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Abstract: In the context of the increasingly prominent trust crisis in the agricultural product supply chain,
this paper constructs a two-level supply chain system consisting of agricultural cooperatives and live-
streaming e-commerce platforms. By considering two scenarios of including or not including blockchain
technology and combining three power structures of manufacturer-led, retailer-led, and centralized
decision-making, this paper establishes six game models to systematically examine the equilibrium
characteristics of traceability level, blockchain investment level, retail price, and the profits of supply
chain members. The research results show that the degree of consumers’ distrust will significantly
weaken the overall profitability of the supply chain; the introduction of blockchain technology can not
only effectively avoid trust losses but also serve as a strategic incentive measure to encourage supply
chain members to jointly improve the product traceability level; the trust gain coefficient has a positive
marginal promoting effect on all decision variables; and regardless of whether blockchain is introduced
or not, the centralized decision-making model always performs better than the decentralized decision-
making model in terms of performance. The findings provide theoretical support for digital supply chain
management and contribute to the understanding of how blockchain-enabled traceability promotes
information transparency, consumer trust, and long-term supply chain development.
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1. Introduction

In recent years, quality safety incidents, label discrepancies, origin fraud, and food fraud in the
agricultural product (agri-product) supply chain (SC) have continued to surface, undermining the
overall trust that consumers have in the agri-product market, business entities, and regulatory systems.
Compared to general industrial products, agri-products have stronger attributes of experience goods
and credit goods. Consumers often find it difficult to accurately identify their true quality, safety level,
production methods, and circulation conditions before purchase and also have difficulty fully verifying
their intrinsic properties after purchase. Therefore, the agri-product SC inherently has a strong
information asymmetry [1,2]. Current research indicates that in the current market environment,
consumers are highly sensitive to food safety and verifiable information [3]. The level of trust
significantly influences their willingness to pay for and make purchasing decisions regarding traceable
food. Once consumers are unable to obtain verifiable product information, they are more likely to have
a sense of risk and lower their confidence in making a purchase. Meanwhile, further research on traceable
food has revealed that food safety incidents will continue to erode consumers’ trust in the SC [4,5], while
the authenticity, completeness, and availability of traceability information will significantly influence
consumers’ willingness to purchase related products [6]. When consumers encounter green agri-
products, due to the lack of transparent understanding of production techniques and input materials,
the “lemon effect” further exacerbates the uncertainty of their purchasing decisions. If there is a
significant information asymmetry between buyers and sellers, high-quality products cannot obtain a
quality premium in the absence of credible signals [7]. To address the issue of information asymmetry,
product traceability has been widely introduced into the agricultural SC, aiming to rebuild consumer
trust through information dissemination.

The traditional traceability approach has several drawbacks, such as fragmented information and
lagging updates, making it difficult to convey key information, such as product origin and quality, to
consumers in a complete and verifiable manner. Kafeza et al. [8] pointed out in their literature review
that traditional SC information systems have difficulties in ensuring transparency and traceability,
which has exacerbated food safety risks and consumer trust crises. This technical-level trust gap makes
it difficult for consumers to effectively reduce their distrust of the quality of products in the SC through
existing mechanisms. When the traceability information consumers obtain fails to meet their
expectations, their traceability expectations are violated [9]. When consumers have a clear demand for
traceability but cannot obtain sufficient, genuine, clear, and useful information, or when the traceability
information they actually receive does not match their expectations, significant expectation differences
will arise. These differences will reduce consumers’ perception of food quality and further inhibit their
purchase intentions. When consumers learn that their positive expectations may not be fulfilled, their
trust in the brand and attitude towards the product both decline, thereby reducing their purchase
intentions. In the digital environment, this dissatisfaction is also prone to being externalized as negative
comments and spread [10]. Therefore, if traditional traceability mechanisms fail to effectively align
with consumers’ information needs and security expectations, they may instead cause damage to a
company’s profits due to the spread of negative evaluations.

In the face of the trust dilemma and negative evaluation risk associated with traditional traceability,
the introduction of blockchain technology provides a solution for information governance in the agri-
product SC. Leveraging its core features, such as decentralized ledgers, immutable data on the chain,
and automatic execution of smart contracts, blockchain enables consumers to obtain truly trustworthy
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data covering the entire product lifecycle [11]. The direct effect of blockchain lies in significantly
reducing consumers’ perceived uncertainty. Research shows that the depth of information conveyed
by blockchain traceability labels can effectively dispel consumers’ doubts about product quality,
thereby enhancing their purchase intention and brand trust [12]. More importantly, the immutability of
blockchain can simultaneously restore consumers’ dual trust in retailers and producers [13]. This
means that consumers’ distrust will be eliminated with the introduction of blockchain, fundamentally
preventing negative evaluation losses caused by the gap in expectations. At the same time, the
introduction of blockchain is not a technological addition; its operation requires a certain investment.
The level of blockchain investment not only affects the transparency of traceability information but
also indirectly affects the pricing strategy and profit distribution of the SC by changing the game
pattern of SC members [14]. However, the investment in blockchain is constrained by multiple factors,
such as technical complexity and cost uncertainty [15], and its effectiveness depends on the intensity
of blockchain investment and the collaborative participation of each node in the SC [16].

It is worth noting that the introduction and operation of blockchain technology do not occur in a
vacuum within the system, but are deeply integrated into the specific power structure of the SC. In the
actual agri-product circulation system, there are different power allocation models [17]. Under
heterogeneous power structures, the members of the SC exhibit significant differences in terms of the
attribution of pricing rights, the proportion of cost sharing, and the incentives for technological
investment [18]. Specifically, in a structure where manufacturers are the leaders of the game,
manufacturers have priority in setting prices, while retailers are in a follower position. In a structure
where retailers are the leaders, retailers with channel advantages hold the dominant position in setting
prices, and the profit margins of manufacturers may be compressed. This difference in leadership rights
not only affects the traditional pricing and profit distribution patterns but also influences the investment
decisions of blockchain [19,20]. At the same time, the power structure has a significant impact on the
willingness of SC members to invest in traceability. The equilibrium levels of traceability under the
manufacturer-led and retailer-led models may differ significantly [21]. When blockchain is introduced
as a governance tool that requires continuous cost investment, different power configurations will
result in completely different game equilibria [22]. If only the blockchain investment and pricing
strategies under a single power structure are examined, it is equivalent to assuming that all agri-product
SCs have a homogeneous bargaining power structure. This is obviously inconsistent with the actual
coexistence of diverse channel power ecosystems. Therefore, it is necessary to construct three game
models: manufacturer-led, retailer-led, and centralized decision-making. Systematically compare the
differences in the optimal investment level of blockchain and the pricing strategies under
heterogeneous power structures [23]. Through this multi-model comparative analysis, this paper aims
to answer a problem with both theoretical and practical value: Which power structure is more
conducive to stimulating high-level blockchain investment, more effectively restoring consumer trust,
and improving the overall performance of the SC?

2. Literature review
2.1. Research on traceability level

As a key variable in the SC of agri-products, the traceability level has attracted the wide attention
of the academic community because of its impact on consumer behavior and SC performance.
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Regarding the decisions and effects related to the traceability level, scholars have conducted in-depth
research from various perspectives. Zhang [24] constructed an analysis framework for the agri-product
SC traceability system based on the Internet of Things and blockchain. The study found that the breadth
of traceability information collection and the real-time nature of data transmission could significantly
enhance the information transparency and operational efficiency of the SC. Lv et al. [25] and others’
review of literature related to agri-product traceability further pointed out that the completeness,
accuracy, and real-time nature of traceability information are the key dimensions determining the
traceability level. At the consumer behavior response level of traceability, Lin [26] found that
consumers have a significant preference for verifiable traceability information, and the intensity of
this preference is positively correlated with consumers’ risk perception of food safety. Zhou [27]
also emphasized that the improvement of the traceability level can enhance consumers’ confidence
in product quality. Some scholars further explored the impact of traceability level on the overall
performance of the SC. Li et al. [28] constructed a comprehensive model for the green traceability
level of agri-product SCs and found that the improvement of the traceability level not only helps to
ensure product quality and safety, but also can indirectly enhance the efficiency of the SC by reducing
the efficiency loss caused by information asymmetry. Tan et al. [29] demonstrated that enhancing the
traceability level can curb information fraud by increasing information transparency, thereby
improving the overall performance of the SC. In terms of the correlation between consumer trust and
traceability level, Yao and Zhang [30] indicated that improving the traceability of agri-products can
effectively reduce consumers’ uncertainty regarding product quality and safety by enhancing the
transparency and credibility of information. Prashar et al. [31] also found in their analysis of the agri-
product market that traceability has significant advantages in enhancing consumer trust and ensuring
food safety. In summary, the existing literature has confirmed the significant impact of traceability
levels on SCs from multiple dimensions. However, it mostly treats them as exogenous parameters or
focuses only on the unilateral response of consumers. It rarely internalizes them and incorporates them
into the analysis of multi-power structure games. At the same time, the negative evaluation losses caused
by the expectation gap of traceability have not been fully addressed, which provides theoretical
expansion space for this paper to introduce the mechanism of consumer distrust and negative evaluations.

