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Consumer’s valuation of merchandise is an important factor affecting consumer buying behavior. When the consumer’s valuation
exceeds the price of product, the consumer generally makes a decision to purchase the product; conversely, when the consumer’s
estimate is lower than the price of product, the consumer will usually refuse to buy the product. From the perspective of consumer
product valuation, this study assumed that the consumer’s product valuation obeys a uniform distribution, and a novel consumer
demand function was proposed. On this basis, we studied enterprises’ pricing decisions in the supply chain of green agricultural
products and obtained the equilibrium prices and optimal profits of the enterprises in several different scenarios, including
Vertical Nash game model (VNM), firm A Stackelberg game model (FASM), firm B Stackelberg game model (FBSM), and
cooperative game model (CM). In addition, the influence of parameters, such as green level, green preference payment coeflicient,
and green cost on the optimal profit, was discussed based on game theory and numerical simulation analysis. It was found that
equilibrium prices always existed in several different scenarios, and when consumer’s green preference payment coefficient was
large enough, the optimal profit of firm B was greater than the optimal profit of firm A. Furthermore, in CM, the sum of optimal
profit of firm A and optimal profit of firm B is maximum for four scenarios. Finally, in the three competitive scenarios, green level,
green preference payment coefficient, and green cost, have a positive or negative effect on the optimal profits of firm A or firm
B. The research conclusions of this study provided theoretical support for the decision-making of enterprises and related
management departments.

1. Introduction

In recent years, the ecosystems globally have been severely
affected by excessive human production activities [1]. The
environmental pressures for human existence are getting
worse. To reduce the current environmental pressure and
improve the global ecosystem, more and more scholars and
enterprises are paying attention to the green supply chain
management (GSCM) [2-6]. Because the consumer green
awareness was one of the main factors that have influenced
the research of researchers and practitioners on green supply
chain (GSC) [7], more and more countries and relevant
institutions are also trying various methods to raise the
consumer green awareness [8]. With the continuous im-
provement in consumer green awareness, the effect of

consumer green awareness on demand is becoming research
stream [9, 10]. Meanwhile, agriculture is the foundation of
national economic and social stability, and the basis of
human existence. With the increase in purchasing power
and green awareness, consumers will prefer to buy greener
agricultural produce as part of their daily diet. Green and
healthy agricultural produce is becoming the common ex-
pectation of all consumers around the world. Therefore,
considering consumer green awareness, the research on the
management of green agricultural products supply chain is
of great practical significance.

On the other hand, with the business motives of in-
creasing revenues, in order to increase the competitiveness
of the agricultural enterprises, agricultural plantation firms
are more interested in green production research and


mailto:ye_yonggang@163.com
https://orcid.org/0000-0002-2022-8083
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/7743647

practices. The following four issues have attracted the at-
tention of researchers and practitioners towards the green
agriculture supply chain management: (1) How environ-
mental awareness and level of green affect demand func-
tions? (2) Whether the enterprise has the motivation to
produce green agricultural products? (3) How the product is
priced? (4) What measures can the government take to
effectively promote green agriculture development?

In order to answer the abovementioned questions, in this
study, the researchers propose game models in GSC in-
cluding two farm produce plantation firms, their own direct-
operated retailers and consumers, and study the price co-
ordination and decision-making issues in the green supply
chain. The contribution of this study is shown in the con-
struction of a new nonlinear demand function with respect
to retail price and greening level from the perspective of
consumers merchandise valuation and applying it to the
coordinated analysis of green agriculture supply chain. This
study also aimed to provide suggestions for enterprises and
government decision-making departments.

The following content of this study is as follows. Section
2 is literature review. Section 3 is to build the models. Section
4 gives the equilibrium prices and the optimal profits under
different scenarios. Section 5 analyzes the results of Section
4. Section 6 provides the results of the numerical analysis.
Section 7 gives the conclusion and future research issues.

2. Literature Review

This study is related to the GSC coordinate research, in-
cluding substitutable products and green preference con-
sumers. Next, we will introduce the recent related literature
on this area.

The formal GSCM concept was gradually taken shape
after the 1990s [11]. The related literature such as that of
Zhang et al. [12] made a review about green design by in-
troducing  “environmentally conscious design and
manufacturing.” Fleischmann et al. [13] studied the problem
of reverse logistics. Beamon [14] studied the issues of supply
chain environmental management strategy. Since 2000,
there are more and more researches on the literature review
of GSC. For example, Srivastava [15] has carried out a
comprehensive and brand-new research on GSCM from the
perspective of the concept of reverse logistics using the
abundant available literature. Seuring and Miiller [11] made
a literature review of 191 articles on sustainable supply chain
management and discussed the specific characteristics and
limitations of the research objects. Sarkis et al. [2] classified
recent GSCM documents into nine categories, giving re-
search opportunities, directions, and future GSCM issues
worthy of research. Luthra et al. [16] outlined many issues
related to GSCM and proposed the direction of further
research on GSCM. Tseng et al. [6] reviewed the GSCM
literature published from 1998 to 2017 and proposed di-
rections and insights of future research.

