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Abstract. This study focuses on the fresh agricultural product supply chain
composed of suppliers and sellers, considering both parties' efforts in preserv-
ing freshness and the sales period of agricultural products, as well as the impact
of freshness decline on market demand. A decision model for different supply
chain structures under Stackelberg game theory is constructed, and the differ-
ences in preservation effort level and supply chain profit between centralized
and decentralized decision-making modes are systematically analyzed. Re-
search has shown that centralized decision-making significantly improves the
overall profit and product freshness of the supply chain by synergistically opti-
mizing the preservation investment and pricing of suppliers and sellers, while
decentralized decision-making leads to insufficient preservation efforts and ef-
ficiency losses due to dual marginal effects. The research results provide a the-
oretical basis for the design of preservation strategies in the supply chain of
fresh agricultural products, and provide practical insights for reducing losses
and improving the sustainability of the supply chain.
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1 Introduction

In recent years, the huge losses generated by fresh agricultural products in the supply
chain circulation have become a hot issue of concern. Due to the perishable and diffi-
cult preservation of fresh agricultural products!), as well as the lack of timely pre
cooling in the production area,, and improper preservation in the sales process, a large
amount of losses are caused. According to statistics, the postpartum loss rate of fruits,
vegetables, and potatoes in China is as high as 15% -25%, with an annual loss of
nearly 200 million tons®?!. Every link in the circulation of fresh agricultural products
may affect the final freshness and quality of the products.

There is currently limited literature on the joint responsibility of both parties in the
supply chain for preservation work. There are even fewer literature on preservation for
both parties considering the sales period. Regarding the preservation of fresh agricul-
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tural products, existing research has mostly focused on independent preservation by
one party 4 and joint preservation by multiple parties *!. In terms of preservation
strategy, Huang and Qiufanglexplored the optimal preservation strategy for electronic
retailers when using third-party logistics for separate preservation. Therefore, in order
to effectively reduce the loss of fresh agricultural products, it is necessary to ensure
the freshness of the entire supply chain of fresh agricultural products. All nodes in the
supply chain, including suppliers and sellers, need to work together. Not only should
suppliers carry out preservation work in the initial stage, but sellers also need to im-
plement preservation work in subsequent stages.

In view of this, in response to the shortcomings of existing research, this article
considers the joint responsibility of member suppliers and sellers in the supply chain
for freshness preservation. The secondary supply chain composed of suppliers and
sellers is taken as the research object, and the cooperation of fresh agricultural product
supply chain members for freshness preservation is considered. Centralized and de-
centralized models are constructed, and the two models are compared and analyzed.

2 Problem Description and Research Hypothesis

2.1  Problem Description

A fresh agricultural product supply chain consisting of a fresh food supplier (r) and a
fresh food seller (s). Among them, it is considered that within a limited sales cycle T,
the supplier is responsible for the initial stage (picking, packaging, and transportation)
of preservation, while the retailer is responsible for the subsequent preservation work
after receiving fresh products.

2.2 Research Hypothesis

Assumption 1: Referring to Cao Xiyu (¢, the freshness of fresh agricultural products 0
is a decreasing function of time t:0(t) = 6, + e, + e, — <p(%)2, t € [0, T].Where 6, €
(0,1) represents the initial freshness of the fresh agricultural product; ¢ represents the
maximum freshness decay after T; T represents time;e (0 < e, < 1)and(0 < e, < 1)
respectively represent the level of preservation efforts made by suppliers and sellers.
Assumption 2: The market demand d for fresh agricultural products is related to the
price p and freshness 0. Referring to the research of Wu Yunting et al.l’!, the demand
function is d(t) = dy — ap + [6(t). Among them, d, is the market size of fresh
agricultural products, @ and f§ are the sensitivity coefficients of consumers to price
and freshness, 6 is the freshness of fresh agricultural products, and a > 0,8 > 0.
Assumption 3: Referring to the research of Wu Yunting et al. ), assume that the

supplier's preservation cost Cg = %ksesz, and the seller's preservation cost C, =

ikrerz. Among them, k; and k, represent the cost impact coefficients of the preser-

vation efforts of suppliers and sellers. The value of k is set to be sufficiently large. The
superscript "*" in the article represents the optimal solution.



