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China’s soybean price fluctuates due to the current economic and trade frictions between China and the United States. Brazil and
the United States are regarded as two oligarchs in China’s soybean import market. A dynamic price game model is established, and
price elasticity parameters are estimated by using statistical data and Rotterdam model. The stability of Nash equilibrium point is
discussed through bifurcation diagram, maximum Lyapunov exponent, evolutionary trajectory, and time series diagram. The
influence of price adjustment speed on equilibrium price is analyzed. The numerical simulation of price adjustment speed is
carried out, which is compared with the actual situation of imported soybean price before and after the trade friction. The results
show that the model constructed in this paper can reflect the changing trend of price and demand and predict the short-term
import soybean prices of Brazil and the United States. The forecast accuracy of price fluctuation is high. The results provide model
and theoretical reference for price game under trade disputes and provide methodological reference for forecasting the price of

imported goods.

1. Introduction

Soybean is an important food crop in China. With the rapid
development of economy and society, China’s demand for
soybeans is increasing year by year. Due to the limitation of
domestic planting area and huge demand for soybeans,
China’s soybean production is far from self-sufficient, and
imported soybeans have become the main source of demand
for soybeans in China. Today, China is the world’s largest
soybean importer, accounting for 62.6% of global soybean
exports. Brazil, the United States, and Argentina are the
main sources of China’s soybean imports, accounting for
more than 95% of China’s total soybean imports. Brazil and
the United States account for more than 70% of China’s
soybean imports, and in recent years, their share has even
exceeded 80%. Brazil and the United States become the two
oligarchy source countries of China’s soybean import
market.

Since July 6, 2018, China has imposed a 25% tarift on US
soybeans. China’s demand for US soybeans has declined,
and as a buyer of soybeans, China has turned its attention to
other countries. However, some Brazilian soybean farmers
raised their prices by as much as 8% in a month. Argentina
suffered from drought and soybean production plummeted.
China’s soybean production is insufficient, and the huge
demand for soybeans for domestic life and production
makes the price of imported soybeans fluctuate. Therefore, it
is of great practical significance to study and compare the
changes of soybean price before and after the trade friction.

The application of game theory and complexity theory to
product market has always been a hot topic for international
scholars. A lot of research is to analyze the complexity of
market hypothesis as oligopoly market. Limited rationality
and incomplete information are embodied in parameters
that cannot be fixed in the model. Once the parameters of
describing the economic system change across the linear
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stable region, they may change qualitatively, resulting in
seemingly complex multiperiodic and nonperiodic motions.
In the aspect of complexity analysis of oligopoly model,
Agiza et al. [1-4] studied the dynamic behavior of the limited
rational yield adjustment model and found stable period,
quasi-periodic bifurcation, and chaos phenomena. Con-
sidering the influence of incomplete information, bounded
rationality, and other factors on enterprises, they give the
equilibrium output solution of the dynamic model. Bischi
and Lamantia [5] proposed a Cournot duopoly monopoly
game. Considering the interdependence between enterprises
under given demand function, cost reduction simulation
technology spillover is introduced.

In order to study whether oligarchy types affect Nash
equilibrium, Tramontana [6] studied the duopoly competition
of bounded rationality and naive type. On the premise of equal
elastic demand function, they analyzed the evolution of
Neimark-Sacker bifurcation and Flip bifurcation to chaos,
respectively, and proved that the type of oligarch did not affect
Nash equilibrium, but affected its stability, as well as the chaotic
state entered after instability. Bonatti et al. [7] considered that,
in a signaling oligopoly, market prices are impacted by un-
observable demand. In a long enough time range, the game
converges to the static result of complete information.

For the Cournot or duopoly models, Nagurney and Wolf
[8] developed a game theory model of a service-oriented
Internet in which profit-maximizing service providers
provide substitutable services and compete with the quan-
tities of services in a Cournot-Nash manner. Matouk et al.
[9] established a nonlinear Quadropoly game based on
Cournot model with fully heterogeneous players. Wang et al.
[10] developed an integrated duopoly model for co-
ordinating R&D, product positioning, and pricing strategy.
Taking the product substitutability into account, Nie [11]
considered the horizontal mergers under Cournot with
Bertrand competition. Saglam [12] provided a welfare
ranking for the equilibria of the supply function and
quantity competitions in a differentiated product duopoly
with demand uncertainty. A dynamic Cournot game
characterized by players with bounded rationality is mod-
eled by two nonlinear difference equations in [13]. Wang
and Ma [14] considered a Cournot-Bertrand mixed duopoly
model with different expectations, where the market has
linear demand and the firms have fixed marginal cost
functions. In this article, we will apply a Cournot model to
the trade friction problem, study the nature of the model
through modeling and dynamics analysis, and explain the
trade friction phenomenon.

For game model and dynamics analysis, a lot of work has
been done in research of the supply chains. Guo and Ma [15]
applied the theory of nonlinear dynamic system to the co-
operative advertising model in supply chain, modeled the
decision-making mechanism of enterprises as a dynamic
adjustment process, and analyzed the influence of key pa-
rameters on the stability of forward Nash equilibrium. Apart
from bounded rationality, oligarchy types are characterized
by diversification. Ma and Wang [16] discussed a dual-
channel supply chain composed of one manufacturer and one
retailer. For more research about supply chains, see [17-21].
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For the study of dynamic games, evolutionary games are
also very popular. Li et al. [22] presented a model of
changing the intensity of interaction based on the individual
behavior to study the iterated prisoner’s dilemma game in
social networks. In [23], results illuminated the conditions
under which the steady coexistence of competing strategies
is possible. These findings revealed that the evolutionary fate
of the coexisting strategies can be calculated analytically and
provided novel hints for the resolution of cooperative di-
lemmas in a competitive context. For more research about
evolutionary game theory, see [24, 25].

