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In the context of demand disruption, food supply chain resilience not only helps enterprises maintain stability in the face of uncertainty and risk but also enables them to better satisfy customer demand, reduce costs, enhance competitiveness, and promote sustainable development. In order to analyze the resilient input and coordination of the food supply chain under the risk of demand disruption. This paper uses game theory as the methodological basis of the research to construct a game model between manufacturers and retailers. This model considers the impact of different demand interruption risks and product order quantities on food supply chain resilience input, manufacturer profits, and retailer profits. And analyzed the coordination mechanism of cost sharing contracts and revenue sharing contracts on the food supply chain. The results show that, under the risk of demand disruption, the cost-sharing contract is more suitable than the benefit-sharing contract for harmonizing the profits of food supply chain parties. Furthermore, the manufacturer's profit is negatively related to the probability of demand disruption, while the retailer's profit is positively related to this probability when the product order quantity is low, but negatively related when the product order quantity is high. food supply chain resilience input are positively correlated with the probability of demand disruption. Furthermore, during sensitivity analysis, the profits of both the manufacturer and retailer exhibit a U-shaped fluctuation, initially decreasing and then increasing, as the capacity restoration factor grows.
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1 Introduction

Against the backdrop of globalization and geopolitical turbulence, the food supply chain has become a highly complex, multi-level interconnected system engineering. From farm to table, it involves multiple links such as raw material procurement, processing and manufacturing, logistics distribution, and terminal sales. Any interruption at any node may trigger the “bullwhip effect,” leading to inventory imbalance, rising costs, and even market shortages (Gonçalves et al., 2023). In recent years, the frequent occurrence of extreme weather events, public health crises, and geopolitical conflicts has made demand disruption risk one of the core challenges in food supply chain management (Maria et al., 2023). This type of “black swan” event has high unpredictability, non-linear effects, and far-reaching consequences. Once it occurs, it will quickly spread to the entire supply chain network, exposing the vulnerability of traditional management models (Sunil et al., 2023).

To address this challenge, supply chain resilience is widely regarded as a key strategic capability, which refers to the system's ability to quickly respond, recover, and adapt to external shocks (Adela et al., 2023). A large amount of research has focused on improving supply chain resilience, mainly in two directions: one is to enhance risk resistance through operational means such as inventory buffering, multi-source procurement, and digital monitoring (Amirhossein et al., 2023); the second is to achieve supply chain coordination through contract design (Qiao and Zhao, 2023).

However, there is a significant disconnect between theory and practice in existing research. Most models assume that demand is a stable or stationary stochastic process, ignoring the non-linear characteristics of “abrupt” demand interruptions (Dong et al., 2019). For example, although Thanh et al. (2023) explored inventory strategies under uncertainty, they still rely on the assumption of normal distribution, which makes it difficult to reflect the reality of “cliff like” demand decline or “explosive” surge; the research on resilience cost investment mostly focuses on single subject decision-making, lacking in-depth analysis of the game relationship between manufacturers and retailers. Xiang et al. (2023) pointed out based on empirical data from small and medium-sized enterprises that companies generally recognize the importance of resilience investment, but in practice, it is often difficult to implement due to uneven cost sharing and vague responsibilities; the order quantity is often simplified as a key decision variable. Existing literature often assumes that order volume is exogenous or a linear function, neglecting its moderating effect on investment incentives in different risk scenarios. Pertheban et al. (2023) pointed out that order size directly affects a company's risk tolerance, but there has been no systematic modeling of its interaction effect with interruption risk.

More importantly, although cost sharing and revenue sharing contracts have been widely discussed (Barbara et al., 2023), under what order size and interruption probability are these contracts effective? Are manufacturers willing to support retailers in high-risk situations? These issues still lack theoretical support. In response to the research gap mentioned above, this paper constructs a food supply chain resilience cost input model based on the Stackelberg game framework, focusing on how the interaction between product order quantity and demand interruption risk affects the decision-making behavior of manufacturers and retailers. This article aims to answer the following two core questions:

RQ1: What is the optimal resilience investment cost and profit performance of manufacturers and retailers under different order quantities and interruption risks?

RQ2: Can cost sharing and revenue sharing contracts effectively coordinate the supply chain? How does its effectiveness vary with order size and interruption probability?

This study has made three progressive contributions in the field of resilience management in the food supply chain, corresponding to innovation in modeling methods, integration of multidimensional variables, and discovery of theoretical mechanisms. Firstly, there is innovation in modeling methods: constructing a “order risk” dual dimensional resilience investment decision framework. This article proposes a new Stackelberg game model that explicitly incorporates resilience investment costs into the expected profit functions of manufacturers and retailers, breaking through the limitations of traditional research that considers resilience as an exogenous capability or qualitative indicator. Secondly, there is the contribution of variable integration: a joint analysis that integrates order quantity, interruption probability, and contract mechanism. Existing literature usually studies a certain variable in isolation, and this article achieves the systematic integration of three key variables for the first time. This framework is closer to real-life decision-making scenarios, where companies not only need to assess the probability of risk, but also need to decide whether to invest in resilience based on order size and select appropriate contract forms; finally, provide boundary conditions for the applicability of the contract. Through sensitivity analysis, clarify the coordination advantages of cost sharing contracts in the low high order range, and provide decision-making tools for managers. This study not only enriches the theoretical system of resilience management in the food supply chain, but also provides practical guidance for policy makers and enterprises on when and how to implement cost sharing mechanisms.



2 Literature review


2.1 Research on supply chain decision making under demand interruption: focusing on operations and pricing

Demand disruption refers to a sudden change in consumer demand caused by unforeseeable events such as natural disasters, public health events, or severe market fluctuations. Its characteristics are suddenness, non-linearity, and high uncertainty (Wu et al., 2023). Current research mainly focuses on two core decisions: pricing and production, and procurement and inventory management.

In terms of pricing and production decision-making, scholars widely use game theory models to analyze strategy adjustments under interruption scenarios. For example, Yan et al. (2021) studied the decentralized decision-making and coordination mechanism of dual channel supply chains under demand interruption; Pi et al. (2019) explored competitive pricing strategies between a manufacturer and two retailers; Zhai et al. (2022) analyzed the robustness of service investment and pricing under different power structures and found that decision-making is stable under slight disturbances. However, most of these studies assume that the degree of interruption is exogenously given or linearly changing, and that order volume is considered a fixed or exogenous variable, failing to reflect its moderating effect in risk response.

In terms of procurement and inventory decision-making, research focuses on how to cope with uncertainty through inventory strategies: He and Wang (2012) proposed a production inventory plan based on interruption time for deteriorating products; Ray and Jenamani (2016) used the newsboy model to analyze the impact of risk preference on procurement decisions; Pathy and Rahimian (2023) proposed a flexible inventory strategy for the pharmaceutical supply chain to cope with demand fluctuations. Although these studies consider uncertainty, most of them are still based on the assumption of steady or normal distribution (Schmidt and Raman, 2022), ignoring the cliff like decline or explosive growth of demand under “black swan” events, and failing to incorporate elastic investment costs into the decision-making framework.



2.2 Research on supply chain resilience: from capability building to coordination mechanisms

Supply chain resilience is defined as the ability of a system to absorb shocks, respond quickly, and resume operations (Ghadafi et al., 2023), and is a dynamic capability that encompasses preparation, response, recovery, and growth (Hendrik et al., 2023). Current research mainly focuses on three dimensions: research on influencing factors. Scholars have identified key factors that affect resilience, such as information sharing (Ge et al., 2020), collaborative networks (Asamoah et al., 2022), agility and adaptability (Soni et al., 2014), and so on. Vipul et al. (2017) constructed an evaluation framework consisting of 13 elements, emphasizing the role of trust and visibility. In terms of internal mechanism analysis. The study used methods such as Explanatory Structural Modeling (ISM) and Bayesian Networks to reveal the interdependence between factors (Luiz et al., 2021; Kumar et al., 2022). However, these studies are mostly qualitative or empirical analyses, lacking quantitative modeling of the trade-off between investment costs and returns.

In the research of coordinated decision-making and game models. Lyu et al. (2023) studied enhancing resilience in the shipping supply chain through capacity allocation and pricing; Ye et al. (2024) analyzed the equilibrium strategies of ports and carriers in uncertain environments; Rajabzadeh and Babazadeh (2022); Rajabzadeh et al. (2024) explored the impact of procurement strategies on energy and global supply chain resilience. Although these studies introduce game theory frameworks, there are generally limitations: Soni et al. (2014) and Lyu et al. (2023) ignore the moderating effect of order quantity, and most models assume that order quantity is exogenous or constant, without considering its impact on supply chain coordination. Zhai et al. (2022) and Ray and Jenamani (2016) did not endogenize the interruption probability. Interruption is regarded as a binary event of whether it occurs or not, lacking modeling of the interaction effect between interruption probability and investment level. Rajabzadeh and Wiens (2024) and Ge et al. (2020) only analyzed a single contract type (such as revenue sharing), lacking a comparison of the effectiveness of cost sharing vs. revenue sharing in different contexts. Vipul et al. (2017) and Kumar et al. (2022) lack a quantitative framework for “investment return.” The lack of clear inclusion of resilience investment costs in the profit function makes it difficult to evaluate the economic feasibility of supply chain resilience investment costs.

In summary, there is a significant research gap in the resilience of the food supply chain. The literature gap between different authors is shown in Table 1. Although demand disruption and supply chain resilience have become important issues in supply chain management, there are still significant theoretical gaps in existing research. Specifically, most resilience research focuses on capacity building, but lacks economic modeling for cost investment decisions in supply chain resilience; research on demand interruption often focuses on pricing and inventory, neglecting the role of resilience cost investment as a strategic response tool; the number of orders, as a key variable affecting a company's risk tolerance, is often simplified in existing game models. Therefore, this article aims to fill this gap by constructing a Stackelberg game model that integrates the division of order quantity intervals, endogeneity of interruption probabilities, and resilience input cost functions, to analyze the coordination effects of cost sharing and revenue sharing contracts in different risk scenarios. This article not only responds to the empirical findings of Xiang et al. (2023) on the resilience investment dilemma of small and medium-sized enterprises, but also provides a theoretical explanation for the “selective support” behavior proposed by Zhai et al. (2022) and Wu et al. (2023).

