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1 Introduction
� /[O�a^-@806�O�OP/�ET/[-�6�'�/0)�&S/[O
E�,�&.+�6�]^3�&�'[6�8K'0) '�2�3 Insurance /�&�+�,�O�'�(������ 35-�806�O�O�/�E�� -�,�O�'[)�]^3�(�O
U���'�2.3�/�(
803
	�3�8<)�E>(�/0O�a!/�&D)�(*+�3�(.'0)�6�	�)�/0+!OP,�U�O�/0+�/[9:6�'�/[)�& 1 6�&�+!6�+�	�3@(*O�31O�3�803:-@'�/0)�& 2 
 1���

F)�(�] 6�&���� 3�6�(�O�] )�O�'J/�&�OP,�(�6�&�-�3W-�)�]dB�6�&�/03�O�2�6
	�3W6�O�O�3�O�O�3�+d'�2�3�/�(`3
� B�)�O�,�(*3 '0)dE�/�(�3580)�O�O�3�O
U�6�O�3�+ )�& 6 O�� O�'[3�] +�3
	�3�80)�B�3�+ U�� '�2.3 %P&�O�,�(76@&�-:3 YK3�(�	�/[-�3��FETE�/0-�3�� %�Y������T-�E��JA5B�B�3�&�+�/�� A����
bF2�/[-�2 -�806�O�O�/�E�/03�O -�)�]S]d, &�/�'�/[3�O /�&�'[) +�/�ETE*3@(73�&�' B�(*)�'[3�-�'�/[)�& -�806�O�O�3�O�� \ 2�/[O O�� O�'03�] 3@ETE73�-@'�/�	�3@8��
d/0O�'�/�&�Q ,�/[O�2�3�O B�(*)�'03�-�'03�+ E�(*)�] ,�&�B�(*)�'[3�-�'03�+ -�)�]S]d,�&�/�'�/03�O�� �W)�b53
	�3�(�� 6�]^)�&�Q B�(*)�'Z3�-@'03�+
-�)�]S]d,�&�/�'�/03�O�� '�2�3x%�Y�� B�(*)�'03�-�'�/[)�& -�806�O�O�3�O 6�B B�3�6�( '0) U�3 803�O�O 3�E�E*3:-�' /!	�3 6�' Q (�)�,�B�/�&.Q
-�)�]S]d,�&�/�'�/03�O./�&D6�B�B�(*)�B�(�/06�'[3�-�8[6�O�O�3�O -�)�&�O�/0O�'[3�&�'Gb /�'�2!80)�O�Ok3
� B�3�(T/[3�&�-�3"�

\1)d6�-�-@,�(76�'03@8#� 3�O�'�/�]^6�'[3F'�2.3FE�/�(*3 80)�O�O�� /�' /0OG/�]SB�)�(�'06�&�' '0)S-�)�&�O�/0+�3�(�O�3@B�6�(*6�'[3�8��!'�2.3 ET(�3"$�,�3�&.-��
6�&�+SO�3%	.3�(T/�'#� )�E ET/�(*3"� \ 2�3�ET(*3�$�,�3�&.-&� + 3�B�3�&�+�O�)�&W'�2>3 (T/[O�a�OG'�2�6�'k-�6�&^-:6�,�O�3�E�/�(7356�&�+C'�2�3CO*3%	�3�(T/�'��
+�3�B�3�&�+�O )�& '�2�3 6�]^)�,�&�' )�E /�&�OP,�(*6�&.-�3 6�&�+"'�2.3 B (�)�'03�-@'�/[)�& ] 3�-�2.6�&�/0OP] /�& B�806�-�3���\
2�3 %�Y��
O�� O�'[3�] 3�OP'�/�] 6�'03�O>2�)�b bC3�8�8 B�(*)�'[3�-�'[3�+�65-�)�]S]S,�&�/�'#�!/0O��:U ,�' /�' /[O>&�)�'
6�U�8[3k'0)�/0+ 3@&�'�/�E��X'�2.3k(T/[O�a )�E
ET/�(�3�)�-:-�,�(�(73�&�-�3 6�O�O�)�-�/[6�'03:+!b /�'�2!'�2�3�-�)�]d]S,�&�/�'#� )�(Fb /�'�2!/�&�+�/!	�/0+�,�6�8<-�,�O�'[)�]^3�(�O��

%�& '�2�/[O B�(*)@LM3:-@'��DbC3 ET/�(*OT'^/[+�3�&�'�/�E��'	�6�(T/[)�,�O (T/0OPa E�6�-�'0)�(�O��DbF2�/[-�2 ]^6&� /�& ET8�,�3�&�-�3 U�)�'�2
ET(*3�$�,�3�&.-�� 6�&�+ O�3
	.3�(T/�'����(� 3�'�2�3�& +�3�O�-�(�/�U�3 6 Q 3�&.3�(*6@8�/09:3�+ 8�/�&�3�6�(5]^)�+�3�8�'0)"6@&�6�8#� 9:3�ET/ (�3t(�/0O�a
U�6�O�3�+!)�&!'�2�)�O�3J(�/0O�a!E76�-�'0)�(7O .

2

\ 2�3 U�6�O�/0- /�&�B�,�'[O '0) )�,�(^ET/�(�3 (T/0OPa ] )�+�3�8 bF/�8�8 U�3 '�2�3 (�/0O�a)	�6�(T/[6�U�8Z3�O 6�O*O�)�-�/06�'[3�+ '0) 3�6:-�2
-�,�O�'0)�] 3�(��*� 3J,�O�3J'�2�3JE*)�8 8[)�bF/�&�QX-�(�/�'03�(�/06J'[)!6�O�O�3�O�O.' 2�3�3@ETE73�-�'�/!	�3�&.3�O�Og)�E.(T/0OPa+	>6@(T/06@U�803�O�,
• Y�3@B�6�(*6@'�/0)�&D6@&�+12�)�]^) Q 3�&.3�/�'#� )�E.'�2�3 -�8[6�O�O�3�O

− c�6�-�2D-�8[6�O�O�/�ET/Z-�6@'�/0)�&Db /�8�8 2�6
	�316�O�/ZQ &�/�ET/[-:6�&�'�8#�W+�/�E[E�3�(73@&�'G-�2�6�&�-:31)�E>80)�O�O��
− c�6�-�2!]^3@]SU�3�(-�j/�&D6�-@8Z6�O�O�/�ET/[-�6�'�/[)�&DQ�(*)�,�B.�.bF/�8�8 2�6%	�3 6�B�B�(*)�� /�]^6�'[3�8#�`'�2�3�O�6�] 3 -�2�6�&�-:3�)�E

loss.

