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Abstract

Since the 21st century, people’s consumption level has been obviously improved. How-

ever, as the most important part of social consumption, college students’ consumption

has various consumption patterns and diversified consumption structures, but unrea-

sonable consumption can be seen everywhere. Based on the knowledge of evolutionary

game theory, this article establishes an evolutionary game model of the low-carbon

consumption behavior of college students on the guidance of parents, students’ self-

management, and university intervention. Specifically, the article first introduces the

research background, purpose and research significance. Second, the evolutionary

game model is described. Thirdly, it constructs a tripartite evolutionary game model

of parents, colleges, and college students, explores the main body’s strategic choices,

and uses MATLAB to conduct numerical simulation experiments on the model, and

finally concludes. Research has shown that the equilibrium point (0, 0, 0), (0, 0, 1), (1, 1, 1)

is the evolutionary stable strategy of the system, and under certain conditions, stu-

dents’ low-carbon consumption is affected by family and society.
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Æöép�Æ)�$%�¤üÑ�
X�ïÄ§$%�¤vký�ÚåÆ)�5¿§·�nA�

�Æ)�¢��¹§¦$%�¤*gÚ1�K\Æ)+N�¥ [8]"2014 c��CéÆ)?1$%

�¤1��%n?1
ïÄ§��L²§�¸!�NA�!�¤�Ý±9Øåþ¬K�Æ)��
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4Zý0¤"�Ñ±eÄ�ÎÒ�¹Bu©Û [3] [11] [12] [13]µp�ÀJØÈ4Zý�ÂÃ�S;b

�p�ÀJÈ4Zý§p�du+n¤GÑ�¤��C1,dukp��+n�¹e§Æ)?1$%

�¤�¤GÑ�¤�C2; p�ØÈ4Zý�¹e,Æ)?1$%�¤�I�GÑ�¤�C3;p�?1

È4Zý�¹e§[�Ú��§�Æ)$%�¤ò¬~�Y>±9 Ô�L¤§=ü$p�$E

�¤�§b�p�3$E¤�þ�ÂÃ�H1;d�§�Æ)æ�$%�¤§J,�Æ)oN���§

p�3�Æ�þþ��ÂÃ�M1,,	Nyp�éÆ)é�¬�I?ú�§p��ÂÃ�F1;p�

�[ÌÙ¥���ë�Zý½öü�þØë�Æ)�¤�¹�§�JØ²w§�Æ)$%�¤ò

¬~�Y>±9 Ô�L¤§=ü$p�$E�¤�§b�p�3$E¤�þ�ÂÃ�H2;d�§

�Æ)æ�$%�¤§J,�Æ)oN���§p�3�Æ�þþ��ÂÃ�M2,,	Nyp�é

Æ)é�¬�I?ú�§p��ÂÃ�F2.
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é[���Ý5`µ[�kü«ÀJ§�«´/Ú�0Æ)$%�¤§,�«´/ØÚ�0

Æ)$%�¤§b�[�ÀJØÚ��ÂÃ�K;[�ÀJÚ�Æ)$%�¤§GÑ�+n¤�

�A1,[�Ú�Æ)§Æ)ÀJ$%�¤�GÑ�¤��A2[�ØÚ��¹e§Æ)?1$%�¤

I�GÑ�¤��A3;3[�Ú�e§p�È4Zý§Æ)?1$%�¤�[��5�ÂÃY1;p�

�[ÌÙ¥���ë�Z�½öü�þØë�Z�Æ)�¤�§�JØ²w§Æ)?1$%�¤

�[��5�ÂÃY2.

éÆ)�¤+N��Ý5`µÆ)�kü«üÑµ�´/$%�¤0§�´/�$%�¤0§

Æ)ÀJ�$%�¤��ÂÃP,éuÆ)5`?1$%�¤§k5gÆ��ÂÃ§�k5g[

Ì�ÂÃ§Ù¥§¼�Æ��uJ���ÂÃ�N1,J,g����±9º��ÂÃ�N2;,��

¡§¼�[��L�±9�y�ÂÃ�N3, XJ[�½öp�ØZ�Æ)§¦+Æ)?1$%�

¤�Ø¬¼��A�øyÚ¨v"XJp�±9[ÌZ�§�Æ)ÀJ�$%�¤§Æ)�¤+

Nò�É¨v§Æ)�ÉÆ��¨v��N4, �É[��¨v��N5.Ù¥§þã¤këêþ�u

",H1 > H2,M1 > M2, F1 > F2, A3 > A2, Y1 > Y2.

