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§1. Ú ó

·IÌ
�,, g,/³©Ù2«aõ, Cc5ª�u)�ã/�·I²L�¬E¤


ã�ÀÂ. ã/Å ���«Aéã/���7Kóä, U
k�©Ñã���, J,ã

/ºx�AéUå, ®²áÚ
ÃõÆö�ïÄ,�.

Uì>uÅ��ØÓ, ã/Å �©�ü¯�Úõ¯�>uÅ�. ü¯�>uÅ�e

�ã/Å >u^�����ºx¯�k'; õ¯�>uÅ�e�ã/Å >u^��õ

�ºx¯��'. ± Æö�ïÄ�õ´òã/Å ��¤ü¯�>uÅ�. ~X, Nowak

Ú Romaniuk [1] ¦^�½d�{, ÏLòã/\È²L����ØÓ�>uK�, éäk

ü«|G¼ê�ü¯�>uã/Å ?1
½d. MaÚMa [2] ïá
��½k¢��.,

|^�«·Ü%C�{¦)
ü¯�>uã/Å d��ê�).

�X]�½|�uÐ, ü¯�>uã/Å ®²ØU÷vÝ]öõ�z�I¦, 
õ

¯�>uã/Å duÙõ�z��GÅ�m©É�Ý]ö�à. Ïd�5�õÆöm©

ïÄõ¯�>uã/Å . ~X, o[� [3–6]ÏLïá�÷�n�., éÄu�ºã/��

∗I[g,�ÆÄ7�8 (1OÒ: 71671082!11801265)Úô��p�g,�ÆÄ7�8 (1OÒ: 18KJB110011)]Ï.
?ÏÕ�ö, E-mail: yaodj@nufe.edu.cn.

�© 2019c 10� 14FÂ�, 2020c 6� 8FÂ�?Uv.



462 A^VÇÚO 1 37ò

ÚÉ/¡ÈV>uÅ��ã/Å ?1½d; 
~Ú±² [7] ÏL�� t-Copula¼ê¼�

·I/�/³�éÜ©Ù, |^Äu HaltonS��[�Akâ{��ØÓÏ�·Ü>u

.ã/Å �d�; Ü�S� [8] |^ CIR�Å|Ç�., éØÓºx�"^�e�EÜ>

uÅ�/�ã/Å ?1
½d, O��Ñ
 1 ∼ 5cÏ�/�ã/Å �d�.

u1ã/Å ®²¤��xúi#�ã/ºx+nóä, �2�x�', u1ã/Å

 kÙÕA�`³. N´n), ã/Å �O´ã/Å u1�'�¤3, §Ø=¬K��

ã/Å éÝ]ö�áÚå, �¬é�§ÝþK��xúi©Ñã/���UåÚ�Ç.

éuõ¯�>uã/Å , Ùõ�ã/>u¯��m  äk�'5, ù«�'5¿�X

��>uÙ¥,�ºx¯�, Ù{ºx¯�é�U�¬�Ó�>u. �,ùk|uõ�Ý

µdã/�§Ý, k|u~�Ä�ºxÚ��ºx, ��Ó�\�
Ý]ö���ºx. �


)ûù�¯K, �©/�Ü�S� [8] éõ¯�>uã/Å $1Å���O, ­#�E


ã/Å �|G¼ê. 3T|G¼êe, >uü�ºx¯���y76|G�>u�Ü

ºx¯���y76|GÑ�,Cþ w�', ùp w´TÅ �ò�Xê, §�L
>u

�Üºx¯��|G�Ý]öy76��G'~. �xúiXÛ(½T�G'~´��

�©5Ã�¯K. ± QkÆöé�G'~��½¯K?1LïÄ. ~X, X � [9] Äu

CARA�^b�, lø\÷�`�Ý��
 EQII�ü��`�G'~�/��ê�m�

¼ê'X. ZhangÚ Tsai [10]�
þzã/Å ��xúi�5�ºxéÀ�J, ±��z

éÀ�Ç�8IO�
ü¯�>uã/Å ��`ò�Xê. ÷Xù�g´, �©±V¯

�>uÅ�e�/�ã/Å �~, �½#�|G¼ê, ïÄ��zéÀ�Ç��`ò�

Xê, æ^�Akâ�{�Ñ
ê�(J.

�e5, �©(�SüXe: 1 2!Äk�[�ã�©¤�Oã/Å �$1Å�, ,

�é©z [10]¥�éÀ�Ç�.�Ñ0�. 1 3!|^^�MATLAB?1ê��[¢�,

O���
�©¤�OÅ ��`ò�Xê, ¿òÙÂÃÇ�DÚõ¯�>uã/Å ?

1
é', ±d5�y´ÄU��~�Ý]ö���8�. 1 4!­:©Û
ã/>uë

ê�é�`ò�Xê�K�. 1 5!é�©���(Ø�Ñ
��o(.

§2. ã/Å �O�éÀ�Ç�.

