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Abstract

Supply chain coordination plays a critical role in improving the enterprise performance and the competitive
advantage of fresh e-commerce. This study explores the coordination problem of a two-echelon fresh produce
e-commerce supply chain comprising a fresh e-commerce enterprise and a fresh supplier in a novel framework.
In this framework, the fresh e-commerce sells fresh produce and provides promotion effort; meanwhile, the
fresh supplier deliveries fresh produce and provides freshness-keeping effort. Specifically, the optimal decisions
under centralized and decentralized decision-making are compared, and it is found that centralized decision-
making is more profitable. Based on this work, we created a cost-sharing and revenue-sharing combination
contract. This study demonstrates that this contract effectively coordinates the supply chain and makes both
parties achieve Pareto optimization when the parameters meet certain conditions. Finally, the feasibility and
validity of the contract are presented through a numerical example.
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1. Introduction

With the prosperity of the e-commerce industry, fresh produce e-commerce has been developing
rapidly, transforming many traditional fresh produce enterprises into this field. Fresh e-commerce
platforms are attracting an increasing number of consumers to buy fresh produce online due to their
advantages, such as low price, high freshness, and fast delivery. However, since 2019, with the increasingly
fierce competition, many fresh e-commerce enterprises have carried out low price promotions, engaged
in fresh festivals, and continued to fight price wars to occupy the market, resulting in long-term losses
and operation crisis for some enterprises [1]. In early 2020, COVID-19 broke out suddenly, causing
people to isolate at home. It greatly increased the demand for fresh delivery to the home. Moreover, many
potential consumers gradually developed the habit of online ordering, thus rekindling fresh produce e-
commerce. The data suggest that the annual transaction volume of e-commerce for fresh produce in 2020
was approximately 364.13 billion Yuan, a year-on-year increase of 42.54% [2]. Meanwhile, owing to the
surge in demand and the perishable nature of fresh produce, maintaining supply chain balance has become

a practical problem when facing the fresh produce e-commerce develop rapidly. This requires upstream
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and downstream enterprises to work closely by coordinating the relationship between promotion, freshness,
and price in the supply chain. This method ultimately improves product freshness and provides consumers
with high-quality and low-cost produce. Therefore, exploring how to coordinate the fresh produce e-
commerce supply chain and make the two sides jointly improve the level of effort through design
coordination contracts is both meaningful and critical.

Promotional effort is a critical way to increase the total profitability of the fresh produce e-commerce
supply chain in the e-commerce environment. Howard Finch et al. [3] highlighted that the price is a
strategic marketing variable that influences a consumer’s purchasing decisions and helps companies
increase the sales revenue. Grewal et al. [4] noted that promotions include coupons, discounts, samples,
and gifts. The promotions aim to increase the sales and market share. Lan and Yu [5] verified that a
market leader must step up its promotional efforts. This is essential to stimulating product sales and
supply chain profits. Heydari and Asl-Najafi [6] demonstrated the importance of a retailer’s sales efforts
in affecting demand. Promoting, offering appealing shelf space, and directing customer purchases with
sales professionals are ways through which retailers may impact demand. Krishnan et al. [7] further
researched the effect of retailer promotions on consumer demand and considered developing channel
cooperation through promotions. Edelman et al. [8] explored the impact of online promotions on company
profitability, concluding that online promotions may increase company profits, especially for relatively
unknown firms and firms with lower marginal costs. Furthermore, Huo and Wang [9] examined the
coordination of the agricultural product supply chain in which promotional efforts and sales prices jointly
affect market demand; to organize the supply chain, a combination contract comprising “revenue + cost
sharing + wholesale price discounts” was developed. By analyzing the literature, we found that fresh
produce e-commerce should focus more on investments in promotions to increase product exposure, to
allow customers to gain a better understanding of the product, and to increase customer pleasure and
purchase intention, thereby expanding market demand and ultimately achieving the goal of increasing
corporate profits.