Äuþãëê�b�§��p�![Ì!Æ)n�Æ��.|GÝ
XL 1¤«µ

Table 1. Payment matrix of the three-party game model of universities, families, and students

L 1. p�![Ì!Æ)n�Æ��.�|GÝ


p� [Ì
Æ)�¤+N

$%�¤z �$%�¤1− z

È4Zýx

Ú�y

S +H1 +M1 + F1 − C1 S − C1

K −A1 + Y1 K −A1

P +N1 +N2 +N3 − C2 −A3 P −N4 −N5

ØÚ�1− y

S +H2 +M2 + F2 − C1 S − C1

K + Y2 K

P +N1 +N2 − C2 P −N4

ØÈ4Zý1− x

Ú�y

S +H2 +M2 + F2 S

K −A1 + Y2 K −A1

P +N2 +N3 −A2 P −N5

ØÚ�1− y

S +H2 +M2 + F2 S

K + Y2 K

P +N2 −A3 − C3 P

3. �.­½5©Û

b�p�æ�/È4Zý0üÑ�VÇ�x,æ�/ØÈ4Zý0üÑ�VÇ�1 − x;[�æ�

/Ú�0üÑ�VÇ�y,æ�/ØÚ�0üÑ�VÇ�1− y;Æ)�¤+Næ�/$%�¤0�VÇ

�z,æ�/�$%�¤0�VÇ�1− z.
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3.1. p�üÑ�E�Ä��§©Û

p�©Oæ�/È4Zý0Ú/�È4Zý0üÑ�Ï"ÂÃ©O´Ux1, Ux2.K

Ux1 =yz(S +H1 +M1 + F1 − C1) + y(1− z)(S − C1) + (1− y)z(S +H2 +M2 + F2 − C1)

+ (1− y)(1− z)(S − C1)

=yz(M1 +H1 + F1 −M2 −H2 − F2) + z(H2 +M2 + F2) + S − C1,

(1)

Ux2 =yz(S +H2 +M2 + F2) + (1− y)(1− z)S + (1− y)z(S +H2 +M2 + F2) + y(1− z)S

=z(S +H2 +M2 + F2) + (1− z)S.
(2)

dúª(1),(2)��p�ÀJüÑ�E�Ä��§´µ

F (x) =
dx

dt
= x(1− x)(Ux1 − Ux2)

=x(1− x)[yz(M1 +H1 + F1 −M2 −H2 − F2)− C1].

lE�Ä��§­½5½n��:

(I)�y =
C1

z(M1 +H1 + F1 −M2 −H2 − F2)
�,F (x) ≡ 0,ù`²éu?¿�xÑ´­½G��§

�Ò´`§ÃØp�ÀJÈ4Zý�´ØÈ4Zý§ÙüÑÑ´­½üÑ"

(II)�y 6= C1

z(M1 +H1 + F1 −M2 −H2 − F2)
�§-F (x) = 0,�k�x = 0, x = 1�ùü:´

­½G�§éF (x) ¦�§XJ3,:§��ê�u"§ù:Ò�­½:§d�q�©�ü«�

¹µ

(1)�0 < y <
C1

z(M1 +H1 + F1 −M2 −H2 − F2)
�,F ′(x)|x=0 < 0, F ′(x)|x=1 > 0,�Ñx = 0´

üz­½üÑ§�Ò´`§�X�m��í£§p�¬ÀJÅì�/ØÈ4Zý0üÑ=C;

(2)�0 <
C1

z(M1 +H1 + F1 −M2 −H2 − F2)
< y < 1 �F ′(x)|x=0 > 0, F ′(x)|x=1 < 0,�Ñx =

1�´­½üÑ§�Ò´`§�X�m��í£§p�¬ÀJÅì�/È4Zý0üÑ=C"

dþã�©Û��§p��ÀJüÑ�üzØ=¬É�[Ì�ÀJüÑ�K�§�¬É�Æ

)�¤+N�üÑ�K�§Ød�	§p��$1¤�!�Æ�þ�ëê�CzÑ¬ép��À

JüÑ�üz?1K�"