• Reliability

− Information /[Og3�6�OP/�8�� )�U�'[6�/�&�3�+!6�&�+1&�)�'GO�,�U�L73�-�'r'0)�]^6@&�/�B�,�806@'�/0)�&.�
− %�& E�)�(T]^6@'�/0)�&!/[O(	�3�(�/�ET/[6�U�8Z3"�

• %�&.-�3@&�'�/�	�3/	�6�8�,.3
− IK(*)�	�/0+�3�O./�&�-�3@&�'�/�	�3 '0)!6�-�' /�&DO�)�-�/[6�8�8�� 6�&�+�3�-�)�&�)�]d/0-:6@8�8#�CB�)�O�/�'�/�	�3�b56�� O��

• Y�) -�/06�8<6�-�-:3�B�'[6�U�/�8�/�'#�

1 Y ¥�½�®O�����10£¢¨§������ �£¢£¥�®O�I®�¯��£��¯�ª��{§��9¯�¢¨­µ±9���°�{§l �¢¨�µ§l ��¨���.2 �n¢£���43�®� �¢¨�}�
2 ¶p������®,�£ª���®O�¨� �����}��� ±9¢£§���� �µ�¨¢£¥�®,�£® ¯��¨��¯�ª��²§��9¯�¢¨­kª��¨®,® §� �¢¨� §� ��¨����2L�n¢¨���43�®, �¢¨�}�
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− \
2�3J=?6�'�2�3�]^6�'�/0-�6@8�8��`E*6�/�(F)�,�'[-�)�]^3 ]^6�� -�)�&�E�8�/[-�'Gb / '�2DO�)�-�/06@8GQ )�6�8[O�� Som3J(*6�'�/�&�Q
-�(T/�'03�(�/06 6�(�3�O�) -�/[6�8�8#�W)�(>803:Q�6@8�8#�C,�&�6:-�-:3�B�'06@U�803JU�3:-�6@,�O*3J/�'r/0O.U�3�� )�&�+1'�2�3J/�&�O�,�(73�+ � O
control.

� 3�Q (�)�,�B!'�2�3kE*6�-�'0)�(�O 6�ETE73:-@'�/�&�Q�ET/�(*3J(T/[O�a!/�&�'[)1'0b5)1'#� B�3�O�,�1�f����	�����������	�
�$�#��`��
��1ik�f	���$��
− �C/[O�'0)�(�/0-�6@8G3
� B�3�(�/03�&�-�31):E.E[/�(�3J/�&!'�2�3�6�(73�6"�
− �C,�]dU�3�( )�Eg6�(*O�)�&�O�/�&!'�2�3 6@(*3 a,

− � 6�'03@(>B�(*3�O�O�,�(*3��
− � /�(�3�+�/0O�B�6@'0-�2 -�6�B.6�U�/�8�/�'#���
− � /�(�3�+�3�B.6�(T'�]^3�&�'<-:6�B�6�U�/�8�/�'!��� 6�&�+
− VC/[O�'06@&�-�3JET(�)�] ET/�(*3�+�3@B>6@(T' ] 3�&�'���1�f����	�����������	�
�$�#��`��
������
	S$��
− AWQ�31)�E>'�2�3 2�)�]^3"�
− \ ��B�3�)�E -�)�&�OP'�(T,.-�'�/0)�&.�
− \ ��B�3�)�E -�)�)�a�/�&.QX6�B�B.6�(*6@' ,�O��
− YK)�,�(*-�3�)�E.2�3:6�'�/�&�Q � 6�&�+
− �C,�]dU�3�( )�Eg)�-:-�,�B�6�&�'[Og6�&.+1'�2�3�/�( ages.

� /[O�a 6�O�O�)�-�/[6�'03�+db /�'�2dB�8[6�-:3 -�6�&tU>3 -�)�8�803�-@'Z3�+ '�2�(*)�,.Q�2t(*3�O�3�6�(*-@2^6�&�+tO�,�(�	�3���ET(�)�]x)�(*Q�6�&�/[9:6�'�/[)�&�O
O�,�-�2D6�O�'�2�3k%�Y.��� � /0O�aD6�O�O*)�-�/06�'[3�+!b /�'�2!'�2�3J2�)�]^31-:6�&!U�3�-�)�8�803�-�'[3�+�ET(�)�] /�&�+�/!	�/0+�,�6�8<-�,�O�'[)�]^3�(�O��

%�& \�6�U�8[3����
bC3W+ 3�'[6�/�8J'�2�3 3�8[3
	�3�& 	.6�(�/06�U�8[3�O!bC3 -�)�&�O�/0+�3�(�]^)�O�'JB�(*)�]d/0O�/�&�Qd/ &^B�(*3�+�/0-�'�/�&.Q
ET/�(�3J(T/[O�a.�
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	�3gU�3�3@& O�2�)�b &t'0) U�3
)�&�3�)�E>'�2�3�-:6�,�O�3�O.'�2�6�'<-:6�&!803�6�+1'0)1ET/�(*3"�

• � 3�6�'�2�3�(kB�6�'�'03�(�&�O � 8�/ZQ 2�'�&�/�&�Q �KbF/�&�+ � – ;</ZQ 2�'�&�/�&.QC2.6:OJU�3�3�& E*)�,�&�+`'0)`U.3X)�&.3X)�EJ'�2�3!-�6�,�O�3�O )�E
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� '�/�&�Q ,�/0OP2�3�(*O��G6�&�+ 6�,�'0)�] 6�'�/[-WbC6@'Z3�(!OPB�(T/�&�a�8[3�(*O!6@(73
/�]SBK)�(T'06@&�' /�&D-�)�&�'�(*)�8�8�/�&�Q�'�2�3JE�/�(�3"�
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)�,�( 6�B�B�8�/0-�6@'�/0)�&D)�E./�'��
A.

