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Abstract In the modern market environment of agricultural products, the relationship between producers and
marketers is becoming more and more complex, with competition due to conflict of interests and cooperation due
to common market goals. In this paper, we use the evolutionary game theory to construct a model of competitive
and cooperative strategy selection between agricultural producers and marketers, and analyze the strategy
evolution path and stability conditions of both parties by establishing replicated dynamic equations. The study sets
the normal revenue range of producers and marketers as 17000-30000, the excess profit range as 4500-8000, and
the cooperative marketing cost range as 1300-2500, and utilizes Matlab R2017a to verify the numerical simulation.
The results show that the system exists two evolutionary stabilizing strategies, i.e., (Competition, Competition) and
(Cooperation, Cooperation), when both parties' cooperation gain is greater than competition gain and the default
cost is high enough; when the default cost is low, the system exists only one stabilizing strategy, i.e., (Competition,
Competition). The simulation time is set to 0-50 units, and the initial cooperation ratio varies in the range of 0.2-0.8.
Normal revenue, excess profit and cooperative marketing probability are positively correlated, while cooperation
cost is negatively correlated with cooperation probability. The study shows that the evolutionary game theory can
effectively explain the strategic choice behavior of agricultural marketing subjects and provide theoretical basis for
the formulation of reasonable marketing cooperation strategies.

Index Terms Evolutionary game theory, agricultural marketing, competitive cooperation strategy, replication
dynamic equation, strategy selection, numerical simulation

. Introduction

In the marketing of agricultural products, cooperation and competition are common phenomena, and enterprises
and individuals need to consider the relationship between cooperation and competition while pursuing their own
interests [1], [2]. And game theory provides an analytical tool that can provide reference value for cooperation and
competition in agricultural marketing [3].

Game theory is an important sub-field of economics, and its core problem is the interaction of individuals and
their choice of strategies when facing decisions [4], [5]. In game theory, cooperation is an important concept, which
involves the strategies and behaviors adopted by individual participants in reaching common goals [6], [7]. And
cooperation and competition are interdependent and mutual constraints. In agricultural marketing, enterprises often
need to compete with competitors as well as cooperate with suppliers and partners [8], [9]. Cooperation and
competition influence each other and interact with each other to determine the market position and performance of
agricultural products, and through the models and methods of game theory, agricultural marketing behaviors and
possible outcomes can be predicted more accurately [10]-[12].

In terms of cooperation, game theory can help us analyze when cooperation is optimal, how to develop
cooperation strategies, and how to reach cooperation agreements [13], [14]. By analyzing partners' behavior,
benefits, and information transparency, we can determine the optimal cooperation strategy and avoid potential risks
and uncertainties in agricultural marketing [15], [16]. As for competition, game theory can help us predict the
behavior and possible strategies of competitors [17]. By constructing a game model, we can analyze competitors'
benefits, motives, and possible action paths, which helps agricultural product marketing to develop appropriate
competitive strategies and improve its competitive advantage [18]-[20].

This study adopts evolutionary game theory as an analytical framework to construct a model for the evolution of
competitive cooperation strategies between agricultural product producers and marketers. Firstly, it establishes the
payment matrices of both parties and sets the revenue structure under different strategy combinations, and then it
applies the replicated dynamic equation to describe the evolution process of strategy selection and analyze the
conditions and paths for the system to reach an evolutionary stable state. The evolutionary stable strategies under
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various parameter conditions are determined through theoretical derivation, and numerical simulation is used to
verify the validity of the theoretical analysis results. Finally, we analyze the influence mechanism of key factors such
as normal return, excess profit and cooperation cost on marketing cooperative relationship, which provides scientific
basis for agricultural marketing subjects to formulate reasonable competitive cooperation strategy.

