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Abstract: Serious environmental issues have drawn the attention of the agricultural sector. Consumers’
concerns about their personal health and food safety have stimulated the demand for green agri-food,
which has also made it important to focus on the green agri-food supply chain to improve the food
quality and reduce the associated environmental concerns. This paper discusses coordination issues
of the green agri-food supply chain under the background of farmers’ green farming and retailers’
green marketing, and the impact of a revenue-sharing contract on key decisions of supply chain
participants. On the basis of the two-echelon green agri-food supply chain composed of a farmer and
a retailer, a revenue-sharing contract was established that takes the cost of farmer’s green farming
and retailer’s green marketing into account. Through the comparison of the model results, it is
concluded that the revenue-sharing contract is beneficial to not only increase the greening level,
but also improve both the farmer’s profit and the retailer’s profit. Moreover, the effectiveness of
the revenue-sharing contract is positively correlated with consumers’ sensitivity to the greening
level. Finally, the conclusion is verified by numerical simulation and some management suggestions
are given.

Keywords: green agri-food supply chain; green marketing; revenue-sharing contract; game theory

1. Introduction

Nowadays, greenhouse gases (including carbon dioxide, nitrous oxide, and so on) and other
harmful gases produced by the metallurgical industry, the burning of fossil fuels, and the reinforced
cement industry damage not only the environment (such as acid rain, ozone holes, global warming, and
so on) but also the health of organisms [1,2]. However, the largest source of anthropogenic emissions
of methane, one of the greenhouse gases, is agriculture, and according to the Food and Agriculture
Organization of the United Nations (FAO), these greenhouse gases may increase by 30% by 2050 if
emissions reductions are not strengthened [3,4]. Green and sustainable development has become
critical for the agriculture industry and the agri-food sector [5]. On the other hand, with the growing
attention to food quality and safety, the need for food ranges from full to healthy and green. There
has been a significant increase in green agri-food consumption in both developed and developing
countries [6]. Compared with traditional agricultural products, the high nutritional value and low risk
of diet-related diseases of green agri-food stimulate the demand of health-conscious consumers [7].
In addition, such growth can also be explained as the farming process of green agri-food overcomes the
sustainable disadvantages of traditional agriculture, such as soil degradation, nutrient loss, biodiversity
loss, and so on, which caters to the needs of environment-conscious consumers who prefer to buy
green products [8,9]. In the green agri-food supply chain, farmers and retailers need to invest in
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a variety of green farming technologies and green marketing strategies, respectively. For example,
farmers have to use environmentally-friendly and efficient fertilizers, and biological pesticides, as well
as intelligent agricultural equipment using renewable energy, to reduce pollution [10,11], which will
add more to their cost. Further, retailers have to make additional green marketing efforts to promote
the demand as the price of agri-food is usually higher than that of traditional agri-food. Increasing
green agri-food consumption will increase revenue, while green farming and marketing efforts will
increase costs. Therefore, it is an important issue for farmers and retailers to determine the reasonable
degree of green farming and marketing to balance the costs and profits, and the concept of green
supply chain management came into being to promote the coordinated development of the economy
and environment.

Studies on the green supply chain have continued for several decades and have become a new
research area of operation management [12–15]. The initial research on green supply chains mainly
focused on case studies and questionnaire surveys, and there were fewer quantitative studies. In recent
years, scholars have proposed to establish green supply chain game models by integrating internal
and external resources to assign tasks, which enables members of supply chains to achieve sustainable
development through improving collaborative performance [16–18]. At this point, we focus on an
important research area which is the green agri-food supply chain coordination and discuss how a
revenue-sharing contract affects green agri-food supply chain members’ decision-making.

Most studies on green supply chain coordination issues mainly discuss the production process
in the manufacturing industry, for example, how to reduce carbon emissions and improve resource
utilization [19–22]. However, some empirical studies indicate that green marketing plays an important
role in promoting green products to achieve supply chain sustainability [23,24]. Retailer marketing,
also known as local advertising, refers to advertising or promotional activities conducted by retailers to
promote sales locally [25]. Retailers can turn consumers’ green awareness into actual buying behavior
through green marketing [24]. Since retailers directly connect with the end consumers, they can invest
more in implementing certain promotion activities for consumers to stimulate instant sales [26–28]. For
example, Philips’ green marketing approach in the "Marathon" project increased sales of this product
by 12% [8]. And Yonghui Superstores has set up a special counter for green pollution-free vegetables
and fruits. Through vivid and visual display decoration and special effects lighting, the greenness
of the fresh agri-food can be shown to consumers to guide the fresh green consumption [29]. Thus,
in a green agri-food supply chain, green marketing is critically important for retailers to maximize
the promotion of green agri-food when facing consumers [30]. Their goal is to increase the sales
volume of green agri-food in the end market, thereby increasing the income of the entire green supply
chain. Hence, we consider the retailer’s green marketing efforts besides the farmer’s green farming.
Additionally, the retailers’ green marketing leads to an increase in cost, which gives supply chain
members an opportunity to re-examine and redistribute their costs and benefits. They will also all
work to maximize their own interests, which will further intensify competition and channel conflicts.
Thus, it is essential for a green agri-food supply chain to rationally design coordination contracts to
alleviate channel conflicts and reasonably allocate green agri-food supply chain resources.