As one of the main research contents of GSC, the re-
search on GSC coordination has attracted more and more
scholars’ attention, many related literatures have studied
channel coordination based on the framework of game
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theory. Jeuland and Shugan [17] discussed the problem of
channel coordination in the GSC, including a manufacturer
and a retailer, and solved nine problems related to channel
coordination. Choi [18] studied the manufacturer-Stackberg
game, the retailer-Stackberg game, and the vertical Nash
game for the GSC of two competing manufacturers and an
ordinary retailer selling the products of these two manu-
facturers. Ghosh and Shah [3] studied GSC coordination
issues based on the models of the last study and analyzed
how greening level, prices, and profits are affected by
channel structure. Furthermore, Yang and Xiao [10] con-
sidered the fuzzy uncertainty of consumer demand and
manufacturing costs; for three different channel leadership
scenarios, the coordination problem of green supply chains
with government intervention is studied. In the duopoly
green supply chain of vertical and horizontal competition,
Chen et al. [19] studied the optimal decision problems of the
GSC under the different market power scenarios of channel
members. Song and Gao [5] considered revenue sharing
contracts in GSC and established a Nash bargaining game
model to study the GSCM coordination problem. During a
single sales period, Raza and Govindaluri [20] studied the
coordination problem of a supply chain consisting of a
manufacturer and a retailer under integrated and decen-
tralized conditions.

In the existing studies on GSC channel coordination, the
demand is usually linear function and depends on the retail
price and product green level. In addition, the demand
function is sometime deterministic or stochastic. Ghosh and
Shah [3] studied the coordination of GSC channels under
several different power structure scenarios and compared
the optimal pricing and green decision-making of supply
chain participants in each structure when demand was linear
and deterministic function depending on the retail price and
product green quality. Swami and Shah [9] studied the
coordination of GSC involving a retailer and a manufac-
turer, the demand function was linear and deterministic, and
it depended on the retail price, greening effort. Based on
fuzzy and uncertain consumer demand and manufacturing
costs, Yang and Xiao [10] proposed three game models with
government intervention in the GSC and studied how
channel power structure and government intervention affect
optimal prices, green levels, and profits. Song and Gao [5]
studied the optimal decision of GSC with two revenue-
sharing contracts when demand was linear and deterministic
function depending on the retail price and greening level.
When the demand function is linear and stochastic, and
depends on retail prices and greening efforts, Raza and
Govindaluri [20] studied the coordination of a single-
channel GSC.

Our work proposes game theoretic models in green
supply chain including two farm produce plantation firms
and their own retailers; it is different from previous studies;
we construct a novel demand function from the perspective
of consumers merchandise valuation, and the demand
function is nonlinear and deterministic with respect to retail
price and greening level. On the basis of the demand
function, we analyzed and compared the optimal pricing
strategy in Vertical Nash game model (VNM), firm A
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Stackelberg game model (FASM), firm B Stackelberg game
model (FBSM), and cooperative game model (CM); in ad-
dition, the effect of main parameters (green level, green
preference, green cost) on the optimal profit is analyzed.

3. The Model Development

When Marshall put forward the concept of consumer
surplus, he believed that the price paid by consumers
when purchasing merchandises would never be higher
than the price they would rather pay [21]. Therefore, this
study considers the price that consumers would rather pay
when purchasing farm produce as merchandise valuation.
When the price of farm produce is not higher than the
merchandise valuation, the consumer will purchase farm
produce. Otherwise, when the price of farm produce is
higher than the merchandise valuation, the consumer will
refuse to purchase the farm produce. From this point of
view, this study proposed a novel consumer demand
function and discussed the optimal decision-making
problem when the company adopts different production
strategies in an oligopoly market with only two agricul-
tural plantation firms.

3.1. Model Assumptions and Parameters

3.1.1. Model Assumptions. In order to simplify the analysis
of the model, the following assumptions were made based on
literatures [10, 22]:

Assumption 1. The supply chain structure (as shown in
Figure 1) comprises two farm produce plantation firms and
their own retailers, firm A plant nongreen produce and firm
B plant green produce, and the farm produce plantation firm
is also the retailer; the firm’s product pricing is the selling
price of the retailers.

Assumption 2. Ttis assumed that the market potential is unit
1.

Assumption 3. In the model, the marginal and fixed costs of
nongreen produce are not considered, namely, it is assumed
that marginal and fixed cost are both zero; moreover, the
transport costs and advertising costs are ignored; the unit
costs of green produce is assumed to be bg.

Assumption 4. The consumers’ valuation of nongreen
produce in the market is subjected to uniform distribution in
[ Pmin> Pmax]; the consumers’ valuation of green produce in
the market is subjected to uniform distribution in
[Prmin> Pmax + 4915 in the model, for simplicity, let the value
of p.in be zero. In other words, the x (x € [0, 1]) position
consumers’ valuation of nongreen produce is xp,,,, and the
x(x € [0,1]) position consumers’ valuation of green pro-
duce is x (P + a9g)-

Assumption 5. It is assumed that if the greenness of the
produce is not considered, the produce is completely

| Firm A |—>| Retailer |7
o]
| Firm B |—>| Retailer l—

FIGURre 1: Structure of the supply chain.

homogeneous, and the consumers are very sensitive to
selling price of the retailers.