For the research about the application of game theory in
economics and management, see [26-31]. Ma and Guo [26]
considered dynamic game with estimation and two-stage
consideration. The results have an important theoretical and
practical significance to the game models with two-stage
consideration. Ma and Wu [27] applied heterogeneous
Triopoly game with multiproduct to related markets. In [28],
macroeconomic model with time delays is discussed. Re-
cently, in [29], Ma et al. established a cold chain dynamic
game model including a milk manufacturer and two
downstream oligopoly supermarkets under the wholesale
price contract in the real world. Mu et al. [30] proposed a real
estate game model with nonlinear demand function. And an
analysis of the game’s local stability was carried out. It was
shown that the stability of Nash equilibrium point is lost
through period-doubling bifurcation as some parameters are
varied. The authors discussed a nonlinear four oligopolies
price game with heterogeneous players using two different
special demand costs in [31]. Based on the theory of complex
discrete dynamical system, the stability and the existing
equilibrium point are investigated.

However, these models focus on abstract and parameter
discussion, but not on the reality of models. In this paper, we
will not only model and perform dynamic analysis but also
estimate the parameters in the model through statistical and
quantitative methods. Furthermore, we will try to predict
future prices by the game model.

On the methods of calculation and analysis, Wang et al.
[32] took needs as the starting point, used the trade-off model
between accuracy and information quantity as the optimi-
zation criterion to construct the confidence interval, derived
the theoretical formula of the optimal confidence interval, and
proposed a practical and efficient algorithm based on entropy
theory and complexity theory. The accurate positioning of
market oligarchs directly affects the accuracy and practical
value of stability analysis of game models.

On the game model of agricultural products, with the
innovation of industrial model, based on evolutionary game
theory, Su et al. [33, 34] established the income matrix and
replication dynamic equation of the tripartite game and
discussed and analyzed the effectiveness, stability, and key
factors of the new industrial model of agricultural super-
market docking. They used multivariate test to identify the
nonlinearity, fractal, and chaos of the data. It is found that
there is some confusion in the wholesale price data of ag-
ricultural products in China.

At present, there are few studies on dynamic analysis of
agricultural product price game model by Chinese scholars.
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In this paper, the soybean import market in China is as-
sumed to be a duopoly market, and a bounded rational
duopoly dynamic price game model is established. Using
game theory and chaotic dynamics theory, the import price
of soybean from Brazil and the United States was analyzed
dynamically.

This paper studies the stability of equilibrium point,
discusses the impact of price adjustment speed of oligarchy
countries on the stable region, simulates the price evolution
law by using data statistics, and predicts the future soybean
import price and its trend. The innovation of this paper is to
use Rotterdam model and statistical data to estimate the
actual elasticity coeflicient and specific price adjustment
speed value, to realize the abstract dynamic model, and to get
the actual equilibrium price. It provides theoretical basis and
price forecasting methods for predicting the trend of soy-
bean import price under trade disputes and formulating
soybean import strategy [33-39].

2. Price Game Model

China’s soybean imports mainly come from the United
States, Brazil, and Argentina, the three largest soybean
producers in the world. According to the statistics of
soybean imports from China’s Customs and the Ministry
of Agriculture and Rural Areas, Table 1 lists the proportion
of soybean imports from the United States and Brazil in
China from 2006 to 2017. Since 2011, soybeans from the
United States and Brazil have accounted for more than
80% of the country’s soybean imports. In this section,
Brazil and the United States are regarded as the two oli-
garchs in China’s soybean import market. Based on du-
opoly game model, a dynamically adjusted duopoly game
model is established.

2.1. Model Assumptions. In order to get a reasonable con-
clusion, this paper simplifies the complex game process and
makes the following assumptions in line with the laws of
economy and trade.

Hypothesis 1. Brazil and the United States as two oligarchs
for China’s soybean imports, in order to make a more in-
tuitive dynamic analysis of the game model, it is assumed
that the imported soybeans from Brazil and the United
States are of the same kind, and the price of soybeans is the
average import price after paying taxes.

Hypothesis 2. According to the statistics of Wind Financial
Terminal, the import costs of soybeans from South America
and the United States are mainly inland freight, sea freight,
port miscellaneous and insurance costs. In a year, sometimes
the cost will be very close, and sometimes there will be a 100
yuan/ton gap, accounting for about 2.5% of the import price
per ton. Therefore, this paper ignores the difference of arrival
cost between Brazilian and American soybean imports.
Assuming that the import costs of Brazilian and American
soybeans are the same, the symbol w is used.

TaBLE 1: China’s share of soybean imports from Brazil and the
United States in 2006-2017.

Time Brazil (%) America (%) The sum (%)
2006 41.19 34.95 76.14
2007 34.34 37.75 72.09
2008 31.13 41.22 72.35
2009 37.59 51.25 88.84
2010 33.93 43.06 76.99
2011 39.18 42.47 81.65
2012 40.92 44.48 85.4
2013 50.17 35.12 85.29
2014 44.82 42.06 86.88
2015 49.09 34.76 83.85
2016 45.68 40.42 86.1
2017 54.41 34.19 88.6

Hypothesis 3. Under the bounded rationality, the game of
soybean sales between the two countries is set as a duopoly
game model. The two sides of the game take price adjust-
ment as a game strategy to maximize their own interests.
They make decisions independently at discrete periodic
points £ =0,1,2....