TABLE 1  Comparison of research literature by different authors.


	References
	Research topic
	Supply chain type
	Decision variables
	Order quantity considered
	Resilience considered
	Coordination mechanism considered





	(Yan et al. 2021)
	Pricing and coordination under disruption
	Dual-channel
	Pricing, coordination
	No
	No
	Yes

 
	(Hosseini-Motlagh et al. 2019)
	Pricing and sustainability under disruption
	Reverse
	Pricing, sustainability
	No
	No
	No

 
	(Pi et al. 2019)
	Competitive and cooperative pricing
	Dual-channel
	Pricing
	No
	No
	Yes

 
	(Rahmani and Yavari 2018)
	Green supply chain pricing
	Green
	Pricing, green input
	No
	No
	No

 
	(Xu et al. 2018)
	Dual-channel optimization under disruption
	Dual-channel
	Inventory, pricing
	No
	No
	No

 
	(Pathy and Rahimian 2023)
	Flexible inventory strategy
	Pharmaceutical
	Inventory
	No
	No
	No

 
	(Malik and Sarkar 2020)
	Multi-product inventory model
	Multi-product
	Inventory, production
	No
	No
	No

 
	(Schmidt and Raman 2022)
	Inventory control under disruption
	Multi-industry
	Inventory
	No
	No
	No

 
	(Ray and Jenamani 2016)
	Newsvendor model under uncertainty
	Multi-industry
	Procurement quantity
	Yes
	No
	No

 
	(Rajabzadeh and Babazadeh 2022)
	Resilience and procurement strategies
	General
	Procurement
	No
	Yes
	Yes

 
	(Lyu et al. 2023)
	Capacity allocation and pricing
	Shipping
	Pricing, capacity
	No
	Yes
	Yes

 
	(Ye et al. 2024)
	Maritime supply chain strategy
	Maritime
	Pricing, allocation
	No
	Yes
	Yes

 
	This Study
	Resilience input and coordination under demand disruption
	Food supply chain
	Pricing, resilience input, order quantity, cost-sharing ratio
	Yes
	Yes
	Yes









3 Model construction and game decision model analysis

The Stackelberg Model, also known as the Stackelberg Game, is a game theory model used to describe the decision-making process in a market or supply chain with a leader-follower relationship (Chen et al., 2025); it was first proposed by the German economist Heinrich Freiherr von Stackelberg in the 30s of the twentieth century and is mainly used to analyze the behavior of oligopoly markets (Yao et al., 2023). The Starkerberg model differs from Nash equilibrium in that it assumes that there is an asymmetrical information or power structure between actors, i.e., that one actor (the leader) is able to act first and influence the decision-making of the other actor (the follower) based on his actions (Yang et al., 2025). This setting is particularly applicable to scenarios such as manufacturer-retailer relationships in supply chain management, and interactions between policymakers and other market players. In a Stackelberg game, one participant may have the advantage or disadvantage of being the first move, depending on the assumptions in the specific game (Chen et al., 2025).


3.1 Problem description and modeling assumptions

Because of the disruptive nature and uncertainty of supply chain risks, the problem of demand disruptions arises when unexpected events occur due to force majeure. A manufacturer produces a single type of product and sells it to a retailer at a wholesale price w. The retailer sells the product at a price p in the end market, and its unit production cost is c. At the same time, the industry in which the supply chain operates is a typical procyclical industry, and its market demand is highly susceptible to external systemic risk factors such as macroeconomic conditions, trade conflicts, and the spread of the COVID-19 pandemic, resulting in the probability of localized demand disruptions, denoted as λ. In the event of a demand disruption, the retailer will not be able to sell its products. Therefore, the retailer needs to invest in supply chain resilience in order to restore normal product delivery. Based on this, this paper investigates whether and how the manufacturer can assist the retailer in achieving timely product delivery through cost-sharing contracts under the risk of demand disruption. This study focuses on a secondary supply chain consisting of a single manufacturer and a single retailer. The manufacturer and the retailer are in a single-source supply relationship.

The basic assumptions of this paper are as follows:

Hypothesis 1: It can be assumed that demand is a known constant d, that both the manufacturer and the retailer are risk neutral, that information is shared between the manufacturer and the retailer, that both seek to maximize their expected profits, and that the manufacturer will send the goods to the retailer after completing all orders.

Hypothesis 2: There is a Stackelberg game between the manufacturer and the retailer, where the former is the leader and the latter is the follower.

Hypothesis 3: Manufacturers are vulnerable to demand disruptions due to uncertainty shocks. Assume that the probability of demand disruption is λ, and the probability that no demand disruption occurs is 1-λ.

Hypothesis 4: Due to the uncertainty of capacity recovery ability after demand disruptions, let α be a random variable following a binomial distribution representing the level of supply chain recovery. After the supply chain makes a resilience input, there is a ξ probability of achieving a higher capacity recovery level αH and a 1 − ξ probability of achieving a lower capacity recovery level αL, resulting in a capacity recovery level Eα = (1 − ξ)aL + ξaH.

Hypothesis 5: In order to maximize the level of capacity restoration to meet demand, while considering the costs of resilience inputs vs. production costs, the level of capacity restoration will not exceed the condition where d < αLe.

Hypothesis 6: For consumers in the market, a recovery of αe is available, and there may be a gap between this recovery and the actual demand d. When the actual recovery is less than the actual demand, the retailer will have to face stock-out losses. Assuming that each unit of out-of-stock results in a loss of μ in profit, the retailer's stock-out loss is μ(d-αe)+. When the actual supply exceeds the actual demand, the manufacturer will generate surplus products. Assuming that each unit of surplus product has a salvage value of s, the manufacturer's return on surplus product is s(αe-d)+.

The symbols and their meanings in the model are shown in Table 2.

TABLE 2  Symbols and their meanings.


	Symbol
	Meaning





	c
	Manufacturers' production costs

 
	p
	Product retail price

 
	w
	Product wholesale price

 
	d
	Product order quantity

 
	e
	Level of supply chain resilience

 
	k
	Supply chain resilience sensitivity factor

 
	α
	Stochastic capacity restoration levels

 
	ξ
	Capacity restoration factor, 0 ≤ ξ ≤ 1

 
	μ
	Unit stock-out loss

 
	φ
	Supply chain resilience cost-sharing ratios, 0 ≤ φ ≤ 1

 
	t
	Gainsharing ratio, 0 ≤ t ≤ 1

 
	λ
	The probability of demand interruption, 0 ≤ λ ≤ 1

 
	πsc
	Supply chain profit

 
	πm
	Manufacturer profit

 
	πr
	Retailer profit








3.2 Decentralized decision making model under demand disruption risk (M model)

This subsection constructs a decision model (referred to as Model M) in which the retailer makes independent resilience inputs to explore the changes in profits of each participant in the supply chain under this scenario. To investigate the impact of demand disruption risk on the profits and resilience inputs of each participant in the supply chain, the constructed profit functions for the manufacturer and retailer are as follows:

maxπmM=λ[(w-c)Emin{d,αe}+s(αe-d)+]+(1-λ)(w-c)dmaxπrM=λ[(p-w)Emin{d,αe}-ke22-Eu(d-αe)+]                  +(1-λ)(p-w)d


3.2.1 Retailer profit decision model

To find the optimal solution for the supply chain resilience input level e, the retailer profit function is simplified as:

maxπrM={λ[(p-w+u)Eαe-ke22-ud]+(1-λ)(p-w)dαHe<dλ[(p-w)ξd+(p-w+u)(1-ξ)αLe-u(1-ξ)d-ke22]+(1-λ)(p-w)dαLe<d<αHe

maxπrM={λ[(p−w+u)Eαe−ke22−ud]+(1−λ)(p−w)dαHe<dλ[(p−w)ξd+(p−w)(1−ξ)αLe−u(1−ξ)(d−αLe)−ke22+(s−w)ξ(αHe−d)]+(1−λ)(p−w)dαLe<d<αHe

The retailer profit is derived using the Lagrangian function and its K-T conditions, yielding the following results:

maxπrM={λ[(p-w+u)Eαe-ke22-ud]+(1-λ)(p-w)d+v1(d-αHe)s.t.v1≥0,v1(d-αHe)=0λ[(p-w)ξd+(p-w)(1-ξ)αLe-ke22]+(1-λ)(p-w)d+v2(αHe-d)+v3(d-αLe)s.t.v2≥0,v2(αHe-d)=0.v3≥0,v3(d-αLe)=0

The supply chain's resilience input level e and the retailer profit πr can then be obtained as:

e={[(1-ξ)aL+ξaH](p-w+u)kaH[(1-ξ)aL+ξaH](p-w+u)k<ddαHαH(1-ξ)aL(p-w+u)k<d<αH[(1-ξ)aL+ξaH](w-c)k(1-ξ)aL(p-w+u)kαL(1-ξ)aL(p-w+u)k<d<αH(1-ξ)aL(p-w+u)kdαLd<αL(1-ξ)aL(p-w+u)k

πrM={d(p-w)(1-λ)+λ[(1-ξ)aL+ξaH]2(p-w+u)22k-λudaH[(1-ξ)aL+ξaH](p-w+u)k<dd(p-w)(1-λ)-λ[du+kd22α2H-[(1-ξ)aL+ξaH]d(p-w+u)αH]αH(1-ξ)aL(p-w+u)k<d<aH[(1-ξ)aL+ξaH](p-w+u)kd(p-w)(1-λ)+λ{u(d-(1-ξ)a2L(p-w+u)k)(ξ-1)+dξ(p-w)-(1-ξ)2aL2(p-w+u)22k+(p-w)(1-ξ)2aL2(p-w+u)k}αL(1-ξ)aL(p-w+u)k<d<αH(1-ξ)aL(p-w+u)kd2α2L(p-w)-dkλ2a2Ld<αL(1-ξ)aL(p-w+u)k