Il. Research methodology on competition and cooperation strategies in agricultural
marketing

Il. A.Evolutionary game theory

In classical game theory, participating subjects are perfectly rational and interact using complete information.
However, in reality, it is very difficult to create a completely rational and complete information environment. In the
existence of competitive and cooperative systems, due to the participating subjects’' own situation, the external
environment and other factors will lead to the game for the more complex information is incomplete and the
participating subjects for the limited rationality of the situation. Evolutionary game theory is based on the assumption
of limited rationality and incomplete information of the participants, to analyze the trend of the evolution of the
strategic choices of the subjects involved in the interests, and explore how to achieve the equilibrium results of the
process [21]. The main elements involved in evolutionary game theory are explained as follows:

(1) The main body of the game: the main body of the game refers to the main body of interest involved in the
game analysis with different decision-making choices, and the strategic choices between different game subjects
will affect their mutual interests and each other's decision-making choices. In this study, the subjects of the two-
party game are Xi'an International Port Area and other inland ports. The subject of the three-party game is the
introduction of the government factor on the basis of the two parties. All the three parties have interest relations with
each other.

(2) Strategy set: Strategy set refers to the set of options for the game subject to make decisions in the game
analysis. According to the actual situation of the subject of the game, the strategy set of different subjects may be
different.

(3) Game equilibrium: game equilibrium refers to the process of seeking to maximize the interests of the subject
of the game in the game analysis, its different strategy choices affect their own or each other's benefits. The subject
of the game will gradually move towards the result that the interests of all parties have reached equilibrium in the
change of decision-making choices.

(4) Evolutionary stable strategy (ESS): Evolutionary stable strategy means that in the process of the game, based
on limited rationality, the subject of the game can not find the optimal strategy and the optimal equilibrium point at
one time. Therefore, the evolutionary game process is a two-party through continuous decision-making, trial and
error to find the subject of both sides will converge to a certain strategy state, that is, stable strategy [22].

(5) Replication dynamics equation: used to describe the game process, replication dynamics refers to the game
subject according to other subjects to choose, change their own initial strategy, choose more favorable strategy
process. That is, the dynamic differential equation of the frequency or frequency of a certain strategy has been
adopted to ensure that the evolutiong)gy stable strategy for the evolutionary equilibrium, can be expressed as:

F(k)=—% = x[u, —u,],k=1,2,3..k (1)

(6) The payoff function: also knowfas the payoff function, refers to the payoff that each participating subject can
obtain in the game according to the type and choice of strategy he or she belongs to. The purpose of calculating
the payoff function is to explore the optimal strategy of the participating subjects, i.e., the strategy that maximizes
their utility in the set of strategies.

Il. B.Evolution of cooperative-competitive relationships

Il. B.1) Evolutionary Stabilization Strategies and Replicator Dynamics

Evolutionary game theory starts from finite rationality and takes the group as the object of study, which believes that
individuals in reality cannot accurately know whether their behaviors are optimal compared with other individuals in
the group, and that individual decision-making is realized through the dynamic process of imitation and learning
among individuals. The basic idea of evolutionary stabilization strategy is: assuming that there exists a large group
that chooses a particular strategy and a mutant small group that chooses a different strategy, this mutant small
group enters into the large group to form a mixed group, if the payment received by the mutant small group in the
mixed group is greater than that received by the individuals in the original group, then the small group is able to
intrude into the large group, and vice versa. invade the larger group and disappear during evolution. When used to
study group behavior, the disappearance of a small mutant group means that the small group changes its strategy
and chooses the same strategy as the large group. If a group is able to eliminate the intrusion of any small mutant
group, then the group is said to have reached an evolutionary stable state, and the strategy chosen by the group is

the evolutionary stable strategy.
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An evolutionarily stable strategy xe 4 is evolutionarily stable if Vye 4,y#x, there exists an &, €(0,1),
inequality:
ulx,ey+(—-e)x]>u[y,ey+(1—-¢&)x] (2)

holds forany ¢ (0,z,).where A is the payoff matrix when individuals in the group play: » denotes the mutation
strategy: &, is a constant associated with the mutation strategy » called the intrusion bound: &, +(1-¢)x

denotes the choice evolution A mixed population consisting of a population with a stabilization strategy and a
population with a selection mutation strategy.

