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Abstract: The implementation of ecological engineering is one of the important means to achieve the goals of sustainable
development and the goal of building a beautiful China. Ecological engineering plays an important role in ecosystem
restoration, the improvement of ecological functions and quality, regional development promotion and human well-being
improvement. The quality of ecological engineering is the touchstone for testing whether the implementation of ecological
engineering meets the expected goals. It has important guiding significance for improving the management methods of the
subjects related to ecological engineering quality and completing the implementation goals of ecological engineering with high

quality. This paper divides the three parties related to ecological engineering into government regulatory departments,
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ecological engineering enterprises, and third-party testing agencies, constructs a theoretical analysis framework for the
ecological engineering quality supervision mechanism, establishes a three-party asymmetric dynamic evolutionary game
model, analyzes and simulates the evolutionary stability and evolutionary path of the strategy selection of each participant,
and explores the role of each factor in the operation of the ecological engineering quality supervision mechanism and the
game evolution law of each participant. The analysis results show that: (1) To clarify the decision-making mechanism of the
ecological engineering quality supervision subject and ensure that the ecological engineering quality supervision mechanism
meets the improvement of ecological functions and quality, it is necessary to comprehensively consider the issue of
maximizing the personal and comprehensive benefits of each participant in the ecological engineering quality supervision.
(2) The reward and punishment system of ecological engineering forms an endogenous collective drive for all participants,
which has a positive catalytic effect on the quality supervision of ecological engineering, can effectively consolidate the
responsibilities of all participants, promote the high-quality implementation of ecological engineering, and improve the
ecological benefits of ecological engineering. (3) The strategic choices of the three parties in the quality supervision of
ecological engineering are driven by multiple factors. Expected benefits and costs are the key economic factors that determine
the behavioral decisions of the three parties. Government regulatory departments focus on giving priority to ecological
benefits, social benefits and management risk control, while ecological engineering companies and third-party testing
agencies usually give priority to their own economic interests. (4) The importance and urgency of the ecological strategic
value and significance of the location of ecological engineering implementation have an important impact on the strategic
choices of the three parties in the quality supervision of ecological engineering, ecological engineering quality assurance,
and ecological engineering quality effectiveness assessment. This study can provide a certain theoretical basis for the high-
quality implementation of ecological engineering, the realization of the expected goals of ecological engineering, and the

relevant policy research on the quality assurance system of ecological engineering.

Key Words: ecological engineering; three-party evolutionary game; reward and punishment mechanism; rent-seeking

behavior; simulation analysis
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Fig.1 Logic relationship diagram of three-party evolutionary game model
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Table 1 Main parameters of the evolutionary game model and their meanings
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Table 2 Benefit matrix and model description of the three-party game

P BN R TR 5= KLY

- L Government regulatory Ecological engineering Third-party inspection
Strategy combination .

department enterprise agency

(F1,H1,K1) E1+E5-C1-R1-R2 E2+R1-C2 E3+R2-C8
(F1,H1,K2) E1+E5+F1-C1-R1 E2+R1-C2 E3-C6-C8-F1
(F1,H2,K1) E1+F2-C1-R2 E2-C3-C5-F2 E3+R2-C8
(F1,H2,K2) E1+F1+F2-C1 E2-C3-C4-C5-F2 E3+E4-C6-F1
(F2,H1,K1) E5-R1-R2 E2+R1-C2 E3+R2-C8
(F2,H1,K2) E5-R1 E2+R1-C2 E3-C6-C8
(F2,H2,K1) -F3-C7-R2 E2-C3-C4 E3+R2-C8
(F2,H2,K2) -F3-C17 E2-C3-C4-C5 E3+E4-C6-C8
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Table 3 Characteristic roots of Jacobian matrix J

oyt i FHOEAR 1 FHIEAR 2 FHIEAR 3

Equilibrium point Eigenroot 1 Eigenroot 2 Eigenroot 3 £S5
E,(0,0,0) C7-C1+E1+F1+F2+F3 C3-C2+C4+C5+R1 C6-E4+R2 —
E,(0,0,1) C7-C1+E1+F2+F3 C3-C2+C4+R1 E4-C6-R2 Y
E;(0,1,0) E1-C1+F1 C2-C3-C4-C5-R1 C6+R2 —
E,.(0,1,1) E1-C1 C2-C3-C4-R1 -C6-R2 —
Es(1,0,0) C1-C7-E1-F1-F2-F3 C3-C2+C4+C5+F2+R1 C6-C8-E4+F1+R2 —
E¢(1,0,1) C1-C7-E1-F2-F3 C3-C2+C5+F2+R1 C8-C6+E4-F1-R2 vV
E,(1,1,0) Cl-E1-F1 (C2-C3-C4-C5-F2-R1 C6+F1+R2 —
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Table 4 Scenario parameter settings

C1 Cc2 C3 C4 C5 C6 C7 C8 El E4 R1 R2 Fl1 F2 F3

% %% 1 Situation 1 90 80 30 20 30 20 10 40 20 20 10 10
1#% %% 2 Situation 2 20 90 30 10 20 50 30 30 20 20 20 40
%5 3 Situation 3 20 60 40 10 20 40 20 30 40 20
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