Hypothesis 4. Assume that the demand function g; (i = 1, 2)
is

gy =a; —bypy +cipy

(1)
g, =a, —byp, + 3Py

where p, indicates the price of soybeans imported from
Brazil by China, p, indicates the price of soybeans im-
ported from the United States, g, indicates China’s de-
mand for Brazilian soybeans, g, indicates China’s demand
for American soybeans, a; indicates China’s demand
preference for Brazilian soybeans, and a, indicates
China’s demand preference for American soybeans. —b,
shows the effect of the rising price of imported Brazilian
soybean on the demand of imported Brazilian soybean in
China. It is the marginal demand of imported Brazilian
soybean. —b, shows the effect of the rising price of im-
ported American soybean on the demand of imported
American soybean in China. It is the marginal demand of
imported American soybean. The symbol ¢, is used to
represent the impact of the rising price of imported US
soybeans on China’s demand for imported Brazilian
soybeans, ¢, is used to indicate the impact of the rising
price of imported Brazilian soybeans on China’s demand
for imported US soybeans.

Hypothesis 5. As the number of soybeans imported by
China from Brazil and the United States is increasing year by
year, before the trade friction, China had a positive demand
preference for soybeans imported from Brazil and the
United States. After the outbreak of the trade friction,
China’s demand preference for imported soybeans from
Brazil remained positive, while other countries except Brazil
could not fill the gap of imported soybeans from the United
States in the short term. Therefore, in the short run, China



still has a positive demand preference for imported soybeans
from the United States. So we assume a, >0, a, >0.

Hypothesis 6. In the commodity market, people’s demand
for a certain commodity is affected by the commodity’s own
price and the price of similar substitutes. The rise of the
product’s own price will lead to the decrease in the demand
for the product, and the rise of the price of similar substitutes
will increase people’s consumption of the commodity. So we
assume b; >0,b,>0,¢;>0,¢,>0.

Hypothesis 7. Assuming that the participants in the com-
petition are bounded rationality, the two oligarchs con-
stantly adjust their price strategies to carry out long-term
repeated dynamic game. Suppose that the decision-making
of the t + 1 period is adjusted on the basis of the marginal
income of the t period and the repeated game model which
satisfies the dynamic adjustment [13]. Suppose that the price
of oligopoly i(i = 1,2) in t + 1 is

o, (t)
op; ()

g; >0 denotes the rate of price adjustment of manufacturer
i(i=1,2).

pi(t+1)=p;(t)+g; x p; () x (2)

2.2. Dynamic Adjustment of the Repeated Game Model.
Under the assumption in the previous section, the profit
function 7; (i = 1,2) of two soybean manufacturers can be
expressed as follows:

m =g, (py —w) = (a; =bypy +¢1p,) (P — w),

(3)
My =g, (py —w) = (@, —bypy +c3p1) (pr — w).
Marginal profit is
o
8—pl =a, —2b,p, +¢,p, +bw,
1
5 (4)
jis
a—pz =a, —2b,p, +c,p, +byw.
2

If the marginal profit is equal to 0, the Cournot-Nash
equilibrium price is

by = a,b, —ayby +2b,byp, + b2C1P2’
b, (2b, +¢,)
(5)
Py = —2a,b; —a,c, +4b,b,p, — Clczpz_
b, (2b, +¢,)

By introducing (3) into (2), the dynamic model of two
oligopoly games is obtained:

pi(t+1)=p, () + g, x p, (t) xa, —2b,p, (t) + ¢, p, (t) + byw,
Py (t+1) = py () + gy x py (1) x (ay = 2b,p, (£) + ¢, p; (1) + byw).
(6)

It can be seen from (6) that oligarchs will adjust their
decision-making according to the current marginal profits in
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order to pursue profits. If margins are positive, they will raise
prices in the next period and, vice versa, lower prices.

2.3. Parameter Estimation. In this section, based on the
actual data obtained, the parameters in model (6) will be
estimated by statistical methods, and more practical concrete
model will be obtained. Since only the annual soybean
demand samples from 2006 to 2017 can be obtained at
present, this paper uses Rotterdam model suitable for small
sample data to study China’s soybean import demand. In
order to make the study more accurate, the United States,
Brazil, and Argentina, which account for more than 95% of
total imports, are brought into the Rotterdam model.

2.3.1. Rotterdam Model. The Rotterdam model was first
proposed by Barten (1964) and Theil [35]. This model can
reasonably estimate the expenditure elasticity and price
elasticity of demand under the condition of unsatisfactory
sample size. It is widely used in the research of agricultural
import demand. The form of this model is as follows:

wdlogg, =1, + a;dlogQ+ Y Bidlogp;, (7)

ij=1

for i, j = 1,2, 3, where w; represents the proportion of China’s
imports of soybeans from country i to the total imports of
soybeans, g; represents China’s soybean imports from coun-
tries 7, p; represents the import price of soybeans from country
i, dlogq; represents the incremental ratio of imported soy-
beans, d log p; represents the increase ratio of import prices, 7;
represents the change of consumption demand of imported
soybean caused by nonprice factors in the model, «; is the
Chinese marginal expenditure share on imported soybeans,
and f3;; represents the compensation price coefficient. When
the model is applied, w; is usually approximated to
(w;+w;_;)/2, dlog g; is usually approximated to (w;+w,_;)/2,
dlog p; is usually approximated to log (p;/p;_;), and dlog Q is
usually approximated to Y-, w;d logg;.

At the same time, the Rotterdam model needs to satisfy the
following restrictions: (1) adding-up Y o; = 1, YL, B, = 0;
(2) homogeneity 37, B;; = 0; (3) symmetry B;; = ;.

2.3.2. Model Fitting. 'This paper collects the statistical data of
China’s soybean import trade from 2006 to 2017, mainly
from China Customs, Ministry of Agriculture and Rural
Areas, and Wind Financial Terminal. Some data are con-
verted and sorted out. The integrated data are applied to this
study. In order to make the dynamic analysis image more
intuitive, the price dimension is selected as yuan/half ki-
logram. In the latter analysis, the price dimension will be
converted into yuan/kg.

Firstly, the relevant data collected are converted into
Rotterdam model by units, and «;, 3;; (i, j = 1,2, 3) is fitted;
then Slutsky price elasticity is used to derive price elasticity
and cross-price elasticity [36].