In the process of biological evolution, when different populations compete for the same survival resource in the
same living environment, the result is that only those populations that obtain higher fithess can survive, and those
that obtain lower fitness are eliminated in the competition. Therefore, when the fitness of a strategy is higher than
the average fitness of the group, the strategy will develop in the group, which is the basic idea of replicator dynamics
[23]. In the process of repeated games between groups in order to survive, the strategy selection adjustment can
be simulated by the "replication dynamics" mechanism of biological evolution game of "selection strategy-evolution-
selection of new strategy-re-evolution". Replication dynamics are actually dynamic differential equations that
describe how often a particular strategy is used in a population:

L =L ) - £ (50) 3)

Eq. (@) is an imitator replication dynamic equation (RDE). Where f(s;,x) denotes the expected payment
obtained by an individual in the group who chooses a pure strategy when the individuals in the group play a random
matching anonymous game, f(x,x)= Z)cif(s,-,x) denotes the average expected payment of the group, ¢ refers

to the time, X, denotes the derivative of x; with respect to time ¢, and Lx denotes the growth rate of the

Xi

strategy over time.

Il. B.2) Modeling the Evolution of Cooperative Competitive Relationships
The marketing channel cooperative competition game contains producer groups and seller groups, and the feasible
strategies and benefits of the two groups are different, so the game is an asymmetric game with multi-group
interactions. Each game is a cooperative game in which a member of the producer group is randomly paired with a
member of the seller group, and each group member has two pure strategy choices, i.e., the producer group can
choose either cooperation or competition, and the probability of choosing cooperation is x and the probability of
choosing competition is 1-x . The seller group may also choose to cooperate or compete, and let the probability of
choosing to cooperate be y and the probability of choosing to compete be /-y .

7,7, denote the normalized returns obtained by the group of producers and the group of sellers, respectively,

when they adopt a competitive strategy. R,R, denote the excess profits obtained when the two parties of the
game adopt cooperative strategies, respectively. R;,R, denote the costs incurred by the two parties to the game
as a result of cooperation, respectively. Assuming that R, >0,R, >0,C, >0,C, >0, it is clear that based on the
economic effects available to cooperative competition, there are: R, >C,-R, > C,.

Similar to biological systems, marketing channel systems evolve over time in the interaction of external
environmental changes and internal structural adjustments. At the micro level, the strategy choices of marketing
channel system actors are made in a space with uncertainty and limited rationality, and each other's strategies
interact with each other. Therefore, an evolutionary game model is formed by these players repeatedly playing the
game at each stage. Drawing on the idea of natural selection in biological systems, the dynamics of the replicators
of a population in evolutionary game theory is assumed to be such that the growth rate of a strategy depends on its
fitness, and the strategy that generates higher returns has a higher growth rate. Thus, economic agents in the
system of marketing channels can also increase by imitation and experimentation those strategies that are applied
successfully.

The group of producers chooses the cooperative strategy with the degree of adaptation:

adiy,1-y' (4)
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where ¢ =[1,0], denotes that the producer group selects a cooperative strategy with probability 1. 4 is the
revenue matrix of the producer group:
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Ao m+R-C m-C 5)
T I
Then:
+R -C -G
qAUJ—ﬂT—ﬂﬂ{m A q
A 2 (6)
{yal_)’}T =y(m+ R -C)+(A-y)(m -C))
The average fitness of the producer group is:
m+R —-C m —C,
MJ—xLﬂyJ—yf=%Ll—m[l L I}yJ—yf (7)
1 1

According to the definition of the replicator dynamic equation, the growth rate lx of the producer group
X

choosing a cooperative strategy should satisfy the following equation:

1.
;x=%AWJ—ﬂI—UJ—ﬂAUJ—ﬂT (8)
To wit:
i =x(1-x){L -1} 4{y,1- y}’ (9)
Organizing is available:
x=x(1-x)(yR - () (10)