1)ã/Å �O

DÚõ¯�>uã/Å �$1Å���´�>u��ºx¯��, �Ï9��|E

òØ�|G; ��Üºx¯�>u�, �7�¬É���. ù«y76|G(��,U�Ï

�xúi©Ñã/ºx, �´du�7Ú|EÑk�U¡���, ,
Ý]öJ±�É. ¹

�õ�>u¯��m�Uäk,«�'5, ��>uÙ¥��ºx¯�, Ù{ºx¯�é

�U�¬�>u, ù¿�XÝ]öò¬¡��p�ºx. ,	, du,ü�ºx¯��>u
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�U¿�Xò¬?\ã/puÏ, l
Ù{ºx¯��>uVÇ�¬þ,, ��Ý]ö¡

�����U5þ, [8]. �÷v,
Ý]ö�I¦, ·��±U?DÚõ¯�ã/Å �

$1Å�.

�
�N>u��ºx¯���ºxþ,�y�, SCORúiQ²3 2006cu1


�±#.ã/Å , TÅ �½
 “ºx�"”Å� [8], =���ºx¯�>u�, �E|

Gò��Jp [11]. �©ë�Ü�S� [8]éÅ $1Å���� (=>uü�ºx¯�éu

y76�K��ÌºxÖ��A, >u�Üºx¯�éuy76�K��Ìõ«ØÓ�>

u5K), éV¯�>u/�ã/Å �|G¼ê?1
­#�E, ±��éÝ]ö?1º

xÖ��8�. äN5`, �/��?Ú²L��7�ùü�ºx¯�Ñ��>u���,

�Ï9���|EÚ�7ò¬É���, Uì�5� w� (0 < w 6 1)?1|G; �/�

�?Ú²L����¥�k��ºx¯��>u, �Ï9���|E¬k¤Jp, Uì�

5� 1/w�?1|G.

dþã$1Å���, |E��7�|G7��/�u)�§Ý±9Å �>u5K

k'. UìØÓ>u5Kéºx¯�PÁ5dr�f�^S, �±©�k�ÏS>u5K

(�a>u�")!cS>u5K (�a>u�")Úüg¯�>u5K (na>u�"). é

uk�ÏS>u5K, 3>uÙ¥��ºx¯��, ·�I�*	3��Å k�ÏS´

Ä>u1��ºx¯�, =ºx¯�3��Å k�ÏS´\È�. éucS>u5K, 3

,c>uÙ¥��ºx¯��, ·�I�*	3TcS´Ä>u1��ºx¯�, XJT

c�Svk>u1��ºx¯�, KI�X*	e�cS´Ä>u�Üºx¯�, ±da

í��TÅ k�ÏS����c, =ºx¯��3z�cS´\È�. 
éuüg¯�

>u5K, ·�KI�*	3,�gã/¯�¥´Ä>u�Üºx¯�, XJvk>u�

Üºx¯�, KI�X*	e�gã/¯�¥´Ä>u�Üºx¯�, ±daí��TÅ

 k�ÏS����gã/¯�, =ºx¯��>uØ�±�\È [8].

- Xt� t (0 6 t 6 T )��u)�/���?, Yt�Tg/�E¤��1�²L��.

K1 ��?>u�, K2 �²L��>u�; T1 �Å �Ïc�?Äg�>u��m, T2 �

²L��Äg�>u��m, T3 �?¿ºx¯�Äg�>u��m, T4 ��Üºx¯��

>u��m. duã/Å ºx¯��>u�ÄÚúiÅ ����¹�aq, ��©a

'©z [12]¥éuúi�����½Â, ��þãn«>u5K�>u¯�å©�mXe:

(i) k�ÏS>u5K:

T1 = inf{t > 0;Xt > K1}; � Xt < K1, T1 =∞;

T2 = inf{t > 0;Yt > K2}; � Yt < K2, T2 =∞;

T3 = min{T1, T2};

T4 = max{T1, T2}.
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(ii) cS>u5K:

T1 = inf{t > 0;Xt > K1}; � Xt < K1, T1 =∞;

T2 = inf{t > 0;Yt > K2}; � Yt < K2, T2 =∞;

T3 = min{T1, T2};

T4 = min{max[inf(0 < t 6 1; Xt > K1), inf(0 < t 6 1;Yt > K2)],max[inf(1 < t 6 2;

Xt > K1), inf(1 < t 6 2;Yt > K2)], · · · ,max[inf(T − 1 < t 6 T ;Xt > K1), inf(T −
1 < t 6 T ;Yt > K2)]}.

(iii) üg¯�>u5K:

T1 = inf{t > 0;Xt > K1}; � Xt < K1, T1 =∞;

T2 = inf{t > 0;Yt > K2}; � Yt < K2, T2 =∞;

T3 = min{T1, T2};

T4 = inf{t > 0;Xt > K1� Yt > K2}.

eTÅ �5�ÏÏ"�y76y��Ú� A, K

A = A(FV, C, T, w,K1,K2, T3, T4)

=



m−1∑
i=1

Ce−δi +
1

ω

n−1∑
i=m

Ce−δi + ω
( T∑
i=n

Ce−δi + FVe−δT
)
,

m− 1 < T3 6 m, n− 1 < T4 6 n;
m−1∑
i=1

Ce−δi +
1

ω

T∑
i=m

Ce−δi + FVe−δT , m− 1 < T3 6 m, T4 =∞;

T∑
i=1

Ce−δi + FVe−δT , T3 =∞,

(1)

Ù¥ m = 1, 2, · · · , T , n = 1, 2, · · · , T , � m 6 n; T �Å �ÏF, FV �¡�, δ �½

||Ç, r �E¦Ç, �>uºx¯��zcc"�E¦|G C = FV · r; � x > y �,
y∑
i=x

Ce−δi = 0.

eã/Å �d�� P0, @o3Ý]ö´ºx¥5�b�e, P0�u�5�Ïy76

y��Ú�Ï", = P0 = E(A) [10].