Until now, there are few studies that discuss green agri-food supply chain from the perspective
of channel coordination and retailers’ green marketing. To fill this gap, this paper considers a
green agri-food supply chain with green farming and marketing and focuses on the impact of a
revenue-sharing contract. Then, we develop three theoretical models and obtain some conclusions and
management insights through comparative analyses of model results. Specifically, we have to address
the following three questions:

(1) How do the green agri-food supply chain members determine their optimal decisions regarding
the greening level of agri-food and price?

(2) Whether a revenue-sharing contract could increase the greening level of agri-foods and stimulate
market demand?
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(3) Under what circumstances are the green agri-food supply chain players willing to participate in
revenue-sharing coordination?

The remainder of the paper is organized as follows. A comprehensive review is presented in
Section 2. Section 3 first describes the basic assumptions and notations, then solves the optimal values
under three models, and finally draws the main conclusions by comparing and analyzing the results of
different models. Section 4 summarizes the major conclusions of this study through numerical analysis.
Section 5 summarizes the main research contents and results and puts forward several shortcomings of
this paper.

2. Literature Review

In this section, we mainly review the literature relevant to this paper and highlight the motivation.
Coordinating supply chains through contracts is generally applied to address supply chain

inefficiencies and align objectives of supply chain members [31]. The types of contracts usually
discussed are buyback contracts, wholesale price contracts, revenue-sharing contracts, and so on [32].
Pasternack [33] discussed the pricing and after-sale policies for perishable goods in a revenue-sharing
contract. Bernstein et al. [34] characterized perfect coordinated supply chain settings through wholesale
pricing schemes, which include specific constant unit wholesale prices and volume discount schemes.
Tasy [35] modeled the incentives of the two parties through a quantity flexibility contract to identify the
causes of inefficiencies and suggest remedial measures in a supply chain with two independent agents.
Cachon and Lariviere [36] researched the revenue-sharing contracts in the videocassette rental industry
and compared them with other supply chain contracts, demonstrating that revenue-sharing contracts
can coordinate the supply chain by distributing the profits of the supply chain arbitrarily. Ghosh
and Shah [37] used a game theory approach to study the coordination issues caused by green supply
chains and the impact of cost-sharing contracts on participants’ key decisions in implementing green
initiatives. Research by Veen and Venugopal [38] showed that revenue-sharing contracts can bring a
win-win situation to industry participants by optimizing the supply chain. Notably, compared with
the traditional coordination mechanism, revenue-sharing contracts are more effective in coordinating
the profit distribution among members and can improve the performance of the supply chain [39].
Therefore, this paper chooses a revenue-sharing contract to coordinate the green agri-food supply chain.

The revenue-sharing contract can be regarded as an agreement where suppliers obtain a portion
of retailers’ income while providing retailers with a lower wholesale price, and finally achieves a fair
distribution of profits within the supply chain. In the past, revenue-sharing contracts were widely used
in the manufacturing industry [40–42]. For example, Ghosh and Shah [43] established a game-theoretic
model to show how channel structures affect the price, profit, and green level, and then further
proposed a revenue-sharing mechanism. Under a decentralized system, Bai et al. [44] discussed a
revenue-sharing contract considering two competing retailers to improve profits and reduce carbon
emissions and tested the robustness of operational decisions.

