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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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1. 5|5

BEEH LB IIZ L R, NATRNE AT D T, KA AR 2 S 1A 7 (B 2 s/
RAET —RINHA.

KA AT 22 AR R, WIRSCEE, EXRA AT LT), R R, ARy
W, AR A E T AL AR SRR S0 B ST AT N O, KRR P R RO R
s HUG AR, AR, BORHSZ BRG] [1). #7200 & LU
Ja W PS5 | AR A RTE et e RS AR AR O 9l IR 5 Xt T AL S T SRR
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WA E BRI, Brel, WEFCRA RN 95 D02 B AT S IR R . B2 (2016) Bt
FARTY, KAERH NS ST ARE 5 Z BB, i 7Ee 2 T B 5
B 5| S HE RO A R A AT BAT 09, SRS 2 AL R 5 5| R ORA LR T 2% (2]
TEHAREAT 122 AR AR 2% 5 R ] AL R ZR 0 BT (3] /> SRR SE TELES BER 1 57 F XK
AR B AR TR TT (4] akAa D ARRRIE B A0 MR B A, B S A AR DA AE P 1 e A
LR, I LaUE IR, g e AR NRTTE, 588 R AARERE 2 0 BAT [5]e &
o ARBRH B2 — AN AR AT, FRATTI % 3 B B AT R 2

H ] 2 2 Xt T2 2R BRI TR 20 A B A ) P A B g e b, AETRAL ST L
R TR De FE20105F EAF B, o3OS R A A A V8 2 08 AR B Rl T IR B R 45 Hh T &R 51
AU, JEEERMZE EIREXSE (6] 2011 XM RGBT 2 I BR #EAT TIRTT, 4
RN KT R FEE. RN ATE, WA EREEAES (7. 2013 FikEe. #HH
N AL L WRBR T 9 AR A T R BIWETL, R 2 B0 HAE SRS AR TR, RATE R
EAAE R SEAROL,  AEIRBRTE RS AT AR 2 AR o (8], 2014 SEVEARZE X 22 A AT IR AR
HRATNROLBEEAT TR, SRR, B MR T A DR R T 2 R A AR
T (9] 2018 FEPMRAE BT T ARD T TR (KIRFAE LAUR IR, 53 AMRIEAA AL T8, SR 1 AR R
XFSRANEW [10]. 2020 FVEHEE T IR G, @50 7 mRE A MRERIE 9 IR, 2
B tgs, RS 1 — LT, el SR A AT AR 2 (3],

PR H IR 22 A2 T B AL R AT AR DRI FE 4 2R IE B sk =, DRI S A 1 2 75 1) S 57
=0T EUE T 3, RRIMES . ¥ R(0,0,0),(0,0,1), (1,1, 1) 2 Z RS ML
R g SR, T HAE—E SRR, AR AR TE 9% 2 S BE AL S AR

2. ZHEMTANBRKRAREENS

ARBEIEFFEE. FR KA G AR, R, KK HAEE R =F =
JTEATEZEREA, RbE, AUBIREIEZE RO, R R, AW R, AT
PREEVERY, 1 HLUA A SR stk B KO8 B b, &R B 5% 1 8E).

MRS R UL KR PR S R R A K 7 D5 T i, AL, e mT AR FR AR T Tk
AR O, TR AR A A, (BT I A e A (LU fafR “ BRI T35
AT AT 2 AR, SEEARKIIARIR S, AR R R 28 (BUTRfafR “ AR
BT 7)o 45 H LA N EARFF SR BUE T 007 (3] [11] [12] [13]): AR BB T a5 4.S; )
BERRGE R T I SR T B AT B RRAS O B T IR B DL, A AR EAT R
T DI P R A Cy; R TG DL, 2 2R BEAT AR 2 I 7 BT K A g R A2 AT
BT HUEL T, KK G, KRR 3R 2 K AR B iR 2, RV R e Re s
RIBEA, BB AR IS B A MR 9 H s e, RS AR HUIRER Y 2%, -T2 A AR 3R
FRETE I TR EARBICEE My, 5 MR B s B B AR A 2 M TR Y, SR U R A Py R
SRERLF RS ETHEE W TIAS 5LEWERELN, BORAUIE, KREERRE 7k
SRR AR B HR S, RVER RS E MRS, R AR I B A b iU ety Ho s BRI
RERARIURERH B, SR TH K2 BRI, A 02 B A5 RIS My, 53 SMA L R
LA TR, SR N F,.
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MFEKPAERY: KKAWMESE, —ME “5l%” 2ARmER, Mg “A5x”
AR T, IR KIEFEAT PR E AKX KRS T2 MRKE %, A H IS B AR
NALFKBI A, FAEERRERE 9 AT AN A K KA T SO, S AR AT KR 2
TEATH I RA N AGER KT T, @R T, FARATICIRE 9 44 K KA R IR Yy AR
5XEHN T RS 5T WSEWIITIAZS STl W R, SORAWE, A TR 2
25 KA R AR Y.