Slutsky price elasticity is the price elasticity after elimi-
nating the income effect, that is, the change of demand caused
by the change of commodity price and the change of real
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income. We can get self-price elasticity by #;; = 8;;/w; and get
cross-price elasticity by #;; = ;;/w;. Through model fitting,
the constant term r7;, the marginal expenditure share of
imported soybean «;, and the compensation price coefficient
Bi; can be obtained as shown in Table 2. The price elasticity
coefhicient is calculated from the proportion of imports w; and
the compensation price coefficient f;;. According to the
Cournot model, Table 3 lists the price elasticity calculated
from the parameters in Table 2. We remark that the data in
parentheses are the t-statistics of the corresponding param-
eter estimators; the symbols *, %%, and s represent the
levels of significance at 10%, 5%, and 1%, respectively.

As can be seen from Table 3, the self-price elasticity
coeflicients of soybeans in Argentina, Brazil, and the United
States are -3.2, —1.5, and -1.6, respectively. The price
elasticities are negative, the cross-price elasticities between
the main source countries are greater than 0, and the de-
mand variations caused by nonprice factors described by the
constant term are also greater than 0. They are in line with
the actual economic significance.

Letting —b, = -1.5, -b, = -1.6, ¢; = 1, and ¢, = 1.2, the
import quantities of soybeans from Brazil and the United States
are weighted and the import demand parameters of Brazil and
the United States are obtained as a, =2.3 and a, = 2.1.
According to the statistics, the cost w after unit conversion
fluctuates is approximately equal to 0.26. Therefore, we get a
concrete duopoly dynamic game model of soybean price:

prE+1) = p (1) + gy x py (£) x(2.69 =3p, () + p, (1)),
Pa(t+1) = py(£) + gy X pp (1) X (2.516 = 3.2p, (¢) + 1.2p; (1))
(8)

3. Equilibrium Point and Stability
Analysis of Model

In this section, by solving the equilibrium points of system (6),
the stability of each equilibrium point is analyzed, and the
condition that Nash equilibrium points satisty the local stability
is obtained. The stability of the equilibrium point is further
verified by the estimated values of the economic parameters in
this section, which provides a reference range of g; (i = 1, 2) for
the dynamic analysis of the game model in the future.
When p;(t+1) = p;(t)(i = 1,2), the four equilibrium
points of the discrete system (6) are obtained as follows:

E,(0,0),

E, 0)a2+b2w )
2b,

a, +bw )
E ,0 ),
3( 2b,
E b, (2a; + c;w + 2bjw) + ayc; 2by (bw + a,) + ¢, (hw + a,)
* 4b,b, —c;c, ’ 4b,b, —c;c, '

(9)

According to a, >0, a,>0, b, >0, b,>0, ¢, >0, ¢, >0,
and w > 0, these four equilibrium points are all nonnegative

5
TaBLE 2: Estimation results of model parameters.
Country r; o; ) ﬁij . )
Argentina  Brazil = America
Argentina 0.06 0.30" -0.49 0.31** 0.19
8 (2.81)  (0.435) (-0.011) (2.98) 1.2)
Brazil 0.35"**  0.44*** -0.61*  0.38""
(4.40)  (4.40) (-1.10)  (3.82)
America 0.74**  0.26"** —0.64*"*
(5.43) (5.43) (-5.07)

TaBLE 3: The price elasticity of China’s demand for imported
soybeans from different countries.

Price elasticity

Country . R .
Argentina Brazil America
Argentina -3.2 2.0 1.21
Brazil 0.7 -1.5 1.0
America 0.5 1.2 -1.6

equilibrium solutions, and E,,E,, and E; are bounded
equilibrium points and E, is a Nash equilibrium point. Next,
we study the local stability of these four points.

Theorem 1. The bounded equilibrium points E,, E,, and E,
are unstable points.

Proof. As we all know, (6) can be regarded as a dynamic
system, and its Jacobian matrix is

op,(t+1) op,(t+1)

op, (t)  9p,(t)
i , (10)
ap, (t+1) ap,(t+1)
ap, (t)  9p,(t)
where
([ 0p, (t+1)
I;IIHW =1+g,(a, =2b,p, +c,p, +bjw) - 2b,g,p,,
op, (t+1)
%: 91P1¢1»
op, (t+1)
W_ 92P262>
op, (t+1)
% =1+ g,(ay —2b,p; + ¢, py +byw) = 26,9, p,.
(11)
At equilibrium point E, (0,0), the Jacobian matrix is
1 b 0
[t R
0 1+ g,(a, +bw)



Two eigenvalues are A, =1+ g,(a, +byw) and A, = 1+
g, (a, + byw). Since a;>0, b;>0(i =1,2), A, >1,1,>1. So
E, is unstable.

At equilibrium point E, (0, (a, + b,w/2b,)), the Jacobian
matrix is

1+ g1<a1 + clw+ blw) 0
7= 2b,
)= .
¢, (a, + byw
g T ) 2(2219 21) 1-g,(a, + byw)
2
(13)

Two eigenvalues are A, =1 - g, (a, + b,w) and A, = 1 +
g1 (ay + ¢, (a, + byw/2b,) + byw). The feature vectors are
y, = (0,1) and

B (bzgl (2a, +2byw + c,w) + byg, (2a, + 2b,w) + a2c1g1>
v €92 (a2 + bzw) .
(14)

When g, < (2/a, + b,w), E, is a saddle point and is stable
along the tangent of y,. When g,> (2/a, + b,w), E, is
unstable. Since E, and E; have symmetrical structure, E; is
also an unstable point. So E,, E,, and E, are unstable. This is
the end of the proof.