As governments and consumers pay more attention to the agri-food industry, revenue-sharing
contracts are gradually being applied in agriculture. According to Qian et al. [45], a case study of
Hohhot found that the setting of revenue-sharing contracts has increased the total profit of the dairy
industry by 12.49%, and a win-win situation could be achieved under certain circumstances. On the
basis of the characteristics of perishable foods, Zheng et al. [46] designed a fresh food supply chain
(FPSC), taking the cost of freshness preservation into account, and the results showed that fresh-keeping
cost-sharing and the revenue-sharing contract has the best coordination effect on FPSC. Taking the
field of Internet of Things as a research object, Yan et al. [47] improved the revenue-sharing contract
for the fresh agriculture supply chain to discuss the impact of fresh agricultural products on costs of
controlling freshness and market demand. Obviously, the above studies have well documented the
motivation of agriculture to use revenue-sharing contracts. A large amount of pollution produced by
farming makes it extremely important to research green agri-food. However, there is less research on
this aspect. One relevant study is Song et al. [48]. They considered greenness-level and freshness-level
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of the product in a green fresh produce supply chain. However, when designing revenue-sharing
contracts, there is less literature to consider the green marketing efforts of retailers. Although, effective
green marketing can be used to educate consumers, help them understand the nature of green agri-food,
and cultivate consumers’ awareness of green consumption. Therefore, considering the retailer’s green
marketing effort is very important to help consumers form a more complete environmental awareness
and promote the demand for green agri-food [49], and also makes the research results more relevant to
the actual situation.

In summary, researchers have done a large number of quantitative studies on the impact
of revenue-sharing contracts on supply chains. Most of the literature, however, focuses on the
manufacturing industry and traditional agriculture and considers only manufacturers’ greening
investment costs. The existing literature rarely involves the green agri-food supply chain and retailers’
green marketing costs. On the basis of the existing research and different from the literature above, we
try to apply a revenue-sharing contract in a green agri-food supply chain considering both the farmer’s
green farming and the retailer’s green marketing. The purpose is to explore whether a revenue-sharing
contract could improve the market demand and greening level, and increase both the total profit of the
supply chain and the interests of all participants to achieve a win-win situation.

3. The Model

3.1. Model Hypotheses

In our model, we establish a two-echelon green agri-food supply chain with a single farmer and a
single retailer, in which the farmer invests in achieving green farming and the retailer is engaged in
green marketing and sells the high-quality green agri-food to consumers. Consumers in the market
prefer green agri-food and will consider both the retail price and the greening level when purchasing
agri-food [37]. In the following, several assumptions are made to make the analysis more tractable,
and Table 1 summarizes the notations used in this paper.

Table 1. Notations.

Parameters Definition

q The actual demand of the market
a The total market’s potential demand
b Consumer sensitivity to retail price
α Consumer sensitivity to the greening level of agri-food
c The regular unit farming cost of the farmer (e.g., $)
I The green farming investment parameter of the farmer
k The green marketing parameter of the retailer

πF, πR, πSC The profit of the farmer, the retailer, and the whole green agri-food supply chain, respectively
Decision variables

p The unit retailer price of green agri-food (e.g., $)
w The unit wholesale price of green agri-food (e.g., $)
θ Greening level of agri-food
λ The revenue-sharing ratio (the proportion of sales revenue for the retailer)

Assumption 1. With reference to Savaskan’s research [50], we assume that the actual market demand
is ‘q’, which is a linear function of greening level ‘θ’ and retail price ‘p’. The actual market demand
function is defined as

q = a− bp + αθ a > bp, a, b > 0 (1)

Assumption 2. Assume that the farming cost is composed of two parts: regular cost and additional
expenditure for green farming. The regular cost can be defined as ‘cq’, where ‘c’ is the basic unit
farming cost. Compared with traditional farming, green farming needs to reduce the impact on
the environment through improved management, the use of eco-fertilizers, and smart agriculture
equipment, which all generate additional costs. Therefore, we formulate the green farming cost as
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follows: Iθ2/2, where ‘I’ is the green farming investment parameter. The same quadratic cost function
can be found in the research by Banker et al. [51].

Assumption 3. The consumers’ awareness of consumption directly determines the market demand
for green agri-food. Green marketing can be seen as the use of ecological brands, environmental
advertising, and other methods to make it easier for environment-conscious consumers to perceive
the attributes and characteristics of green products and guide their consumption [24]. Therefore, in
order to increase the purchasing consciousness of consumers, retailers need to make green marketing
efforts, which result in additional costs associated with the greening level. The quadratic cost function
is widely used in the literature of marketing [25,52]. We assume that the retailer’s green marketing
cost is a quadratic function of the greening level of agri-food. It is given by kθ2/2, where ‘k’ is the
green marketing parameter.

Assumption 4. In order to simplify the model, costs related to raw material purchase, inventory,
transportation, and third-party logistics are neglected [53].