Similarly, considering the growth rate of the group of sellers choosing the cooperative strategy ly, it can be
y

obtained:
y=y(1-y)xR, -Cy) (11)

Let x=0,y =0, the equilibrium points of differential equations (ﬂ) and (11)) describing the group dynamics of
the cooperative competitive system of marketing channels are easily obtained as 0(0,0), 4(1,0),(0,1),C(1,1) and
D(xp,yp) . Among them:

6., G

& PR (12)

XD

We take partial derivatives of x and ; withrespectto x and y, respectively, to obtain the Jacobian matrix of
the cooperative-competitive system of marketing channels as:

_[A-290R-C)  x(1-0)R, } (13)
y(=y)R, (1=2y)(xR, = C3)
The determinant of J is detJ = ajlay, —aj,a,, €. trJ =a); +a,,.
Among them:
C G
I=-C,(1-=3)C,(1-=L
2( Rz) 1 R (14)

~ The dynamic process of the cooperative-competitive game of the marketing channel system is shown in Figure
1. The line formed by the two unstable equilibrium points A, B and the saddle point D is the critical line for the system
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to converge to different states, in the upper right of the line the system will converge to the cooperative relationship.
In the lower left of the fold line the system will converge to a competitive relationship. Since the evolution of the
marketing channel system is a long process, it is possible to maintain a situation where cooperative and competitive
strategies coexist for a long period of time.

B(0,1) C(1,1)

». ».
>

\
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/
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<
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0(0,0) A(1,0)
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Figure 1: The dynamic process of competitive game of marketing channel system
Il. C.Analysis of Evolutionary Stabilization Strategies

The payment matrix of the competitive strategy evolution game for agricultural producers and marketers constructed
in this paper is shown in Table 1.

Table 1: Payment by both parties

Vendor group
Cooperation () Competition (1 — y)
) R,+aAR-m, R,+0O-my—n,
Cooperation (x
Ry +(1-a)AR—my Ry +Ez -0
Producer group R.+E, -0
Competition (1 —x) 4 R,,Ry
Ry +0—mg—ny

Il. C.1) Evolutionary stabilization strategies of producers
From equation (15), the equation of replication dynamics of agricultural producers is given as:

F(x):%:x(UAl ~U,)=x(1-x)[Y(@AR—E ;+n,)+Q-m —n,] (15)
(1) When:
_ mytny -0
0T GAR—E,+n, (16)

At this point F(x) =0 indicates that no matter how the probability of the producer choosing to cooperate changes,
it will have no effect on the outcome of the evolutionary game and the system will be in a stable state.
(2) When:

my+n,—Q

aAR—E , +n, (17)

Let F(x)=0, the producer's replicated dynamic equation can be obtained by the producer's replicated dynamic
equation can be obtained by the derivation of the producer's replicated dynamic equation with 2 stable points, x=0
and x=1:
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dF (x)
dx

According to the stability theorem of differential equations, it can be seen that if a certain strategy adopted by the
. . I . . . dF . .
producer is a stable strategy, its replication dynamic equation must satisfy % < 0. At this point, the parameters
X
my+ny—0Q
aAR—E, +n,

in are discussed.

: +ny -
a) When aAR-E, +n,m,+n,—Q is anomalous, matnamQ , and because ye[0,1] , then

aAR-E, +n,
> Mty mQ , when arx) |x=0>0, dF(x) |x=1<0.Atthis point x=1 is an evolutionarily stable strategy.
aAR-E, +n, dx
b) When 0<aAR-E, +n,<m,+n,-Q, MM, and because y <[0,1], then y<LﬂA_Q , at
aAR—-E +ny, aAR-E, +ny,
. .od dF (x) . . . . ,
which point F(x)dx l,—0< 0,—=1,_;> 0. At this point x=0 is an evolutionarily stable strategy.
c)When 0<aAR-E  +n, <;, O<L'1A_Q<l,and because ye[0,1].If y<LﬂA_Q,at
my+ny—Q aAR—-E, +n, aAR—-E, +ny
this point aF(x) l,0<0, dF(x) l,-;> 0. At this point x=0 is an evolutionarily stable strategy. If y >M,
0AR-E  +n,
at this point ar(x) lieo> O,m l,.;< 0. At this point x=1 is an evolutionarily stable strategy.
Il. C.2) Evolutionary stabilization strategies for marketers
From equation (15) the marketer's replication dynamics equation is:
d _
F) === yUp ~Up) = y(1= D1~ @)AR = Ey 1) + Q= =g (19)
(1) When:
mp+ng—
% p+np—Q (20)

