el R 2 2026,31(11):14-33
Journal of China Agricultural University http: /zgnydxxb. ijournals. cn

K RER.E—E. XA ET2ERERNRLE~ZHMECIF = RAEEESWRI]. hERLKZZ2E,2026,31C(11):14-33.

ZHANG Xiangwei, QIAN Baihui, LU Yizhe, WANG Dan. Tripartite evolutionary game analysis of government-industry-university collaborative innovation in
agriculture based on the Triple Helix Theory[J]. Journal of China Agricultural University 2026 ,31(11):14-33.

DOI: 10. 11841/j. issn. 1007-4333. 2026. 11. 02

ETZ@RrRERNARLB~FHAMBERHF=Z7ELEESH

KA REES F-H E AT
(1. BB, dbat 100045,
2. bl K2 S HR A BE , WA K TE 1500305
3. MR K2 00 B 2 B, W R I 150028
4 KPR 2EBE L9 B H2E B, KK 1637125
5. ARdtAgll K2 AR & R F5E s, I KT 1500300

i E OABTRLEZFZHAMRCNH PR FRELE FHIM =5 2R KB R F )G HIE, LT =95k
Fit B R Z R R kAR AR R R S TR B A BT A T @R A A T = 5 AR R b B
FHME A A KRB, SREAV DAFHRARL 2 WILH EH mbhF 4T e X8R E, R A Lkt
S B AR T LM e LG R R A E AR B Y EARR RGBT R, Z 5 AL KRR
BAEWKG ., DZFERTHRAKENFRAEEZF BAABELEF DAL O ENLRAEER, FRALEER
MBFRGE, FANMEEZTEZFRAEL., DMK T E@LM R, R QI H RN st th R LA L2 H
89 o BOR 80 A B SRR B AT R 4 Ak 5 S AR AL ) R R0 B AR AT £ S iR KT AR
B E R AR MO TR RAEE TR L A F e G AR, FHAAR R X ER S R E YR, LKA
50 B AN Y Z BRI, &1 R FHNE GG EETA BT S LR A WiEE
HOR &I K, AR R B ZARA b B B 8 £ AR 5 29 R .

EHE O RLEFEH; BRI Ak, Z R, ARk

hEAFES F323.3;F204 NEHS  1007-4333(2026)11-0014-20 MERARERRS A

Tripartite evolutionary game analysis of government—
industry—university collaborative innovation in
agriculture based on the Triple Helix Theory

ZHANG Xiangwei'?, QIAN Baihui®, LU Yizhe**, WANG Dan**
(1. State Information Center, Beijing 100045, China;
2. School of Economics and Management, Northeast Agricultural University, Harbin 150030, China;
3. School of Economics and Management, Harbin University of Commerce, Harbin 150028, China;
4. School of Economics and Management, Daging Normal University, Daging 163712, China;

5. Modern Agricultural Development Research Center, Northeast Agricultural University, Harbin 150030, China)

Abstract To identify the evolutionary dynamics of strategic decision-making among three parties-government,
agriculture-related enterprises, and university-in the context of agricultural collaborative innovation integrating
government, industry, and university, this study employed a tripartite evolutionary game model based on the
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Triple Helix Theory to investigate the impacts of collaboration costs, benefits, incentives, and breach penalties
on the evolution of relationships among the three parties in agricultural government-industry-university
collaborative innovation. The results indicate that: 1) Innovation costs and their allocation are key factors affecting
collaborative stability. Agribusinesses show high sensitivity to these costs, whereas academic institutions are
less responsive. Risk costs remain secondary unless the threshold is exceeded, as all parties prioritize
deterministic costs and benefits. 2) The three parties differ in their demands for collaborative benefits. The
government exerts macro-regulatory influence to sustain collaboration, agribusinesses focus on short-term
economic benefits, while academic institutions emphasize non-economic factors. 3) Compared to the positive
incentive coefficient, the increase in the frequency of collaborative innovation exerts a more significant promoting
effect on synergy innovation. The government’s financial and policy incentives should be differentially designed
according to the distinct response patterns of agribusinesses and academic institutions. 4) When penalty levels
are low, system stability depends heavily on government oversight. Agribusinesses are particularly sensitive
to penalties targeting themselves, while academic institutions are influenced by penalties applied to both sides.
Furthermore, the effects of benefit loss and project progress display distinct phase-dependent characteristics.
Taken together, stable government-industry-university collaborative innovation in agriculture requires a
reasonable allocation of innovation costs, the reconciliation of parties’ benefit expectations, and differentiated
incentives and constraints across actors and stages of collaboration.

Keywords agricultural government-industry-university; collaborative innovation; Triple Helix Theory; tripartite

evolutionary game; strategy selection
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Fig. 1 Theoretical model of government-industry-university collaborative innovation in agriculture

based on the Triple Helix Theory
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Table 1  Definition of the simulation parameters in the tripartite evolutionary game model
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Table 2 Game pay-off matrix of the three parties of government-industry-university collaborative innovation in agriculture
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Axes x, y, z denote the probability of government support and the respective probabilities of continue collaboration of agribusiness and academic
institution. The same applies below. 2" is the critical threshold at which the government’ s strategy switches. V, (volume of region A}) is the
probability of support by the government, while V', (volume of region A,) indicates their probability of non-support.
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Fig. 2 Evolutionary phase diagram of the government’s strategies
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2" is the critical threshold at which the agribusiness’ s strategy switches. V, (volume of region A3 is the probability of default midway by

agribusiness, while V', (volume of region A,) indicates its probability of continue collaboration.
B3 £l 3R e L AR G B

Fig. 3 Evolutionary phase diagram of the agribusiness’s strategies
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Influence of positive incentive coefficient  and the number of collaborative innovations n on the
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Influence of breach penalty K of agribusiness and breach penalty P of academic institution on the evolution of
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Influence of benefit loss coefficients A;, A,, A; and project progress v at the time of mid-term breach on the evolution of

collaborative innovation relationships
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