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Abstract The risk of typhoon occurring frequently and randomly is probability risk that has a statistical

significance. When we quantify a typhoon risk by using loss records of historical typhoons as a sample,

the typhoon risk is the average of the sample. The average is equal to the expected value of the loss

that is estimated by coupling the probability of occurrence of typhoon and the vulnerability. When the

statistical data is not much, the information diffusion model can improve the work efficiency of the sample,

eliminate the flat and gap phenomenon in estimating risk with a simple statistical method, and more better

show the statistical regulation, so that the model can improve the accuracy of estimating typhoon risk. A

number of sample functions formed by yearly segmentation can be used to calculate the typhoon risk per

year of a clear physical meaning. The information diffusion model also can improve the estimation of the

risk per year. The Monte Carlo method cannot improve the accuracy of risk assessment. In this paper,

some historical typhoon data in Zhejiang province are used as samples to demonstrate the estimation of

typhoon risk. Using the computer simulation method in a subsequent article, we will show how degree the

information diffusion model can improve an estimation of typhoon risk.
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�������� ��������. �������������������!�����, ���

��"�Æ���"
����Æ
#����"
��$���. �����%�����
���� 

�����&�
���
����
���
���"����!. �������!�  ��!� 

�"���""� �����#�: #$�
$��!%��'��", !&#�� �	�
��$

��!%���"�&$���, ���#
""�	'� "�, 	�$��� '%
	��!(�!
�� "��.

)��� 1967–2005*��(())&
�'�, ���(%&*�"( , "	 ���'!*+$

!,!�(+������ Resilience��� [1]. �"# $!���,),$!,')��,� “-+�”[2],

"')�Æ��� “%�”[3], ������ “-�”[4]. #,�., ���/�������.$���*/,

+,���*����0&-0��', %-�&+� ..�,��� ��, +)'��� ��.(

(1�. �/��, ���-0�,��-0�/')�-Æ�����0�, 11����2*-+�
%

�
-��������, +����0-�����,��. �������������32, �1�,
��32, .3��,'%&2%����� “��"" - ���"4/”. ��4/����,�
, ��

�&$���3!����. �4-� .�0!'��&5�����#(��
'2���4/, .0

)���4/ 14���3, ��, (67+* - 8/25 �, 5'������3�4�� 63�
 �, �5!0627�91����4/, �4�14�72!.

1�, 5����������, �������������, 8�6$�/�0&��#4&+�

5!"+, �8�,��6
'%�9
7��	"�����. -:, ��������6, .1�%*.

;����"+, 0-/��&+ &$. 8,���97�9, �����-/:3*��� [5]. �;(
�����&8�, .�, (���.��< [6]. :9#, ��/9�:������, �=;����
&>����3, ���:3������, ���?����������<3
 ���. 01, ���

����4:3�:�<1? ��
 ���$4�<1+,? �;<&? �/�;��0�6�=%<
@<&�3'/, ��/ [7] �%5�, �0�=2�&+ <&��="�Æ*A)�>�.

2 &O'��PQR
�#4�,13, ��4�B0#4�'%�(, ����40-/�5'�#4&+, �Æ>���

#(�"+&$� ��
��, �5!&>&$<>�C6, ���57�7D(�86.

�47-��3, ��4.?B0#4�'%�(, ��'!/'�47. �����4, ��@�
�

.;
$)
74
E(
�8
"F�9A������=9�(8
��
%���74"1. ��>?
??, �� .:�#4�6�<� .Æ@�B,  0Æ� .������+,. /9, ��4@���

��1, .1�#(Æ>
#(*�. #4&+�B0, +���4�'����. ,���", � ��4

�, ��4.�@�#4�%. 0#4 .&$�����47, �;<�#���.

�
�������&, #(Æ>
#(*�#�?;�����, +(?)C�!)=, 
�*!-�
�0<1G�#4&+'�A1�#(, :�8��,�3�
��$. �/�.�������4:3,

�#�������4:3 [8].

/9, #������� .��?;�A, +��������, .�'%�Æ��Æ�; �>?�=

 ���. ����.�#("+�
�. 
���, ����)��4B7�!�'�C =B [9]. ��

=B, �&�=Æ�:D, �&Æ��=. ��, �E 1 �F� 2015–2016	��D�@A; “<E”, ���
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F=�AB���H H�, +)CC�=G�CA;, ��5.�6���(�, +�Æ�������
,�D>. ",�, ��?�D�@H@I �EIJK�G2; 2016 	 10 �Æ@H@, 2017 	 3 ���

�DB3/&, ��!���E� “<E” �� “9F”, *F�0#��� .&$���Æ���.