Depending on the level of capacity recovery in the supply chain, the resilience input level e exhibits different strategies across various product ordering quantities d, and it tends to increase with the ordering quantity. This trend aligns with real-world practices, as firms continually seek a balance between profits and input costs. When the product ordering quantity is very small, both d<αL(1-ξ)aL(p-w+u)k, the consumer's needs can be satisfied with a lower capacity recovery capacity αL. Specifically, when the order quantity reaches αL(1-ξ)aL(p-w+u)k<d<αH(1-ξ)aL(p-w+u)k, the retailer's resilience input level is (1-ξ)aL(p-w+u)k; at an order quantity of αH(1-ξ)aL(p-w+u)k<d<αH[(1-ξ)aL+ξaH](w-c)k, the supply chain's resilience input level is dαH. Once the order quantity d exceeds aH[(1-ξ)aL+ξaH](p-w+u)k, the retailer's resilience input level stabilizes at [(1-ξ)aL+ξaH](p-w+u)k. It is noteworthy that the retailer's optimal resilience input level [(1-ξ)aL+ξaH](p-w+u)k is influenced by several factors, including the capacity recovery coefficient ξ, retail price p, wholesale price w, unit stockout loss u, the supply chain's capacity recovery level αi, and the sensitivity coefficient k regarding resilience input costs. Overall, the supply chain resilience input level displays a wave-like trend as the product order quantity increases.



3.2.2 Manufacturer profit decision model

Based on the previous analysis, the manufacturer's profit function can be simplified as:

maxπmM={λ[(w-c)Eαe]+(1-λ)(w-c)dαHe<dλ[wξd+w(1-ξ)αLe-cEαe+sξ(αHe-d)]+(1-λ)(w-c)dαLe<d<αHe

Entering the resulting supply chain resilience input level e into the equation yields a manufacturer's profit of:

πmM={(1-λ)(w-c)d+λ(w-c)[(1-ξ)aL+ξaH]2(p-w+u)kaH[(1-ξ)aL+ξaH](p-w+u)k<d(1-λ)(w-c)d+λ[(1-ξ)aL+ξaH]d(w-c)αHαH(1-ξ)aL(p-w+u)k<d<aH[(1-ξ)aL+ξaH](p-w+u)k(1-λ)(w-c)d+λ{dξw-ξs(d-(1-ξ)aLaH(p-w+u)k)+(1-ξ)2waL2(p-w+u)k+αLc[(1-ξ)aL+ξaH](p-w+u)k(ξ-1)}αL(1-ξ)aL(p-w+u)k<d<αH(1-ξ)aL(p-w+u)k-d(aH-aL)ξλ(s-c)-aL(w-c)aLd<αL(1-ξ)aL(p-w+u)k

From the above results, it is clear that the profitability of a manufacturer without sufficient incentives is directly related to the level of capacity recovery in the supply chain. The greater the supply chain's capacity resilience, the lower the risk of profit erosion due to demand disruptions for manufacturers. A notable turning point occurs when the out-of-stock losses suffered by retailers reach a critical mass, prompting manufacturers to proactively invest in resilience in order to help retailers meet consumer demand. The profound impact of key parameters such as product order quantity d, production cost c, wholesale price w, and capacity restoration level αi. Given the difficulty for manufacturers to predict changes in retailers' actual product demand, by sharing part of the cost of retailers' resilience inputs, the two parties can build an informative and transparent cooperation framework that effectively relieves retailers' financial pressure. This type of cooperation not only inspires retailers to scale up product deliveries, but also may achieve win-win Pareto optimization for both parties without sacrificing the interests of either party.




3.3 Centralized decision-making model under demand disruption risk (C model)

In this subsection, the manufacturer and the retailer are regarded as one decision subject, and the supply chain as a whole is taken as a benchmark model, the overall revenue of the supply chain is equal to the sum of the retailer's sales revenue and salvage value minus the manufacturer's manufacturing cost and the out-of-stock cost, and the model of the overall supply chain's profitability decision under coordinated decision making (referred to as Model C) is as follows:

maxπscC=λ[pEmin{d,αe}-Eu(d-αe)+-cEαe-ke22+Es(αe-d)+]+(1-λ)(p-c)d

In order to find an optimal solution for the supply chain resilience input level (e), the supply chain profit function is simplified as:

maxπscC={λ[(p-c)Eαe-Eu(d-αe)-ke22]+(1-λ)(p-c)dαHe<dλ[p[ξd+(1-ξ)αLe]-u(1-ξ)(d-αLe)-cEαe-ke22+sξ(αHe-d)]+(1-λ)(p-c)dαLe<d<αHe

The supply chain profit is solved by the Lagrangian function and its K-T condition with the following results:

maxπscC={λ[(p-c)Eαe-Eu(d-αe)-ke22]+(1-λ)(p-c)d+v4(d-αHe)s.t.v4≥0,v4(d-αHe)=0λ[p[ξd+(1-ξ)αLe]-cEαe-u(1-ξ)(d-αLe)-ke22+sξ(αHe-d)]+(1-λ)(p-c)d+v5(αHe-d)+v6(d-αLe)s.t.v5≥0,v5(αHe-d)=0.v6≥0,v6(d-αLe)=0

Subsequently, the resilience input level (e) of the supply chain and the overall profit (πsc) of the supply chain can be obtained as:

e={[(1-ξ)aL+ξaH](p-c+u)kαH[(1-ξ)aL+ξaH](p-c+u)k<ddαHαH-c[(1-ξ)aL+ξaH]+sαHξ+(p+u)αL(1-ξ)k<d<αH[(1-ξ)aL+ξaH](p-c+u)k-c[(1-ξ)aL+ξaH]+sαHξ+(p+u)αL(1-ξ)kαL-c[(1-ξ)aL+ξaH]+sαHξ+(p+u)αL(1-ξ)k<d<αH-c[(1-ξ)aL+ξaH]+sαHξ+(p+u)αL(1-ξ)kdαLd<αL-c[(1-ξ)aL+ξaH]+sαHξ+(p+u)αL(1-ξ)k

πscC={d(1−λ)(p−c)+λ{ud−[(1−ξ)aL+ξaH]2(p−c+u)22k}αH[(1−ξ)aL+ξaH](p−c+u)k<dd(1−λ)(p−c)−λ{ud+kd22α2H−d[(1−ξ)aL+ξaH](p−c+u)αH}αH−c[(1−ξ)aL+ξaH]+sαHξ+(p+u)αL(1−ξ)k<d<αH[(1−ξ)aL+ξaH](p−c+u)kd(1−λ)(p−c)+λ[u(d+αLε2k)(ξ−1)−ε222k+dξp−ξs(d+αHε2k)+cε2[(1−ξ)aL+ξaH]k+αLp(ξ−1)ε2kαL−c[(1−ξ)aL+ξaH]+sαHξ+(p+u)αL(1−ξ)k<d<αH−c[(1−ξ)aL+ξaH]+sαHξ+(p+u)αL(1−ξ)k−d2α2L(c−p)+dkλ−2αL(aH−αL)ξ(s−c)λ2a2Ld<αL−c[(1−ξ)aL+ξaH]+sαHξ+(p+u)αL(1−ξ)k

In the centralized model, when the product order quantity is very small, the retailer can be satisfied with a lower capacity recovery level (αL) without being influenced by the order quantity. The optimal product delivery quantity for the retailer is denoted as -c[(1-ξ)aL+ξaH]+sαHξ+(p+u)αL(1-ξ)k. This delivery quantity is influenced by various factors, including the capacity recovery factor (ξ), selling price (p), production cost (c), capacity recovery level (αi), and product salvage value (s). Conversely, when the product order quantity is large, a higher capacity recovery level (aH) is necessary to meet demand, resulting in an increased input level for supply chain resilience as the order quantity grows. When the order quantity exceeds αH[(1-ξ)aL+ξaH](p-c+u)k, the resilience input level becomes fixed at [(1-ξ)aL+ξaH](p-c+u)k, determined by the capacity recovery coefficient (ξ). At this stage, the resilience input level (e) shows a positive correlation with the selling price (p), recovery level (αi), and out-of-stock loss (u), while demonstrating a negative correlation with the production cost (c) and the sensitivity coefficient (k) of supply chain resilience input costs.

When product order quantities are low, manufacturers and retailers can ensure full order fulfillment by increasing inputs to supply chain resilience. However, the required inputs for supply chain resilience are significantly reduced compared to the optimal recovery level in high-demand scenarios. This is because, when order quantities are small, the supply chain itself possesses sufficient redundancy and flexibility to meet demand without incurring additional high recovery costs, thereby diminishing the urgency to proactively enhance capacity resilience. In summary, the inherent resilience of the supply chain is adequate to cover demand under low-demand conditions, which reduces the motivation to pursue higher capacity resilience.