Because fresh produce is perishable, investment in preservation must be considered in coordinating the
fresh produce e-commerce supply chain. Dye and Yang [10] highlighted that product freshness is an
important indicator of whether consumers will buy the product. For example, meat, fruits, live plants,
and vegetables have a high failure rate and risk of damage; therefore, they must be stored and transported
in special equipment. McLaughlin [11] elucidated that shorter supply chains can reduce costs by increasing
inventory turnover, reducing the amount of storage in supply chain operations, and preventing the
deterioration of perishable commodities. In addition, Cai et al. [12] demonstrated that the market demand
for produce depends on the degree of freshness of the produce by examining a fresh produce supply chain
comprising producers, third-party logistics (TPL), and customers. Similarly, Piao and Hu [13] considered
the green preferences and freshness sensitivity of consumers. It was discovered that products with a
higher level of greenness and freshness were more popular. Zheng et al. [14] explored the coordination
problems of the fresh produce supply chain considering multiple factors, such as the transportation loss
rate, freshness, and price. The sensitivity of consumers toward freshness was found to be positively
associated with the profitability of the fresh produce supply chain. Cao et al. [15] showed that the
advancement of the freshness degree is critical for reducing waste and improving total supply chain
profitability and that increasing the elasticity coefficient of freshness enables consumers to accept a

higher retail price, thereby enabling companies to generate higher profits. Similarly, using model design
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and a solution, some research has determined the ideal pricing, order amount, and freshness effort level
in the supply chain. They concluded that e-retailers’ profits increased after they invested in freshness-
keeping efforts. Thus, e-retailers are motivated to invest in freshness-keeping efforts [16,17]. Yang et al.
[18] investigated the problem of agricultural supply chain coordination with asymmetric freshness
information and designed appropriate repurchase contracts to ensure information sharing and supply
chain coordination. Zheng et al. [19] believed that freshness information asymmetry would influence a
supply chain’s total profits and determined that improved income-sharing contracts may effectively
improve the degree of information sharing and increase overall profit.

In summary, numerous academics have undertaken research and practical explorations on issues
concerning the coordination of fresh produce supply chain. These studies have rich theoretical guidance
and practical significance. However, studies on the coordination of the fresh produce e-commerce supply
chain are currently rare, and most relevant studies have only considered the impact of a single level of
effort. However, in terms of the consumption-driven fresh e-commerce supply chain, the promotion and
preservation level efforts will affect consumers’ purchase demand simultaneously. Moreover, compared
with traditional offline stores, on e-commerce platforms, information acquisition is more convenient and
transparent due to the transmission of online comment information. Moreover, consumers have a higher
understanding of the level of promotion and preservation efforts of produce before purchasing it.
Therefore, this study comprehensively considers the promotion effort invested by fresh e-commerce and
the freshness-keeping effort provided by fresh produce supplier. It also explores the two-echelon supply
chain coordination and optimization of fresh produce e-commerce.

The remainder of this paper is organized as follows. Section 2 presents a preliminary analysis of the
work done before modeling, followed by a description of the basic decision-making models in Section 3.
Section 4 discusses the coordination model. Section 5 provides a numerical example, and Section 6

concludes with a summary and recommendations for future research.

2. Problem Analysis

This section will describe the problem discussed in this study, including a detailed description of the
operational mode of the fresh produce e-commerce supply chain, and it will propose several basic
assumptions of the model construction that will lay the foundation for constructing the models in the

following sections.

2.1 Problem Description

The e-commerce platform helps promote supply chain coordination and construction in the e commerce
environment. We described a two-echelon fresh produce e-commerce supply chain formed by a fresh
produce supplier (S) and a fresh produce e-commerce platform (R). Unlike the traditional supply chain,
the fresh produce e commerce platform has a wealth of informational resources upon which the communi-
cation between members relies. E-commerce provides consumers with relevant commodity information,
and targeted promotional services induce consumers to buy. Purchased produce is delivered to consumers
by the fresh produce supplier that makes a freshness-keeping effort to ensure the freshness of the produce.

