �J�O �U�I�F �G�V�U�V�S�F �	�(�B�V�D�I �F�U �B�M���
 ���������
�� �*�G �U�I�F �P�V�U�Q�V�U

�E�P�F�T �O�P�U �M�J�F �J�O �U�I�F �G�V�U�V�S�F�
 �U�I�F �U�F�S�N�T�J�N�V�M�B�U�J�P�O�J�T �V�T�F�E�� �*�O �I�Z�E�S�P�M�P�H�J�D�B�M �U�F�S�N�T�
�%�3�3�"�J�/�/

�U�I�F�S�F�G�P�S�F �Q�S�P�E�V�D�F�T�T�J�N�V�M�B�U�J�P�O�T�T�J�O�D�F �X�F �Q�S�P�W�J�E�F �P�C�T�F�S�W�F�E �N�F�U�F�P�S�P�M�P�H�J�D�B�M �G�P�S�D�J�O�H�T �P�W�F�S

�U�I�F �X�I�P�M�F �U�J�N�F �T�F�S�J�F�T�� �"�D�D�P�S�E�J�O�H �U�P�#�F�W�F�O �F�U �B�M���
 ���������
�%�3�3�"�J�/�/�J�T �B�O �F�Y���Q�P�T�U �G�P�S�F��

�D�B�T�U�J�O�H �N�P�E�F�M�
 �V�O�E�F�S�M�J�O�J�O�H �U�I�F �G�B�D�U �U�I�B�U�%�3�3�"�J�/�/�S�F�D�F�J�W�F�T �E�J�T�D�I�B�S�H�F �P�C�T�F�S�W�B�U�J�P�O�T �V�Q

�U�P �T�P�N�F �U�J�N�F �T�U�F�Q �B�O�E �G�S�P�N �U�I�F�O �P�O �F�T�U�J�N�B�U�F�T �E�J�T�D�I�B�S�H�F�� �5�I�J�T �B�Q�Q�S�P�B�D�I �F�O�B�C�M�F�T �B�T�T�F�T�T��

�N�F�O�U �P�G �N�P�E�F�M �Q�F�S�G�P�S�N�B�O�D�F �V�O�E�F�S �D�P�O�U�S�P�M�M�F�E �D�P�O�E�J�U�J�P�O�T �X�J�U�I�L�O�P�X�O �N�F�U�F�P�S�P�M�P�H�J�D�B�M

�J�O�Q�V�U�T�
 �U�I�P�V�H�I �P�Q�F�S�B�U�J�P�O�B�M �G�P�S�F�D�B�T�U�J�O�H �X�P�V�M�E �S�F�R�V�J�S�F �D�P�V�Q�M�J�O�H �X�J�U�I �X�F�B�U�I�F�S �Q�S�F�E�J�D��

�U�J�P�O �N�P�E�F�M�T�� �0�V�S �B�Q�Q�S�P�B�D�I �J�T �E�F�T�D�S�J�C�F�E �J�O �N�P�S�F �E�F�U�B�J�M �J�O�4�F�D�U�J�P�O ��������

���������� �4�Q�B�U�J�B�M �T�D�B�M�F�� �M�V�N�Q�F�E �W�T�� �E�J�T�U�S�J�C�V�U�F�E �N�P�E�F�M�T

�%�J�ê�F�S�F�O�U �I�Z�E�S�P�M�P�H�J�D�B�M �N�P�E�F�M�T�
 �X�I�F�U�I�F�S �N�F�D�I�B�O�J�T�U�J�D �P�S �E�B�U�B���E�S�J�W�F�O�
 �D�B�O �B�D�U �P�O �W�B�S�J�P�V�T

�T�Q�B�U�J�B�M �T�D�B�M�F�T�� �*�O�M�V�N�Q�F�E �N�P�E�F�M�T�
 �X�I�J�D�I �S�F�Q�S�F�T�F�O�U �U�I�F �T�J�N�Q�M�F�T�U �D�B�T�F�
 �J�O�Q�V�U�T �B�S�F �B�H�H�S�F��

�H�B�U�F�E �P�W�F�S �T�Q�B�D�F �B�U �U�I�F �C�B�T�J�O �T�D�B�M�F �C�F�G�P�S�F �C�F�J�O�H �G�F�E �J�O�U�P �U�I�F �N�P�E�F�M�� �5�I�J�T �J�O�D�M�V�E�F�T �T�U�B�U�J�D

�B�U�U�S�J�C�V�U�F�T �M�J�L�F �F�M�F�W�B�U�J�P�O �B�O�E �N�F�U�F�P�S�P�M�P�H�J�D�B�M �G�P�S�D�J�O�H�T �M�J�L�F �Q�S�F�D�J�Q�J�U�B�U�J�P�O �B�O�E �U�F�N�Q�F�S�B��

�U�V�S�F�� �5�I�F �G�B�D�U �U�I�B�U �U�X�P �T�Q�B�U�J�B�M �E�J�N�F�O�T�J�P�O�T �P�G �U�I�F �J�O�Q�V�U�T �U�P �U�I�F�T�F �N�P�E�F�M�T �B�S�F �S�F�N�P�W�F�E

�N�B�L�F�T �U�I�F�T�F �N�P�E�F�M�T �D�P�N�Q�V�U�B�U�J�P�O�B�M�M�Z �D�I�F�B�Q�
 �X�I�J�D�I �D�B�O �C�F �B �C�J�H�B�E�W�B�O�U�B�H�F�� �5�P �D�P�N�Q�V�U�F

�U�I�F �T�Q�B�U�J�B�M�M�Z �B�W�F�S�B�H�F�E �R�V�B�O�U�J�U�J�F�T�
 �U�I�F �B�W�B�J�M�B�C�J�M�J�U�Z �P�G �U�I�F�F�Y�B�D�U �P�V�U�M�J�O�F �P�G �U�I�F �C�B�T�J�O �J�T �B �S�F��

�R�V�J�S�F�N�F�O�U�� �5�I�J�T �C�P�V�O�E�B�S�Z �J�T �V�T�V�B�M�M�Z �J�O�G�F�S�S�F�E �B�M�H�P�S�J�U�I�N�J�D�B�M�M�Z �G�S�P�N �B�E�J�H�J�U�B�M �F�M�F�W�B�U�J�P�O

�N�P�E�F�M �	�%�&�.�
��

�5�I�F�M�V�N�Q�F�E�N�P�E�F�M�J�O�H �B�Q�Q�S�P�B�D�I �J�T �C�B�T�F�E �P�O �U�I�F �T�U�S�P�O�H �B�T�T�V�N�Q�U�J�P�O �U�I�B�U �U�I�F�S�F �J�T �O�P

�M�B�U�F�S�B�M �T�V�C�T�V�S�G�B�D�F �J�O�b�P�X �J�O�U�P �P�S �P�V�U�b�P�X �P�V�U �P�G �U�I�F �C�B�T�J�O�� �$�P�O�T�J�E�F�S�J�O�H �U�I�B�U �B�S�P�V�O�E

30 200 km3 �P�G �U�I�F �P�W�F�S�B�M�M45 500 km3 �E�J�T�D�I�B�S�H�F �Q�F�S �Z�F�B�S �J�T �T�J�U�V�B�U�F�E �C�F�M�P�X �U�I�F �H�S�P�V�O�E�


�U�I�J�T �D�B�O �C�F �B �Q�S�P�C�M�F�N�� �'�V�S�U�I�F�S�N�P�S�F�
�M�V�N�Q�F�E �N�P�E�F�M�T�D�B�O�O�P�U �E�J�T�U�J�O�H�V�J�T�I �C�F�U�X�F�F�O �E�J�G��

�G�F�S�F�O�U �M�P�D�B�U�J�P�O�T �X�J�U�I�J�O �U�I�F �D�B�U�D�I�N�F�O�U�
 �E�J�T�S�F�H�B�S�E�J�O�H �U�I�F �C�B�T�J�O�r�T �T�Q�B�U�J�B�M �I�F�U�F�S�P�H�F�O�F�J�U�Z��

�5�I�J�T �D�B�O �C�F �B �Q�S�P�C�M�F�N �B�T �X�F�M�M�
 �F�T�Q�F�D�J�B�M�M�Z �J�O �M�B�S�H�F �C�B�T�J�O�T �B�O�E �B�U �a�O�F �U�J�N�F �T�D�B�M�F�T�� �1�S�F��

�D�J�Q�J�U�B�U�J�P�O �U�I�B�U �P�D�D�V�S�T �G�V�S�U�I�F�S �V�Q�T�U�S�F�B�N �U�B�L�F�T �M�P�O�H�F�S �U�P �S�F�B�D�I �U�I�F �Q�P�J�O�U �P�G �J�O�U�F�S�F�T�U �U�I�B�O



���� ���� �#�B�D�L�H�S�P�V�O�E

�Q�S�F�D�J�Q�J�U�B�U�J�P�O �P�D�D�V�S�J�O�H �S�J�H�I�U �B�U �U�I�F �Q�P�J�O�U �P�G �J�O�U�F�S�F�T�U��

�4�F�N�J���E�J�T�U�S�J�C�V�U�F�E �N�P�E�F�M�T�U�B�L�F �P�O�F �T�U�F�Q �U�P�X�B�S�E �T�Q�B�U�J�B�M �N�P�E�F�M�J�O�H �C�Z �M�F�W�F�S�B�H�J�O�H �U�I�F �S�J�W�F�S

�O�F�U�X�P�S�L �U�P�Q�P�M�P�H�Z�� �)�F�S�F�
 �B�O �P�W�F�S�B�M�M �C�B�T�J�O �J�T �E�J�W�J�E�F�E �J�O�U�P �N�V�M�U�J�Q�M�F �T�V�C�C�B�T�J�O�T �X�I�J�D�I �B�S�F

�D�P�O�O�F�D�U�F�E �W�J�B �B �U�S�F�F���M�J�L�F �H�S�B�Q�I �T�U�S�V�D�U�V�S�F �U�I�B�U �J�T �E�F�U�F�S�N�J�O�F�E �C�Z �U�I�F �T�V�C�C�B�T�J�O�T�r �D�P�O��

�O�F�D�U�J�W�J�U�Z�� �&�B�D�I �T�V�C�C�B�T�J�O �J�T �N�P�E�F�M�F�E �T�F�Q�B�S�B�U�F�M�Z �B�O�E �U�I�F�J�S �J�O�U�F�S�B�D�U�J�P�O�T �B�S�F �N�P�E�F�M�F�E

�C�Z �B �S�P�V�U�J�O�H �N�P�E�F�M �U�I�B�U �B�M�M�P�X�T �M�J�N�J�U�F�E �T�Q�B�U�J�B�M �J�O�U�F�S�B�D�U�J�P�O�T�� �5�I�F �S�P�V�U�J�O�H �N�P�E�F�M �V�T�V��

�B�M�M�Z �B�H�H�S�F�H�B�U�F�T �U�I�F �P�V�U�Q�V�U �T�U�F�N�N�J�O�H �G�S�P�N �U�I�F �J�O�E�J�W�J�E�V�B�M �T�V�C�C�B�T�J�O�T�
 �B�H�B�J�O �O�F�H�M�F�D�U�J�O�H

�Q�P�U�F�O�U�J�B�M �F�Y�D�I�B�O�H�F �P�G �X�B�U�F�S �C�F�U�X�F�F�O �T�V�C�C�B�T�J�O�T�
 �I�P�X�F�W�F�S�
 �N�P�S�F �D�P�N�Q�M�F�Y �S�P�V�U�J�O�F�T �B�S�F

�Q�P�T�T�J�C�M�F���4�F�N�J���E�J�T�U�S�J�C�V�U�F�E �N�P�E�F�M�T�D�B�O �C�F �C�F�U�U�F�S �B�U �E�F�B�M�J�O�H �X�J�U�I �T�Q�B�U�J�B�M �I�F�U�F�S�P�H�F�O�F�J�U�Z�


�X�I�F�S�F �U�I�F �F�ê�F�D�U�J�W�F�O�F�T�T �M�B�S�H�F�M�Z �E�F�Q�F�O�E�T �P�O �I�P�X �a�O�F���H�S�B�J�O�F�E �U�I�F �E�J�W�J�T�J�P�O �J�O�U�P �E�J�ê�F�S�F�O�U

�T�V�C�C�B�T�J�O�T �J�T��

�'�V�M�M�Z �E�J�T�U�S�J�C�V�U�F�E �N�P�E�F�M�T�S�F�Q�S�F�T�F�O�U �U�I�F �N�P�T�U �D�P�N�Q�S�F�I�F�O�T�J�W�F �T�Q�B�U�J�B�M �N�P�E�F�M�J�O�H �B�Q�Q�S�P�B�D�I��

�5�I�F�Z �P�Q�F�S�B�U�F �X�J�U�I�P�V�U �Q�S�F�E�F�U�F�S�N�J�O�F�E �D�B�U�D�I�N�F�O�U �C�P�V�O�E�B�S�J�F�T �P�O �H�S�J�E �P�S �H�S�J�E���M�J�L�F �T�U�S�V�D��

�U�V�S�F�T �U�P �N�P�E�F�M �C�P�U�I �X�B�U�F�S �D�P�O�U�F�O�U �X�J�U�I�J�O �D�F�M�M�T �B�O�E �V�T�V�B�M�M�Z �U�I�F �E�Z�O�B�N�J�D �F�Y�D�I�B�O�H�F �P�G

�X�B�U�F�S �C�F�U�X�F�F�O �D�F�M�M�T�� �8�I�J�M�F �U�I�F�Z �E�P �O�P�U �O�F�D�F�T�T�B�S�J�M�Z �Q�S�P�W�J�E�F �T�V�Q�F�S�J�P�S �Q�S�F�E�J�D�U�J�W�F �Q�F�S��

�G�P�S�N�B�O�D�F �D�P�N�Q�B�S�F�E �U�P�M�V�N�Q�F�E �N�P�E�F�M�T�	�7�B�O�T�U�F�F�O�L�J�T�U�F �F�U �B�M���
 ���������
�
 �U�I�F�Z �P�ê�F�S �V�O�J�R�V�F

�B�E�W�B�O�U�B�H�F�T �G�P�S �T�Q�B�U�J�B�M �T�D�F�O�B�S�J�P �T�J�N�V�M�B�U�J�P�O�T �B�O�E �Q�S�P�W�J�E�F �F�Y�Q�M�J�D�J�U �T�Q�B�U�J�B�M �Q�B�U�U�F�S�O�T �P�G

�T�U�B�U�F �W�B�S�J�B�C�M�F�T �U�I�B�U �D�B�O �F�O�I�B�O�D�F �Q�S�P�D�F�T�T �V�O�E�F�S�T�U�B�O�E�J�O�H �	�5�S�B�O �F�U �B�M���
 ���������
�� �3�B�U�I�F�S �U�I�B�O

�S�F�M�Z�J�O�H �P�O �a�Y�F�E �D�B�U�D�I�N�F�O�U �E�F�M�J�O�F�B�U�J�P�O�T�
 �U�I�F�T�F �N�P�E�F�M�T �I�B�W�F �U�P �J�N�Q�M�J�D�J�U�M�Z �J�O�G�F�S �D�B�U�D�I��

�N�F�O�U �C�P�V�O�E�B�S�J�F�T �G�S�P�N �P�C�T�F�S�W�F�E �E�Z�O�B�N�J�D�T�
 �Q�P�U�F�O�U�J�B�M�M�Z �D�B�Q�U�V�S�J�O�H �V�O�P�C�T�F�S�W�B�C�M�F �V�O�E�F�S��

�H�S�P�V�O�E �b�P�X�T �U�I�B�U �U�I�F �P�U�I�F�S �B�Q�Q�S�P�B�D�I�F�T �D�B�O�O�P�U �S�F�Q�S�F�T�F�O�U�� �4�J�O�D�F �E�J�T�U�S�J�C�V�U�F�E �N�P�E�F�M�T �P�Q��

�F�S�B�U�F �P�O �B �E�B�U�B �T�U�S�V�D�U�V�S�F �X�J�U�I �U�X�P �B�E�E�J�U�J�P�O�B�M �T�Q�B�U�J�B�M �E�J�N�F�O�T�J�P�O�T �D�P�N�Q�B�S�F�E �U�P�M�V�N�Q�F�E

�B�Q�Q�S�P�B�D�I�F�T�
 �U�I�F�T�F �N�P�E�F�M�T �D�B�O �C�F �W�F�S�Z �F�Y�Q�F�O�T�J�W�F �U�P �D�B�M�J�C�S�B�U�F�B�O�E �S�V�O��
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�b�P�X �U�I�S�P�V�H�I �F�T�U�B�C�M�J�T�I�F�E �D�I�B�O�O�F�M�T�
 �H�P�W�F�S�O�F�E �C�Z �E�J�ê�F�S�F�O�U �U�F�N�Q�P�S�B�M �E�Z�O�B�N�J�D�T �B�O�E �D�P�O��

�O�F�D�U�J�W�J�U�Z �Q�B�U�U�F�S�O�T��

�5�I�J�T �Q�I�Z�T�J�D�B�M �V�O�E�F�S�T�U�B�O�E�J�O�H �N�P�U�J�W�B�U�F�T�%�3�3�"�J�/�/�r�T �N�P�E�V�M�B�S �E�F�T�J�H�O�
 �X�I�J�D�I �T�F�Q�B�S�B�U�F�T

�U�I�F�T�F �Q�S�P�D�F�T�T�F�T �J�O�U�P �U�X�P �D�P�V�Q�M�F�E �D�P�N�Q�P�O�F�O�U�T�� �B �S�B�J�O�G�B�M�M���S�V�O�P�ê �N�P�E�F�M �B�O�E �B �E�J�T�D�I�B�S�H�F

�N�P�E�F�M�� �5�I�F �S�B�J�O�G�B�M�M���S�V�O�P�ê �N�P�E�F�M �P�Q�F�S�B�U�F�T �P�O �B �S�F�H�V�M�B�S �H�S�J�E �U�P �D�B�Q�U�V�S�F �E�J�T�U�S�J�C�V�U�F�E

�D�B�U�D�I�N�F�O�U �Q�S�P�D�F�T�T�F�T�
 �X�I�J�M�F �U�I�F �E�J�T�D�I�B�S�H�F �N�P�E�F�M �V�T�F�T �B �H�S�B�Q�I���C�B�T�F�E �S�F�Q�S�F�T�F�O�U�B�U�J�P�O �U�P

�T�J�N�V�M�B�U�F �b�P�X �U�I�S�P�V�H�I �U�I�F �S�J�W�F�S �O�F�U�X�P�S�L��

�4�F�W�F�S�B�M �L�F�Z�J�O�E�V�D�U�J�W�F �C�J�B�T�F�T�H�V�J�E�F �U�I�J�T �B�S�D�I�J�U�F�D�U�V�S�F��

�u �1�S�P�D�F�T�T �T�F�Q�B�S�B�U�J�P�O�� �%�J�T�U�J�O�D�U �N�P�E�F�M�J�O�H �P�G �T�Q�B�U�J�B�M�M�Z �F�Y�U�F�O�E�F�E �	�S�B�J�O�G�B�M�M���S�V�O�P�ê�
 �W�F�S��

�T�V�T �D�P�O�D�F�O�U�S�B�U�F�E �	�S�J�W�F�S �D�I�B�O�O�F�M�
 �b�P�X �Q�S�P�D�F�T�T�F�T

�u �4�Q�B�U�J�B�M �D�P�I�F�S�F�O�D�F�� �.�B�J�O�U�F�O�B�O�D�F �P�G �T�Q�B�U�J�B�M �S�F�M�B�U�J�P�O�T�I�J�Q�T �U�I�S�P�V�H�I�P�V�U �D�P�N�Q�V�U�B��

�U�J�P�O �X�J�U�I�P�V�U �Q�S�F�N�B�U�V�S�F �B�H�H�S�F�H�B�U�J�P�O

�u �1�I�Z�T�J�D�B�M �D�P�O�O�F�D�U�J�W�J�U�Z�� �*�O�D�P�S�Q�P�S�B�U�J�P�O �P�G �S�J�W�F�S �O�F�U�X�P�S�L �U�P�Q�P�M�P�H�Z �U�I�S�P�V�H�I �H�S�B�Q�I

�T�U�S�V�D�U�V�S�F

�u �%�Z�O�B�N�J�D �Q�B�S�B�N�F�U�F�S�J�[�B�U�J�P�O�� �6�T�F �P�G �I�Z�Q�F�S�O�F�U�X�P�S�L�T �U�P �B�E�B�Q�U �N�P�E�F�M �C�F�I�B�W�J�P�S �C�B�T�F�E

�P�O �M�P�D�B�M �F�O�W�J�S�P�O�N�F�O�U�B�M �D�P�O�E�J�U�J�P�O�T

�'�J�H�V�S�F �������Q�S�P�W�J�E�F�T �B �T�D�I�F�N�B�U�J�D �P�W�F�S�W�J�F�X �P�G �U�I�J�T �B�S�D�I�J�U�F�D�U�V�S�F�
 �T�I�P�X�J�O�H �I�P�X �U�I�F�T�F �D�P�N��

�Q�P�O�F�O�U�T �J�O�U�F�S�B�D�U �X�J�U�I�J�O �U�I�F �P�W�F�S�B�M�M �N�P�E�F�M�J�O�H �G�S�B�N�F�X�P�S�L�� �"�U�F�B�D�I �U�J�N�F �T�U�F�Q�
�%�3�3�"�J�/�/

�Q�S�P�D�F�T�T�F�T �U�I�F �T�F�R�V�F�O�D�F �J�O �B�O�B�V�U�P�S�F�H�S�F�T�T�J�W�F�M�P�P�Q �C�Z �a�S�T�U �J�O�W�P�L�J�O�H �U�I�F �S�B�J�O�G�B�M�M���S�V�O�P�ê

�N�P�E�F�M�
 �G�P�M�M�P�X�F�E �C�Z �U�I�F �E�J�T�D�I�B�S�H�F �N�P�E�F�M�� �5�I�F �S�B�J�O�G�B�M�M���S�V�O�P�ê�N�P�E�F�M �S�F�D�F�J�W�F�T �H�S�J�E�E�F�E

�T�U�B�U�J�D �N�B�Q�T( �B�O�E �N�F�U�F�P�S�P�M�P�H�J�D�B�M �G�P�S�D�J�O�H�T� �B�T �J�O�Q�V�U �U�P �N�P�E�F�M �U�I�F �D�B�U�D�I�N�F�O�U �P�O �B �H�S�J�E��

�*�U �J�T �Q�S�J�N�F�E �U�P �E�J�T�U�J�O�H�V�J�T�I �C�F�U�X�F�F�O �U�X�P �J�N�Q�P�S�U�B�O�U �T�V�C�Q�S�P�D�F�T�T�F�T�
 �O�B�N�F�M�Z �T�V�S�G�B�D�F �B�O�E

�T�V�C�T�V�S�G�B�D�F �b�P�X�
 �X�I�J�D�I �J�T �N�B�J�O�M�Z �E�S�J�W�F�O �C�Z �U�P�Q�P�H�S�B�Q�I�Z�
 �B�O�E�&�5�
 �X�I�J�D�I �J�T �N�B�J�O�M�Z �E�S�J�W�F�O

�C�Z �U�F�N�Q�F�S�B�U�V�S�F�� �*�U �Q�S�P�E�V�D�F�T �B �M�B�U�F�O�U �S�F�Q�S�F�T�F�O�U�B�U�J�P�O�
 �X�I�J�D�I�X�F �U�F�S�N�S�V�O�P�ê �F�N�C�F�E�E�J�O�H�


�F�Y�U�S�B�D�U�F�E �B�U �T�U�B�U�J�P�O �M�P�D�B�U�J�P�O�T �B�O�E �V�T�F�E �B�T �J�O�Q�V�U �U�P �U�I�F �E�J�T�D�I�B�S�H�F �N�P�E�F�M�� �%�F�T�Q�J�U�F �C�F�J�O�H

�U�I�F �N�B�J�O �E�S�J�W�F�S �P�G �E�J�T�D�I�B�S�H�F�
 �J�U �D�B�O�O�P�U �C�F �E�J�S�F�D�U�M�Z �J�O�U�F�S�Q�S�F�U�F�E �B�T �S�V�O�P�ê �E�V�F �U�P �J�U�T �T�F�M�G��

�P�S�H�B�O�J�[�J�O�H �O�B�U�V�S�F�� �5�I�F �E�J�T�D�I�B�S�H�F �N�P�E�F�M �B�E�E�J�U�J�P�O�B�M�M�Z �S�F�D�F�J�W�F�T �B�O �B�E�K�B�D�F�O�D�Z �N�B�U�S�J�Y�

�U�I�B�U �E�F�T�D�S�J�C�F�T �U�I�F �D�P�O�O�F�D�U�J�W�J�U�Z �C�F�U�X�F�F�O �T�U�B�U�J�P�O�T�
 �T�U�B�U�J�D �S�J�W�F�S �T�F�H�N�F�O�U �G�F�B�U�V�S�F�T�
 �B�O�E �U�I�F

�	�Q�P�U�F�O�U�J�B�M�M�Z �F�T�U�J�N�B�U�F�E�
 �E�J�T�D�I�B�S�H�F& :–C� 1 �G�S�P�N �U�I�F �Q�S�F�W�J�P�V�T �U�J�N�F �T�U�F�Q�� �*�U �U�I�F�O �F�T�U�J�N�B�U�F�T

�E�J�T�D�I�B�S�H�F&¡ �G�P�S �F�B�D�I �T�U�B�U�J�P�O�
 �G�S�P�N �X�I�J�D�I �U�I�F �U�S�B�J�O�J�O�H �M�P�T�T �J�T �D�P�N�Q�V�U�F�E��

�*�O �U�I�F �G�P�M�M�P�X�J�O�H�
 �X�F �Q�S�P�W�J�E�F �B �N�P�S�F �E�F�U�B�J�M�F�E �E�F�T�D�S�J�Q�U�J�P�O �P�G�%�3�3�"�J�/�/�r�T �D�P�N�Q�P�O�F�O�U�T��
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�'�J�H�V�S�F ���������4�D�I�F�N�B�U�J�D �P�W�F�S�W�J�F�X �P�G �U�I�F�%�3�3�"�J�/�/�B�S�D�I�J�U�F�D�U�V�S�F�� �5�I�F �H�S�J�E�E�F�E �S�B�J�O�G�B�M�M���S�V�O�P�ê �N�P�E�F�M �I�B�T
�U�X�P �N�B�J�O �U�B�T�L�T�� �N�P�E�F�M�J�O�H �Q�S�F�D�J�Q�J�U�B�U�J�P�O �S�F�E�J�T�U�S�J�C�V�U�J�P�O �B�D�S�P�T�T �U�I�F �M�B�O�E�T�D�B�Q�F �B�O�E �N�P�E�F�M�J�O�H�&�5�C�B�T�F�E �P�O
�U�F�N�Q�F�S�B�U�V�S�F�� �*�U �S�F�D�F�J�W�F�T �Q�S�F�D�J�Q�J�U�B�U�J�P�O �B�T �J�O�Q�V�U �U�P �B�Q�P�T�J�U�J�P�O���X�J�T�F �M�P�O�H �T�I�P�S�U���U�F�S�N �N�F�N�P�S�Z �	�1�8�-�4�5�.�
�

�X�I�P�T�F �I�J�E�E�F�O �T�U�B�U�F�T �	�C�V�U �O�P�U �D�F�M�M �T�U�B�U�F�T�
 �B�S�F �V�Q�E�B�U�F�E �V�T�J�O�H �B�$�P�O�W�/�F�9�U�#�M�P�D�L�� �5�I�F �$�P�O�W�/�F�9�U�#�M�P�D�L
�X�F�J�H�I�U�T �B�S�F �E�Z�O�B�N�J�D�B�M�M�Z �H�F�O�F�S�B�U�F�E �C�Z�I�Z�Q�F�S�O�F�U�X�P�S�L�T�	�J�O�E�J�D�B�U�F�E �C�Z �S�F�E �B�S�S�P�X�T�
 �S�B�U�I�F�S �U�I�B�O �C�F�J�O�H �a�Y�F�E��
�5�I�F�E�F�Q�U�I���X�J�T�F �D�P�O�W�P�M�V�U�J�P�O �	�%�8�$�P�O�W�
�I�B�O�E�M�F�T �M�B�U�F�S�B�M �X�B�U�F�S �Q�S�P�Q�B�H�B�U�J�P�O �B�O�E �S�F�D�F�J�W�F�T �J�U�T �X�F�J�H�I�U�T�G�S�P�N
�B�$�/�/ �U�I�B�U �U�B�L�F�T �F�M�F�W�B�U�J�P�O �B�T �J�O�Q�V�U �B�O�E �I�B�T �U�I�F �T�B�N�F �T�Q�B�U�J�B�M �F�Y�U�F�O�U�B�T �U�I�F�%�8�$�P�O�W�L�F�S�O�F�M�� �5�I�F�Q�P�T�J�U�J�P�O��
�X�J�T�F �D�P�O�W�P�M�V�U�J�P�O�T�	�1�8�$�P�O�W�� �B�O�E�1�8�$�P�O�W���
 �N�P�E�F�M �M�P�D�B�M�&�5�Q�S�P�D�F�T�T�F�T �B�O�E �S�F�D�F�J�W�F �U�I�F�J�S �X�F�J�H�I�U�T �G�S�P�N
�B�O�.�-�1 �U�I�B�U �U�B�L�F�T �U�F�N�Q�F�S�B�U�V�S�F �B�T �J�O�Q�V�U�� �5�I�F�-�4�5�. �I�J�E�E�F�O �T�U�B�U�F �J�T �Q�S�P�D�F�T�T�F�E �C�Z �B �M�J�O�F�B�S �M�B�Z�F�S �C�F�G�P�S�F
�C�F�J�O�H �Q�B�T�T�F�E �U�P �U�I�F �E�J�T�D�I�B�S�H�F �N�P�E�F�M�� �5�I�J�T �H�S�B�Q�I���C�B�T�F�E �E�J�T�D�I�B�S�H�F �N�P�E�F�M �B�H�H�S�F�H�B�U�F�T �J�O�G�P�S�N�B�U�J�P�O �B�U �H�B�V�H�J�O�H
�T�U�B�U�J�P�O�T�
 �J�O�D�P�S�Q�P�S�B�U�J�O�H �U�I�F �Q�S�F�W�J�P�V�T �	�Q�P�T�T�J�C�M�Z �J�O�G�F�S�S�F�E�
�E�J�T�D�I�B�S�H�F �W�B�M�V�F�T�
 �F�M�F�W�B�U�J�P�O �E�J�ê�F�S�F�O�D�F�T �C�F�U�X�F�F�O
�T�U�B�U�J�P�O�T�
 �B�O�E �S�J�W�F�S �T�F�H�N�F�O�U �M�F�O�H�U�I�T�� �5�I�F �P�V�U�Q�V�U �J�T �E�J�T�D�I�B�S�H�F �B�U �F�B�D�I �T�U�B�U�J�P�O��



���� ���� �.�F�U�I�P�E

���������� �3�B�J�O�G�B�M�M���3�V�O�P�ê �N�P�E�F�M

�5�I�F �S�B�J�O�G�B�M�M���S�V�O�P�ê �N�P�E�F�M �D�P�O�T�J�T�U�T �P�G �B�Q�P�T�J�U�J�P�O���X�J�T�F �M�P�O�H �T�I�P�S�U���U�F�S�N �N�F�N�P�S�Z �	�1�8�-��

�4�5�.�
 �B�O�E �B�$�/�/ �U�I�B�U �B�S�F �D�B�M�M�F�E �J�O �F�B�D�I �U�J�N�F �T�U�F�Q�� �5�I�J�T �S�F�O�E�F�S�T �U�I�F �S�B�J�O�G�B�M�M���S�V�O�P�ê

�N�P�E�F�M �M�P�D�B�M �J�O �T�Q�B�D�F �B�O�E �U�J�N�F�� �0�O�M�Z �T�Q�B�U�J�B�M�M�Z �M�P�D�B�M �B�O�E �U�F�N�Q�P�S�B�M�M�Z �Q�S�F�W�J�P�V�T �J�O�G�P�S�N�B��

�U�J�P�O �J�T �V�T�F�E �U�P �V�Q�E�B�U�F �J�O�U�F�S�O�B�M �T�U�B�U�F�T��

�5�I�F�1�8�-�4�5�. �J�T �S�F�T�Q�P�O�T�J�C�M�F �G�P�S �N�P�E�F�M�J�O�H �U�I�F �U�F�N�Q�P�S�B�M �S�F�M�B�U�J�P�O�T�I�J�Q�T �J�O �U�I�F �E�B�U�B �B�O�E

�U�I�F�S�F�G�P�S�F �N�B�J�O�U�B�J�O�T �B �I�J�E�E�F�O �B�O�E �B �D�F�M�M �T�U�B�U�F �G�P�S �F�B�D�I �H�S�J�E �D�F�M�M�� �5�I�F �H�B�U�J�O�H �N�F�D�I�B�O�J�T�N

�S�F�H�V�M�B�U�F�T �X�I�F�O �B�O�E �I�P�X �U�I�F �D�F�M�M �T�U�B�U�F �J�T �V�Q�E�B�U�F�E�
 �B�M�M�P�X�J�O�H �U�I�F �N�P�E�F�M �U�P �S�F�U�B�J�O �J�O��

�G�P�S�N�B�U�J�P�O �P�W�F�S �F�Y�U�F�O�E�F�E �U�J�N�F �Q�F�S�J�P�E�T�� �5�I�J�T �D�B�O �C�F �V�T�F�G�V�M �G�P�S�J�N�Q�M�J�D�J�U�M�Z �N�P�E�F�M�J�O�H �T�M�P�X

�I�Z�E�S�P�M�P�H�J�D�B�M �Q�S�P�D�F�T�T�F�T �T�V�D�I �B�T �T�P�J�M �N�P�J�T�U�V�S�F �P�S �H�S�P�V�O�E�X�B�U�F�S �M�F�W�F�M�T�
 �X�I�J�D�I �F�W�P�M�W�F �N�P�S�F

�H�S�B�E�V�B�M�M�Z �U�I�B�O �P�W�F�S�M�B�O�E �b�P�X�� �5�I�F�1�8�-�4�5�. �S�F�D�F�J�W�F�T �Q�S�F�D�J�Q�J�U�B�U�J�P�O �B�T �J�O�Q�V�U �U�P �V�Q�E�B�U�F
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�T�I�B�S�F�E �U�I�S�P�V�H�I�P�V�U �U�I�F �H�S�J�E�E�F�E �B�S�F�B�� �"�T �B �S�F�T�V�M�U�
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�M�J�O�F�B�S �M�B�Z�F�S�
 �B�O�E �T�F�O�U �U�P �U�I�F �S�J�W�F�S �E�J�T�D�I�B�S�H�F �N�P�E�F�M�� �"�H�H�S�F�H�B�U�J�O�H �U�I�F �I�J�E�E�F�O �T�U�B�U�F�T �P�G

�B�M�M �D�F�M�M�T �P�O �U�I�F �D�P�S�S�F�T�Q�P�O�E�J�O�H �V�Q�T�U�S�F�B�N �S�J�W�F�S �T�F�H�N�F�O�U �T�I�P�X�F�E �B �U�F�O�E�F�O�D�Z �U�P �P�W�F�S�a�U �J�O

�Q�S�F�M�J�N�J�O�B�S�Z �F�Y�Q�F�S�J�N�F�O�U�T��
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�T�Q�B�U�J�P���U�F�N�Q�P�S�B�M �B�S�U�J�a�D�J�B�M �O�F�V�S�B�M �O�F�U�X�P�S�L �B�S�D�I�J�U�F�D�U�V�S�F�
�,�B�S�M�C�B�V�F�S �F�U �B�M���
 ���������
�
 �X�J�U�I �U�I�F

�H�S�B�Q�I �T�U�S�V�D�U�V�S�F �E�F�a�O�F�E �C�Z �U�I�F �B�D�U�V�B�M �S�J�W�F�S �O�F�U�X�P�S�L �B�O�E �U�I�F �T�U�B�U�J�P�O�T���%�*�4�5�"�/�"�N�B�J�O��

�U�B�J�O�T �U�X�P �U�Z�Q�F�T �P�G �S�F�D�V�S�S�F�O�U �V�O�J�U�T�� �T�U�B�U�J�P�O �B�O�E �T�F�H�N�F�O�U �L�F�S�O�F�M�T�
 �C�P�U�I �J�N�Q�M�F�N�F�O�U�F�E �B�T

�(�3�6�T�X�J�U�I �B �I�J�E�E�F�O �T�J�[�F �P�G8�� �4�U�B�U�J�P�O �L�F�S�O�F�M�T �B�S�F �Q�M�B�D�F�E �B�U �U�I�F �H�B�V�H�J�O�H �T�U�B�U�J�P�O�T�
 �X�I�J�M�F

�T�F�H�N�F�O�U �L�F�S�O�F�M�T �B�S�F �M�P�D�B�U�F�E �P�O �T�F�H�N�F�O�U�T �C�F�U�X�F�F�O �T�U�B�U�J�P�O�T�� �5�I�F�T�F �L�F�S�O�F�M�T �D�P�N�N�V��

�O�J�D�B�U�F �X�J�U�I �F�B�D�I �P�U�I�F�S �W�J�B �M�B�U�F�S�B�M �D�P�O�O�F�D�U�J�P�O�T �X�J�U�I4 �D�I�B�O�O�F�M�T�� �*�O �F�B�D�I �U�J�N�F �T�U�F�Q�
 �U�I�F
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�'�J�H�V�S�F ���������*�M�M�V�T�U�S�B�U�J�P�O �P�G �U�I�F�I�Z�Q�F�S�O�F�U�X�P�S�L�T�V�T�F�E �J�O�%�3�3�"�J�/�/�� �*�O �C�P�U�I �Q�B�O�F�M�T�
 �U�I�F �E�B�S�L �H�S�B�Z �D�F�M�M�T
�S�F�Q�S�F�T�F�O�U �M�P�D�B�U�J�P�O�T �X�I�P�T�F �I�J�E�E�F�O �T�U�B�U�F�T �B�S�F �V�Q�E�B�U�F�E �C�B�T�F�E �P�O �J�O�G�P�S�N�B�U�J�P�O �G�S�P�N �U�I�F �M�J�H�I�U �H�S�B�Z �D�F�M�M�T�� �5�I�F
�X�F�J�H�I�U�T �G�P�S �U�I�F�T�F �V�Q�E�B�U�F�T �B�S�F �H�F�O�F�S�B�U�F�E �C�Z �T�Q�F�D�J�B�M�J�[�F�E�"�/�/�T �U�I�B�U �Q�S�P�D�F�T�T �E�J�ê�F�S�F�O�U �F�O�W�J�S�P�O�N�F�O�U�B�M �W�B�S�J��
�B�C�M�F�T�� �-�F�G�U�� �"�$�/�/ �U�B�L�F�T �F�M�F�W�B�U�J�P�O �B�T �J�O�Q�V�U �B�O�E �Q�S�P�E�V�D�F�T �X�F�J�H�I�U�T �G�P�S �U�I�F�E�F�Q�U�I���X�J�T�F �D�P�O�W�P�M�V�U�J�P�O �	�%�8��
�$�P�O�W�
�
 �X�I�J�D�I �N�P�E�F�M�T �M�B�U�F�S�B�M �X�B�U�F�S �Q�S�P�Q�B�H�B�U�J�P�O�� �5�I�F�$�/�/ �I�B�T �U�I�F �T�B�N�F �T�Q�B�U�J�B�M �F�Y�U�F�O�U �B�T �U�I�F�%�8�$�P�O�W
�L�F�S�O�F�M�� �3�J�H�I�U�� �"�O�.�-�1 �U�B�L�F�T �U�F�N�Q�F�S�B�U�V�S�F �B�T �J�O�Q�V�U �B�O�E �Q�S�P�E�V�D�F�T �X�F�J�H�I�U�T �G�P�S �U�I�F�Q�P�T�J�U�J�P�O���X�J�T�F �D�P�O�W�P�M�V��
�U�J�P�O �	�1�8�$�P�O�W�
�
 �X�I�J�D�I �N�P�E�F�M�T �M�P�D�B�M�J�[�F�E�&�5��

�T�F�H�N�F�O�U �L�F�S�O�F�M�T �B�S�F �V�Q�E�B�U�F�E �a�S�T�U�
 �G�P�M�M�P�X�F�E �C�Z �U�I�F �T�U�B�U�J�P�O �L�F�S�O�F�M�T�
 �X�I�J�D�I �U�I�F�O �F�T�U�J�N�B�U�F

�U�I�F �E�J�T�D�I�B�S�H�F&¡ �B�U �U�I�F�J�S �S�F�T�Q�F�D�U�J�W�F �M�P�D�B�U�J�P�O�T�� �5�I�F �T�F�H�N�F�O�U �L�F�S�O�F�M�T �a�S�T�U �D�P�O�D�B�U�F�O�B�U�F �U�I�F

�Q�S�F�W�J�P�V�T �P�V�U�Q�V�U �P�G �U�I�F �V�Q�T�U�S�F�B�N �T�U�B�U�J�P�O �L�F�S�O�F�M�T �X�J�U�I �T�U�B�U�J�D�S�J�W�F�S �T�F�H�N�F�O�U �B�U�U�S�J�C�V�U�F�T�


�T�Q�F�D�J�a�D�B�M�M�Z �U�I�F �B�M�U�J�U�V�E�F �E�J�ê�F�S�F�O�D�F �B�O�E �T�F�H�N�F�O�U �M�F�O�H�U�I�� �"�G�U�F�S �B�Q�Q�M�Z�J�O�H �U�I�F�(�3�6�
 �U�I�F

�P�V�U�Q�V�U �J�T �N�V�M�U�J�Q�M�J�F�E �C�Z �U�I�F �B�E�K�B�D�F�O�D�Z �N�B�U�S�J�Y�
 �X�I�J�D�I �J�T �E�F�S�J�W�F�E �G�S�P�N �U�I�F �S�J�W�F�S �O�F�U�X�P�S�L

�U�P�Q�P�M�P�H�Z �B�O�E �T�U�B�U�J�P�O �Q�P�T�J�U�J�P�O�T�� �5�I�F �T�F�H�N�F�O�U �L�F�S�O�F�M�T �U�I�F�S�F�C�Z �T�V�N �V�Q �J�O�G�P�S�N�B�U�J�P�O �G�S�P�N

�V�Q�T�U�S�F�B�N �T�U�B�U�J�P�O �L�F�S�O�F�M�T�� �5�I�F �P�V�U�Q�V�U �P�G �U�I�F �T�F�H�N�F�O�U �L�F�S�O�F�M�T�T�F�S�W�F�T �B�T �J�O�Q�V�U �G�P�S �U�I�F �T�U�B��

�U�J�P�O �L�F�S�O�F�M�T�� �5�I�F �T�U�B�U�J�P�O �L�F�S�O�F�M�T �X�P�S�L �T�J�N�J�M�B�S�M�Z�� �5�I�F�Z �a�S�T�U�D�P�O�D�B�U�F�O�B�U�F �U�I�F �M�B�T�U �P�V�U�Q�V�U

�P�G �U�I�F �T�F�H�N�F�O�U �L�F�S�O�F�M�T �X�J�U�I �U�I�F �M�B�T�U �	�Q�P�U�F�O�U�J�B�M�M�Z �F�T�U�J�N�B�U�F�E�
 �E�J�T�D�I�B�S�H�F �B�O�E �U�I�F �P�V�U�Q�V�U

�P�G �U�I�F �S�B�J�O�G�B�M�M���S�V�O�P�ê �N�P�E�F�M�� �"�G�U�F�S �B�Q�Q�M�Z�J�O�H �U�I�F�(�3�6�
 �U�I�F �P�V�U�Q�V�U �J�T �T�Q�M�J�U �J�O�U�P �U�I�F �F�T�U�J��

�N�B�U�F�E �E�J�T�D�I�B�S�H�F&¡ �B�O�E �U�I�F �J�O�Q�V�U �G�P�S �U�I�F �T�F�H�N�F�O�U �L�F�S�O�F�M�T �J�O �U�I�F �O�F�Y�U �U�J�N�F �T�U�F�Q��
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�F�T�U�J�N�B�U�F�T �B�U �B �E�B�J�M�Z �S�F�T�P�M�V�U�J�P�O�� �%�V�S�J�O�H �U�I�F �J�O�J�U�J�B�M10���E�B�Z �U�V�O�F���J�O �Q�I�B�T�F �P�G �F�B�D�I �T�F��

�R�V�F�O�D�F�
 �X�F �G�F�F�E �U�I�F �T�B�N�F �P�C�T�F�S�W�F�E �E�J�T�D�I�B�S�H�F �W�B�M�V�F& �J�O�U�P�%�3�3�"�J�/�/�G�P�S �F�B�D�I �I�P�V�S�M�Z

�T�U�F�Q �X�J�U�I�J�O �U�I�F �E�B�Z��

�" �L�F�Z �B�E�W�B�O�U�B�H�F �P�G �U�I�J�T �N�P�E�V�M�B�S �B�S�D�I�J�U�F�D�U�V�S�F �J�T �J�U�T �U�I�F�P�S�F�U�J�D�B�M �U�S�B�O�T�G�F�S�B�C�J�M�J�U�Z�� �#�F�D�B�V�T�F

�U�I�F �S�V�O�P�ê �N�P�E�F�M �P�Q�F�S�B�U�F�T �P�O �S�F�H�V�M�B�S �H�S�J�E�T �B�O�E�%�*�4�5�"�/�"�B�E�B�Q�U�T �U�P �B�S�C�J�U�S�B�S�Z �S�J�W�F�S

�O�F�U�X�P�S�L �U�P�Q�P�M�P�H�J�F�T �U�I�S�P�V�H�I �U�I�F �B�E�K�B�D�F�O�D�Z �N�B�U�S�J�Y�
 �B �U�S�B�J�O�F�E�%�3�3�"�J�/�/�J�O�T�U�B�O�D�F �D�B�O

�U�I�F�P�S�F�U�J�D�B�M�M�Z �C�F �B�Q�Q�M�J�F�E �U�P �B�O�Z �S�J�W�F�S �O�F�U�X�P�S�L�
 �S�F�H�B�S�E�M�F�T�T �P�G �E�P�N�B�J�O �T�J�[�F�
 �O�V�N�C�F�S �P�G

�H�B�V�H�J�O�H �T�U�B�U�J�P�O�T�
 �P�S �O�F�U�X�P�S�L �D�P�O�O�F�D�U�J�W�J�U�Z�� �5�I�F �N�P�E�F�M �S�F�R�V�J�S�F�T �P�O�M�Z �U�I�F �O�F�X �S�J�W�F�S �O�F�U��

�X�P�S�L �U�P�Q�P�M�P�H�Z�
 �T�U�B�U�J�P�O �D�P�P�S�E�J�O�B�U�F�T�
 �B�O�E �H�S�J�E�E�F�E �N�F�U�F�P�S�P�M�P�H�J�D�B�M �G�P�S�D�J�O�H�T �G�P�S �U�I�F �U�B�S�H�F�U

�E�P�N�B�J�O�� �)�P�X�F�W�F�S�
 �U�I�F �B�D�U�V�B�M �Q�F�S�G�P�S�N�B�O�D�F �J�O �O�F�X �E�P�N�B�J�O�T �E�F�Q�F�O�E�T �P�O �U�I�F �T�J�N�J�M�B�S�J�U�Z
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 �F�M�F�W�B�U�J�P�O �G�P�S �B�C�P�W�F��

�H�S�P�V�O�E �U�P�Q�P�H�S�B�Q�I�Z�
 �U�F�N�Q�F�S�B�U�V�S�F�
 �B�O�E �S�J�W�F�S �E�J�T�D�I�B�S�H�F �E�B�U�B��

�'�P�S �Q�S�F�D�J�Q�J�U�B�U�J�P�O�
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�� �5�I�F �E�B�U�B �E�P�N�B�J�O �J�T �B

900 km� 900 km�Q�J�Y�F�M �H�S�J�E �X�J�U�I �B �S�F�T�P�M�V�U�J�P�O �P�G1 km � 1 km �U�I�B�U �D�P�W�F�S�T �B�M�M �P�G �(�F�S�N�B�O�Z

�B�O�E �B �U�F�N�Q�P�S�B�M �S�F�T�P�M�V�U�J�P�O �P�G1 h�� �3�"�%�0�-�"�/ �E�B�U�B �J�T �M�P�H���T�U�B�O�E�B�S�E�J�[�F�E �C�F�G�P�S�F �C�F�J�O�H

�T�F�O�U �U�P �U�I�F �N�P�E�F�M �E�V�F �U�P �J�U�T �M�P�O�H���U�B�J�M �E�J�T�U�S�J�C�V�U�J�P�O�� �4�Q�F�D�J�a�D�B�M�M�Z�
 �X�F �B�E�E1 �B�O�E �U�B�L�F �U�I�F

�M�P�H�B�S�J�U�I�N�
 �U�I�F�O �D�P�N�Q�V�U�F �U�I�F �N�F�B�O �B�O�E �T�U�B�O�E�B�S�E �E�F�W�J�B�U�J�P�O �P�G �U�I�F �U�S�B�O�T�G�P�S�N�F�E �E�B�U�B �U�P

�T�U�B�O�E�B�S�E�J�[�F �J�U�� �8�F �S�F�Q�M�B�D�F �N�J�T�T�J�O�H �W�B�M�V�F�T �X�J�U�I0�T�
 �X�I�J�D�I �J�T �U�I�F �T�U�B�O�E�B�S�E�J�[�F�E �N�F�B�O��

�'�P�S �T�U�B�U�J�D �U�P�Q�P�H�S�B�Q�I�Z �J�O�G�P�S�N�B�U�J�P�O �X�F �V�T�F �U�I�F�E�J�H�J�U�B�M �F�M�F�W�B�U�J�P�O �N�P�E�F�M �	�%�&�.�
�&�6���%�&�.

�W������ �Q�S�P�W�J�E�F�E �C�Z �U�I�F �$�P�Q�F�S�O�J�D�V�T �-�B�O�E �.�P�O�J�U�P�S�J�O�H �4�F�S�W�J�D�F �P�G �U�I�F �&�V�S�P�Q�F�B�O �&�O�W�J�S�P�O��

�N�F�O�U �"�H�F�O�D�Z �	�&�6���%�&�. �W���������������
�� �8�F �B�M�T�P �V�T�F �U�I�F�%�&�.�U�P �D�P�N�Q�V�U�F �U�I�F �E�J�ê�F�S�F�O�D�F�T �J�O

�B�M�U�J�U�V�E�F�T �C�F�U�X�F�F�O �B�E�K�B�D�F�O�U �E�J�T�D�I�B�S�H�F �H�B�V�H�J�O�H �T�U�B�U�J�P�O�T�� �&�M�F�W�B�U�J�P�O �W�B�M�V�F�T �B�O�E �E�F�S�J�W�F�E
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 �U�F�N�Q�F�S�B�U�V�S�F�T �J�O �U�I�J�T �S�F�H�J�P�O �S�B�O�H�F�E

�G�S�P�N� 25� C �U�P40� C �E�V�S�J�O�H �P�V�S �U�S�B�J�O�J�O�H �Q�F�S�J�P�E�
 �X�J�U�I �B �N�F�B�O �U�F�N�Q�F�S�B�U�V�S�F �P�G0•95� C

�E�V�S�J�O�H �X�J�O�U�F�S �B�O�E17•95� C �E�V�S�J�O�H �T�V�N�N�F�S�� �0�V�S �E�B�U�B�T�F�U �J�O�D�M�V�E�F�T �N�F�B�T�V�S�F�N�F�O�U�T �G�S�P�N

17 �H�B�V�H�J�O�H �T�U�B�U�J�P�O�T �E�J�T�U�S�J�C�V�U�F�E �B�D�S�P�T�T �U�I�F �S�J�W�F�S �O�F�U�X�P�S�L �	�T�F�F�'�J�H�V�S�F �������
�� �"�U �U�I�F �N�P�T�U

�E�P�X�O�T�U�S�F�B�N �T�U�B�U�J�P�O �J�O �3�P�D�L�F�O�B�V�
 �E�J�T�D�I�B�S�H�F �E�V�S�J�O�H �U�I�F �U�S�B�J�O�J�O�H �Q�F�S�J�P�E �S�B�O�H�F�E �G�S�P�N

29•5 m3 s� 1 �U�P1690 m3 s� 1 �X�J�U�I �B �N�F�B�O �P�G133•3 m3 s� 1��

�5�I�F �D�B�U�D�I�N�F�O�U �G�F�B�U�V�S�F�T �B �I�J�H�I�M�Z �I�F�U�F�S�P�H�F�O�F�P�V�T �M�B�O�E�T�D�B�Q�F�
 �J�O�D�M�V�E�J�O�H �O�B�S�S�P�X �B�O�E �X�J�E�F

�W�B�M�M�F�Z�T�
 �E�J�W�F�S�T�F �H�F�P�M�P�H�Z �	�F���H���
 �M�J�N�F�T�U�P�O�F�
 �T�B�O�E�T�U�P�O�F�
�
 �E�J�ê�F�S�F�O�U �T�P�J�M �U�F�Y�U�V�S�F�T �	�F���H���
 �D�M�B�Z�


�N�B�S�M�
�
 �B�O�E �T�V�C�T�V�S�G�B�D�F �T�U�S�V�D�U�V�S�F�T �T�V�D�I �B�T �L�B�S�T�U �T�Z�T�U�F�N�T �B�O�E �Q�P�S�F �X�B�U�F�S �B�R�V�J�G�F�S�T �	�6�G�S�F�D�I�U�


���������
�� �5�I�J�T �N�B�L�F�T �U�I�F �N�P�E�F�M�J�O�H �P�G �U�I�F �/�F�D�L�B�S �3�J�W�F�S �O�F�U�X�P�S�L �B �D�I�B�M�M�F�O�H�J�O�H �F�O�E�F�B�W�P�S��

�5�P �H�J�W�F �B �D�P�O�D�S�F�U�F �F�Y�B�N�Q�M�F�
 �U�I�F�S�F �B�S�F �V�O�E�F�S�H�S�P�V�O�E �b�P�X�T �T�P�V�U�I�P�G �1�G�P�S�[�I�F�J�N �U�I�B�U �S�P�V�U�F

�X�B�U�F�S �U�P�X�B�S�E �U�I�F �F�B�T�U�
 �X�I�J�M�F �U�I�F �F�M�F�W�B�U�J�P�O �N�P�E�F�M �T�V�H�H�F�T�U�T �B �E�J�ê�F�S�F�O�U �b�P�X �E�J�S�F�D�U�J�P�O

�	�6�G�S�F�D�I�U�
 ���������
�� �5�I�J�T �S�F�M�B�U�J�P�O�T�I�J�Q �D�B�O�O�P�U �C�F �J�O�G�F�S�S�F�E �G�S�P�N �B�%�&�.�B�M�P�O�F�� �-�B�U�F�O�U �V�O�E�F�S��

�H�S�P�V�O�E �U�P�Q�P�M�P�H�Z �S�P�V�U�F�T �U�I�F �X�B�U�F�S �J�O �B �E�J�ê�F�S�F�O�U �E�J�S�F�D�U�J�P�O �U�I�B�O �F�M�F�W�B�U�J�P�O �B�M�P�O�F �X�P�V�M�E



�������� �&�Y�Q�F�S�J�N�F�O�U�B�M �T�F�U�V�Q ����

�T�V�H�H�F�T�U��

�#�Z �S�F�T�U�S�J�D�U�J�O�H �U�I�F �E�P�N�B�J�O �U�P �U�I�F �/�F�D�L�B�S �S�J�W�F�S �O�F�U�X�P�S�L�
 �X�F �F�O�E�V�Q �X�J�U�I �B�O �B�S�F�B �P�G �T�J�[�F

200 km � 200 km�� �'�P�M�M�P�X�J�O�H �U�I�F �U�S�B�O�T�G�P�S�N�B�U�J�P�O�T �E�F�T�D�S�J�C�F�E �B�C�P�W�F�
 �B�M�M �H�S�J�E�E�F�E �E�B�U�B �J�T

�S�F�E�V�D�F�E �G�S�P�N �B1 km � 1 km �H�S�J�E �U�P �B4 km � 4 km �H�S�J�E �C�Z �U�B�L�J�O�H �U�I�F �N�F�B�O�� �5�I�J�T �S�F�T�V�M�U�T

�J�O �B50 � 50 �H�S�J�E �D�P�W�F�S�J�O�H �U�I�F �T�U�V�E�Z �B�S�F�B�� �8�F �U�S�B�J�O �P�V�S �N�P�E�F�M �P�O �I�Z�E�S�P�M�P�H�J�D�B�M �Z�F�B�S�T

2006�U�P2015�
 �W�B�M�J�E�B�U�F �P�O2016�U�P2018�
 �B�O�E �U�F�T�U �P�O2019�� �.�F�U�F�P�S�P�M�P�H�J�D�B�M �G�P�S�D�J�O�H�T� �B�S�F

�Q�S�P�W�J�E�F�E �B�U �I�P�V�S�M�Z �S�F�T�P�M�V�U�J�P�O�
 �X�I�J�M�F �E�J�T�D�I�B�S�H�F �J�T �Q�S�P�W�J�E�F�E�B�U �E�B�J�M�Z �S�F�T�P�M�V�U�J�P�O��

8.09 10.62
Longitude

47.94

49.65
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�'�J�H�V�S�F ���������5�I�F �T�U�V�E�Z �B�S�F�B �V�T�F�E �J�O �U�I�J�T �X�P�S�L �J�T �U�I�F �/�F�D�L�B�S �3�J�W�F�S �D�B�U�D�I�N�F�O�U�J�O �4�P�V�U�I�X�F�T�U �(�F�S�N�B�O�Z��

������ �&�Y�Q�F�S�J�N�F�O�U�B�M �T�F�U�V�Q

�8�F �U�S�B�J�O�%�3�3�"�J�/�/�P�O �T�F�R�V�F�O�D�F�T �P�G20�E�B�Z�T �	480�I�P�V�S�M�Z �T�U�F�Q�T�
�
 �V�T�J�O�H �U�I�F �a�S�T�U10�E�B�Z�T

�B�T �B �X�B�S�N���V�Q �Q�I�B�T�F�� �%�V�S�J�O�H �U�I�J�T �Q�I�B�T�F�
 �X�F �G�F�F�E �U�I�F �N�P�E�F�M �P�C�T�F�S�W�F�E �E�J�T�D�I�B�S�H�F �W�B�M�V�F�T

�U�P �J�O�J�U�J�B�M�J�[�F �B�O�E �B�M�J�H�O �J�U�T �I�J�E�E�F�O �T�U�B�U�F�T �X�J�U�I �U�I�F �U�S�V�F �T�Z�T�U�F�N �E�Z�O�B�N�J�D�T�� �5�I�J�T �Q�S�P�D�F��

�E�V�S�F �S�F�T�F�N�C�M�F�T �E�B�U�B �B�T�T�J�N�J�M�B�U�J�P�O �J�O �U�S�B�E�J�U�J�P�O�B�M �I�Z�E�S�P�M�P�H�J�D�B�M �N�P�E�F�M�T�
 �X�I�F�S�F �P�C�T�F�S�W�B��



���� ���� �.�F�U�I�P�E

�U�J�P�O�T �B�S�F �V�T�F�E �U�P �V�Q�E�B�U�F �N�P�E�F�M �T�U�B�U�F�T �B�O�E �S�F�E�V�D�F �V�O�D�F�S�U�B�J�O�U�Z�� �*�O�.�- �U�F�S�N�T�
 �U�I�J�T �D�P�S��

�S�F�T�Q�P�O�E�T �U�P �U�F�B�D�I�F�S �G�P�S�D�J�O�H�� �5�I�F �X�B�S�N���V�Q �Q�I�B�T�F �B�M�M�P�X�T �U�I�F �S�B�J�O�G�B�M�M���S�V�O�P�ê �D�P�N�Q�P�O�F�O�U

�P�G�%�3�3�"�J�/�/�U�P �J�O�G�F�S �M�B�U�F�O�U �I�Z�E�S�P�M�P�H�J�D�B�M �T�U�B�U�F�T�
 �T�V�D�I �B�T �T�P�J�M �N�P�J�T�U�V�S�F �P�S �H�S�P�V�O�E�X�B�U�F�S

�T�U�P�S�B�H�F�
 �U�I�S�P�V�H�I �J�U�T �I�J�E�E�F�O �T�U�B�U�F �S�F�Q�S�F�T�F�O�U�B�U�J�P�O�T��

�"�G�U�F�S �U�I�F �X�B�S�N���V�Q �Q�I�B�T�F�
�%�3�3�"�J�/�/�U�S�B�O�T�J�U�J�P�O�T �J�O�U�P �P�Q�F�O���M�P�P�Q �N�P�E�F �G�P�S �U�I�F �S�F�N�B�J�O��

�J�O�H10 �E�B�Z�T �P�G �F�B�D�I �T�F�R�V�F�O�D�F�� �*�O �U�I�J�T �Q�S�F�E�J�D�U�J�W�F �N�P�E�F�
 �U�I�F �N�P�E�F�M �E�P�F�T �O�P�U �I�B�W�F �B�D�D�F�T�T

�U�P �P�C�T�F�S�W�F�E �H�S�P�V�O�E���U�S�V�U�I �E�J�T�D�I�B�S�H�F �W�B�M�V�F�T�� �*�O�T�U�F�B�E�
 �U�I�F �E�J�T�D�I�B�S�H�F �N�P�E�F�M �G�F�F�E�T �J�U�T �P�X�O

�Q�S�F�W�J�P�V�T �E�J�T�D�I�B�S�H�F �F�T�U�J�N�B�U�F�T �B�T �J�O�Q�V�U�T �G�P�S �T�V�C�T�F�R�V�F�O�U �U�J�N�F�T�U�F�Q�T�
 �X�I�J�D�I �J�T �X�I�Z �X�F �D�B�M�M