3.4 Revenue sharing decision model under demand disruption risk (M-R model)

A revenue sharing contract is a supply chain coordination mechanism that aims to optimize overall performance by adjusting the distribution of benefits among the various parties involved in the supply chain. Such contracts allow different members of the supply chain to share a share of the revenue from sales, thereby incentivizing all participants to work together to improve the efficiency and profitability of the entire supply chain. According to the idea of revenue sharing, in the Coordinated Decision Model (referred to as M-R), let the manufacturer bear a proportion (φ) of the resilience input cost, and the manufacturer's profit function under this contract can be expressed as follows:

maxπmM-R=λ[(w-c+tp)Emin{d,αe}+s(αe-d)+]+(1-λ)(w-c)dmaxπrM-R=λ{[1-tp-w]Emin{d,αe}-Eu(d-αe)+-ke22}+(1-λ)(p-w)d


3.4.1 Modeling retailer profit decisions under revenue-sharing contract

In order to derive the optimal solution for the supply chain resilience input level (e), the retailer's profit function is simplified as follows:

maxπrM−R={λ{[(1−t)p−w+u]Eαe−ud−ke22}+(1−λ)(p−w)dαHe<dλ{[(1−t)p−w]ξd+[(1−t)p−w+u](1−ξ)αLe−u(1−ξ)d−ke22}+(1−λ)(p−w)dαLe<d<αHe

The retailer's profit is derived using the Lagrangian function and its K-T conditions, yielding the following results:

maxπrM−R={λ{[(1−t)p−w+u]Eαe−ud−ke22}+(1−λ)(p−w)d+v7(d−αHe)s.t.v7≥0,v7(d−αHe)=0λ{[(1−t)p−w]ξd+[(1−t)p−w+u](1−ξ)αLe−u(1−ξ)d−ke22}+(1−λ)(p−w)ds.t.v8≥0,v8(αHe−d)=0.v9≥0,v9(d−αLe) =0

The resilience input level (e) of the supply chain and the profit (πr) of the retailer can then be obtained as follows

e={[(1−ξ)aL+ξaH]((1−t)p−w+u)kaH[(1−ξ)aL+ξaH]((1−t)p−w+u)k<ddαHαH(1−ξ)aL((1−t)p−w+u)k<d<αH[(1−ξ)aL+ξaH](w−c)k(1−ξ)aL[(1−t)p−w+u]kαL(1−ξ)aL[(1−t)p−w+u]k<d<αH(1−ξ)aL[(1−t)p−w+u]kdαLd<αL(1−ξ)aL[(1−t)p−w+u]k

πrM−R={d(p−w)(1−λ)+λ[(1−ξ)aL+ξaH]2[(1−t)p−w+u]22k−λudaH[(1−ξ)aL+ξaH][(1−t)p−w+u]k<dd(p−w)(1−λ)−λ{du+kd22α2H−[(1−ξ)aL+ξaH]d[(1−t)p−w+u]αH}αH(1−ξ)aL[(1−t)p−w+u]k<d<aH[(1−ξ)aL+ξaH][(1−t)p−w+u]kd(p−w)(1−λ)+λ{u(d−(1−ξ)a2L[(1−t)p−w+u]k)(ξ−1)+dξ((1−t)p−w)−(1−ξ)2aL2[(1−t)p−w+u]22k+[(1−t)p−w](1−ξ)2aL2[(1-t)p−w+u]k}αL(1−ξ)aL[(1-t)p−w+u]k<d<αH(1−ξ)aL[(1-t)p−w+u]kd2α2L[(1-t)p-w​​]​​-dkλ2a2Ld<αL(1−ξ)aL[(1-t)p−w+u]k

In comparison to the scenario where the revenue-sharing contract is not implemented, we examine two cases of very small and very large product ordering quantities, referred to as d<αL(1-ξ)aL[(1-t)p-w+u]k and αH(1-ξ)aL[(1-t)p-w+u]k<d<aH[(1-ξ)aL+ξaH][(1-t)p-w+u]k. At this point, the supply chain resilience levels are represented by dαL and dαH, respectively. The supply chain resilience level is directly proportional to the product ordering quantity and inversely proportional to the capacity recovery level. However, when considering αL(1-ξ)aL[(1-t)p-w+u]k<d<αH(1-ξ)aL[(1-t)p-w+u]k and aH[(1-ξ)aL+ξaH][(1-t)p-w+u]k<d, the supply chain resilience levels at this time are denoted as (1-ξ)aL[(1-t)p-w+u]k and [(1-ξ)aL+ξaH]((1-t)p-w+u)k, respectively. These resilience levels are influenced by factors such as the capacity recovery coefficient, the level of capacity recovery, and the retail price.



3.4.2 Modeling manufacturers' profit decisions under revenue-sharing contract

Based on the previous analysis, the manufacturer's profit function can be reduced to:

maxπmM-R=λ[(w-c+tp)Emin{d,αe}+s(αe-d)+]+(1-λ)(w-c)d

maxπmM-R={λ[(w-c+tp)Eαe]+(1-λ)(w-c)dαHe<dλ[(tp+w)ξd+(tp+w)(1-ξ)αLe-cEαe+sξ(αHe-d)]+(1-λ)(w-c)dαLe<d<αHe

(1) When e* = dαL, the profit function is as follows,

πmM-R = λ[(tp+w)ξd+(tp+w)(1-ξ)αLe-cEαe+sξ(αHe-d)]+(1-λ)(w-c)d

at this time dπmM-Rdt = λ[pξd+p(1-ξ)αLe]>0,

dπmM-Cdt = λpEαe>0,d<αL(1-ξ)aL(p-w+u)k(1-φ).

The manufacturer's profit increases as the revenue-sharing percentage rises, and at this point, a lower level of capacity restoration is sufficient to meet the product order quantity. Therefore, the manufacturer desires all of the retailer's profits and expects the retailer to cover the overall input costs for supply chain resilience. However, the retailer prefers the revenue-sharing percentage to be as low as possible. As a result, the manufacturer and the retailer are unable to enter into a suitable revenue-sharing contract, which fails to coordinate the activities of the supply chain.

(2) When e*=(1-ξ)aL[(1-t)p-w+u]k, then t=1-kep(1-ξ)aL-w-up. Therefore, it is possible to construct a function with respect to e. Construct the Lagrangian function and formulate the K-T constraints as follows:

πrM-C=λ{[(1-kep(1-ξ)aL-w-up)p+w]ξd+[(1-kep(1-ξ)aL-w-up)p+w](1-ξ)αLe-cEαe+sξ(αHe-d)}             +(1-λ)(w-c)d+v10(αHe-d)

s.t. v10 ≥ 0,v10(αHe − d) = 0.

The optimal cost-sharing ratio for the manufacturer under condition αL(1-ξ)aL(p-w+u)k(1-φ)<d<αH(1-ξ)aL(p-w+u)k(1-φ) is given by t*=1+c[ξaH+aL(1-ξ)]-aL(1-ξ)[w+p(1-w-up)]-aHξs+dξkaL(1-ξ)2a3Lp3(1-ξ)-w-up αL(1-ξ)aL[(1-t)p-w+u]k<d<αH(1-ξ)aL[(1-t)p-w+u]k

(3) When e*=dαH, as in the case of e*=dαL, the manufacturer's profit decreases as the revenue share increases. Therefore, the manufacturer aims to capture all of the retailer's sales profit but is unwilling to bear the costs associated with supply chain resilience. Consequently, the retailer is reluctant to enter into a revenue-sharing contract with the manufacturer and prefers to make resilience inputs independently. At this point, the manufacturer's profit is:

πmM-R=λ[(w-c+tp)Eαe]+(1-λ)(w-c)ddπmM-Cdt=λpEαe>0,butdπmM-Rdt<0, αH(1-ξ)aL[(1-t)p-w+u]k<d<aH[(1-ξ)aL+ξaH][(1-t)p-w+u]k

(4) When e*=[(1-ξ)aL+ξaH]((1-t)p-w+u)k and t*=1-kep[(1-ξ)aL+ξaH]-w-up, the manufacturer's profit can be expressed as a function of e, and a Lagrangian function can be constructed.

πrM-C=λ{[(1-kep[(1-ξ)aL+ξaH]-w-up)p+w-c]Eαe}+(1-λ)(w-c)d+v12(d-αHe)

s.t.,v12(d − αHe) = 0.

When, aH[(1-ξ)aL+ξaH]((1-t)p-w+u)k<d, t*=p+c+u-2w2p




3.5 The decision model for cost-sharing under the risk of demand disruption (M-C model)

A cost-sharing contract, sometimes referred to as a cost-sharing agreement, is a coordination mechanism in supply chain management. It allows all parties in the supply chain to share certain costs, thereby incentivizing all participants to work together to improve efficiency and reduce overall costs. This type of compact is particularly useful in supply chains, as it fosters collaboration, reduces risk, and improves performance across the supply chain. According to the concept of cost sharing, in the coordinated decision model (referred to as M-C), let the manufacturer bear a proportion (φ) of the resilience input cost. The manufacturer's profit function under this contract can be expressed as follows:

maxπmM-C=λ[(w-c)Emin{d,αe}-φke22+s(αe-d)+]+(1-λ)(w-c)dmaxπrM-C=λ[(p-w)Emin{d,αe}-(1-φ)ke22-Eu(d-αe)+]+(1-λ)(p-w)d


3.5.1 Modeling retailer profit decisions under cost-sharing contracts

To find the optimal solution for the supply chain resilience input level (e), the retailer profit function is simplified as:

maxπrM-C={λ[(p-w+u)Eαe-(1-φ)ke22-ud]+(1-λ)(p-w)dαHe<dλ[(p-w)ξd+(p-w+u)(1-ξ)αLe-u(1-ξ)d-(1-φ)ke22]+(1-λ)(p-w)dαLe<d<αHe

The retailer profit is obtained by solving the Lagrangian function and its K-T conditions, resulting in the following:

maxπrM-C={λ[(p-w+u)Eαe-(1-φ)ke22-ud]+(1-λ)(p-w)d+v7(d-αHe)s.t.v7≥0,v7(d-αHe)=0λ[(p-w)ξd+(p-w)(1-ξ)αLe-(1-φ)ke22]+(1-λ)(p-w)d+v8(αHe-d)+v9(d-αLe)s.t.v8≥0,v8(αHe-d)=0.v9≥0,v9(d-αLe)=0

Subsequently, the supply chain's resilience input level (e) and the retailer profit (πr) can be obtained as:

e={[(1-ξ)aL+ξaH](p-w+u)(1-φ)kaH[(1-ξ)aL+ξaH](p-w+u)k(1-φ)<ddαHαH(1-ξ)aL(p-w+u)k(1-φ)<d<αH[(1-ξ)aL+ξaH](w-c)k(1-φ)(1-ξ)aL(p-w+u)k(1-φ)αL(1-ξ)aL(p-w+u)k(1-φ)<d<αH(1-ξ)aL(p-w+u)k(1-φ)dαLd<αL(1-ξ)aL(p-w+u)k(1-φ)