Fig. 1 shows the operation of the fresh produce e-commerce supply chain.
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Freshness-keeping effort

Transport order produce
| Market demand

| information
* \ 4
. Promotion effort i
Fresh supplier (S) —> Fresh e-commerce (R) > Final consumer
Order quantity Sales volume
4 4 5
- _____ J |
|
_ Order. Wholesalefresh | Orderonline :
information produce Sell fresh produce

Fig. 1. The operation of the fresh produce e-commerce supply chain.

2.2 Basic Assumptions

The following assumptions are made in this study:

(M

2

)

4)

)

Each participant in the supply chain is fully rational and risk-averse, pursuing their own profit
maximization principles and fully sharing information with members.

Let ¢ be the fresh produce supplier’s unit manufacturing cost, w be the wholesale price, p be the
retail price, e;(e; > 0) be the freshness-keeping effort level, and e, (e, > 0) be the promotional
effort level. The demand for fresh produce is affected by p, e;, and e,.

Referring to the assumption proposed by Huang et al. [20], the market demand function for fresh
produce is Q = a — bp + abye; + fe, (a,b,a, B > 0), where a, b, a, and S denote the potential
demand for produce, the elasticity coefficients of the price, the freshness-keeping effort level, and
the promotional effort level, respectively.

Following Cai et al. [21], 8 = 6,e, characterizes produce freshness when the consumer receives

it, and 6, represents the initial freshness. Similar to the assumptions proposed by Ha et al. [22],
the freshness-keeping and promotional cost functions can be expressed as C(e;) = %klelz and
C(ey) = %kzezz, respectively, where k, and k, represent the freshness-keeping and promotional

cost coefficients, respectively.

To ensure that members at all levels are profitable, they must meet the condition p > w + c.

3. Basic Decision Models

First, we build a centralized decision-making model for the fresh produce e-commerce supply chain as

a benchmark. Subsequently, a decentralized decision-making model is constructed. Finally, by compa-

ring the optimal decision-making results of the two modes, we analyze the reasons underlying a lack of

supply chain coordination under the decentralized decision-making model, providing a basis for

constructing a supply chain coordination model in the next section.

3.1 Centralized Decision-Making Model

The fresh produce supplier and e-commerce company are considered collectively in this centralized

decision-making model. They each make the best selections to maximize their total earnings. The supply
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chain’s overall profit function is as follows:
1 1
T[=(p—c)(a—bp+a6061+Bez)—;klef—;kzezz. ey

We take the first and second derivatives of Eq. (1) with regard to p, e,, and e,. The Hessian matrix of

1 is as follows:

—2b ab, B
H =|aby —k, © ] = —2bkyky + B?ky + a?02k,. ©)
B 0 —k

This indicates that 7 is a concave function of p, e;, and e, and that if —2bk, k, + B2k, + a202k, <
0, an optimal solution exists.
Let the first derivative of Eq. (1) with respect to p, e;, and e, equal 0. The optimal solutions for the

centralized model’s decision-making variables are as follows:

k1k,(a—bc)

= +c
p 2bkiky—f2ky—a?k,02 i )
ak,0p(a-bc)
e =
L7 2bkqk,—B2ky—a2k,62 )
e, = Bk1(a—bc) )
2 7 2bkyky—B2ki-a2k,02’
Q — (a=bc)bk1ky (6)
2bkiky—B2k,—a?k,08’

_ (a—bc)?kq1k, )
2(2bkyky—B2k,—a2k,03)"

3.2 Decentralized Decision-Making Model

The fresh produce supplier and e-commerce only pursue their own interests in decentralized decision-
making. The communication of various processes is transmitted through the fresh e-commerce because
of its huge information resources. Thus, the fresh e-commerce platform is in the lead. The following is
the game sequence: first, the fresh supplier predicts the order quantity of fresh e-commerce and gives the
wholesale price and freshness-keeping effort level according to the product cost and profit. Then, to
optimize its profit, the e-commerce platform reacts by determining the selling price and promotional
effort level. The expected profit functions of the fresh e-commerce platform, the fresh supplier, and the

supply chain are as follows:

1
Ty = (p—W)(a—bp+a9061+ﬁez)—;kzezz, (®
T = (W—c)(a—bp+a'90e1+ﬁe2)—%k1e12, 9)
n* =1, + ;. (10)

We then take the first and second derivatives of Eq. (9) with regard to p and e,, proving that i, is a

concave function of p and e,. The resulting optimal solution is as follows:
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a+bw+Be+abpeq

p = Lrutbertadoe, (1
0= L (12)

Substituting Eq. (11) and Eq. (12) into Eq. (8) to find the second derivative of e; by verifying that

is a concave function of e;, we obtain the following expression:

« _ (w=0)aby

o= (13)

We may yield the following equations by solving Eq. (11), Eq. (12), and Eq. (13).

« _ 2kikz(a—bw-wB?)+(w—c)a?k, 63

2k, (2bk,—2) > (14)
« _ (w=0)ab,
e = TO, (]5)
— _ 292
e; — 2Bkq(a-bw)+(w-c)Ba“by (]6)

2ky (2bky—B2)

Currently, demand, the e-commerce profit of fresh produce, the fresh produce supplier’s profit, and the

supply chain’s total profit under decentralized decision-making conditions are as follows:

__ 2bkykz(a—bw)+bkya?0%(w—c)

Q 2k (2bk2—B2) ’ an
__ ka[2kq(a—bw)+(w—c)a?6Z]?
T = 8Kk2(2bk,—B2) ’ (18)
_ (w=c)(a—bw)8bkqky+(w—c)?(B%+2bk;) a6
s = 8kZ (2bk,—p2) ’ (19)
_ kz[2ks (a—bw)+(w—c)a?031%+(w—c)(a—bw)8bk,ka+(W—c)? (B2 +2bk,)a’ 62 20
- 8kZ(2bk,—f2) : (20)
3.3 Comparison of Centralized and Decentralized Decision-Making Models
Proposition 1. 1) e] <ej,e; <e,;;2) Q" <Q, " <m.
Proof.
1) From Eq. (4), Eq. (15), Eq. (5), Eq. (16), we can obtain:
_« _ aky0oB*(W—c)+2akqky0p(a—bw)+a3 k05 (W—c)
G1-6 = 2kq (2bkqky— B2k, —a?k;02) >0, 1))
or = 2bBkZ(W—c)(2bky—B2)+a?03 B2k (W—C)+a208kq ko (a+bc—bw)+atk, 0 (w—c) >0 (22)

e, — =
z " 2ky(2bko—B2)(2bk1ko— B2k, —a2kz02)

Therefore, e < eq; e; < e,.

2) Similarly, from Eq. (6), Eq. (17), Eq. (7), Eq. (20), we can obtain:
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_ 2b2%kZky(W—c)(2bk,—B2)+a?bk k,03[(w—c) B2 +(a+bc—2bw)k,]+a* k305 (w—c) >

Q - Q 2ky (2bky~B?)(2bkyky—B2ky~a?k,65) 0, (23)
_ _ (a—bc)?kqk, _ ko (2k1(a—bw)+(wW—c)a?03)2+(wW—c)(a—bw)8bk, ky+(w—c)? (B2 +2bky) a2
T—mx= 2(2bkyky— B2k —a2k,62) 8k2(2bk,—B2) > 0. @4

Therefore, Q* < Q; T < m.

Proposition 1 indicates that the optimal decision in a decentralized decision-making model is less than
an ideal decision in the centralized decision-making model because in the decentralized decision-making
model, both parties evaluate only their own profits, resulting in double marginal benefits. However, in
real life, both members make decisions independently, and both parties hope that the other party will
invest more effort and obtain greater profit independently. Fresh produce e-commerce increases retail
prices and reduces promotional efforts to maximize its own profits; the fresh produce supplier will
achieve its own interests by increasing wholesale prices and reducing investment in fresh produce
preservation. Therefore, an incentive contract must be designed to coordinate the supply chain. Hence,
in the next section, we propose a contract coordination model with cost-sharing and revenue-sharing to
improve the inconsistency in the decentralized decision-making model; thus, both parties in the supply

chain can maximize profits while enabling consumers to obtain quality produce at low prices.