Remark 1. (the economic parameters obtained in Section
24). a, =23,a,=21, by =15b,=16, ¢, =1, ¢, = 1.2,
and w = 0.26 are put into the proof of theorem 1. Then we
obtained the three marginal equilibrium points E, (0,0),
E, (0, (629/800)), and E;((269/300),0), respectively. The
value of the three equilibrium points represents the corre-
sponding value of the price of imported soybeans from the
United States and Brazil in the context of the trade friction at
that time.

Remark 2. The point E, (0,0) means that the price of im-
ported soybeans from the United States and Brazil is 0,
which means that there are no Brazilian and American
soybeans sold in the commodity market, and China does not
import soybeans from Brazil and the United States. If China

a, (1 - ¢,) +¢,¢,(2a; + 2b,w) — 2b,b, (4a, + c,w + 4byw) — b c,w
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were not importing soybeans from Brazil and the United
States, there would be no imported soybeans from either
country in circulation, and the equilibrium of zero prices
would remain. However, the reality is that China still im-
ports soybeans from Brazil and the United States from the
past to the trade friction, so this balance does not exist in the
reality.

Remark 3. The points E, (0, (629/800)) and E; ((269/300), 0)
mean that the price of at least one imported soybean from the
United States and Brazil is 0. Moreover, if the soybean price of
either party becomes 0, it will cause a rapid and substantial
increase in the demand of the corresponding party, and the
equilibrium will be broken quickly in a very short time, which
is extremely unstable. According to the expression form
before substituting into the parameter value, no matter what
the value of price elasticity coeflicient and price adjustment
speed is, the equilibrium is unstable and cannot exist for a
long time. From this point of view, the three equilibrium
points E,, E,, and E; obtained by solving the discrete system
(8) will not happen in the real economic situation. Even if it
happens in a very small probability, the equilibrium will be
spontaneously broken in a very short time under the action of
the market. In such cases, there is no need for policy in-
tervention to move towards generalization.
Next, we study the stability of point

E b, (2a; + cyw + 2bjw) + ay¢; 2by (bw +a,) + ¢, (bw + a))
4 4b,b, —c;c, ’ 4b,b, - ¢,c, '
(15)

Theorem 2. If g,, g, satisfy
L+ jy+ja+ jija— J2j3s>0,
L—ji—Jja+jija—J2j3>0, (16)
|j1j4 - j2j3| <1,

then E, is stable, where

)
2 +g1< 4b,b, — ¢,c,

+b1w),

2b,b, (2a, + cyw + 2byw) — ¢;¢, (a; + byw) + ¢, (byw + a,) + 2a,b,c,

J2 =916 2b, (4b,b, - ¢;c,)

2b, (byw + a,) + ¢, (byw + a;)

J3 = 926 4b1b2 -6,

>

1y <2b1b2 (6a, — 4b,w + 2c,w + 2a;¢, + ¢,6,w) — ¢,¢, (ay + a; + byw) > (4a,b, + 3bjw + a;) — 2a,b; ¢,
Ja= 92

4b,b, — ¢;c,

+ b2w>.

(17)

4b,b, — ¢,c,
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Proof. The Jacobian matrix of E, is
Ji I
J4 =[ . ] (18)
J3 Ja
The characteristic equation is

f)=A-AL+BL=0, (19)
where

A=tr(Jy) = ji + jo
B =det(J4) = jijs = joJs

tr(]4)2 —4det(J,) = (ji + j4)2 = 4(j1js = J2j3)

=(j1 - j4)2 +4j2]3

S RAURIOR o)
F, =2g,9,¢,¢,FF15

F, = b, (4b,b, - ¢,c,)’,

F,, =2bb, (2a, + c;w + 2bjw) + 2a,b,¢,
+o(bw+a)(1-¢),

Fi, =2b, (byw + a,) + ¢, (byw + ay).

Since the values of parameters in economics are greater
than 0, we can obtain tr (]4)2 —4det(],) = 0. Thus, the Nash
equilibrium point E, has real eigenvalues.

According to Jury condition [37], if E, is stable, it is
necessary to satisfy

1+tr(J,) +det(J,) >0,
1—tr(J,) +det(J,)>0, (21)

|det(7,)] < 1.

When
Lt jy+ jat jija—jajs>0s
L= jy=ja+jija=Jj2j3>0s (22)
|jvis = j2ds| < 1,
hold, E, is locally stable. By solving the inequality, the range
of each parameter is obtained as follows:
a,>1.17,
a,>0.35,
b, >1.22,
b, >0.25, (23)
¢, >0.7,
¢, >0.29,

w>0.1.
This completes the proof. O

We introduce the economic parameters a, = 2.3,a, = 2.1,
b, = 1.5,b, = 1.6, and ¢; = 1 to the proofs of Theorem 2. Then
equilibrium point E, ((927/700), (898/700)) is obtained. For
E,, all the values of a,,a,,b,,b,, ¢, c, are within the range of
(23). By using the values of estimated parameters, we can
compute and get the Jacobian matrix:

1 - 5.249g,
1 1.5394g,

1.3243g,

. (24)
1+11.5186g,

The characteristic equation is f (1) = M- AL+BA=0,
where

A=tr(J,) =2-5249g, + 11.51869,,

25
B =det(J,) =1+ 11.5186g, — 5.249g, — 62.59,9,. (25)

Since  tr(J,)* - 4det(J,) = (5.249g, + 11.5186g,)* +
8.15451g,9,, 9,20, g,20, and tr(J,)* - 4det(J,) =0, we
can attain that E,((927/700), (898/700)) has real
eigenvalues.

According to the Jury condition,

4-10.498g, + 23.0372g, — 62.5¢,9, >0,
11.5186g, — 5.249g, — 62.5g, 4, <0, (26)
11.5186g, — 5.249g, — 62.5g,9, > —2,

hold. The inequalities define the stable region of Nash
equilibrium.