2.2. Consumer distrust and negative reviews

In the context of information asymmetry in the agri-product SC, consumers’ lack of trust and
negative online reviews have become key factors affecting the sustainable development of the SC. Ta
and Duong [32] found that trust has a constraining effect on consumption decisions. Modica et al. [33]
further confirmed that there is a significant positive correlation between consumers’ trust in products
and their willingness to pay a premium. The higher the level of trust, the stronger the willingness of
consumers to pay a premium to verify the food. Gao [34] pointed out that the higher the degree of trust
consumers have in the source of traceability information release, the stronger their willingness to refer
to traceability information to diagnose product quality. Wang et al. [35] found that online word-of-
mouth has a significant impact on consumers’ perceived value. When consumers’ distrust accumulates
to a certain extent, negative evaluations become the main form of their emotional expression and
behavioral response. Du et al. [36] investigated that both the proportion of negative online comments
and the severity of mistakes have a significant negative impact on the purchase intention of potential
customers. Halim et al. [37] also conducted a study, which indicated that intense negative electronic
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word-of-mouth significantly reduced consumers’ purchase intentions to a greater extent than low-
intensity negative word-of-mouth. At the level where negative evaluations are transmitted to the
enterprise’s profits, Ni et al. [38] examined the impact of negative corporate reputation on financing
scale from the perspective of the life cycle theory. Hu et al. [39] confirmed that the number of
negative reviews would significantly reduce the sales volume of fresh agri-products in e-commerce.
Qing et al. [40] used agri-products as the empirical object and found that negative comments related
to the product could reduce consumers’ purchase intentions. Yao and Feng [41] also conducted
research on fresh aquatic products and demonstrated that consumers’ perceived risks when reading
negative online comments about product attributes were significantly higher than those of service-
related negative comments, and their purchase intentions were also lower. In summary, most existing
literature regards consumers’ distrust and negative evaluations as exogenous factors. Few studies
internalize them into traceability and blockchain or incorporate them into the game analysis under
heterogeneous power structures, thus providing an entry point for this research.

2.3. The impact of blockchain on SC

In the SC, the introduction of blockchain not only changes the way information is transmitted but
also profoundly influences the pricing decisions, coordination efficiency, and overall performance of
the SC. Vu et al. [42] pointed out, based on research in the food industry, that the adoption of
blockchain can significantly enhance SC performance. Feng et al. [43] showed that the investment
level of blockchain directly affects the optimal pricing and quality decisions. When the investment cost
of blockchain is in a reasonable range, the SC members can achieve Pareto improvement of profits.
Ma et al. [44] further incorporated consumer trust into the analytical framework and found that the
adoption of blockchain technology can enhance the overall efficiency of e-commerce SCs through the
trust restoration mechanism. Yang and Yu [45] demonstrated from the perspective of operational
performance that blockchain has a significant positive effect on the operational performance of the SC.
Sola et al. [46] revealed the dual mediating role of SC transparency and supplier trust between the
adoption of blockchain technology and new product development, providing a new perspective for
understanding the value transmission path of blockchain investment. Cho et al. [47] found that
blockchain technology has a significant enabling effect on lean SC management. In terms of the cost
threshold and decision boundary for blockchain implementation, Samuel et al. [48] confirmed that
blockchain technology has a positive impact on the sustainability of SCs and that there is a marginal
diminishing effect between the investment level and performance improvement. Xu et al. [49] research
indicated that information sharing of demand forecasting under blockchain technology can
significantly enhance SC efficiency. Dong et al. [S0] then explored the mechanism of blockchain
adoption on the SC system and enterprise performance. Javadi et al. [51] focused on the impact of
blockchain technology on SC production strategies, and their research revealed that the level of
blockchain investment could significantly improve production planning and inventory management
strategies. Duong et al. [52] examined the impact of blockchain-enabled food traceability systems on
consumer trust and purchase behavior, demonstrating that blockchain technology can enhance trust
through improved information transparency. Zhang et al. [53], in the dual context of fairness concerns
and blockchain subsidies, revealed the mechanism of the impact of blockchain investment on the
pricing strategy of the agri-product SC. Wang et al. [54] explored the issue of SC financing
optimization driven by blockchain and confirmed that blockchain technology can improve the
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operational efficiency of the SC. Pang et al. [55] reviewed blockchain-based agricultural traceability
systems and highlighted the role of blockchain technology in improving SC transparency and traceability.
Niu et al. [56] constructed a pricing and coordination model for agri-product SCs under blockchain
empowerment and found that blockchain investment can effectively improve the coordination efficiency
of the SC. In summary, the introduction of blockchain technology can significantly enhance the
transparency and traceability of the SC, strengthen consumer trust, improve pricing and coordination
efficiency, and have a positive driving effect on the overall performance of the SC.

2.4. The impact of heterogeneous power structures on SC

As a key institutional variable that affects the game behavior and decision-making equilibrium of
members, the power structure of the SC has a profound impact on pricing strategy, quality input, and
technology adoption. Xue et al. [57] explored the equilibrium decisions of food SCs with
heterogeneous power structures and found that the power structure could significantly regulate the
transmission effects of subsidy policies and consumer preferences. Cao et al. [58] pointed out that the
power structure affects the brand strategies of agri-product SCs: when retailers are dominant, they tend
to introduce their own brands to enhance their bargaining power; when manufacturers are dominant,
they focus on controlling brand premiums and channel pricing power. Gao et al. [59] discovered in the
closed-loop SC that the channel power structure influences the selection of recycling models. Wan et
al. [60] found in retail SCs that the power structure can significantly change the equilibrium choices
of promotional strategies and member profit distribution. Liu et al. [61] focused on the live-streaming
e-commerce SC and revealed how the ownership of dominance regulates the interaction between
marketing investment and pricing strategies. In terms of power structure and product quality decision-
making, Fan et al. [62] found that the power structure influences the decisions of SC members and
there are significant differences in the equilibrium strategies under the manufacturer-led and retailer-
led models. Ren and Luo [63] examined the joint decision-making and coordination mechanisms of
product quality and marketing efforts under heterogeneous power structures, and the research showed
that the coordination efficiency of contracts under power symmetry and asymmetry structures has
essential differences. Zhang et al. [64] found that the power structure affects quality decisions: when
the retailer leads, there is a tendency to lower the quality threshold to expand sales volume, and when the
manufacturer leads, more emphasis is placed on brand premium and signal transmission. Liu et al. [65]
studied the interaction relationship between channel selection and SC transparency under heterogeneous
power structures and found that the allocation of channel power can significantly regulate the marginal
contribution of transparency investment to SC performance. Zhao et al. [66] analyzed the impact of
heterogeneous power structures in the context of smart agriculture on SC pricing strategies, revealing
the dual interaction effect of technological investment and power structure. Xu et al. [67] investigated
the enterprise social responsibility decisions and the design of dual collaborative contracts under
heterogeneous power structures in the fresh produce SC and found that the change in power structure
would alter the coordination efficiency of the contract. The existing literature fully demonstrates the
impact of power structure on the SC but few incorporate continuous blockchain investment, consumer
distrust, and negative evaluation losses into the framework and systematically compare the equilibrium
differences under the three power structures. This provides a clear research space for the construction
of the model in this paper.
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Table 1. Comparison table of this article with related literature.

Refer  Traceability =~ Consumer distrust Blockc — Heterogeneous Research topic This article contribution

ences level and negative hain power structures
review losses

[24] v v The  blockchain-based ~ Without considering the differences in
agricultural product power structures, without modeling
traceability system. consumer distrust, this article introduces

three comparisons of power structures.

[25] \ \ Literature review on This review paper, lacking a game theory
blockchain traceability. model, constructs a Stackelberg game

and derives the equilibrium solution.

[29] \/ R Blockchain traceability This paper employs evolutionary game
ensures the authenticity of  theory, which does not consider power
information. structures; it uses Stackelberg game theory.

[32] \ The impact of blockchain ~ Empirical research, without a game theory
on organic food model; this paper models from the
consumption. perspective of supply chain decision-making.

[40] \/ The impact of negative Empirical research was conducted, but no
online reviews on modeling was performed. This paper
agricultural product sales.  incorporates the endogenization of negative

review losses into the profit function.

[44] v v \ The impact of blockchain ~ Considering only a single power
on consumer trust in the e-  structure, this paper systematically
commerce closed-loop SC.  compares three power structures.

[57] v \ The impact of government ~ This paper does not consider blockchain;
subsidies and consumer it endogenizes blockchain investment
preferences on food SC levels and derives the threshold condition
traceability. for the trust gain coefficient.

[61] \ v Decision-making under This article does not cover blockchain
different power structures  and traceability; it focuses on blockchain
in the live-streaming + traceability + power structure.
e-commerce SC.

[66] \ \ Pricing and coordination  This article does not utilize blockchain
of smart agriculture technology; it does not consider consumer
technologies under distrust; it introduces the concepts of
different power structures.  blockchain and negative review losses.

This \ \ \ \ Agricultural SC decision-

article making with different

power structures in the
context of blockchain.

As can be seen from Table 1, extensive research has been conducted on key factors, such as the
traceability level of the agri-product SC, consumer distrust and negative review losses, the level of
blockchain investment, and heterogeneous power structures, achieving rich theoretical results and
management inspirations. However, the existing literature still has the following shortcomings: First,
most studies focus on the impact of a single factor on the agri-product SC, such as only discussing the
traceability level of the product, without systematically analyzing the interaction between the two in
the context of introducing blockchain. Secondly, most studies ignore the systematic comparison of
equilibrium strategies and performance differences under three typical structures in the blockchain
context, namely manufacturer-led, retailer-led, and centralized decision-making. Third, most studies
on blockchain adoption in game theory research consider it as a fixed “technology choice (use or not
use)”, rarely treating the level of blockchain investment as a continuous decision variable, and failing
to deeply explore the impact of consumers’ trust coefficient in blockchain on SC decisions.
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In view of this, this paper conducts research on the pricing and coordination issues of the agri-
product SC in the context of blockchain empowerment. Based on the consideration of the degree of
consumer distrust and the effect of trust enhancement, a game model for the agri-product SC is
constructed, which includes the level of traceability and the level of blockchain investment.
Considering the different situations before and after the introduction of blockchain, this paper starts
from three power structures: manufacturer-led, e-commerce platform-led, and centralized decision-
making, and builds six game models. It systematically analyzes the optimal pricing, traceability level,
blockchain investment level, and profit distribution mechanism of the SC members under different
circumstances. At the same time, this paper further compares the changes in retail prices, traceability
decisions, trust gain coefficients, and overall SC performance before and after the introduction of
blockchain, revealing the mechanism of blockchain technology in alleviating consumer distrust,
improving SC transparency, and improving operational performance. On this basis, this paper uses
game theory methods to solve the model equilibrium and, through numerical simulation, examines the
differences in SC performance under the interaction of blockchain investment and power structure to
provide a theoretical basis and management implications for the application and differentiated
decision-making of blockchain technology in agri-product SCs.

