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Abstract The government replacement-subsidy promote product upgrading, and has a significant impact

on the closed-loop supply chain. This paper from the consumers, the scale of closed-loop supply chain

and the enterprises perspectives to focus on how the replacement-subsidy influence the different models

of closed-loop supply chain, and reaches a series of propositions: 1) After the government provides the

subsidy, a part of the primary consumers are losers, and the replacement consumers are winners; 2) The

government subsidy can promote the closed-loop supply chain to a bigger scale; 3) The manufacturers, the

third-party collectors and the full time retailers benefit from the replacement-subsidy. The retailer who

also collect obsolete product benefits or loses from the replacement-subsidy depends on other factors.
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Atasu � [3] 	�, ������!�Æ�""��������!���#���������. #"�
$�	
$�, ����� %��#������Æ��$%Æ�%&.

&�����������''��!((�� : 1) )&������������� [4−7]; 2)
���������� [1−2,8]; 3) ���(�*��) [9−13]; 4) !*�� [14−16]. '�!"�++�
,-, ,.�/,--.#0�12. .$, Atasu � [3]  (����	
3�,-���%&. Atasu
� [17] �/'��)�(���(, )4 �0*�1�*����), �+��
��)�23*�4

R�� : 2011-04-02

STU!: 56"+7589 (71071113); ,567,-.�#$%8&9 (200782); -.59,-57/%87:89
(20100072110011); /:01;20<=89; /:0;53>75?=@4 (2010BZH003); �<-9817:=>2%8
&9
VW'(: 5?6 (1971–), 7, A, 8@BA2, C9, ,-:3;, :D4B: EF75C56; D) (1983–), 7, 7*, E<8
F2, ,-:D:, :D4B: EF75C56, E-mail: 091zhaozhang@tongji.edu.cn.



� 9� 5?6, .: FGHG9H:;I=><IJJK=KL 1939

>����	����), �L�?#+�	����4>�?,  MMN@�NO�PA�����@A.
Guide � Van Wassenhove[18] Æ�, '�B
�C4D��OP�������.

*,EF?��Q�)���!�R�BO�C [19], !�QSD�
�ET,  !�R�BO12�
�������@A. ��UQLR��, )4' ������VW���). 	Æ �QSD�
�
������)?S: FG�HGGH������VW.�$IT. �FG, SD���'U�
�J�
B%,�K�; +�HG, SD���'ULX�YB�. ZV, W��FG,�HG, ����.Y
B���M*���B��[-��. XN, *,�\�I��������: �����(�UY
B��� M ��; �����]�UYB��� M-R ��; �����(�UM*���� M-T
��; �����]�UM*���� M-R-T ��. *,�^�!"I��������, YJ!((�
ZKQU�:

1) !�R�BO ""�._12?

2) !�R�BO ������`�._12?

3) !�R�BO �
._12?

2 .X/012345

,�L�$(�OaPb: cm JQ����R[��*; w JQ����R[M?�; cr JQ���

�R[�*; pn JQ����R[�; po JQ�����N�R[�S; co JQ����R[��

*; vo JQ����R[��; s JQ!�R�""�R[BO; Q JQ�����b; �
�(.*�, M

JQ��B, R JQYB, T JQM*���B; Πj
i JQ�( i ��� j (���.

*,�O���!�R�BO T\��������12. ��]�6��c��)�O�, �!
(d�^&(���).

78 1 *,9OPR���. ZV, ��S_9�`.�����%������, �PT#UQL
�V��. �����a��b�����. �P, ������\:�.

78 2 -!�R�BO�!�����������W$c 1–4 RS. WBON�!������
���;I���� ��, 9�T.�)�( (N�T�RLe�).
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Y 3 >Z?[@A\B]C M-T DE Y 4 >Z?[@A\B]C M-R-T DE

78 3 ��BF� Stackelberg +[�, +YB�M*���BF� Stackelberg \
�.

