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cultural University, Harbin 150030, China)

Abstract: The problem of black soil degradation in Northeast China has constituted a systematic threat to re-
gional food security and ecosystem stability, and there is an urgent need to construct a multi-subject co-
management mechanism led by the government, with enterprise participation and farmer collaboration—a funda-
mental way to realize the sustainable use of black soil resources. In this study, we take the government, agricul-
tural enterprises and farmers as the game subjects, construct a three-party dynamic evolutionary game model, and
analyze the decision-making characteristics and evolutionary trends under single strategies and combined strate-
gies with numerical simulation. The results show that a single policy tool (e.g., government subsidies or enterprise
fines) has a limited effect on enhancing farmers' willingness to protect black soil, and is likely to lead to system-
atic strategic imbalance. In contrast, the policy combination of “high subsidies + high fines” can significantly ac-
celerate system convergence, effectively guiding the strategies of the government, enterprises and farmers to rap-
idly converge to the ideal equilibrium state of “strict regulation-green production -active protection”. However,
the study also finds that excessively high subsidy levels can cause the system to deviate from the optimal evolu-
tionary path. Specifically, the system can reach the optimal stable state when the following conditions are met:
government regulatory costs are controlled within a reasonable range, the marginal return of enterprises' green

technology reaches the threshold level, and farmers' subsidy levels are set appropriately. By optimizing policy
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combinations to strengthen the effectiveness of black soil protection, a three-dimensional framework of “policy

guidance-technology support-behavioral incentives” is constructed, which provides a theoretical basis and practi-

cal reference for the comprehensive governance of northeast China's black soil region.

Key words: Arable land protection; Black soil protection; Game evolution; Simulation analysis
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Table 1 Combination of benefits in the tripartite evolutionary game
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Table 1 Continued
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FFAE(E

Eigenvalue A,

RFAE(E

Eigenvalue A,

FFE(E

Eigenvalue A4

A, +B+F +F,+2G+H, + H, +

E,(0,0,0) K, ~Cy— CK, + S, + V,

E,(1,0,0) A]_Cz_cz+l)1+02‘+H1+H2+K1 M, -
- +K,+ P, + S, +V,

£4(0,1,0) C,+C,-K-K,-S,-V,

E4(07071) Qz_Fz_G_F1+Qs_W2_W3

Es(l,l,O) C,-A+C,-D-D,-H, -H,-K, H, +

-K,-P,-S,-V,

F1+F2+G_QZ_Q3+W2+W3

F|+FZ+C+N_Qz_Q3+W2+

Ki=C=C+ K N+ 5+ V + 1,

P -M, +P,-P,+R, - R, +2U, +
UtU,+ U, + Us + Uy
A+ B+ F +F,+2GtH, + H, +
H5+P2_02_Q3+W2+W3

P - P,+ PR +R,-2U, -
Uy Uy = U, - Us = Ug

P,=D,-Dy—H, -H,- M4, -

Py+ R =R, + 204U, + Uy + U, +

Ws+ Wi U, + U,

Po=B-H,~H, - Hy~ M- A, -

Pyt R =R, + 204U, + Uy + U, +
Us+ Ug

Ay+D, +D,+H +H,+M-P, +
P,-R +R,-2U0-U,-U;-U, -
Us - Ug

N+P=0Q,—Q;+ W, + W, +
W,
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g2
Table 2 Continued

Pt

Equilibrium point

FHIE(E
Eigenvalue A,

Eigenvalue A,

FHIE(E FHIE(E

Eigenvalue A 4

Q,-B-F,-F,-26-H,-H, -

A -C,-Cy+D, +D,+H, + H, +

A,+B+H,+H, +Hy+ M- P, +

E (1,0,1 P,-R +R,-2U0-U,-U,-U, -

of ) Hy=P=A,+ Q- W, - W, Ki+K=N+P +S,+V +V, } ! - L ’ !
2 3 Us - U,

0 Fy =GN Fs0,~ W, - R -A,-B-D,-D,-H, - H,

£,(0,1,1) Co+C-K —KAN+S, -V, -V, 2 -H,-H,-H,-M, -P,-A, -R,

- w,-W

3 4 22U, + Uy + Uy + Uy, + Us + Uy
0,-B-F -F,-26-H,-H, - Ay +A,+B+D +D,+H +H
C,-A, +Cy=D, -D~H, - H, - : b o 1T PP A TR

Ey(11,1) PR Hy=N=PoAy+ Qs =W, Wy~  +Hy+H, +H,+M, +P,-R, +R,
Po R T T h W, —2U, - Uy = Uy - U, - Us - U,

2% 2 AT A9 45 3945 1, 3R 3 B o

x3 HERBEMESNT
Table 3 Stability analysis of equilibrium point

Yy i TR FUE MM FCE
Equilibrium point Sign of real part Stability condition  Condition
£1(0,0,0) (+,+.4) AFEE A /
£2(1,0,0) (+,=.4) AFEE /
£3(0,1,0) (=,+.4) AFEE /
£4(0,0,1) (=,+,4) AFEE K /
E5(1,1,0) (=,+.-) AFEE K /
£6(1,0,1) (=,+.%) AFEE K /
E7(0,1,1) (=,=,-) ESS D
E8(1,1,1) (=,—,-) ESS @

AR 3 AT, BORE A Ml A b FR A P ) B 28 T
A3k i v i AR R S R R DU AR A R, A i)
N
DY C,+C,-K,-K,+N+S,-V,-V,<
0,0, - F,~G-N~-F, +Q,-W,-W, - W, <0,
R,-A,-B-D,-D,-H -H, -H,-H, - H, -
M, -P,-A -R,+2U, +U,+ U, + U, + Us +
Ug < OB, XAl A oMl 4 Ik 2 €0, 4= 7 5w 1) 451 &b
WA e P E S PR BE B BRAN AR 2 DL B
"kﬁﬁﬁi‘ﬁﬂéi‘ﬁ/\ 53 ) 5 HEX I A A g S i
177 BT o BLARZRILA - Al Al PR 48 1L
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AT I ) 75 225 400 2 DL S It J i 4R A5 104 105 A 27
A& P T SR S 687 AR AR S N TS SR B
PRI it B AT 8 7 2B S RS2 e DA S S it AR 4P S
B f5 IR A5 1Y 25 45 2% o (B4 7 b Vi A1 RIRRL £ 3 7
S5 ) 5 BN TR AS S5 it 05 19 00 T AT e A Y A T R

M (01 S b R A 5 T RS T S it
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g (A0 475 P - 57 o 2 TH RO 2 A IR B A5 ) ik T
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AR =75 FE 2% 4025 77 55 78 b i PR 37 SR v 74
AW 2 AT G R
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W,-W;-W,<0A, +A,+B+D +D,+H +
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Fig.2 Evolution path diagram of tripartite strategies
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Fig.3 Impact of changes in government incentives and penalties for green credit on the evolutionary path of enterprises
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Fig.4 Impact of changes in government subsidies and penalties on the evolutionary path of farmers
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Fig. 5 Impact of changes in government investment and regulatory costs on evolutionary paths
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Fig.6 Impact of changes in government insurance investment on evolutionary path
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