�0#��� .Æ�:D��, CL�'Æ#����G�. ��, D&M@�E$JK, �
&F�

GH�N�&>. ��4!*IJ%E�HJ, �;(�GH, ,����+,. E 2 �F�HJAFH�
E���I��*-.����#�.

 
� 1 2015–2016 �I�012�� “��”

S !"#T�$3U

� 2 3%V&WX'(4567)*+3UY,. (a) -
Z./[, 01528\3 (]4+95Ĵ _) 6`78:
;9ab, c<-:=dJ;<>ef. (b) 4Z=>[?
50, -:g?h@=6@, AABB=C, iCj6DAE

#���%, H�HJ��E���, *-.����.�BO. K	>�H���E���, ����

I�. Æ>*����"5!�L�, &$����, ��0�L/� 8�E$HJ�����&$� .

�F1������C7 [10], Æ>*����.;��#(, &$�������, Æ����F1�
���, ��5�D(. @)�
��G� T 	%)�F1��� � n  , @L i  ��B7�JD�
xi. 
�!�)JDG��>B X = {x1, x2, · · · , xn} <�G�, ,%��� xi <�G�1. �4-�JD
���; 8C��JD�H�����=. �C��JD�=H)'I, G�1��')��!��=�/
I�?� %J.


��=0JD���G��M�F1�����&$4-�� ��: <0)�BK��� ., �

�
X � FE-�-/�M P (x), ,54$,��������� ��. �'��$,,��� x1 , x2, · · ·,
xn ��A$. :9#, �A��$����4:3������$. ?*H����""�������'
�'�'�!�, N(F1�������%�&8 [11], BM?H���� ""�-/�M���:3
��,�/4/, �6��54$.

3 kDElFGH�IJ&&O


�0���>F�@���-�POJ'2.# (CPI) Q,;����#(1,/R [12] �� 20

%��"+, K+�?�@���-1��" 20 %��"+, P 40 %����B7 (N 1), SF�;0�
4-�#��� . —— � E .,  '�.;��#(, �6����. N����9,, ?��9�
��L (http://typhoon.weather.com.cn) &$Q0�OP.

= y � z �,J��9,��� (��), "J�� 40 �G��8 (1) �F.

X = {(y1, z1), (y2, z2), · · · , (y40, z40)}
= {(11, 9.2475), (12, 3.1373), (12, 3.151), (12, 10.96), (12, 43.0043), (9, 1.0686), (12, 9.66),

(13, 63.48), (9, 0.9656), (10, 0.7729), (12, 237.4768), (12, 9.7726), (8, 0.6943), (12, 93.138),
(12, 114.939), (12, 51.471), (15, 156.606), (12, 3.87), (10, 1.4848), (11, 8.8832), (17, 162.944),
(12, 91.5), (10, 0.7488), (12, 16.9299), (8, 1.638), (9, 2.2698), (10, 100.418), (8, 1.482), (7, 0.54),
(10, 24.408), (9, 2.756), (10, 289.274), (7, 3.64), (7, 6.344), (14, 623.376), (9, 1.313), (9, 2.323),
(14, 19.47), (10, 84.1), (12, 14)}.

(1)
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L 1 2000–2015 �abmK5 40 LM3
T� GQ KKL� LR MM (U) T� GQ KKL� LR MM (U)