Considering all the above assumptions, the farmer’s (F), retail’s (R), and supply chain’s (SC) profit
functions, thus, are as follows:

πF = (w− c)q− Iθ2/2 (2)

πR = (p−w)q− kθ2/2 (3)

πSC = (p− c)q− Iθ2/2− kθ2/2 (4)

3.2. Mathematical Formulation

3.2.1. Centralized Model

In the centralized game model, the farmer and retailer do not make personal decisions based on
their own profits, but instead, treat the green agri-food supply chain as a whole to maximize the profit
of the whole supply chain.

Therefore, according to Equation (4), we can obtain the profit of the whole supply chain as follows:

πSC = (p− c)(a− bp + αθ) − Iθ2/2− kθ2/2 (5)

The corresponding Hessian Matrix is H(p,θ) =

[
−2b α
α −(I + k)

]
. When ∆ = 2b(I + k) − α2 > 0,

πSC is a concave function of p and θ. Therefore, the optimal retail price and greening level of green
agri-food can be obtained by making the first derivative of πSC equal to the following:

p∗ =
(I + k)(a− bc)
2b(I + k) − α2 + c (6)

θ∗ =
α(a− bc)

2b(I + k) − α2 (7)

Finally, we put Equations (6) and (7) into Equation (5) and obtain πSC
∗ as follows:

πSC
∗ =

(I + k)(a− bc)2

2(2b(I + k) − α2)

3.2.2. Decentralized Game Model

Unlike centralized decision-making, in the decentralized decision-making game model, the farmer
and the retailer make their own decision based on maximizing their own profits, but the results of the
decisions affect each other. The sequence of this dynamic game model can be described as follows:
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first, the farmer uses the retailer’s response function to determine the greening level of agri-food and
the wholesale price; then, the retailer responds to determine the retail price. We solve this two-echelon
Stackelberg problem by inverse induction methods, such as the research by Ma et al. [54].

Thus, we first obtain the retailer’s profit function according to Equation (3):

πR = (p−w)(a− bp + αθ) − kθ2/2 (8)

The first derivative of p is ∂πR
∂p = a + bw + αθ − 2bp and the second-order condition of p is

∂2πR
∂p2 = −2b < 0. Next, we set ∂πR

∂p = 0 and obtain

p(θ,w) =
a + bw + αθ

2b
(9)

Then, we consider the decision problem of the farmer and get Equation (10) from Equation (2):

πF = (w− c)(a− bp + αθ) − Iθ2/2 (10)

We substitute the result of Equation (9) into Equation (10), and obtain the corresponding Hessian

Matrix H(w,θ) =

[
−b α/2
α/2 −I

]
. When ∆ = bI − α2/4 > 0, πF is a concave function of w,θ. Equating

∂πF
∂w = 0 and ∂πF

∂θ = 0, we can get optimal wD and θD.

wD =
2I(a− bc)
4bI − α2 + c (11)

θD =
α(a− bc)
4bI − α2 (12)

We put the values of wD and θD into Equation (9), and get the optimal retail price.

pD =
3I(a− bc)
4bI − α2 + c (13)

Finally, we substitute Equations (11)–(13) into Equations (8) and (10) and get the maximum profits:

πD
F =

I(a−bc)2

2(4bI−α2)
, πD

R =
(a−bc)2(2bI2

−kα2)

2(4bI−α2)
2 , πD

SC =
(a−bc)2(6bI2

−(I+k)α2)
2(4bI−α2)

2 .

3.2.3. Retailer-Led Revenue-Sharing Game Model

In this section, a revenue-sharing contract is established between participants in the green agri-food
supply chain in order to promote their further cooperation. At this point, the retailer shares part of
sales revenue with the farmer to motivate the farmer to produce high-quality green agri-food and then
determine the proportion of revenue-sharing, while ensuring that their own interests are maximized.
In order to better understand this retailer-led revenue-sharing contract, we assume that the retailer
provides the farmer with a revenue-sharing ratio λ(0 <λ < 1), which indicates that in the retail sales
revenue, the proportion λ is obtained by the retailer, and the residual (1−λ) is shared with the farmer.
Next, taking the retailer’s reaction function and λ into consideration, the farmer determines the optimal
wholesale price and greening level of agri-food to maximize its profit; last, the retailer determines the
green agri-food’s retail price.

