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

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

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

�H�S�J�E �D�F�M�M�T �B�O�E �U�I�F�O �B�H�H�S�F�H�B�U�F�E �B�U �B �N�P�O�U�I�M�Z �G�S�F�R�V�F�O�D�Z �G�P�S �F�B�D�I �S�F�H�J�P�O�� �-�F�UTc;y;m;d �B�O�EPc;y;m;d

�E�F�O�P�U�F �U�I�F �U�F�N�Q�F�S�B�U�V�S�F �B�O�E �Q�S�F�D�J�Q�J�U�B�U�J�P�O �P�C�T�F�S�W�F�E �J�O �D�F�M�Mc �P�O �E�B�Zd = f D1; D2; :::D31g�


�N�P�O�U�Im = f M 1; M 2; :::M 12g �B�O�E �Z�F�B�Sy = f 2001; 2002; :::; 2015g�� 	_�F �U�F�N�Q�F�S�B�U�V�S�F �W�B�S�J��

�B�C�M�F �E�F�O�P�U�F�ETc;y;m �J�T �E�F
W�O�F�E �I�F�S�F �B�T �U�I�F �B�W�F�S�B�H�F �P�G �U�I�F �N�P�T�U �F�Y�U�S�F�N�F �N�F�U�F�P�S�P�M�P�H�J�D�B�M �F�W�F�O�U�T

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

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

Tc;y;m =
1

Ndm

NdmX

d=1

Tc;y;m;d ; Pc;y;m =
NdmX

d=1

Pc;y;m;d ;

�X�I�F�S�FNdm �J�T �U�I�F �O�V�N�C�F�S �P�G �E�B�Z�T �X�J�U�I�J�O �N�P�O�U�Im��

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

�S�F�M�B�U�J�W�F �J�O�U�F�O�T�J�U�Z �P�G �P�O�F �X�F�B�U�I�F�S �T�I�P�D�L �X�J�U�I �S�F�T�Q�F�D�U �U�P �U�I�F �P�U�I�F�S �S�F�B�M�J�[�B�U�J�P�O�T�� �-�F�UWc;y;m

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


�N�P�O�U�Im �B�O�E �Z�F�B�Sy�� 	_�F �B�C�O�P�S�N�B�M �S�F�B�M�J�[�B�U�J�P�O �P�G �U�I�F �X�F�B�U�I�F�S �J�T �F�Y�Q�S�F�T�T�F�E �B�T �G�P�M�M�P�X�T��

Wc;y;m = Wc;y;m � W c;� ;m ;

����	_�F �E�B�U�B �B�S�F �G�S�F�F�M�Z �B�W�B�J�M�B�C�M�F���I	R�Q�T�������M�B�O�E���D�P�Q�F�S�O�J�D�V�T���F�V���H�M�P�C�B�M���Q�S�P�E�V�D�U�T���M�D�� 	_�F �T�I�B�S�F �P�G �B�H�S�J�D�V�M�U�V�S�B�M �M�B�O�E
�G�P�S �F�B�D�I �H�S�J�E �D�F�M�M �J�T �T�I�P�X�O �P�O �U�I�F �N�B�Q �J�O�'�J�H�V�S�F �$�����J�O �U�I�F �0�O�M�J�O�F �"�Q�Q�F�O�E�J�Y��

����
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�X�I�F�S�FW c;� ;m := ( yT � y0 + 1) � 1
yTX

y= y0

Wc;y;m �E�F�O�P�U�F�T �U�I�F �B�W�F�S�B�H�F �W�B�M�V�F �P�G �U�I�F �X�F�B�U�I�F�S �E�B�U�B

�J�O �D�F�M�Mc �P�C�T�F�S�W�F�E �E�V�S�J�O�H �B �T�Q�F�D�J
W�D �N�P�O�U�Im �G�S�P�N �Z�F�B�Sy0 �U�P �Z�F�B�SyT �� �8�F �T�F�Uy0 = 1986 �B�O�E

yT = 2015 �T�P �U�I�B�U �U�I�F �B�W�F�S�B�H�F �J�T �D�P�N�Q�V�U�F�E �P�W�F�S �B �Q�F�S�J�P�E �P�G ���� �Z�F�B�S�T�
 �X�I�J�D�I �J�T �B �T�U�B�O�E�B�S�E

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

�"�V	H�B�N�N�F�S �F�U �B�M���
���������
��

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

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

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

�D�F�M�M �U�P �U�I�F �U�P�U�B�M �T�V�S�G�B�D�F �B�S�F�B �P�G �U�I�F �S�F�H�J�P�O�� 	_�F �T�F�D�P�O�E �J�T �U�I�F �Q�S�P�Q�P�S�U�J�P�O! �D�S�P�Q�M�B�O�E
c �U�I�B�U �U�I�F �D�F�M�M

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

	_�F �X�F�B�U�I�F�S �B�O�P�N�B�M�Z �W�B�S�J�B�C�M�F �J�T �E�F
W�O�F�E �B�U �F�B�D�I �E�B�U�Ft �	�Z�F�B�Sy �B�O�E �N�P�O�U�Im�
 �B�T �G�P�M�M�P�X�T��

Wi;t =

P
c2R i

! �B�S�F�B
c ! �D�S�P�Q�M�B�O�E

c Wc;t
P

c2R i
! �B�S�F�B

c ! �D�S�P�Q�M�B�O�E
c

;