78 4 GHU[�""�W: ]^""� (Cα) �!�R�""� (Cβ). ]^""���Y���
Z�f`.����, +!�R�""���Y���Z.����. ]^""��!,h�Y���, +
!�R�""���Y���NÆg������. GH�i. α []^""�� β [!�R�""�.
Qα �]^""��+""b, Qβ �!�R�""��+""b, �P Q ≡ Qα + Qβ. [�""�j_� 
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�����j��]�, �P`� 0− 1�jk�a. W��]^""�,�!�R�""�,  ����l
m�b (willingness to pay) � θ, ���������$� δθ, δ < 1 .

Vd��'���c���]��O�,�^�d��_l""� ��,�.mcL� [10,13,17,20] .
�_d�""���������$� δθ, �Pd� δ < 1? �� , ���nn-.d�ef�g��d
h��#L�`�, ���i����j. Z�� , ab��klT\""��o��.IT�, m���
�����k��o�nn-.�$��n (.$, W���#pn,�o#pn, �nn�kl�� 35c
d>jq��""�i�� 30 cd>eq��""�dp�o�). Atasu � [13] ��]�""� ���
�������lm�b, rsL�.]Wm�n�Q&��.

�!"�d��G: 1) W��)�qBO!�R�"", ]^""��Y����!r��#���:
Uα ≡ θ − pn; 2) �)ffBO!�R�""N, !�R�""��Y����!r��#���: Uβ ≡
θ − pn + po − δθ; �)BO!�R�""N, !�R�""��Y����!r��#���: Uβ ≡ θ −
pn + po − δθ + s. s Uα > 0 N, ]^""��Y���; s Uβ > 0 N, !�R�""��Y���. W!
�R�BON, ]^GH��b�: Qα = α(1 − pn); !�R�GH��b�: Qβ = β(1 − pn−po

1−δ ); [�G
H�+�b�: Q = Qα + Qβ = (α + β) − (α + β

1−δ )pn + β
1−δ po. -!�R�BON, ]^GH��b�:

Qα = α(1 − pn); !�R�GH��b�: Qβ = β(1 − pn−po−s
1−δ ); [�GH�+�b�: Q = Qα + Qβ =

(α + β) − (α + β
1−δ )pn + β

1−δ po + β
1−δ s.

78 5 ���]��6��c��, *,d�W��)�q !�R�""���BO, δ,cm,
cr,co,vo � s j�$�, P s > 0.

78 6 *,9�������t�R���oC.

3 H^.I_JK`LMa

#"Mtp�d��*,��O�, ;�p��-�)!�R�BO�Z�(,  !�������
����
quN�W���. ZV,U��W�)BON��
quN�-�)BON�uN�u^�,
��vg,w��v3, *,�T� W�)BOZ�(!�����������
quN��h&.
3.1 M Ob

��B, YB���B�\��(, ��Æi$ pn, po �x�Pr���: max
pn,po

ΠM
M = Q(pn − cm −

cr) + Qβ(vo − po − co).

�r�� - Y - ��B��xoC�: p∗n = 1
2 (1 + cm + cr), p∗o = 1

2 (δ + vo − co − s).
3.2 M-R Ob

)4, YB�Æi$ pn, po �x�Pr���: max
pn,po

ΠM−R
R = Q(pn − w − cr) + Qβ(vo − po − co).

�rYB��xoC�: p∗n = 1
2 (1 + w + cr), p∗o = 1

2 (δ + vo − co − s).

�^, ��BoC: max
w

ΠM−R
M = Q∗(w − cm) = [(α + β) − (α + β

1−δ )p∗n + β
1−δ p∗o + β

1−δ s](w − cm).

�r��B��xoC�: w∗ = 1

2(α+ β
1−δ )

[(α + β) + (α + β
1−δ )(cm − cr) + β

1−δ (vo − co) + β
1−δ s].

XN, p∗n = 1
2 (1 + w∗ + cr), p∗o = 1

2 (δ + vo − co − s).
3.3 M-T Ob

)4, M*���B�Æi$ po �x�Pr���: max
po

ΠM−T
T = Qβ(vo − po − co).

�rM*���B��xoC�: p∗o = 1
2 (−1 + δ + vo − co + pn − s).

�^, �� - YBoC: max
pn

ΠM−T
M = (Qα + Q∗

β)(pn − cm − cr).