2)éÀ�Ç�. [10]

�!éuéÀ�Ç�.�0�, ë�©z [10]¥�ïÄ¤J.

�xúi�
u1ã/Å , Ï~¬�á��AÏ8�Å�, = SPV. �ã/Ý�<

3�xúi?	ï
ã/�x��, T�xúi¬ÏL\¾2�xÜÓr�Ñg�«É�

��@Ü©��©�� SPV, ��2d SPVu1ã/Å . ·�b�T�xúi�½|°
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��M (0 < M 6 1), g3�� d. duã/Å ²L����>u�K2�´�â�xú

iéã/���«ÉUå
�½�, �ù«�¹e d = M ·K2. AÏ�¹e, XJ�xú

iÀJ��g1u1ã/Å , @og3� dB� 0.

b� T cSu)�1 igã/E¤��1�²L��� Yi, byÇ� δ, KT�xú

i� SPV©Ñ�o����y��

L =
N(T )∑
i=1

max(MYi − d, 0) · e−δTi , (2)

Ù¥ N(T )� T cSã/u)�ogê, Ti�1 ig/�u)��m. L� SPVu1ã/

Å c�o���y�. @ou1ã/Å �, SPV�o���y� L∗�

L∗ = L− P0 +A, (3)

Ù¥ P0�ã/Å �u1d�, A�Å �5y76�y��Ú.

Ï~@�u1ã/Å �¤^�Å �d��', eb½ ζ � SPVu1ã/Å �

¤^Ç, Ku1¤^� P0 · ζ. SPV¡��ã/��ºx�±dÙ²L������5ï

þ, @ou1ã/Å éÀK�ºx� Var (L) − Var (L∗). dd, ·�Ú\ HEÚ HERù

ü�éÀ�Ç�I:

HE = [Var (L)− Var (L∗)]/Var (L), (4)

HER = [Var (L)− Var (L∗)]/[P0 · (1 + ζ)]. (5)

dª (4)Úª (5)��, HE��´u1Å c� SPV²L������CzÇ, HER�

�´ SPVzü u1¤�e�²L������Czþ.

¦+©z [10]�ïÄé�´ü¯�>uã/Å , �éuõ¯�>uã/Å , E,

�±í�Ñ±eúª:

HE = {[E(A)]2 − E(A2) + 2E(A)E(L)− 2E(A · L)}/Var (L), (6)

HER = {[E(A)]2 − E(A2) + 2E(A)E(L)− 2E(A · L)}/[E(A) · (1 + ζ)]. (7)

dª (6) Úª (7) ��, ���� HE Ú HER �L�ª, I�¦Ñ E(A)!E(A2)!

E(L)!Var (L)Ú E(A · L). dª (1)��, E(A)Ú E(A · L)��¹ w�g�!wK�g�

Ú~ê��õ�ª; E(A2)´���¹ w�g�!w�g�!wK�g�!wK�g�Ú

~ê��õ�ª. �éu E(A)!E(A2)Ú E(A · L), õ�ª�Xê�ØÓ>u5Ke T3 Ú

T4 �VÇ©Ùk'. 
 E(L)Ú Var (L)�±ÏLé/���´»��[5¼�, �ã/Å

 �>u5KÃ'. Ïd HEÚ HERÑ�±�¤'u w���¼ê/ª.

ØÓu©z [10]¥ÏLnØí��ª�� HE� HER�L�ª��{, �©�Y¬

ÏLê��[¢�¦Ñúª¥� E(A)!E(A2)!E(L)!Var (L)Ú E(A · L), l
�� HE

� HER�L�ª, ¿3��z HE� HER�8Ie���A��`ò�Xê.
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§3. Äu�Akâ�[��`ò�Xê�~

�Ù!Äk�â�©êâ�©ÙA�©Oézc/�u)gê!�?Ú²L���>

�©Ù9ÙéÜ©Ù?1[Üu�, ,�ÏL�Å�[¢�)¤/��?Ú²L���u

)´», l
��ØÓ>u5Ke T3 Ú T4 �VÇ©Ù, �XO�Ñª (6)�ª (7)¥��

��¿�Ñ HE!HER�ò�Xê�m�¼ê'Xã�, l
3��z HEÚ HER�^

�eO�ÑÅ ��`ò�Xê. ��, O�ÑTÅ �ÂÃÇ, ¿�DÚõ¯�>uã/

Å ?1'�.

1)êâ5
9?n

�©À� 1995 ∼ 2017c���L 1·��/���Ú�A��?����êâ, ¿

|^ CPI�êò{c²L��N�� 2017cY², £ãÚO(J�L 1. Ù¥êâþ��

91�, êâ5
u 1995 ∼ 2017c�c�5¥I�º/�/³��ãµ6.