1 NS 2000/7/10 11 9.2475 21 OH 2006/10/17 17 162.944

2 MIÆ 2000/8/10 12 3.1373 22 JP 2007/10/7 12 91.5

3 TKN 2000/8/23 12 3.151 23 QQ 2008/7/18 10 0.7488

4 RUV 2000/8/29 12 10.96 24 RN 2008/7/28 12 16.9299

5 OH 2000/9/12 12 43.0043 25 SIL 2008/9/15 8 1.638

6 SV 2001/6/23 9 1.0686 26 TM 2008/9/29 9 2.2698

7 OMW 2002/7/3 12 9.66 27 NIL 2009/8/9 10 100.418

8 SIL 2002/9/7 13 63.48 28 NOT 2010/9/10 8 1.482

9 OU 2003/8/22 9 0.9656 29 PQ 2011/6/25 7 0.54

10 UVX 2004/7/3 10 0.7729 30 RP 2011/8/7 10 24.408

11 �S 2004/8/12 12 237.4768 31 PI 2012/8/3 9 2.756

12 WK 2004/8/25 12 9.7726 32 QT 2012/8/8 10 289.274

13 QM 2004/9/13 8 0.6943 33 PU 2013/7/13 7 3.64

14 QQ 2005/7/19 12 93.138 34 RH 2013/08/22 7 6.344

15 VV 2005/8/6 12 114.939 35 WS 2013/10/7 14 623.376

16 TK 2005/9/1 12 51.471 36 VSW 2014/7/23 9 1.313

17 XW 2005/9/11 15 156.606 37 RN 2014/9/22 9 2.323

18 YU 2005/10/2 12 3.87 38 XQ 2015/7/11 14 19.47

19 NO 2006/5/18 10 1.4848 39 PXJ 2015/8/8 10 84.1

20 TKN 2006/7/14 11 8.8832 40 YZ 2015/9/29 12 14
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               (a) 频率直方图                                                                                                   (b) 对概率分布的一个估计

� 3 K`?�?P, nNM35OPQR, Q=STRM3SU5VWXoYZ

? z1, z2, · · · , z40 �61�A��$�
z̄ = 56.831(��). (2)

E 3(a) � y1, y2, · · · , y40 ��/� E [13].

0,���-/�MRE 3(b).

�*��9,

m1 = 7, m2 = 8, · · · , m11 = 17, (3)


�1�'%-/Æ� P :
P =(p(m1), p(m2), · · · , p(m11))

=(0.075, 0.075, 0.150, 0.175, 0.050, 0.350,

0.025, 0.050, 0.025, 0.000, 0.025).

(4)

����,���4-� ., ���8 (1)

��!9,����A��, �E 4 �F.
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� 4 p 40 LM3qÆ[\3ZT]5r^s&\
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�*8 (3) ����9,, 
�1�'%�A��Æ� L:

L = (l(m1), l(m2), · · · , l(m11))

= (3.508, 1.271, 1.783, 71.601, 9.065, 50.215, 63.48, 321.423, 156.606, 0, 162.944).
(5)

?8 (4) �-/Æ� (�M) �8 (5) ���Æ�, ��
���54$�:

µLoss = 3.508 × 0.075 + 1.271× 0.075 + 1.783× 0.15 + 71.601× 0.175 + 9.065 × 0.05 + 50.215

× 0.35 + 63.48 × 0.025 + 321.423× 0.05 + 156.606× 0.025 + 0 × 0 + 162.944× 0.025

= 56.831(��).

(6)

-: 8 (4) �8 (5) �
�+OF�#$�#, +�6��Y4�� 6 $�#. F08 (6) &$ 6&,

�0�6��Y4�#. ��, �8 (5) �, 9 9����A��� 1.783, �,��6��Y4�%�$�
1.782667. �3��0VX)6;��#$�#�#(&$�6, �3� 56.83145.

3, 6[���� -/�,��YB,?-/Æ����Æ���
���54$, ZK���?N 1

���#(�61��A��$. ���[B, ��C1.

B��, @ yi 9��� � ni  , ���,� z1(yi), z2(yi), · · · , zni(yi). \ i = 1, 2, · · · , m. *��A

��$�:

z̄ =

∑
1≤i≤m

∑
1≤j≤ni

zj(yi)∑
1≤i≤m ni

. (7)

,U, ?�)JD��
 yi 9��� �-/�

p(yi) =
ni∑

1≤i≤m ni
. (8)

yi 9���A���

z̄i =

∑
1≤j≤ni

zj(yi)
ni

. (9)

z̄1, z̄2, · · · , z̄m N/�, ��?����JD��
�,��. *�, �����54$�:

µLoss =
m∑

i=1

z̄ip(yi) =
m∑

i=1

∑
1≤j≤ni

zj(yi)
ni

ni∑
1≤i≤m ni

=
m∑

i=1

∑
1≤j≤ni

zj(yi)∑
1≤i≤m ni

=

∑
1≤i≤m

∑
1≤j≤ni

zj(yi)∑
1≤i≤m ni

= z̄.