πrM={d(p-w)(1-λ)+λ[(1-ξ)aL+ξaH]2(p-w+u)22k(1-φ)-λudaH[(1-ξ)aL+ξaH](p-w+u)k(1-φ)<dd(p-w)(1-λ)-λ[du+kd2(1-φ)2α2H-[(1-ξ)aL+ξaH]d(p-w+u)αH]αH(1-ξ)aL(p-w+u)k(1-φ)<d<aH[(1-ξ)aL+ξaH](p-w+u)k(1-φ)d(p-w)(1-λ)+λ{u(d-(1-ξ)a2L(p-w+u)k(1-φ))(ξ-1)+dξ(p-w)-(1-ξ)2aL2(p-w+u)22k(1-φ)+(p-w)(1-ξ)2aL2(p-w+u)k(1-φ)}αL(1-ξ)aL(p-w+u)k(1-φ)<d<αH(1-ξ)aL(p-w+u)k(1-φ)d2α2L(p-w)-dkλ(1-φ)2a2Ld<αL(1-ξ)aL(p-w+u)k(1-φ)

In the scenarios of very small and very large product ordering volumes, d<αL(1-ξ)aL(p-w+u)k(1-φ) and αH(1-ξ)aL(p-w+u)k(1-φ)<d<αH[(1-ξ)aL+ξaH](w-c)k(1-φ), the supply chain resilience levels are dαL and dαH, respectively. In these cases, the supply chain resilience level is proportional to the product ordering volume and inversely proportional to the level of capacity restoration, compared to the scenario where the cost-sharing pact is not realized. However, when αL-c[(1-ξ)aL+ξaH]+sαHξ+wαL(1-ξ)k(1-φ)d<αH[(1-ξ)aL+ξaH](w-c)k(1-φ) and aH[(1-ξ)aL+ξaH](p-w+u)k(1-φ)<d occur, the supply chain resilience levels are (1-ξ)aL(p-w+u)k(1-φ) and [(1-ξ)aL+ξaH](p-w+u)(1-φ)k, respectively, and these levels are influenced by factors such as the capacity recovery factor, the capacity recovery level, and the retail price.



3.5.2 Modeling manufacturers' profit decisions under cost-sharing contracts

Based on the previous analysis, the manufacturer's profit function can be reduced to:

maxπmM-C=λ[(w-c)Emin{d,αe}-φke22+s(αe-d)+]+(1-λ)(w-c)d

maxπmM-C={λ[(w-c)Eαe-φke22]+(1-λ)(w-c)dαHe<dλ[wξd+w(1-ξ)αLe-cEαe-φke22+sξ(αHe-d)]+(1-λ)(w-c)dαLe<d<αHe

(1) When e* = dαL, the manufacturer's profit decreases as the cost-sharing ratio increases, and the product order quantity can be met due to the lower level of capacity restoration at this point. Therefore, the manufacturer is not willing to bear the input costs of supply chain resilience, which are all paid by the retailer, and the profit function is as follows,

πmM-C = λ[wξd+w(1-ξ)αLe-cEαe-φke22+sξ(αHe-d)]+(1-λ)(w-c)d

At this point dπmM-Cdφ=-λke22<0, d<αL(1-ξ)aL(p-w+u)k(1-φ).

(2) When e* = (1-ξ)aL(p-w+u)k(1-φ), then W = H. Therefore, it is possible to construct a function with respect to e. Construct the Lagrangian function and write the K-T constraint as:

πrM-C=λ[wξd+w(1-ξ)αLe-cEαe-(1-(1-ξ)aL(p-w+u)ke)ke22+sξ(αHe-d)]+(1-λ)(w-c)d+v10(αHe-d)

s.t.,v10(αHe − d) = 0.

The optimal cost-sharing ratio for the manufacturer under the condition αL(1-ξ)aL(p-w+u)k(1-φ)<d<αH(1-ξ)aL(p-w+u)k(1-φ) can be obtained as φ*=1--2(1-ξ)aL(p-w+u)2caL(1-ξ)-(p+w+u)(1-ξ)aL+2(c-s)αHξ αL(1-ξ)aL(p-w+u)k(1-φ)<d<αH(1-ξ)aL(p-w+u)k(1-φ).

(3) When e*=dαH, which is the same as in the case of e*=dαL, the manufacturer's profit decreases as the proportion of cost sharing increases. Therefore, the manufacturer is unwilling to bear the input cost of supply chain resilience, at which point the manufacturer's profit is:

πmM-C=λ[(w-c)Eαe-φke22]+(1-λ)(w-c)d

dπmM-Cdφ=-λke22<0, when φ* = 0,

αH(1-ξ)aL(p-w+u)k(1-φ)<d<aH[(1-ξ)aL+ξaH](p-w+u)k(1-φ)

(4) When e*=[(1-ξ)aL+ξaH](p-w+u)(1-φ)k and φ*=1-[(1-ξ)aL+ξaH](p-w+u)ke, the manufacturer's profit can be expressed as a function of e, and a corresponding Lagrangian function can be constructed.

πrM-C=λ[(w-c)Eαe-1-[(1-ξ)aL+ξaH](p-w+u)keke22]+(1-λ)(w-c)d+v12(d-αHe)

s.t. v ≥ 0, v12(d − αHe) = 0.

When, aH[(1-ξ)aL+ξaH](p-w+u)k(1-φ)<d, φ*=1-2(p-w+u)p+w+u-2c.





4 Numerical simulation


4.1 Supply chain members' optimal profit and resilience input decisions

This section conducts numerical simulations based on MATLAB R2016a software to analyze and compare the impact of three decision-making models—decentralized, centralized, and cost-sharing contract models—on the profitability of manufacturers and retailers. During the simulation process, the model is solved using the built-in optimization solver fmincon in MATLAB to ensure that the optimal solution is obtained under the premise of meeting the constraints. All model parameters are set according to the characteristics of real supply chain operations to meet the basic assumptions of the model and reflect reasonable logical relationships. In addition, sensitivity analysis was performed on the main parameters to illustrate the effectiveness of the proposed model and some management insights were derived. Costco is the world's leading membership-based warehousing retailer, and its private label, Kirkland Signature, is one of its core competencies, accounting for about 70% of its food sales. Kirkland's supply chain model is typical of a manufacturer-retailer integration model that is ideal for modeling and analyzing the relationship between wholesale prices, costs and retail prices. Based on industry data from Food Processing magazine and data from Costco's product page, this article shows that Kirkland brand nuts p = 20, c = 2, w = 15. The other parameters are assigned as follows: αL = 1, αH = 2, k = 1, u = 10, s = 1, ξ = 0.5, λ ∈ [0, 1].d ∈ [0, 100]. The setting of these parameter values mainly refers to the typical values used in similar supply chain models in the existing literature (Luo et al., 2024; Bo et al., 2023; Zhou et al., 2022).

(1) Overall Supply Chain Profit Analysis

This subsection analyzes the impact of product ordering quantity and demand disruption risk on total channel profitability, and the results are shown in Figure 1.
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FIGURE 1
 Overall supply chain profits under different strategies.


When the product order quantity is very small, both d<αL(1-ξ)aL(p-w+u)k, consumer demand can be satisfied with a low capacity resilience αL. The retailer's resilience input level is (1-ξ)aL(p-w+u)k when the product order quantity is αL(1-ξ)aL(p-w+u)k<d<αH(1-ξ)aL(p-w+u)k, and the supply chain resilience input level is dαH when the product order quantity is αH(1-ξ)aL(p-w+u)k<d<αH[(1-ξ)aL+ξaH](w-c)k. The retailer's resilience input level is fixed at [(1-ξ)aL+ξaH](p-w+u)k until the order quantity (d) exceeds aH[(1-ξ)aL+ξaH](p-w+u)k.

At this point, it can be observed that the retailer's optimal resilience input level [(1-ξ)aL+ξaH](p-w+u)k is related to the capacity restoration coefficient (ξ), the retail price (p), the wholesale price (w), the unit out-of-stock loss (u), the supply chain's capacity recovery level (αi), and the supply chain resilience input cost sensitivity coefficient (k).

The overall profitability of the supply chain is significantly influenced by the product ordering volume (d) and the risk of demand disruption (λ), with the centralized management model consistently showing a profit advantage over the decentralized model. The total profit of both models increases in parallel with the rise in order quantity (d), regardless of the level of product order quantity.

In particular, when the order quantity d is relatively low, both d>αL(1-ξ)aL(p-w+u)k and αH(1-ξ)aL(p-w+u)k<d<αH[(1-ξ)aL+ξaH](w-c)k, the profits of both centralized and decentralized modes are equivalent. This illustrates that the supply chain demonstrates a high level of adaptability and resilience at this stage, effectively mitigating the impacts of minor adjustments in order quantity, thereby maintaining profit fluctuations at a minimal level. However, when the order quantities are αL(1-ξ)aL(p-w+u)k<d<αH(1-ξ)aL(p-w+u)k and d>αH[(1-ξ)aL+ξaH](w-c)k, and the risk of demand disruption (λ) is substantial, the profit advantage of the centralized management model becomes significantly pronounced. This indicates that, within the context of high order quantities, the supply chain encounters an acute increase in the risk of demand disruption, which surpasses its inherent capacity for resilience. At this juncture, the influence of slight variations in order quantity on the overall profitability of the supply chain is considerably amplified.

In further exploring the impact of demand disruption probability (λ) on supply chain profit, we observe that total profit decreases with increasing λ in both centralized and decentralized management models. The underlying reason is that the heightened risk of demand disruption undoubtedly amplifies the uncertainty within the supply chain, compelling firms to maintain larger inventory levels as a precaution. However, the resulting high inventory costs erode profit margins, creating a paradox between the necessity of increasing safety stock and the imperative of cost control. Furthermore, in order to address supply chain disruptions, companies must invest additional resources and time in seeking alternatives or executing emergency responses, which inevitably escalates operational costs and diminishes supply chain efficiency.