The main innovations of this paper are as follows:

(1) This study, from the perspective of heterogeneous power structures, constructs a pricing and
investment decision model for agri-product SCs, and compares the optimal strategies under three
power configurations (i.e., manufacturer-led, retailer-led, and centralized decision-making). Before the
introduction of blockchain technology, incorporating the negative evaluation losses caused by the
mismatch between the degree of consumer distrust and their traceability demands and expectations
into the profit analysis framework effectively depicted the impact of consumer trust deficiency on
demand and profits under the background of information asymmetry, thereby deepening the theoretical
understanding of the pricing and operation mechanism of the agri-product SC.

(2) This paper introduces blockchain technology; analyzes its role in improving information
transparency, enhancing SC credibility, and alleviating consumer distrust; and explores the influence
of consumers’ trust coefficient in blockchain on SC decisions. By integrating blockchain input levels,
trust gain coefficients, and key variables, the study examines the profitability condition for blockchain
adoption and its impact on the pricing and investment strategies of SC participants. It further reveals
the differential effects of blockchain technology on SC performance and strategic decisions under
heterogeneous power structures.

3. Problem description and model assumptions
3.1. Problem description

This paper considers a two-level agri-product SC consisting of agricultural cooperatives and e-
commerce platforms. The SC can operate under either a non-blockchain governance mode or a
blockchain governance mode. Under the non-blockchain mode, cooperatives improve product
traceability through a conventional traceability system and provide the products to e-commerce
platforms, which are responsible for terminal sales. Because source information and quality attributes
are not fully verifiable, consumers may distrust the products and negative evaluations may further
reduce market demand.
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Under the blockchain mode, the cooperative has completed the basic deployment of the
blockchain-based traceability system and subsequently determines the level of incremental blockchain
investment. The cooperative bears the corresponding fixed deployment cost and variable investment
cost. Conditional on the selected governance mode, cooperatives and e-commerce platforms make
pricing, traceability-effort, and investment decisions according to the decision sequence specified in
each model. The adoption decision is made before these operational decisions.

Accordingly, the paper considers six conditional decision scenarios under three power structures
(i.e., cooperative-led, e-commerce-platform-led, and centralized decision-making), with each power
structure examined under both the non-blockchain and blockchain governance modes. The
corresponding decision sequences are presented in Figure 1.

AM mode!
Cooperatives - led

AR model

AC:modet E-commerce-led

Phase 1: E-commerce
platform decision-making

Phase1 Cooperative
decision-making
(w. &
Without blockchain

Centralized

decision-making

Phase 2: E-commerce
platform decision-making

Phase2 Cooperative
decision-making

{p. e) a
@ e 4)

BM model BR model

BC model Cooperatives - led Cooperatives - led
With blockchain
Phase1 Cooperative Phase 1: E-commerce
decision-making platform decision-making
Centralized (w. e. &) 1]
decision-making

(p. e 6)

Phase 2: E-commerce Phase2 Cooperative
platform decision-making decision-making

) (w. e 6)

Figure 1. Model decision sequence diagram.

Figure 2 provides a description of the SC relationship. Due to the natural distrust of the source
and quality information of agri-products, consumers often have a strong demand for traceability. When
the requirement for traceability is not fully met, consumers find it difficult to form a stable quality
expectation before purchasing. The opacity of product information will increase the deviation in
consumers’ judgment of the actual quality, making the actual experience after purchase more likely to
differ from the expectation, thereby reducing consumer satisfaction and increasing the possibility of
negative evaluations. Therefore, this paper argues that consumer distrust does not directly lead to
negative evaluations but rather, by increasing information uncertainty and the risk of expectation
deviation, it further affects consumers’ evaluation behavior. When such negative evaluations
accumulate continuously, it will further weaken the stability of cooperation between cooperatives and
e-commerce platforms and have a negative impact on the long-term sustainable operation of the
agricultural product SC. The introduction of blockchain technology can improve the information trust
mechanism in the SC. By providing immutable, traceable data, it enhances consumers’ ability to verify
product quality and source information, reduces consumers’ distrust, and thereby reduces the loss of
negative evaluations caused by information opacity and expectation deviation. In this case, the trust,
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friction, and reputation risks faced by supply chain members will be significantly reduced; the market
circulation efficiency of agricultural products and the overall sustainability of the SC will be improved,
and thus promote the sustainable development of the SC.

( Provide Sales
| Cooperative | __products % E-commerce [ revenue Consumer
| e s Platform e |
[ 4 4 I
1, (i
Block chain

» Logistics
—> Information flow
————— -» Funds flow

Figure 2. Description of SC relationship.
The relevant parameters and their meaning in this article are shown in Table 2.

Table 2. Parameter meaning table.

Parameter Meaning

a Potential market demand

b Price elasticity coefficient

c Agricultural production costs

r The utility of the traceability effort
Bad rating rate (initial bad rating rate)

[0}
=
aQ

S
N>

Consumer distrust level

Consumers’ perception of the degree of distrust
Marginal effectiveness of the traceability effort
Agri-product wholesale prices

Traceability level

The market price

Blockchain investment level

~A QO o g oo T

Traceability level cost coefficient

=
aQ

Blockchain input level cost coefficient

=

Blockchain trust gain coefficient

The fixed cost of blockchain investment
Market demand

Agricultural cooperative profit

o 0

—

Live electric business platform profit

8 3 ©

SC comprehensive profit
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3.2. Basic assumptions

Assumption 1. Without loss of generality, according to reference [68], the relationship between
traceability level and traceability cost can be assumed as: C,, =ke’/2, e represents the traceability
level. k represents the traceability level cost coefficient, and & >0. It reflects that an improvement
in the level of traceability will lead to an increase in traceability costs. This article considers the
situation where the traceability costs are borne by the manufacturer.

Assumption 2. Traceability enhances consumer trust by providing transparent information,
thereby reducing the negative evaluation rate caused by information asymmetry. Considering the
background of this study, based on the previous work [69], under the non-blockchain mode, g,
denotes the proportion of transactions that generate negative reviews associated with unverifiable
product-origin or quality information. It is given by g=g,—de, where g, is the baseline negative-
review rate, d >0 measures the effectiveness of traceability effort in reducing such reviews, and eis
the traceability effort level. The condition 0<g<1 isimposed. Let / denote the monetary loss borne
by the live electric business platform per unit of negatively reviewed transactions. Therefore, g/D

represents the platform’s expected monetary loss caused by negative reviews.

Assumption 3. Following [70], the variable cost of blockchain investment is assumed to be a
quadratic function of the investment level: Cg =k,G*/2 | where k,>0 is the variable-cost
coefficient. The cooperative is assumed to be the blockchain adopter and bears the fixed deployment
cost C, and the variable investment cost C,. The quadratic blockchain investment cost is adopted
to represent the increasing marginal cost of blockchain implementation. As the investment level increases,
additional costs arise from data collection, system maintenance, personnel training, node coordination,
and system integration. Therefore, the marginal cost of blockchain investment increases with G . No
transfer payment or fixed-cost-sharing arrangement is considered in the benchmark model.

Assumption 4. Following [71] showed that in an environment of insufficient information and
high uncertainty, the risk perception and distrust of the subject can significantly affect its behavior
decision and further weaken the acceptance intention of related products or technologies. Following
that Reference [72], when blockchain is not adopted, information asymmetry prevents consumers from
fully identifying the attributes and origin of agri-products. The corresponding demand function is
D(p,e)=(-x+re)—bp , where x>0 denotes the demand loss caused by consumer distrust, The
parameter x captures the reduction in current demand caused by consumers’ ex ante distrust of
unverifiable product-origin information. It is distinct from g, which captures the post-transaction
negative-review rate and affects the platform’s expected monetary loss rather than current demand.
Therefore, the effects of x and g are not counted repeatedly. r>0 represents the utility
coefficient of traceability effort, »>0 is the price-sensitivity coefficient, and p>0 is the market
price. After the firm adopts blockchain, the demand function is D(p,e,G)=(+re)—bp+hG , the

investment in blockchain has eliminated the level of consumer distrust. Where />0 represents
blockchain trust gain coefficient, G represents blockchain investment level.

In this study, blockchain adoption is treated as a discrete governance-mode choice, whereas G
represents the incremental investment made after the basic blockchain infrastructure and traceability
mechanism have been established. Therefore, G=0 does not indicate the absence of blockchain
adoption; it indicates that no additional investment is made after the basic deployment. The demand
difference between the two governance modes can thus be written as D(p,e,G)—D(p,e)=x+hG ,

Here, x captures the institutional effect associated with the transition from the non-blockchain

mode to the blockchain mode, while 4G captures the marginal demand effect of incremental

Journal of Industrial and Management Optimization Volume 22, Issue 10, 5417-5465.



5428

blockchain investment. The model focuses on the equilibrium comparison between the two governance
modes rather than on the gradual restoration of consumer trust during the blockchain deployment process.

Assumption S. In this study, we assume that all members of the entire agri-product SC are rational
decision-makers and hold a neutral attitude towards risks [70].

Assumption 6. The quadratic cost of blockchain investment reflects increasing marginal
implementation costs arising from data collection, system maintenance, personnel training, node
coordination, and system integration. In the benchmark demand function, the term AG represents the
demand benefit generated by enhanced information verifiability and consumer trust. Specifically,
blockchain investment does not generate additional traceability information itself but improves the
credibility and accessibility of existing traceability information, thereby increasing consumers’
willingness to purchase traceable products. The linear specification captures the first-order demand
effect of blockchain investment within the equilibrium range considered in this study. Traceability
effort e reflects the amount and completeness of traceability information, whereas blockchain
investment G improves the verifiability of that information. Therefore, blockchain investment does
not replace traceability effort itself but enhances the credibility and accessibility of the generated
traceability information. Accordingly, ¢ and G represent distinct mechanisms and enter the
demand function separately. The benchmark model abstracts from several practical considerations,
including investment saturation, implementation failure, interoperability risk, data-quality uncertainty,
and the interaction between e and G . Incorporating these factors into a more comprehensive
blockchain adoption framework provides a promising direction for future research.