3.1.2. Parameter Symbols Description. The symbols in the
model are summarized as shown in Table 1.

3.2. Proposed Model

3.2.1. Proposed Demand Function. According to As-
sumption 5, the consumers are sensitive to retail price.
When the retail price of both products does not exceed the
consumer’s valuation of the produce, consumers are
willing to buy the product with a greater difference be-
tween valuation and retail price. Therefore, let x denote
potential consumer in the market, then his valuation of
nongreen products is xp, .., and his valuation of green
products is x (P + a9).

Thus, if x> p,/(Prax +a9) and x(po.c +ag) — p, >
XPmax — P1> thatis x> py/ (prax +ag) and x> (p, — p;)/ag,
the consumer buys green product.

If x >pl/pmax and x(pmax + ag) — P2 <XPmax ~ P1> that
is x> pi/pmax and x < (p, — p;)/ag, the consumer buys
nongreen product.

Therefore, the market demand functions are the fol-
lowing situations.

MU (p,-p)ag>1, due to 0<x<1, now
x < (p, — pi/ag), the demand functions are given as
follows:

g =1 1 p
1= 4= ——P1
pmax (1)

9, =0.

(2) If (p, — py)/ag < 1, there are 3! = 6 sorts for p,/ P
P/ (Pmax +@9) and (p, — py)/ag from small to
large; after the merger, the demand functions are
given as the following three results:

(i) If (p,—-plag<l, and (p,— p;)/ag>max
{P1/Pmax> P2/ (Prmax + a9)}, the demand func-
tions are as follows:

Pr=Pr P

ql B ag pmax,

P2~ P
=1-—=——
9 ag
(i) If (p, — p)lag<1, and p,/ (P +ag) > max
{P1/Pmax> (P2 — P1)/ag}, the demand functions
are as follows:

(2)
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TaBLE 1: Parameter symbols and description.

Symbols Description

2 Retail price per unit produce of firm A

pij Equilibrium retail price per unit produce of firm A under the jth condition

Py Retail price per unit produce of firm B

p; Equilibrium retail price per unit produce of firm B under the jth condition

9 Market demand for firm A’s produce

a9 Market demand for firm B’s produce

g Green level of firm B’s produce, and its value range is 0< g <1

Prnax Consumers’ highest valuation of nongreen produce

Prmin Consumers’ lowest valuation of nongreen produce, and p_;, =0

a Consumer’s green preference payment coefficient for green produce

b Green cost for per unit green produce

7, Firm A’s profit function

7y Firm A’s optimal profit under the jth scenario

Ty Firm B’s profit function

2y Firm B’s optimal profit under the jth scenario

q __ P P
! pmax+ag pmax
, (3)
_ _ 2
el g

(i) If  (p,—p)lag<l, and  p;/pp. > max
{Po! (Prmax + a9)> (P, — p1)/ag}, the demand
functions are as follows:

9: =0,
2 pmax + ag-
In the above cases, only when p, — p;/ag<1 and

(p2 - pl)/ag > maX{Pl/pmaJU pz/(pmax + ag)}’ there
are the equilibrium results. The proofs are given in
Appendix A. To sum up, the analytical results for
demand functions are shown in Table 2.

3.2.2. Proposed Model. It can be seen from Table 2, when the
equilibrium results exists, the demand functions are as

q = Pro=P1 P
! ag pmax
- p (5)
__ P27 P
g4, =1 ag
Then, the profit functions of firms are given as
m (p1) = prdy = p1<P_2a_gP1 - P—i:x)’ (6)

w0 = (pr-ba)as = (s ba)1- P2

4. Equilibrium Prices and Optimal Profit under
Different Scenarios

In this section, we discuss the equilibrium prices and optimal
profits of firm A and firm B based on noncooperative game
and cooperative game theory in four scenarios: Vertical
Nash game model (VNM), firm A Stackelberg game model
(FASM), firm B Stackelberg game model (FBSM), and co-
operative game model (CM).

4.1. Equilibrium Prices and Optimal Profitin VNM. In VNM,
assume that neither firm A nor firm B can dominate the
market, and they make their decisions simultaneously.

Due to 0°m/0p? =-2(1/ag, + 1/pye) <0, and
0%m,/0p% = ~2/ag, <0, the firm A’s profit function is strictly
concave in p;, and the firm B’s profit function is strictly
concave in p,.

Let the first derivative of the profit function equal to 0,
respectively, we get

om _pa=2p_ 2P

= = 0’
apl ag Prmax
(8)
om _y z2mtbg
op, ag
Solving the system of equations, we get
s _ (a+b)gPra
= 3—gp’ (9)
« _29(@+b)(pumax +a9)
o = : (10)

3Pmax +4ag

Substituting equations (9) and (10) into equations (6)
and (7), we get
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TABLE 2: Analytical results for demand functions under several different conditions.
Whether
Conditions Market demands for firm A Market demands for thter.e are
firm B equilibrium
results
(Pz_Pl)/ag>1 qlzl_l/pmaxpl ‘12:0 N
(P, = p)lag<1 (py - p1)lag>max{p,/Pme Pol (Prmax + A9} @1 = (P2 = P1)IAG = P1/Prmax 42 =1 - (P, — p1)lag Y
(pZ_pl)/ag<1 pZ/(pmax+ag)>max{p1/pmax’ (P2_p1)/ag} 91 :p2/(pmax+ag)_pl/pmax q2:1_p2/(pmax+ag) N
(py =PI <1 p1/Prgy > max{py/ (ping + ag), (p, = p))/ag} 9 =0 4 = 1 = Pyl (Prax + a9) N
2 2
* _gpmax(a+b) (Pmax+ag) * pmaxg(a+b)
Ty = 2 (11) 12 — > (19)
3 (3Pmax +4ag) 8a(Pimax +249)
. 9(Q2a=b)pya +2a(a-b)g) g(3ap -bp +4a2g—4abg)2
7_[21 — max . (12) 7'[;2 — max max ) (20)