In summary, in the face of demand disruptions, adopting a centralized decision-making mechanism and optimizing resource allocation through contractual tools becomes a key strategy for ensuring the profit maximization of the supply chain as a whole, compared to decentralized decision-making. This approach not only serves as a robust complement to existing supply chain management theory but also provides empirical support for enterprises to develop effective strategies in a complex and dynamic market environment.

(2) Manufacturer Profit Analysis

As can be seen from Figure 2, the manufacturer's profit curve also exhibits a fluctuating pattern in relation to the level of product order volume. Based on the quantity of product ordered, this dynamically changing profit curve can be subdivided into intervals with four distinct turning points, which profoundly reveals the phased nature of the impact of order volume on the retailer's profit.
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FIGURE 2
 Manufacturer's profit under different strategies.


I. In the first interval of the change in order quantity, namely d<αL(1-ξ)aL(p-w+u)k, the manufacturer's profit in the decentralized model is equal to the manufacturer's profit in both the revenue-sharing contract model and the cost-sharing contract model. Moreover, the manufacturer's profit increases with the increase in the product order quantity (d) and decreases with the increase in demand disruption risk (λ). Therefore, there is no need for contractual coordination. This indicates that when the order quantity is low, the supply chain demonstrates a certain level of resilience, allowing the retailer to maintain the normal operational needs of the supply chain through independent resilience inputs.

II. In the second interval of order quantity change, namely αL(1-ξ)aL(p-w+u)k<d<αH(1-ξ)aL(p-w+u)k, the manufacturer's profit is negatively correlated with the demand disruption risk (λ), and the manufacturer's profit increases with the product order quantity (d). In the S1 region, the manufacturer's profit under the revenue-sharing contract model is higher than that under both the decentralized model and the cost-sharing model. This indicates that manufacturers are more inclined to use the revenue-sharing contract in this region. Furthermore, upon analyzing the manufacturer's profit under the decentralized and cost-sharing contract models, it can be observed that at point αL(1-ξ)aL(p-w+u)k<d<αL(1-ξ)aL(p-w+u)k1-φ, the manufacturer's profit under the cost-sharing contract is equal to that under the decentralized model. Therefore, manufacturers and retailers can address the risk of demand disruption without the need to enter into a cost-sharing contract. At point αL(1-ξ)aL(p-w+u)k1-φ<d<αH(1-ξ)aL(p-w+u)k, the manufacturer's profit under the cost-sharing contract will exceed the manufacturer's profit under the decentralized model.

III. In the third interval of product order quantity variation, namely αH(1-ξ)aL(p-w+u)k<d<aH[(1-ξ)aL+ξaH](p-w+u)k, similar to the first interval, the manufacturer's profit in the decentralized model is equal to the manufacturer's profit in both the revenue-sharing contract model and the cost-sharing contract model. Additionally, the manufacturer's profit is positively correlated with the product order quantity (d) and negatively correlated with the risk of demand disruption (λ). Therefore, there is no need for contractual coordination.

IV. In the fourth interval of product ordering variation, denoted as aH[(1-ξ)aL+ξaH](p-w+u)k<d, the manufacturer's profit exhibits a negative correlation with the risk of demand disruption (λ). Specifically, the manufacturer's profit is positively correlated with the product ordering quantity, d. Within the S2 region, the profit accrued by the manufacturer under the revenue-sharing contract model surpasses that observed in both the decentralized and cost-sharing models. Conversely, outside the S2 region, the manufacturer's profit under the cost-sharing contract model exceeds that of the decentralized and revenue-sharing models. Further analysis of the manufacturer's profits under the decentralized and cost-sharing contract models indicates that, at point aH[(1-ξ)aL+ξaH](p-w+u)k<d<aH[(1-ξ)aL+ξaH](p-w+u)k(1-φ), the profits under the cost-sharing contract equal those under the decentralized model. However, at points αL(1-ξ)aL(p-w+u)k<d<αH(1-ξ)aL(p-w+u)k and aH[(1-ξ)aL+ξaH](p-w+u)k(1-φ)<d, the profits under the cost-sharing contract model are greater, thereby allowing the manufacturer and retailer to enter into a cost-sharing agreement based on their actual circumstances. Overall, it can be observed that as the product order quantity (d), increases, the significance of the cost-sharing contract becomes increasingly pronounced.

In summary, manufacturers' profits are influenced by both the level of demand disruption risk and product ordering quantities, exhibiting a negative correlation with the disruption risk (λ). When order quantities remain low, the supply chain demonstrates inherent resilience, allowing retailers to manage market fluctuations through their own inputs in supply chain resilience, without necessitating additional cost-sharing contracts to stabilize their operations. However, as order quantities increase along with the risk of disruption, manufacturers increasingly turn to cost-sharing and revenue-sharing agreements as effective tools for supply chain coordination, ensuring continuity and efficiency in high-risk environments.

It is important to note that manufacturers encounter a more complex decision-making environment when the retailer's order quantities are either aL(1-ξ)aL(p-w+u)k<d<aH(1-ξ)aL(p-w+u)k or aH[(1-ξ)aL+ξaH](p-w+u)k<d. In this context, manufacturers must carefully assess the risk of demand disruption in relation to the specific order quantities and deliberate on whether to implement a cost-sharing contract or a revenue-sharing model. This decision-making process aims to identify vulnerabilities within the supply chain. By introducing cost-sharing mechanisms in a timely manner, manufacturers can effectively mitigate potential risks while ensuring the maximization of their interests in an unpredictable market environment. This strategy seeks to achieve an optimal balance between the economic efficiency of the supply chain and effective risk management.

(3) Retailer Profit Analysis

As can be seen in Figure 3, although the retailer's profit curve shows overall stable growth, it experiences subtle fluctuations at different points, vividly reflecting the dynamic evolution of the impact of demand disruption probability and product ordering volume on retailer performance. Delving deeper, when both the product ordering volume and demand disruption probability are high, retailers' profits under decentralized decision-making and revenue-sharing models are generally lower than those under the cost-sharing contract mechanism. This finding aligns with certain real-world examples of supply chain management. It implies that, when faced with higher disruption risks and substantial ordering demands, manufacturers are more inclined to incentivize faster product delivery by assuming part of the retailer's costs, thus enhancing the overall resilience of the supply chain. This approach not only helps retailers avoid potential economic losses from supply chain disruptions but also ensures a stable and continuous supply of goods, ultimately maximizing their own interests. By implementing cost-sharing contracts, retailers and manufacturers establish a mutually beneficial relationship, enabling them to weather market fluctuations, optimize supply chain performance, and ensure long-term business success and sustainable development.
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FIGURE 3
 Retailer profits under different strategies.


I. In the first interval of the change in order quantity, both d<αL(1-ξ)aL(p-w+u)k. The retailer's profit in the decentralized model is equal to the retailer's profit in both the cost-sharing contract model and the revenue-sharing contract model. Furthermore, the retailer's profit is positively correlated with the product ordering quantity and negatively correlated with the demand disruption risk λ. This indicates that when the order quantity is low, supply chain coordination can be achieved without the need for cost-sharing and revenue-sharing contracts, allowing retailers to maintain a normal product supply by adjusting their resilience inputs.

II. In the second interval of the change in order quantity, both αL(1-ξ)aL(p-w+u)k<d<αH(1-ξ)aL(p-w+u)k. When αL(1-ξ)aL(p-w+u)k<d<αL(1-ξ)aL(p-w+u)k(1-φ) occurs, the retailer's profit under the cost-sharing contract is equal to the manufacturer's profit in the decentralized model. Therefore, both the manufacturer and the retailer do not need to enter into a cost-sharing contract to address the risk of demand disruption. When occurs, the manufacturer's profit under the cost-sharing contract will be higher than the manufacturer's profit in both the decentralized model and the revenue-sharing model. This further illustrates that the supply chain itself possesses a certain level of resilience and can adjust manufacturing activities accordingly.

III. In the third interval of product ordering variation, both αH(1-ξ)aL(p-w+u)k<d<aH[(1-ξ)aL+ξaH](p-w+u)k. Similar to the first interval, the manufacturer's profit in the decentralized model is equal to the manufacturer's profit in the cost-sharing contract model. When the risk of demand disruption is low, the manufacturer's profit is positively correlated with the product ordering quantity (d) and negatively correlated with the demand disruption risk (λ). Conversely, when the risk of demand disruption is low, the manufacturer's profit is negatively correlated with both the product ordering quantity and the demand disruption risk (λ).

IV. In the fourth interval of product order quantity variation, denoted as aH[(1-ξ)aL+ξaH](p-w+u)k<d, when at point aH[(1-ξ)aL+ξaH](p-w+u)k<d<aH[(1-ξ)aL+ξaH](p-w+u)k(1-φ), the retailer's profit under the cost-sharing and revenue-sharing models is equal to the retailer's profit under the decentralized model and higher than that under the revenue-sharing model. This indicates that manufacturers and retailers in this interval cannot establish an appropriate cost-sharing or revenue-sharing ratio to achieve supply chain coordination; hence, there is no need to develop a contract for supply chain coordination in this interval. At point aH[(1-ξ)aL+ξaH](p-w+u)k(1-φ)<d, the retailer's profits under both the decentralized and revenue-sharing models are consistently lower than those under the cost-sharing contract model. This suggests that when order quantities are large, retailers can achieve supply chain coordination through cost-sharing contracts, and the effectiveness of these contracts increases with the growing risk of demand disruption.