Thus, the profit functions of the retailer and the farmer are as follows:

πR = λ(p−w)(a− bp + αθ) −
kθ2

2
(14)
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πF = (w− c)(a− bp + αθ) −
Iθ2

2
+ (1− λ)(p−w)(a− bp + αθ) (15)

The first derivative of p is ∂πR
∂p = λ(a− 2bp + αθ+ bw) and the second derivative condition of p is

∂2πR
∂p2 = −2bλ < 0. Then, we set ∂πR

∂p = 0 and obtain

p(w,θ) =
a + αθ+ bw

2b
(16)

Next, we substitute the results of Equation (16) into Equation (15) and obtain the corresponding

Hessian Matrix H(w,θ) =

 −(1 + λ)b/2 λα/2
λα/2 −

(
2bI − (1− λ)α2

)
/2b

. When ∆ =
2bI(1+λ)−α2

4 > 0, πF is a

strictly concave function of w,θ. Equating the first derivative condition of w,θ to zero, we can get the
wholesale price and greening level of agri-food for λ.

w(λ) =
2λI(a− bc)

2bI(1 + λ) − α2 + c (17)

θ(λ) =
α(a− bc)

2bI(1 + λ) − α2 (18)

Therefore, we can obtain the retail price for λ:

p(λ) =
I(1 + 2λ)(a− bc)
2bI(1 + λ) − α2 + c (19)

We substitute Equations (17)–(19) into Equation (14), and get the second derivative. When
2bI2(2− λ) − (2I − 3k)α2 > 0, we set ∂πR

∂λ = 0, and then obtain

λRS =
2bI2
− (I − 2k)α2

2bI2 (20)

Substituting the value of λRS into Equations (17)–(19), we can then get θRS =
Iα(a−bc)

2(2bI2−(I−k)α2)
,

wRS =
(a−bc)(2bI2

−(I−2k)α2)

2b(2bI2−(I−k)α2)
+ c, and pRS =

(a−bc)(3bI2
−(I−2k)α2)

2b(2bI2−(I−k)α2)
+ c.

Finally, we obtain the optimal profit of the farmer, retailer, and the whole supply chain, respectively.

π
RS

F =
I2(a− bc)2

4(2bI2 − (I − k)α2)

π
RS

R =
I2(a− bc)2

8(2bI2 − (I − k)α2)

π
RS

SC =
3I2(a− bc)2

8(2bI2 − (I − k)α2)

In order to better compare the green agri-food supply chain efficiency under different models, we
summarize the optimal values of each variable in Table 2.



Sustainability 2020, 12, 1289 8 of 16

Table 2. Equilibrium solutions under different models.

Variable Centralized Game Model Decentralized Game Model Revenue-Sharing Game Model

w - 2I(a−bc)
4bI−α2 + c

(a−bc)(2bI2
−(I−2k)α2)

2b(2bI2−(I−k)α2)
+ c

θ α(a−bc)
2b(I+k)−α2

α(a−bc)
4bI−α2

Iα(a−bc)
2(2bI2−(I−k)α2)

p (I+k)(a−bc)
2b(I+k)−α2 + c 3I(a−bc)

4bI−α2 + c
(a−bc)(3bI2

−(I−2k)α2)
2b(2bI2−(I−k)α2)

+ c

πF - I(a−bc)2

2(4bI−α2)
I2(a−bc)2

4(2bI2−(I−k)α2)

πR - (a−bc)2(2bI2
−kα2)

2(4bI−α2)2
I2(a−bc)2

8(2bI2−(I−k)α2)

πSC
(I+k)(a−bc)2

2(2b(I+k)−α2)

(a−bc)2(6bI2
−(I+k)α2)

2(4bI−α2)2
3I2(a−bc)2

8(2bI2−(I−k)α2)

3.3. Model Comparison

On the basis of the results of the above models, comparative analyses of related variables are
made and the following corollaries are proposed:

Corollary 1. The optimal wholesale price of green agri-foods is in the following order: wD > wRS.

Corollary 1 indicates that the wholesale price of green agri-food under the revenue-sharing
contract is lower than that under the decentralized game model.

Proof. The detailed process of the certification is given in the Appendix A. �

Corollary 2. The optimal greening level of agri-food is in the following order: θ∗ > θRS > θD.

Corollary 2 illustrates that the greening level of agri-food is the highest in the centralized case,
followed by that in the retailer-led revenue-sharing contract, and the lowest in the decentralized case.

Proof. The detailed process of the certification is given in the Appendix A. �

Corollary 3. The retail price of green agri-food is in the following order: pD > pRS > p∗.

Corollary 3 indicates that the retail price of green agri-food is the highest in the decentralized case,
followed by that in the retailer-led revenue-sharing contract, and the lowest in the centralized case.
This can be explained by the fact that the revenue-sharing contract is beneficial to lowering the retail
price to meet consumers’ expectations of purchasing green agri-food at lower prices.

Proof. The detailed process of the certification is given in the Appendix A. �

Corollary 4. The optimal market demand for green agri-food is in the following order: q∗ > qRS > qD.