(3 Pray + 4ag)”

4.2. Equilibrium Prices and Optimal Profit in FASM. In
FASM, it assumes that the market is controlled by firm A,
which is Stackelberg leader, and time sequence of the game is
as follows:

(1) First, the firm A decides the retail price of unit
produce

(2) After observing the retail price of firm A’s produce,
the firm B decides its retail price of unit produce

This model can be solved by backward induction. First,
let the first derivative of equations (7) equal to 0, then we
get

-2
% =1+ w =0. (13)
op, ag
Solving the equation, we get
_n (a+b) 14
=T+ —g (14)

Second, we substitute the value of p, into the above
equations (6) and let the first derivative equal to 0, we get

%_ 2p, _&+(a+b)g:0.

= (15)
aP1 Pmax ag Zag
Solving the equation, we get
_ (61 + b)gpmax
' 2 (P + 209 1o
From the above, we get
« _ (a+b)gpra
2 (s + 200) "
N (a+Db)(3pnax +4a
- (3Pumax + 4a9) (18)

4(Pmax +249)

Substituting equations (17) and (18) into equations (6)
and (7), we get

160 (P oy + 209)°

4.3. Equilibrium Prices and Optimal Profit in FBSM. In this
scenario, it assumes that firm B is a Stackelberg leader, and
time sequence of the game is as follows:

(1) First, the firm B decides the retail price of unit
produce

(2) After observing the retail price of firm B’s produce,
then the firm A decides its retail price of unit
produce

We solve this game model by backwards induction. First,
let the first derivative of equations (6) equal to 0, we get

om, P ( 1 1 ) (P.—p1)
— = -p|l—+—)+————==0.  (21)
apl pmax Pl pmax ag ag
Solving the equation, we get
_ pmaxPZ
P 2 (e + ag) 22

Second, we substitute the value of p, into the above
equations (7) and let the first derivative of equal to 0, we get

o _ | PoaxP2+(29P2=bg") ~bgpna2
op a9 (Pimax + a9)
Solving the equation, we get
Pzzag"'b?g—i (24)

Pmax + zag-

From the above, we get

o _ Prax(20°" +2abg” +20P 1 + bPraxd)

. (25)
g+ 29 _dg (26)
P 0 s + 209

Substituting equations (25) and (26) into equations (6)
and (7), we get



o pmaxg((za + b)PmaX +(232 + 2ab)g)2

. i (27)
16 (Prax + 289)" (Pimax + 49)

>

. g((2a =) Proax +(2a2 - 2ab)g)2

_ 28
3 8(;1((2!1292 + 3agpmax + pfnax) ( )

4.4. Equilibrium Prices and Optimal Profit in CM. In this
scenario, we discuss the equilibrium prices and optimal
value of the sum function of the two profits. The sum
function is given by

”:”1+7T2:P1(pza;gpl_pp_l>+(172_bg)%

~(p,-b)1- 2201},

ag

(29)

Let the first derivative of sum function equal to 0, re-
spectively, we get

on _ 2p,-2p,+bg  2p,

= =0,
apl ag Pmax
(30)
a_”=1+2P1‘2P2+b£7=0
op, ag
Solving the system of equations, we get
s+ _ Pmax
P1a = 5 (31)
+ _ Pmxtag+bg
pi, = P T 2009 (2

Substituting equations (31) and (32) into equations (6)
and (7), we get

* b max

iy = b, (33)
* (a_b)(pmax+ag_bg)

Ty = i . (34)

To sum up, the analytical results for equilibrium prices
and optimal profit are shown in Table 3.

5. Analysis of Results

In this section, based on theoretical analysis methods, we
compare the optimal values of profit functions, and the effect
of key parameters on the optimal profit functions is dis-
cussed. The proofs are given in Appendix B.

5.1. Profitability Analysis

Proposition 1. In VNM, ifa>b— (P =V P2ax + 409 Pmax)
/ 2g, then m} <m;; In FASM, if a> (25 +5)b/5, then

T[T2<ﬂ;2; In CM’ lf a>b—(pmax_ \/pxznax+4bgpmax)/2g’
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then my,<m5,; In FBSM, if a>2b and 4bg— p.. >0, then
5 <m55. Especially, for a>2b, the optimal profit of firm B is
greater than the optimal profit of firm A in the three scenarios
of VNM, FASM, and CM.

