
� 43 t � 3 s ( - Z x x � Vol. 43 No. 3

2020 e 5 K ACTA MATHEMATICAE APPLICATAE SINICA May, 2020

-k4d:/�xk4�Zg?_�I( ∗"�%
(|��dxy|yj~lF��b 100081)! $

(|��dxy�>yF��b 100081)# � †

(|��dxy|yj~lF��b 100081)

(E-mail: menghuidragon@126.com){ p #�~:zN</p
\{uE_� �tT�/
N<�O<��	h���w�uV,	>/\{QÆgmzM�3
?MQ��&D<	N���D<	N(_b�j�3_bN<�gC�O�<�uY/D�w�Æg#�z
N<�Æg:
?M��N�X
V,	$J�|�su�
84���F'
 HJB 8\�'8 CRRA V,�^
\{����/N<�O<��	h
W+W	�|'&4&N</p��7
W+W���1��<"N</pÆ�\{�	h�7O�\{
�/N<4.�\l:D-�
7Y��\{
F'D<�-3Yw8 1 :��/N<-�
5�=GR��<h��7O	",$x
FnYp_bYoU�$J1�N</pHU
\{�zÆsN<hKsHw��<h��	H��F'a&H|
\{�N<℄oHo��̂ TD<
a&�Hw�D<�	H*	9B, N</p��O�<��su���/E?�V,�Y
MR(2000) �^6M 70H20; 60H30�a6M F830.42

1 so
Merton[1] R 1969gMq�m/)s<F9℄|�2Q?���#z�R Mer-$� 2018 f 9 L 20 �K�
2019 f 3 L 29 �K�jQX


∗ y;���y&\N)IZ (11771465, 11771466), |��dxy 2018 f" “�f&=” i�j`6�IZ
(QYP1804), |�VT&$�~)>�I�\�|��dxy�~l[�&j`6���

† �{�`




518 ' , Y w w � 43t
tonX`}�℄|��)�℄'F?�P��℄F?�P`���4`Q?�p��+za': Merton X`'f`ÆZ��m℄|Q?��P�
#z�v}�6XzaN�R�?$#X`}�̀ /�m℄|!	`�2Q?��R�?���xH�z�)℄|�R�?m��mQS��: Yarri[2]. n� Richard[3] N Yarri}�m℄|RT9��d95=# Merton ��Q?xHX`}�Mq�m/Q?�����R�?kexH#z��<� RichardRX`}��</℄|L#��.NF?�P3�℄t� n ℄��g/ Tobin-MarkowitzA����Rbn�7�+za': Richard 95`�;�m/�R�?m��! Pliska Æ [4] �m/<F�B>�F?�.4\�L#�ANÆ h)�R�?m�*H��Ep<X`}r-.'F?�P���v��Duarte Æ [5] N Pliska X``�;t����+�F?�P�/z`)℄|R?m��m(Q��(QSE�kSÆ [6], vX`�</�℄H6L#℄|R�PW.��9�q�~6Q?�����R�?ke�2xH)s<FX`�r�1℄|RTJr�℄<Fwd7gA:��}�X HJB 9℄	�℄|�2�R�?ke�a�zaK�KRb�'fX`*`ÆZ�g�Æ [7] `�;RX`}$#/L#�4�1���d�'ng2R.��<���R�i{Q?�����R�?ke�2xHX`��}\pXd�m/%z�\`R?���`R?m�#z�+�6Æ [8] 7R*WX`}$#n)#>�n)L#�R�uv��C9wB/℄|�i{xH��ERbX C} H6�<�℄|Q?2s��K�R 2BBRQ?� U�}Q?�*H�%K�}Q?��*V�Q?2s�zaK�SR�mQ?keX`}=#Q?2sE�/XHQ?r�BL� Campbell[9].e�\qgS/b��� Lally[10] ��}=��g/Q?2stR� Detemple �
Zapatero[11] �SNQ?2s$# Merton X`��</{6Q?2s℄|E�2Q?��xH�Diaz Æ [12] 2BQ?2sN x7℄|A:gq�z`zaH� [13] V
Q?2s��</℄|�i{�Q?xH�r�B*	e/R�<`6dQ?2s<Q?ke`r�VB�[{�,6-.V
`6Q?2s��<�?m��m�
Mounira Ben-Arab[14] � Naziha kasraoui[15] V
/Q?2s��<�℄�2AP�?($�/):V
Q?2s�<℄�R?m��m2�H6�% R RichardX`'f*�V
Q?2s��mR CRRA W.�\9�℄|�2Q?�R?���xH�4wBQ?2s)℄|�2xH*H��.�R�?R℄|xH} .�% dCR:&9O�M:NQ?2s$#X`�	�/r6Q?2s℄|�2Q?�R?���xH�vqrX,X*A,$#Q?2s^�2xH{�*H�2B$#Q?2sP�/xH<.:Ak�.�P��<�^Ak(${�*H����.%zGo\q`/\pXd�.�A,Q?2s^�2xH{�*H�% 8<<AVf!9Æ� 2 T)℄�IQ��?IQ�.Q?2s`���L%X`�n)2��w#z�� 3 TfLp�\)) HJB 9℄�	�℄|�2xH