Corollary 4 shows that the optimal market demand for green agri-food is the highest in the
centralized decision game model, followed by that in the retailer-led revenue-sharing contract, and the
lowest in the decentralized case.

Proof. The detailed process of the certification is given in the Appendix A. �

Corollary 5. The overall profit of the agri-food supply chain is in the following order: π∗SC > π
RS
SC > π

D
SC.

Corollary 5 illustrates that the green agri-food supply chain performs best under the centralized
case, followed by the that in retailer-led revenue-sharing contract, while the decentralized model has
the lowest profit.
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Proof. The detailed process of the certification is given in the Appendix A. �

Conclusion 1. Under the revenue-sharing contract, the wholesale price is reduced, which may lead
to an increase in retailer’s income. This part of the increased income may compensate the retailer
for increased costs due to green marketing, which makes the retailer more willing to participate in
green marketing investments. Simultaneously, a lower wholesale price enables the retailer to reduce
the retail price. As a result, the retailer’s green marketing and a lower price will stimulate consumer
purchasing behavior, that is, market demand. The value of profit loss caused by the decrease in retail
price is less than the value of profit added by the expansion of the market, which results in the increase
of the overall supply chain profit.

Conclusion 2. Revenue-sharing contracts can stimulate farmers to make efforts to improve the greening
level and the market demand for green agri-food from consumers who care about environmental
issues. Compared with the traditional decentralized case, revenue-sharing contracts have a higher
environmental performance.

Corollary 6. The profit of the farmer is in the following order: πRS
F > πD

F , and the profit of the retailer
is in the following order: πRS

R > πD
R .

Corollary 6 indicates that, compared with the decentralized case, revenue-sharing contracts result
in higher profits of the farmer and retailer. The revenue-sharing contract can benefit both the farmer
and the retailer, which is the motivation for both players to be willing to participate in cooperation.

Proof. The detailed process of the certification is given in the Appendix A. �

Corollary 7. When ∆πF = πRS
F −π

D
F and ∆πR = πRS

R −π
D
R , ∂∆πF

∂α > 0 and ∂∆πR
∂α > 0.

Corollary 7 illustrates that the farmer’s and retailer’s optimal profit differ under two game models
(the value under the revenue-sharing contract minus the value under the decentralized case) and
consumer sensitivity to the greening level increase in the same direction.

Proof. The detailed process of the certification is given in the Appendix A. �

Conclusion 3. According to the calculation part of Section 3.2.3, the revenue-sharing contract can be
established between farmers and retailers under relevant algebraic conditions, and both parties have
the optimal decision. At the same time, the revenue-sharing contract can bring a win-win situation.
Meanwhile, as consumers become more sensitive to the greening level, the effect of a revenue-sharing
contract is more obvious. Therefore, when consumers have higher sensitivity coefficients, members of
the green agri-food supply chain are more willing to participate in coordination.

4. Numerical Analysis

To better illustrate the above corollaries and conclusions, we present some numerical analyses as
follows. Let the model parameters be a = 1000, b = 50, c = 6, I = 40, k = 15. Similar data assignments
can be found in some recent literature of Ghosh and Shah [37] and Song et al. [39]. We take consumer
sensitivity to the greening level ‘α’ as an independent variable, and the greening level, the retail price,
the profit of the farmer and the retailer, and the total profit of green agri-food supply chain as the
dependent variables. Using MATLAB to simulate the change of the dependent variables, Figures 1–5
can be plotted.
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It can be observed from Figure 1 that consumer sensitivity to the greening level of agri-food has a
positive impact. Consumers tend to purchase the high greening level agri-food in the market where
consumers are highly sensitive. Further, consistent with Corollary 2, the agri-food greening level
in the centralized channel is the highest and that in the decentralized channel is the lowest. Thus,
retailer-led revenue-sharing contracts we have established can improve the greening level more than
the decentralized case.