4. Coordination Model

In the fresh produce e-commerce supply chain, when the fresh produce supplier invests in preservation
efforts, it provides quality assurance for the produce sold by the fresh produce e-commerce platform and
reduces the loss of customers. Moreover, during sales, fresh produce e-commerce will provide price and
service promotions to attract additional consumers. Therefore, achieving the optimal promotional and
freshness-keeping efforts will inevitably increase market demand as well as the costs of both parties.
Therefore, we create a cost-sharing contract to address these issues. To increase the enthusiasm of both
parties to perform the contract, we also consider a revenue-sharing contract. For the coordination model,
most scholars use a Stackelberg or Nash equilibrium game. The Stackelberg game is more practical for
analyzing fresh produce e-commerce. Wang et al. [23] established a Stackelberg and Nash equilibrium
models to explore the fresh supply chain coordination and found that the cost-sharing Stackelberg model
performed better than the Nash equilibrium model with cost-sharing attributes. Other scholars have
conducted similar studies [13,17]. Therefore, we will establish a cost-sharing and revenue-sharing
Stackelberg contract coordination model.

On the one hand, the fresh produce e-commerce platform shares A, (0 < A; < 1) percentage of the
freshness-keeping cost of the fresh produce supplier; on the other hand, the fresh supplier shares
A, (0 < A, < 1) percentage of the promotion cost of the fresh produce e-commerce platform. Additionally,
before the produce is sold, the fresh e-commerce requests ask a lower wholesale price from the fresh
produce supplier and shares ¢ (0 < ¢ < 1) percentage of the sales with supplier.

According to the aforementioned information, the profit function of the fresh produce e-commerce and

supplier is as follows:
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YR 1-1
nl = [(1 - @)p — wl(a — bp + aboe + fe;) — Lhye? = 2 ke, (25)
1-1, 2 2
] = (W —c+ ¢p)(a—bp + abye; + fey) — %klef —szezz. (26)
Currently, we acquire the optimal solution as follows:

pT _ a?0%ky(1-213)(c—ch+2dpw—w)+2k, (1—11) [WB2(1—)—k,(1-13) (a+bw—ad)]

27
2(1-9)[B%k1(1-)(1-21)+a202kap(1-A2)~2bk1 k2 (1-21)(1-22)] ’ 27
T _ @63 B2 (W—c—cd)—2abk,03(1-13)(w—c+ag) )3
e = 2[B2k1 (1-$p)(A—A1)+a2? 03 ko (1-A2)—2bk 1k (1-21)(1-12)] (28)
el = a?03 B(w+c—cp)+2bwfky (1-11)—2afkq(1-$)(1-11) 29)

2[B2k1(1-$)(1-2A1) +a205 ko p(1-A2)—2bk1 kp (1-21)(1-22)]

Proposition 2. 1) When the cost-sharing and revenue-sharing contract (4,, 4,, @, w) is satisfied by the
conditionw = c(1 — ¢),4; =1 — ¢, 1, = ¢, the supply chain can be coordinated; 2) (¢, @,) exists;
when ¢ is within this range, both supply chain members can realize Pareto improvement. Pareto
improvement, in the supply chain, implies that when the supply chain’s total profit remains unchanged,
the income of one or more supply chain members increases without reducing the income of the other
supply chain members.

Proof.

1) Baj;ed on the optimal solutions to the centralized decision-making model, the necessary condition
for supply chain coordination under a coordination contract is p = p7,e; = el,e, = eI, and using
simultaneous equations, we can obtainw = c(1 — ¢),4;, =1 — ¢, 1, = ¢.

Substitutingw = c(1 — ¢), A4, =1 — ¢, 4, = ¢ into Eq. (25) and Eq. (26), the optimal profit of the
fresh produce e-commerce and supplier is calculated as follows:

T _ _ (=¢)a-bo)’kiky  _ oo
= 2(2bkyky—f2k1-a%k263) (1=, 30)
al = pbke 4 31)

2(2bk1ky—B2k1-a%k,62)

2) Let A, = nl — 7}, and Amg = nl — . When il > 7, nl > 7} is satisfied, the supply chain can

achieve Pareto improvement.