Proposition 1 indicates that when the value of consumers’
green preference payment coefficient a is large enough, espe-
cially, for a > 2b, the optimal profit of firm B usually is greater
than the optimal profit of firm A. This result is consistent with
intuitive cognition in real life. This shows that increasing
consumer’s green payment coefficient can improve the pro-
duction enthusiasm of green production firm and promote the
development of green agriculture. Therefore, measures such as
green subsidy policies of relevant government departments or
green consumption propaganda of related groups will definitely
accelerate the development of green agriculture. In addition, it
implied that at the three phases of development of the green
agriculture, initial stage (FASM), middle stage (VNM), and later
stage (FBSM), the condition that the optimal profit of firm B is
greater than the optimal profit of firm A is getting higher and
higher, namely, the enthusiasm of green production firm
gradually decrease.

Proposition 2. In the three competitive scenarios of VNM,
FASM, and FBSM, the optimal profit of firm A is in the order
myy <7y, < 7.

Proposition 2 indicate a comparison of the optimal profits of
firm A in the three different scenarios of VNM, FASM, and
FBSM; it shows that, in VNM, the value of firm A’s optimal
profit is minimum, the reason may be that the competition
between the two firms is fiercer; interestingly, it is in FBSM
instead of in FASM, the value of firm A’s optimal profit is
maximum; the reason may be that firm A makes a decision after
firm B makes a decision. It implied that at the late stage of
development of the green agriculture, nongreen planting firm is
more motivated.

Proposition 3. In the three scenarios of VNM, FASM, and
FBSM, the optimal profit of firm B is in the order
5y < Ty < T3,

The interpretation of Proposition 3 is similar to that of
Proposition 2. It also implied that the production enthu-
siasm of green planting firm is smaller in the late stage than
in the initial stage.

Proposition 4. The sum of optimal profit of firm A and
optimal profit of firm B are in the order m}| + my <7}, +
Ty, <My, + W5, and my) + myy <7y + M5y <7y + 75, Propo-
sition 4 shows that the sum of optimal profit of firm A and
optimal profit of firm B is maximum in CM; it is equivalent to
a firm plant’s nongreen produce and green produce; therefore,
this production mode has the strongest competitiveness, and
the reason is that the competition between the two firms is
weakest; the sum of optimal profit of firm A and optimal profit
of firm B is minimum in VNM, and the reason is that the
competition between the two firms is strongest.
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FIGURe 2: Equilibrium prices with green level.

5.2. Analysis of Key Parameters

Proposition 5. In the three competitive scenarios of VNM,
FASM, and FBSM, the optimal profit of firm A is mono-
tonically increasing with respect to the level of green; for
a > 5b/3, the optimal profits of firm B are also monotonically
increasing with respect to the level of green.

Proposition 5 shows that, in the three scenarios of VNM,
FASM, and FBSM, the higher the level of green of firm B’s
produce, the greater the optimal profit of firm A; when
a>5b/3, it is the same conclusion for the optimal profit of
firm B. It implies that when a>5b/3, firm B will plant
product with the highest level of green, and firm has the
incentive to plant higher-level green produce.

Proposition 6. In three competitive scenarios of VNM,
FASM, and FBSM, the optimal profit of firm B is mono-
tonically increasing with respect to consumers’ green prefer-
ence payment coefficient a.

Proposition 6 shows that in the three scenarios of VNM,
FASM, and FBSM, the larger the value of consumers’ green
preference payment coefficient, the greater the optimal profit
of firm B. The result is consistent with intuitive cognition in
real life. Therefore, the measures to increase green awareness
of consumers are effective to improve green production
enthusiasm.

Proposition 7. In the three competitive scenarios of VNM,
FASM, and FBSM, the optimal profit of firm A is mono-
tonically increasing with respect to green cost b; the optimal
profit of firm B is monotonically decreasing with respect to
green cost b.

Proposition 7 shows that in the three scenarios of VNM,
FASM, and FBSM, the larger the value of green cost for per
unit green produce, the smaller the optimal profit of firm B
and the larger the optimal profit of firm A. This means the
measures to decrease green cost for per unit green produce
are effective to improve green production enthusiasm.

6. Numerical Analysis

In this section, we separately analyze the impact of the main
parameters on the equilibrium prices and optimal profits in
the three scenarios (VNM, FASM, and FBSM) by MATLAB
software.

6.1. Numerical Analysis of Optimal Profits and Equilibrium
Prices with Green Level. The following values were assumed:
Pmax = 10, a =20, b=4, g€ [0,1], the simulation results
shown in Figures 2 and 3.

6.2. Numerical Analysis of Optimal Profits and Equilibrium
Prices with Green Preference. The following values were
assumed: p_.. =10, b=8, g =04, a € [10,40], the simu-
lation results shown in Figures 4 and 5.
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6.3. Numerical Analysis of Optimal Profits and Equilibrium
Prices with Green Cost. 'The following values were assumed:
Pmax = 10,a =20, g = 0.4, b € [4,20], the simulation results
shown in Figures 6 and 7.