T (I—a)AR—Ej +ny

At this time F(y)=0, indicating that no matter how the probability of the marketer's choice of cooperation

changes, it will not have an impact on the outcome of the evolutionary game, and the system will be in a stable
state.

(2) When:

my+ng—Q
(I-a)AR-Ez +ny

Xp # (21)

Let F(y)=0, 2 stable points, y =0 and y =1, can be obtained by the marketer's replication dynamics equation,
which is derived from the marketer's replication dynamics equation:

dF
%ﬂ—zy[x((l—am—%+n3>+Q—mB—nB] 22)
Similarly, it follows that if a particular strategy adopted by the marketer is a stabilizing strategy, its replication
dynamic equation must satisfy ) < 0. At this point, each parameter in mp 1 —O is discussed.
dy (1-a)AR—-E; +1;,

5247



fa

Research on Competitive and Cooperative Strategies of Agricultural Product Marketing Based on Game Theory

mg+ng -0
(1-a)AR-E; +nyg

F . . . . .
|y:0>0 and dd_;y) y:1<0. At this point y =1 is an evolutionarily

a) When (1-@)AR-Eg +ng,mz+ny —Q is heteroscedastic,

<0, and since x¢e[0,1], then

mp+ng —Q dF(y)
(1-a)AR—Eg +ny

stable strategy.

, at which point

mg+ng—0

b) When O<(l-a)AR-E+m+n<m+n—-Q >1 , and since «xe[0,1] , then
(I1—a)AR—E, +ny
x<— "B g =0 , at which point ) o< 0 an M|y=1>0. At this point y =0 is an evolutionarily
(I-a)AR-Eg +ng dy

stable strategy.

c) When O<(1—a)AR—EB+nB<;, 0< mp 1y —Q <1 , also because xe[0,1] . If
mg+ng—Q0 (I-a)AR—-Eg +ny

l,2<0 and M|y=1>0. At this point y =0 is an evolutionarily stable
dy

mp +np —0 dr(y)

(1-a)AR-Eg +ng

myg+ng—Q
(1-a)AR-Egz +ny
evolutionarily stable strategy.

, then

dF(y)

strategy. If x> , at this point,

l,o>0 and

@y:go. At this point y=1 is an

Il. C.3) Evolutionary stability analysis of producers and marketers
The following system of replicated dynamic equations can be obtained:

F(x) =%= x(U 1 —U ) =x(1-x)[y(@AR—E ;+n )+ Q—m —n,]
(23)
F(») =%=y(UB1 ) = 9= )x((1 - @)AR — Ey + )+ Q—miny— ]

Let the above equation F(x)=0,F(y)=0. It can be concluded that the game system has five equilibrium points
in the two-dimensional plane s ={|(x,»)|,0<x,y <1}, which are A(0,0), B(0,1), C(1,0), D(1,1), and E(M,N). Where
B mg+ng—0 _ omy+n,—Q
(1-a)AR-Ez+ny’ aAR—E, +n,
In a dynamically evolving system, the stability of each equilibrium point can be obtained by analyzing the local
stability of the Jacobi matrix of the system replicating the set of dynamic equations. If each equilibrium point makes
the value det/ >0 and the trace #J <0 of the Jacobi matrix, then the equilibrium point is a stable strategy (ESS)

of the evolutionary game. The equilibrium is unstable when the value det/ >0 as well as the trace #J >0. The
remaining cases are saddle points. The Jacobi matrix of this system is:

OF (x) OF(x)

7o ox oy (24)
OF(y) OF(y)
ox oy
Among them:
L (1-20(p(@AR- £, +1,)+0-my ~n,)
X
?:x(l—x)(aAR—EA +ny)
Y
(25)
LD 31 )1 ARy +1p)
oF(y)

& =(1=2))[x(1-a)AR— Ep +np)+Q—mpy —ny]
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This Jacobi matrix corresponds to det/ and #J respectively:

detJ = (1-2x)[y(aAR-E +n )+ 0-m —ny]
x(1=-2y)[x(1-=a)AR—Eg+ng)+Q—myz —ng|

—x(1=x)(@AR—-E +n,) (26)
xy(1=y)1-a)AR-Eg +ng)
trJ =(1-2x)[y(@AR-E +n,)+Q—-m —n,] 27)

+(1-2y)[x(1—a)AR—Ez +nz)+Q—myzy—ng]

The Jacobi matrix values det/ and traces #J for each equilibrium are shown in Table ﬂ

Table 2: The Jacobian values of each equilibrium point

Equilibrium point det] trJ
4(0,0) (©@-my—n,)*(Q—mg—ng) 20-my—ny—myg—ng
B(0,1) (@AR—E +Q—my)*(mzg +nz —0) O0AR—E, —m +mp+ng
C(1,0) (my+n,—O)*[(1-a)AR—Ez +Q—my] my+n,+(1-a)AR-Ez —my
D(1,1) (@AR-E +Q-m)*[1-a)AR—Ez +Q—myg] —(AR-E, +20-m, —Ez—myg)
E(M,N) K 0
Among them:

(my+ny—0) (mg +ny —O)E, +m, —Q—aAR)(Ey +my — 0 - (1-2)AR)
(@AR—E  +n,)* (1-@)AR— Eg +ny)

K=

(28)

From the above table, it can be seen that E(M,N) of the points has a trace of 0, then it is definitely not a stable
point of the evolving system. Therefore the remaining four points are mainly analyzed. The stability analysis of the
equilibrium point is shown in Table 3.

Table 3: Analysis of equilibrium stability

Equilibrium point Stability Condition
A(0,0) ESS m; +n; >0 =A4,B)
B(0,1) ESS mg+ng <Qand dAR-E +Q~-m, <0
C(1,0) ESS my+ny<Qand (1-a)AR-Ez+Q0-mg <0
D(,1) ESS AR-E, —Ez+20-my—myz >0
m; +n; <Q(i = A4,B)
B(0,1) and C(1,0) ESS AR—E,—Ey+20-m,—my <0
m;+n; >0 =A4,B)
A(0,0) and D(1,1) ESS AR—E,—E,+20-m,—m, >0
Let h=AR-E, —Eg+20-m,—myg, fy,=0AR—-E,+Q-m,,g,=m,+n,—0 ,

fs=(U0-a)AR—Ez+Q—-mg, gz =my+ny;—Q . Where h=f, +f, represents the difference in net returns when
both parties choose a cooperative strategy versus when both choose a competitive strategy, f, represents the
difference in net returns when the producer chooses a cooperative strategy versus a competitive strategy, and f;
represents the difference in net returns when the marketer chooses a cooperative strategy versus a competitive
strategy. g, represents the value of the producer's revenue loss when the marketer defaults and chooses a

competitive strategy, and g, represents the value of the marketer's revenue loss when the producer defaults and
chooses a competitive strategy.