�r�� -YB��xoC�: p∗n = 1

2(2α+ β
1−δ )

[(2α+β)+ (2α+ β
1−δ )(cm + cr)+ β

1−δ (vo − co)+ β
1−δ s].

XN, p∗o = 1
2 (−1 + δ + vo − co + p∗n − s).

3.4 M-R-T Ob
)4, YB�M*���B�W�Æi$ pn, po �x�Pr���: max

pn

ΠM−R−T
R = Q(pn −w− cr),

max
po

ΠM−R−T
T = Qβ(vo − po − co).
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�rYB�M*���B��xoC�: p∗n = 1

(4α+3 β
1−δ )

[(2α+β)+2(α+ β
1−δ )cr + β

1−δ (vo−co)+2(α+
β

1−δ )w+ β
1−δ s], p∗o = 1

(4α+3 β
1−δ )

[2δα−(α+β)+(α+ β
1−δ )cr +2(α+ β

1−δ )(vo−co)+(α+ β
1−δ )w−(2α+ β

1−δ )s].

�^, ��BoC: max
w

ΠM−R−T
M = Q∗(w − cm).

�r��B��xoC�: w∗ = 1

2(2α+ β
1−δ )

[(2α + β) + (2α + β
1−δ )(cm − cr) + β

1−δ (vo − co) + β
1−δ s].

XN, p∗n = 1
(4α+3 β

1−δ )
[(2α+β)+2(α+ β

1−δ )cr+ β
1−δ (vo−co)+2(α+ β

1−δ )w∗+ β
1−δ s], p∗o = 1

(4α+3 β
1−δ )

[2δα−
(α + β) + (α + β

1−δ )cr + 2(α + β
1−δ )(vo − co) + (α + β

1−δ )w∗ − (2α + β
1−δ )s].

4 cQRdeSTfgUhVH^.IWXYiZJjk

"�p�WA��W�.�)BO!�R�""�j$(���B�YB�M*���B��xoC
("�p�9l��-.!�R�BON�j$,W�)BON�j$�.�)BON�j$�u^�,��
vg,w��v3, y!�kl), �r����e������6'Æw��x� (\z��vg,w��
v3, �%�6'�Vse�xt�Q 1 �). 	Æ [[�x��iu�), �!r���e���)BO
!�R�""� T\��������12�V�. *p��Wiu!�R�BO T\������
��""��̀ ���
�12.
4.1 \]lO^_`ambnocpdqr

ef 1 M-R ���M-T ��� M-R-T ����]^""�Em�!�R�BO, + M ����]
^""�T.E!�R�BO12. �P, ∆UM−R−T

α
∗

< ∆UM−T
α

∗
< ∆UM−R

α
∗

< ∆UM
α

∗ = 0.

sg W��)�qBO!�R�"", ]^""��Y����!r��#���: Uα = θ − pn.
XN, �!�Æiu −∆p∗n �iu!�R�""��E	�>. �xtQ 1 ��u�V��!r�: 0 =
∆pM

n
∗

< ∆pM−R
n

∗
< ∆pM−T

n
∗

< ∆pM−R−T
n

∗. {., ∆UM−R−T
α

∗
< ∆UM−T

α
∗

< ∆UM−R
α

∗
< ∆UM

α
∗ = 0.

ef 2 W��n����������,!�R�""�E	�!�R�BO. �P,s ( β
1−δ )2 > 2α2

N, ∆UM
β

∗
> ∆UM−T

β

∗
> ∆UM−R

β

∗
> ∆UM−R−T

β

∗
> 0; s ( β

1−δ )2 = 2α2 N, ∆UM
β

∗
> ∆UM−T

β

∗
>

∆UM−R
β

∗
= ∆UM−R−T

β

∗
> 0; s ( β

1−δ )2 < 2α2 N, ∆UM
β

∗
> ∆UM−T

β

∗
> ∆UM−R−T

β

∗
> ∆UM−R

β

∗
> 0.

sg �)ffBO!�R�""N, !�R�""��Y����!r��#���: Uβ = θ− pn +
po−δθ;�)BO!�R�""N, !�R�""��Y����!r��#���: Uβ = θ−pn+po−δθ+s.
XN, �!�Æiu −∆p∗n + ∆p∗o + s �iu!�R�""��E	�>. �xtQ 1 ��u�V��!r
� −∆p∗n + ∆p∗o + s ��: M ��(, 1