AT (a—bc)?kq 1k
Because —= = =
g 2(2bk1ky—B%k1—a?k,608)

> 0, then Am, is a monotonically increasing function with

respectto @ and is continuously differentiable in ¢ € [0,1]. Moreover, (¢4, 1] exists, wheng € (¢4, 1];

thus, the fresh produce supplier’s profit after coordination is better than before. Similarly, [0, ;) exists,
when ¢ € [0, ¢,); the profit from fresh produce e-commerce after coordination is greater than before.
This calculation yields ¢, — @, > 0, then ¢, > . Therefore, when ¢ € (@4, @,), nl =}, nl = n}.
Proposition 2 demonstrates that when certain conditions are satisfied, the price, total profit, freshness-
keeping efforts, and promotional efforts (4;, 4,, @, w) are the same as in the centralized decision-making
model. This suggests that the double marginal effect can also be eliminated under a decentralized
decision-making model. Therefore, the coordination contract proposed in this study may effectively

realize supply chain coordination and optimization.
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5. Numerical Example

To further validate the effectiveness of the contract coordination, we verified an example in this section.
According to the constructed model’s conditions, the parameters are assigned as follows: a = 200,b =
10,k; =10,k, =8,a =3, =4,c =5,w = 8,0, = 1. Table 1 and Figs. 2—6 show the corresponding
results.

Table 1 shows that in a decentralized decision-making model, barring the price, the freshness-keeping
and promotional effort levels, demand, and total profit are less than those in a centralized decision-making
model, thereby verifying Proposition 1. Moreover, after adopting a combined contract, the level of
promotion, preservation efforts, and profit increase. This demonstrates that a contract may improve

supply chain coordination while maximizing the individual interests of the supply chain members.

Table 1. Decision-making variables under different models

Variable P eq e, Q T, T 4
Centralized decision-making model 13.77 2.64 4.38 87.71 - - 657.89
Decentralized decision-making model 14.74 - - - N/A 201.23  610.28
Coordination contract 13.77 2.64 4.38 87.71 - - 657.89

Fig. 2 illustrates that after implementing the coordination contract model, with an increase in ¢, the
profit of the fresh produce supplier keeps increasing, whereas the profit of the fresh produce e-commerce
company decreases. When ¢ € (¢4, ®,), in this example ¢;=0.306, ¢,=0.376, the revenue of both
partners in the supply chain will be greater after coordination than before. At this moment, the
coordination of the fresh produce e-commerce supply chain and Pareto improvement of both sides of the

supply chain can be achieved.

400
350 — — — Fresh produce e-commerce'profit difference
300 - Fresh peoduce supplier'profit difference
250 -
3
§ 200 -
& e
£ 150 - S
S 100 RN .
(=™
50 - s
0 (0.306, 0) .
50 & 0.1 %{3 %{ 06 07 o8
-100

Revenue sharing ratio (¢)

Fig. 2. The effect of different contract parameters on supply chain profits under a contract.

5.1 Effect of Effort Level Elasticity Coefficient on Effort Levels of Both Parties

Figs. 3 and 4 illustrate that as the freshness-keeping effort elasticity coefficient a and the promotional

effort elasticity coefficient f improve, the levels of promotional and freshness-keeping effort improve as
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well. The elasticity coefficient positively affects their respective effort levels. Moreover, an increase in
a and B yields a more significant gap between the effort levels before and after coordination, and the
coordination effect will become more apparent. This shows that the more sensitive consumers are to the
promotion and freshness level of the produce, the more motivated all parties are to improve their
promotion and freshness efforts continuously. Additionally, when « and § are fixed, the promotional and
freshness-keeping effort after coordination are higher, indicating the potential of coordinate contract to
effectively improve the effort of all parties.