(10)

8 (10) WB, ���4:3�, 0F1������%�&8 [11] “H����-/]"Z#�)�-
���4/”�6�����B��. ",�,�.;��"+V[(, ��� E��
�-/�M���
(,�) �4/8�,&, ���0����A$����$F0. 1�, E 3�E 4WB, ��?N 1�.;

��"+, ��
�-/�M�,��4/.��,. ��� 16 9��'X�, ')?X�'#$�� Y

", $�\Y
B����]^. +,�NF�, ��"+�(, J�� 40 �G�Z�. $1-:��, N 1

����, � WS��DZ,^�. ��, 2012 	 8 � 8 
�WS>\Z_]X	���� “�_” �,
�[TWS���, �WS�� �D^�. 11+� 10 9��, +
�����/ 289.274 ��. � 2015

	 7 � 11
�� “[U”�WSY\Z@V	��;�
�\�, �WS�� �D^�. " ��6$&

�9�/ 14 9, +����+� 19.47 ��. �3��"+(/#]%, `W�ZI���^�A`, ��

E���
&X�X$�� Y"�=9. 1�, ��"+H(, &*a"�HK, "+�'H��^Z, �

��3�G:3.

*�, ���"+�(�&�61 “K3” '), ��$[*[\���M \_E 3 ��-/�M, [

\��4/ \_E 4��,��!�, +��"�CL�]�'H,��
���54$#BM%�5!.

:9#, 0^B�3�`�-/�M�,��4/6
 ���$, �4- .6
�$, BM%�5!, a

Æ��"�CÆ�'H.

�3��"+P�(, ���., 08 (6)  8�6
� µLoss ����$. 1�, b��.'%�
�

����,.$�'�:3. ����0�.;����#("+&*a"�!,��:3#�!. ?*��

�� %�	"�]5�, “	"��” �'�:3�^B�: '	�?��
����54$. 8 (1) �G
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�, � 16 	JD, 
	�A� 2.5  ����, �a µLoss � 2.5a$��M�
�	"��_? �Yb�
%+,, 
�\��^�����" ,c����.

4 k_`a^�Ib_&O

B'�� �������: �Æ����^���. �Æ���LcV�D�%27:

1) 
 ,c1����85!.

2) ,c�����0&* t ��ÆZ#NF.

^���Æ
 ,c1����8�!, ,c����#$��Æ�� �8, ��0'%&* t ��

ÆZ#NF.

��, ,_�b��'%�Æ���, �Fd`�`ac]��'%^���.


�=	"�,c�����&*K". 
'	,c��@���� &*8�'G, #��0'%


5 t ��ÆZ#NF'	����� �8.

*�, a�N 1 ���, 
��0�,JD@	��� =9� 16 %G�Z# x1(t), x2(t), · · · , x16(t)

(
	'%G�Z#)  "`:D���^���. -:�N 1 ���� ��d&**e� 5 9, 86N 1

�
5, 
�aÆ��Z�� 5 � 16 
� 10 � 20 
. = 5 9�&*eK, 
�f 30 9�, \:⎧⎪⎪⎪⎨
⎪⎪⎪⎩

t1 = [5�16
, 5�20
],
t2 = [5�21
, 5�25
],
· · · · · ·
t31 = [10�16
, 10�20
].

(11)

*�, g0 Excel ��Z# DAYS360 �N 1 ��
5&$'�, �1�"`:D���^���� 16

%G�Z#, d6N 2.
L 2 cdefabmK5M3ghib5tcjk

x1(t) x2(t) x3(t) x4(t) x5(t) x6(t) · · · x11(t) x12(t) x13(t) x14(t) x15(t) x16(t)