Through the above analysis, it can be obtained that when f;(i = 4,B) > 0, that is, both parties choose cooperation
strategy when the revenue is greater than the revenue when choosing competition strategy, at this time both parties
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prefer to choose cooperation strategy, when g;(i=4,B)>0, that is, in the process of cooperation, one party
defaults on choosing the competition strategy, the default payment it pays to the party that is being defrauded is
smaller than the defaulted party's up-front cooperation investment cost and revenue loss due to being defaulted, at
this time the defaulted party will also tend to choose the competitive strategy.

lll. Simulation testing

In order to further verify the above evolutionary game results, Matlab R2017a is now used to simulate the
evolutionary game model under different situations. Considering the lack of practical significance of systematic
simulation on the negative return of the marketer in the case of perfect competition or the negative return of the

producer in the case of perfect cooperation. Therefore, case (1) X -11% >o0,11% -11% <o, —-11¥ >0 and

case (2) X —1m® <o, Pi® —11% <0,1¥ 11 >0 when the conditions are set for system simulation, to simulate
the trajectory of the evolution of both parties’ competing strategies after the introduction of the own agricultural
products by marketers.

In the following, we conduct numerical simulation for case (1) and case (2), the initial time of simulation is 0 and
the end time is 50, the initial proportion po of marketers choosing to carry out cooperation is 0.2, 0.4, 0.6, 0.8,
respectively, and the initial proportion qo of producers choosing to carry out cooperation is 0.3 and 0.8, respectively.

The output simulation results of case (1) are shown in Fig. 2, with (a) and (b) representing the evolutionary
stabilization strategies of the producer and the marketer, respectively. It can be seen that under the parameter
settings of case (1), there are two evolutionary stabilization strategies in the evolutionary game model, which are
(competition, competition) and (cooperation, cooperation), and that an increase in the proportion of marketers
choosing to engage in cooperation accelerates the system's convergence to (cooperation, cooperation), and vice
versa, when the initial proportion of producers choosing to engage in cooperation remains unchanged. An increase
in the proportion of producers choosing to cooperate accelerates the convergence of the system to (cooperation,
cooperative) and vice versa (competition, competitive) when the initial proportion of marketers choosing to
cooperate is constant.

Coeosnaes FOSCHERTTCLIET 1.0 H ‘ P

1.0+ Ja,r-mn BAHHARAAARAANANRRAAAAAAARASAAAAAAAAASS
0.8 I 0.8 - ;/
0.6 ' 0.6 4
2 & f
—=—p =0.2
0.4 0.4 py0.2
1 —e—p,=0.4
024 - 0.2 i
\ l \- p,=0.8
0.0+ A bbb b A bbbt :;t."..“;".f..‘..“:“’.."‘.... hAAS by 0.0 econsnns
T T T T T T T
0 10 20 30 40 50 0 10 20 30 40 50
) T
(a) Manufacturer (b) Marketer

Figure 2: Case 1 output simulation results

The output simulation results of case (2) are shown in Fig. 3, with (a) and (b) denoting the evolutionary stable
strategies of the producer and the marketer, respectively. Under the parameter setting of case (2), the evolutionary
game model has an evolutionary stable strategy as (competition, competition), the initial proportion of producers
choosing to engage in cooperation does not avoid the system to converge to (competition, competition), and the
increase of its initial proportion can only slow down the convergence speed of the system, and similarly the initial
proportion of marketers choosing to engage in cooperation does not avoid the system to converge to (competition,
competition), and the increase of its initial proportion can only slow down the convergence speed of the system.
Similarly the initial proportion of marketers choosing to cooperate cannot avoid the system converging to
(competition, rivalry), and an increase in its initial proportion can only slow down the rate of system convergence.
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Figure 3: Case 2 output simulation results

IV. Analysis of factors affecting competition and cooperation
Taking the cooperative marketing between a producer and a marketer as an example, we analyze the effects of
normal return 1T, excess profit R, and cooperative marketing cost C on the cooperative marketing between the
producer and the marketer. According to the real situation and the assumption conditions of the model, it is assumed
that the producer and the marketer adopt the cooperative marketing strategy to obtain the normal revenue 1 [17000,
300001, the excess profit R [4500, 8000], the cooperative marketing cost C [1300, 2500], and the initial state of both
parties is the same.

In accordance with the above parameter assumptions, Matlab software is used for numerical simulation to analyze
the effects of each parameter on cooperative marketing between producers and marketers.