3s 6i�1 D�L��zN</p
�/N<�O<��	uE 519X,X�� 4 T)X,Xe5��`A,�4wB$#Q?2s^X{�*H�� 5 T.%z\q`Xd�A,Q?2s)�2xH*H�� 6 T�V� �
2 AVzCQ
2.1 FUY*�1℄�IQ*6,��P�b℄|vV���E'F?�P�3��EF?�P�'F?�PL�>E µ0(t), vBZ}℄�Æ

dS0(t)

S0(t)
= µ0(t) dt,F?�PBZ}℄�Æ

dS1(t)

S1(t)
= µ1(t) dt + σ(t) dZ(t).v} µ1(t) �F?�P��>�σ(t) �F?�P6�>�Z(t) ES>�F (Ω, F, P )*0�:�N�� {F(t)}t∈[0,T ] E3 Z(t) aY?7�℄|)vAN`��Xp�v}℄|��RF?�P*	u� θ(t),  pN89 W (t) − θ(t) ��R'F?�P*�b�%KMp℄|E��l θ(t) ∈ R.

2.2 "hY*�1℄|R t = 0 <�6t�8vRT� τ . ��vR t <�d�'�Æ
λ(t) = lim

∆t→0

P (t ≤ τ ≤ t + ∆t|τ ≥ t)

∆t
,��Nd�'J�℄|R t = 0 <�6t��R9�`Fd�S>�8 S(s, t) = P (τ > s|τ > t), 1C℄|R t <�6t��R s <��6tS>�v} s ≥ t, Wrd�'��}��}eÆ

S(s, t) = e
−

∫

s

t
λ(µ) dµ

,r/��	�℄|R t <�6t}J9�d�<FM#�\Æ
f(s, t) = λ(s)e

−
∫

s

t
λ(µ) dµ

.�1�?bMS�
`< (�?tF'�$)�R�?�L�R??>� η(t), ��?b L�O=?>��R6 η(t) ≥ λ(t). !{"�?�R t ke p(t) hDP�R�?�4�RhD�?�%�d��\G"�?�AP:_���	� p(t)
η(t) �?℄�
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2.3 l5e;℄|R t<�Q?� c(t), ℄|R`Q?xH<�U}Q?�*H��K:�a��Q?_r�b℄Q?_rE3℄|R}Q?`=Ær{	��%KVb℄Q?_r�Q?2s�%K�s Detemple[11] }���N℄|Q?2s
H(t) ���Æ

H(t) = e−atH0 + b

∫ t

0

ea(s−t)c(s) ds.v}Æ a #-/℄|)}Q?��℄#� pIEStQ?�I��"℄|���vÆ�IS� a Iy�aS℄|)}��℄#IW�����℄|)�9�hG)b'I}��R6 a > 0. b #-/℄|)�a�{Q?_r�K� bIy�aS℄|.���bR`y℄#*�aBRQ?_r��R6 b > 0. H0 �℄|b�Q?2s�E℄|Q?2saY�℄x��H0 Iy�℄|Q?2s�oIy�
H0 yS>. r{2Z_r�.℄|6!�hÆ hGo�. 2Z_rIW�℄|6!�hI�� H0 Iy�

a, b y)yS|1Q?2sW�� a Iy� b IS�Q?2sIW� a, b G)yS|1/Q?2sXB�): a < b ℄|/��v)}Q?��℄#�y��3)B=�hG)b'�/): a > b ℄|/��}Q?_r�	o "��� p `���{B=�h�q�)�hR.G)b'`}�) H(t) `�A�	Æ
dH(t) = [bc(t) − aH(t)] dt. (2.1)