As can be seen from Figure 2, the retail price is an increasing function of consumer’s sensitivity to
the greening level, which indicates that consumers with higher sensitivity to greening levels are willing
to buy green agri-food at a higher price. Consistent with Corollary 3, the retail price is the lowest
in the centralized channel. Notably, the results also indicate that the retail price in the retailer-led
revenue-sharing contract is only slightly lower than the decentralized channel. A high greening level of
agri-food increases farming cost, which is the farming pressure of farmers. However, the introduction
of a revenue-sharing contract does not increase the retail price, but decreases slightly, which also
proves the effectiveness of the revenue-sharing contract. Combined with Figure 1, we illustrate that
the retailer-led revenue-sharing contract allows consumers to purchase affordable agri-food with a
higher greening level at a lower price.
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As shown in Figures 3 and 4, farmers and retailers under revenue-sharing contracts are more
profitable than those in the decentralized channel, although the retailer’s added value is smaller than
that of the farmer. However, as consumers become more sensitive to greening level, the additional
profits brought by the revenue sharing contract will increase significantly. It is also confirmed in
Figure 5 that profit of the whole green agri-food supply chain has also increased in revenue-sharing
contracts compared with decentralized cases. Notably, according to Figure 3, the slight decrease in the
retail price in revenue-sharing contract can be understood as a small effect of price fluctuations on
market demand. Therefore, the greening level and consumers’ sensitivity to it are the main factors
affecting market demand, which also explains Conclusion 3—the larger the consumers’ sensitivity to
greening level, the better the performance of the revenue-sharing contract.

In summary, our analysis thus reveals that the benefits of green marketing to stimulate market
demand by retailers can compensate for the increase in costs, and at the same time, increase the greening
level and reduce retail prices slightly under the revenue-sharing contract. Importantly, compared with
the traditional decentralized conditions, the revenue-sharing contract can generate higher profitability
of the green agri-food supply chain and better environmental performance.

5. Conclusions

In this paper, we establish a revenue-sharing contract for a two-echelon green agri-food supply
chain with a farmer and a retailer, while taking the retailer’s green marketing efforts into account. To
analyze the influences of the contract on the greening level and relevant price and profits of the green
agri-food supply chain, we compare the greening level, market demand, prices, and profits under
different cases.

Our theoretical analysis shows the following results: (1) The revenue-sharing contract can
alleviate the pressure on farmers to farm produce high greening level agri-food, thereby decreasing
the wholesale price, which has led the retailer to reduce its retail price to a certain extent. When
consumers purchase high-quality green agri-food at a lower price, their purchasing enthusiasm is
stimulated, thereby increasing the profit of the green agri-food supply chain. This increase in profits
can be understood as the benefits brought by increased demand outweigh the losses of the decreased
retail price. (2) Compared with the decentralized game model, the greening level of agri-food and
market demand under the revenue-sharing contract are higher, which means that farmers and retailers
need to invest more in green farming and marketing, respectively. However, the increase in market
demand can compensate for the increased costs, making the profits of both participants higher than the
decentralized case and closer to the optimal value in the centralized case, which in turn also stimulates
farmers and retailers to work for green farming and marketing. (3) According to the calculation
results in Section 3.2.3, under certain conditions, farmers and retailers are both willing to participate
in revenue-sharing contracts to achieve a win–win situation. Further, when consumers have a high
sensitivity to the greening level of agri-food, the effect of coordination is more obvious. Thus, we draw
a conclusion that a revenue-sharing contract can benefit both the retailer and farmer and promote the
sustainable development of the green agri-food.

Then, we can derive some implications for managers. According to the points in the previous
paragraph, we can draw that the effectiveness of the revenue-sharing contract is directly proportional
to consumers’ sensitivity to the greening level. Therefore, farmers and retailers should strengthen
the dissemination of information on green agri-food, increase consumer awareness of environmental
protection, and transform this protection awareness into actual purchasing behavior. The government
should play an active role as a mediator and provide farmers and retailers with a platform to negotiate
contracts fairly and promote coordination. At the same time, governments should improve relevant
laws and regulations, standardize green farming and green marketing, and avoid low-quality agri-food
and information to weaken consumers’ confidence in green consumption. A coordinated development
among farmers, retailers, governments, and consumers will be formed to drive the prosperity and
development of the green agri-food market.
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Despite the fact that we innovatively applied the revenue-sharing contract to the green agri-food
supply chain in our research and considered the retailer’s green marketing behavior, the model still has
some shortcomings. In this study, we consider the actual market demand as a linear form related to
green agri-foods’ greening level and retail price, and the model is also limited to a two-echelon green
agri-food supply chain with a single farmer and a single retailer. Therefore, the stochastic demand
function and the supply chain composed of multiple farmers and retailers can be new directions for
future research.
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Appendix A

Proof of Corollary 1. ∵ 0 < λRS =
2bI2
−(I−2k)α2

2bI2 < 1, ∴ I − 2k > 0

∵ θD =
α(a−bc)
4bI−α2 > 0, ∴ a− bc > 0

∵ θRS =
Iα(a−bc)

2(2bI2−(I−k)α2)
> 0, ∴ 2bI2

− (I − k)α2 > 0

∴ wD
−wRS =

α2(2bI2
−α2)(I−2k)

2(2bI2−(I−k)α2)(4bI−α2)
> 0, ∵ wD > wRS �

Proof of Corollary 2. According to Assumption 2. and the value of optimal retail price under different
models (as shown in Table 2), we find that bI − α2 > 0.