Decision Making on Preservation Efforts of Agricultural ... 223

3 Model Establishment and Solution

3.1 Centralized Decision Model (C Model)

Under the centralized decision-making model, suppliers and sellers work together as a
whole to make decisions. According to the previous assumption, the market demand
function for fresh agricultural products at time t is d(t) = dy, —ap + (6, + es +

2
e, — @ (%) ). Therefore, d = fOT[d(t)] dt = (do —ap+p (90 +e;+e.— %))T .
Profit of supply chain system:

Q 1 1
e = (P_C)<do _“P+ﬁ(90 +€5+€r—§>)T—§ksesz —Ekrer2

First, calculate the first derivative of eg,e.and p to establish the hessian matrix:
ks O BT
Hc(es' e, p) = l 0 —k, BT
BT BT —2aT
0, B> 0, the first-order principal equation H{ (e, e,,p) = —k; <0, the sec-
ond-order principal equation HS (e, e,,p) = ksk, > 0, and the third-order principal
equation HS(eq, e,,p) = —2aTksk, + T2p?(ks + k) < 0, so the hessian matrix is

c

. . . . . N ..
negatively definite and the optimal solution exists and is unique. By combining % =
S

, Because k; > 0 is sufficiently large, and o >

amc amc .
0, =—=0, =— = 0, Can be obtained:
der ap
+ _ TBkyr(=3dg+3ac+B(-360p+¢)) + _ TBks(—=3do+3ac+B(—36p+¢))
S 3(TR2(ks+kp)—2aksky) T 3(T2(ks+kp)—2aksky)

. _ 3cTB2ks+ky(3¢TB2+(—3(do+ac+BOp)+BP)ks) _ Tksk,(=3dg+3ac+B(—36p+p))?
3(TR2(ks+ky)—2akgky) ve 18(TB2 (ks+ky)—2aksky)

3.2  Decentralized Decision Model (D Model)

Under the D model,suppliers and sellers aim to maximize their respective interests. The
decision-making process is as follows: Firstly, the supplier decides on the wholesale
price w and preservation effort es of fresh agricultural products, and then the seller
determines their preservation effort er and sales price p based on the supplier's deci-
sion. The total profit of suppliers, sellers, and supply chain systems is:

ng=W-—c)d—C; = (w—c)(do—ocp+[>’(90+es+er—%))T—ikses2 (1)

T, =@-wyd-C( = (P—W)(do—ap+ﬁ(90+es+er—%))T—%krerz )

7= (=) (do—ap+ B (60 + e+ e, —2)) T —LhseZ —Lhe? 3)

3
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Using the reverse solving method: First, find the first-order derivative of the sales-

person's profit function (2) regarding e, and p.So obtain the hessian matrix

—k
D _ r . o . .
HP(e,,p) = BT —2aT) the hessian matrix is negatively determined and there

exists an optimal solution. the response function of the seller's preservation effort
level and sales price can be obtained:

TBR(-3do—3B0p+3aw—3Bes+Lp)

e, (eg,w) = TPz 4)
3TwpBZ—k,(3do+3B6p+3aw+3Bes— L)
p(es,w) = gy (5)
Then the supplier decides on e, and w. Substituting (4) and (5) into (1) yields:
p _ —3TB*kseZ+2aky(T(c—w)(3do+3B0p—fp—3aw)+3TPes(c—w)+3ksed)
T (6)

6(TB2—2ak;)

Find the first-order derivative of egand w in the supplier profit function (5),

-TR%ks+2aksk,  —Tafk,
. . . TR2-2ak TR2-2ak .
establish the hessian matrix H(e,,w) = B r k > |, so the hessian
—-Tafky 2Ta“ky
TR2-2ak, TR2-2ak,

matrix is negatively determined and there exists an optimal solution. we can obtain:

+ _ TBky(=3do—3B6p+3ac+By)
ST 3(TB2(2ks+ky)—4akgky)

(7

« _ —TB?*ks(—3dg—3B60p-3ac+Bp)—ak,(ks(6dg+6860y+6ac—2B¢)—3TB>%c)

= (8)

3a(TP2(2ks+ky)—4akgky)

the optimal solutions for the seller's effort level in preserving freshness, e,., and the
sales price, p, can be obtained:

D« _ TBks(=3do—3B86p+3ac+By) (9)
T T 3(TB2(2kstky)—4akgky)

Dx _ —TB%*ks(=3do—3B0p—3ac+pp)—3ak,(ks(3dg+380p+ac—Lp)-Th%c)
P = 3a(TR2(2ks+ky)—4aksky)

(10)

3.3 Comparison and Analysis

Below, we compare and analyze the optimal results under centralized and decentral-
ized decision-making, and obtain the following proposition:

Proposition 1: The level of preservation efforts of suppliers and sellers under cen-
tralized decision-making is greater than that under decentralized deci-
sion-making:ef* > eP*, el* > eP*.