�������	��

�
�������������������������
��������������
� !�"�
�	���$#%��

���
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%�& /�'0O O�/�]SB�803�O�'<E*)�(�] �K618�/�&�3�6�(g] )�+�3�8FO�B�3:-�/�ET/[3�Ok'�2�3�8�/�&�3�6�(k(*3�8Z6@'�/0)�&�OP2�/�B U�3�'0b53:3�& 61(73�OPB�)�&�O�3
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� O��GO�)d'�2>6@' X � � ��� X1,…Xk � �
and:

εβεββββ +⋅=+++++= XXXXY kk...22110 . (1)

%�& 3�$�,>6@'�/[)�& � ��� � 0β /0O '�2�3t-:)�3�ETE�/0-�/[3�&�'JE�)�(�'�2�3 /�&�'03�(�-�3�B�'�� '�2�3 iβ 	�6�8�,�3�O`6@(*35'�2�3S-�) 3�E�ET/[-�/03�&�'[O �jE*)�(
'�2�3 	�6�(�/06�U�8[3�O X1 '�2�(*)�,�Q 2 Xk��� 6�&�+ e O�'[6�&�+�O<E*)�(G'�2�353@(T(*)�( 	�6�(T/06@U�/�8�/�'#�!'�2�6@' -�6�& &�)�' U�3 6�-�-�)�,�&�'[3�+ E�)�(
U�� '�2�35B�(�3�+�/0-�'[)�(*O�� \ 2�3t+�/ZO�'�(T/�U�,�'�/0)�& )�E e /[OF&�)�(�]^6�81bF/�'�2 ]^3�6@&"9:3�(�) � \
2�3t):B�'�/�] 6�8 	�6�8�,�3t)�EF'�2�3
-�)�3�ETE�/Z-�/[3�&�'0O βi bF/�8�8rU�3�-�)�]SB�,�'[3�+1U��`(73:QM(*3�O�OP/0)�&!E[(�):] '�2�3J2 /0O�'[)�(T/0-�6�8G+�6�'[6"�

� )�(G]^6�&��D+ 6�'06 6�&.6�8�� O�/[OGB (�)�U�803�] O��r3�O�'�/�]^6�'[3�OF)�EG'�2�3 8�/�&�3�6�(G(*3@8Z6�'�/[)�&�O�2�/�B�O<U�3�'[bC3�3�& 	�6�(�/06�U�8[3�O
6�(*3 6�+ 3"$�,�6�'[3 '[) +�3�O*-@(T/�U.3^'�2�3 )�U�O�3�( 	�3�+ + 6�'[6"�`6�&.+ '0) ]^6�a�3^(*3�6�O�)�&.6�U�803^B (*3�+�/[-�'�/[)�&�O E�)�(D&�3�b
)�U�O�3�(�	�6@'�/[)�&�O����S)�b53
	.3�(&�K'�2�3�(�3D6�(�3X]^6�&��^(73�8[6�'�/[)�&�OT2�/�B�O�'�2�6@'5-�6�&�&�)�'56�+�3"$�,�6@'Z3�8#�^U.3 O�,�]S] 6�(T/[9:3�+
U��W6�O�/�]SB�8[3J8�/�&�3�6�( 3"$�,.6�'�/0)�&.��E�)�(>'0b5)1]^6sLM)�(>(*3�6�O�)�&.O�,
� ��� zW�f��
���� � e�
������?�s� #�$ ik$���#�$���
���	����f	 � ��$ ,<\
2�3D+ 3@B>3@&�+�3�&�' 	�6�(T/[6�U�803 )�E5/�&�'03�(�3:O�'F]^6�� &�)�'�2.6
	�3 6
&�)�(T]^6@8G+�/[O�'�(�/�U�,�'�/[)�&.��'�2�,�OK'�2�3�-�8[6�O�O�/[-�6�8r8�/�&�3�6�(>]^)�+�3@8
bF/�8�8r&�)�'G6�B�B�8����
��� ��� �����k�ue�����
������ , \
2�3 8�/�&�3�6�(F]^)�+�3�8
]S/[Q 2�'
U�3 /�&�6:+�3"$�,�6�'[3 '[) +�3�O�-�(T/�U�3S6 B�6�(T'�/[-�,�806@(�(�3�806@'�/0)�&�OP2�/�B
bF2�3�(�3 '�2�3 3�E�E*3:-�' )�E '�2�3 B�(�3�+�/0-�'[)�(*O )�& '�2�3 +�3�B�3�&�+�3�&�' 	�6�(T/[6�U�803?]^6�� &�)�' U�3 8�/�&�3�6@(&�d\
2�3
Q 3�&.3�(*6@8�/[9:3�+D8�/�&�3�6�( ]^)�+�3@8X-�6@& U.3�,�O�3�+ '0) B�(*3�+�/0-�'�(�3�O�B�)�&�O�3�O U�)�'�2 E*)�( (73�O�B�)�&�O�3 	�6@(T/06@U�8Z3�OtbF/�'�2
+�/0O�-�(�3�'031+�/0O�'�(T/�U�,�'�/0)�&�Ok6�&�+1E*)�(.(*3�O�B�)�&�O*3/	�6�(T/[6�U�8Z3�O.'�2�6�'G6@(*3J&�)�&�8�/�&�3:6�(�8��`(�3�8Z6�'[3�+�'0)1'�2�3 B�(*3�+�/[-�'0)�(�O��

\
2�3J(*3�8[6�'�/[)�&�O�2�/�B!/�&!'�2�3 Q 3�&�3@(*6�8�/09:3�+18�/�&�3�6�(.]^)�+�3�8r/0O 6�O�O�,�]^3�+1'0)1U�3
η=])[( YEg ,

bF2�3�(�3 E 
 � �<+�3@&�)�'03�O.'�2�3�3
� B�3�-�'[6�'�/[)�&D6�&�+�Q�/0Ok6J]^)�&.)�'0)�&�3 ET,�&�-�'�/0)�&D)�E
kk XXX ββββη ++++= ...22110 .