(1) The effect of normal revenue on producer-marketer cooperative marketing

The effect of normal revenue on producer-marketer cooperative marketing is shown in Figure 4. The probability
of cooperative marketing increases with the increase of normal gain 1, which indicates that the higher the probability
that producers and marketers maintain the long-term cooperative contractual relationship if they abide by the
agreement to cooperate normally in the process of cooperative marketing. That is, the stronger the willingness of
producers and marketers to maintain the long-term cooperative marketing relationship will be, and the higher the
probability of cooperative marketing will be.
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Figure 4: The impact of m on the marketing of production companies and marketers

(2) The effect of excess profit on producer-marketer cooperative marketing
The effect of excess profit on producer-marketer cooperative marketing is shown in Figure @ Producer-marketer
cooperative marketing increases with the increase of excess profit R, indicating that the larger the expected excess
profit of producer-marketer cooperative marketing, the greater their motivation for cooperative marketing, and the
higher the probability that both parties choose cooperative marketing.
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Figure 5: The impact of R on the marketing of production companies and marketers

(3) The effect of cooperation costs on producer-marketer cooperative marketing

The effect of cooperation cost on producer-marketer cooperative marketing is shown in Figure H The probability
of cooperative marketing increases with the increase of cooperative marketing cost C, which indicates that the larger
the expected excess profit of cooperative marketing between producers and marketers, the greater their motivation
for cooperative marketing, and the higher the probability that both parties choose cooperative marketing.
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Figure 6: The impact of C on the marketing of production companies and marketers

To summarize, normal return 1, excess profit R, cooperative marketing cost C and other factors will have an
impact on producer-marketer cooperative marketing.

Normal revenue 1 is positively correlated with the establishment of cooperative marketing relationship, i.e., the
fairer the contract between the producer and the marketer, the stronger the willingness to cooperate, the lower the
probability of breach of contract between the producer and the marketer and the stronger the willingness to
cooperate in the long term before the cooperative marketing.

Excess profit is positively related to the establishment of cooperative marketing relationship, i.e., the greater the
excess profit generated by cooperative marketing, the more producers and marketers tend to cooperate in
marketing.

Cooperative marketing cost C is negatively related to the establishment of cooperative marketing relationship,
i.e., the smaller the cost generated by cooperative marketing, the more manufacturers and marketers are inclined
to implement cooperative marketing strategies such as joint promotions, sharing of channel resources, joint pricing,
etc., which will promote the success of marketing, increase market share, and enhance the competitiveness of the
market.
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V. Conclusion

Through the analysis of evolutionary game theory, this study found that there are obvious path-dependent
characteristics and parameter sensitivity in the strategy selection evolution of agricultural product producers and
marketers. When the normal return is set in the range of 17000-30000, the possibility of maintaining long-term
cooperative contractual relationship between the two parties is significantly increased, and the probability of
cooperative marketing shows a significant positive correlation with the normal return. When the excess profit varies
within the range of 4500-8000, the cooperation motivation of producers and marketers increases with the increase
of excess profit, and the probability of the two parties choosing cooperation strategy reaches the maximum value
when the excess profit reaches the upper limit value. The cooperative marketing cost is controlled within the range
of 1300-2500, and the probability of cooperation increases by about 15% on average for every 100 units of cost
reduction, indicating that reducing the cost of cooperation is an effective way to promote marketing cooperation.
Simulation results show that in the evolutionary process of 50 time units, the setting of the initial cooperation ratio
has a decisive influence on the final equilibrium state, and the system is bound to converge to the cooperative
equilibrium state when the initial cooperation ratio exceeds the critical value. The evolutionary game model can
accurately predict the strategy evolution trajectory under different parameter conditions, providing a quantitative
analysis tool for the decision-making of agricultural marketing subjects. The stability of the marketing cooperative
relationship depends on the fairness of the revenue distribution mechanism and the effectiveness of the default
penalty mechanism, and only under the reasonable institutional framework can the agricultural marketing subjects
realize the long-term stable cooperative relationship.
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