7. Conclusion

In the past research on the channel coordination of supply
chain members, few have looked into the impact of con-
sumers’ merchandise valuation on demand function in GSC.
In this study, from the perspective of consumers, a novel
consumer demand function is proposed with the assump-
tion that consumers’ merchandise valuation is subject to
uniform distribution. On this basis, the equilibrium pricing
decision of firms are studied in four scenarios and compared
the optimal profits under different scenarios; meanwhile, the
effect of main parameters (green level, green preference,
green cost) on the optimal profit is analyzed. Based on the
results of the study, that the following was found. Firstly, in
the initial stage of the development of green agriculture, it
usually is in FASM scenario, the optimal profit of firm B is
maximum in the three competitive scenarios, and if the ratio
of consumer’s green preference payment coefficient to green
cost for per unit green produce is greater than a certain
value, the optimal profit of firm B is greater than the optimal
profit of firm A; it implied that the production enthusiasm of
green planting firm B is the highest under the above con-
ditions; in the middle stage, it usually is in VNM scenario,
and the optimal profits of firm A and firm B are the min-
imum; in the later stage, it usually is in FBSM scenario; if

consumer’s green preference payment coefficient is greater
than twice green cost for per unit green produce, and the
product of green cost for per unit green produce and green
level is greater than one quarter of consumers’ highest
valuation of nongreen produce, the optimal profit of firm B
is greater than the optimal profit of firm A. It implied that
firm is willing to grow green agricultural products under the
above conditions, but the production enthusiasm has
gradually decreased. Therefore, in order to maintain the
enthusiasm of enterprises for green production, enterprises
and related departments should continuously improve
consumer’s green preference payment coefficient or reduce
green cost for per unit green produce. Secondly, if three
times consumer’s green preference payment coeflicient is
greater than five times green cost for per unit green produce,
firm B will plant the highest green level product. Meanwhile,
firm A will also get a higher optimal profit; it indicates that
green agriculture will be able to develop further in a market
economy. Thirdly, in CM, the sum of optimal profit of firm A
and optimal profit of firm B is maximum for four scenarios; it
shows that cooperation can achieve a win-win situation. Lastly,
in the three competitive scenarios, the consumers’ green
preference payment coeflicient has a positive effect on the
optimal profits of firm B, and the green cost for per unit has a
positive effect on the optimal profits of firm A, but the green
cost for per unit has a negative effect on the optimal profits of
firm B. It shows that in order to promote the development of
green agriculture in China, it will be a very effective means to
increase consumers’ green awareness, design green con-
sumption subsidy mechanism, reduce enterprises’ green
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production costs, and design green production subsidy
mechanism in a market economy. The practical significance of
this study is to provide theoretical support for the decision-
making of enterprises and related management departments
and promote the development of green agriculture.

The study only selects product pricing as a decision vari-
able, and the model in the study only considers the condition
that consumers’ valuations of produce are subject to a uniform
distribution, so it can be extended into following two directions
of further research: (1) In the model, consider that product
pricing and greenness are both decision variables. (2) The
models are built under the assumption that consumers’ val-
uation of produce is subject to other distribution.

Appendix

A. Proof of the Analytical Results for
Demand Functions

(1) For (p,— p;)/ag>1, the optimal solutions of the
model are not equilibrium results.

Proof. At this time, because of g, = 0, the optimal
profits of firm B is zero; however, during the game
between the two firms, even if the retail price per unit
produce of firm A is the minimum value of 0, now,
the market demand of firm B is the smallest, and the
retail price per unit produce of firm B can still be
selected p, € (bg,ag), so (p, — p;)/ag <1, and the
market demand of firm B is more than zero;
therefore, in this case, the optimal solutions of the
model are not equilibrium results.

(2) For (p, - py)/ag<1, and (p, - py)/ag>max {p,/
Pma P2/ (Pmax + a9)}, the optimal solutions of the
model are equilibrium results.

Proof. At this time, the profit functions of firm A and
firm B are given as follows:

=g = pl<P2agP1 Ppl )>
(A.1)

7, = (P, ~b9)d, = (P —bg)( agp1>

Let the first derivative of profit functions to 0, we get
« _ (a4 D)gPimax

1=

3pmax+4ag’
(A.2)
. Prmax (a+b)g
P2_<3Pmax+4ag+l) 2
So,
o[ Pma (a+b)g (a+Db)gpm
P p1_<3pmax+4ag+l) 2 3P, +4ag
_ Pmax g

(A.3)
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Then,
p;_PT pmax/ag+2
= b)g. A4
ag 3Pmax +4ag (a+blg (A9
Now,
P 1
pmax - 3pmax+4 g (a+b)g,
(A.5)
2 2
Pmax +49 <3pmax + 4ag) (a+blg.
Obviously,
p2_p1> p2 > Pl : (A6)

ag pmax + ag Pmax

Therefore, in this case, the optimal solutions of the
model are equilibrium results.

(3) For (p,—pplag<l and p,/(pp. +ag) > max
{P1/Pmas> (P2 — P1)/ag}, the optimal solutions of the
model are not equilibrium results.

Proof. At this time, the profit functions of firm A and
firm B are given as follows:,

_ _ P P

my = (p, ~bg)q, = (pr — bg)(l _ﬁ)

(A7)

Let the first derivative of profit functions to 0, we get

" =Pmax<1+ bg )
4 pmax+ag

(A.8)
P;:Pma"+ag<1+ bg )
2 pmax + ag
So,
* « _ Pmax A9 bg
P2 Pi=7 (1 +pmax+a9>
_ Prnas (1 L bg ) (A.9)
4 pmax + ag
:<pmax+g>(1 +”_9),
4 2 Pmax + ag
Then,
P~ P :(I)rn_ax+l)<1+b7g), (A.10)
ag dag 2 Pmax T 49
Now,
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pmax 4 pmax+ag

pizzl 1+b7g
Prmax a9 2 Prmax 49

(A.11)

Obviously,
pZ - pl > pz N pl ,
ag pmax + ag Pmax
it Contradicts — 12 >max<] Pi_ P2~ pl}_
Pmax T A9 Prmax ag

(A.12)

Therefore, in this case, the optimal solutions of the
model are not equilibrium results.