L 1 êâ£ãÚO

ÚOþ �? ²L���

 Ý 0.38 9.45

¸Ý 2.94 92.84

2)/�u)gê©Ùu�

�â��êâ��zc/�u)gê���þ�� 91/23 ≈ 3.96, ��@�/�u

)�gêÑlÑt©Ù, �^ λ = 3.96�Ñt©Ù?1 KSu�, ��u�(J P��

0.327 > 0.05, `²zc�/�gêÑlëê λ� 3.96�Ñt©Ù.

3)/��?Ú²L���>�©Ùu�

�/��?Ú²L����ëYCþ, dL 1��, /��?Ú²L���Ñ�m 

©Ù, �À�éê��©Ù� 4�~^�m ©Ù?1êâ[Ü. ëê�O�{�4�q

,�O, ¿?1 KSu�.

3/��?©Ù[Ü(J¥, ³ê©Ù� KSu� P���, ��u 0.05, Ïd³ê©

Ù[Üu��J�Ð, (½³ê©Ù�/��?�ÚO©Ù (�L 2).

3²L���[Ü(J¥, �kéê��©Ù� KSu� P��u 0.05, Ïd(½é

ê��©Ù�²L����ÚO©Ù (�L 3).
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L 2 /��?©Ù[Ü(J

©Ù¼ê éê��©Ù ³ê©Ù Weibull©Ù �ê©Ù

ëê�
µ = 1.7786 α = 63.6400 scale = 6.3068

λ = 5.9687
σ = 0.1261 β = 0.0938 shape = 8.0850

KSu� P� 0.7559 0.7699 0.2144 0.0000

L 3 ²L���©Ù[Ü(J

©Ù¼ê éê��©Ù ³ê©Ù Weibull©Ù �ê©Ù

ëê�
µ = 2.1620 α = 0.2532 scale = 20.7401

λ = 142.7579
σ = 1.5611 β = 563.7567 shape = 0.4585

KSu� P� 0.2355 0.0000 0.0000 0.0000

4)/��?Ú²L���éÜ©Ùu�

du/���?ÚE¤�²L���mäk�½��'5, ØUÏL>�©Ù¦È�

/ª��ÙéÜ©Ù, ��!¦^ Copula¼ê5éÙ?1�ï. Copula¼ê� N � [0, 1]

þþ!©Ù�ÅCþ�éÜ©Ù¼ê [13], ��±ÏLþ��!����? X Ú²L��

Y �©Ù¼ê F (X)Ú G(Y )5éÙ?1[Ü. ~^� Copula¼êk�� Copula¼ê!

t-Copula¼ê!Clayton-Copula¼ê!Frank-Copula¼êÚ Gumbel-Copula¼ê, ��

©òr F (X)Ú G(Y )©O�\ùÊ« Copula¼ê¥?1[Üu�, ëê�O�{�4�

q,�O.

L 4 Copula¼ê�[Üu�

Copula¼ê ëê� ²�îªål

�� Copula ρ = 0.5375 0.1407

t-Copula ρ = 0.5375, df = 6.6050 0.1275

Clayton-Copula θ = 1.3448 0.1731

Frank-Copula θ = 3.9921 0.1269

Gumbel-Copula θ = 1.5676 0.1355

�âL 4�[Ü(J, Frank-Copula¼ê�²�îªål��, Ïd[Ü�J�Ð, �

À^ Frank-Copula¼ê���?Ú²L���éÜ©Ù.

5)ê��[

�!�âzc/�u)gêÑlëê λ = 3.96�Ñt©Ùù�A�, ¿|^[Ü�
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�� Frank-Copula¼ê, ÏL 100 000g�Akâ�[¢���
 T cS F (X)Ú G(Y )

��[´», ,�ÏL³ê©Ù�¼ê F−1(X)Úéê��©Ù�¼ê G−1(Y )©O)¤

�?Ú²L����[´» (�ã 1), Ù¥�?Ú���>u��½� 75%© :, =

K1 = 6.5?, K2 = 21.68·�.

ã 1 /��?Ú²L��� 1 000g�[´»«¿ã

�â/���[(J�±©O��k�ÏS>u5K!cS>u5KÚüg¯�>u

5Ke T3Ú T4VÇ�Ý©Ù (�ã 2).

0 0.5 1 1.5 2 2.5 3
0

0.2

0.4

0.6

0.8

1

1.2

1.4
T

3

0 0.5 1 1.5 2 2.5 3
0

0.1

0.2

0.3

0.4

0.5

0.6
T

4

ã 2 n«>u5Ke T3 Ú T4 ��Ý¼êã

�âc©éØÓ>u5Ke>u¯�å©�m��½, �±��ØÓ�>u5K�´

UC
Å éºx¯��PÁ5, �Ò´l1��ºx¯�>u��Üºx¯�>u¤^

��m, ¿Ø¬K�1��ºx¯���>u��m. ¤±3n«ØÓ�>u5Ke, T3
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�VÇ©Ù´���; 
 T4 �VÇ©ÙKÏ>u5K�ØÓ
ØÓ, éuºxPÁ5�p

�>u5K, Ù T4 �VÇ�Ý­���þ�. ù´Ï�ºxPÁ5�Jp¬J,�Ó�m

S�Üºx¯��>uVÇ. ù��´n^�Ý­�lþ�e�g�k�ÏS>u5K!

cS>u5KÚüg¯�>u5K��Ï.