All decision variables are subject to the following feasibility constraints:

a’r’+2abdlr+b*d* I’ —4kb<0, bc—a+ax+bg,l<0, 2bk—a’r’>0.

Based on the above assumption, before and after the introduction of blockchain, the profit
functions of different SC decision models are expressed as:

In the scenario without blockchain, the agricultural cooperative profit was z”, live electric
business platform profit was 7", and the SC comprehensive profit was 7z°:

m __ 1
V4 —(w—c)D—Ekez’ (1)
7" =(p-w)D—gID, 2)
. =(p—c)D—%kez—ng. 3)

The term g/D is an expected monetary loss rather than a demand-reduction term. The effect of

consumers’ pre-purchase distrust on demand has already been captured by x and is therefore not
included again through g.

With blockchain, the agricultural cooperative profit was z", live electric business platform profit
was 7z, and the SC comprehensive profit was z°. However, the composition of the profit function
has changed, and it is specifically expressed as follows:

" 1 1
7 :(W—C)D—Ekez—zkng—Cb, 4)
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v =(p_W)Da (5)

. 1 1
r :(p—c)D—Ekez—Ekng—Cb. (6)

Under the blockchain mode, product-origin and traceability information becomes verifiable.
Therefore, the specific negative-review loss arising from unverifiable origin information is normalized
to zero. This assumption does not imply that all types of negative reviews disappear; it only excludes
the negative reviews associated with the information-verification problem examined in this paper.
Traceability effort e remains relevant under blockchain because it reflects the cooperative’s effort in
collecting, maintaining, and presenting traceability information. Blockchain improves the verifiability
of this information, whereas e determines its completeness and usefulness to consumers. Therefore,
e continues to affect consumer utility and demand under the blockchain mode.

4. Model solution and analysis

The second-order conditions are satisfied in the admissible parameter region. Therefore, each
player’s optimization problem is strictly concave in its own decision variable, which guarantees a
unique best response. By backward induction, the equilibrium of each sequential game is unique within
the admissible interior region. The proof process can be found in Appendix A. All decision variables
are subject to the following feasibility constraints:

2bk —2abdlr —a’r® —=b’d’I> >0, —2bkk,+a’r’k, +bh’k <0.

For non-blockchain models, G is not included. Additionally, the results in the balance equation
must be positive, and the equilibrium solution must satisfy the economic constraints corresponding to
each model. Moreover, the relevant second-order conditions must also hold. The proof process can be
found in Appendix A. Accordingly, the closed-form solutions derived in Sections 4.1 and 4.2 are
interior solutions defined on the admissible parameter region satisfying these conditions. Under this
region, the players’ objective functions are strictly concave with respect to their respective decision
variables, and the sequential games have unique interior equilibria. The closed-form solutions derived
in this section are interior solutions defined within the admissible parameter region specified above. If
an unconstrained solution violates any nonnegativity constraint, the corresponding constrained
solution lies on the boundary. In particular, e=0 when the unconstrained traceability effort is
nonpositive, whereas G =0 when the unconstrained blockchain investment is nonpositive. The
equilibrium and comparative results reported below therefore apply to the admissible parameter region
in which the interior solution is valid.

4.1. SC decisions before the introduction of blockchain
4.1.1. Agricultural cooperative-led decision-making model (AM model)

In the absence of blockchain technology, under the admissible parameter region defined above,
the interior equilibrium solution of the AM model is as follows:
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_a’cr’ =2ak—2bck+2akx+b’cd’ I’ +2bg kil +2abcdlr
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” k(bc—a+ax+bg,l)’
Ty =— ,
M 2(a*r? +2abdlr+ b’ d* I — 4kb) (1)
. bkz(bc—a+ax+bgol)2
R =—— -, (12)
(a’r* +2abdlr+b*d’ I’ — 4kb)
) k(bc—a+ax+bg,l)’ (a*r* +2abdlr+b*d’ I’ —6kb)
o == : (13)

2(a*r* +2abdlr +b*d* I - 4kb)’

4.1.2. Live electric business platform-led decision-making (AR model)

In the absence of blockchain technology, under the admissible parameter region defined above,
the interior equilibrium solution of the AR model is as follows:

a'r’x—a’r’ +2abk —2b*ck —2abkx+2b* g kl

_+azbcr2 —azbgolr2 —2a’bdlr+2ab*cdlr+2a’bdlrx (14)
2a’br* +2dlab’r — 4kb’ ’

My =

__2d°cr’ —ak-3bck+akx+bg,kl+2abcdlr :
2a*r’ +2bdlar —4bk ’ (15)

Wir

__ar(bc—a+ax+bg,l)
T 24°r +2bdlar—4bk’ (16)

€4r

. k(bc—a+ax+bg,l) (a’r’ +2abdlr+b*d’I* - 6kb)
Pav =~ 2.2 2 272 2 > (17)
2(a*r* +2abdlr+b*d’ I - 4kb)
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a’r* —a’r’x—3abk—b’ck +3abkx—b* g ki
_+a2bcr2+a2bgolr2+2a2bdlr—2a2bdlrx (18)
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i kbc—a+ax+bgl2
Tar =~ (2 2 p ) > (20)
4a"r” +4bdlar-8bk
. k(3a2r2 +2ba’lar—6bk)(bc—a+ax+bgol)2
Ty =~ : 21

8(a*r* +bdlar —2bk)’

4.1.3. Centralized decision-making (AC model)

In the absence of blockchain, under the admissible parameter region defined above, the interior
optimum of the AC model is as follows:

a’cr’ —ak—bck+akx+a’dlr+abd’ I’ +a’ g1’
_—bg kl—abd’I’x—a’*dlrx+abd g, I’ r +abcdlr (22)
Pac &7 +2abdlr+b*d* I —2kb ’

(ar+bdl)(bc—a+ax+bg,l)

e P  dabdlr b d P —2kb (23)

_ bk(bc—a+ax+bg,l)
C & +2abdlr +bB2d* 1> -2kb’

24)

k(bc—a+ax+bg,l)’
2(a’r” +2abdlr+b*d’ I’ —2kb)

Tye =~

(25)

4.2. SC decisions when introducing blockchain
4.2.1. Agricultural cooperative-led decision-making model (BM model)

In the case of introducing blockchain, under the admissible parameter region defined above, the
interior equilibrium solution of the BM model is as follows:

—ckg atrt+ Zkkg a—ckh® + 2bckkg

Yo =7 ka1 + ki’ —4bkk, ’ (26)
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akgr(a—bc)
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(33)

4.2.2. Live electric business platform-led decision-making (BR model)
In the case of introducing blockchain, under the admissible parameter region defined above, the
interior equilibrium solution of the BR model is as follows:

a—bc
Mpp = b

: (34)

—2ckg a’r? +kkga—2c’kh2 +3bckkg

Yo ST 0k aPr + 2ki — 4Dk, : (35)
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4.2.3. Centralized decision-making (BC model)

(39)

(40)

(41)

In the case of introducing blockchain, under the admissible parameter region defined above, the

interior optimum of the BC model is as follows:

ak,r(a-bc)
e, =— N
" k,a'r’ +kh’ -2bkk,

—ckg atrt+ kkg a—ckh*+ bckkg
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4.3. Equilibrium analysis
4.3.1. Comparative analysis of AM model, AR model, and AC model

C C C m r m r
Theorem 1. 75, <7 <TSey Way >Wars Cayr <Cur <C€ucs Ty >Thyys Wi <o

Proof.
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(2a°#* +2bdlar —4bk)(a* cr® — 2ak — 2bck +2akx+b’ cd’I” +2bg, ki + 2abedlr)
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Remark 1: The wholesale price under the manufacturer-led model is higher than that under the
retailer-led model. The reason for this is as follows: When the manufacturer acts as the leader, it can
utilize the priority pricing power to set the wholesale price at a higher level to capture channel profits;
while in the retailer-led structure, the retailer, by prioritizing the formulation of retail prices, inversely
compresses the pricing space of the manufacturer, forcing the manufacturer to accept a lower wholesale
price to maintain cooperation.

Remark 2: The total profit of the SC, on the other hand, is ranked in the opposite order
76y <7 <7 . Under the manufacturer-led structure, retailers independently set prices based on the
given wholesale price and tend to increase retail prices to obtain marginal profits, resulting in the
most severe price distortion. In the retailer-led structure, although retailers have the initiative
advantage, they need to consider the inhibitory effect of high prices on demand and the retail prices
are slightly lower than in the former. Centralized decision-making eliminates the double marginal
effect, with the lowest retail prices and the highest total profits. In decentralized decision-making,
the total profits of the retailer-led structure are higher than those of the manufacturer-led structure.
This result can be attributed to the characteristics of agricultural product SC, where consumer trust
and demand uncertainty play important roles in SC performance. Compared with manufacturers,
retailers are closer to consumers and have better access to market feedback and consumer preferences.
Therefore, when retailers dominate decision-making, traceability investment and pricing decisions
can better respond to consumer trust requirements, thereby improving demand performance and
coordination efficiency.

Remark 3: Under decentralized decision-making, the profits of leaders are always higher than
those of followers. This result is in line with the initiative advantage feature of the Stackelberg game,
that is, the leader can influence the follower’s reaction function through priority decision-making and
seize greater channel profits. However, from the absolute profit level, the profits of all parties under
decentralized decision-making are lower than the distributable profit share in centralized decision-
making, indicating that the essence of the power structure competition is essentially a zero-sum game
within the channel, while centralized decision-making is the Pareto optimal path for maximizing the
overall interests of the SC.
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4.3.2.  The impact of consumer distrust on SC decisions

Theorem 2. aWAM<0’ aeAM<0’ apAM<0, o7y <0, a7[AM<0, a”AM<0’ aWAR<0, aeAR<0,
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o  ak(a—ax)—abk(c+gyl)

ox a’r* +2abdlr+b*d* 1> = 2kb

Remark 4: When the level of consumer distrust increases, the market’s basic demand declines,
thereby weakening the expected profits of SC members. According to the demand function, the rise in
consumer distrust directly suppresses consumers’ purchasing intentions, thereby compressing market
demand. In this situation, manufacturers will reduce their traceability investment to avoid high costs
and retailers will mitigate the adverse impact of shrinking demand by lowering prices. At the same
time, wholesale prices also decrease to adapt to the contraction of terminal market demand. Therefore,
increased consumer distrust will inhibit various SC decision variables through the demand
transmission mechanism, making them all negatively correlated with the level of consumer distrust.