(4) For (p, = p1)/ag <1 and py/ppay > max{p,/ (Prast
ag), (p, — p1)/ag}, the optimal solutions of the
model are not equilibrium results.

Proof. At this time, because of q; = 0, the optimal profits of
firm A is zero, however, during the game between the two
firms, even if the retail price per unit produce of firm B is the
minimum value of p, = bg, now, the market demand of firm
A is the smallest, and the retail price per unit produce of firm
A can still be selected p, € (0,bg/P, ., + ag), so the market
demand of firm A is more than zero; therefore, in this case,
the optimal solutions of the model are not equilibrium
results. O

%
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B. Proof of Proposition 1 to Proposition 7
(1) Proofs of Proposition 1

(i) Proof. In VNM, based on equation (11) and
equation (12), we know that,

g(g (a- b)2 + APmax ~ prmax)

(B.1)
Let
-b)’ + -2b
9(9(@=b) +apua = 2puss) (5o
3pmax + 4ag
We get,
pmax - fonax + 4bgpmax
a>b- ,
29
(B.3)
Prmax + \ Ponax + 469 Prnax
ora<b- .
29

(Because a>b, it is abandoned.) In particular,

for a>2b, we get n;, — m}; > 0.

Thus, in VNM, it a>b— (Pmax—

VPhax + 40GPmax )/2g, OF a > 2b, then 7}, < 75,.
(ii) Proof. In FASM, based on equations (19) and

(20), we know that

.
Ty =My =

Because a>b, 7a*>-10ab—b? = 54>~ 10ab+
b+ 2a*- 2b®>5a® — 10ab + b?; obviously, if
5a* — 10ab + b* >0, then 73, — 71}, >0, solving
the inequality, we get
a> (25 +5)b/5, or a< (5-24/5)b/5 (be-
cause a> b, it is abandoned). In particular, for
a>2b, we get m;, — n7, >0. Thus, in FASM, if
a> (2+/5 +5)b/5, or a>2b, then n}, < 73,
(iii) Proof. In CM, based on equations (33) and (34),
we know that

. . gla=-bl+(a-2b)p,..
Ty =Ty = 4a >

(B.5)
2
let gla-by+(a _Zb)pm“>0.
4a

g(7a2 — 10ab - bz)pfnax + 4ag2(5a2 — 10ab + bz)pmalx +16a°g’ (a - b)*

(B.4)
160 (proxt2ag)’
We get
Pmax — Vpiqax + 4bgpmax
a>b- ,
29
(B.6)
Prmax + \ Ponax + 409 Prnax
ora<b-— .
29

(Because a >, it is abandoned.) Especially, for

a>2b, we get nj, <7m5,.

Thus, in CM, if  a>b— (Pmax—

VPax T 420G Prmax V129, OF a > 2b, then 7}, < 715,
(iv) Proof. In FBSM, based on equations (27) and

(28), we know that
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16a° (a - b)’g* + 4’ p,. (30 — b) (3a - 5b)g” + 4ap’,, (a—2b) (6a - b)g" + pinax(élaz - 12ab + bz)g

Ty — T3 =
B 16 (e +39) (P + 209
(B.7)
For a = 2b, we get
. bzg(4bg - pmax)(32bzg2 + 28bgpmax + 7p12nax) (B.8)
2o 326 (Prrax + 269) (Prmax + 4b9)°
Obviously, if 4bg — p,.., >0, then 75, — 717, > 0. Proof. Equation (19) minus equation (11), we get
In addition, for a>2b, n;; — n}; is monotoni- 3 b
cally increasing with respect to a. Thus, in m, -, = 9Pmax (a2+ ) >0 (B.9)
FBSM, if a>2b, and 4bg - p,.. >0, then 80 (3Pmax + 449)” (Pmax + 209)
5y — 153 > 0.
Equati 27) mi ti 11), t
In summary, the Proposition 1 holds. quation (27) minus equation (11), we ge
(2) Proofs of Proposition 2
e gp. ((2a =b)py. +2a(a - b)g)(16(a +b)a’g” +(26a + 22b)agp,,.. + (10a + 7b)pfnax) (B.10)
ot 166 (P + 29) (Prnas +209)” (3Ppas + dag)” | '
Because a >b, mj; — nj; >0. Because a >b, nj; —m}, > 0.
Equation (27) minus equation (19), we get In summary, we know 7}, <7}, < 7}5.
o o) ) PP
13 T2 168 (P + 39) (oo + 2ag)2 : roof. Equation (20) minus equation (12), we get
(B.11)
2 2 2 2
. GPm(a+b)(32(a-b)a’g’ +16(3a - 2b)ag P, + (17a - 7b)py.. ) (B.12)
Ty, — Ty = : .
»o 168 (Prx + 289)” (3Pimax +4a9)°
Because a > b, m;, — 3, >0. Equation (28) minus equation (12), we get
2
T[* _ 7_[* _ gprznax ((26! B b)pmax +2a (a B b)g) (B 13)
23~ T = 7 :
8a(Pimax +2a9) (Pmax + 39) (3Pmax + 4ag)
Because a > b, w3, — 5, >0. Equation (28) minus equation (20), we get
2 2 2 2 2
ag(a” +2ab—-3b") +(a” = b" ) Prax + 20D 1ax
e Fhalos ) (6~ )+ 2P -