t1 0 0 0 0 0 0 · · · 0 0 0 0 0 0

t2 0 0 0 0 0 0 · · · 0 0 0 0 0 0

t3 0 0 0 0 0 0 · · · 0 0 0 0 0 0

t4 0 0 0 0 0 0 · · · 0 0 0 0 0 0

t5 0 0 0 0 0 0 · · · 0 0 0 0 0 0

t6 0 0 0 0 0 0 · · · 0 0 0 0 0 0

t7 0 0 0 0 0 0 · · · 0 0 0 0 0 0

t8 0 9 0 0 0 0 · · · 0 7 0 0 0 0

t9 0 0 0 0 0 0 · · · 0 0 0 0 0 0

t10 0 0 12 0 10 0 · · · 0 0 0 0 0 0

t11 11 0 0 0 0 0 · · · 0 0 0 0 0 0

t12 0 0 0 0 0 0 · · · 0 0 0 7 0 14

t13 0 0 0 0 0 12 · · · 0 0 0 0 0 0

t14 0 0 0 0 0 0 · · · 0 0 0 0 9 0

t15 0 0 0 0 0 0 · · · 0 0 0 0 0 0

t16 0 0 0 0 0 0 · · · 0 0 9 0 0 0

t17 12 0 0 0 0 12 · · · 0 10 10 0 0 10

t18 0 0 0 0 12 0 · · · 0 0 0 0 0 0

t19 0 0 0 0 0 0 · · · 0 0 0 0 0 0

t20 12 0 0 9 12 0 · · · 0 0 0 7 0 0

t21 12 0 0 0 0 0 · · · 0 0 0 0 0 0

t22 0 0 0 0 0 12 · · · 0 0 0 0 0 0

t23 0 0 13 0 0 0 · · · 8 0 0 0 0 0

t24 12 0 0 0 8 15 · · · 0 0 0 0 0 0

t25 0 0 0 0 0 0 · · · 0 0 0 0 0 0

t26 0 0 0 0 0 0 · · · 0 0 0 0 9 0
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!N����9#\:�8 (5) �5B��A��, 
�1�"`:DWS���� (��) ^���

�G�Z#, d6N 3 �.
L 3 cdefmKM3qÆ (^l) ghib5tcjk

x1(t) x2(t) x3(t) x4(t) x5(t) · · · x12(t) x13(t) x14(t) x15(t) x16(t) �b

t1 0 0 0 0 0 · · · 0 0 0 0 0 4.475

t2 0 0 0 0 0 · · · 0 0 0 0 0 0

t3 0 0 0 0 0 · · · 0 0 0 0 0 0

t4 0 0 0 0 0 · · · 0 0 0 0 0 0

t5 0 0 0 0 0 · · · 0 0 0 0 0 0

t6 0 0 0 0 0 · · · 0 0 0 0 0 0

t7 0 0 0 0 0 · · · 0 0 0 0 0 0

t8 0 1.783 0 0 0 · · · 3.508 0 0 0 0 0.331

t9 0 0 0 0 0 · · · 0 0 0 0 0 0

t10 0 0 50.215 0 71.601 · · · 0 0 0 0 0 7.613

t11 9.065 0 0 0 0 · · · 0 0 0 0 0 0.567

t12 0 0 0 0 0 · · · 0 0 3.508 0 321.423 20.875

t13 0 0 0 0 0 · · · 0 0 0 0 0 7.613

t14 0 0 0 0 0 · · · 0 0 0 1.783 0 0.111

t15 0 0 0 0 0 · · · 0 0 0 0 0 3.138

t16 0 0 0 0 0 · · · 0 1.783 0 0 0 0.111

t17 50.215 0 0 0 0 · · · 71.601 71.601 0 0 71.601 24.177

t18 0 0 0 0 50.215 · · · 0 0 0 0 0 3.138

t19 0 0 0 0 0 · · · 0 0 0 0 0 0

t20 50.215 0 0 1.783 50.215 · · · 0 0 3.508 0 0 6.608

t21 50.215 0 0 0 0 · · · 0 0 0 0 0 3.138

t22 0 0 0 0 0 · · · 0 0 0 0 0 3.138

t23 0 0 63.480 0 0 · · · 0 0 0 0 0 4.047

t24 50.215 0 0 0 1.271 · · · 0 0 0 0 0 13.085

t25 0 0 0 0 0 · · · 0 0 0 0 0 0

t26 0 0 0 0 0 · · · 0 0 0 1.783 0 0.111

t27 0 0 0 0 0 · · · 0 0 0 0 50.215 3.250

t28 0 0 0 0 0 · · · 0 0 0 0 0 3.138

t29 0 0 0 0 0 · · · 0 0 321.423 0 0 23.227

t30 0 0 0 0 0 · · · 0 0 0 0 0 0

t31 0 0 0 0 0 · · · 0 0 0 0 0 10.184

^����#I"��.ch&* t fÆ, 1;0^������ .�6�#I"�. ^����#

I"��&*�Z#. 0G�Z#���^����#I"�54,��@G�Z#�&*1����A$.