\ 2�6@' /[O���/�E h /0O.'�2�3J/�& 	�3�(�O�3JE�,�&�-�'�/[)�&D)�E g��]^3:6@&�/�&�Q ]))[((][ YEghYE = ��'�2�3�&
)()(][ 110 kk XXhhYE βββη +++== � . (2)

��	�

�����

�����	��


����

����	�������	��
�
� 	!��

�
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%�& )�,�(tB (*)�U�8[3�] '�2�3 (*3�O�B.)�&�O�3 	�6�(�/06�U�803 Y /0O Binary, � E�)�(SET/�(*3 6@&�+%$ E*)�(d&�) ET/�(*3"�k\
2�3
3
� B�3�-�'06@'�/[)�& )�E&" /[O�+�3�&�)�'03�+ U�� i o \
2�3D-�)�]S] )�&�8�� ,�O�3�+ 8�/�&�a E�,�&�-�'�/[)�&�O E�)�( '�2�3 v�$�������e������
'Ki)(
+�/0O�'�(T/�U�, '�/0)�&�Ok6�(*3",

• ;�) Q /�'r8�/�&�a., ))1/(log()( pppg −= ,

• IK(*)�U�/�'G8�/�&�a., )()( pinvnormpg = �.b 2�3�(�3 invnorm /[Og'�2�3�/�& 	�3�(�O�3�)�E '�2�3tO�'06@&�+�6�(*+!&�)�(T] 6�8
cumula'�/!	�3�+�/0OP'�(T/�U�,�'�/[)�&!ET,�&�-�'�/0)�&.�

• N�)�]dB�803�] 3�&�'06@(��`8[) Q -80) Q�8�/�&�a., )))1(log(log()( ppg −−= ,
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• Log-8[) Q�8�/�&�a., ))log(log()( ppg −=
l $ e���$ 
 �.$ ����y���
 ����������e����:
������ �f� ��e�� 	W��#�$�� � $���	�e�� $ �s�X��
��>ik��	���
����@	�� ����� �:$���� $@����$k	���# ��
�� ��� 	Fik��$
����
�$��jik��$�
f	�
������ 	�� 
���$ ��� y�	�����
�� 	 �s� 
 ��$ ��#�#�� ��	K
���� 1 o p�e�� � 	 	S��#�$�� ��� ��	�����$�# 
���$ ����y����:
����
��$�y���$�����������	S��#�$�� o
�
��� 	�� ��� 	!��
 	�
 �������	��

��� �	� 	��
����� 	�
	���������
�
�	�

\ 2�3 )�B�'�/�] 6�8 	�6�8�,�3�O )�E '�2�3 B�6�(�6�]^3�'[3�(*O � β0 '�2�(�)�,�Q 2 βk 6�&�+ '�2�3 O�-�6@803 B�6�(*6�]^3�'03�(�� /�& '�2�3
Q 3�&.3�(*6@8�/[9:3�+ 8�/�&�3�6@( ]^)�+�3�8D6�(�3 )�U�'[6�/�&�3�+ U�� '�2�3 =?6%� /�]S,�] ;</�a�3�8�/�2�)�)�+ ��="; �`] 3�'�2�)�+ �5bF2�/[-�2
(*3"$�,�/�(*3�O /�'[3�(*6�'�/�	�3 -�)�]SB ,�'06@'�/0)�&�6@8 B�(�)�-�3�+�, (*3�O��d\ 2�3�(*3 6�(73 ]^6�&�� /�'Z3@(*6�'�/�	�3 ] 3�'�2�)�+�O"E*)�( =";
3�O�'�/�]^6�'�/0)�&d/�&d'�2�3`Qu3�&�3�(*6�8�/09:3�+ 8�/�&�3�6�(
]^)�+�3�8�� )�E1bF2�/Z-@2S'�2�3 �W3�bF'[)�& -

� 6�B�2�O�)�& 6�&�+ � /0O�2�3�( - YK-�)�(�/�&.Q
]^3�'�2�)�+�Og6�(�3�6�]^)�&.Q�'�2�3k]^)�O�'<3�ETE�/0-�/[3�&�'G6@&�+!bF/[+�3�8��X,�O�3�+ 
�� ���
���������������	� �"!$#%��&('�'�)*��!$+,&('�)

\ 2�3 ]^6
� /�]S,�] 8�/�a�3@8�/�2�)u)�+ ]^3�'�2�)�+ /0O 6 Qu3�&�3�(*6�8 ]^3�'�2�)�+ )�E 3�O�'�/�]^6�'�/�&�Q B�6�(�6�]^3@'03�( β )�E 6
B�)�B�,�806�'�/0)�& U�� 	�6�8�,�3�OX'�2>6@' ]^6
� /�]d/[9:3W'�2�3 likelihood � L �X)�ED6 O�6�]SB�8[3"�
\
2�3 8�/�a�3�8�/�2�)�)�+ L )�ED6
O�6�]SB�8[3`)�E n )�U�O�3@(�	�6�'�/0)�&�O y1� y2� …� yn� /0O '�2�3GL7) /�&�'KET(�3"$�,�3�&.-��tET,�&�-�'�/0)�& )�(1+ 3�&�O�/�'��dE�,�&�-�'�/[)�& f(y1,
y2� …� yn|β ��� \
2�3 ]^6
� /�]S, ] 8�/�a�3�8�/�2�)�)�+d3�O�'�/�]^6�'�/0)�& )�E β /[O
'�2�3 	�6�8�,�3C)�E β '�2�6�'K] 6
� /�]d/[9:3�OG'�2 3
8�/�a�3@8�/�2�) )�+ � \�)!]^6
� /�]t/09:31'�2�3�8�/�a�3@8�/�2�)�)�+ L �.b53�O�)�8�	�3�'�2�3�3"$�,.6�'�/[)�& 0=

∂
∂
β
L '0)DQ 3�'�3�OT'�/�] 6�'0)�( *β

O�,�-�2W'�2�6�'�'�2�3�] 6
� /�]d,�] 	�6@8�,�3`)�E L b56�O (73�6:-�2�3�+W6�' *β � Y /�&�-�3�'�2�/0O13�$�,�6�'�/[)�& bF/�8�8kQ 3�&�3�(�6�8�8��tU�3X6
$�,�/�'035-�)�]dB�8�/[-�6�'03�+5&�)�&�8�/�&�3�6�(13"$�,�6�'�/0)�&.� b53`-�6�&^)�&�8#� O�)�8!	�3F/�'KU � 6�&d/�'03�(�6�'�/[)�&W]^3@'�2�)�+ � IK(�6�-�'�/[-�6�8�8��
O�)�8�	�/�&�Q�/�'<3�ETE�/0-�/[3�&�'�8��WbF/�8�8 /�& 	�)�8�	�3J'�2�3 �S3�bF'[)�& -

� 6�B 2�O�)�&!/�'[3�(�6�'�/[)�&!]^3�'�2�)�+ [5].