Remark 4. In the proof of Theorem 2, we calculate the stable
level of E, under the condition of the value range of g, and
g,» that is, the analysis of local stability of E,. That means
that when the speed of price adjustment is controlled within
a certain range, the price of imported American soybeans
and Brazilian soybeans reaches the Nash equilibrium in the
competition of product market. There is no fluctuation and
the price of soybean market is stable. And when g, and g, go
beyond a certain range, E, is no longer Nash equilibrium.
Both prices adjust too fast, leading to a certain degree of
fluctuations in the price of imported American soybeans and
Brazilian soybeans. The equilibrium reached in the com-
petition between the two will be broken, and the market
price fluctuates, which is likely to have a certain impact on
consumers’ life and the healthy development of the product
market. As for the reality, after the start of the trade friction,
the imposition of high soybean tariffs will lead to the rapid
rise of the price of imported soybeans in the United States,
which will accelerate the speed of price adjustment in the
model to some extent, and thus affect the equilibrium of
soybean market.

In order to maintain the smooth operation of Chinese
soybean market, China must take corresponding policies
and measures according to the situation. When the speed of
price adjustment increases slightly and the threat to soybean
market equilibrium is relatively small, China should accel-
erate agricultural supply-side structural reform, appropri-
ately increase soybean planting subsidies, encourage
soybean planting, and increase research and development
input. In this way, we can improve the quality and quantity



of domestic soybeans in the future, reduce Chinese con-
tinuous dependence on imported soybeans, and increase
domestic soybean supply. At the same time, we should
increase the investment in soybean planting abroad, so as to
effectively improve the enthusiasm of soybean planting in
other countries, diversify the import market, and optimize
the import choice. When the speed of price adjustment is
greatly accelerated, which is a great threat to soybean market
equilibrium, China can quickly turn the import channels to
South America and southeast Asian countries in a short time
and, at the same time, reduce the soybean import tariffs to
these countries in the short term to make up for the US
soybean import source gap. It is also possible to seek sub-
stitutes with similar nutrition and taste to soy products,
reduce the price of substitutes, strengthen media publicity
and popularization of nutrition knowledge, and stimulate
people’s enthusiasm for the consumption of substitutes.

4. Simulation Analysis

How does one know whether the equilibrium is affected
according to the change of price adjustment speed, so as to
know what kind of measures should be taken? Next, we will
conduct simulation analysis on the speed of price adjust-
ment and price change to make a more intuitive analysis.

In this section, the numerical dynamic evolution sim-
ulation of model (8) is carried out to observe the law of price
evolution. The estimated values a,,a,,b,,b,,¢;,c, will re-
main relatively stable for a short time in the future.
Therefore, after the trade friction, China’s tax increase on
imported soybeans from the United States is reflected in the
rapid rise in the customs value of imported soybeans at a
certain stage. Then the price fluctuates near the high level
after rising, which is mainly reflected in the change of price
adjustment speed g in model (8). In this section, we study
the effect of the change of the rate of price adjustment g on
the equilibrium price.

4.1. The Effect of Price Adjustment Speed on Equilibrium Price.
From (2), we can reduce that

-1
:pi(t+1)—pi(t)( on; > . (27)

9i [X0 ap; (1)

According to the relevant data of imported Brazilian and
American soybeans from 2006 to 2017 provided by Wind
Financial Terminal, the price adjustment speeds of imported
soybeans g; (i = 1,2) from Brazil and the United States are
calculated on the basis of (27). The values of p; (i = 1,2) are
taken as the average monthly prices of each year. The
corresponding economic parameters obtained by Rotterdam
model are introduced into (97;/0p; (t)) (i = 1,2). According
to the analysis based on accurate monthly data statistics,
before the trade friction began, the adjustment speeds of
imported soybean prices g,,g, of Brazil and the United
States changed slowly, fluctuating around 0.03 in the stable
stage. Therefore, in this section, 0.03 is selected as the control
value of speed adjustment.

Complexity

Fixing the adjustment speed of imported US soybean price
g,> we can observe the changes of imported soybean prices of
the two countries with the adjustment speed of imported
Brazilian soybean price g,. Assuming that the adjustment
speed of imported US soybean price is g, = 0.03, with the
change of the rate of price adjustment of imported Brazilian
soybeans, the trajectories of p, and p, are shown in Figure 1.

Fixing the adjustment speed of imported Brazilian
soybean price g,, we can observe the changes of imported
soybean prices of the two countries with the adjustment
speed of imported American soybean price g,. Assuming
that the adjustment speed of imported Brazilian soybean
price is g, = 0.03, with the change of the US import soybean
price adjustment speed g,, the tracks of p; and p, are shown
in Figure 2.

As can be seen from Figures 1 and 2, with the increase of
the speed of price adjustment g; (i = 1,2), soybean prices
remain stable at the beginning, and oligarchs’ profits are
maximized. Neither side can make more profits by changing
prices to reach Nash equilibrium (p,, p,) = (1.324,1.283).
However, too fast speed of price adjustment will break the
state of stable equilibrium, and the system will enter the
counter-periodic bifurcation. Faster price adjustment even
leads to chaos in the system, resulting in disorder in the
imported soybean market. Figure 3 shows the maximum
Lyapunov exponents with p, and p, changing, respectively.

In the max Lyapunov exponent graph, when the max
Lyapunov exponent equals 0, the system bifurcates, and
when the max Lyapunov exponent is greater than 0, the
system enters chaos. The bifurcation and chaos in Figures 1
and 2 coincide with the change of largest Lyapunov expo-
nent in Figure 3; that is, the system goes from stable state to
double bifurcation and finally goes to chaos.