3.2. [ÌüÑ�E�Ä��§©Û

[Ì©Oæ�/Ú�0Ú/ØÚ�0üÑ�Ï"ÂÃ©O´Uy1, Uy2.K

Uy1 =xz(K −A1 + Y1) + (1− x)(1− z)(K −A1) + z(1− x)(K −A1 + Y2) + x(1− z)(K −A1)

=xz(Y1 − Y2) + zY2 +K −A1,

(3)
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Uy2 =xz(K + Y2) + x(1− z)K + (1− x)z(K + Y2) + (1− x)(1− z)K

=zY2 +K.
(4)

dúª(3),(4)��[ÌÀJüÑ�E�Ä��§´µ

F (y) =
dy

dt
= y(1− y)(Uy1 − Uy2)

=y(1− y)[xz(Y1 − Y2)−A1].

lE�Ä��§­½5½n��µ

(I)�z =
A1

x(Y1 − Y2)
�§F (y) ≡ 0,ù`²éu���yÑ´­½G�"�Ò´`§ÃØ[ÌÀ

JÚ��´ØÚ�§ÙüÑÑ´­½üÑ"

(II)�z 6= A1

x(Y1 − Y2)
�§-F (y) = 0=ky = 0, y = 1ü�:´­½G�§éF (y)¦�§XJ

3,:§��ê�u"§ù:Ò�­½:§d�q�©�ü«�¹µ

(1)�0 < z <
A1

x(Y1 − Y2)
< 1�§F ′(y)|y=0 < 0, F ′(y)|y=1 > 0,�Ñy = 0´üz­½üÑ§�

Ò´`§�X�m��í£§[Ì¬ÀJÅì�/ØÚ�0üÑ=C;

(2)�0 <
A1

x(Y1 − Y2)
< z < 1�§F ′(y)|y=0 > 0, F ′(y)|y=1 < 0,�Ñy = 1�üz­½üÑ§�

Ò´`§�X�m��í£§[Ì¬ÀJÅì�/Ú�0üÑ=C"

dþã©Û��§[�ÀJüÑ�üzÉõ«�¹�K�§[����ÂÃ�ëêÑ¬K�

[��üzüÑ"

3.3. Æ)üÑ�E�Ä��§©Û

Æ)©Oæ�/$%�¤0Ú/�$%�¤0üÑ�Ï"ÂÃ©O´Uz1, Uz2.K

Uz1 =x(N1 − C2 +A3 + C3) + xy(A2 − C3) + y(N3 −A2 +A3 + C3) + P +N2 −A3 − C3, (5)

Uz2 =P − xN4 − yN5. (6)

dúª(5),(6)��Æ)�¤+Nûü�E�Ä��§µ

F (z) =
dz

dt
= z(1− z)(Uz1 − Uz2)

=z(1− z)[x(N1 − C2 +A3 + C3 +N4) + y(N3 −A2 +A3 + C3 +N5)

+ xy(A2 − C3) +N2 −A3 − C3].

dþã�§�E�Ä��§­½5½n��µ(Ù¥E1 = N3 − A2 + A3 + C3 + N5, E2 =

N1 − C2 +A3 + C3 +N4)
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(I)�x =
−yE1 −N2 +A3 + C3

E2 + yA2 − yC3

�§F (z) ≡ 0ù`²éu¤k�zÑ´?u­½G�§�Ò´

`§ÃØÆ)�¤+N´ÀJ$%�¤�´�$%�¤§ÙüÑÑ´­½üÑ"

(II)�x 6= −yE1 −N2 +A3 + C3

E2 + yA2 − yC3

�§=kz = 0, z = 1ü:?´­½G�§éF (z)¦�§XJ

3,:§��ê�u"§ù:Ò�­½:§d�q�©�ü«�¹µ

(1)�0 < x <
−yE1 −N2 +A3 + C3

E1 + yA2 − yC3

< 1 �,F ′(z)|z=0 < 0, F ′(z)|z=1 > 0,¤±z = 0´üz­

½üÑ§�Ò´`§�X�m��í£§Æ)�¤+N¬ÀJÅì��$%�¤üÑ=C;