� 3 6@B�B�8#� 6�8[) Q /0O�'�/0-!]^)�+�3�8F'[) )�,�( B�(*)�U�8[3�] 6�&�+ '�(�� '0) ET/�&�+D'�2�3 appropriate E�,�&�-�'�/[)�& 'T)
B�(*3�+�/[-�'X'�2�3 ET/�(�3 frequency � � 3"+�3�&�)�'03 '�2�3 (*3�OPB>)�&�O�3 	 ariable Y� -�806@/�] )�ESET/�(�3 , aO^6 U�/�&�6@(��
	�6�(T/[6�U�803�, $!+�3�&�)�'[3�O.&�)�ET/�(73"� �1+�3�&�)�'[3�O otherwise.

B. -/.0. �"���	�����������21 ���
�$�  # �"�����
�43 ���65 �����

%�& )�,�(gB (*)@L73�-�'��.6�8�]^)�O�' 6�8�8F)�Ek'�2�3�/�&�B�,�'F+�6@'06�6�(73!-:6�'03�Q )�(T/[-�6�8F+ 6�'[6"�KN�6@'Z3:Q )�(T/[-:6�8F+�6�'[6!6�(*3�+�/�E�E*3�(*3@&�'
ET(*)�] $�,�6@&�'�/�'[6�'�/!	�3 +�6@'06"�JO�/�&�-�3!'�2�3�� +�) &�)�'�&�3�-:3�O�O�6�(�/�8#� 2�6
	�3D)�(*+ 3�( /�& '�2�3@] � Therefore, /�& '�2�/[O
-�6�O�3"� L[,�O�'�6�O�O�/[Q &�/�&.Q 6C&�,�]dU�3�(1'[)^3�6�-�2 +�/�ETE�3�(73�&�'J'��uB.3Wb /�8�8k&�)�'JU�3C'�2�35U�3�O�'16�B�B�(*)�6�-@2.�GO�/�&�-:3C'�2�3
)�(*+�/�&�6@(��`&�,�]dU�3�( b /�8�8G6�O�OT,�]^3 '�2�)�O�3 -�6@'03:Q )�(T/[3�Og6�(�356@8�(*3�6�+ � )�(*+�3�(�3�+ � Instead� bC3J,�O�3k'�2�3 +�,�]S]��
variables '[) '�(*6�&�O�E�)�(T] '�2�3 j-th -:6�'[3:Q )�(T/[-:6�8 	�6�(T/[6�U�803 bF/�'�2 jP -�6@'03:Q )�(�/03�OX/�&�'[) 6 jP - +�/�]^3�&�OP/0)�&
vector ),,( 21

j
p

jj

j
xxx � �CbF2�3�(*3 1=j

sx /�E '�2�3 j-'�2 	�6�(�/06�U�8[3 /[O /�& /�'0O i-'�2 -�6�'[3:Q )�(�� 6�&�+ 0=j
sx

)�'�2�3�(�bF/[O�3"��N�)�(T(73�O�B�)�&�+�/�&�Q 8�� ��'�2�3 	�3:-@'0)�( β /�&!'�2�/[Og-�6�'[3�Q )�(�/0-�6�8<-:6�O�3JU.3�-�)�]^3�Og6 8Z)�&�Q 3�( 	�3�-�'0)�(
Tr

p
rr

pp r
),,,,,,,,( 21

22
2

2
1

11
2

1
1 21

ββββββββββ 77777= ,

1 8 ����®��°¢£§����9��®
p

p

−1
¤:9² ��¨�}�<;>��® §� ��{¯��}��½�¢¼½���ª���§l­[¿¼�a�² �¢¨·�� )

1
log(

p

p

−
= kk XXX ββββ ++++ ...22110 .



10

where �����������
	��
��������� j
p

jj

i
βββ 7,, 21

� ������������������������	���� ���!������� category �"�#����� j-�"� variable$
% �&����'��&�"���&����("(����!����	)�
*�+����"�����#���#����(���+�(������&�����&,.-/� � ������� � �0��-1�&�0-1��*�+������/243

)exp(1

)exp(

1

1 1
,

1 1
,

= =

= =

+
=

+
=

m

j

P

k

j
kkj

m

j

P

k

j
kkj

j

j

x

x

e

e
p

β

β

η

η

, (3)

576�8�9/8 η :�;=<�:�> 8�?#@BAC8�D�E�FHG :�I ?�J0K�L I�M!N 8�O�G :�I ?�P�F�QR ? I G"6�8�9SF�T > F�?�G�F < 8 I�M G"6 :�;=U
I T�8�V :�; G"6�F�G I ?�8#O�F�?WO I ? ;0: T�8�9 interactions I�MYX 9/8�T : O�G I 9 ; Q R ?
interaction1 :�; G"6�8 > F�9 : F�G :�I ?ZF U
I ? < G�6�8[T :"M\M 8H9�8�?�O
8 ; @�8�G�5]8�8�? U 8�F�? ;^M�I 9_T :�M0M 8H9/8�?�G`V�8 > 8�V ;_I�M�I ?�8
> F�9 : F�@�V�8 I�> 8�9aT :�M0M 8�918�?�GbV�8 > 8�V ;cI�M G�6�8 I G"6�8H9 > FH9 : F�@�V�8�Q_d`6 :�;e: ?�G�8�9/F
O�G :�I ?f8 M\M 8�O�G I ?g9�8 ;0X�I ? ; 8
variables @�8�G�5�8�8�?hT :�M0M 8�918�?�G X F�9�F U 8�G�8H9 ;/i`; F/A i variable 9#F�?�T ;/i O�F�?j@�8kF�?�F�VlAnmo8�Tp@qArF�T�T : ? < F�?8�s.G�9�F : ? X E�G > 8�O�G I 9 I�M V�8�? < G�6 sr PP ⋅ i F�?�T�G�6�8tO I 90918 ;0X�I ?�T : ? <); 8 <uU 8�?�G : ?�8 ; G :�U F�G I 9 β .