XAV R B R R U AW MRS — R “IRERIE SR, o CARRIRIE 2R,
AR e PR AR AR P R RR P T s A R U HEAT IR P, AR B AR R, AR A K
JEMIWC R, Fordr, RIS AR MUR SRR G AN, e T H & B2 5 DR SR I G A No; 1 — T
M, FBEKPRG U IE I AN, IR EKBE SRA T, RS A TR TE
WA IRAF AN B R A T AR A DL R K b 3, B A e PR AR 9, A2 0 o i
RSz 1T, AR R I ST WO Ny, R X KT BN b, BRI S8R T
E H, > Hy, M, > My, F} > Fy, A3 > Ay, Y] > Y.

BT ERSH R, WA ERL FEE. AR ST MR RS R MR AR 1R

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

LR KR SR =TT I R SO R R

ke - R
IE P AR 71— -
S+H+M +F —-C) S —C,
a5y K—-A+Y K- A,
BT Tl P+ Ni+ Ny + N3 — Gy — As P—N,— N
S+ Hy+ My + Fr — C) S —C,
AGlF1—y K+Y, K
P+ Ny + Ny —Cy PN,
S+ Hy+ M, + Fy S
91 Fy K—-A+Y, K- A
ABRTHiL — 2 P+ Na + N3 — Ay P — N;
S+ Hy + My + Fy S
AN5F1L—y K+Y, K
P+ Ny — A3 —C3 P

3. REREM D

TR R AR “ BT SR AR e R “ AR T 907 S RN T — s 5K AL
“HI 7 RIS IR Dy, R NG 37 SIS AORER N1 — y; AR BRI “ARBRIE 307 R
Nz KB AR 37 BIRER N1 — 2.
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3.1. BRGRIEHNEFRIZSFEST
By BSREL “RART-TR7 A “HERUNT-T” SR H B IRE 2 BR Uyy, Uy JU

le :yZ(S + H1 —+ M1 —+ F1 — Cl> —+ y(l — Z)(S — 01) + (1 — y)Z(S + H2 + MQ + FQ — Cl)
+ (1 —=y)(1—-2)(S—-Ch) (1)
=yz(My + H, + Fy — My — Hy — F5) + z(Hy + My + F5) + S — C4,

Upo =yz2(S+ Ho+ Mo+ Fo)+ (1 —y)(1 —2)S+ (1 —y)z(S + Ho + My + F5) + y(1 — 2)S @
:Z(S + H2 + Mg + FQ) + (1 — Z)S

A3 (1), (2) T A5 IR 3 SRS 1) SR AR B A 5 R A2

F(a) =5 = (1~ )(Usr ~ Uso)
=x(1 —z)[yz(My + Hi + Fy — My — Hy — F3) — C1].

M B 257 R A e s B AT -

N Ch . — () SIS ER Y 2 Bl g o R S it
0%y = S T F Ly M) = ORI TR M LR R,

WAL, TR ERE BT UL AP T, RIS AE 5.