(2)�
−yE1 −N2 +A3 + C3

E2 + yA2 − yC3

< x < 1 �F ′(z)|z=0 > 0, F ′(z)|z=1 < 0,¤±z = 1´üz­½ü

Ñ§�Ò´`§�X�m��í£§Æ)�¤+NÀJÅì�$%�¤üÑ=C"

dþã�©Û��§Æ)�¤+NÀJ�üÑØ=¬É�[Ì�K��¬É�p��K�§


�p��ø¨![Ì�ø¨�ëêÑ¬K�Æ)�üÑ"

3.4. n�üzüÑ©Û

y3Ì�lXÚ���þï:?uì?­½�G�^�Ñu�§éTXÚ�­½5©ÛïÄ"

e�´p�![Ì!Æ)m�E�Ä��§µ

F (x) = x(1− x)[yz(M1 +H1 + F1 −M2 −H2 − F2)− C1]

F (y) = y(1− y)[xz(Y1 − Y2)−A1]

F (z) = z(1− z)[x(N1 − C2 +A3 + C3 +N4) + y(N3 −A2 +A3 + C3 +N5) + xy(A2 − C3)

+N2 −A3 − C3].

XÚ�þï:�(0,0,0),(0,0,1),(0,1,0),(0,1,1),(1,0,0),(1,0,1),(1,1,0),(1,1,1),(x∗, y∗, z∗), qdu

õ+N�üzÆ�E�Ä�XÚ�þï)�½´î��B�þï)§¤±Ø^�Ä:(x∗, y∗, z∗)

[14].|^Jacobi Ý
éþãl�E�Ä�þï:�­½5?1©Û§éF (x), F (y), F (z) ¦ ��

�JacobiÝ
 [15]µÙ¥A = M1 +H1 + F1 −M2 −H2 − F2, B = N1 − C2 + A3 + C3 + N4, C =

N3 −A2 +A3 + C3 +N5, D = N2 −A3 − C3.

J =


∂F (x)

∂x

∂F (x)

∂y

∂F (x)

∂z
∂F (y)

∂x

∂F (y)

∂y

∂F (y)

∂z
∂F (z)

∂x

∂F (z)

∂y

∂F (z)

∂z



=


(1− 2x)(yzA− C1) x(1− x)zA x(1− x)yA

y(1− y)z(Y1 − Y2) (1− 2y)[xz(Y1 − Y2)−A1] y(1− y)x(Y1 − Y2)

z(1− z)[B + y(A2 − C3)] z(1− z)(C + xA2 − xC3) (1− 2z)[xB + yC + xy(A2 − C3 +D)]


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�âüzÆ�nØ��'�£:9oäÊìÅ1�{�� [16]§ò?Û��þï:�

�JacobiÝ
¥§XedÝ
�¤kA��Ñ´Kê§@o��ù�þï:�ì?­½:§XÚ

�¬Åì?u­½G�¶XedÝ
¥��k��A��´��§@où�þï:Ò´Ø­½:§

TXÚ�¬?uØ­½G�"�þï:�­½5��½dL 2¤« [17] £5µ)Òp�ÎÒ�LA

����KÒ§sL«��¤"