N 3 ��;'d�,"`:D�^����54��.

����^���&*2 t ��54$, ,'�:3��"&2�����. O1, '	������

���&2�����9�. �N 3 �@&2549�, 
�1�	"��:

R = 4.475 + 7.613 + 0.567 + 20.875 + 7.613 + 0.111 · · ·+ 10.184 = 142.079 (��). (12)

N 3 ���G�Z#�#$9�K*= 16, ���1
�'#$. 16 	� 40 %��JD, �A
	�

2.5 %��. ="#��i8 (2) ���A��$, 
�1: 2.5 × 56.831 = 142.078 (��). ]�8 (12) ��
	"��$ R "`5� (dZ F*�6��VX)6).

5 kuvmnowdpe��&Oqxrq
�&��"
�, 5��b������, ��0^����6	"��, ��#(Zb, ?N 1 &$�

4-��, �3��,�8\�[^. 0^b�JD4-�����, ^�,c. *�, ')���_<\F

0e"fg. �d:(���G�1, .a<�=<e�������. ?*[h��f, ;(4J�B
�i, %=�0e"fg. ������G�1, ��*K�������. ,��1. e"fg..<
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�^�&^ . [11]. d;'��[40^�#�&&^� ., 8�<�e"fg. [14,15]. M .�2!
���,�,c^�#�$�, ���^������. 1�, d;e"fg .��&, 8CL?'%X]

%-/Z#@
�e^�� `&$jG �&. O1, ��������F0e"fg., c527�, 0

*@ ��G��-/Z#�N/���^�]^. ^15!-/Z#�U, ,-/����("�6
 ,

`;C("'j`0jf�G� ���%��Uk�-/Z#? l��/8 (6) � µLoss �8 (2) ���
A��$�a_'g'G, `Æ-/�M;`0, ��G� ��"-/�M, #�a_'g. #��W,

�3@
jG�-/Z#��"`:D���%�^�]^, ?e"fg.�6�����$*�,c, !

���%���G�4-��
 ��3.

��G�27�, 
�5b0�=2�&+�4-���3&$<&.

-:, �=2����%5(8�f, B0h(�8�. �=2����fc����g��D�g9
*�!�6[�;Fb��gJD�a*��0&@ �. �gÆ3�� 1997 	�/R [16] ��
. ^�
����>i6, 5'�k%�0�&+-�: 1) 0�=�j .�6k� E; 2) 0,g�=2���-
/�M; 3)  �h6 - h
+&b!�lh�F4im�Yh&+; 4) �'�niG���=2���l�

�Lo; 5) �6�=%h6?8# &+; 6) �6&b���%> - j>&+.

^;, ��km�=2���� .�������. ��9 Laplace  ��
��#+2�Z#, 0

*��cldn�Æ�+,, �6$��'$�jB�"^�; 0d"5oiÆ�
��6�e,g2��
#� ., 0*'�kke�����i6�#(, %�pK�qZ�; 0 MacCormack  .9f?Aj@
ÆI�-2� ��
�lm?Aj�=2�, 0*����@p��f]lmgL/�+,, �bdZ�

70%; N(6.+k"��!%> - j>&+�GB6.4- �2g6., m:f5��6rq�+,; �

��0��];��lB��=2�h��DK�; mB 0nin���-/]"Æ���n � .,

��
�%> - j>&+�nin6.^0*3�jnoMm�
��g��, lB� .��0�.

����(��G��PV�27�&$, ��'* “5k�^h, �k���” #og, �=�=2�

��� .����� ��B08(. �"	 � Elsevier 
�s'��N�/p3, ���, 0*��

ZitqI���, �)C57�7���D( [17]; 0*��u���or���, �6
�p��$�v
���$ [18]; 0*�����" 20	���#(, �6
�!����($�� [19]; 0*����\ p
hj���, �lwm @
ÆOq�k�7�D( [20]; 0*��nqi
l�
op
r��r�, m


xr @�F1����E [21]; 0,g2�'�
��4�#(y����#(,  ���&b>, ^B


�����4/ [22]; 0*\s]`nzn����.#�6, m
���E [23]; !�=2�&+t6l

u�� �, 3�#s��
�!no=9��luvw�� [24]; 0*��p 91�s�G 12 %�� 
$#(, �(&�&x���� [25]; 0*��ph '��, m


�\ 10 �
���E [26]; 0*�

�ym��ms#(, �6�!������, �)C9)(�y��7D( [27]; 0*���\S
�S�

tS#So�
�l���3�, �N(lq�$<>���D�]���� [28].