N N TBksk +3ac—3dy-380y)(2ak,—TB?

Proof: eg* —eJ” = 3(2T/3’€kz+:c(ﬁﬁﬁ2—4aks)(;(ngzs)-(l-kr(’;ﬁzfzizks))

TRks%(Bp+3ac—3do—3B0y)(2ak,—TB?)
3(2TB2ks+ky(TB2—4aks))(TR%ks+ky(TB2-2aks))

Cx _ ,Dx _
0, e"—e =
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Centralized decision-making eliminates double marginal effects, collaboratively
optimizes decision variables, and dynamically coordinates time sensitivity, prompting
supply chain members to increase their efforts in freshness preservation and achieve
maximum overall benefits. However, decentralized decision-making results in
preservation investment being lower than the socially optimal level due to local con-
flicts of interest and insufficient coordination.

Proposition 2: The profit of the supply chain system under centralized deci-

sion-making is greater than that decentralized decision-making: w¢* > mP*.
—Tkgk,(-3dg—3L6¢+Bp+3ac)?
18(2TB2ks+kr (TB2—4aks))

nP* = _TkszkTf;f;;;:::fi::{;’ff:ﬁ;f;p+3ac)2 ,the profit of the supply chain system is
D = —Tks*kr(TB?—2ak,)(—=3do—3B0p+Be+3ac)? 7C*

18(2TB2ks+kr(TB2—4aks))? ’

Tkyks® (3do—3ac+3B60g—Bp)2(2ak,—TR2)?

18(2TB2ks+k (TBZ—4aks))’ (TH2ks+k (TBZ—2arks))
¢ > b,

Centralized decision-making maximizes the overall profit of the supply chain by
eliminating double marginal effects, coordinating preservation efforts, and dynami-
cally coordinating time sensitivity. Due to local conflicts of interest, free riding ef-
fects, and insufficient coordination, decentralized decision-making results in insuffi-
cient investment in preservation, high prices, and limited market demand, ultimately

leading to profit losses.

Proof: the supplier's profit m2* = ,the seller profit

> 0, because kgk, is sufficiently large,

4 Conclusions

This study is based on Stackelberg game theory, considering both parties' efforts in
preservation and the sales period of agricultural products. A decision model for col-
laborative preservation between suppliers and sellers in the fresh agricultural product
supply chain is constructed. By comparing the equilibrium results under centralized
and decentralized decision-making modes, the impact of dual subject preservation
effort decisions on the supply chain is revealed. The main conclusions are as follows:

(1) Centralized decision-making significantly improves the overall preservation
investment of the supply chain by jointly optimizing the supplier's preservation effort
level eg* and the seller's preservation effort level e;* and the pricing strategy
p® < pP*. Make the total profit of the supply chain m®* higher than decentralized
decision-making. So centralized decision-making can better coordinate the interests of
both parties and achieve higher overall benefits.However, decentralized deci-
sion-making leads to losses in supply chain profits due to local conflicts of interest, free
riding effects, and insufficient coordination.

(2) The sales period, as a key factor affecting the freshness decline of fresh agri-
cultural products, has a significant regulatory effect on supply chain preservation
decisions. Centralized decision-making can effectively slow down the rate of fresh-
ness decline, reduce losses caused by time accumulation, and enhance market demand
response capabilities by coordinating and planning the preservation investment and
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pricing strategy throughout the entire sales cycle T. The longer the sales period, the
more effort the seller puts into preserving the freshness, the higher the freshness, and
the higher the purchasing power of consumers. In contrast, under decentralized deci-
sion-making, it is difficult for both parties to dynamically match the time sensitivity of
preservation efforts and sales periods due to local interest orientation, resulting in an
accelerated decline in freshness in the later stage and weakening the overall competi-
tiveness of the supply chain.

(3) Although centralized decision-making can maximize supply chain benefits, it
faces challenges in practice such as information barriers, conflicts of interest, high
coordination costs, and insufficient adaptability to dynamic environments. Suppliers
and sellers can balance member rights and gradually achieve the transformation of
theoretical advantages into practical effectiveness through phased pilot programs,
contractual incentive mechanisms, and digital tools.

(4) Provide real-time monitoring, demand forecasting, and dynamic contract design
solutions for preservation work through technologies such as the Internet of Things
and data analysis. By tracking environmental data through sensors, optimizing inven-
tory through machine learning, and ensuring contract transparency through block-
chain, new momentum is injected into improving supply chain preservation efficiency

and synergy.
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Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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