16 (Pra + 49) (Pma +249)°
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Because a > b, 7, — m35 > 0. Proof. Based on equations (19) and (20) and equa-
In summary, we know 75, <7135 < 715,. tions (33) and (34), we get

(4) Proofs of Proposition 4

e e e . Pun(4ag’(a=b)’ +(9a" - 6ab + b*)gpia + 4app,, )
Tyt Ty =Ty =Ty = 2
166 ( Prax +2a9)

. (B.15)

Because a > b, mj, + n;, — 7}, — 15, > 0. Based on equations (19) and (20) and equations (33)
and (34), we get

~ pmax(4a2g3 (a-b)*+ 4a(3a2 —3ab + bz)gzpmax + 4a(12a2 —4ab + bz)gpfnax + 4apfnax)

Ty, + Ty — Tl — TTys =
e TE e 160 (Pax + 29) (Pmax + 209)°

(B.16)
Because a > b, nj, + m;, — m}3 — 755 > 0. In summary, we know mj, + 5, <7}, + 75, <7}, +
From Proposition 2 and Proposition 3, we know M3y And 7T}y + 75y STy + T3y < T+ Ty
A -y, — 15, <0, and  w, + 5y — - (5) Proofs of Proposition 5
733 <0. Proof. Based on equations (11), (12), (19), (20), (27),
(28), (33), and (34), we get
aﬂrl — anax (a + b)2 (3pmax + Zag)
99 a(3Pma + dag)’
ory (20 =b)Prey +2a(a - b)g)(8(a—b)a’g” +2(5a — 7b)ag Py +3(2a - b)py.. )
%9 @ (3 Pryex + 4ag)’
aﬂr2 — pfnax (a + b)z
09 8a(Ppa +2a9)"
(B.17)

on;, ((3a =) prx +4ala— b)g)(S (a- b)a2g2 +2(3a-5b)agp.. + (3a - b)pfnax)
g 160 (Pax + chg)3

>

o}, pim ((2a + b) pryax +2a(a + b)g)(4ba2g2 +2(a+2b)agpy., +(2a+ b)pim)
g 168 (Pax +29)” (Pmax + a9)”

>

ory,  ((2a=b)pyey +2a(a - b)g)(4(a-b)a’g’ +2(4a - 5b)a’ g* Py + 6 (a — b)agpu,, + (2a - b)py..)
9 80 (Pmax +209)” (Prmax + 29)”
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It is obvious, Because a>b, therefore, if 5a-7b>0, then
o 0m3,/0g>0; if (3a—5b)>0, then 073,/0g>0; if
a—” >0, (4a - 5b) >0, then 073,/0g > 0.
g In summary, the Proposition 5 holds.
oy, >0, (B.18) (6) Proofs of Proposition 6
g Proof. Based on equation (12), we get
aLr?’ > 0
ag

oy 9((2a = )Py +2a(a - b)g)(S (a +b)a’g’ + 2(5a +3b)agpmax +3(2a + b)pmax)

(B.19)
Because a > b, it is obvious that om3,/0a > 0. Based on equation (20), we get
oy, _ 9((3a =)y +4a(a - b)g)(8(a+b)a’g” +2(3a +b)ag Py + (3a + b)pm) (B.20)
da 160 (Pay +209)’ '
Because a > b, it is obvious that om},/0a > 0. Based on equation (28), we get
aL; ~ g(a2g2 +(ag + Prax) )((2a +0)prax +2a(a+b)g) ((2a —b) ppay +2a(a — b)g) (B.21)
da 80” (Pmas +209)" (Pras + 39)° .
Because a > b, it is obvious that 073,/0a > 0. Proof. Based on equations (11), (12), (19), (20), (27),
In summary, the Proposition 6 holds. (28), (33), and (34), we get
(7) Proofs of Proposition 7
OMy) _ 29Pmax (@ +b) (Prna + 49)
% 3 (3Pma + 4ag)’
0my 29 (Pmax *+209) (20 = b) oy + 2a(a - b)g)
% (3o +4ag)’ ’
oy, 2gPmax (@ +b)
b 4a(ppax +2a9)
(B.22)

0y G(Pmax +449) (32 = b)pray +4ala - b)g)

o 8 (Ppnax + 209)"

aLf?’ _ 9Pmax ((Za + b)Pmax +2a (a + l’))g)

ab 8a (pmax + Zag) (pmax + “9)
O3y __g((2a=b)pyy, +2a(a-b)g)

ob 4a(Pmax +a9g)
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Because a>b, it is obvious that 0Jnj,/0b>0,
om;,/0b >0, 0n},/0b > 0, 073, /0b < 0, 073,/0b < 0, and
0m;,/0b < 0.

In summary, the Proposition 7 holds.
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