4.3.3. Comparative analysis of BM model, BR model, and BC model

m r m
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Remark 5: After the introduction of blockchain, the wholesale prices in the decentralized
decision-making model led by cooperatives are still higher than those in the model dominated by e-
commerce platforms. This is because after the introduction of blockchain, cooperatives can enhance
consumer trust through a transparent traceability system, thereby maintaining their pricing power in
the SC. Although the model dominated by e-commerce platforms has greater bargaining power in
decentralized decision-making, the introduction of blockchain technology has strengthened the
cooperatives’ control over product traceability and reduced the uncertainty of traceability costs. As a
result, cooperatives can relatively stably maintain higher wholesale prices.
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Remark 6: After the introduction of blockchain, the traceability level under centralized decision-
making is the highest, followed by decentralized decision-making under the dominance of e-commerce
platforms, and the lowest under decentralized decision-making under the dominance of cooperatives.
This conclusion indicates that the introduction of blockchain technology effectively enhances the
traceability incentives for all parties in the SC, especially in the centralized decision-making model,
where the traceability benefits are fully internalized, improving the overall traceability level. In the
decentralized decision-making model, due to the incomplete coordination of the distribution of
interests between the platform and the manufacturer, the traceability level is relatively low, but the
platform-dominated model is still slightly higher than the manufacturer-dominated model.

Remark 7: The higher wholesale price under the manufacturer’s dominance increases the
marginal cost of retailers, and the retail price is the highest; under the retailer’s dominance, the
wholesale price is lower, leaving room for retail price reduction; centralized decision-making
eliminates double markup, and the price is the lowest. The total profit ranking indicates that
decentralization leads to efficiency losses, and centralized decision-making remains Pareto optimal.
Moreover, under decentralized decision-making, the retailer-led model achieves higher total SC profit
than the cooperative-led model. This result is mainly because live-streaming e-commerce platforms
are closer to consumers and can obtain more direct information about consumer preferences, market
demand, and trust requirements. After the introduction of blockchain technology, transparent
traceability information further strengthens the ability of platforms to identify and transmit consumer
trust signals, allowing pricing and traceability decisions to better match market demand. Therefore,
although cooperative-led decision-making has a first-mover advantage, the retailer-led structure can
achieve relatively higher coordination efficiency by utilizing consumer-side information advantages.
In terms of member profits, the leader’s profit is always higher than that of the followers, proving the
dominant position of the leader in the SC game.

4.3.4. The impact of the utility of traceability effort on SC decision-making
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Remark 8. After the introduction of blockchain, the utility of the traceability effort remains
positively correlated with various decision variables. This phenomenon demonstrates the enhancing
effect of blockchain technology on SC transparency and trust. Specifically, blockchain provides
reliable traceability information, reducing consumers’ distrust of product origins, thereby increasing
the marginal benefit of traceability. In this context, members of the SC enhance consumer trust by
increasing traceability investment, which in turn drives up market demand and prices. Therefore, the
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introduction of blockchain not only optimizes the traceability level but also creates more value for the
SC by enhancing market trust. Overall, the improvement of the traceability level becomes an important

means to enhance market competitiveness and profits.

4.3.5. The impact of trust gain coefficient on SC decision-making
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Remark 9: After the introduction of blockchain, the coefficient of consumer trust gain is positively
correlated with all decision variables. This indicates that the introduction of blockchain technology
effectively enhances the transparency of the SC and consumer trust. With the support of blockchain,
consumers’ trust in the product origin is strengthened, which in turn promotes positive adjustments in
decision variables, such as traceability level, price, demand, and profit. Specifically, as the trust gain
coefficient increases, all parties in the SC are more inclined to increase traceability investment,
improve product quality assurance, and promote demand growth through appropriate pricing. The
transparent mechanism of blockchain enables consumers to be more willing to pay for traceability
costs, thereby creating more value for the entire SC. Therefore, the improvement of the trust gain
coefficient, driven by blockchain, becomes an important factor in promoting SC optimization and
market efficiency.

4.3.6. Blockchain adoption decision and individual rationality

The equilibrium solutions derived above are conditional on the selected governance mode. To
determine whether blockchain adoption is economically feasible for the agricultural cooperative, its
optimized net profit under the blockchain mode is compared with its optimized profit under the non-
blockchain mode. Let 7™ denote the cooperative’s optimized profit without blockchain and let 7"
denote its optimized operating profit under blockchain before deducting the fixed deployment cost.
The cooperative adopts blockchain if
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Equivalently, define the maximum acceptable fixed deployment cost as
C, =ny -n"

> When C, >C,, the cooperative
prefers the non-blockchain mode. If C, <0, blockchain does not generate an operating-profit
advantage over the non-blockchain mode, and the cooperative does not adopt blockchain when C, > 0.
To distinguish individual rationality from overall SC performance, the profit changes of the
agricultural cooperative, the live electric business platform, and the SC are respectively given by

Blockchain adoption is economically feasible when C, <C

m __ m* m*
Arn" =my, —-C,—7",

7

. ok
An" =r, -7",

A =my —C,— 7.

The individual participation constraint of the agricultural cooperative requires Az >20. A
positive Az“ alone does not guarantee blockchain adoption because the SC may benefit while the
agricultural cooperative, as the investing party, suffers a profit loss. If Az°>0 and Az" <0,
unilateral blockchain adoption by the cooperative is not privately optimal. In this case, cost sharing or
transfer payments between the agricultural cooperative and the live electric business platform are
required to make blockchain adoption acceptable to both parties.

Since this study focuses on the equilibrium comparison between blockchain and non-blockchain
regimes, the derived condition characterizes the economic feasibility of blockchain adoption under a
given market environment rather than the dynamic evolution of adoption decisions.

4.4. Comparison with the closest related models

To isolate the contribution of this paper, we compare our model with the three closest studies
identified in Table 1.

Degeneration to Reference [57]. In their model, the manufacturer bears the traceability cost and
the demand function is ¢=a—bp+ Bt , with government subsidy g . They examine traceability
decisions under different power structures, but do not consider blockchain, consumer distrust, or
negative review losses. If we set G=0 (no blockchain investment) and x=0 (no consumer
distrust), our models reduce to their framework. Our extensions yield three new results: (1) the
blockchain investment level G is endogenized as a continuous decision variable, with a derived
threshold condition for profitable adoption; (2) consumer distrust x and negative review loss g/D
are explicitly modeled, revealing two distinct channels through which distrust suppresses SC
performance; and (3) blockchain adoption can fully offset the negative impact of consumer distrust on
SC profit—a result not obtainable from their model.

Degeneration to Zhao et al. (2025) Reference [66]. They consider the loss-reduction and premium
effects of smart agriculture technology under three power structures but treat technology adoption as
a discrete choice (adopt or not) and do not model consumer distrust. If we replace blockchain with
smart agriculture technology, treat G as fixed rather than optimized, and set x=0, our model
reduces to theirs. Our contribution lies in: (1) endogenizing technology investment G as a continuous
variable, revealing that the optimal investment level follows the ranking G,,, < G,, < G,.; (2) It is
confirmed that the trust-enhancing effect of blockchain is strongest under centralized power structures,
a conclusion that cannot be derived from the study’s model.
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Degeneration to Reference [44]. They use differential game theory to study the impact of
blockchain on consumer trust in an e-commerce closed-loop supply chain but consider only a single
power structure (platform-led). If we isolate our retailer-led model and set 2#=0 (no trust gain) and
gID =0 (no negative review loss), our model reduces to theirs. Our extension provides the following:
(1) a systematic comparison across three power structures, showing that centralized decision-making
yields the highest blockchain investment level and (2) it is found that the profit-enhancing effect of
blockchain applications is most pronounced under centralized power structures, thereby
complementing the underexplored research dimension of power structures.

In summary, none of the above results can be derived from the limiting cases of previous models.
This confirms that our contributions are novel and non-trivial.

5. Numerical illustration

This section provides numerical illustrations to complement the analytical results derived in
Section 4. The purpose is to visualize the comparative statics and parameter effects rather than to
provide an empirical case study. Section 4 separately analyzed the specific situations of SC decisions
under three heterogeneous power structures in the cases of not introducing blockchain and
introducing blockchain. Based on heterogeneous power structures, this chapter further considers
three SC decision models with the introduction of blockchain technology. Through comparative
analysis, it examines the conditions under which blockchain adoption improves supply chain
decisions and performance. Numerical simulations are then used to compare the equilibrium
outcomes before and after blockchain adoption under different power structures. The research
content of this chapter is as follows:

(1) Based on the aforementioned equilibrium analysis results, compare the optimal pricing,
traceability level, and profits of SC members under the two scenarios of not introducing blockchain
and introducing blockchain.

(2) Further examine the critical threshold of the blockchain trust gain coefficient, analyze the
direction and degree of the impact of this coefficient on SC profits before and after the introduction of
blockchain technology, and identify the parameter boundary conditions for achieving improved
benefits through blockchain adoption.