4 Analysis
v ?wG�6 :�;^; 8�O�G :�I ? i 5]8�T�8 ; O�9 : @�8!G�6�8!G�6�9/8�8 ; G�8 X�; : ? U
I T�8�Vx@�E : V�T : ? < F�?�TwF X�X VyA#G�6�8^V I�<�:�; G : O!9�8 < 9�8 ;/;z:�I ?G I G�6�8�T�F�G�F ; 8�G�Q�{|8}E ; 8 N R N 2 M/I 9~G"6�8tF�?�F�VyA ;0:�;YI�MYI E.9 U
I T�8�V�Q
� ��� . -b��� �
���������Y�W� ��������� �"�B�

d�8�9\9 : G I 9�A :�;SI ?�8 I�M G"6�8 :�U[X�I 9\G�F�?�G M F�O�G I 9 ; G"6�F�G^F M�M 8�O�G G�6�8t9 :�;0�WI�M!M\: 9�8 ; Q�� I 9�8�s�F UwX V�8 i G�6�8�9�8t6�F > 8@�8�8�? UbI 9�8 I O�O�E.9\9�8�?~O�8 I�MwM0: 9/8 ;�: ?c�C8�G"9 I�: G�G"6�F�? U
I�; G I G"6�8�9 X V�F�O�8 ;�: ?c� : O�6 :�< F�?�Q�d`6�8H9�8ZF�9�8
se> 8�9/F�V > F�9 : F�@�V�8 ;W: ?�G"6�8�T�F�G�F ; 8�G�G"6�F�G�9/8 M V�8�O�G�Gl6�8�9 :�;z�fI�MZM\: 9�8 ; 5 : G"6�918 ;0X 8�O�G�G I G�8H9\9 : G I 9�A�Q� @ >�:�I E ; VlA i G�6�8�918 :�; ? I ?�8
8�T�G I O�6 I�I�; 8tF�V�V I�M G�6�8 U Q

� I 9 U�:�; F�? I G"6�8�979 :�;z��M F
O�G I 97G�6�F�G�5]8S6�F > 8�O�6 I�; 8�?�Q v G`6�F ; @�8
8�? I @ ; 8�9 > 8�T�G�6�FHG M\: 9�8 :�;!U
I 9/8
M 9�8�D�E�8�?�G : ? I ?�8 - I 9=G�5 I - M F U[: VlA�TB5]8�V"V : ? <�; G�6�F�? : ?eF X F�90G U 8�?�G ;�I 9�O I ?�T I�Uw: ? : E Ub;#�"��� Q�d}6�8�9�8_F�918� T :�M0M 8�9/8�?�G`� I 9 U GlA X 8 ;7: ?�G�6�8�T�F�G�F ; 8�G i 5!6 : O�6�F�9/8[T�8�? I G�8�T�@.Ak� 1i � 3i � 4i � 5i � 6i � 7i � 1

F�?�T
M3

Q�d`6�8ST :�; G�9 : @�E�G :�I ? I�M G"6�8 I @ ; 8�9 > F�G :�I ? ;�: ?�G�6�8 ; 87� I 9 U
;�:�; ? I G�6 I�UbIB< 8�?�8 I E ; Q
d}6�8�9�8]F�918 M 8�5]8H9
numbe9 ;YI�M!I @ ; 8�9 > F�G :�I ? ;�: ?#GlA X 8&� 1

J V�8 ;/; G�6�F�?W¡�¢�¢.¢�L~F�?�T�� 1
J V�8 ;/; G�6�F�?W¡�£�¢�¢�L0QR ? I G"6�8�9 :"U[X�I 9\G�F�?�G M F�O�G I 9ZG"6�F�Gr5]8 ; 6 I E�V�T¤? I G :�< ? I 9/8 :�; G"6�8�O I ? ; G�90E�O�G :�I ?�G�A X 8�Q)� I 98�s�F U[X V�8 i F�5 I�I T -M 9/F U 8¥6 I�U 8 :�;aU
I 9/8¦O I�U @�E ; G : @�V�8�G"6�F�?§F�@�9 : O � 6 I E ; 8�Q�d`6�8�9/8¦F�9�8 �¨ I ? ; G"9\E�O�G :�I ?[GlA X 8 ;H© ¡ -F91F U 8 i K -�ªF ;/I ?.9�Aw«[8�?�8�8�9 i P -�ªF ;HI ?�9�A i­¬ -� : 9187®)8 ;z:�; G :�> 8 i £ - R V�E U[: ?�E U