�X�I�F�S�FR i �E�F�O�P�U�F�T �U�I�F �T�F�U �P�G �D�F�M�M�T �U�I�B�U �G�B�M�M �J�O �S�F�H�J�P�Oi ��

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

�U�F�N�Q�F�S�B�U�V�S�F �B�O�P�N�B�M�ZTi;t �B�O�E �U�I�F �Q�S�F�D�J�Q�J�U�B�U�J�P�O �B�O�P�N�B�M�ZPi;t �J�O �S�F�H�J�P�Oi �B�U �U�J�N�Ft�� �8�F �J�O�U�F�S�Q�S�F�U

�B �M�B�S�H�F �W�B�M�V�F �P�GTi;t �B�T �F�Y�D�F�T�T �I�F�B�U �	�N�F�B�T�V�S�F�E �J�O �9�
 �X�J�U�I �S�F�T�Q�F�D�U �U�P �J�U�T �I�J�T�U�P�S�J�D�B�M �B�W�F�S�B�H�F��

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

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

�Q�S�P�Q�P�T�F�E �J�O�"�Q�Q�F�O�E�J�Y �%��

������ �&�/�4�0 �0�T�D�J�M�M�B�U�J�P�O�T

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

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


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

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

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

�T�I�P�D�L�T �E�V�S�J�O�H �&�/�4�0 �F�W�F�O�U�T�
 �U�I�F�Z �D�B�O �B�E�B�Q�U �C�Z �B�E�K�V�T�U�J�O�H �U�I�F�J�S �D�S�P�Q �N�J�Y �C�F�G�P�S�F �U�I�F �X�F�B�U�I�F�S

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

�U�I�J�T �J�T�T�V�F�
 �X�F �V�T�F �&�/�4�0 �W�B�S�J�B�U�J�P�O�T �B�T �B �D�P�O�U�S�P�M �W�B�S�J�B�C�M�F �U�P �B�D�D�P�V�O�U �G�P�S �U�I�F �F�Y�Q�F�D�U�B�U�J�P�O�B�M �F
V�F�D�U

�U�I�B�U �&�/�4�0 �N�B�Z �I�B�W�F �P�O �U�I�F �Q�S�P�K�F�D�U�J�P�O�� 	_�F�T�F �&�/�4�0 
X�V�D�U�V�B�U�J�P�O�T �B�S�F �D�M�B�T�T�J
W�F�E �V�T�J�O�H �U�I�F

�0�D�F�B�O�J�D �/�J�±�P �*�O�E�F�Y�
 �X�I�J�D�I �D�P�N�Q�V�U�F�T �B �U�I�S�F�F���N�P�O�U�I �B�W�F�S�B�H�F �P�G �U�I�F �T�F�B �T�V�S�G�B�D�F �U�F�N�Q�F�S�B�U�V�S�F

�B�O�P�N�B�M�J�F�T �J�O �U�I�F �D�F�O�U�S�B�M �B�O�E �F�B�T�U�F�S�O �U�S�P�Q�J�D�B�M �1�B�D�J
W�D �0�D�F�B�O�� �8�F �D�P�M�M�F�D�U �U�I�J�T �J�O�E�F�Y �G�S�P�N �U�I�F

����



�(�P�M�E�F�O �(�B�U�F �8�F�B�U�I�F�S �4�F�S�W�J�D�F������ �"�O �&�M �/�J�±�P �	�P�S �-�B �/�J�±�B�
 �F�W�F�O�U �J�T �E�F
W�O�F�E �C�Z �B �Q�F�S�J�P�E �P�G 
W�W�F

�D�P�O�T�F�D�V�U�J�W�F �U�I�S�F�F���N�P�O�U�I �Q�F�S�J�P�E�T �X�J�U�I �B�O �J�O�E�F�Y �B�C�P�W�F0:5 �	�P�S �C�F�M�P�X� 0:5 �G�P�S �B �-�B �/�J�±�B �F�W�F�O�U�
��

������ �.�B�D�S�P�F�D�P�O�P�N�J�D �%�B�U�B

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

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

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

�X�F�B�U�I�F�S �W�B�S�J�B�C�M�F�T �P�O �B�H�S�J�D�V�M�U�V�S�B�M �Q�S�P�E�V�D�U�J�P�O �G�S�P�N �B�O�Z �P�U�I�F�S �T�P�V�S�D�F�T �P�G 
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h=0 (pc;i;t � h � hc;i;t � h)�� �5�P �D�P�N�Q�B�S�F �S�F�H�J�P�O�T �P�O �B �S�F�H�V�M�B�S �C�B�T�J�T�
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c;i;h X t + 
 H
c;i;h �5�S�F�O�Et � �.�P�O�U�It

+ � H
c;i;h �5�S�F�O�E2

t � �.�P�O�U�It
�

+ " c;i;t + h; �	�����


�X�I�F�S�Fyc;i;t + h �J�T �U�I�F �E�F�T�F�B�T�P�O�B�M�J�[�F�E �Q�S�P�E�V�D�U�J�P�O�
 �B�O�ETi;t �
Pi;t �
 �B�O�EX t �B�S�F�
 �S�F�T�Q�F�D�U�J�W�F�M�Z�
 �U�I�F

�U�F�N�Q�F�S�B�U�V�S�F �B�O�P�N�B�M�J�F�T�
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�S�F�N�P�W�F�E �V�T�J�O�H �U�I�F �9���� �N�F�U�I�P�E �P�G �U�I�F �$�F�O�T�V�T �#�V�S�F�B�V�� �0�V�S �T�B�N�Q�M�F �D�P�W�F�S�T �U�I�F �Q�F�S�J�P�E ���������.���×
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