2.4 S$>℄8℄|R t <�AN� W (t), b�<�AN� W0. ℄|R t <�a�L#� i(t), ��'F?�PL�� [W (t) − θ(t)]dS0(t)
S0(t)

, ��F?�PL�� θ(t)dS1(t)
S1(t)

,4�R t <��℄|Q?ke� c(t), hDR?ke� p(t).  p℄|AN.�}℄JrÆ
dW (t) =θ(t)

dS1(t)

S1(t)
+ [W (t) − θ(t)]

dS0(t)

S0(t)
− c(t)dt − p(t)dt + i(t) dt

=θ(t)
[

µ1(t)dt + σ(t)dZ(t)
]

+ µ0(t)[W (t) − θ(t)] dt − c(t) dt − p(t) dt + i(t) dt,�1℄|R T <��i�℄|W.�E:&℄<A�v�E℄|R�i$ad�n{U,Q?{�W.�U,Q?qEQ?U}Q?2s<A� p�Q?2s���1C�℄|'fQ?0��℄|r6RQ?_rU}vQ?2s<> "	W.�v0E�PW.�!{℄|R�i{d��d�� ^v:_�59�P L(τ) = W (τ) + p(τ)
η(τ) , �PIW�℄|W._rIW�v&E℄|R�i<AN{�W.�!{℄|R�i�d��vR T <�AN W (T ) ��J�v*��i℄� p℄|.� W (T )IWI�� t <�P6W.�}<F�B�\ e−δt �B� 0<���="	℄|W.�\�.:�-H� {c(t), p(t), θ(t)}0≤t≤T 20� δ 1C



3s 6i�1 D�L��zN</p
�/N<�O<��	uE 521℄|℄℄℄#� δ Iy�℄|oI℄℄�℄|�}vV {c(t), p(t), θ(t)}0≤t≤T ��y�vW.� pv[0�\�Æ
max

{c,p,θ}∈A

E
{

∫ T∧τ

0

e−δtU(c(t) − H(t)) dt + e−δτU
(

W (τ) +
p(τ)

η(τ)

)

I(τ≤T )

+ e−δT U(W (T ))I(τ>T )

}

,v} U(x)�}Z�X��W.�\���?� R
+, �F� Inada }J�/6 U

′

(x) > 0,

U
′′

(x) < 0, lim
x→0

U
′

(x) = +∞, lim
x→+∞

U
′

(x) = 0.2r 2.1 !{�℄ R
3 *n)}℄ {c(t), θ(t), p(t)} F�Æ

(1) E {F(t)}t∈[0,T ] �I�
(2) E

[ ∫ T

0
[θ(t)σ(t)]2 dt

]

< ∞;

(3) ∀ t ∈ [0, T ], c(t) ≥ 0, W (t) + p(t)
η(t) ≥ 0 �. W (T ) ≥ 0,WV {c(t), θ(t), p(t)} ��℄�H�}℄�q6�H�}℄�Y,
��, A.

3 CRRAmu=\f.�w'Pb��W.�\� CRRA W.�\aB�/ U(x) = x1−γ

1−γ
, v} γ > 0 � γ 6= 1.  p�2�#z��Y�Æ

max
{c,p,θ}∈A

E

{
∫ T∧τ

0

e−δt [c(t) − H(t)]1−γ

1 − γ
dt + e−δτ

[W (τ) + p(τ)
η(τ) ]

1−γ

1 − γ
I(τ≤T )

+ e−δT [W (T )]1−γ

1 − γ
I(τ>T )

}

(3.1)

s.t. dW (t) = θ(t)[µ1(t)dt + σ(t)dZ(t)] + µ0(t)[W (t) − θ(t)]dt

− c(t)dt − p(t)dt + i(t) dt, t ∈ [0, T ∧ τ ].8p�\
J(t, W (t), H(t)) = max

{c,p,θ}∈A

Et

{
∫ T∧τ

t

e−δ(s−t) [c(s) − H(s)]1−γ

1 − γ
ds

+ e−δ(τ−t)
[W (τ) + p(τ)