N�: T : ? <_I�> 8�9 i�� - � I @ : V�8&6 I�U 8�Q

1 ¯ ���k��°�¢I± ¯�ª��¨¤ a �£ ���ª��I®O§��£�°��ª��°�£��¥��£§������0�£ª��l�����r �¢£®�§ 9²�������£§l®.��¤n±�¤ ¢£������������°��£�°�£��®O���°�¨¡��l±v� ¿­²°§�9�¢£®'�n��¥�����§� �¢¨§��°��£�°�£��®O� ¢£ª������ 9{¢I®��¨�}�}�£�¨§��l·��¨¤N¢£���������£§&¢£ª������(9{¢I®��¨�n�}�£�I§���·��µ�l�.�°�£��¥��£����¡.�¨ ���ª��£®,§��¨�}��ª¬ª��£·��£ª�®I¿¾��ªl®O��¤N�n����§� ���®O�µ¯�¢£§����¨��§�®
9� ����������1³ §N��°��£�°�£�l®O�¨¤ §� ��p§ 9²�������£§�®"9{���}���£���£³�¥�¢£ª�ªl­ 9²�¨ªlªl´e§� ���®,� 9² ����n��ª�ª���9²�¨�������£§N�	¢£������°��£�°�£��®O�¨��¡���§[§� ��p½��£���¨�n��§�®����½���§� &¿�¹p�:9{�I·��¨�}¤���§69²¢£® �n��¥����K§� �¢¨§D§� ���®,�.¯�¢¨§����£��§l®(9² ��K�n��ª�ª���9{�¨�K�����£§B±`¢¨������°��£�°�£��®O�£�r¡���§�§� ��'½��£���£�n��§�®k����½���§� ¯�ª�¥�®�¢²½�����¥�®O¤�¢£� ����§��¨�}¢¨�£§������µ�I�}�}�£�£§t¿
2 ´[�p´jµ}´N§�¢£§��l®O§����¨¢£ªv�p��¢¨ª�­�®O�l®r´¬­�®O§��¨±Y¶�µ}´¬��´j² ��®O§l��§�¥�§��¨¤`²}��� ¿ ¤`·�¢¨� ­¾¤`¸`·�¶���®r®,���}§ 9²¢¨�}��¥�®,�£�\§��\¯��£�°�n���}±y®O§�¢£§���®,§����¨¢£ª¢¨��¢£ªl­�®,��® ��� ª�¢¨�}¡��{®,�£§l®����
��¥�±v�I�}���£¢¨ª ¢¨���9�£ �¢¨�}¢¨�£§��£�
��¢¨§�¢B¿
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� I�; G I�M G�6�8[9 :�;0��M F
O�G I 9 ;): ?rG�6�8
T�F�G F ; 8�G�F�9/8jO
F�G�8 <�I 9 : O
F�V > FH9 : F�@�V�8 ; Q {|8 ; 6 I E�V�Tb@�8 > 8H9�AO�F�9�8 M E�V]F�@ I E�G!G"6�8#?�E U @�8H9 I�M�> FH9 : F�@�V�8 ; 5_8kO�6 I�I�; 8#G I F�?�F�VyAnm
8�F�?�TCG�6�8�O�F�G 8 <�I 9 : 8 ; 5 : G�6 : ?c8�F
O�6
O�F�G�8 <�I 9 : O
F�V > F�9 : F�@�V�8�Q�{|8t5 : V�V�8�s X V�F : ?#G�6�8&9/8�F ;/I ? : ?#G�6�8&?x8�s.G ; 8�O�G :�I ?�Q
� ��� . � ��� �<1��"�
���Y� � �	���0�
{|8
T�8 M\: ?�8
F
O�8�V"VtG I @�8
F
O I�U @ : ?�F�G :�I ? I�Mk; 8 > 8�9�FHV�O�F�G�8 <�I 9 : O�F�V > F�9 : F�@�V�8 ; E�?�T�8�9kO I ? ;0: T�8�91F�G :�I ?�Qd}6�8�9�8 :�; F�G"9�F�T.8 I�M0M @�8�G 5]8�8�?ªG�6�8b?�E U @�8�9 I�M O�F�G 8 <�I 9 : 8 ; 5_8�5]F�?�G)G I T :"M�M 8�9/8�?�G : F�G�8r5 : G"6 : ? F
O�F�G�8 <�I 9 : O
F�V > F�9 : F�@�V�8tF�?�T�Gl6�8 X 9/8�O :�;0:�I ? I�M G�6�8�8 ; G :�U F�G :�I ? ; Q
� � 	�� ��� 	������
���
����	�
 	�

�����	� ���
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Predictors

� ��'�����.  	�
Predictors DF

Estimators

(β) 
 � ����
��"!�
���! !  K! Chi-Square ��!�� ���K# 
��
Intercept 1 -5.5514 0.2587 460.4844 <.0001

NewT 0 1 -0.2651 0.3168 0.7003 0.4027

Form H3 1 0.4013 0.2736 2.1502 0.1425

Form H4 1 -0.6776 0.2931 5.3434 0.0208

Form H5 1 -0.1033 0.2779 0.1383 0.7099

Form H6 1 -0.8626 0.3458 6.223 0.0126

Form H7 1 0.4947 0.2874 2.9629 0.0852

Form*NewT ¹J5 0 1 0.0501 0.3351 0.0224 0.8811

Form*NewT H4 0 1 -0.4311 0.3647 1.397 0.2372

Form*NewT H5 0 1 0.4467 0.3391 1.7358 0.1877

Form*NewT H6 0 1 0.2458 0.409 0.3612 0.5478

Form*NewT H7 0 1 -0.2559 0.3926 0.4247 0.5146

NewCon 1 1 0.3261 0.0964 11.4463 0.0007

NewCon 2 1 0.3962 0.1013 15.3122 <.0001

NewCon 3 1 -0.0326 0.205 0.0252 0.8738

NewCon*NewT 1 0 1 -0.1217 0.1183 1.0588 0.3035

NewCon*NewT 2 0 1 0.1569 0.122 1.6537 0.1985

NewCon*NewT 3 0 1 -0.1987 0.2445 0.6608 0.4163

�	���"# !���� ��h2e�u�`(n'c3e�u�w�h2i�g
['g�`�o$`�c$`(e�]\k2i�h\c$d
e��
��n�e'o$o3]�p
����� ���

Cell Form NewConNewT Fire �2 �� � # ! � Total Fire/Total ��! �!
K# %�� �"
�#�# .%$ lower upper

1 H4 3 0 5 2908 2913 0.001716444 0.000779165 0.000575529 0.001055

2 H4 4 0 5 5944 5949 0.000840477 0.000981739 0.000780987 0.001234

3 H4 1 0 32 22086 22118 0.001446785 0.001204075 0.000980866 0.001478

4 H6 3 0 0 1467 1467 0 0.001273694 0.000936353 0.001732

5 H6 3 1 0 292 292 0 0.001583478 0.00091105 0.002751

6 H6 4 0 5 3643 3648 0.001370614 0.001604634 0.001269577 0.002028
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����� ���
Cell Form NewConNewT Fire �2 �� � # ! � Total Fire/Total ��! �!
K# %�� �"
�#�# .%$ lower upper