∵ θ∗ − θRS = 2bI2
−Iα2+2kα2

−2bIk
2(2b(I+k)−α2)(2bI2−(I+k)α2)

>
(I−k)(bI−α2)

(2b(I+k)−α2)(2bI2−(I+k)α2)
> 0, ∴ θ∗ > θRS

∵ θRS
− θD =

α2(a−bc)(I−2k)
2(2bI2−(I+k)α2)(4bI−α2)

> 0, ∴ θRS > θD

In summary, θ∗ > θRS > θD. �

Proof of Corollary 3. ∵ pD
− pRS =

α2(a−bc)(I−2k)(bI−α2)

2b(2bI2−(I−k)α2)(4bI−α2)
> 0, ∴ pD > pRS

∵ 2bI2
− (I − k)α2 > 0, ∴ 2bI2

− (I − 2k)α2 > 0
∵ θ∗ =

α(a−bc)
2b(I+k)−α2 > 0, ∴ 2b(I + k) − α2 > 0

∴ pRS
− p∗ =

(a−bc)((2bI2
−(I−2k)α2)(bI−α2)+2bk(bI+α2))

2b(2bI2−(I−k)α2)(2b(I+k)−α2)
> 0, ∴ pRS > p∗

In summary, pD > pRS > p∗. �

Proof of Corollary 4. According to Table 2, ∵ q = a− bp + αθ

∴ q∗ = b(I+k)(a−bc)
2b(I+k)−α2 , qD =

bI(a−bc)
4bI−α2 , qRS =

bI2(a−bc)
2(2bI2−(I−k)α2)

∵ q∗ − qRS =
b(a−bc)(I2(2bI−α2)+2bkI2+2α2k2)

2(2bI2−(I−k)α2)(2b(I+k)−α2)
> 0, ∴ q∗ > qRS

∵ qRS
− qD =

bIα2(a−bc)(I−3k)
2(2bI2−(I−k)α2)(4bI−α2)

> 0, ∴ qRS > qD

In summary, q∗ > qRS > qD. �

Proof of Corollary 5. ∵ π∗SC −π
RS
SC =

(a−bc)2(I2(2bI−α2)+2k(bI2+2kα2))
8(2bI2−(I−k)α2)(2b(I+k)−α2)

> 0, ∴ π∗SC > π
RS
SC

∵ 2bI2
− (I − k)α2 > 0, ∴ 8bI2

− (I + 2k)α2 > 3(I − 2k)α2 > 0

∴ πRS
SC −π

D
SC =

α2(a−bc)2(I−2k)(8bI2
−(I+2k)α2)

8(2bI2−(I−k)α2)(4bI−α2)2 > 0, ∴ πRS
SC > π

D
SC

In summary, π∗SC > π
RS
SC > π

D
SC. �
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Proof of Corollary 6. ∵ πD
F =

I(a−bc)2

2(4bI−α2)
, πRS

F =
I2(a−bc)2

4(2bI2−(I−k)α2)

∴ πRS
F −π

D
F =

Iα2(a−bc)2(I−2k)
4(2bI2−(I−k)α2)(4bI−α2)

> 0, ∴ πRS
F > πD

F

∵ πD
R =

(a−bc)2(2bI2
−kα2)

2(4bI−α2)2 , πRS
R =

I2(a−bc)2

8(2bI2−(I−k)α2)

∴ πRS
R −π

D
R =

α4(a−bc)2(I−2k)2

8(2bI2−(I−k)α2)(4bI−α2)2 > 0, ∴ πRS
R > πD

R �

Proof of Corollary 7. ∵ ∆πF = πRS
F −π

D
F =

Iα2(a−bc)2(I−2k)
4(2bI2−(I−k)α2)(4bI−α2)

∴ ∂∆πF
∂α =

2Iα(a−bc)2(I−2k)(8b2I3
−α4(I−k))

4(2bI2−(I−k)α2)2(4bI−α2)2 > 0

∵ ∆πR = πRS
R −π

D
R =

α4(a−bc)2(I−2k)2

8(2bI2−(I−k)α2)(4bI−α2)2

∴ ∂∆πR
∂α =

2α3(a−bc)2(I−2k)2(16b2I3
−α4(I−k)(4bI+α2))

8(2bI2−(I−k)α2)2(4bI−α2)3 > 0 �
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