5.1. Analysis of SC decisions before the introduction of blockchain

The numerical analysis in this section serves three purposes. First, it verifies the feasibility of all
derived equilibrium solutions by confirming that the parameter combinations satisfy the model
constraints. Second, it visualizes the comparative statics results established in Section 4.3, illustrating
the monotonic relationships between key parameters and decision variables. Third, it quantifies the
magnitude of performance improvements brought by blockchain adoption and centralized decision-
making, providing managerial insights for agri-product supply chain practitioners. Due to the difficulty
of obtaining proprietary operational data from agricultural cooperatives and live-streaming e-
commerce platforms, the numerical examples employ hypothetical parameter values calibrated to
reflect realistic proportional relationships rather than exact empirical magnitudes. This approach is
consistent with the analytical modeling convention in supply chain game-theoretic research, where the
primary contribution lies in revealing directional relationships and mechanism design rather than
providing point predictions.
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In this section, before the introduction of blockchain technology, the impact of consumers’ lack
of trust in the source of products on the decisions and profits of each member in the agri-product SC
under heterogeneous power structures was discussed. Refer to Reference [73], and based on the actual
situation of this article, the specific parameter settings are as shown in the Table 3.

Table 3. Parameter assignment table before the introduction of blockchain.

Parameter a b c r d l £ k

Value 100 1 10 0.1 0.1 0.5 0.1 400

Notes: Parameter values are selected based on the characteristics of a typical agri-product e-commerce supply chain in
China. The parameter settings are consistent with the economic meanings described in Table 3 and satisfy all feasibility

constraints, including p > w > c¢ > 0, e > 0, positive profits, and non-zero denominators.

Based on the parameter values in Table 3 and the equilibrium solutions derived in Section 4.1.1,
we obtain the following numerical results under the AM model with x=0.1.Table 4 reports the
equilibrium values and verifies that all feasibility constraints are satisfied.

Table 4. Equilibrium solutions and feasibility verification under three power structures
(AM, AR, and AC) with x=0.1.

Category Variable AM Model AR Model AC Model
Decision variables w 52.665 32.859

e 0.536 0.571 1.149

P 74.026 72.855 55.751

D 21.334 22.859 45.751
Profit variables " 852.837 457.224

v 455.150 913.795

z* 1307.987 1371.020 1828.905
Feasibility check p>w>c>0 \ \

e>( \ \ \

The degree of consumers’ distrust in the source of products has the following impact on the
relevant decisions and profits of each member in the SC:

When blockchain was not introduced, under three heterogeneous power structures, as the degree
of consumers’ distrust in the product origin increased, the wholesale prices of agri-products, retail
prices, and the level of traceability all decreased. This was because as the degree of consumers’
distrust in the product origin rose, the demand for agri-products by consumers decreased. Both
manufacturers and retailers would lower prices to enhance competitiveness and would also reduce
investment in agri-product traceability, thereby resulting in a low level of traceability. When
blockchain was not introduced, the optimal pricing strategy for the agri-product SC satisfied the
following relationship:

(1) As shown in Figure 3, thereis w,,, >w,, . At this time, the wholesale price under the leadership

of the agri-product cooperative is the highest.
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(2) As shown in Figure 4, there is p,, > p, > p, - At this time, the market price under the

leadership of the agri-product cooperative is the highest.
(3) As shown in Figure 5, there is e, <e,, <e,.. At this time, the agri-product traceability level

under the centralized decision-making model is the highest.

m

(4) As shown in Figure 6, there is 75, <7, <7, Thy >7y > Tin <Tpp.

This indicates that centralized decision-making yields the highest profits, and in the SC, the profit
of the leading party is higher than that of the followers. The increase in consumer distrust directly
suppresses consumer purchasing intentions, leading to a contraction in market demand. Retailers are
forced to lower retail prices to stabilize sales, and wholesale prices subsequently decline. The decline
in demand simultaneously weakens the marginal return of unit traceability investment, and the optimal
traceability level of cooperatives decreases. These adjustments further compress the marginal profit
space. The total profits of manufacturers, retailers, and the SC all show a downward trend, indicating
that the intensification of distrust systematically erodes the overall performance of the SC. This also
conforms to the conclusion of the previous equilibrium analysis.

—e—AM Model
-*-AR Model

Wholesale price
s
o

w
=]

.
=,
“““
a

0 0.1 0.2 03 04 05

Figure 3. The impact of consumer distrust x on wholesale price.

|

-e -AM Model

—AR Model
AC Model

Traceability level
o
o

Figure 4. The influence of consumer distrust x on the traceability level.
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Figure 5. The impact of consumer distrust x on the market price.
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Figure 6. The impact of consumer distrust x on SC profit under different decision-making structures.

5.2. Analysis of SC decisions when introducing blockchain

In this section, when introducing blockchain, we explore the impact of the consumer trust gain
coefficient and the utility of traceability effort on the decisions and profits of each member in the agri-
product SC under heterogeneous power structures. Refer to Reference [73], and based on the actual
situation of this article, the specific parameter settings are as shown in the Table 5:

Table 5. Parameter assignment table after the introduction of blockchain.

Parameter a

b

C r Cb k g k

Value 100

1

10 0.15 50 500 400

Journal of Industrial and Management Optimization

Volume 22, Issue 10, 5417-5465.



5446

The impact of the consumer trust gain coefficient and the utility of traceability effort on the
relevant decisions and profits of each member in the SC is as follows:

70 . 2.8 ; 95 ;
=
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Figure 7. The influence of trust gain coefficient h on the decision variables: wholesale
price, traceability level, and market price.
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Figure 8. Effects of trust gain coefficient h and traceability utility coefficient r on entity
profits under different decision-making structures.
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Figure 9. The impact of trust gain coefficient h and the utility of the traceability effort r on
the level of blockchain investment.

After the introduction of blockchain technology, as the trust gain coefficient increases, the
wholesale prices, market prices, and agricultural traceability levels of the SC all show an upward trend,
at the same time, the utility brought by the trust gain coefficient and the traceability level enhances the
overall profit of the SC and promotes the increase in the level of blockchain investment. This indicates
that blockchain not only improves the transparency of information and consumer trust, but also has a
positive impact on the pricing strategy and investment decisions of the SC. When introducing
blockchain, the optimal pricing strategy for the agri-product SC satisfies the following relationship:

(1) As shown in Figure 7, the wholesale price satisfies w,, >w,, , the wholesale price under the
manufacturer’s leadership is the highest; the market price satisfies p,,, > p,, > p,. , the market price under
the manufacturer’s leadership is the highest; the traceability level of agri-products satisfies e,,, <e,, <e,.,
the agricultural traceability level under the centralized decision-making model is the highest. Moreover,

the trust gain coefficient has a positive promoting effect on each decision variable of the SC.

(2) As shown in Figure 8, the profit of the agri-product SC satisfies 7z, <7}, <7j.,
T > T > Topg < Tpe -
(3) As shown in Figure 9, the blockchain investment level satisfies G,.>G, >G,, , the

blockchain investment level under the centralized decision-making model is the highest.
5.3. The impact of blockchain investment on pricing strategies in heterogeneous power structures

The fourth part separately analyzes the SC decision-making situations of the three heterogeneous
power structures in the scenarios without and with the introduction of blockchain and examines the
pricing strategies in the equilibrium state. Based on this, this part further considers the decision-making
models of the three heterogeneous power structures with the introduction of blockchain and through
comparative analysis, explores under what circumstances the introduction of blockchain can better
optimize the decisions.

To simplify the subsequent formulas, some parameters will be defined as

S=ar+bdl ,U=a-bc,
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2 2.2
D4y 9T
Kk, k

b

k(6bk —(ar+bd1)’ )(be+a(x—1)+bg,l)

A=C, +

b

2(4bk —(ar+bdl)’ )2

0 =Bk —dIS)U —ax)+ g,/(bk —arS)

AN:4bk—S2’
2
Z:2Cb+kL
AN
2 2
A:2Cb+—k(6bk SZ)ZV ,B= 1+8bf1
(4bk —S%) U

b

V=a(l-x)—bc—bg,l .

Proof.
Let w,, —w,, =0 and solve for threshold #.When hi<h, w,, >w,, ; when hA>h, w, <w,,.

Similarly, other proofs for this section can be obtained, so they are omitted.
5.3.1. Comparison between AM model and BM model

Theorem 6.
(1) When #2<h, w,, >w,, ;when h>h, w, <w,,,and

\/l? _xa3r2+2a2bdlr+g0a2blr2+ab2d212—2cab2dlr—4kxab—cb3dzlz—4g0kbzl
= ¢ be—a+ax+bg,l 47

‘ Jk

(2) When &< hys Dy > Povi's when /> hys Dy <Pous and

= Jkg [419_“,: S ), (48)

(3) When h<h, e, >e, ;when h>h, e, <e,, ,and

k[ SV (4bk —a*r?)—arU (4bk - 57))
hy = . (49)
kSV
(4) When h<h,, #},>ny, ;when h>h,, =}, <=y, and
art U?
h,= |k, | 4b—"————1. 50
A (50)
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(5) When h<h,, n,, >r,,;when h>h, r,, <=, ,and

\/kf\/_xa‘%rz +2a’bdir+g,a’blr’ +ab’d’ I’ —2cab’dlr—4kxab—cb’d’ I’ —4g kbl
g

bc—a+ax+bg,l
hy =

Jk

(6) When h<h, x, >r;,;when h>h, =, <=, ,and
b= [k [ap_9r" _UT(+B)
CoE k 24 )

5.3.2. Comparison between AR model and BR model

Theorem 7.
(1) When h<h,, w,>wg,;when h>h, w,<w,,and

\/IT _xa3r2 +g,la’br’ +dla*br—cdlab’r —2kxab—2g kIb’
8 bc—a+ax+bg,l

" W

(2) P <P
(3) When #<hg, e, >e,;when h>h, e, <e,,and

\/k— _a3r2 +a’r’x—4abkx—4b* g kl—a’ber’ +a’bg,lr’ +2a’bdlr—2ab’ cdlr
8 bc—a+ax+bg,l

o W

(4) When h<hy, @y, >y ;when h>hy, 7i, <z, and
azrz U2
= |k |2p- U
o[- 5)

(6) When h<h,, x‘ >ns;when h>h,, z5,<x,,,and

() 7o > 7

@ | k(6bk—S*W> 8Ck,a’r’ +3kk,a® —6kk,abc+3kk,b’c’ —16C,kk b
= [— + .
NGk 8A% 8D

5.3.3.  Comparison between AC model and BC model

Theorem §.