Table 2. Judgment of the stability of each equilibrium point

L 2. �þï:�­½5��½

þï: A��9ÙÎÒ G�

(0,0,0) −C1(−),−A1(−), N2 −A3 − C3(s) ^�1

(0,0,1) −C1(−),−A1(−),−(N2 −A3 − C3)(s) ^�2

(0,1,0) −C1(−), A1(+), N3 −A2 +N5 +N2(s) Ø­½

(0,1,1) M1 +H1 + F1 −M2 −H2 − F2 − C1(s), A1(+),−N3 +A2 −N5 −N2(s) Ø­½

(1,0,0) C1(+),−A1(−), N1 +N2 − C2 +N4(s) Ø­½

(1,0,1) C1(+), Y1 − Y2 −A1(−), C2 −N4 −N1 −N2(s) Ø­½

(1,1,0) C1(+), A1(+), N1 +A3 +N3 +N5 +N2 − C2 +N4(s) Ø­½

(1,1,1)
M2 +H2 + F2 + C1 −M1 −H1 − F1(s), Y2 − Y1 +A1(s),

C2 −N4 −N1 −N3 −N5 −N2 −A3(s)
^�3

4. üz�(J©Û

L 3�Ñ
þï:�­½5^�§©Û���e�(Jµ

Table 3. Stability conditions of equilibrium point

L 3. þï:�­½5^�

þï: ­½5^� ?Ò

(0, 0, 0) N2 < A3 + C3 ^�1

(0, 0, 1) A3 + C3 < N2 ^�2

(1, 1, 1)
M2 +H2 + F2 + C1 < M1 +H1 + F1, Y2 +A1 < Y1,

C2 < N4 +N1 +N3 +N5 +N2 +A3(s)
^�3

p�![ÌÚÆ)�üÑ�ª´/ØÈ4Zý0!/ØÚ�0Ú/�$%�¤0üÑ§�Ò´

`þï:(0, 0, 0)´TXÚ�üz­½üÑ§�´I�÷v�½�^�µN2 < A3 + C3�§p��

ªªuØÈ4Zý§[ÌªuØÚ�§Æ)ª�u�$%�¤üÑ"

p�![ÌÚÆ)�üÑ�ª´/ØÈ4Zý0!/ØÚ�0Ú/$%�¤0üÑ§�Ò´`§

þï:(0, 0, 1)´TXÚ�üz­½üÑ§�´Ó�I�÷v�½�^�µA3 + C3 < N2 �§p�

ªuØÈ4Zý![ÌªuØÚ�ÚÆ)�¤+Nªu$%�¤üÑ"

p�![ÌÚÆ)�üÑ�ª´/È4Zý0!/Ú�0Ú/$%�¤0üÑ§�Ò´`§þ

ï:(1, 1, 1)´TXÚ�üz­½üÑ§�´Ó�I�÷v�½�^�µM2 + H2 + F2 + C1 <
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M1 +H1 + F1, Y2 +A1 < Y1, C2 < N4 +N1 +N3 +N5 +N2 +A3 �¶p��ªÀJÈ4Zý![

ÌÀJÚ�!Æ)ÀJ$%�¤üÑ"

5. �ý©Û

�
U
�*�?1©Ûp�![Ì!Æ)nö�üz´»±9�ª�G�§e¡òéþã

n«�¸¥�ëêäND�§^MATLAB^��ê��ý©Û§5µëêI�÷vµ¤këêþ

�u"§H1 > H2,M1 > M2, F1 > F2, A3 > A2, Y1 > Y2.

(1)éþï:(0, 0, 0)©Û§dc¡�3þï:(0, 0, 0)?uì?­½�^��7L÷vN2 <

A3 + C3
�¤këêþ�u"§H1 > H2,M1 > M2, F1 > F2, A3 > A2, Y1 > Y2,M1 = 30, H1 =

40, F1 = 20,M2 = 20, H2 = 30, F2 = 15, C1 = 30, Y1 = 20, Y2 = 15, A1 = 20, N1 = 10, C2 =

10, A3 = 15, C3 = 10, N4 = 10, N3 = 10, A2 = 10, N5 = 10, N2 = 8, �ý(JXã 1(a)¤« [17]"b

�p�æ�/È4Zý0�VÇ´x = 0.2,[ÌÀJ/Ú�0�VÇ�y = 0.4,Æ)ÀJ$%�¤�

�VÇ�z = 0.8KTXÚ�üz­½üÑ�ýXã 1(b)¤« [18]µ

Figure 1. (a) Evolution to [0, 0, 0]; (b) Simulation diagram of evolutionary stability strategy of universities,
families, and students

ã 1. (a) üz�[0, 0, 0]; (b) p�,[Ì,Æ)�üz­½5üÑ�ýã

dã 1��§�N2 < A3 + C3
�¤këêþ�u"§H1 > H2,M1 > M2, F1 > F2, A3 >

A2, Y1 > Y2. ^��§p�![Ì!Æ)�üÑ�þï:?1üz§��?u­½�G�"ù�n

Ø©Û�(J´Ün�"