η(τ) ]
1−γ

1 − γ
I(τ≤T )

+ e−δ(T−t) [W (T )]1−γ

1 − γ
I(τ>T )|τ > t

}

.�1d�<F τ � Z(t) aY?7 {F(t)}t∈[0,T ] G�!%�Wp�\�RY�Æ
J(t, W (t), H(t)) = max

{c,p,θ}∈A

Et

{
∫ T

t

S(s, t)e−δ(s−t) [c(s) − H(s)]1−γ

1 − γ
ds



522 ' , Y w w � 43t
+

∫ T

t

f(s, t)e−δ(s−t)
[W (s) + p(s)

η(s) ]
1−γ

1 − γ
ds

+ S(T, t)e−δ(T−t) [W (T )]1−γ

1 − γ

}

= max
{c,p,θ}∈A

Et

{
∫ T

t

e
−

∫

s

t
δ+λ(µ) dµ [c(s) − H(s)]1−γ

1 − γ
ds

+

∫ T

t

λ(s)e
−

∫

s

t
δ+λ(µ) dµ

[W (s) + p(s)
η(s) ]

1−γ

1 − γ
ds

+ e
−

∫

T

t
δ+λ(µ) dµ [W (T )]1−γ

1 − γ

}

._q�u2�B���	 J(t, W (t), H(t)) F��9 HJB 9℄Æ
max

c(t)>H(t),p(t)>−W (t)η(t),θ(t)

{

[c(t) − H(t)]1−γ

1 − γ
+ λ(t)

[W (t) + p(t)
η(t) ]

1−γ

1 − γ

+ Jt − [λ(t) + δ]J + JH [bc(t) − aH(t)] + Jw

{

θ(t)[µ1(t) − µ0(t)]

+ W (t)µ0(t) − c(t) − p(t) + i(t)
}

+
1

2
Jwwθ(t)2σ(t)2

}

= 0, (3.2)~p}J� J(T, W (T ), H(T )) = [W (T )]1−γ

1−γ
.2N 3.1 J(t, W (t), H(t)) = k(t)γU(Y (t)) E HJB 9℄ (3.2) X�v}











































































Y (t) = W (t) + B(t) + A(t)H(t), (3.3a)

k(t) = e
−

∫

T

t

γ−1

γ
M(y) dy

+

∫ T

t

{

[1 − bA(s)]
γ−1

γ

+λ(s)
1

γ η(s)
γ−1

γ

}

e
−

∫

s

t

γ−1

γ
M(y) dy

ds, (3.3b)

A(t) = −

∫ T

t

e
−

∫

s

t
[µ0(y)+η(y)−b+a] dy

ds, (3.3c)

B(t) =

∫ T

t

i(s)e
−

∫

s

t
µ0(y)+η(y) dy

ds, (3.3d)

M(t) = −
λ(t) + δ

1 − γ
+

1

2

[µ1(t) − µ0(t)]
2

γσ(t)2
+ µ0(t) + η(t), (3.3e)r/�H�















c∗(t) = [1 − bA(t)]−
1

γ k(t)−1Y (t) + H(t), (3.4a)

p∗(t) = η(t)
γ−1

γ λ(t)
1

γ k(t)−1Y (t) − W (t)η(t), (3.4b)

θ∗(t) =
[µ1(t) − µ0(t)

γσ(t)2

]

Y (t) (3.4c)E2�#z (3.1) �2�H��
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c∗(t) = (Jw − bJH)−
1

γ + H(t),

p∗(t) = η(t)
{[Jwη(t)

λ(t)

]− 1

γ

− W (t)
}

,

θ∗(t) =
−Jw[µ1(t) − µ0(t)]

Jwwσ(t)2
.l J(t, W (t), H(t)) F� PDE:

[c∗(t) − H(t)]1−γ

1 − γ
+ λ(t)

[W (t) + p∗(t)
η(t) ]1−γ

1 − γ
+ Jt − [λ(t) + δ]J + JH [bc∗(t) − aH(t)]