20
18 4 ===-=- Freshness-keeping effort level before coordination

16 - Freshness-keeping effort level after coordination

14 -

Effort

0 1 2 3 4 5 6 7 8 9 10
The freshness-keeping effort elasticity (o)

Fig. 3. The effect of a on the freshness-keeping effort.

30

----- Pomotional effort level before coordination
25 -

Pomotional effort level after coordination

20

Effort

15 A

10

The promotional effort easticity ()

Fig. 4. The effect of § on the promotional effort.

5.2 Effect of Effort Level Elasticity on the Profits of Both Parties

According to the aforementioned parameters, we set ¢ = @ = 0.34. The effects of the elasticity

coefficient of the effort level on profits are discussed.
Figs. 5 and 6 reveal that the profits of the two parties increase as the freshness of the produce improves.
This indicates that produce with a higher level of freshness is more popular, may promote consumer

purchases, and may generate more benefits for the supply chain. When the elasticity coefficient of the
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promotional effort is greater, consumers are more sensitive to the promotional effort level. Investing in
more promotional efforts will therefore increase consumer demand. Furthermore, the profits of both
members after coordination are better than before, indicating that cost-sharing and revenue-sharing
contracts can help reduce the double marginal effect in the supply chain and increase both parties’
profitability. Therefore, fresh produce suppliers and e-commerce platforms should work collaboratively
to improve the effort level. On the one hand, fresh produce suppliers use advanced transportation
equipment and preservation technology to increase the freshness of their produce; on the other hand, fresh
produce e-commerce platforms can use its own data resources to promote more effective and targeted
promotions of fresh produce. Ultimately, this will enable the achievement of win—-win cooperation
between both parties in the supply chain.

1000
«++B -+ Fresh produce e-commerce's profit before coordination »
900 1 —e-- Fresh produce e-commerce's profit after coordination P
’
800 1 Fresh produce supplier's profit before coordination ¢
700 4 == = Fresh produce supplier's profit after coordination’,’
4
600 - o
S 500 I 2o
& . e 18 - STRRR l z
400 - s Triry frew TRRRRL LN S
- -
300 - - —
200 - ===
100 -
0 T T T T T T T T T

0 1 2 3 4 5 6 7 8 9 10
The freshness-keeping effort elasticity (a)

Fig. 5. The effect of @ on supply chain profits.

700
«++B -+ Fresh produce e-commerce's profit before coordination
600 ==& == Fresh produce e-commerce's profit after coordination
Fresh produce supplier's profit before coordination
500 -
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6. Conclusion

Supply chain coordination plays a critical role in improving the enterprise performance and the
competitive advantage of fresh e-commerce. This study explored the decision and coordination of the
two-echelon fresh produce e-commerce supply chain in a novel framework. This study’s primary
contributions are as follows:

(1) By comparing and analyzing the centralized and decentralized decision-making under the non-
contract model. We discovered that the centralized model had higher levels of preservation and
promotional effort, consumer demand, and overall supply chain profit than the decentralized
approach.

(2) By constructing a contract of cost-sharing and revenue-sharing, we realized the coordination of
the fresh e-commerce supply chain. When each parameter in the contract meets certain conditions,
the Pareto improvement of the supply chain can be achieved.

(3) After the introduction of the contract, the levels of product preservation and promotion effort are
greater. Therefore, the fresh supplier and the fresh produce e-commerce should collaborate to raise
the level of promotion and freshness-keeping efforts and achieve a win—win situation to achieve a
virtuous cycle of supply chain.

Although this study provides some thought-provoking insights and managerial ramifications, it still
has some limitations. This study conducts some preliminary research on the coordination of fresh produce
e-commerce supply chain, but it does not consider the relation between freshness and time and the relation
between freshness and promotion. In addition, it is limited to the two-echelon supply chain situation with
complete information symmetry and certain level of market demand. However, in real life, information
cannot be fully symmetrical, and demand is random and uncertain in numerous cases. The next step will
be to study the coordination mechanism of a three-level fresh produce e commerce supply chain under

information asymmetry or random demand to obtain a more general application scenario.
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