(l)When h<h,, pAC>pBC;When h>hyy Pac < Pscs and

2h-a’r (26k—(ar+bd1)’ )(a—be)

hu=\/g X

(k—di(ar+bdi))(be+a(x—1)+bg, )~ g,I(2bk—(ar+bd1)’)

(1)

(52)

(33)

(54)

(55)

(56)

(57)
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(2) When h<h,, e, >e,;when h>h,, e, <e,,and

a‘r’x=-20dg kI’ +a’bdlr* +a’bg v’ +2ab*dkl-2b*cdkl—2a*bkrx+a’*b>d* I’ r

\/kty —2ab’ g klr—2ab’dkix+a’b’dg,I’r’ -+-7:'baflr2x—azbzca’lr2 —ab’cd’I’r (58)
h =
12 \/E\/E
(3) When h<h,, = >r;.;when h>h,, x5 <=,.,and
K bh-d'r (26k~(ar+bdl)’ )(a=be)’ 59
BN k 2G,(2bk —(ar+bdi)’ |+ k(be+a(x—1)+bg,l)
5.3.4. Numerical analysis
Table 6. Parameter assignment table.
Parameter a b c r d l 20 k x kg Ch
Value 100 1 10 0.1 0.1 05 0.1 400  0.0001 500 50

Table 7. Summary of threshold values for model comparisons.

Threshold Decision variable Model comparison Value
h, Wholesale price AM vs BM 0.460
h, Wholesale price AR vs BR 0.373
h, Traceability level AM vs BM 3.09
hy Traceability level AR vs BR 0.37
hy, Traceability level AC vs BC 2.26
h, Market price AM vs BM 0.853
h, Market price AC vs BC 0.720
h, Manufacturer profit AM vs BM 9.07
h, Manufacturer profit AR vs BR 8.36
hy Retailer profit AM vs BM 0.460
hg SC profit AM vs BM 6.37
hy, SC profit AR vs BR 4.94
h, SC profit AC vs BC 4.33

Through numerical analysis, the performance of heterogeneous power structures in the SC before and
after the introduction of blockchain technology is explored, as well as the impact of the consumer trust gain
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coefficient on pricing decisions and profits. Drawing on reference [73] and based on the actual situation of
this paper, the parameters are reasonably adjusted. The parameter values are as shown in Table 6:

Theorems 6-8 derive several threshold values of the blockchain trust coefficient /4, which
determine the transition conditions of wholesale price, traceability level, market price, and profit. To
verify whether these thresholds are meaningful under practical parameter settings, numerical
verification is conducted before further sensitivity analysis.

All numerical experiments are conducted under the feasible parameter region satisfying the
second-order conditions, positive demand constraints, and interior equilibrium requirements. The
calculated threshold values are summarized in Table 7.

As shown in Table 6, all threshold values are positive, confirming that the transition points derived
in Theorems 6-8 exist within the feasible range of /.

Figures 10—15 further illustrate the threshold transition behavior. Taking wholesale price as an
example, Figure 10 shows that the threshold values are # =0.460 and % =373 under
manufacturer-led and retailer-led structures, respectively. When /4 is below the threshold, the
blockchain-based model generates a lower equilibrium value than the non-blockchain model. Once 4
exceeds the threshold, blockchain adoption produces a higher value, indicating that the trust-enhancing
effect gradually compensates for the associated investment cost.

Similar threshold transition patterns are observed for traceability level, market price, individual
profits, and SC comprehensive profit in Figures 11-15.
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Figure 10. The impact of trust gain coefficient h on wholesale price.
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Figure 11. The influence of trust gain coefficient h on the traceability level.
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Figure 12. The impact of trust gain coefficient h on market price.

From Figure 10, Figure 11, and Figure 12, it can be seen that regardless of the power structure,
after the introduction of blockchain technology, the traceability level of agri-product, wholesale price,
and retail price all increase as the consumer trust gain coefficient increases. The application of
blockchain technology enhances the traceability level and transparency of agri-products and reduces
the information gap for consumers when purchasing agri-products. As consumers’ trust in blockchain
increases, that is, as the trust gain coefficient increases, they are more willing to pay a premium for
agri-products with higher transparency and security. Cooperatives and e-commerce platforms will
choose to raise prices to obtain higher profits.
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Figure 13. The impact of trust gain coefficient h on the profit of the agricultural cooperative.
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Figure 14. The impact of trust gain coefficient h on the profit of the Live electric business

platform profit.

Figure 15. The impact of trust gain coefficient h on the SC comprehensive profit.
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From Figure 13, Figure 14, and Figure 15, it can be seen that in any power structure, after the

introduction of blockchain technology, as the sensitivity of consumers to traceability increases, the profits
of all parties show an upward trend. This phenomenon is attributed to the increase in consumers’ attention
to traceability information. Consumers are more willing to purchase agri-products with clear traceability,
thereby increasing the sales volume of agri-products and further increasing the profit margin.

Since different thresholds correspond to different performance indicators, their numerical values

Journal of Industrial and Management Optimization

reflect different transition conditions rather than a unified ranking relationship. Therefore, this study
focuses on the existence and economic feasibility of each threshold instead of establishing an overall
ordering among all thresholds.
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5.3.5. Sensitivity analysis

To examine the robustness of the numerical results, a sensitivity analysis is conducted by varying
several key parameters, including the price elasticity coefficient b, blockchain input level cost
coefficient k,, and the utility of the traceability effort 7. The results show that the positive impact

of blockchain-induced trust improvement on SC performance remains unchanged under different
parameter settings.
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Figure 16. The impact of price elasticity coefficient b on SC profit.
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Figure 17. The impact of blockchain input level cost coefficient kg on SC profit.

Figure 16 investigates the influence of the price elasticity coefficient » on SC profit. The results
demonstrate that the SC profit consistently increases with the trust gain coefficient / under different
levels of consumer price sensitivity. Although higher price sensitivity reduces the profit level due to
intensified demand response to price changes, it does not alter the positive effect of consumer trust
enhancement on SC performance.

Figure 17 illustrates the impact of the blockchain input level cost coefficient k, on SC profit.

As shown in the figure, the SC profit increases with the trust gain coefficient /4 under different values
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of k, . This indicates that the improvement effect of consumer trust generated by blockchain-enabled

information transparency remains effective despite variations in blockchain investment costs.
Meanwhile, a higher &, reduces the overall profit level because higher blockchain investment costs

weaken the economic benefits obtained from blockchain adoption.
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Figure 18. The impact of the utility of the traceability effort r on SC profit.

Figure 18 presents the sensitivity analysis of the utility of the traceability effort 7. The results
show that the SC profit increases with the trust gain coefficient # under different values of ». A
higher r leads to a higher profit level because consumers with stronger sensitivity to traceability
information are more responsive to blockchain-enabled information transparency. Therefore, the
value generated by consumer trust enhancement becomes more significant when consumers place
greater importance on traceability information. Meanwhile, the positive effect of the trust gain
coefficient /# remains unchanged, indicating that the main conclusion is robust to variations in
consumer traceability sensitivity.

Overall, the sensitivity analysis demonstrates that the main conclusions obtained from the
benchmark numerical analysis are not driven by a specific parameter setting. Changes in demand
elasticity, blockchain investment cost, and traceability sensitivity affect the magnitude of SC profit,
but do not alter the positive impact of blockchain investment on SC performance.

5.4. Discussion

By using numerical analysis methods, this paper systematically examines whether the
introduction of blockchain and heterogeneous power structures have an impact on the pricing strategies
and profit levels of the agri-product SC. At the same time, it further conducts a comparative analysis
of the pricing decisions and profit changes of the SC members before and after the application of
blockchain technology from a longitudinal perspective. Based on this, the main conclusions of this
part are as follows:

(1) Before the introduction of blockchain, our model shows that consumer distrust exerts a
negative regulatory effect on various decision variables through the amplification mechanism of
information asymmetry. An increase in consumer distrust implies that consumers hold a stronger
skeptical attitude towards the source information of agri-products. Given the same price and
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traceability level, the actual demand volume decreases. To alleviate the pressure of declining sales,
retailers choose to lower retail prices. This price signal travels up the SC, causing wholesale prices to
fall synchronously. In terms of the traceability investment level, the shrinking demand reduces the
expected return on unit traceability investment, and cooperatives, balancing the cost and benefit,
reduce the level of traceability. The reduction in traceability investment further weakens the
attractiveness of the product to consumers, forming a negative feedback loop in which demand and
investment interact downward. Eventually, the narrowing of the price space and the weakening of
investment incentives jointly erode the marginal profits of each link in the SC. The profits of
manufacturers, retailers, and the system as a whole all decrease as consumer distrust increases,
demonstrating the systematic drag of the distrust factor on the overall performance of the SC.

(2) After the introduction of blockchain technology, our model shows that consumers’ distrust of
the origin of agri-products can be mitigated and the losses caused by negative evaluations can be
reduced. Moreover, as the trust gain coefficient of consumers increases, the wholesale price, market
price, traceability level, blockchain investment level, and SC profit of agri-products all exhibit an
increasing trend. However, it is worth noting that due to the existence of fixed application costs of
blockchain, when introducing blockchain technology, not only should the operating costs be
considered but the fixed costs should be taken into account also.

(3) After the introduction of blockchain technology, our model shows that the trust gain
coefficient exhibits a significant threshold effect: when this coefficient exceeds the critical value, the
advantages of blockchain technology in terms of traceability, pricing decisions, and profits for all parties
can be better realized, and the overall performance is improved compared with the scenario without
blockchain. This pattern holds true under all three power structures, indicating that the performance-
enhancing effect of blockchain is closely related to the accumulation of consumer trust in it.