+ Jw

{

θ∗(t)[µ1(t) − µ0(t)] + W (t)µ0(t) − c∗(t) − p∗(t) + i(t)
}

+
1

2
Jwwθ∗(t)2σ(t)2 = 0,N J(t, W (t), H(t)) = k(t)γU(Y (t)) |#�g�lvF�*W PDE, `/�	�2H�

{c∗(t), p∗(t), θ∗(t)}. g)�
4 E.G�<q
4.1 Lv�#Re� Merton X`}�	��2Q?���xH�℄|AN�℄($�/r*WL%n)�w#z}	��2X��}���2Q?�R?���xH E
Y (t) Ed�\� p�9 %KN Y (t) J�℄|�.�P�℄|Q?��?ke���xH��J�E) Y (t) �℄Ak�3 (3.3d) q	 B(t) ��J�EN℄|��L#^B� t <��p+ C [3,8] } N B(t) V�℄|R t <��'�%�3 (3.3c), �N |A(t)H(t)| J�E℄|�/�g��Q?_r9�: H(t) /x{�!�%��J���}wgq� � A(t)H(t) < 0, lN A(t)H(t) V�℄|R t <���Q?LY�3 (3.3a) ��}e��.�P Y (t) E3℄|R t <�AN��'�%�.�/�g��Q?��Q?LY�Y��l�!{℄|9r6Q?2s�W Y (t) ^3 t <�AN��'�%�Y�/�$#/Q?2sn��℄|m
+gq�<A.:�g��Q?� p): t <�r6G�AN���L#℄|/��r6Q?2s℄|`xH<�.�Po H,�) Y (t) `�A��	Æ

dY (t) =Y (t)

{

[ (µ1(t) − µ0(t))
2

γσ(t)2
+ µ0(t) − [1 − bA(t)]

γ−1

γ k(t)−1

− η(t)
γ−1

γ λ(t)
1

γ k(t)−1 + η(t)
]

dt +
[µ1(t) − µ0(t)

γσ(t)
dZ(t)

]

}

,l Y (t) > 0,  pQ?LY9 U}℄|R t <�AN��'�%���
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4.2 �yl5J)3 (3.4a) �	

c∗(t) =[1 − bA(t)]−
1

γ k(t)−1W (t) + [1 − bA(t)]−
1

γ k(t)−1B(t)

+ {[1 − bA(t)]−
1

γ k(t)−1A(t) + 1}H(t).v}� 1J1CQ?ANW)�� 2J1C/Q?L#W)�� 3J1CQ?2s)Q?*H�3 A(t)1vB��	� A(t) < 0, pW (t)� B(t)4\ �f\��l�2Q?n�AN�L#X=/X=�!{D\vV?	 [1−bA(t)]−
1

γ k(t)−1A(t)+1 > 0,\GQ?�n�Q?2sX=/X=�/Q?2s n�!>Q?_rX=/X=� p�}Q?_r)��Q?_r�6s` .�$#Q?2s):�2Q?*HE+9O�M: *H��.�P�r* A,}��}��$#Q?2s��℄|�`Ak�.�PH,/�vqE�.�P4\26/R.�):Q?��?kee6[Æ k(t) /��$9tRQ?2s�v1vB�Æ
k̂(t) = e

−
∫

T

t

γ−1

γ
M(y) dy

+

∫ T

t

[1 + λ(s)
1

γ η(s)
γ−1

γ ]e
−

∫

s

t

γ−1

γ
M(y) dy

ds. � A(t) < 0, l� γ > 1 <�6 k(t) > k̂(t), � 0 < γ < 1 <�6 k(t) < k̂(t). /��r6Q?2s℄| N k(t) pS [1 − bA(t)]−
1

γ . /9r6Q?2s℄|9 �e k̂(t).����</Q?2sn���2Q?�
O=* t <�Q?2s�\ H(t). 3
(3.3b). (3.3c)�	�k(t) > 0, A(t) < 0,l6 c∗(t) > H(t),  p�=#/Q?2sn�)Q?6/�℄��Dw�/H6Q?2s<��2Q?9Z^^� 0. 4�� a > b <�3 (2.1) �l dH(t) > 0, /n�<F���2Q?_r9Z 9%*7��
�<b&9O h�Q?2s)�2Q?_r*H4;���/E9AKO�� N B.\pXd`A,�)�2Q?`�A�	Æ

dc∗(t) =[1 − bA(t)]−
1

γ k(t)−1Y (t)