(2)éþï:(0, 0, 1)©Û§dc¡�3þï:(0, 0, 1)?uì?­½�^��7L÷vA3+C3 <

N2
�¤këêþ�u"§H1 > H2,M1 > M2, F1 > F2, A3 > A2, Y1 > Y2,M1 = 50, H1 =

40, F1 = 30,M2 = 40, H2 = 30, F2 = 25, C1 = 30, Y1 = 45, Y2 = 30, A1 = 35, N1 = 10, C2 =

10, A3 = 15, C3 = 15, N4 = 10, N3 = 10, A2 = 8, N5 = 10, N2 = 35, �ý(JXã 2(a)¤«"b�

p�æ�/È4Zý0�VÇ´x = 0.2,[ÌÀJ/Ú�0�VÇ�y = 0.4,Æ)ÀJ$%�¤��

VÇ�z = 0.8 KTXÚ�üz­½üÑ�ýXã 2(b)¤«
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Figure 2. (a) Evolution to [0,0,1]; (b) Simulation diagram of evolutionary stability strategy of universities,
families, and students

ã 2. (a) üz�[0, 0, 1]; (b) p�,[Ì,Æ)�üz­½5üÑ�ýã

dã 2��§�N2 < A3 + C3
�¤këêþ�u"§H1 > H2,M1 > M2, F1 > F2^��§

p�![Ì!Æ)�üÑ�þï:(0, 0, 1)?1üz§��?u­½�G�"ù�nØ©Û�(J

´Ün�"

(3)éþï:(1, 1, 1)©Û§dc¡�3þï:(1, 1, 1)?uì?­½�^��7L÷vM2 +

H2 + F2 + C1 < M1 +H1 + F1,Y2 + A1 < Y1,C2 < N4 +N1 +N3 +N5 +N2 + A3(s), 
�¤kë

êþ�u"§H1 > H2,M1 > M2, F1 > F2. �ý(JXeã 3(a)¤«"b�p�ÀJ/È4Zý0

�VÇ�x = 0.2,[ÌÀJ/Ú�0�VÇ�y = 0.4,Æ)ÀJ$%�¤��VÇ�z = 0.8, KTX

Ú�üz­½üÑ�ýXã 3(b)¤«

Figure 3. (a) Evolution to [1,1,1]; (b) Simulation diagram of evolutionary stability strategy of universities,
families, and students

ã 3. (a) üz�[1, 1, 1]; (b) p�,[Ì,Æ)�üz­½5üÑ�ýã
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dã 3��§�M2 +H2 + F2 +C1 < M1 +H1 + F1, Y2 +A1 < Y1, C2 < N4 +N1 +N3 +N5 +

N2 +A3(s) 
�¤këêþ�u"§H1 > H2,M1 > M2, F1 > F2.^��§p�![Ì!Æ)�ü

Ñ�þï:(1, 1, 1)?1üz§��?u­½�G�"ù�nØ©Û�(J´Ün�"

6. (Ø

�©ïÄ�´p�![Ì!Æ)�ÀJ1�§ÏL���þ©z§�â�'�üzÆ��£§

±p�![Ì!Æ)�ÌNïáp�![Ì!Æ)nö�üzÆ��.§¿XÚ/©Û
p�![

Ì!Æ)nöm�üÑüzL§§�?1
n��ê��ý©Û§�Ñ
e�(Øµp�![Ì!

Æ)+N?1n�üzÆ��kµ

(1)J,g����±9º���ÂÃ�u3[�ØÚ��¹e§Æ)?1$%�¤I�GÑ

�¤��p�ØÈ4Zý�¹e,Æ)?1$%�¤�I�GÑ�¤��Ú�§p��ªªuØÈ

4Zý§[ÌªuØÚ�§Æ)ª�u�$%�¤üÑ"

(2)[�3ØÚ��¹e§Æ)?1$%�¤I�GÑ�¤��p�ØÈ4Zý�¹e,Æ)?

1$%�¤�I�GÑ�¤��Ú�uJ,g����±9º���ÂÃ�§p�ªuØÈ4Z

ý![ÌªuØÚ�ÚÆ)�¤+Nªu$%�¤üÑ"

(3)p��[ÌÙ¥����ë�Zý½öü�þØë�Æ)�¤�¹�§�JØ²w§�

Æ)æ�$%�¤§J,�Æ)oN���§p�3�Æ�þþ��ÂÃ,�Æ)$%�¤ò¬

~�Y>±9 Ô�L¤§=ü$p�$E�¤�¶�÷v©¥J��M2 + H2 + F2 + C1 <

M1 +H1 + F1, Y2 +A1 < Y1, C2 < N1 +N3 +N5 +N2 +A3 +N4�;p��ªÀJÈ4Zý![Ì

ÀJÚ�!Æ)ÀJ$%�¤üÑ"
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