" Gy S 0= L
() =y # z2(My+ Hy+ Fy — My — Hy — F) i, & F@) = 08 5w = 0,2 = IMILPF 5
FRERAs, MF(z) KT, WRAEESEMNSFHENTE, XA E S, BB 3] 5 A g
s

N2 Cl < / / 7= _ =]

(1);.0<y<Z<MI+HI_Hvl_MrH2 F>ﬁfw@nﬂ<0F(ﬂﬁj>Qﬁmx_om

AR E RN, WEURUL, BEENE N EHER, SRSIEBREim AT RS AR,

Gy
o <y <1HF(@)|=o > 0, F'(2)]o=1 < 0,f iz =
(2)# My + Hi+ FL— My — Hy— Fy) Y ()]o=0 (@)|oer < 0,8z

IR AR s, iR Ul, BEE I (] RS, s e BB “ B TH SRR,

Y3 (0 3 AR R, A R 3R 3 S A AN 2 52 B S RE ) L B SRS R 52, I 52 1) 2
AT TR R IO SRS I, BRIEZ AL, R AT AR, 705 R R S B A 2 R A Y ik
PSRN R AL AT S

3.2. RERBNEHIHSHESH
FEESFHIRIL “51 37 M G137 AR AR Uy1, Uy M

Up=22z(K-A1+Y)+(1-2)1—-2)(K—-A)+2(1—2)(K—-A1 +Ys) + (1 —2)(K — Ay)

=zz(Y1 —Y2) + 2Yo + K — Ay,
(3)
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Up=22(K+Ys)+z(l-2)K+(1—-2)2(K+Y)+(1—2)(1—-2)K
=zY, + K.

(4)
HI 23 3(3),(4) AT 5 RE I 35 SR ) R | Zh A T R A2 -

Fly) =2 = (1 — ) (U~ Uo)

=y(1 —y)lzz(Y1 - Y2) — A4.

WL 7 R R s B
m%z:(ﬂ%y>ﬁ,ﬂwzmﬁmﬁﬁ?‘ﬂWw%%%%ﬁﬁomﬁ%ﬁ,%%%Eﬁ
Bl SR AT G, HARH R

(m%z¢ﬂﬁ{yaﬁ,éﬂwzoﬁﬁy:my:hﬁ¢ﬁ%ﬁ%%§,Hﬂwi@,m%
RS SHUN TR, AR S, I SR 2 A R

(%0 < 2z < m <18, F'(y)|y=0 < 0, F'(y)|y=1 > 0,fF iy = O e g,
AU, BERR IR RS, SR SRR AR5 B AR,

(2)0 < ﬁ <z <1, F'(y)|y=0 > 0, F'(y)],=1 < 0,3 Hy = UL e 5ms, W
MR, WER R, KRS R <3157 S,

HI BRI AR, SR FE SRS (R340 32 2 R DL I IR, SXKAS B IR 55 2 0 & R i
FAR AL T

3.3. FARBHNEHZNSHIESH
SEAE I RI AR B 7 AN AR 2% 7 SRS R RN s 2 R ULy, Usg U

Ui =2(Ny — Oy + A3+ Cs) + ay(As — C3) + y(Ns — Ao + A5 + C3) + P+ No— A3 — C3, ()

Uzg =P — .’IJN4 — yN5 (6)
M A 3(5),(6) AT 22 AR SR A4 R SR R A B 2 U5 R«
F(2) =% = 21— &)U ~ V)

:Z(l — Z)[l'(Nl — 02 ‘I—Ag +Cg +N4) +y(N3 — AQ +A3 + Cg +N5)
+ .Z'y(AQ — Cs) + N2 — Ag — Cg]

HERFREMNESshE TR e mAm: (EPE = N3 — Ay + A3+ C3 + N5, By =
—Cy+ A3+ C3+ Ny)
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(2 = VPR i, P(:) = OB PR MR FRERE, i

U, Tt ?iﬁ%ﬁ%mﬁ&ﬁ%@% MR ARRERIE B, M SRR AR AR E HR.

w —yEy — Na+ A3 + Cs . ! &
(I) Y # ‘&+%%7 c: B, (Hz =0,z = IMRLZREIRE, XF(2)KS, WHR