Overall, when there is a significant increase in the volume of products ordered, manufacturers are more likely to adopt a cost-sharing strategy, i.e., to take on part of the retailer's input in supply chain resilience. This approach enhances the overall resilience of the supply chain and its ability to cope with unforeseen events, while also opening up a path for retailers to maximize their own benefits. By establishing cost-sharing relationships with manufacturers, retailers can ensure supply chain continuity and stability in high demand environments, thereby strengthening their market position and gaining a competitive advantage. On the other hand, retailers prefer to maintain a decentralized decision-making model when product ordering is low. In this scenario, retailers are usually well-positioned to deal with the risk of demand disruptions on their own and maintain normal production and delivery processes. The retailer is able to secure a strong foothold in the market, capitalizing on lower operating costs and a stable supply chain to generate higher margins. In this case, the retailer does not need to invest additional costs to enhance the resilience of the supply chain. Instead, the retailer can use the saved resources for other business expansion or profit reinput to further enhance its market competitiveness and profitability. All in all, the retailer's decision-making logic at different ordering levels reflects the flexibility and efficiency in supply chain management. By adjusting the cost-sharing strategy at the right time, retailers can effectively respond to market demand fluctuations and optimize supply chain performance.

(4) Decision Analysis of Resilience Inputs

Since cost-sharing contracts are superior to revenue-sharing contracts, this section explores the cost of elastic inputs in the supply chain under the cost-sharing contract model and the decentralized model. As shown in Figure 4, supply chain input in resilience shows a volatile trend, taking into account the risk of demand disruption: it rises, then falls, and then rises again. This unique pattern is closely tied to product order volumes and the potential for demand disruptions. Depending on the level of product orders, four intervals can be established. It can also be observed that the cost of supply chain elastic inputs fluctuates with market demand, but the overall trend is upward.
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FIGURE 4
 Input costs for supply chain resilience under different strategies.


I. In the first interval of the change in order quantity, denoted as d<αL(1-ξ)aL(p-w+u)k, t the input cost of supply chain resilience under the cost-sharing model is positively correlated with the number of product orders (d) and the risk of demand disruption (λ). In this context, the input cost of supply chain resilience in the decentralized mode is equal to the input cost in the cost-sharing contract model. This suggests that when order volumes are low, even if disruptions occur, the impact is smaller, and the marginal benefit of improving resilience is lower. And with limited resources, it is not possible to invest flexibly in all scenarios. From the perspective of resource allocation efficiency: In low-order scenarios, companies are more inclined to invest resources in growth inputs.

II. In the second interval of the order quantity change, denoted as αL(1-ξ)aL(p-w+u)k<d<αH(1-ξ)aL(p-w+u)k. When αL(1-ξ)aL(p-w+u)k<d<αL(1-ξ)aL(p-w+u)k1-φ occurs, retailer profits under cost-sharing contracts are equal to manufacturer profits under the decentralized model. In addition, supply chain elastic input costs and demand disruption risk (λ) are positively correlated and independent of product order quantity (d). When αL(1-ξ)aL(p-w+u)k1-φ<d<αH(1-ξ)aL(p-w+u)k occurs, retailers make more profits under cost-sharing contracts than manufacturers make under a decentralized model. In addition, supply chain elastic input costs and demand disruption risk (λ) are positively correlated and independent of product order quantity. At this time, supply chain participants can achieve supply chain coordination through cost-sharing contracts.

III. In the third interval of product ordering, denoted as αH(1-ξ)aL(p-w+u)k<d<aH[(1-ξ)aL+ξaH](p-w+u)k, similar to the first interval, the manufacturer profit in the decentralized model is equal to the supplier profit in the cost-sharing contract model. In addition, supply chain elastic input costs are positively correlated with product order volume (d) and demand disruption risk (λ). At this point, supply chain participants cannot coordinate through cost-sharing contracts.

IV. In the fourth interval of the product ordering quantity change, referred to as αH[(1-ξ)aL+ξaH](w-c)k<d, when considering aH[(1-ξ)aL+ξaH](p-w+u)k<d<aH[(1-ξ)aL+ξaH](p-w+u)k(1-φ), the supply chain elastic input cost in the cost-sharing model is equal to the input cost in the decentralized model. In addition, supply chain elastic input costs are positively correlated with demand disruption risk (λ) and independent of product orders (d). This indicates that manufacturers and retailers in this interval are unable to establish appropriate cost-sharing ratios to achieve supply chain coordination; therefore, in this case, it is not necessary to implement a cost-sharing contract for coordination. Conversely, when aH[(1-ξ)aL+ξaH](p-w+u)k(1-φ)<d occurs, the input cost of supply chain elasticity in the decentralized model is always lower than the input cost in the cost-sharing contract model. In addition, supply chain elastic input costs are positively correlated with demand disruption risk (λ) and independent of product orders (d). This suggests that disruptions can result in significant losses when the number of orders is high, and further inputs have a high marginal value even with high current elasticity. In the high-order scenario, elastic input has become an important means of risk control and has a higher priority. Retailers can achieve supply chain coordination through cost-sharing contracts, which are more effective when both order volume and the risk of demand disruption increase.

Overall, supply chain elastic input costs are positively correlated with demand disruption risk—the higher the risk, the higher the corresponding elastic input cost. In particular, in the scenario of low order volume, the level of elasticity is the lowest, but the potential loss caused by interruption is also the smallest, so the marginal return on improving elasticity is low. Therefore, at low order levels, manufacturers and retailers do not need to rush to initiate cost-sharing agreements. However, when product ordering levels are at a moderate level, decision-making becomes more complex. In this case, companies must consider the risk of product order volume and demand disruption to accurately determine the necessity and scale of elastic input costs. Especially when orders rise significantly to higher levels, despite the already relatively high level of resilience, companies are willing to invest further to strengthen supply chain resilience due to systemic risks and significant losses that disruptions can cause. This behavior reflects the logic of “risk-benefit trade-off” in supply chain resilience decision-making, that is, enterprises do not make input decisions based solely on the current level of resilience, but comprehensively consider the likelihood of disruption, the scope of impact and the return on input. Manufacturers and retailers should decisively adopt cost-sharing contracts to maximize supply chain resilience.



4.2 Sensitivity analysis

From the previous discussion and analysis, it is evident that the decision-making of supply chain members is often influenced by changes in the random capacity restoration coefficient, and this influence is not straightforward. To further investigate the impact of these coefficient changes on the decision-making of supply chain members and their associated profits, we will fix the values of other parameters assigned to ξ = [0.1, 0.3, 0.5, 0.7, 0.9] and d = 10, and observe the resulting changes in the experimental outcomes. The different scenarios are represented by λ = 0.2, λ = 0.5, and λ = 0.8, corresponding to varying levels of demand disruption risk, as shown in Table 3.

TABLE 3  Impact of changes in the capacity restoration coefficient on the optimal profit of the supply chain.


	Factor
	πm
	πr



	λ = 0.2
	λ = 0.5
	λ = 0.8
	λ = 0.2
	λ = 0.5
	λ = 0.8



	ξ
	Dispersion
	M-C
	Dispersion
	M-C
	Dispersion
	M-C
	Dispersion
	M-C
	Dispersion
	M-C
	Dispersion
	M-C





	0.1
	137.85
	140.11
	149.63
	155.27
	161.4
	170.43
	41.23
	47.64
	28.06
	44.09
	14.9
	40.55

 
	0.3
	130.25
	131.31
	130.63
	133.27
	131
	135.23
	40.03
	43.44
	25.06
	33.59
	10.1
	23.75

 
	0.5
	126.25
	126.57
	120.63
	121.39
	115
	116.23
	40.63
	41.94
	26.56
	29.84
	12.5
	17.75

 
	0.7
	125.85
	125.86
	119.63
	119.64
	113.4
	113.43
	43.3
	43.14
	32.56
	32.84
	22.1
	22.55

 
	0.9
	129.05
	129.21
	127.63
	128.02
	126.2
	126.83
	47.23
	47.04
	43.06
	42.59
	39.9
	38.15






By taking a look at the results of the simulation experiments in Table 3, it can be clearly seen that as the capacity recovery factor ξ increases, the profits of both the manufacturer and the retailer show a U-shaped growth trend. This is because when the retailer's delivery capacity is insufficient, then the manufacturer and the retailer will cooperate closely and the manufacturer will be more willing to bear the supply chain resilience input cost. However, when the retailer's delivery capacity increases, the retailer and the manufacturer will set up cost-sharing ratios based on their respective profit-maximizing objectives, and will spend additional costs to set up a cost-sharing contract as a result. However, when the retailer's delivery capacity is higher, the manufacturer and the retailer can basically meet the market demand even without strengthening cooperation, and the increase in the capacity recovery factor increases the likelihood that the retailer will obtain more orders, which in turn enables the manufacturer and the retailer to obtain more revenue from manufacturing and sales activities, respectively. From the cross-sectional general trend analysis, when the capacity recovery factor is low, the manufacturer's profit increases with the increase in the probability of disruption, and the retailer's profit decreases with the increase in the probability of disruption. When the capacity recovery factor is high, the manufacturer's profit decreases as the probability of disruption increases and the retailer's profit decreases as the probability of disruption increases. It is noteworthy that the profits of both parties under the adoption of the cost-sharing strategy are generally not lower than those without cost-sharing, which further validates the effectiveness of the cost-sharing contract.

Focusing on the scenario with lower disruption probability (λ = 0.2), it is observed that the profits of the supply chain members do not change significantly when the capacity recovery factor increases. Moreover, when the capacity recovery factor is small, both the manufacturer's profit and the retailer's profit are higher than those in the decentralized model, which proves that the smaller the capacity recovery factor is, the more the manufacturer tends to implement the cost-sharing contract. When the capacity recovery coefficient is large, the retailer's profit in the cost-sharing model will be lower than that in the decentralized model, so the manufacturer will not continue to share supply chain resilience input costs with the retailer at this time.

When examining the case with a high probability of disruption (λ = 0.5), manufacturer and retailer profits (ξ) re-decrease and then increase in a U-shaped relationship with the increase. In particular, when the probability of disruption is very high, the decentralized model shows that higher values of ξ lead to higher manufacturer and retailer profits, implying that higher ξ extends the manufacturer and retailer profit bands, i.e., in the decentralized model, an increase in the level of capacity restoration enhances the retailer's ability to cope with severe demand disruptions.