In both cases, there is little difference in the point of
bifurcation between the two oligarchs. But when the price
adjustment speed of imported soybeans from the United
States is fixed and the price adjustment speed of imported
soybeans from Brazil is gradually changing, the bifurcation
range of equilibrium price of imported soybeans from the
US increases and the range of chaotic price enlarges. Sim-
ilarly, when the price adjustment speed of Brazilian soybean
imports is fixed and the price adjustment speed of American
soybean imports gradually changes, the equilibrium price
bifurcation of Brazil soybean imports increases and the
range of chaotic price enlarges. It can be seen that when one
oligarch country’s price adjustment speed is fixed and the
other party’s price adjustment speed is changed, the price of
the fixed party will fluctuate greatly, while the changing party
will be less affected.

4.2. Time Series Evolution Analysis of Price. 'The time series of
game price reflects the change of equilibrium price over
time. When g; = 0.03 and g, = 0.03, the system is in a stable
state, at which time the stable Nash equilibrium price evolves
over time as shown in Figure 4.

At this point, the evolutionary orbit of (p,, p,) con-
verges to a fixed point, which is the Nash equilibrium price
obtained previously, as shown in Figure 5.
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From the time point of data collected, it is found that
after China imposed tariffs on US soybeans, the price of US
imported soybeans increased significantly in a short period
of time, while the price of Brazilian imported soybeans
changed slightly. According to (27), g, = 0.03 and g, = 0.54.
The maximum Lyapunov index changes from less than 0 to
equal 0 and then to less than 0. The system goes from stable
state to bifurcation state. Time series graphs of game price
p; (i =1,2) under the current price adjustment speed are
drawn in Figure 6.

At this time, there are two price trends in both countries.
At this point, the evolution trajectory of the bounded ra-
tional duopoly game is shown in Figure 7. The change
trajectories finally converge to two points (1.294, 1.486) and
(1.306,0.9361). It is confirmed that the system of Figure 2
has entered the double bifurcation state.
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From the analysis in this section, when the price ad-
justment speeds of both players are controlled at a low level,
the equilibrium price will remain stable in the region over
time without interference from other external factors. If the
speed of price adjustment is accelerated and beyond the
stable region, the price of imported soybean will fluctuate
greatly with the cycle, and the equilibrium price will change
accordingly. Before the trade friction, the tariff preferential
policy was implemented, and the change of soybean import
price in the two oligarchs tended to be smooth. The
emergence of tarift increases has led to rapid price changes,
accelerated price adjustment, and consequently changed
equilibrium prices, which confirms the above conclusions.

5. Conclusion and Discussion

Based on the classical game model, this paper constructs the
bounded rational duopoly game models of the United States
and Brazil. The demand elasticity is solved by Rotterdam
model, and the elastic parameters in the game model are
obtained. Then the elastic parameters are put into the model,
the theorems are obtained and verified, and the corre-
sponding economic analysis and policy recommendations
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are made. Through the simulation, we made some intuitive
explanations about the meaning of economics. In this sec-
tion, the model is used to predict the future soybean price.

5.1. Price Forecast. The above analysis shows that the price
adjustment speed is an important parameter in the model
(8). Estimating the price adjustment speed from the sta-
tistical data can predict the future soybean price.

From Figure 7, we can see that the equilibrium price
tends to two points after the price adjustment speed changes,
(p1> p2) = (1.294,1.486) and (1.306,0.9361). In reality, the
price of imported soybeans in the United States has risen.
Obviously (p,, p,) = (1.306,0.9361) is not in line with the
actual situation. So we only discuss the case that
(p1> p2) = (1.294,1.486).

At the point (1.294,1.486), the price of imported soy-
beans from Brazil dropped slightly by 2.26%, while the price
of imported soybeans from the United States rose by 15.82%.
Before the trade friction, China imposed tariff preferential
policies on Brazil and the United States, and only 3% tariff
was levied on imported soybeans. As the two oligarchs in
China’s soybean import market, Brazil and the United States
have constantly adjusted their price strategies to maximize
profits, but the fluctuation of prices has slowed down. From
the end 0f 2017 to the beginning of 2018, the average customs
value of imported soybeans in Brazil and the United States
remained 3.4yuan/kg and 3.2yuan/kg, respectively. Re-
ferring to Wind Financial Terminal data, through (26) data
statistics, it is concluded that the price adjustment speed in
this stage is g, = 0.03 and g, = 0.03. They are brought into
the model (8) and the equilibrium prices of the model are
2.648 yuan/kg and 2.566 yuan/kg (dimensional conversion
has been overdone), respectively. Both prices are slightly
lower than the real price.

The China-US trade friction broke out in April 2018. As
of June 2018, the customs value of imported soybeans from
the United States rose rapidly to an average of 13.72 yuan per
kilogram in a short period of time, while that of imported
soybeans from Brazil dropped to an average of 3.28 yuan per
kilogram. Referring to the detailed data statistics, we can get
the price adjustment speed g, = 0.03 and g, = 0.54 at this
time. In model (8), the equilibrium prices of Brazil and the
United States are 2.588 yuan/kg and 2.972 yuan/kg, re-
spectively, which are still slightly lower than the real prices.
The price prediction errors are shown in Table 4.

In addition, our model has good prediction accuracy for
price fluctuations. In reality, Brazil’s soybean import price
decreased by 3.5% while the US soybean import price in-
creased by 16.25%. In our model (8), the import price of
Brazil decreased by 2.26%. The import price of the United
States increased by 15.82%. The relative errors of model are
35.98% and 2.65%, respectively. The prediction for price
fluctuations is shown in Table 5.