,	, '�ã 2¥ØÓ>u5Ke T4 �Ý­���É, �±uy, k�ÏS>u5K

�cS>u5K¤éA�­�31�cS´­Ü�; 
31�ccÐ, cS>u5Ke�

­�¬�éuk�ÏS>u5Ke�­�k���é�\Í��eüª³. ùL²XJã

/Å ��Ï�m��c, @oØ+´æ^cS>u5K�´k�ÏS>u5KÑ´��

�; XJã/Å ��Ï�m3�c±þ, @o31�c�cÐ, cS>u5Ke�Üºx

¯��>u�VÇ�'uk�ÏS>u5K¬�ÌÝeü. ù´Ï�cS>u5K�3,

�c�SéºxäkPÁ5, Ïd�
1�ccÐ, du1�cS>u�ºx¯�Ø�±

�\È�1�c, ¤±�Üºx¯��>u�VÇ�ÌÝeü.

�â T3 Ú T4 ��[(J, �±O���n«ØÓ>u5Ke T3 Ú T4 á3ØÓ�m

ãS�VÇ, (J�L 5.

L 5 n«>u5Ke T3 Ú T4 �éÜ©ÙÆ

VÇ

>u5K
k�ÏS cS üg¯�

P(0 < T3 6 1, 0 < T4 6 1) 0.4918 0.4918 0.4079

P(0 < T3 6 1, 1 < T4 6 2) 0.1772 0.1395 0.1493

P(0 < T3 6 1, 2 < T4 6 3) 0.0663 0.0715 0.0895

P(0 < T3 6 1, T4 =∞) 0.0394 0.0718 0.1280

P(1 < T3 6 2, 1 < T4 6 2) 0.1114 0.1114 0.0930

P(1 < T3 6 2, 2 < T4 6 3) 0.0395 0.0311 0.0336

P(1 < T3 6 2, T4 =∞) 0.0238 0.0322 0.0480

P(2 < T3 6 3, 2 < T4 6 3) 0.0250 0.0249 0.0210

P(2 < T3 6 3, T4 =∞) 0.0141 0.0141 0.0180

P(T3 =∞, T4 =∞) 0.0117 0.0117 0.0117

6)éÀ�Ç��`ò�Xê©Û

éuª (6)Úª (7)¥���� E(A)!E(A2)!E(L)!Var (L)Ú E(A · L), d�©1 2

Ù!1 2�!�©Û��, E(A)!E(A2)Ú E(A · L)¥�õ�ªXê�±ÏLL 5O��

�, 
 E(L)Ú Var (L)�±ÏLþ��!�/����[´»5¼�. dd·��±��

HEÚ HER'u w�¼êL�ª, �e5·��Ñ HEÚ HER3ØÓ�Å >u5Ke

�¼êã� (�ã 3!ã 4). Ù¥Å �'ëê�½Xe:
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(i) b��1�¤k�xúiu1ã/Å o¡��Ú� 100·�, ,�xúi�½

|°� M � 30%, �ÀJÏL�á SPV5u1ã/Å , KÙu1ã/Å �o¡�

FV = 100· ·M = 30·. Å �¦¡|Ç r�½� 10%, �Ï�m T � 3c, u1¤^Ç

ζ �½� 1%.

(ii) ½||Çëì 2013c 12� 27F� 3cÏIÅ�ÏÂÃÇ, = δ = 4.37%, ¿b½

3Å �Ïc|Ç�±ØC.
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ã 3 n«>u5Ke HE�¼êã�
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w
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(0.2918,13.6763)
(0.2541,13.8663)

(0.2268,13.3105)

ã 4 n«>u5Ke HER�¼êã�

Xã 3Úã 4¤«, 3k�ÏS>u5Ke, �xúiXJÑu��z HE�8�, A

Tò w��3 22.95%�m; XJ�xúi�¦�UJp HER, KATò w��3 22.68%

�m. 
3cS>u5KÚüg¯�>u5Ke, éA�ü?��©O� 26.06%!25.41%

Ú 28.6%!29.18%. �´, Ø+´3=«>u5Ke, ��z HEéA��`ò�Xê��

���z HER��(JÑ´�~�C�, ù`²ã/Å �u1¤�éuéÀ�Ç¿v

kwÍ�K�.

�`ò�Xê�Xã/Å ºx¯�PÁ5�~f
O�, =üg¯�>u5Ke�

�`ò�Xê´���, cS>u5Kg�, k�ÏS>u5Ke��`ò�Xê��. ù

�y�3ã 3Úã 4¥Ñk��Ny (�
Qã�B, e©éuã/Å éÀ�J�©Û

Ø2é HEÚ HERùü��I�äN�«©). ·���, ØÓ�>u5K¬UC T4��

�, ù¦�TÅ �ÂÃ�ÏdÉ�K�. dª (1)��, �ã/Å >u��ºx¯��,

Ý]ö�Ï9�� (>u�Üºx¯�c)U�'�u)ã/�õ¼��Ü©|E, ùp,

·�¡ùÜ©õ¼��|E�TÅ �5�|EºxÖ��A. �>u�Üºx¯��,

Ý]ö�Ï9���|EÚ�7Ñ¬É���, ·�¡���ùÜ©y76�TÅ �5

��E���A. w,, �Üºx¯��>u¬¦�TÅ �y76|GdºxÖ��A

=C����A. 
éuã/Å u1�5`, �k���AÜ©å�
éÀ�J, ºxÖ

��AKØ|uÙ?1éÀ, ¤±ã/Å ��ªéÀ�JI�nÜùü��A�g¤�
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)��^. 3üg¯�>u5Ke, duºx¯�Ø�±�\È, |EºxÖ��A�±Y