2s; M-R ��(,
2α+ β

1−δ

4(α+ β
1−δ )

s; M-T ��(,
4α+ β

1−δ

4(2α+ β
1−δ )

s; M-R-T ��(,

2α(2α+ β
1−δ )+(4α+ β

1−δ )(α+ β
1−δ )

2(2α+ β
1−δ )(4α+3 β

1−δ )
s. iu!� −∆p∗n + ∆p∗o + s �v�r�V�.

4.2 \]lO^_`ambdhOdqr
ef 3 !���������, ]^""�objX!�R�BO+.Rwp. �P,

∆QM−R−T
α

∗
< ∆QM−T

α

∗
< ∆QM−R

α

∗
< ∆QM

α

∗
= 0.

sg UV� 1 �G, !����, ]^""�X����S"|+Em�!�R�BO. ""�Em
Æb[i�%�}.�q�""��r. �ÆiuxtQ 1 �� ∆Q∗

α �v�r�V�.

ef 4 !���������,!�R�""�objX!�R�BO+.Rv/.�P,s ( β
1−δ )2 >

2α2 N, ∆QM
β

∗
> ∆QM−T

β

∗
> ∆QM−R

β

∗
> ∆QM−R−T

β

∗
> 0; s ( β

1−δ )2 = 2α2 N, ∆QM
β

∗
> ∆QM−T

β

∗
>

∆QM−R
β

∗
= ∆QM−R−T

β

∗
> 0; s ( β

1−δ )2 < 2α2 N, ∆QM
β

∗
> ∆QM−T

β

∗
> ∆QM−R−T

β

∗
> ∆QM−R

β

∗
> 0.

sg UV� 2 �G, !����, !�R�""�jE	�!�R�BO. ""�E	Æb[i�%
�q�""���"". �ÆiuxtQ 1 �� ∆Q∗

β �v�r�V�.

ef 5 !���������,""�+objX!�R�BO+.Rv/. �P, ∆QM ∗
> ∆QM−T ∗

= ∆QM−R∗
> ∆QM−R−T ∗

> 0.

sg UV� 3 � 4 �G, ]^""�obX!�R�BO+wp, +!�R�""�obX!�R�
BO+v/. n""�+ob�v/,�wp? �ÆiuxtQ 1 �� ∆Q∗ �v�r�V�.

ef 6 !�������`�jX!�R�BO+.Rj�.
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sg ������`�U[�%�o$: k�����`��������`�. UV� 4 � 5 �
G, W�n��������, �k�����`� (Q∗) �������`� (Q∗

β) j.Rv/.
4.3 \]lO^_`ambnltdqr

ef 7 !���������, ��BjE	�!�R�BO.

sg ΠM
M = Q(pn − cm − cr) + Qβ(vo − po − co), +�xt�Q 1 ��!r�, U��)BO!�

R�"", V��(� ∆p∗n, ∆Q∗
β, ∆Q∗ > 0, + ∆p∗o < 0, XN ∆ΠM

M
∗

> 0; ΠM−R
M = Q(w − cm), +

�xt�Q 1 ��!r�, U��)BO!�R�"", V��(� ∆w∗, ∆Q∗ > 0, XN ∆ΠM−R
M

∗
> 0;

ΠM−T
M = Q(pn−cm−cr),�xt�Q 1��!r�,U��)BO!�R�"", V��(�∆p∗n , ∆Q∗ > 0,
XN ∆ΠM−T

M

∗
> 0; ΠM−R−T

M = Q(w − cm), �xt�Q 1 ��!r�, U��)BO!�R�"", V�
�(� ∆w∗, ∆Q∗ > 0, XN ∆ΠM−R−T

M

∗
> 0. r�!�Æ�s! ∆Π∗

M r�V�.