[

γ + 1

2γ

[µ1(t) − µ0(t)]
2

γσ(t)2
+

[µ0(t) + η(t)]

γ
−

λ(t) + δ

γ

]

dt

+
1

γ
[1 − bA(t)]−

1

γ k(t)−1bA
′

(t)dt + [bc∗(t) − aH(t)]dt

+ [1 − bA(t)]−
1

γ k(t)−1Y (t)
[µ1(t) − µ0(t)

γσ(t)

]

dZ(t),�l6 [1 − bA(t)]
1

γ < 1, l_q* ) k(t) A,�� γ > 1 <�Q?2s$# HS�2Q?.�6�>�?	�2Q?`=r!�
4.3 �y[hJ)
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p∗(t) =η(t)

[(λ(t)

η(t)

)
1

γ

k(t)−1 − 1
]

W (t) + η(t)
γ−1

γ λ(t)
1

γ k(t)−1B(t)

+ η(t)
γ−1

γ λ(t)
1

γ k(t)−1A(t)H(t).��2Q?ke�	�*B��J1C�?keANW)��0J1C�?keL#W)��&J1CQ?2s)�?ke*H�;� B(t) 4\�f�H(t)4\�L� p�?keL#W)�f��EQ?2sX=�t�?keH,�b1S}Q?_rx7�t��Q?_r*7�:/1|���?ke�/�?keANW)�x: k(t) � (

λ(t)
η(t)

)
1

γ yS�� k(t) >
(

λ(t)
η(t)

)
1

γ <�AN{4\�L��o���IN6℄|�?keHS�� k(t) <
(

λ(t)
η(t)

)
1

γ <�AN{4\�f�p<�?ke6/fANW)��$#Q?2sn��3 (3.4b) �* )�.�P Y (t) �.[Æ k(t) A,�l�� γ > 1 <�6 k(t) > k̂(t), �.�P9P� p$#Q?2s P��?ke��
0 < γ < 1 <�6 k(t) < k̂(t), xHaN�<�`+($�.�P.:hD�?��E3:$#Q?2sH,/�.�P� p)�?ke*H9S��
4.4 �y`�J)3 (3.4c) �	Æ

θ∗(t) =
[µ1(t) − µ0(t)

γσ(t)2

]

W (t) +
[µ1(t) − µ0(t)

γσ(t)2

]

B(t) +
[µ1(t) − µ0(t)

γσ(t)2

]

A(t)H(t).;��IQF?BZ�f<�W (t), B(t) 4\�f� H(t) 4\�L�/��AN�L#W) �f��EQ?2stR 4℄|H,F?��	u�℄|��� .	`=�N�$#Q?2s9R.N�.�P.:��($��E3:$#Q?2s%2P�/�.�P�G)�℄|��keo H,� �℄| N<A�P�}'F?gq��\��Q?�b�o���6Q?2s℄|��xH .	�N�
5 \}QTr* A,	�℄|R�i{�y�v[0W.�\�2Q?ke��?ke���RF?�P*	uX,X�9 �}\pXd�A,Q?2s)�2Q?�R?���xH*H�
5.1 &℄W�R9 A,}�%K�<R 20–60onF℄|xHa�2Q?�R?���xH��<D�g� [7] })D\v�95�v�qmD\�
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(1) 'F?L�>ÆB. 2017 g�g SHIBOR �Q*[�M[#>{p�_q!>\q7k	� µ0(t) = 0.026266.

(2) F?�PL�>ÆRI℄|���F?�P6Y��'℄�kn�v}knE00IQ*�!JF?�P� pb�B. 2017 g�3 300 q\�L�>{p1CF?�PL�>�_q!>\q7k6 µ1(t) = 0.299667.

(3) F?�P6�>ÆB. 2017 g�3 300 q\�L�>6�>1CF?�P6�>�7k	� σ(t) = 2.47235.