�m¬�é��, �E���A±Y��m¬�é�á. ùÒ¦�ã/Å u1�ò¬æ

^�����ò�Xêl
¦�U~�ºxÖ��AééÀ�J�K�. 
k�ÏS>u

5Ke��¹K�Ð��, duÙéºx¯��PÁ�m��, ¤±|E�ºxÖ�ò¬

�@(å¿�@>u�E����A, ùò¦�ã/Å u1�òò�Xê�½����

���, l
Ø=Ul|G�Ý]ö��Eò�¥�����ÂÃ, 
�Ø^ú%dd


�5�p�ºxÖ�|E.

ÃØ3=«>u5Ke, �X w�O�, HEÚ HER3 (0, 1]«mSÑ´kþ,�e

ü. � w��L$�, üö¬ÑyK�, `²ã/Å u1��²L�����uu1T

Å c��, =ã/Å �u1Ø=vkéÀKºx�
�*�
ºx. �Ïé²w, ù«

y�´dã/Å ���ºxÖ����Å����.

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
o *

ã 5 |EºxÖ��A��E���A«¿ã

ã/Å �éÀ�J�N
�xúiÏLTÅ �]�½|=£���Uå, �±ò

Ùn)��E���A�|EºxÖ��A���. Xã 5¤«, XJ^ w0 L« (0, 1)«

méÀ�J� 0�� w��, w∗ L«����éÀ�J�� w��, =�`ò�Xê, @

o� 0 < w < w0 �, L�� w¬��|EºxÖ��A�u�E���A, ±�u�x

úiØ��¡�ã/��E¤���, 
���|G�Ý]ö'± �õ��E, ¤±Å

 �éÀ�J�Kê. w�O�¬���E���A�|EºxÖ��A�Ó�~�. �

0 < w < w0�, |EºxÖ��Aeü��Ý¯u�E���A, ¤±d� w�O�¬ 

�ü��A�m��å, ±�u3 w = w0?�ö�Ð�p-�, l
¦�éÀ�J3d?

C� 0; � w0 < w < w∗, |EºxÖ��Aeü��ÝE,¯u�E���A, ù¦��

E���Am©�u|EºxÖ��A, éÀ�J3T«mSC���ØäO���ê.
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� w∗ < w 6 1�, |EºxÖ��Aeü��Ým©úu�E���A, ù¦��ö��

�m��å3Øä �, d��,Å u1�E,UÏLã/Å éÀK�Ü©ºx, �

éÀ�J�' w = w∗ ?m©Øäeü. � wUYO����� 1�, |EºxÖ��A

2gÚ�E���A�-�, d� HEÚ HERÑ�u 0. ½ödª (1)��, � w = 1�,

ÃØ´Ä>uºx¯�, ã/Å �y76|GÑ´�Ó�, ù��Å u1c����

��vku)?ÛCz, ¤±vk?ÛéÀ�J.

7)�DÚõ¯�>uã/Å �'�

DÚõ¯�>uã/Å �>u¯��å��m��©1 2Ù!1 2�!¤ãk�Ï

S>u5Ke��/�Ó, �Ù|EÚ�7þ�3���U: �>uÙ¥��ºx¯��,

�Ï9���|EòØ�|G; �>u�Üºx¯��, �7�¬É���. Å 1 kc�

y76 CF(k)�:

CF(k) =

C · IT3>k, k = 1, 2, · · · , T − 1;

C · IT3>k + FV · IT4>k, k = T,
(8)

Ù¥ IT3>k Ú IT4>k �«5¼ê, C ��u)ã/�zcc"|G�E¦, FV�Å ¡�.

�
�y�©¤�Oºx�"^�e�ã/Å U��~�Ý]ö��ºx�8�,

�e5·�òÙ�DÚõ¯�ã/Å ?1ÂÃÇ�'�. duDÚõ¯�ã/Å �º

x¯��±3��Å k�ÏS\È, ¤±Ù'�é��æ^k�ÏS>u5K.

�â��g/�´»�[(J, �±ÿ�Ñ�ö�ÂÃÇ©Ù�¹ (d?�©¤�O

Å ò�Xê���±��z HE�IO, = w = 22.95%; XJ�ÿ���z HERe�

ÂÃÇ, �{�d?�Ó, Ø2Kã), (J�L 6.

L 6 ÂÃÇ'�

DÚõ¯�ã/Å �Äºx�"�õ¯�ã/Å 

ÂÃÇ�K�VÇ 83.24% 62.8%

ÂÃÇÏ" -61.96% 0.39%

ÂÃÇ��� 165.07% 86.86%

ÂÃÇ��� -100% -19.98%

ÂÃÇ�� 0.5213 0.0843

éuDÚõ¯�>uã/Å , duºx¯�>u�Äéy76�|GK���, �

TÅ ÂÃÇ4Ø­½, ´É�äN/�u)�¹�K�, Ý]öÏd«É
�p�ºx.