ef 8 M-R ��(, s (4α + β
1−δ )[1 − δ − (cm + cr) + (vo − co) + 1

2s] > 3α[1 − (cm + cr)] N, YB
E	�!�R�BO; s (4α + β

1−δ )[1 − δ − (cm + cr) + (vo − co) + 1
2s] = 3α[1 − (cm + cr)] N, !�R�B

O YBW12; s (4α + β
1−δ )[1 − δ − (cm + cr) + (vo − co) + 1

2s] < 3α[1 − (cm + cr)] N, YBEm�
!�R�BO. M-R-T ��(, YBE	�!�R�BO.

sg �Æ�s�!,hr�: ∆ΠM−R
R

∗
=

β
1−δ s

8(α+ β
1−δ )

{−3α[1 − (cm + cr)] + (4α + β
1−δ )[1 − δ − (cm +

cr) + (vo − co) + 1
2s]}. {s (4α + β

1−δ )[1 − δ − (cm + cr) + (vo − co) + 1
2s] > 3α[1 − (cm + cr)] N,

∆ΠM−R
R

∗
> 0; s (4α + β

1−δ )[1 − δ − (cm + cr) + (vo − co) + 1
2s] = 3α[1 − (cm + cr)] N, ∆ΠM−R

R

∗
= 0; s

(4α+ β
1−δ )[1−δ−(cm+cr)+(vo−co)+ 1

2s] < 3α[1−(cm+cr)]N, ∆ΠM−R
R

∗
< 0. ΠM−R−T

R = Q(pn−w−cr),�

xt�Q 1��!r�, U��)BO!�R�"",V��(� ∆Q∗ > 0,+ ∆p∗n−∆w∗ =
β

1−δ

2(4α+3 β
1−δ )

s >

0, XN ∆ΠM−R−T
R

∗
> 0 (r�!�Æ�s ∆ΠM−R−T

R

∗
r�Vs).

ef 9 � M-T ���M-R-T ��(, M*���BjE	�!�R�BO.

sg W�� M-T ��(, ,�� M-R-T ��(, ΠT = Qβ(vo − po − co), �xt�Q 1 ��!r
�, U��)BO!�R�"", [-��(j. ∆Q∗

β > 0, + ∆p∗o < 0, XN ∆Π∗
T > 0(r�!�Æ�s!

∆Π∗
T r�Vs).

5 um

*,��$�d�^y" �)!�R�BO12T\���������� i�,�r����
eV��h&!�R�BO�12:

1) M-R-T ��(�]^""�Em��, M-T ��(�]^""�Em^�, M-R ��(�]^""
�Emu~, M ��(�]^""�T.E�12. M��(�!�R�""�E	��; M-T��(�!
�R�""�E	^�; M-R ��� M-R-T ��(�!�R�""�E	u�t��~, xuq���E
o$� ( β

1−δ )2 � 2α2 �q���.

2) !�R�BOj��!�������`�.

3) !�������VW�, ��BjE	�!�R�BO. M-R ��(, YBE	�W�%Em�
!�R�BOEo$� (4α+ β

1−δ )[1− δ− (cm + cr)+(vo − co)+ 1
2s]� 3α[1− (cm + cr)]�q���, M-R-T

��(, YBE	�!�R�BO. M*���BjE	�!�R�BO.

�Æ ""��oC�u12, �+12���`��!�R�BO�C�by�O�. �!"�V�
��!r�: �C�uL, W�n��������, �k�����`��������`�j.Rv/.
ZV, z�����"".��	
vh, z�!�R�{.��p�wv (U�zw��{��{wn�
�j, ���i�����{|). XN, !�R��C.��?Q|x	
���	
. m�, .(�ZK�
T�|C�:

1) �*-��(, ]y""���	E��T\�>�mr,  ]y""�}z�}{|.o~, �C
��$��V �Cy!}� (.$, �������S).

2) �xt�Q 1 ��!?S, ��$�BO(, BO�os (∆Q∗ � ∆Q∗
β) �'�o� α, β � δ. b

+, ./���""!]y""��, +.����""!!�R�""��. ZV, T\���, ""� 
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3) ��B�M*���B� M-R-T ��(�YBjE	�!�R�BO, ;/�
PbT#]U�

�����. m M-R ��(�YBE	�W�%Em�!�R�BO�o�W�X~, �C�$�'/
g ���r.
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