7 H6 4 1 0 1168 1168 0 0.001635801 0.001043995 0.002562

8 H4 2 0 59 38789 38848 0.00151874 0.001705674 0.001400716 0.002077

9 H4 3 1 4 1306 1310 0.003053435 0.00190457 0.001256159 0.002887

10 H4 4 1 3 2808 2811 0.001067236 0.001967482 0.001502307 0.002576

11 H6 1 0 15 9291 9306 0.001611863 0.001967759 0.001590684 0.002434

12 H6 1 1 12 4920 4932 0.00243309 0.002265037 0.00148533 0.003453

13 H6 2 1 10 3471 3481 0.002872738 0.002429143 0.001588027 0.003714

14 H4 1 1 40 14328 14368 0.002783964 0.002723957 0.002183954 0.003397

15 H6 2 0 75 24674 24749 0.003030425 0.002786611 0.00227663 0.00341

16 H4 2 1 40 13597 13637 0.002933196 0.002921215 0.002341188 0.003644

17 M3 4 0 30 10074 10104 0.002969121 0.002969121 0.002076719 0.004243

18 H7 3 0 2 206 208 0.009615385 0.0029914 0.001942464 0.004604

19 H5 3 0 30 8542 8572 0.003499767 0.003320118 0.002617935 0.00421

20 H5 3 1 4 2160 2164 0.001848429 0.003377239 0.002312848 0.004929

21 H5 4 1 35 9640 9675 0.003617571 0.003488626 0.002861824 0.004252

22 H3 3 0 34 10184 10218 0.003327461 0.003697358 0.002921786 0.004678

23 H7 4 0 3 787 790 0.003797468 0.003766961 0.002572228 0.005514

24 M3 4 1 15 3864 3879 0.003866976 0.003866976 0.002332569 0.006404

25 H5 4 0 109 24941 25050 0.004351297 0.004180547 0.003676079 0.004754

26 H7 1 0 20 4333 4353 0.004594533 0.004617156 0.003207202 0.006643

27 H3 4 0 155 33702 33857 0.004578078 0.004655095 0.004117175 0.005263

28 H5 1 1 158 28898 29056 0.005437775 0.004827133 0.004224394 0.005515

29 H5 1 0 286 59648 59934 0.004771916 0.005123606 0.004705412 0.005579

30 H5 2 1 65 15523 15588 0.004169874 0.005175905 0.004454795 0.006013

31 H3 3 1 20 2936 2956 0.0067659 0.005581457 0.003867204 0.008049

32 H3 1 0 587 98961 99548 0.005896653 0.005704591 0.005309935 0.006128

33 H3 4 1 79 14326 14405 0.005484207 0.005765123 0.004844983 0.006859

34 H7 3 1 1 364 365 0.002739726 0.006124674 0.004083077 0.009178

35 H7 4 1 20 1997 2017 0.009915716 0.006326102 0.004956676 0.008071

36 H7 2 0 4 808 812 0.004926108 0.006531295 0.004514337 0.009441

37 H5 2 0 545 72561 73106 0.007454928 0.007246177 0.006735103 0.007796

38 H3 1 1 278 36190 36468 0.007623122 0.007970085 0.007203585 0.008817

39 H3 2 0 402 51016 51418 0.007818274 0.008065896 0.007459085 0.008722

40 H3 2 1 188 20271 20459 0.00918911 0.008543993 0.00757214 0.009639

41 H7 1 1 34 4630 4664 0.00728988 0.008743733 0.007164189 0.010668

42 H7 2 1 59 6153 6212 0.009497746 0.009372823 0.007725577 0.011367
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1 H1 1 0 1 539 540 0.001852

2 H1 1 1 0 67 67 0

3 H1 2 0 0 74 74 0

4 H1 2 1 1 97 98 0.010204

5 H1 3 0 1 58 59 0.016949

6 H1 3 1 0 8 8 0

7 H1 4 0 0 41 41 0

8 H1 4 1 0 15 15 0

9 H3 1 0 587 98961 99548 0.005897

10 H3 1 1 278 36190 36468 0.007623

11 H3 2 0 402 51016 51418 0.007818

12 H3 2 1 188 20271 20459 0.009189

13 H3 3 0 34 10184 10218 0.003327

14 H3 3 1 20 2936 2956 0.006766

15 H3 4 0 155 33702 33857 0.004578

16 H3 4 1 79 14326 14405 0.005484

17 H4 1 0 32 22086 22118 0.001447

18 H4 1 1 40 14328 14368 0.002784

19 H4 2 0 59 38789 38848 0.001519

20 H4 2 1 40 13597 13637 0.002933

21 H4 3 0 5 2908 2913 0.001716

22 H4 3 1 4 1306 1310 0.003053

23 H4 4 0 5 5944 5949 0.00084

24 H4 4 1 3 2808 2811 0.001067

25 H5 1 0 286 59648 59934 0.004772

26 H5 1 1 158 28898 29056 0.005438

27 H5 2 0 545 72561 73106 0.007455

28 H5 2 1 65 15523 15588 0.00417
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29 H5 3 0 30 8542 8572 0.0035

30 H5 3 1 4 2160 2164 0.001848

31 H5 4 0 109 24941 25050 0.004351

32 H5 4 1 35 9640 9675 0.003618

33 H6 1 0 15 9291 9306 0.001612

34 H6 1 1 12 4920 4932 0.002433

35 H6 2 0 75 24674 24749 0.00303

36 H6 2 1 10 3471 3481 0.002873

37 H6 3 0 0 1467 1467 0

38 H6 3 1 0 292 292 0

39 H6 4 0 5 3643 3648 0.001371

40 H6 4 1 0 1168 1168 0

41 H7 1 0 20 4333 4353 0.004595

42 H7 1 1 34 4630 4664 0.00729

43 H7 2 0 4 808 812 0.004926

44 H7 2 1 59 6153 6212 0.009498

45 H7 3 0 2 206 208 0.009615

46 H7 3 1 1 364 365 0.00274

47 H7 4 0 3 787 790 0.003797

48 H7 4 1 20 1997 2017 0.009915716

49 M1 4 0 1 1117 1118 0.000894454

50 M1 4 1 0 167 167 0

51 M3 4 0 30 10074 10104 0.002969121

52 M3 4 1 15 3864 3879 0.003866976