Ú\
ºx�"Å��, du|E�ºxÖ��A�f
�Üºx¯�>u���E��

éÂÃÇ�K¡K�, Ï
¦�Ý]ö¡�����U5d 83.24%ü$�
 62.8%.
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ã 6 ÂÃÇ�Ý¼ê

ã 6�DÚõ¯�>uã/Å ��©¤�OÅ ÂÃÇ��Ý¼êé'. DÚõ¯

�>uã/Å �ÂÃÇ�Ý¼êm�'�A², ùL²Ý]ö�U¬¼�����4à

�pÂÃÇ, ��A��d´Ø�Ø¡é���p���VÇ, ù`²DÚõ¯�ã/Å

 �ÂÃÇÅÄ'��. ÏLÚ\ºx�"Å�, ù�y���²w�Uõ, ÂÃÇ��d

0.5213~��
 0.0843. d	, ºx�"Å��Ú\¦�Ý]ö¡� 20%±þ����U

5�ÌÝ~�, �����, ÂÃÇ3 -20%� 0�m�VÇ¬k¤þ,. ��5¿�´,

ºx�"Å��Ú\¦�Å ÂÃÇ¥yõ¸©Ù/ª, 
DÚõ¯�ã/Å ¿�Ñy

ù��¹. ù�U´duDÚã/Å 3>u��ºx¯��, {Ï�|E|GB�±(

½, ��Üºx¯�>u�m T4 ���Ã'; 
ºx�"Å�e�ã/Å , T4 ¬K��

|EºxÖ��A(å��m±9�E���Am©��m, ={Ï�|EòÉ��Üº

x¯�>u�m�K�. ù¦�TÅ �y76(���õ�5, ÏdÂÃÇ¥yõ¸©

Ù�A:.

§4. ã/>uëêé�`ò�Xê�K�

�`ò�XêØ
É�ØÓ>uÅ��K��	, ���
ëê��½k', ~Xã

/ºx¯��>u� K1 Ú K2. ù´Ï�>u��Cz¬�� HEÚ HER¼ê����

:�u)Cz. �d, �Ù!}Áé�?Ú���>u��õ�ØÓ�© :, �	3n«

ØÓ�>u5Ke�`ò�Xê�Cz�¹.

Xã 7 ∼ 9¤«, Ø+´Ñu��z HE�´ HER�8�, � K1 Ú K2 Ó�O��,

n«>u5Ke��`ò�XêÑ¬��O�. ù´Ï�>u��O�¬��ºx¯��

>uVÇeü, ¦��Üºx¯��>u�m T4 O�, ù���E���AéuéÀ�J
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ã 7 k�ÏS>u5K

ã 8 cS>u5K

�K�eü, l
3ù«�¹eã/Å u1��±�Äæ^�����ò�Xê. ¦+

Ó�O�ü�>u��¬O�ºx¯�Äg>u��m T3, �dÞ3���¹e¿Ø¬�

f|E�ºxÖ��A. ù´Ï��éuü�ºx¯��>u, �Üºx¯��>uéu

>u^���½����, ¤± T3É��K�¬�u T4, l
|EºxÖ��A�±Y�

mmin(T4, T )−min(T3, T )ù���O�, ¤±�ª�(JE,´�`ò�Xê��O�.

�±uy, �ã/>u�?3���é���Y²�, ØÓ>u5Ke�¼êã��

OØ²w; 
3ã/>u��½'���«m, k�ÏS>u5KÚcS>u5Ke�ã

�Ñy���²w�àå, =�`ò�Xê�X��>u��O�
kO��~�, 
ü

g¯�>u5Keã�K�é²�. ù�y�Ø+´Ñu��z HE�´ HER�8�Ñ

k3ã 7 ∼ 9¥��Ny. � K1 Ú K2 Ñ'���, ºx¯�PÁ5éuã/Å �K

�¬C�éf, Ø+´=«>u5Ke�ã/Å Ñ¬éN´��Ù>u�, ¤±ã��
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ã 9 üg¯�>u5K

ÉØ�. ,	éuàåy��)º, I��Ä� T3 Ú T4 �CÄ�¹. >u���½¬K

�� T3 Ú T4 ���, ¦+3���¹e, >u��Jp¬¦� T3 Ú T4 Ó�O�¿� T4

�Czþ�é��, �´k��kA~. �ã/Å u1�r>u��½3���J�>

u�4à��S�, d�?�ÚJp>u��U¬�� min(T4, T ) −min(T3, T )Ñyeü

�ª³. �)ºù�y�, ·�ÄkrÐ©>u��½������ê, ù�XJJp�

�>u�ÒXc©¤ã��¹@�¦� T4 �Czþ�u T3 �Czþ, l
�`ò�Xê

þ,. �e5·��±�?>u�ØC, ò��>u�Jp���¦� T4 �CÅ ��

Ï�m T �Y², @od��E���Aé�`ò�Xê�K�®²�±�Ñ. XJUY

Jp��>u�, |EºxÖ��±Y�m min(T4, T ) −min(T3, T )ò¬~�, l
¦�

�`ò�Xê~�. ��L§�N3ã¥Ò´¥y��àå�/G. �´3üg¯�>u

5Ke, ºx¯�Ø��\È�A5¦� T4 éu>u��JpLu¯a, ù�A��f


min(T4, T )−min(T3, T )ù����eüª³, l
¦��`ò�Xê�Cz�é²­.