ERFENSBNTE Xﬁ%ﬁﬁmﬁ RIS 3R] 73 g A L

—yF N. A .
(1240 < g <« YEL =N At Ty by <0 FY(2))y > 0,57 BL: = O TLE
B+ yAy, —yCs

JEHEME, AR, k%ﬁ@ﬁFﬁ% AR DR 2 e R IZH A AR T T SRR A AL

FE N. A C . e
(25— +y/21+ ;J g < IMF(2)ase > 0, F/(2)omy < 0 PAz — LR LR E
2 2 3

W, dmtAR U, BEE R AR HERS ,  SEARE SO A R 1B R IR T B SRS AL

HI_ESR B 7 AT el 45, A AR T DA AR B 10 SRS A 2 52 B 5 1) 52 Wi ik 2 52 38 v B (A B i
T HL R A2 0 SRE A 2R A 55 2 Bl 2 RO T 2 A R S

3.4. = EWREE R
IAE E N R GRS s i T i fe e PR R AF R, Xz R G RIR2 e P A i 7t
A RER. KR FAERPE RIS TR
F(x) = x(l —.Q?)[yZ(Ml +H1 +F1 — Mg — H2 — FQ) — Cl]
F(y) =y(1 —y)[zz(Y1 — Yz) — Ai]
F(z) =2(1 = 2)[x(N; — Cy + A3 + C3 + Ny) + y(N3 — Ay + A3 + C3 + N3) + zy(Ay — Cs)

+Ny — Ag — C3].

A Y8 £9(0,0,0),(0,0,1),(0,1,0),(0,1,1),(1,0,0),(1,0,1),(1,1,0),(1,1,1),(z*, y*, 2*), X HT
Z BEAR IR A T 2R S ) 378 R G 1) M e — 8 2 A AT I AR, BT LS 25 8 R (27, v, 27)
[14]. R Jacobi FEREXT Bk )\ANE il 2h 48 i s A e PEEAT 0 br, ST F (2), F(y), F(2) RW515
FlJacobiffifF [15): HA=M +H +F, — My — Hy — F5,B= N, —Cy + A3 + C3+ N,,C =
N3 — Ay + A3+ C5+ N5, D = Ny — As — Cs.

OF(x) OF(xz) OF(x)

ox oy 0z
OF(y) OF(y) OF(y)

ox oy 0z
0F(z) O0F(z) OF(z)

ox oy 0z
(1 —2z)(yzA - Ch) x(1—x)zA z(1—x)yA
y(I—y)z(Yi-Ys) (1 -2y)[zz(Y1 - Y2) — Ay y(I —y)z(V1 - Y2)
2(1—=2)[B+y(Ay —C3)] 2z(1—2)(C+2Ay —2C5) (1 —22)[zB+yC + zy(As — C3 + D)]

J:
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AR A V5 A0 1 5 B AR A S0 R R S R R B RS R [16], KR AT — A A AR
B Jacobi A, WA BLHE 00 FT A RRALE AGE 8L B AR RIXA M SOV RS E /L, RS
WRBEAE TREIRE: WA SRR 20 — MR R IR R, A XA e A EE A
BZRGW AT ATERE. B AR E R HE & 2PoR 17) QE: 55 RS AR

LR IS, s ARHAD.

Table 2. Judgment of the stability of each equilibrium point
= 2. &S RIFRE MR A E