(4) d�'Æ%z^d�ig2� 60o��J�℄ 20o"�?�� p� T = 60.�1"�?�R x ∼ x + 1 onFd�'�R\�WR x ∼ x + 1 o"�?�d�'� λx = − ln(px). _q�?b�tR?�B<qB.}z�2�?Æe�6T1 (2010–2013) ;���Æ*�1 20 o� 60 onFd�>�7k"�?�R 20 o� 60 onFd�'���2B 20 o� 60 onFd�''��Ra<F0q�\�B. OLS j75`d
	�Æ
λ(t) = 0.000959− 0.00012t + 0.000008t2.

(5) ?>Æ�1�?b9L�O=?.�/ η(t) = λ(t).

(6) a�ÆB. 2016 g�zWd��oÆ�Cr{a� �'fa��a�gXS>B. 2016 g�%l[>� p6 i(t) = 67569e0.075t.

(7) b�ANÆ_qH��+{� [13], b�AN1u�'fa� 4  � p�($1u W0 = 270276.

(8) <F�B ÆÆ_q�o��o#C [16], B.m�<F�B Æ δ = 0.1085.

(9) F?�.4\Æ_q Constantinide � George[17], 1u γ = 2.2.

(10) Q?2sD\Æ%KA2rQ?2sW��Q?2sXB,9O�wBQ?2s):�2xH*H�M:%K1uD\ a = b �wBRQ?2sW�)�2xH*H�Rb�D\1u9�Q?2s*7℄#�x:�{Q?�!>Q?2sL�/℄|N�{Q?y:!>Q?2s<A��($=#Q?2sn}�r/9%x7�4��Q?0��l/�D\ a, b Iy<�1S℄|aYQ?2s�KIy�Q?2sIW�%K�<e���A2�'Q?2s��Q?2s}ÆQ?2s�WQ?2s9�2H��r/A,r69�Q?2s℄|xHR�2Q?�R?���xH	2�vD\1u!1 1 qC� % 1 O=0qC[�?0 1

No habit formation Low habit formation Medium habit formation Hight habit formation

a = b = 0 a = b = 0.1 a = b = 0.3 a = b = 0.5vq�%K1u a > b, a = b � a < b &���wB9�Q?2saYXB)�2xH*H� a < b ℄|)}Q?��℄#�y�)�hR.G)b'L�
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a > b ℄|)�hR.G)b'`}�r|)&�9�Q?2sXBD\�1!1 2 qC� % 2 O=0qC[�?0 2

a > b a = b a < b

a = 0.2, b = 0.1 a = b = 0.15 a = 0.1, b = 0.2_qf�r [18], RI�9�Q?2sD\�19� 1ub�Q?2s H0 =

0.11W0.

5.2 l5e;813�yJ)0tj
5.2.1 l5e;813�yl5OH0tjM:�r� 1 }��}��R%Kq1uD\�g9��=#Q?2sn���2Q?rB:n<F�H.Yn<F�X� �%K1uQ?2sD\� a = b, /
c∗(t) > H(t), q�r (2.1) }�l�Q?2s��E�t�X� p`�;`Q?ke�t�X�vq��℄|aYQ?2s�KIy��oE a = b Xy�9�℄|Q?ke I�aQ?2s�baSaYQ?2s�KIy�℄|��Ue0�`U,Q?b'oIS�
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�}
�hD�tR?�v+3:}
�d�/'5T�8<}
F?� p�R�g<t�n�LY_r*7�℄| 9%X=R?�?ke�n��n�<F`�℄|ANR�K*��LY_r9P�℄|R?�?ke
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S:r6Q�Q?2s℄|�b%g/* A,�
5.2.3 l5e;813�y7h`�|+OH0tjr� 4 ��}e��2F?�P��	u�t�H�rX,XaB��}e��'F?#>�F?L�>�6�>�R\<�℄|ItF?�P��  E�.�P Y (t) �℄m�($� p�F?��kev=�6+e℄|R t <���`Ak�P�Q?2s)F?�P��*H�)Q?ke�f�r6QWQ?2s℄|R{tF?�P��key�R�tF?�P��keS�):�℄6`WQ?2s℄|/��R�g<t
�<���`+Q?� pR�g< H,�4ke�N`+�P`��Xp�F���Q?� p{t��ke
`W��/�g�3:Q?_r*7�y<A�P .:Q?�q����`�P\-o 9P� pR�}��}��℄r6WQ?2s℄|F?��ke
E i}r6Q�Q?2s℄|F?��ke
E��E�'BQ?2sW��r6Q?2s℄|F?��ke  (9r6Q?2s℄|��ke
,�

20 25 30 35 40 45 50 55 60

×104

0

2

4

6

8

10

12

14

16

a=0 b=0
a=0.1 b=0.1
a=0.3 b=0.3
a=0.5 b=0.5

b 4 8�O=0q^p8�E=�
id8j('
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r��/�� a < b <�Q?2s�Xi#9%=	�p<�2Q?E<F�℄
�\�℄|R{tQ?_r+��/�tQ?_r+W�`9 1BeQ?r�BL�/R a > b �9��2Q?:*7��9P�̀ 6�beB�2Q?Re℄<F	F`r��� p�℄G)b'
}℄|������T�4Q?�?�4Q?�~�aR�℄
�_r*�
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��y��4t�W.#z��6za`�m��E% m\nhR:$#/Q?2s�UeQ?2sU,Q?> ^xHa{�W.��}q	X,XaB`A,�R$#Q?2s��2BAN�L#)Q?��6fK*H�/Q?2s)Q?*H�x:D\�1�L#)�?ke*H�f�Q?2s)�?ke*H�L��oEaQ?):�?ke61eW)�/AN):�?ke*H_�h%�m
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ton X`}�Xdy�%K2B℄|E':�.�P`xH��.�PE3AN��'�%�.�/�g��Q?��Q?LY�Y��$#Q?2sn�^�2Q?�R?���xH{�/&℄9O*HÆ�E�.�P
H��Q?LY� p
S:'Q?2s℄|�.�P�r/�t℄|F?�P��.S�0E�2Q?�R?xH}e6Æ k(t)  26.���G)F?�.4\y: 1 <�6Q?2s[Æy�r/P��?ke��G)F?�.4\S: 1 <�6Q?2s[ÆS�&E�2Q?9P^^rE�.�P�℄($��O=*/Q?2s�/�)�2Q?`�A�2B��G)F?�.4\y: 1 <�Q?2s$# HS�2Q?.�6�>����B.%zGo\q)Q?2sW��Q?2sXB^�2xH{�*HA2`A,�%K2B�M:�Q?2sIW℄|�vQ?9kIE�~�4�℄|U}Q?0�`U,Q?b'IS�/G)b'`}℄|�vQ?_r`r��vq�Q?2sIW℄|�v�?keo I,�):Q?XB� a ≥ b ℄|/��v�?ke�f�Z�C`�/):Q?XB� a < b ℄|/��v�?ke�L�[� U`����Q?2sW�)F?�P��*H�Q?�f�r6WQ?2s℄|{tF?�P��keW:r6�Q?2s℄|��t6/
��/G)b'
L℄|b_UF?b'`S�vF?���o`,�~n %  aTZ4Y��w�I�& K  i
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Abstract In this paper, we consider the optimal consumption, life insurance and invest-

ment problem with habit formation. We assume that the individual invests his wealth in a

risk-free asset and a risky asset, and he purchases life insurance before retirement. His goal

is to maximize the utility which consists of the utility from consumption before retirement

or death, wealth at the retirement and heritage. From the dynamic programming principle,

the problem is reduced to solve HJB equation. We obtain the explicit solutions of optimal

strategy for the CRRA case. The result is that when the habit formation is included, the

individual’s investment amount is smaller than that without habit formation. Furthermore,

the low bound of the optimal consumption depends on time, while it’s zero in the classic

case. If the individual’s relative risk aversion is greater than 1, we also found that both the

volatility of optimal consumption and the optimal insurance purchase are smaller than that

in the classic case. Then we use the data in China to carry out numerical simulation in

order to analyze how habit formation influences the optimal strategy. We found that when

the habit formation level becomes higher, the difference of consumption between early and

late periods become more significant, and the investment and the insurance purchase be-

come less. The stronger the adaptability of the individual is, the smoother the consumption

would be and the individual has stronger ability to take risks which lead to more investment

in risk asset.

Key words habit formation; life insurance; dynamic control; optimal strategy;

utility function
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