,	, n«>u5Ke�ã�÷�?>u��r�Ñ�'÷��>u��r���Í

�, ù`²�`ò�Xêéu�?>u��Cz��¯a.

§5. ( Ø

éu�xúi5`, ã/Å $1Å���O�'­�. ùØ='X�éÝ]ö�á

Úå, �'X��xúi©Ñã/ºx���Uå��Ç. �d, �©±��zéÀ�Ç�

8I, é�©¤�E|G¼êe�õ¯�>uã/Å ��`ò�Xê?1
©Û, ��

±e(Ø:

(i) ºx¯�PÁ5�r�ã/Å , Ù�`ò�Xê��. duã/Å éºx¯

��PÁ5¬K���Üºx¯�>u��m, l
K��|EºxÖ��AÚ�E��
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�A�±Y�m, ¤±éuºx¯�PÁ5�r�ã/Å 5`, �
�����p�é

À�Ç, Å u1�¬�������ò�Xê, l
~��Üºx¯�u)�éÝ]ö

��E|G.

(ii) Å u1�A�Ó��Ä�|EºxÖ��A±9�E���A�K�, l
(

½��Ün�ò�Xê. L�½L��ò�XêÑØ|uJpTÅ �éÀ�Ç. ù´Ï

�L��ò�Xê�,U~��Üºx¯�>u��y76|G, �ù�Ó��¬Jpº

xÖ�|E�; 
L��ò�XêKÏ�å�����^�Ø|u?1éÀ.

(iii) �'uDÚõ¯�>uã/Å , �©¤�OÅ �Ï"ÂÃÇk²wJp. ù

´Ï�|E�ºxÖ��A�f
�Üºx¯�>u���E��éÂÃÇ�K¡K�,

ÏdÝ]ö����U5��ü$. �TÅ ÂÃÇ�ÅÄ5�k²weü, ù`²Ý]

ö¡��ºx��
k���.

(iv) ã/Å u1�éu>u���½¬K���`ò�Xê���. �¤k>u�

Ó�O��, �`ò�Xê��AO�. du�Üºx¯��>u'ü�,�ºx¯��

>u�N´É�>u��K�, ¤±�Ó�O�¤k>u��, �Üºx¯��>u�m

Ú?¿,�ºx¯��Äg>u�mÑ¬��í´, �cö�Czþ��, l
E¤|E

ºxÖ��A±Y�mO�, �E���A±Y�m~�, d��xúi�Uòò�Xê

�������±d5~f|EºxÖ��A�K�. �ud, Å u1�3éã/Å 

�$1Å�?1�O�, A�Ä�>u�ù�'�Ï�.

(v) ã/Å �>u5K¬K���`ò�Xêé>u��¯a5. 3k�ÏS>u

5K9cS>u5Ke, �>u�?3�����«m�, d�2O���>u�òØ2

¬ò�|EºxÖ��A�±Y�m, ù�
¦��`ò�XêÑyeü�ª³. 
üg

¯�>u5KeK�f
ù�ª³, ù´Ï�d��Üºx¯�>u��méu>u��

CzLu¯a, ¦�|EºxÖ��A�±Y�mØ¬É���K�.

��©Ó��3Ãõ�Û�5: éuã/Å Ï����, ==�Ä
 3cÏ��¹,

vk*Ð��õc�; �vkÚ\�Å|Ç�., 
´{ü/b�|Ç3Å �Ïc�±

ØC; éuã/Å �`ò�Xê�©Û, �&?
�©¤�E�|G¼êe��/, éu

�����¹vk�9. w,ù¬¦ïÄ(J"y�½�`Ñå. �ù
Øv�?���

e5�ïÄJø
��, 8��±}Áé�õE,$1Å��ã/Å ?1ïÄ, ¿òÅ

 í2��õc�, Ú\�Å|Ç�., l
JpïÄA^d�, �Ï�xúi�Ñ�Ð�

ûü.
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Study on Optimal Discount Coefficient of Multi-Event

Catastrophe Bonds under Risk Feedback Conditions
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(School of Finance, Nanjing University of Finance and Economics, Nanjing, 210023, China)

CHENG Gongpin

(School of Economics, Nanjing University of Finance and Economics, Nanjing, 210023, China)

Abstract: Due to the correlation between the trigger events of traditional multi-event catastrophe bonds,

investors are more likely to suffer losses and their returns are more volatile. In order to reduce the impact of

this disadvantage, taking earthquake catastrophe bond as an example, this paper reconstructs the payment

function of multi-events catastrophe bond considering risk feedback. Under the objective of maximizing

the hedging efficiency of insurance companies, we obtain the optimal discount coefficient of the cash flow

payment after triggering all risk events by Monte Carlo simulation. The results show that under the

new payment function, the expected return of investors increases and the volatility of return decreases,

which makes the bond more attractive to the market. Finally, we focuses on the analysis of the impact of

catastrophe triggering parameters on the optimal discount coefficient.

Keywords: CAT bonds; risk feedback; multi-events trigger; Monte Carlo simulation; hedging efficiency;

discount coefficient
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