0,g�=2���-/�M�&+ [11] (8 (13))  '�8 (1) � y1, y2, · · · , y40 ���#(, 1E 5

�F�-/�M��. "��BO(E 3(b) *%WB�, ��]P*��p�X�, N&
'Æ���]^.

h =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

0.8146(b− a), n = 5;
0.5690(b− a), n = 6;
0.4560(b− a), n = 7;
0.3860(b− a), n = 8;
0.3362(b− a), n = 9;
0.2986(b− a), n = 10;
2.6851(b− a)/(n − 1), � n ≥ 11.

(13)

�i, n �G�1%#, b = max1≤i≤n{yi}, a = min1≤i≤n{yi}.
F0,g�=2� .'
�=lh [29],K0C27{�98&$<� [30],�,�����*�!�,

1E 6 �F�,��4/.
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 台风级别

概率

� 5 KSsyztu?P, nNM35OPQR,

Q=STRM3SU5VWXoYZ

8 10 12 14 16

50

100

150

200

250

 损失(亿元)

 台风级别

� 6 Kyztuv{tw 40 LM3qÆ[\
YZT5r^sx|

�!9,��
����d6N 4. ",��4/BO(E 4 �,��!�B�, ��&�� 16 9�

��'Æ�
�5�����, ���E 4 ����� 0.

L 4 Kyztuv{tw 40 LM3qÆ[\YZT=STRM3c<5^l
	
LR 7 8 9 10 11 12 13 14 15 16 17

utMM (Uq) 14.464 15.958 34.524 50.400 55.728 54.557 106.048 200.317 221.955 170.916 162.507

L 5 }ytwz5M3qÆghib5tcjk
x1(t) x2(t) x3(t) x4(t) x5(t) · · · x12(t) x13(t) x14(t) x15(t) x16(t) �b