5.2. Evaluation of the Model. In the actual import trade, the
change of soybean imports from Brazil and the United States
to any extent can be quantified by (26) the price adjustment
speed value and then brought into the model (8) to obtain
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TABLE 4: Price prediction errors.

gi g, =0.03, g, =0.03 g, =0.03, g, = 0.54
pi Model Real Relative error (%) Model Real Relative error (%)
Brazil 1.324 1.7 22.4 1.294 1.64 21.1
America 1.283 1.6 20 1.486 1.86 20.11
TaBLE 5: Prediction for price fluctuations. soybean growth cycle and the past soybean planting inertia
) Model (%) Real (%) Relative errors (%) F)f other countries, as well as the impact qf natural dlsa§ters
- in some countries this year, other countries cannot quickly
Brazil ~2.26 =3.33 35.98 meet the huge demand of soybean import in China in the
America 15.82 16.25 2.65

the game equilibrium price under this situation. From the
above analysis, we can see that the price obtained by the
model is about 20% lower than the real price, and the price
before and after the model is very close to the real price
before and after the rise and fall; the difference of the US
price is less than 3%. It can be seen that the model used to
simulate and predict the rise and fall of imported soybean
prices in Brazil and the United States in a short period of
time is ideal. When prices fluctuate dramatically, we can get
a more accurate range of price changes.

There may be two reasons for the underestimation of the
price predicted by the model. On the one hand, this paper
only collects and uses the annual data from 2006 to 2017. The
sample size is small, which results in the deviation of eco-
nomic parameter estimation, and then affects the prediction
of equilibrium price in the game model. On the other hand,
the import cost will fluctuate due to RMB exchange rate, sea
freight, weather, and other factors. In the future, the
transportation mode of the two countries may be improved,
and the cost will also change. Next, we can refer to the
relevant import literature, establish cost function, and sys-
tematically consider the factors affecting the cost. According
to the latest data, after the trade friction, Brazil and the
United States fluctuated smoothly on the basis of fluctuating
prices, further concretizing the model, and bringing the
latest large-scale sample data into the Rotterdam model to
obtain more economic parameters in line with the present
stage and in the future. It can not only predict the increase of
imported soybean price before and after the trade friction
but also make the model more accurate in predicting the
imported soybean price in the short time after the trade
friction.

China imposed a 25% tariff on soybeans from the United
States, which caused the import price of soybeans to rise
rapidly in a short period of time. The import price of
soybeans from the United States increased substantially but
had little impact on the import price of soybeans from Brazil.
This conclusion is the same as that obtained in Section 4.1. If
soybean importers want to maintain stable market demand,
they should take price reduction actions to maintain volatile
import demand and avoid large losses. Otherwise, China will
turn its demand for US soybeans to other countries.

The reason why the duopoly game model of Brazil and
the United States was used before and after the trade friction
is that after the outbreak of the trade friction, because of the

short term of six months to one year. In order to maintain
domestic supply stability, the United States is still a major
oligopolistic supplier except Brazil in the short term, and the
duopoly game model is still applicable to the United States
and Brazil in the short term.

5.3. Requirement Analysis. In demand forecasting, the
equilibrium prices corresponding to g; = 0.03 and g, = 0.03
are p; = 1.324 and p, = 1.283, and the equilibrium prices
corresponding to g; = 0.03and g, = 0.54 are p; = 1.294 and
p, = 1.486. The equilibrium price under the above two
conditions and the economic parameter values a, = 2.3,a, =
2.1,b, = 1.5,b, = 1.6,¢; = 1, and ¢, = 1.2 obtained by Rot-
terdam model above are brought into the demand function
(1). The comparative analysis shows that the demand for
imported Brazilian soybeans increases by 15.53%, while the
demand for imported American soybeans decreases by
22.05%. This means that China-US trade frictions have led to
a decrease in China’s demand for imported soybeans from
the United States and an increase in Brazil’s demand for
imported soybeans. According to the daily import data of
soybean collected by Wind Financial Terminal, since January
2018, there are a lot of incomplete data, which cannot get the
precise change range of import volume. However, we can
roughly compare the increase and decrease of soybean
imports in the postwar period of 2018 with the same period
in previous years. The demand for imported Brazilian
soybeans increased compared with the same period in
previous years, and the demand for imported American
soybeans decreased significantly compared with the same
period in previous years, which is consistent with the pre-
dicted trend of the demand model in this paper.

Demand will affect prices to a certain extent. In the
current state of high tension in Sino-US trade relations, a
substantial reduction in the import of US soybeans in the
short term will help China to take the initiative in the late
China-US trade negotiations. However, China has a large
demand for soybeans. In the short run, the demand for
soybeans from the United States will be transferred to other
countries, which will theoretically lead to the rise of im-
ported soybean prices from other countries. In Section 5.1,
the price change of Brazilian imported soybeans predicted
by the model is consistent with the actual trend of Brazilian
imported soybean price change, showing a downward trend.
The difference may be due to the decrease of China’s demand
for imported soybeans from the United States, which to a
certain extent leads to competition among soybean
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producers other than the United States. South America,
Southeast Asia, and other countries have lowered prices in
order to obtain opportunities to export to China.

5.4. Suggestions. From a long-term point of view, without
affecting domestic consumption demand and industrial
development, we need to take certain measures to reduce the
import scale substantially. As far as China is concerned,
there is great potential for soybean cultivation in China.
China should speed up the structural reform of agricultural
supply side, properly increase the subsidy for soybean
cultivation, encourage soybean cultivation, increase R&D
investment, improve the quality and quantity of domestic
soybean, reduce the dependence on imported soybean, and
increase domestic soybean supply. As far as China’s foreign
strategy is concerned, the economic and trade frictions
between China and the United States continue to increase
China’s imports of soybeans to South America and the
“along the way” countries and further reduce the de-
pendence on us soybeans. Since July 1, China has reduced
the tariff rates on soybean imports from 3% to zero in India,
Korea, Bangladesh, Laos, and Sri Lanka. Through the tarift
reduction and exemption policy, developing and tapping the
soybean planting potential of other countries in the world,
increasing investment in soybean planting abroad, im-
proving the enthusiasm of soybean planting in other
countries, realizing diversification of import market, and
optimizing import choice are very important for filling the
vacancy of imported soybean in the United States and
maintaining the stability of soybean market in China.
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