Py FREE S A 5 R
(0,0,0) —Ci(=), —A1(—), No — A3 — Cs(s) %A1
(0,0,1) —Ci(=), —Ai(=), = (N2 — A3 — C3)(s) A2
(0,1,0) —C1(=), Ai(+), N3 — Az + N5 + Na(s) ARE
(0,1,1) M, +H +F —M,—Hy— F, — Ci(s), A1(+), —N3 + Ay — N5 — Na(s)  DEEE
(1,0,0) Ci(+),—A1(=), N1 + Ny — Cy + Ny(s) AFaE
(1,0,1) Ci(+), Y1 = Yo — Ay(—),C2 — Ny — Ny — Na(s) ARaE
(1,1,0) Cy1(+), Ay (+), N1 + As + N3 + N5 + Ny — Cy + Ny(s) Ny
(1,1,1) Ms+ Hy + Fo + Cy — My — Hy — Fi(s),Ys — Y1 + Ay (s), Sk3
CQ*N4*N1*N3*N5*N2*A3(S)
4. BUWHER T
% 3% H T SRR E MR, TSR R AR
Table 3. Stability conditions of equilibrium point
= 3. Wl S RIRRE AT
P15 1 Fe e 1 25 A Ti'T
(07 Oa 1) A3 + C’3 < N2 %{4:2
My+Hy+Fo+Ci < My+Hi+ F1,Ys+ A <Y1,
(1,1,1) 2 2 2 1 1 1 1, Y2 1 1 583
CQ < N4+N1+N3+N5+N2+A3(8)
R REEFNEA BRI e “ARBRWTI. “ANg137 M “HERRRE 27 SRg, it

VLI 00,0, 0) /2 1% R GRS E SRS, (BRI — M Ny < As + Csitf, ki

LT AT H, KT A5, FAER T AR 2 5%,

Rk, FEEMSAER RS R “RBRTHC “R3 S M “IRHHRT 5, B,
S 250(0, 0, 1) R RSO RUE NS, (LR FIRER B —E MM Ay +Cs < No M, il

BT AT KR T A5 SR A SR Ao TICRH 9 5Eng.

RS FE A RS R 2o “BUR TR, “51S 7 N CARBRIE % SR, iR, B
71,1, )R IZ ARG AR E S, (HOR FRIFE R 2 e W% My + Hy + Fo + Gy <
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My +Hi+ Fi,Ys+A; <Y,Cy < Ny+ Ny + N3+ N5+ Ny + Az i SR ERAERPN T, K
JEEFE T T AR BRRARTE 77 R0

5. HETH

N T REMS B AT AT E R KIE FAE = AR A2 DA S s A RPIRAS, RIS Bk
—ME S S EEARIRAE, HMATLABRAMEE DT 5ot 1 SHFEEWL: G283
KTE, H > Hy,M; > My, F1 > F>, A3 > Ay, Y, > Y.

(1)XF ¥4 485 15.(0,0,0) 43 B, EH FU T 078 341487 25000, 0, 0) &b T 34 138 B2 52 119 2% 1F I 26 200356 /R N, <
Az + G HITE Z 83 RT%, Hy > Hyy My > My, Fy > Fy, Ay > As, Y1 > Yo, My = 30, H, =
40,F, = 20, M, = 20,H, = 30,F, = 15,C; = 30,Y; = 20,Y, = 15,4; = 20,N; = 10,Cy =
10, A3 = 15,C5 = 10, Ny = 10, N3 = 10, Ay = 10, N5 = 10, N, = 8, P E & R 1(a)fin [17]. 18
WRBCRHL “BIR T R Rr = 0.2, KBEIESF “51'57 FIME Ay = 0.4, EEBACIRIE 71
PIMEZE Nz = 0.801% R 48 FITE A As i SIS 1 S & 1(b) Frw [18]:

L

T T T
*  x0=0.2,y0=0.4,20=0.8

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

-0.1

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

B 1. (a) EHALE[0,0,0]; (b) wke, ZREE, A MTRALARE P S 1 L]

EB 1%5}‘%[]; i—/lNg < Az + Cgﬁﬁﬂﬁﬁﬁ%ﬁﬁjj{?g, H, > Hy, M, > M5, F; > FQ,A3 >
Ao, Yy > Yo Z5AFRT, IR FEE. AR ) A4 AT AL, R A TR E RS XN EE
WA BT I 25 S A .