t1 0 0 0 0 0 · · · 0 0 0 0 0 3.150

t2 0 0 0 0 0 · · · 0 0 0 0 0 0

t3 0 0 0 0 0 · · · 0 0 0 0 0 0

t4 0 0 0 0 0 · · · 0 0 0 0 0 0

t5 0 0 0 0 0 · · · 0 0 0 0 0 0

t6 0 0 0 0 0 · · · 0 0 0 0 0 0

t7 0 0 0 0 0 · · · 0 0 0 0 0 0

t8 0 34.524 0 0 0 · · · 14.464 0 0 0 0 3.062

t9 0 0 0 0 0 · · · 0 0 0 0 0 0

t10 0 0 54.557 0 50.400 · · · 0 0 0 0 0 6.560

t11 55.728 0 0 0 0 · · · 0 0 0 0 0 3.483

t12 0 0 0 0 0 · · · 0 0 14.464 0 200.317 16.907

t13 0 0 0 0 0 · · · 0 0 0 0 0 6.560

t14 0 0 0 0 0 · · · 0 0 0 34.524 0 2.158

t15 0 0 0 0 0 · · · 0 0 0 0 0 3.410

t16 0 0 0 0 0 · · · 0 34.524 0 0 0 2.158

t17 54.557 0 0 0 0 · · · 50.400 50.400 0 0 50.400 19.420

t18 0 0 0 0 54.557 · · · 0 0 0 0 0 3.410

t19 0 0 0 0 0 · · · 0 0 0 0 0 0

t20 54.557 0 0 34.524 54.557 · · · 0 0 14.464 0 0 9.881

t21 54.557 0 0 0 0 · · · 0 0 0 0 0 3.410

t22 0 0 0 0 0 · · · 0 0 0 0 0 3.410

t23 0 0 106.048 0 0 · · · 0 0 0 0 0 7.625

t24 54.557 0 0 0 15.958 · · · 0 0 0 0 0 19.277

t25 0 0 0 0 0 · · · 0 0 0 0 0 0

t26 0 0 0 0 0 · · · 0 0 0 34.524 0 2.158

t27 0 0 0 0 0 · · · 0 0 0 0 54.557 5.568

t28 0 0 0 0 0 · · · 0 0 0 0 0 3.410

t29 0 0 0 0 0 · · · 0 0 200.317 0 0 15.930

t30 0 0 0 0 0 · · · 0 0 0 0 0 0

t31 0 0 0 0 0 · · · 0 0 0 0 0 10.157

N(��9,�Æ3, C1���9,H�, ��#�
�����H�, +E 4 �E 6 A$�\Y�
�=9, ���,� 14 � 15 9��'/��, ^;�n#�. ��h(����I�"+,. �WS��
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���+,�, ��I�", ����	�;�WS�C7� �D���. ��,�[TWS�, WS��
�I�"��; ��u�WS��0��, I�"��. �3!��`Wn ���I�"8#, Æ"+�$
� 16 9��, WS�I�*�'9,�����I�"�� 0. *�, ���=��
*%fu��, !*

��9,���I�"�lm^����-/�M, �!*��9,���I�"�,��4�. 1�, �

8 (10) �K��0�, �qlB, 6[��I�"���54$, #ZK���?N 1 ���#(�61�
�A��$. O1, ���G�%5�, ��v+m"<&������, 1�q�; <&-/�M�,��

4/���=", :�N�#`.

?E 5 �-/�M�E 6 �,��4/�����54$�:

µ̃Loss = 63.516 (��). (14)

](4-��
�8 (6) ���� µLoss |�. ��lB, �=2�&+��
���8��Æ��,.

0N 4 �������#(\_N 3 �5B��9,����, 1�e '��G�;"`:DWS��
��^����G�Z#�5B�54, d*N 5 �.

�N�@&2549�, 
�1�	"��:

R̃ = 3.150 + 3.062 + 6.560 + 3.483 + 16.907 + 6.560 + · · · + 10.157 = 151.101 (��). (15)

](4-���, ?N 3 &$��, �8 (12) ��
�	"��$ 142.079 ��|�.

)��������NB, ��G�27�, �=2�&+(4-�� .�BO�e%, ���=<

6, 0�=2�&+�����$ (8 (15) �� R̃), ��4-�� .�����$ (8 (12) �� R) �<

&, +�, ��?�J�Z, .3�
�a<&, *3�
<&��"�;. 
�!"/0�6�=%� .
 <@<&��3, .�Æ��'����!*'
�=lh�C27{�98<���q( r.

6 {|~}|

'Æ��.;����#("+, �F����%���4�:3. 0.;�����JD��G� 
� ��&, ����������G���A$; -/:3�., �����54$.

4-�#4<3NB,?�����
� �-/�M���
!*���,��4/YB��
��
�54$, C1�*��?��#(�61��A��$. �'&>WB, ���"+8b&, f5����

�="+,, ^��-/�M�����<@��l�=", #��,��4/���dZ�="��.

')4J��,0e"fg.�= �d:(���(��^�G�,���=<&�������.B

��,��������F0e"fg.,CLUk��^�]^�-/]"Z#,0, @
e^�#� 
`. F0L����-/�MG@
e^�#� `, jfe^�#K ��"-/�M, ������r
5:3. �R, e"fg..�%�<&��3�="�s�.

���G��40�/, �<&�������vW#', �/5b0�=2�&+ <&�����

��. �
�;�/p�!ND�, 0�6�=%� . <@�=2�&+�<&�3&, #�0�e"

fg., +B�,@
e^�#� `�-/�M.?%��, ]��0*:D%����^���, +�
�����M0*(8�=2�&+�� E .0*����&���dZ.

b��.'%�
�����, .$�'�:3. ��0��54$�����"�&, �.' ��

� ���54$_, ��.��"+&*a"����54$? ��0�.;����#("+&*a"
�!, ��:3#�!. ?*���� %�	"�]5�, “	"��” �'�:3�^B�: '	�?�
�
����54$.

�=!����v*'	�@&*2�, (	�JD��(%G�Z#, "`:D�����^���.

@G�Z#�&*2����A$, �"&*2����. >D'	�@&*2���, ��6
��	"

��, ]��A��$i=	�A��� #�1�3, Z,^�. 0�=2�&+, #�<&��	"��

���. <&�"�;, !"/+=��.

Hr: [-Fr���>F�@���-�sw��_, x��/����7����WS�
���
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