�J�U �B�O�B�V�U�P�S�F�H�S�F�T�T�J�W�F �N�P�E�F�M�� �5�I�F �S�B�J�O�G�B�M�M���S�V�O�P�ê �N�P�E�F�M�
 �J�O �D�P�O�U�S�B�T�U�
 �D�P�O�U�J�O�V�F�T �U�P �S�F�D�F�J�W�F

�P�C�T�F�S�W�F�E �Q�S�F�D�J�Q�J�U�B�U�J�P�O �B�O�E �U�F�N�Q�F�S�B�U�V�S�F �B�T �J�O�Q�V�U�T �U�I�S�P�V�H�I�P�V�U �U�I�F �T�F�R�V�F�O�D�F�� �8�I�J�M�F �J�O��

�G�P�S�N�B�U�J�W�F�
 �U�I�J�T �T�F�U�V�Q �E�P�F�T �O�P�U �S�F�b�F�D�U �S�F�B�M�J�T�U�J�D �P�Q�F�S�B�U�J�P�O�B�M �D�P�O�E�J�U�J�P�O�T �G�P�S �E�J�T�D�I�B�S�H�F �G�P�S�F��

�D�B�T�U�J�O�H�� �1�S�F�D�J�Q�J�U�B�U�J�P�O �G�P�S�F�D�B�T�U�J�O�H�
 �J�O �Q�B�S�U�J�D�V�M�B�S�
 �S�F�N�B�J�O�T �B �N�B�K�P�S �D�I�B�M�M�F�O�H�F�� �$�V�S�S�F�O�U�M�Z

�O�P �B�M�H�P�S�J�U�I�N �D�B�O �B�D�D�V�S�B�U�F�M�Z �Q�S�F�E�J�D�U �Q�S�F�D�J�Q�J�U�B�U�J�P�O10 �E�B�Z�T �B�I�F�B�E �B�U �B �T�Q�B�U�J�B�M �S�F�T�P�M�V�U�J�P�O

�P�G4 km � 4 km�� �)�P�X�F�W�F�S�
 �U�I�J�T �T�F�U�V�Q �J�T �X�F�M�M �T�V�J�U�F�E �G�P�S �L�O�P�X�M�F�E�H�F �E�J�T�D�P�W�F�S�Z�D�P�O�D�F�S�O�J�O�H

�I�Z�E�S�P�M�P�H�J�D �Q�S�P�D�F�T�T�F�T�
 �X�I�J�D�I �J�T �U�I�F �Q�S�J�N�B�S�Z �G�P�D�V�T �J�O �U�I�J�T �X�P�S�L�� �8�F �M�F�B�W�F �U�I�F �F�W�B�M�V�B�U�J�P�O

�P�G�%�3�3�"�J�/�/�V�O�E�F�S �S�F�B�M�J�T�U�J�D�
 �G�P�S�F�D�B�T�U���C�B�T�F�E �D�P�O�E�J�U�J�P�O�T �G�P�S �G�V�U�V�S�F �X�P�S�L��

�8�F �V�T�F �U�I�F�N�F�B�O �T�R�V�B�S�F�E �F�S�S�P�S �	�.�4�&�
�D�P�N�Q�V�U�F�E �P�O �T�U�B�U�J�P�O���X�J�T�F �T�U�B�O�E�B�S�E�J�[�F�E �E�J�T��

�D�I�B�S�H�F �E�B�U�B �B�T �C�P�U�I �U�I�F �U�S�B�J�O�J�O�H �B�O�E �W�B�M�J�E�B�U�J�P�O �M�P�T�T�� �4�U�B�O�E�B�S�E�J�[�B�U�J�P�O �F�O�T�V�S�F�T �U�I�B�U �T�U�B��

�U�J�P�O�T �X�J�U�I �M�B�S�H�F�S �E�J�T�D�I�B�S�H�F �W�B�M�V�F�T �E�P �O�P�U �E�P�N�J�O�B�U�F �U�I�F �M�P�T�T�
�Q�S�P�N�P�U�J�O�H �B �C�B�M�B�O�D�F�E

�M�F�B�S�O�J�O�H �B�D�S�P�T�T �B�M�M �T�U�B�U�J�P�O�T�� �5�S�B�J�O�J�O�H �J�T �Q�F�S�G�P�S�N�F�E �V�T�J�O�H �U�S�V�O�D�B�U�F�E �C�B�D�L�Q�S�P�Q�B�H�B�U�J�P�O

�U�I�S�P�V�H�I �U�J�N�F �	�5�#�1�5�5�
�
 �X�I�F�S�F �U�I�F �U�S�V�O�D�B�U�J�P�O �M�F�O�H�U�I �J�O�D�S�F�B�T�F�T �Q�S�P�H�S�F�T�T�J�W�F�M�Z �P�W�F�S �U�I�F

�D�P�V�S�T�F �P�G �U�S�B�J�O�J�O�H�� �*�O�J�U�J�B�M�M�Z�
 �X�F �C�B�D�L�Q�S�P�Q�B�H�B�U�F �U�I�F �M�P�T�T �P�W�F�S1���E�B�Z �T�F�R�V�F�O�D�F�T �	24 �U�J�N�F

�T�U�F�Q�T�
 �U�P �I�F�M�Q�%�3�3�"�J�/�/�G�P�D�V�T �P�O �T�I�P�S�U���U�F�S�N �U�F�N�Q�P�S�B�M �S�F�M�B�U�J�P�O�T�I�J�Q�T �B�O�E �T�U�B�C�J�M�J�[�F �M�F�B�S�O��

�J�O�H�� �0�W�F�S �U�I�F �D�P�V�S�T�F �P�G �U�S�B�J�O�J�O�H�
 �X�F �J�O�D�S�F�B�T�F �U�I�F �U�S�V�O�D�B�U�J�P�O�M�F�O�H�U�I�
 �F�O�B�C�M�J�O�H �U�I�F �N�P�E�F�M

�U�P �M�F�B�S�O �M�P�O�H�F�S���U�F�S�N �E�F�Q�F�O�E�F�O�D�J�F�T�� �5�I�F �U�S�V�O�D�B�U�J�P�O �M�F�O�H�U�I �T�D�I�F�E�V�M�F �J�T �T�I�P�X�O �J�O�5�B��

�C�M�F �������� �8�F �B�E�B�Q�U �U�I�F �C�B�U�D�I �T�J�[�F �U�P �a�U �U�I�F �N�P�E�F�M �X�J�U�I�J�O �U�I�F �N�F�N�P�S�Z �D�P�O�T�U�S�B�J�O�U�T �P�G �B

�T�J�O�H�M�F �/�7�*�%�*�" �(�F�'�P�S�D�F �(�5�9 �������� �5�J��

�5�B�C�M�F ���������5�S�V�O�D�B�U�J�P�O �M�F�O�H�U�I �T�D�I�F�E�V�M�F �J�O �E�B�Z�T �G�P�S �U�S�V�O�D�B�U�F�E �C�B�D�L�Q�S�P�Q�B�H�B�U�J�P�O �U�I�S�P�V�H�I �U�J�N�F��
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(b) NSE
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(c) PCC
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(d) MAE

100 101 102

� 40

� 20

0

20

40

60

%

S
ch

w
ab

sb
er

g

U
nt

er
gr

ie
sh

ei
m

M
os

ba
ch

N
eu

st
ad

t

P
fo

rz
he

im

B
ad

Im
na

u

M
ur

r

R
o

ck
en

au

La
uf

fe
n

P
lo

ch
in

ge
n

R
ot

tw
ei

l

K
irc

he
nt

el
lin

sf
ur

t

D
en

ke
nd

or
f

A
lte

ns
te

ig

S
te

in

G
ai

ld
or

f

O
pp

en
w

ei
le

r
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(f) %BiasFMS
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(g) %BiasFLV
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 �U�I�F �N�P�E�F�M �V�T�F�T �F�M�F�W�B�U�J�P�O �E�B�U�B �B�T �Q�P�T�J�U�J�P�O�B�M �F�O�D�P�E�J�O�H���%�3�3�"�J�/�/�M�F�B�S�O�T �M�P�D�B�U�J�P�O��

�T�Q�F�D�J�a�D �T�U�B�U�J�T�U�J�D�B�M �S�F�M�B�U�J�P�O�T�I�J�Q�T �C�F�U�X�F�F�O �Q�S�F�D�J�Q�J�U�B�U�J�P�O�Q�B�U�U�F�S�O�T �B�O�E �E�J�T�D�I�B�S�H�F �S�F�T�Q�P�O�T�F�T��

�4�V�D�I �M�P�D�B�U�J�P�O���T�Q�F�D�J�a�D �M�F�B�S�O�J�O�H �X�P�V�M�E �O�B�U�V�S�B�M�M�Z �T�U�S�V�H�H�M�F �X�I�F�O �B�Q�Q�M�J�F�E �U�P �V�O�H�B�V�H�F�E �M�P��

�D�B�U�J�P�O�T �X�I�F�S�F �U�I�F �T�U�B�U�J�T�U�J�D�B�M �S�F�M�B�U�J�P�O�T�I�J�Q�T �I�B�W�F �O�P�U �C�F�F�O �P�C�T�F�S�W�F�E �E�V�S�J�O�H �U�S�B�J�O�J�O�H��

�5�I�F�T�F �S�F�T�V�M�U�T �I�J�H�I�M�J�H�I�U �C�P�U�I �U�I�F �Q�S�P�N�J�T�F �B�O�E �M�J�N�J�U�B�U�J�P�O�T �P�G�%�3�3�"�J�/�/�G�P�S �V�O�H�B�V�H�F�E

�C�B�T�J�O �Q�S�F�E�J�D�U�J�P�O�� �8�I�J�M�F �U�I�F �N�P�E�F�M �E�F�N�P�O�T�U�S�B�U�F�T �T�P�N�F �T�Q�B�U�J�B�M �H�F�O�F�S�B�M�J�[�B�U�J�P�O �D�B�Q�B�C�J�M��

�J�U�Z�
 �N�B�J�O�U�B�J�O�J�O�H �S�F�B�T�P�O�B�C�M�F �Q�F�S�G�P�S�N�B�O�D�F �B�U �T�F�W�F�S�B�M �T�U�B�U�J�P�O�T�
 �U�I�F �T�V�C�T�U�B�O�U�J�B�M �W�B�S�J�B�C�J�M�J�U�Z

�J�O �P�V�U�D�P�N�F�T �T�V�H�H�F�T�U�T �U�I�B�U �B�E�E�J�U�J�P�O�B�M �J�O�G�P�S�N�B�U�J�P�O �D�P�V�M�E �J�N�Q�S�P�W�F �V�O�H�B�V�H�F�E �C�B�T�J�O �Q�F�S��

�G�P�S�N�B�O�D�F���%�3�3�"�J�/�/�X�B�T �O�F�J�U�I�F�S �C�V�J�M�U �O�P�S �P�Q�U�J�N�J�[�F�E �X�J�U�I�1�6�#�J�O �N�J�O�E�
 �M�F�B�W�J�O�H �S�P�P�N

�G�P�S �J�N�Q�S�P�W�F�N�F�O�U��
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�8�I�B�U �X�F �P�C�T�F�S�W�F �J�T �O�P�U �O�B�U�V�S�F �J�U�T�F�M�G�
 �C�V�U �O�B�U�V�S�F �F�Y�Q�P�T�F�E �U�P �P�V�S �N�F�U�I�P�E �P�G �R�V�F�T�U�J�P�O�J�O�H�w

�8�F�S�O�F�S �)�F�J�T�F�O�C�F�S�H

�0�V�S�%�J�T�U�S�J�C�V�U�F�E �3�B�J�O�G�B�M�M���3�V�O�P�ê �"�S�U�*�a�D�J�B�M �/�F�V�S�B�M �/�F�U�X�P�S�L �	�%�3�3�"�J�/�/�
 �S�F�Q�S�F�T�F�O�U�T �B

�G�V�M�M�Z �E�J�T�U�S�J�C�V�U�F�E �B�S�U�J�a�D�J�B�M �O�F�V�S�B�M �O�F�U�X�P�S�L �	�"�/�/�
�B�S�D�I�J�U�F�D�U�V�S�F �U�I�B�U �F�T�U�J�N�B�U�F�T �S�J�W�F�S �E�J�T��

�D�I�B�S�H�F �G�S�P�N �Q�B�T�U �E�J�T�D�I�B�S�H�F �P�C�T�F�S�W�B�U�J�P�O�T�
 �H�S�J�E�E�F�E �F�M�F�W�B�U�J�P�O �N�B�Q�T�
 �B�O�E �H�S�J�E�E�F�E �N�F�U�F��

�P�S�P�M�P�H�J�D�B�M �G�P�S�D�J�O�H�T �	�Q�S�F�D�J�Q�J�U�B�U�J�P�O �B�O�E �U�F�N�Q�F�S�B�U�V�S�F�
�� �5�I�F�S�F�T�V�M�U�T �Q�S�P�W�J�E�F �B�O�T�X�F�S�T �U�P

�U�I�F �S�F�T�F�B�S�D�I �R�V�F�T�U�J�P�O�T �Q�P�T�F�E �J�O�4�F�D�U�J�P�O ���������%�3�3�"�J�/�/�B�D�I�J�F�W�F�T �T�V�Q�F�S�J�P�S �Q�F�S�G�P�S�N�B�O�D�F

�D�P�N�Q�B�S�F�E �U�P �U�I�F�&�V�S�P�Q�F�B�O �'�M�P�P�E �"�X�B�S�F�O�F�T�T �4�Z�T�U�F�N �	�&�'�"�4�
�G�P�S �M�F�B�E �U�J�N�F�T �F�Y�U�F�O�E�J�O�H

�V�Q �U�P50 �E�B�Z�T �	�3�2���
���%�3�3�"�J�/�/�X�B�T �U�S�B�J�O�F�E �F�Y�D�M�V�T�J�W�F�M�Z �P�O20���E�B�Z �T�F�R�V�F�O�D�F�T�
 �J�O�D�M�V�E��

�J�O�H �B10���E�B�Z �X�B�S�N���V�Q �Q�F�S�J�P�E�
 �E�F�N�P�O�T�U�S�B�U�J�O�H �S�P�C�V�T�U �H�F�O�F�S�B�M�J�[�B�U�J�P�O �U�P �N�V�D�I �M�P�O�H�F�S

�Q�S�F�E�J�D�U�J�P�O �I�P�S�J�[�P�O�T��

������ �4�U�B�U�J�P�O���T�Q�F�D�J�a�D �Q�F�S�G�P�S�N�B�O�D�F �W�B�S�J�B�C�J�M�J�U�Z

�8�F �P�C�T�F�S�W�F �I�F�U�F�S�P�H�F�O�F�J�U�Z �J�O �E�J�T�D�I�B�S�H�F �F�T�U�J�N�B�U�J�P�O �E�J�ë�D�V�M�U�Z �B�D�S�P�T�T �H�B�V�H�J�O�H �T�U�B�U�J�P�O�T

�	�3�2���
�� �%�3�3�"�J�/�/�B�O�E�&�'�"�4�U�F�O�E �U�P �Q�F�S�G�P�S�N �Q�P�P�S�M�Z �B�U �U�I�F �T�B�N�F �T�V�C�T�F�U �P�G �T�U�B�U�J�P�O�T�


�T�V�H�H�F�T�U�J�O�H �U�I�B�U �N�P�E�F�M�J�O�H �E�J�ë�D�V�M�U�J�F�T �B�S�F �T�U�B�U�J�P�O���T�Q�F�D�J�a�D �S�B�U�I�F�S �U�I�B�O �N�P�E�F�M���T�Q�F�D�J�a�D��

�4�F�W�F�S�B�M �G�B�D�U�P�S�T �M�J�L�F�M�Z �D�P�O�U�S�J�C�V�U�F �U�P �U�I�J�T �W�B�S�J�B�C�J�M�J�U�Z �B�D�S�P�T�T �T�U�B�U�J�P�O�T�� �6�O�P�C�T�F�S�W�B�C�M�F �T�V�C��

�T�V�S�G�B�D�F �R�V�B�O�U�J�U�J�F�T�
 �T�V�D�I �B�T �T�P�J�M �N�P�J�T�U�V�S�F �B�O�E �H�S�P�V�O�E�X�B�U�F�S�
�D�B�O �T�J�H�O�J�a�D�B�O�U�M�Z �J�O�b�V�F�O�D�F

�E�J�T�D�I�B�S�H�F �X�J�U�I�P�V�U �C�F�J�O�H �D�B�Q�U�V�S�F�E �J�O �U�I�F �B�W�B�J�M�B�C�M�F �J�O�Q�V�U �E�B�U�B�� �"�E�E�J�U�J�P�O�B�M�M�Z�
 �B�O�U�I�S�P��

�Q�P�H�F�O�J�D �J�O�U�F�S�W�F�O�U�J�P�O�T �T�V�D�I �B�T �E�B�N �P�Q�F�S�B�U�J�P�O�T�
 �X�B�U�F�S �E�J�W�F�S�T�J�P�O�T�
 �P�S �V�S�C�B�O �J�O�G�S�B�T�U�S�V�D��

�U�V�S�F �D�S�F�B�U�F �E�Z�O�B�N�J�D�T �U�I�B�U �B�S�F �D�I�B�M�M�F�O�H�J�O�H �U�P �N�P�E�F�M�� �.�P�S�F�P�W�F�S�
 �T�Q�B�U�J�B�M �I�F�U�F�S�P�H�F�O�F�J�U�Z

�N�B�Z �O�P�U �C�F �B�E�F�R�V�B�U�F�M�Z �S�F�T�P�M�W�F�E �B�U �U�I�F4 km � 4 km �H�S�J�E �S�F�T�P�M�V�U�J�P�O �F�N�Q�M�P�Z�F�E �C�Z�%�3��

�3�"�J�/�/ �� �*�O�Q�V�U �E�B�U�B �R�V�B�M�J�U�Z �S�F�Q�S�F�T�F�O�U�T �B�O�P�U�I�F�S �G�B�D�U�P�S�
 �B�T �J�O�D�P�O�T�J�T�U�F�O�D�J�F�T �B�O�E �C�J�B�T�F�T �J�O

�Q�S�F�D�J�Q�J�U�B�U�J�P�O �B�O�E �E�J�T�D�I�B�S�H�F �N�F�B�T�V�S�F�N�F�O�U�T �D�P�V�M�E �E�J�T�Q�S�P�Q�P�S�U�J�P�O�B�U�F�M�Z �B�ê�F�D�U �D�F�S�U�B�J�O �T�U�B��

�U�J�P�O�T��

�'�V�U�V�S�F �S�F�T�F�B�S�D�I �F�N�Q�M�P�Z�J�O�H �H�S�B�E�J�F�O�U���C�B�T�F�E �B�U�U�S�J�C�V�U�J�P�O �U�F�D�I�O�J�R�V�F�T �D�P�V�M�E �Q�S�P�W�J�E�F �W�B�M�V��

�B�C�M�F �J�O�T�J�H�I�U�T �J�O�U�P �U�I�F�T�F �T�U�B�U�J�P�O���T�Q�F�D�J�a�D �Q�B�U�U�F�S�O�T�
 �J�E�F�O�U�J�G�Z�J�O�H �X�I�J�D�I �N�F�U�F�P�S�P�M�P�H�J�D�B�M �B�O�E

�U�P�Q�P�H�S�B�Q�I�J�D �G�F�B�U�V�S�F�T �N�P�T�U �T�U�S�P�O�H�M�Z �J�O�b�V�F�O�D�F �E�J�T�D�I�B�S�H�F �B�U �Q�S�P�C�M�F�N�B�U�J�D �T�U�B�U�J�P�O�T�� �*�G �B�U�U�S�J��

�C�V�U�J�P�O �B�O�B�M�Z�T�J�T �S�F�W�F�B�M�T �U�I�B�U �D�F�S�U�B�J�O �T�U�B�U�J�P�O�T �B�S�F �T�Z�T�U�F�N�B�U�J�D�B�M�M�Z �B�ê�F�D�U�F�E �C�Z �T�Q�B�U�J�B�M �Q�S�P��
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���� ���� �%�J�T�D�V�T�T�J�P�O

�D�F�T�T�F�T �O�P�U �B�E�F�R�V�B�U�F�M�Z �D�B�Q�U�V�S�F�E �J�O �U�I�F �D�V�S�S�F�O�U4 km � 4 km �H�S�J�E �S�F�T�P�M�V�U�J�P�O�
 �U�I�J�T �D�P�V�M�E

�N�P�U�J�W�B�U�F �J�O�D�P�S�Q�P�S�B�U�J�O�H �I�J�H�I�F�S���S�F�T�P�M�V�U�J�P�O �T�B�U�F�M�M�J�U�F���E�F�S�J�W�F�E �F�O�W�J�S�P�O�N�F�O�U�B�M �E�B�U�B�� �"�E�E�J��

�U�J�P�O�B�M�M�Z�
 �D�P�N�Q�S�F�I�F�O�T�J�W�F �E�B�U�B�C�B�T�F�T �P�G �B�O�U�I�S�P�Q�P�H�F�O�J�D �N�P�E�J�a�D�B�U�J�P�O�T �T�V�D�I �B�T �E�B�N �M�P�D�B��

�U�J�P�O�T �B�O�E �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T �	�-�F�I�O�F�S �F�U �B�M���
 ���������
 �D�P�V�M�E �Q�S�P�W�J�E�F �W�B�M�V�B�C�M�F �D�P�O�U�F�Y�U �G�P�S �V�O�E�F�S��

�T�U�B�O�E�J�O�H �T�U�B�U�J�P�O���T�Q�F�D�J�a�D �Q�F�S�G�P�S�N�B�O�D�F �E�J�ê�F�S�F�O�D�F�T �B�O�E �J�N�Q�S�P�W�J�O�H �N�P�E�F�M �J�O�U�F�S�Q�S�F�U�B�C�J�M��

�J�U�Z �J�O �I�V�N�B�O���N�P�E�J�a�F�E �X�B�U�F�S�T�I�F�E�T��

������ �$�B�U�D�I�N�F�O�U �B�S�F�B �J�O�G�F�S�F�O�D�F

�%�3�3�"�J�/�/�D�B�O �S�F�D�P�O�T�U�S�V�D�U �Q�I�Z�T�J�D�B�M�M�Z �N�F�B�O�J�O�H�G�V�M �D�B�U�D�I�N�F�O�U �C�P�V�O�E�B�S�J�F�T �U�I�S�P�V�H�I �H�S�B�E�J�F�O�U��

�C�B�T�F�E �B�U�U�S�J�C�V�U�J�P�O �	�3�2���
�
 �E�F�N�P�O�T�U�S�B�U�J�O�H �U�I�B�U �E�J�T�U�S�J�C�V�U�F�E�"�/�/�T �D�B�O �M�F�B�S�O �T�Q�B�U�J�B�M �S�F�M�B��

�U�J�P�O�T�I�J�Q�T �G�S�P�N �N�P�E�F�M�F�E �E�J�T�D�I�B�S�H�F �E�Z�O�B�N�J�D�T�� �5�I�F �Q�S�P�H�S�F�T�T�J�W�F �F�Y�Q�B�O�T�J�P�O �P�G �B�U�U�S�J�C�V�U�J�P�O

�Q�B�U�U�F�S�O�T �B�T �X�F �M�P�P�L �G�V�S�U�I�F�S �C�B�D�L �J�O �U�J�N�F �S�F�W�F�B�M�T �U�I�B�U �U�I�F �N�P�E�F�M �J�N�Q�M�J�D�J�U�M�Z �D�B�Q�U�V�S�F�T �b�P�X

�S�P�V�U�J�O�H �B�O�E �U�S�B�W�F�M �U�J�N�F �F�ê�F�D�U�T��

�5�I�F�T�F �B�U�U�S�J�C�V�U�J�P�O �Q�B�U�U�F�S�O�T�
 �I�P�X�F�W�F�S�
 �S�F�b�F�D�U�%�3�3�"�J�/�/�r�T �I�Z�C�S�J�E �B�Q�Q�S�P�B�D�I �U�I�B�U �D�P�N��

�C�J�O�F�T �Q�I�Z�T�J�D�B�M �V�O�E�F�S�T�U�B�O�E�J�O�H �X�J�U�I �E�B�U�B���E�S�J�W�F�O �F�Y�Q�M�P�J�U�B�U�J�P�O �P�G �S�F�H�J�P�O�B�M �Q�S�F�D�J�Q�J�U�B�U�J�P�O

�D�P�S�S�F�M�B�U�J�P�O�T �	�T�F�F�4�F�D�U�J�P�O �������
�� �5�I�J�T �I�Z�C�S�J�E �O�B�U�V�S�F �C�F�D�P�N�F�T �B�Q�Q�B�S�F�O�U �J�O �U�I�F �B�U�U�S�J�C�V�U�J�P�O

�N�B�Q�T�
 �X�I�F�S�F7 � 7 �H�S�J�E �Q�B�U�U�F�S�O�T �F�N�F�S�H�F�
 �E�J�S�F�D�U�M�Z �D�P�S�S�F�T�Q�P�O�E�J�O�H �U�P �U�I�F �D�P�O�W�P�M�V�U�J�P�O�B�M

�L�F�S�O�F�M �T�J�[�F�� �5�S�B�J�O�J�O�H�%�3�3�"�J�/�/�P�O �N�V�M�U�J�Q�M�F �S�J�W�F�S �T�Z�T�U�F�N�T �D�P�V�M�E �S�F�E�V�D�F �U�I�F�T�F �B�S�U�J�a�D�J�B�M

�T�Q�B�U�J�B�M �Q�B�U�U�F�S�O�T �C�Z �F�O�D�P�V�S�B�H�J�O�H �U�I�F �N�P�E�F�M �U�P �M�F�B�S�O �N�P�S�F �H�F�O�F�S�B�M�J�[�B�C�M�F�
 �H�M�P�C�B�M�M�Z �W�B�M�J�E
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 �U�S�B�J�O�J�O�H �G�P�S �T�Q�B�U�J�B�M �H�F�O�F�S�B�M�J�[�B�U�J�P�O �B�D�S�P�T�T �N�V�M�U�J�Q�M�F �D�B�U�D�I��

�N�F�O�U�T �S�F�R�V�J�S�F�T �B�W�P�J�E�J�O�H �T�V�D�I �P�W�F�S�a�U�U�J�O�H�
 �C�V�U �O�F�D�F�T�T�B�S�J�M�Z �B�D�D�F�Q�U�T �U�I�B�U �U�I�F �N�P�E�F�M �D�B�O�O�P�U

�B�D�I�J�F�W�F �Q�F�S�G�F�D�U �Q�S�F�E�J�D�U�J�P�O�T �J�O �O�F�X �M�P�D�B�U�J�P�O�T �X�J�U�I�P�V�U �M�P�D�B�M�D�B�M�J�C�S�B�U�J�P�O��

�4�F�W�F�S�B�M �U�F�D�I�O�J�D�B�M �B�Q�Q�S�P�B�D�I�F�T �D�B�O �I�F�M�Q �O�B�W�J�H�B�U�F �U�I�J�T �U�S�B�E�F���P�ê�� �5�I�F�T�F �J�O�D�M�V�E�F �J�O�D�P�S�Q�P��

�S�B�U�J�O�H �F�Y�Q�M�J�D�J�U �Q�I�Z�T�J�D�B�M �D�P�O�T�U�S�B�J�O�U�T�
 �F�J�U�I�F�S �B�T �I�B�S�E �D�P�O�T�U�S�B�J�O�U�T �T�V�D�I �B�T �N�B�T�T �D�P�O�T�F�S�W�B�U�J�P�O

�	�)�P�F�E�U �F�U �B�M���
 ���������� �)�B�S�E�F�S �F�U �B�M���
 ���������� �8�J �F�U �B�M���
 ���������
 �P�S �B�T �T�P�G�U �D�P�O�T�U�S�B�J�O�U�T �U�I�S�P�V�H�I

�S�F�H�V�M�B�S�J�[�B�U�J�P�O �U�F�D�I�O�J�R�V�F�T �U�I�B�U �Q�F�O�B�M�J�[�F �W�J�P�M�B�U�J�P�O�T �P�G �F�O�F�S�H�Z �D�P�O�T�F�S�W�B�U�J�P�O �P�S �V�O�S�F�B�M�J�T�U�J�D

�b�P�X �W�F�M�P�D�J�U�J�F�T�� �4�F�N�B�O�U�J�D�B�M�M�Z �Q�B�S�U�J�U�J�P�O�J�O�H �U�I�F �S�B�J�O�G�B�M�M���S�V�O�P�ê �N�P�E�F�M�r�T �I�J�E�E�F�O �T�U�B�U�F �J�O�U�P

�T�V�S�G�B�D�F �B�O�E �T�V�C�T�V�S�G�B�D�F �D�P�N�Q�P�O�F�O�U�T �D�P�V�M�E �G�V�S�U�I�F�S �F�O�D�P�E�F �Q�I�Z�T�J�D�B�M �T�U�S�V�D�U�V�S�F�� �"�V�Y�J�M�J�B�S�Z

�Q�S�F�E�J�D�U�J�P�O �U�B�T�L�T �E�V�S�J�O�H �U�S�B�J�O�J�O�H�
 �T�V�D�I �B�T �Q�S�F�E�J�D�U�J�O�H �J�O�U�F�S�N�F�E�J�B�U�F �T�U�B�U�F �W�B�S�J�B�C�M�F�T �M�J�L�F

�T�P�J�M �N�P�J�T�U�V�S�F �P�S �F�W�B�Q�P�U�S�B�O�T�Q�J�S�B�U�J�P�O�
 �D�P�V�M�E �F�O�D�P�V�S�B�H�F �U�I�F �E�F�W�F�M�P�Q�N�F�O�U �P�G �Q�I�Z�T�J�D�B�M�M�Z

�N�F�B�O�J�O�H�G�V�M �J�O�U�F�S�O�B�M �S�F�Q�S�F�T�F�O�U�B�U�J�P�O�T�� �5�S�B�O�T�G�F�S �M�F�B�S�O�J�O�H �B�Q�Q�S�P�B�D�I�F�T �D�P�V�M�E �M�F�W�F�S�B�H�F �Q�S�F��

�U�S�B�J�O�F�E �D�P�N�Q�P�O�F�O�U�T �G�S�P�N �X�F�M�M���N�P�O�J�U�P�S�F�E �D�B�U�D�I�N�F�O�U�T �U�P �C�P�P�U�T�U�S�B�Q �M�F�B�S�O�J�O�H �J�O �E�B�U�B��

�T�Q�B�S�T�F �S�F�H�J�P�O�T�
 �S�F�E�V�D�J�O�H �U�I�F �U�S�B�J�O�J�O�H �E�B�U�B �S�F�R�V�J�S�F�N�F�O�U�T �G�P�S �O�F�X �B�Q�Q�M�J�D�B�U�J�P�O�T�� �8�I�J�M�F

�E�J�T�D�I�B�S�H�F �N�F�B�T�V�S�F�N�F�O�U�T �X�J�M�M �B�M�X�B�Z�T �C�F �O�F�D�F�T�T�B�S�Z �G�P�S �U�S�B�J�O�J�O�H �E�B�U�B���E�S�J�W�F�O �N�P�E�F�M�T�
 �B�E��

�W�B�O�D�F�T �J�O �S�F�N�P�U�F �T�F�O�T�J�O�H �U�F�D�I�O�P�M�P�H�Z �N�B�Z �F�O�B�C�M�F �B�Q�Q�M�J�D�B�U�J�P�O�T �U�P �Q�S�F�W�J�P�V�T�M�Z �V�O�H�B�V�H�F�E

�S�J�W�F�S �O�F�U�X�P�S�L�T �	�(�J�H�J �F�U �B�M���
 ���������
��

������ �5�F�D�I�O�J�D�B�M �D�P�O�T�J�E�F�S�B�U�J�P�O�T

�5�I�F �G�P�M�M�P�X�J�O�H �T�F�D�U�J�P�O�T �F�Y�B�N�J�O�F �U�I�F �U�F�D�I�O�J�D�B�M �D�P�O�T�U�S�B�J�O�U�T �B�O�E �P�Q�Q�P�S�U�V�O�J�U�J�F�T �U�I�B�U �J�O�b�V��

�F�O�D�F�%�3�3�"�J�/�/�r�T �D�V�S�S�F�O�U �D�B�Q�B�C�J�M�J�U�J�F�T �B�O�E �G�V�U�V�S�F �E�F�W�F�M�P�Q�N�F�O�U �Q�B�U�I�X�B�Z�T��

���������� �5�F�N�Q�P�S�B�M �B�O�E �T�Q�B�U�J�B�M �S�F�T�P�M�V�U�J�P�O

�5�I�F �E�B�J�M�Z �U�F�N�Q�P�S�B�M �S�F�T�P�M�V�U�J�P�O �P�G �E�J�T�D�I�B�S�H�F �E�B�U�B �D�P�O�T�U�S�B�J�O�T�%�3�3�"�J�/�/�r�T �B�C�J�M�J�U�Z �U�P �D�B�Q��

�U�V�S�F �S�B�Q�J�E �I�Z�E�S�P�M�P�H�J�D�B�M �S�F�T�Q�P�O�T�F�T �B�O�E �M�J�N�J�U�T �U�I�F �T�I�B�S�Q�O�F�T�T�P�G �D�B�U�D�I�N�F�O�U �C�P�V�O�E�B�S�Z �J�O��

�G�F�S�F�O�D�F�� �-�F�B�S�O�J�O�H �Q�S�F�D�J�T�F �T�Q�B�U�J�B�M �B�U�U�S�J�C�V�U�J�P�O�T �X�P�V�M�E �S�F�R�V�J�S�F �Q�S�F�D�J�Q�J�U�B�U�J�P�O �F�W�F�O�U�T �U�I�B�U

�B�S�F �T�Q�B�U�J�B�M�M�Z �D�P�O�a�O�F�E �U�P �T�Q�F�D�J�a�D �B�S�F�B�T �X�J�U�I�J�O24 h �Q�F�S�J�P�E�T�� �5�I�F �S�F�M�B�U�J�W�F �S�B�S�J�U�Z �P�G �U�I�F�T�F

�F�W�F�O�U�T �S�F�E�V�D�F�T �U�I�F �T�J�H�O�B�M �B�W�B�J�M�B�C�M�F �G�P�S �M�F�B�S�O�J�O�H �D�B�U�D�I�N�F�O�U�E�F�M�J�O�F�B�U�J�P�O�T��

�.�P�W�J�O�H �U�P �I�P�V�S�M�Z �E�J�T�D�I�B�S�H�F �E�B�U�B �U�I�F�S�F�G�P�S�F �Q�S�F�T�F�O�U�T �B �O�B�U�V�S�B�M �O�F�Y�U �T�U�F�Q �G�P�S �J�N�Q�S�P�W�J�O�H



���� ���� �%�J�T�D�V�T�T�J�P�O

�%�3�3�"�J�/�/�r�T �D�B�Q�B�C�J�M�J�U�J�F�T �G�P�S �T�I�P�S�U���U�F�S�N �Q�S�F�E�J�D�U�J�P�O�T�� �)�J�H�I�F�S �U�F�N�Q�P�S�B�M �S�F�T�P�M�V�U�J�P�O �D�P�V�M�E

�F�O�I�B�O�D�F �C�P�U�I �Q�S�F�E�J�D�U�J�W�F �Q�F�S�G�P�S�N�B�O�D�F �B�O�E �B�U�U�S�J�C�V�U�J�P�O �R�V�B�M�J�U�Z�
 �Q�P�U�F�O�U�J�B�M�M�Z �F�O�B�C�M�J�O�H �U�I�F

�N�P�E�F�M �U�P �U�S�B�D�F �U�I�F �P�S�J�H�J�O�T �P�G �J�O�E�J�W�J�E�V�B�M �E�J�T�D�I�B�S�H�F �Q�F�B�L�T�� �5�I�J�T �J�N�Q�S�P�W�F�N�F�O�U �X�P�V�M�E �C�F

�W�B�M�V�B�C�M�F �G�P�S �b�P�P�E �G�P�S�F�D�B�T�U�J�O�H �B�Q�Q�M�J�D�B�U�J�P�O�T �X�I�F�S�F �S�B�Q�J�E �S�F�T�Q�P�O�T�F �E�Z�O�B�N�J�D�T �B�S�F �D�S�J�U�J��

�D�B�M�� �)�J�H�I�F�S �U�F�N�Q�P�S�B�M �S�F�T�P�M�V�U�J�P�O �X�P�V�M�E �B�M�T�P �F�O�B�C�M�F �E�F�U�F�D�U�J�P�O �P�G �T�V�C�E�B�J�M�Z �I�Z�E�S�P�M�P�H�J��

�D�B�M �T�J�H�O�B�U�V�S�F�T �T�V�D�I �B�T �E�J�V�S�O�B�M �F�W�B�Q�P�U�S�B�O�T�Q�J�S�B�U�J�P�O �D�Z�D�M�F�T�
�V�S�C�B�O �S�V�O�P�ê �Q�B�U�U�F�S�O�T�
 �B�O�E

�T�O�P�X�N�F�M�U �E�Z�O�B�N�J�D�T �U�I�B�U �B�S�F �T�N�P�P�U�I�F�E �P�V�U �J�O �E�B�J�M�Z �B�H�H�S�F�H�B�U�J�P�O�T�� �&�W�F�O�U���C�B�T�F�E �B�O�B�M�Z��

�T�J�T �X�P�V�M�E �C�F�D�P�N�F �Q�P�T�T�J�C�M�F�
 �B�M�M�P�X�J�O�H �U�I�F �N�P�E�F�M �U�P �E�J�T�U�J�O�H�V�J�T�I �C�F�U�X�F�F�O �E�J�ê�F�S�F�O�U �T�U�P�S�N

�U�Z�Q�F�T �B�O�E �U�I�F�J�S �D�I�B�S�B�D�U�F�S�J�T�U�J�D �I�Z�E�S�P�M�P�H�J�D�B�M �S�F�T�Q�P�O�T�F�T��

�)�P�X�F�W�F�S�
 �U�S�B�O�T�J�U�J�P�O�J�O�H �U�P �I�P�V�S�M�Z �E�B�U�B �Q�S�F�T�F�O�U�T �Q�S�B�D�U�J�D�B�M �D�I�B�M�M�F�O�H�F�T�� �8�I�J�M�F �U�I�F �-�B�O��

�E�F�T�B�O�T�U�B�M�U �G�Ø�S �6�N�X�F�M�U �#�B�E�F�O���8�Ø�S�U�U�F�N�C�F�S�H �Q�S�P�W�J�E�F�T �I�P�V�S�M�Z �N�F�B�T�V�S�F�N�F�O�U�T �G�P�S �T�U�B�U�J�P�O�T

�Q�S�J�N�B�S�J�M�Z �P�O �T�N�B�M�M�F�S �T�U�S�F�B�N�T �J�O �U�I�F �/�F�D�L�B�S �D�B�U�D�I�N�F�O�U�
 �U�I�F �P�W�F�S�M�B�Q �C�F�U�X�F�F�O �T�U�B�U�J�P�O�T

�X�J�U�I �C�P�U�I �I�P�V�S�M�Z �B�O�E �E�B�J�M�Z �E�B�U�B �J�T �M�J�N�J�U�F�E�� �5�I�J�T �D�P�O�T�U�S�B�J�O�U �X�P�V�M�E �S�F�R�V�J�S�F�%�3�3�"�J�/�/�U�P

�I�B�O�E�M�F �N�J�Y�F�E �U�F�N�Q�P�S�B�M �S�F�T�P�M�V�U�J�P�O�T �X�J�U�I�J�O �B �T�J�O�H�M�F �U�S�B�J�O�J�O�H�G�S�B�N�F�X�P�S�L�� �5�X�P �B�S�D�I�J�U�F�D��

�U�V�S�B�M �B�Q�Q�S�P�B�D�I�F�T �D�P�V�M�E �B�E�E�S�F�T�T �U�I�J�T �D�I�B�M�M�F�O�H�F�� �E�F�Q�M�P�Z�J�O�H �T�F�Q�B�S�B�U�F�-�4�5�. �D�P�N�Q�P�O�F�O�U�T

�G�P�S �F�B�D�I �U�F�N�Q�P�S�B�M �T�D�B�M�F �	�(�B�V�D�I �F�U �B�M���
 ���������
�
 �P�S �V�U�J�M�J�[�J�O�H �B �T�J�O�H�M�F�-�4�5�. �B�S�D�I�J�U�F�D�U�V�S�F

�X�J�U�I �U�F�N�Q�P�S�B�M �S�F�T�P�M�V�U�J�P�O �b�B�H�T �U�I�B�U �J�O�E�J�D�B�U�F �U�I�F �D�V�S�S�F�O�U �U�J�N�F �T�D�B�M�F �	�"�D�V�™�B �&�T�Q�J�O�P�[�B

�F�U �B�M���
 ���������
�� �5�I�F �M�B�U�U�F�S �B�Q�Q�S�P�B�D�I �P�ê�F�S�T �U�I�F �B�E�W�B�O�U�B�H�F �P�G �T�I�B�S�F�E �S�F�Q�S�F�T�F�O�U�B�U�J�P�O�T �B�D�S�P�T�T

�U�F�N�Q�P�S�B�M �T�D�B�M�F�T�
 �F�O�B�C�M�J�O�H �U�I�F �N�P�E�F�M �U�P �M�F�B�S�O �D�P�O�T�J�T�U�F�O�U �I�Z�E�S�P�M�P�H�J�D�B�M �S�F�M�B�U�J�P�O�T�I�J�Q�T �U�I�B�U

�U�S�B�O�T�G�F�S �C�F�U�X�F�F�O �I�P�V�S�M�Z �B�O�E �E�B�J�M�Z �E�Z�O�B�N�J�D�T�� �%�F�W�F�M�P�Q�J�O�H �T�V�D�I �B �b�F�Y�J�C�M�F �T�Z�T�U�F�N �X�P�V�M�E

�F�O�B�C�M�F �U�S�B�J�O�J�O�H �P�O �T�V�C�T�U�B�O�U�J�B�M�M�Z �M�B�S�H�F�S �E�J�T�D�I�B�S�H�F �E�B�U�B�T�F�U�T �C�Z �D�P�N�C�J�O�J�O�H �N�F�B�T�V�S�F�N�F�O�U�T

�G�S�P�N �E�J�ê�F�S�F�O�U �J�O�T�U�J�U�V�U�J�P�O�T �U�I�B�U �P�Q�F�S�B�U�F �B�U �W�B�S�Z�J�O�H �U�F�N�Q�P�S�B�M �S�F�T�P�M�V�U�J�P�O�T�
 �V�M�U�J�N�B�U�F�M�Z �J�N��

�Q�S�P�W�J�O�H �N�P�E�F�M �S�P�C�V�T�U�O�F�T�T �B�O�E �H�F�O�F�S�B�M�J�[�B�U�J�P�O �D�B�Q�B�C�J�M�J�U�J�F�T��

�5�I�F4 km � 4 km �H�S�J�E �S�F�T�P�M�V�U�J�P�O �N�B�Z �J�O�B�E�F�R�V�B�U�F�M�Z �D�B�Q�U�V�S�F �a�O�F���T�D�B�M�F �I�Z�E�S�P�M�P�H�J�D�B�M �Q�S�P��

�D�F�T�T�F�T�
 �Q�B�S�U�J�D�V�M�B�S�M�Z �J�O �T�N�B�M�M�F�S �T�V�C�D�B�U�D�I�N�F�O�U�T �X�I�F�S�F �M�P�D�B�M�W�B�S�J�B�C�J�M�J�U�Z �C�F�D�P�N�F�T �J�N�Q�P�S��

�U�B�O�U�� �)�J�H�I�F�S���S�F�T�P�M�V�U�J�P�O �E�B�U�B �T�P�V�S�D�F�T �B�S�F �S�F�B�E�J�M�Z �B�W�B�J�M�B�C�M�F �G�P�S �F�O�I�B�O�D�J�O�H�%�3�3�"�J�/�/�r�T

�T�Q�B�U�J�B�M �S�F�Q�S�F�T�F�O�U�B�U�J�P�O�� �3�"�%�0�-�"�/ �Q�S�F�D�J�Q�J�U�B�U�J�P�O �E�B�U�B �J�T �B�W�B�J�M�B�C�M�F �B�U1 km � 1 km �S�F�T��

�P�M�V�U�J�P�O�
 �Q�S�P�W�J�E�J�O�H �G�P�V�S �U�J�N�F�T �U�I�F �T�Q�B�U�J�B�M �E�F�U�B�J�M �P�G �D�V�S�S�F�O�U�J�O�Q�V�U�T���%�&�.�T�B�S�F �B�W�B�J�M�B�C�M�F

�B�U �N�V�D�I �a�O�F�S �S�F�T�P�M�V�U�J�P�O�T�
 �J�O�D�M�V�E�J�O�H �U�I�F �G�S�F�F �$�P�Q�F�S�O�J�D�V�T�%�&�.�B�U30 m � 30 m �	�&�V�S�P��

�Q�F�B�O �4�Q�B�D�F �"�H�F�O�D�Z �F�U �B�M���
 ���������
 �B�O�E �F�W�F�O �I�J�H�I�F�S �S�F�T�P�M�V�U�J�P�O �-�J�%�"�3���E�F�S�J�W�F�E�%�&�.�T�G�P�S

�T�Q�F�D�J�a�D �S�F�H�J�P�O�T��

�8�I�J�M�F �I�J�H�I�F�S �T�Q�B�U�J�B�M �S�F�T�P�M�V�U�J�P�O �X�P�V�M�E �C�F �E�F�T�J�S�B�C�M�F�
 �J�O�D�S�F�B�T�J�O�H �H�S�J�E �E�F�O�T�J�U�Z �Q�P�T�F�T �T�V�C��

�T�U�B�O�U�J�B�M �D�P�N�Q�V�U�B�U�J�P�O�B�M �D�I�B�M�M�F�O�H�F�T�
 �Q�B�S�U�J�D�V�M�B�S�M�Z �S�F�H�B�S�E�J�O�H �(�1�6 �N�F�N�P�S�Z �D�P�O�T�U�S�B�J�O�U�T �U�I�B�U

�M�J�N�J�U �Q�S�B�D�U�J�D�B�M �N�P�E�F�M �E�F�Q�M�P�Z�N�F�O�U�� �4�F�F�4�F�D�U�J�P�O �����������G�P�S �G�V�S�U�I�F�S �J�O�G�P�S�N�B�U�J�P�O �P�O �D�P�N�Q�V��

�U�B�U�J�P�O�B�M �D�P�O�T�J�E�F�S�B�U�J�P�O�T��

���������� �4�Q�B�U�J�B�M �B�O�E �U�F�N�Q�P�S�B�M �T�D�P�Q�F

�5�I�F �������Z�F�B�S �U�S�B�J�O�J�O�H �Q�F�S�J�P�E�
 �X�I�J�M�F �T�V�C�T�U�B�O�U�J�B�M�
 �N�B�Z �O�P�U �D�B�Q�U�V�S�F �U�I�F �G�V�M�M �S�B�O�H�F �P�G �I�Z��

�E�S�P�M�P�H�J�D�B�M �W�B�S�J�B�C�J�M�J�U�Z�
 �Q�B�S�U�J�D�V�M�B�S�M�Z �F�Y�U�S�F�N�F �F�W�F�O�U�T �U�I�B�U�P�D�D�V�S �B�U �M�P�O�H�F�S �S�F�U�V�S�O �Q�F�S�J�P�E�T��

�5�I�J�T �M�J�N�J�U�B�U�J�P�O �S�F�b�F�D�U�T �E�B�U�B �B�W�B�J�M�B�C�J�M�J�U�Z �D�P�O�T�U�S�B�J�O�U�T�
 �B�T�D�P�O�T�J�T�U�F�O�U �N�F�U�F�P�S�P�M�P�H�J�D�B�M �G�P�S�D��

�J�O�H �E�B�U�B �C�F�D�P�N�F�T �J�O�D�S�F�B�T�J�O�H�M�Z �T�Q�B�S�T�F �G�P�S �F�B�S�M�J�F�S �Q�F�S�J�P�E�T�� �&�Y�U�F�O�E�J�O�H �U�I�F �U�S�B�J�O�J�O�H �Q�F��



�������� �5�F�D�I�O�J�D�B�M �D�P�O�T�J�E�F�S�B�U�J�P�O�T ����

�S�J�P�E �X�P�V�M�E �S�F�R�V�J�S�F �D�B�S�F�G�V�M �Q�S�F�Q�S�P�D�F�T�T�J�O�H �U�P �I�B�O�E�M�F �E�B�U�B �H�B�Q�T �B�O�E �O�P�O���T�U�B�U�J�P�O�B�S�J�U�Z �J�O

�D�M�J�N�B�U�F �Q�B�U�U�F�S�O�T��

�0�V�S �F�W�B�M�V�B�U�J�P�O �J�T �S�F�T�U�S�J�D�U�F�E �U�P �U�I�F �/�F�D�L�B�S �S�J�W�F�S �O�F�U�X�P�S�L �J�O �T�P�V�U�I�X�F�T�U�F�S�O �(�F�S�N�B�O�Z�


�S�F�Q�S�F�T�F�O�U�J�O�H �B �T�J�O�H�M�F �D�M�J�N�B�U�F �S�F�H�J�N�F �B�O�E �I�Z�E�S�P�M�P�H�J�D�B�M �T�F�U�U�J�O�H�� �5�S�B�J�O�J�O�H �B�D�S�P�T�T �E�J�W�F�S�T�F

�D�B�U�D�I�N�F�O�U�T �X�P�V�M�E �Q�S�F�T�V�N�B�C�M�Z �F�O�D�P�V�S�B�H�F �N�P�S�F �H�F�O�F�S�B�M�J�[�B�C�M�F�Q�I�Z�T�J�D�B�M �S�F�M�B�U�J�P�O�T�I�J�Q�T

�B�O�E �S�F�E�V�D�F �U�I�F �N�P�E�F�M�r�T �E�F�Q�F�O�E�F�O�D�F �P�O �F�M�F�W�B�U�J�P�O �B�T �Q�P�T�J�U�J�P�O�B�M �F�O�D�P�E�J�O�H�� �5�I�F �D�V�S�S�F�O�U

�T�J�O�H�M�F���O�F�U�X�P�S�L �B�Q�Q�S�P�B�D�I �Q�S�F�W�F�O�U�T �B�T�T�F�T�T�N�F�O�U �P�G �H�F�O�F�S�B�M�J�[�B�C�J�M�J�U�Z �B�D�S�P�T�T �E�J�ê�F�S�F�O�U �D�M�J��

�N�B�U�J�D �D�P�O�E�J�U�J�P�O�T�
 �H�F�P�M�P�H�J�D�B�M �T�F�U�U�J�O�H�T�
 �P�S �D�B�U�D�I�N�F�O�U �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T��

�&�Y�Q�B�O�E�J�O�H �U�P �N�V�M�U�J���S�F�H�J�P�O�B�M �U�S�B�J�O�J�O�H �S�F�R�V�J�S�F�T �T�Z�T�U�F�N�B�U�J�D�T�F�M�F�D�U�J�P�O �D�S�J�U�F�S�J�B �U�P �F�O�T�V�S�F

�S�F�Q�S�F�T�F�O�U�B�U�J�W�F �D�P�W�F�S�B�H�F �P�G �I�Z�E�S�P�M�P�H�J�D�B�M �E�J�W�F�S�T�J�U�Z�� �,�F�Z �T�U�F�Q�T �J�O�D�M�V�E�F �T�F�M�F�D�U�J�O�H �D�B�U�D�I��

�N�F�O�U�T �U�I�B�U �T�Q�B�O �E�J�ê�F�S�F�O�U �D�P�O�E�J�U�J�P�O�T �S�F�H�B�S�E�J�O�H �D�M�J�N�B�U�F�
 �U�P�Q�P�H�S�B�Q�I�Z�
 �H�F�P�M�P�H�Z�
 �M�B�O�E �V�T�F��

�F�O�T�V�S�J�O�H �B�E�F�R�V�B�U�F �U�F�N�Q�P�S�B�M �P�W�F�S�M�B�Q �J�O �I�J�H�I���R�V�B�M�J�U�Z �E�J�T�D�I�B�S�H�F �B�O�E �N�F�U�F�P�S�P�M�P�H�J�D�B�M �E�B�U�B��

�B�O�E �E�F�W�F�M�P�Q�J�O�H �C�P�V�O�E�B�S�Z �D�P�O�E�J�U�J�P�O �T�U�S�B�U�F�H�J�F�T �G�P�S �I�B�O�E�M�J�O�H�F�E�H�F �F�ê�F�D�U�T �X�I�F�S�F �D�B�U�D�I��

�N�F�O�U�T �F�Y�U�F�O�E �C�F�Z�P�O�E �U�I�F �H�S�J�E�E�F�E �E�P�N�B�J�O�� �/�F�T�U�F�E �N�P�E�F�M�J�O�H �B�Q�Q�S�P�B�D�I�F�T �D�P�V�M�E �B�E��

�E�S�F�T�T �C�P�V�O�E�B�S�Z �D�P�O�E�J�U�J�P�O�T �C�Z �V�T�J�O�H �D�P�B�S�T�F�S���S�F�T�P�M�V�U�J�P�O �N�P�E�F�M�T �U�P �Q�S�P�W�J�E�F �C�P�V�O�E�B�S�Z

�b�V�Y�F�T �G�P�S �I�J�H�I�F�S���S�F�T�P�M�V�U�J�P�O �S�F�H�J�P�O�B�M �J�N�Q�M�F�N�F�O�U�B�U�J�P�O�T�� �4�U�B�O�E�B�S�E�J�[�B�U�J�P�O �Q�S�P�U�P�D�P�M�T �N�J�H�I�U

�C�F �O�F�D�F�T�T�B�S�Z �U�P �I�B�S�N�P�O�J�[�F �E�B�U�B �G�S�P�N �E�J�ê�F�S�F�O�U �N�P�O�J�U�P�S�J�O�H �O�F�U�X�P�S�L�T�
 �B�E�E�S�F�T�T�J�O�H �W�B�S�J��

�B�U�J�P�O�T �J�O �N�F�B�T�V�S�F�N�F�O�U �N�F�U�I�P�E�T�
 �E�B�U�B �R�V�B�M�J�U�Z�
 �B�O�E �U�F�N�Q�P�S�B�M �B�M�J�H�O�N�F�O�U��

���������� �%�B�U�B �T�Q�B�S�T�J�U�Z �B�O�E �J�O�G�S�B�T�U�S�V�D�U�V�S�F �S�F�R�V�J�S�F�N�F�O�U�T

�%�F�T�Q�J�U�F �J�U�T�G�V�M�M�Z �E�J�T�U�S�J�C�V�U�F�E�B�S�D�I�J�U�F�D�U�V�S�F�
�%�3�3�"�J�/�/�S�F�R�V�J�S�F�T �Q�P�J�O�U���X�J�T�F �E�J�T�D�I�B�S�H�F �P�C��

�T�F�S�W�B�U�J�P�O�T �G�P�S �U�S�B�J�O�J�O�H�
 �M�J�N�J�U�J�O�H �B�Q�Q�M�J�D�B�C�J�M�J�U�Z �U�P �S�F�H�J�P�O�T �X�J�U�I �F�T�U�B�C�M�J�T�I�F�E �N�P�O�J�U�P�S�J�O�H

�O�F�U�X�P�S�L�T�� �"�M�U�I�P�V�H�I �U�I�F �N�P�E�F�M�r�T �Q�F�S�G�P�S�N�B�O�D�F �X�J�U�I �P�O�M�Z ���� �U�S�B�J�O�J�O�H �T�U�B�U�J�P�O�T �J�T �F�O�D�P�V�S��

�B�H�J�O�H�
 �U�I�J�T �T�U�B�U�J�P�O �E�F�O�T�J�U�Z �X�J�U�I�J�O �U�I�F �/�F�D�L�B�S �D�B�U�D�I�N�F�O�U �G�B�S�F�Y�D�F�F�E�T �X�I�B�U �J�T �U�Z�Q�J�D�B�M�M�Z

�B�W�B�J�M�B�C�M�F �J�O �N�B�O�Z �H�M�P�C�B�M �S�F�H�J�P�O�T�� �5�I�F �D�I�B�M�M�F�O�H�F �C�F�D�P�N�F�T �N�P�S�F �B�D�V�U�F �J�O �E�F�W�F�M�P�Q�J�O�H

�D�P�V�O�U�S�J�F�T�
 �X�I�F�S�F �I�Z�E�S�P�M�P�H�J�D�B�M �N�P�O�J�U�P�S�J�O�H �O�F�U�X�P�S�L�T �B�S�F �P�G�U�F�O �T�Q�B�S�T�F�
 �E�J�T�D�P�O�U�J�O�V�P�V�T�


�P�S �F�O�U�J�S�F�M�Z �B�C�T�F�O�U�� �5�S�B�O�T�G�F�S �M�F�B�S�O�J�O�H �T�U�S�B�U�F�H�J�F�T �D�P�V�M�E �B�E�E�S�F�T�T �U�I�J�T �M�J�N�J�U�B�U�J�P�O �C�Z �Q�S�F��

�U�S�B�J�O�J�O�H�%�3�3�"�J�/�/�P�O �E�B�U�B���S�J�D�I �S�F�H�J�P�O�T �B�O�E �a�O�F���U�V�O�J�O�H �P�O �T�Q�B�S�T�F �P�C�T�F�S�W�B�U�J�P�O�T�G�S�P�N

�U�B�S�H�F�U �D�B�U�D�I�N�F�O�U�T��

�)�P�X�F�W�F�S�
�%�3�3�"�J�/�/�r�T �B�S�D�I�J�U�F�D�U�V�S�F �P�ê�F�S�T �B�E�W�B�O�U�B�H�F�T �G�P�S �E�B�U�B���T�Q�B�S�T�F �T�D�F�O�B�S�J�P�T�� �5�I�F

�N�P�E�F�M �S�F�R�V�J�S�F�T �P�O�M�Z �E�J�T�D�I�B�S�H�F���D�P�S�S�F�M�B�U�F�E �R�V�B�O�U�J�U�J�F�T �S�B�U�I�F�S �U�I�B�O �Q�S�F�D�J�T�F �Q�I�Z�T�J�D�B�M �N�F�B��

�T�V�S�F�N�F�O�U�T �B�T �U�S�B�J�O�J�O�H �U�B�S�H�F�U�T�� �.�V�M�U�J���a�E�F�M�J�U�Z �B�Q�Q�S�P�B�D�I�F�T �D�P�V�M�E �D�P�N�C�J�O�F �I�J�H�I���R�V�B�M�J�U�Z

�H�B�V�H�F �E�B�U�B �X�J�U�I �M�P�X�F�S���R�V�B�M�J�U�Z �Q�S�P�Y�Z �N�F�B�T�V�S�F�N�F�O�U�T�
 �T�V�D�I �B�T �D�J�U�J�[�F�O �T�D�J�F�O�D�F �P�C�T�F�S�W�B��

�U�J�P�O�T �P�S �P�Q�Q�P�S�U�V�O�J�T�U�J�D �N�F�B�T�V�S�F�N�F�O�U�T �G�S�P�N �U�S�B�O�T�Q�P�S�U�B�U�J�P�O �J�O�G�S�B�T�U�S�V�D�U�V�S�F�� �3�F�D�F�O�U �B�E��

�W�B�O�D�F�T �J�O �T�B�U�F�M�M�J�U�F���C�B�T�F�E �E�J�T�D�I�B�S�H�F �F�T�U�J�N�B�U�J�P�O �	�(�J�H�J �F�U �B�M���
 ���������
 �D�P�V�M�E �Q�S�P�W�J�E�F �B�E�E�J��

�U�J�P�O�B�M �E�B�U�B�
 �X�I�J�D�I �X�P�V�M�E �F�O�B�C�M�F�%�3�3�"�J�/�/�E�F�Q�M�P�Z�N�F�O�U �J�O �V�O�H�B�V�H�F�E �S�F�H�J�P�O�T �X�I�F�S�F

�N�V�M�U�J�T�Q�F�D�U�S�B�M �T�B�U�F�M�M�J�U�F �J�N�B�H�F�S�Z �J�T �B�W�B�J�M�B�C�M�F �C�V�U �H�S�P�V�O�E �N�F�B�T�V�S�F�N�F�O�U�T �B�S�F �O�P�U�� �5�I�J�T

�b�F�Y�J�C�J�M�J�U�Z �T�U�F�N�T �G�S�P�N �U�I�F �N�P�E�F�M�r�T �B�C�J�M�J�U�Z �U�P �M�F�B�S�O �S�F�M�B�U�J�P�O�T�I�J�Q�T �C�F�U�X�F�F�O �B�O�Z �J�O�Q�V�U �T�J�H��

�O�B�M�T �U�I�B�U �D�P�S�S�F�M�B�U�F �X�J�U�I �E�J�T�D�I�B�S�H�F �E�Z�O�B�N�J�D�T�
 �S�B�U�I�F�S �U�I�B�O �S�F�R�V�J�S�J�O�H �B�E�I�F�S�F�O�D�F �U�P �T�U�S�J�D�U

�Q�I�Z�T�J�D�B�M �V�O�J�U�T��



���� ���� �%�J�T�D�V�T�T�J�P�O

���������� �"�E�E�J�U�J�P�O�B�M �J�O�Q�V�U �W�B�S�J�B�C�M�F�T

�%�3�3�"�J�/�/�J�O�D�P�S�Q�P�S�B�U�F�T �G�F�X�F�S �J�O�Q�V�U �W�B�S�J�B�C�M�F�T �D�P�N�Q�B�S�F�E �U�P �U�S�B�E�J�U�J�P�O�B�M �N�P�E�F�M�T�
 �Q�P�U�F�O��

�U�J�B�M�M�Z �N�J�T�T�J�O�H �J�N�Q�P�S�U�B�O�U �E�S�J�W�F�S�T �P�G �I�Z�E�S�P�M�P�H�J�D�B�M �W�B�S�J�B�C�J�M�J�U�Z�� �*�O�D�P�S�Q�P�S�B�U�J�O�H �B�E�E�J�U�J�P�O�B�M

�J�O�Q�V�U �W�B�S�J�B�C�M�F�T �T�V�D�I �B�T �M�B�O�E �D�P�W�F�S�
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