(2)X%F 2494887 £5.(0,0, 1) 43 M7, FH AU TH K076 #5.(0, 0, 1) 4T3 it A8 58 1 S I A A5 L A3 + O <
NI BT ESH KT E, H > Hy, My > My, Fy > Fy, A3 > Ay, Y, > Yo, M, = 50, H, =
40,F, = 30, M, = 40,H, = 30,F, = 25,C; = 30,Y; = 45,Y, = 30,4, = 35,N; = 10,C, =
10, A3 = 15,C5 = 15, N, = 10, N3 = 10, Ay = 8, N5 = 10, N, = 35, i H 45 R0 2(a)fiwm. R%
RRCREL “FURTT” MR e = 0.2, KEEERE “51 %7 MR Ny = 0.4, %4 PRI $2 10 1)
MEZ Nz = 0.8 %R SRR E SR B an 1] 2(b) s
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Figure 2. (a) Evolution to [0,0,1]; (b) Simulation diagram of evolutionary stability strategy of universities,
families, and students

2. (a) WALEN[0,0,1]; (b) FIkE, AL, A (AL R e S i 20 P

& 245 %0, f—'lNg < Az + Cgﬁﬂﬁﬁﬁ%%ﬁﬁjj(ﬂ:i, Hy > Hy, My > My, Fy > Fz%ﬁ:ﬁﬂ'y
RS REE. AR SREE R 3 (0,0, )T, &5 A TARRE KPIRAS. EAER g R
A,

(3)XF ¥4 7 A (1, 1, 1) 2 BT, ER AU D 60078 $A0 487 0 (1, 1, 1) AT 37 33 AR 1 2% R IR 2 A2 M, +
Hy+ F,+Ci <My +H +F,Ys+ A, <Y,Cy < Ny+ Ny + N3+ N5 + Ny + Az(s), THTES
BIIKTE, H > Hy, My > My, Fy > Fyo. fiEGRITE 3(a)fim. B EAERE “FRTm”
IRER N = 0.2, K BE%F “5157 KR Ny = 0.4, FF R FRBHE R IBE Nz = 0.8, %R
Gt AL AR E R O A 3(b) Fs

AR
T T . T T T
% x0=0.2,0=0.4,20=0.8

(a) (b)

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

3. (a) BALBI[L, 1, 1]; (b) B, 5RE, 2R R ek 5w ) 2
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I 31550, UMy+Ho+Fo+Cy < My+Hy+F,Ys+ A, <Y;,05 < Ny+ Ny + N5+ N +
Ny + Az(s) MATBESEIIRTZE, H, > Hy, My > My, Fy > F 500, @ik, FKEE. SAERK
W ) 20467 s (1, 1, D) BT AL, B e b TR HPIRAS. XN AT i &5 R 2 & 21,
6. it

A RE S ERS FEE FARERAT N, @& KRSk, MR AL IR A,
DL FRE FANEMRE G FKiE. FAEZFH AR, RGN T ER. K
JE. SR F RS AL R, BT T Z4EMBUED BN, BT ISR . HIE.
PR AR EAT = O A SR A

()ITH B SR LIRS G D TEER KA G ST, AT 2% 75 2 AT H
() AR 5 i I AR T T O 22 AR AT B 2% I 7 AT RO 2 R, i i & T AR
WFT, FKEE@E TGS, AT IR 7% kg,

Q)RKAEAG FEW T, FAFATIRR 9% 7 ZAT H A S SR AT HE LR, A4
AT AT 2 B 5 A5 HH ) AR 2 R/ TR T B B (0 25 5 DA SO IR S U R B, iRl T AT
. KEEET AT 522 2 A TR 9% SR

BV ERERER T — I ARS EFTWEE WA SE =AW RGN, BUORAHE, X
AEREUEBOE B, A KF AR ERET, SRTE S E A B, K AR RO Pl &
WK DL R VI RIR O, BIRRAR S RIS 8 AR i 2 SCH IR BIMMy + Ho + Fo + Oy <
M, +H,+ F,Ys+ A; <Y1,Co < Ny + N3+ N5 + Ny + Ag + NI B R R EEFR TP, K&
SIS, EAE R PRARTY 2R .

EEeH

TN K ZESRT I H % 4 ¥ B 5t KSRT(2019)3715 5 B X [ ARBHAIE £ T H (12061020); ST
BHE TR ES(BREKYF[2021]088 5); StMNE I T RH#3E 4 (B RHS 2L [2019]11235);
BN RS HEAA 4 (No.201811) #EEHIH .
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