In the scenario with a very high probability of disruption (λ = 0.8), the manufacturer's profit (ξ) and the retailer's profit exhibit a U-shaped trend with changes. This indicates that manufacturers and retailers generally prefer to use the cost-sharing model when the capacity recovery factor is low. When the product delivery capability is high, an increase in the capacity recovery factor can provide more profitable opportunities for manufacturers. This implies that as the capacity recovery factor increases, the manufacturer approaches full and efficient recovery, thereby reducing the urgency and initiative of retailers to adopt incentives.

To summarize, when designing a cost-sharing contract in the face of demand disruption risks, it is crucial for retailers to consider market research findings, the resilience of the supply chain, and the potential impacts of market disruptions. Only by doing so can a realistic and strategic cost-sharing mechanism be developed to maximize both the resilience of the supply chain and its business value in an uncertain market environment. This refined contract design not only helps balance the interests of all parties within the supply chain but also provides retailers with a competitive edge in a fierce market, ensuring long-term sustainable development.



4.3 Results discussion

The above game model analysis shows that the number of product orders in the food supply chain can be divided into four key intervals, and there are significant differences in the optimal elastic input strategies and coordination mechanisms between retailers and manufacturers in different intervals. The study found that when the number of product orders is low or high, retailers can effectively mitigate the impact of demand disruption by investing in supply chain resilience. More importantly, in these order ranges, the implementation of cost-sharing contracts between manufacturers and retailers can significantly improve the performance and stability of the entire food supply chain compared to a single entity bearing all the flexible input costs. As the risk of demand disruption rises, both manufacturers and retailers are showing a downward trend in profit levels and willingness to invest flexibly, indicating that supply chain members are more conservative in high-risk environments.

In the study on service input and demand disturbances, Zhai et al. (2022) pointed out that when the degree of demand disturbance is small, supply chain decision-making has a certain robustness, which is consistent with the findings of this paper. This paper further expands this view, suggesting that supply chain members need to design contractual mechanisms to achieve risk sharing and performance optimization in the case of intensified demand disturbances (Zhai et al., 2022). From the perspective of emergency management, Wu et al. (2023) studied the decision-making behavior of a dual-channel closed-loop supply chain under demand interruption based on the Stackelberg game model. They found that manufacturers tend to assist retailers in reducing losses when negative demand disturbances occur, but their priority remains to protect their own profits (Wu et al., 2023). The research in this paper further shows that manufacturers are more willing to adopt cost-sharing contracts to support retailers only when the degree of demand disturbance is high, which provides a deeper theoretical explanation for the behavior logic of manufacturers in risk scenarios.

Xiang et al. (2023) pointed out that improving supply chain resilience is key to reducing the risk of disruption based on empirical data from 271 SMEs in China. This conclusion provides a realistic basis for the game model in this paper. Based on this, this paper further quantifies the impact of demand disruption probability on supply chain performance, and identifies the optimal elastic input level that manufacturers and retailers should adopt under different order quantities and interruption risks.

In summary, this paper systematically analyzes the elastic input strategy and coordination mechanism of manufacturers and retailers in the food supply chain under different risk scenarios by constructing a game model that integrates the number of product orders and the risk of demand interruption. This study not only reveals the dynamic impact of order quantity and interruption risk on supply chain performance, but also proposes a resilience improvement path based on contract design, which enriches the theoretical system of resilience management of food supply chain.




5 Conclusion

This study systematically analyzed the impact of these factors on food supply chain resilience input and coordination issues by constructing a Stackelberg model. The research results not only provide scientific decision support for food supply chain management, but also provide theoretical basis for optimizing the risk resistance and coordination mechanism of the food supply chain. The research results indicate that:

(1) This is an effective strategy for retailers to improve product delivery capacity by sharing the cost of resilient inputs in the food supply chain after demand disruptions. However, the application of this strategy should be contextual. Manufacturers' considerations when determining the optimal level of capacity recovery vary depending on factors such as the quantity of products ordered during the disruption, the risk of demand disruptions, and the benefits of supply. Manufacturers also need to consider these factors comprehensively when determining the optimal level of capacity recovery to ensure efficient supply chain operation and long-term stable development. Specifically, if the incremental increase in product orders is small, the current risk is low, the order volume is small, and the return on input is low; enterprises are more inclined to invest resources in market expansion, product innovation, etc.; conversely, if product orders spike, it may be due to inputs made or the system itself is at high risk and needs to be more resilient. Indicates that manufacturers are more inclined to adopt cost-sharing strategies and revenue-sharing agreements, while retailers are more likely to utilize cost-sharing agreements.

(2) The cost of input in food supply chain resilience is clearly positively correlated with the risk of demand disruption, meaning that the increased risk directly drives greater demand for improved food supply chain resilience. In addition, the level of resilience of the food supply chain is closely related to the number of product orders. Specifically, the cost of supply chain resilience also increases when the number of orders increases, indicating that enterprises are more inclined to increase the input cost of supply chain resilience in the face of higher probability of disruption and larger order size. In the case of low order volume, the level of elasticity is naturally low, but the marginal return of improving elasticity is limited because the potential loss caused by interruption is also small. Conversely, when faced with a high volume of orders, companies are willing to continue investing to further build resilience despite the already high levels of supply chain resilience. This is because in such cases, if an outage occurs, it can trigger systemic risks and cause significant losses. This decision-making behavior of enterprises reflects the existence of a “risk-return trade-off” mechanism in supply chain resilience input, that is, when deciding whether to improve elasticity, enterprises will not only consider the current level of elasticity, but also comprehensively evaluate the probability of interruption, the degree of impact and the return efficiency of input.

(3) When the capacity recovery coefficient is small, the profits of both manufacturers and retailers are higher than those under decentralized decision-making. This is because a lower recovery factor means that the supply chain can recover capacity more quickly and mitigate the impact of disruptions. In this case, the cost-sharing model improves overall profitability through risk sharing and resource integration. However, when the capacity recovery coefficient is high, the retailer's profit is lower than that of the decentralized model due to the increase in elastic input and the increase in costs. This suggests that the effectiveness of cost-sharing is limited by the cost of recovery. Further analysis shows that under the condition that the probability of demand interruption is constant, the profit shows a U-shaped trend with the change of capacity recovery coefficient, indicating that there is an optimal recovery interval to maximize profit. The results reveal the non-linear relationship between supply chain resilience input and returns, and provide theoretical support for enterprises' risk decision-making.


5.1 Management suggestions

This study not only has theoretical value, but also provides operational decision-making tools and strategic guidance for small and medium-sized food enterprises, supply chain managers, industry organizations, and policy makers. The following elaborates on its practical significance from four levels. Firstly, the management inspiration for small and medium-sized food enterprises: the strategic transformation from “passive response” to “active response.” This study suggests that not all order sizes are worth investing in high cost resilience. Therefore, small and medium-sized enterprises should establish an “order risk” assessment matrix. When the order volume is in the low or high range, priority should be given to investing in cold chain, inventory buffering, or digital monitoring systems to maximize investment returns. Clearly state the “risk triggered cost sharing clause” when signing the procurement contract; provide sales data and market forecasts to enhance manufacturers' awareness of risks and increase their willingness to cooperate; build a “lightweight” emergency response mechanism. Small and medium-sized enterprises have limited resources and should not pursue “comprehensive defense.” Therefore, it is recommended to establish a “minimum feasible emergency plan.” Focus on key nodes and establish a “mutual aid alliance” with local suppliers to achieve resource and risk sharing; and utilize cloud platforms to achieve real-time monitoring of inventory and demand, improving response speed.

Secondly, policy recommendations for the government and regulatory agencies: institutional design from “post rescue” to “pre incentive.” A policy of “resilience cost investment tax credit” can be established. Currently, small and medium-sized enterprises generally neglect long-term resilience construction due to short-term cost pressures. Therefore, the government can provide tax credits to enterprises investing in cold chain, digital systems, and emergency response drills, encouraging forward-looking investment. It can also promote the construction of a regional emergency logistics network. For example, establishing regional emergency cold chain centers in key agricultural production areas and around cities; alternatively, by jointly building a “shared storage pool” between the government and enterprises, priority can be given to ensuring food circulation during crisis periods and improving agricultural and food supply chain insurance products. Insurance companies can also be encouraged to collaborate with supply chain platforms to achieve data sharing and risk pricing.

Again, a suggestion for industry organizations and platform enterprises: to build a collaborative ecosystem. Industry associations should release a “Resilience Best Practice Guide” to assist small and medium-sized enterprises in assessing their own risks and developing improvement plans. E-commerce platforms and logistics platforms should open data interfaces. Allow small and medium-sized food enterprises to access the platform's demand forecasting, inventory visualization, and delivery tracking systems; in case of sudden interruption, prioritize ensuring the traffic and distribution resources of certified resilient enterprises. It can also promote the standardization of contracts. Develop a model text for cost sharing contracts in the food supply chain, clarifying risk definitions, cost ranges, sharing ratios, and dispute resolution mechanisms. In this way, reducing negotiation costs and improving contract execution efficiency.

Finally, recommendations for policy makers. By enhancing supply chain resilience, reducing food disruptions and waste, and ensuring food accessibility. Assist small and medium-sized enterprises in maintaining operations and protecting employment. Promote the application of digital and intelligent technologies in the food supply chain. Reduce food loss and resource waste caused by interruptions. In summary, this study achieved a leap from academic modeling to strategic decision-making. It means that businesses can avoid blind investment, governments can implement precise policies, and the entire food system can be more resilient and sustainable in times of uncertainty.



5.2 Limitations and prospects of research

This study has certain limitations, and future research can explore the impact of simultaneous supply and demand disruptions on the food supply chain. In addition, comprehensive models of multiple risk factors, dynamic risk management strategies, and technological applications can also be explored. Through these studies, we can gain a more comprehensive understanding and optimization of the resilience of the supply chain, improve its risk resistance and operational efficiency.
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