(4) Regardless of whether blockchain technology is introduced or not, our model shows that the
SC performance under the centralized decision-making model is better than that of the two
decentralized decision-making models. The centralized decision-making aims to maximize the overall
profit of the system, which helps to eliminate the double marginalization and investment incentive
distortions in decentralized games, thereby achieving a higher traceability level, lower retail prices,
and better total SC profits. After introducing blockchain technology, the reduction of consumer distrust
and the release of the trust gain effect further strengthened these advantages. The centralized decision-
making exhibits improvements in dimensions such as blockchain investment level, market demand,
and system profits compared to the situation without its introduction. These results suggest that from
the perspective of SC coordination efficiency and technological empowerment effect, the collaborative
application of centralized decision-making and blockchain technology can be an effective approach to
achieve the optimal overall performance of the agri-product SC.

6. Conclusion

This paper establishes a two-level SC system consisting of cooperatives (manufacturers) and e-
commerce platforms (retailers), considering three different SC decisions under heterogeneous power
structures. Parameters, such as the degree of consumers’ distrust in product origin, the level of
blockchain investment, and the level of product traceability, are introduced. The study examines the
changes in pricing strategies under three heterogeneous power structures before and after the
introduction of blockchain technology. The main research conclusions of this paper are as follows:
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6.1. Research conclusion

(1) In the scenario without the introduction of blockchain technology, our model shows that SC
decisions and performance exhibit differences depending on the power structure. Regarding the
wholesale price, the pricing level is higher when the manufacturer is in control than when the retailer
is in control. This result is driven by the fact that the manufacturer can occupy a more favorable
bargaining position by virtue of its priority decision-making position. In terms of traceability
investment, the centralized decision-making leads to the highest level of traceability among the three
structures, followed by the retailer’s control, and the lowest when the manufacturer is in control, and
the lowest when the manufacturer is in control, reflecting the inhibitory effect of decentralized
decision-making on investment incentives. The retail price shows an opposite ranking. The price is
highest when the manufacturer is in control, and it is lowest under centralized decision-making,
indicating that the decentralization of power is associated with the degree of terminal markup. The
total SC profit reaches the highest level under centralized decision-making, followed by the retailer’s
control, and the lowest when the manufacturer is in control, suggesting an improvement effect of power
concentration on overall efficiency. suggesting an improvement effect of power concentration on
overall efficiency. In terms of member profit distribution, regardless of the decentralized structure, the
profit of the leading party is higher than that of the follower, which is consistent with the basic logic
of the first-mover advantage.

The increase in consumer distrust level has a consistent negative impact on these decision
variables. The intensification of distrust is associated with weakened purchase intention, leading to a
contraction in market demand, retailers tending to lower retail prices to maintain sales volume, and
wholesale prices also declining accordingly. The shrinking demand simultaneously reduces the
expected return on unit traceability investment, and cooperatives, weighing cost against benefit, reduce
the level of traceability. These adjustments further squeeze the marginal profit space. The manufacturer,
retailer, and total SC profit all decrease with the increase in distrust level, suggesting that the
deterioration of information asymmetry ultimately affects the economic sustainability of the SC
through paths, such as suppressing demand, distorting pricing, and weakening investment incentives.

(2) In the scenario with the introduction of blockchain technology, our model shows that SC
decisions and performance exhibit similar regular characteristics to those without the introduction of
the technology, and the mitigating effect of blockchain on consumers’ distrust further strengthens the
overall performance of the system. Regarding the wholesale price, the pricing level is still higher when
the manufacturer is in control than when the retailer is in control, indicating that even with the
reduction of information asymmetry, the distribution effect of power structure on the upstream pricing
power remains significant. The levels of traceability and blockchain investment both show the highest
level under centralized decision-making, followed by the retailer’s control, and the lowest when the
manufacturer is in control, reflecting the positive effect of power concentration on technological
investment incentives. The retail price is highest when the manufacturer is in control and lowest under
centralized decision-making, consistent with the scenario without the introduction of blockchain. This
suggests that the double marginalization effect has not been eliminated by the introduction of
blockchain. The total SC profit reaches the optimal level under centralized decision-making, and the
retailer’s control is slightly better than the manufacturer’s control in decentralized decision-making,
further supporting the improvement effect of power concentration on overall efficiency. In terms of
member profit distribution, the profit of the leading party is always higher than that of the follower
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and the first-mover advantage still exists. It is worth noting that the introduction of blockchain
technology can mitigate consumers’ distrust in the origin of agri-products, and the demand suppression
effect caused by information asymmetry can be partially alleviated. This change can increase the
overall scale of market demand, providing more pricing space and investment incentives for SC
members. Under centralized decision-making, the level of blockchain investment is the highest, the
synergy effect of traceability information and trust gain can be better utilized, and the system profit is
improved compared with the scenario without blockchain. Even in a decentralized decision-making
system, the demand expansion brought about by trust restoration partially alleviated the double
marginalization distortion and the profits of each member improve to varying degrees. These results
suggest that blockchain technology effectively enhances the overall coordination efficiency and value
creation capability of the agri-product SC by mitigating information asymmetry and enhancing
consumer trust.

(3) The introduction of blockchain technology systematically improves the decision-making
efficiency and profit levels of the agri-product SC under heterogeneous power structures by mitigating
consumer distrust. The centralized decision-making, with its goal of maximizing overall system profits,
outperforms the manufacturer-led and retailer-led decentralized models in terms of blockchain
investment level, traceability intensity, and total profits, more fully releasing the demand expansion
effect of trust restoration. The power structure has a moderating effect on the distribution of blockchain
benefits: The retailer-led model, due to its closer proximity to the consumer end, exhibits better
blockchain investment incentives and performance than the manufacturer-led model, but the inherent
double marginalization distortion in decentralized decision-making has not been fully addressed.
Although the problems of high retail prices and insufficient investment incentives still exist,
blockchain empowerment has improved the profits of members under each power structure and the
total system profits compared to before the introduction, contributing to the coordinated evolution of
the overall coordination efficiency and value creation capability of the SC.

6.2. Management insights

(1) Optimize the power allocation and collaboration mechanism of the SC.

Our model shows that centralized decision-making achieves higher traceability investment levels,
better price coordination, and greater overall profit compared with decentralized decision-making,
indicating that SC coordination is essential for improving operational efficiency. Therefore, when SC
members have sufficient cooperation willingness and integration capability, they may enhance
collaboration through strategic alliances, joint production and sales planning, information sharing, and
benefit-sharing contracts to reduce the efficiency loss caused by double marginalization. For
decentralized SC where centralized operation is difficult to achieve, coordination mechanisms should
be designed according to different power structures. Specifically, the dominant member should take
greater responsibility for coordinating resources and promoting cooperation, while revenue-sharing,
cost-sharing, and incentive mechanisms can be adopted to encourage participation from other members,
thereby improving decision-making efficiency and achieving a better allocation of SC benefits under
existing power constraints.

(2) Incorporate consumer trust governance into the core management objectives of the SC.

Our model shows that consumer distrust reduces market demand, weakens the incentive for
traceability investment, and decreases SC profitability, indicating that consumer trust is not only a
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market outcome but also a critical management variable. Therefore, when products involve high
information asymmetry, or consumers have limited ability to verify product quality, SC enterprises
should prioritize trust governance by improving traceability systems, strengthening quality
certification, and enhancing information disclosure. In addition, enterprises should focus on increasing
the effectiveness of trust enhancement mechanisms, because a higher consumer trust gain coefficient
can better transform information transparency into demand improvement and economic benefits.
These measures can reduce the negative impact of consumer distrust and improve the long-term
sustainability of the SC.

(3) Make blockchain adoption decisions based on economic conditions and power structures.

Our model shows that blockchain can reduce information asymmetry, alleviate consumer distrust,
and improve SC performance by enhancing information transparency. However, blockchain adoption
is not always beneficial, and its value depends on the balance between trust enhancement benefits and
investment costs. Therefore, enterprises should adopt blockchain when the improvement in consumer
trust and demand generated by blockchain can compensate for the related investment costs, particularly
when consumers show strong sensitivity to traceability information or the trust gain effect is
significant. In addition, blockchain investment and benefit-sharing mechanisms should be designed
according to different power structures. In a manufacturer-dominated SC, the manufacturer should
undertake a larger share of investment responsibility due to its stronger control over production and
information processes; in a retailer-dominated SC, the retailer should participate more actively
because it directly benefits from improved consumer trust and market demand; under centralized
decision-making, investment costs should be allocated according to the overall SC benefits to
achieve better coordination.

6.3. Theoretical contributions

This study contributes to the existing literature in three aspects. First, this study extends the
research on blockchain-enabled traceability in agricultural SC. Previous studies mainly focus on the
construction of blockchain-based traceability systems and emphasize their effects on improving
information transparency, food safety, and product credibility [25]. Recent studies further examine the
impact of blockchain adoption on food SC performance, but mainly from the perspective of operational
improvement rather than the strategic interactions among SC members [42]. Different from these
studies, this paper incorporates blockchain investment into an SC game framework and investigates
how blockchain technology affects traceability decisions, pricing strategies, and profit distribution
under different power structures.

Second, this study enriches the literature on SC traceability and power structures. Existing studies
have explored the effects of consumer preferences, government subsidies, and different leadership
structures on traceability investment decisions in agricultural SC [57]. However, the role of blockchain
as a digital technology that changes information transparency and coordination mechanisms remains
insufficiently explored. By considering manufacturer-led, retailer-led, and centralized decision-
making scenarios, this study reveals how blockchain-enabled information transparency influences SC
decisions and performance under heterogeneous power structures.

Third, this study extends the literature on blockchain and consumer trust. Existing studies mainly
investigate how blockchain-driven traceability and transparency enhance consumer trust and purchase
behavior [32,44]. However, limited attention has been paid to how consumer distrust affects firms’
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operational decisions and economic outcomes. By introducing consumer distrust and trust gain
mechanisms into the SC model, this study reveals the interaction mechanism among consumer trust,
blockchain adoption, traceability investment, and SC performance.

6.4. Limitations and future research directions

This paper treats the trust-improving effect of the underlying blockchain foundation as the
institutional effect resulting from the transformation of the governance model. It does not further
establish a continuous function of consumer trust gradually recovering with the increase of blockchain
investment. Therefore, the focus of the model lies in comparing the differences in equilibrium
decisions and operating performance of enterprises under the non-blockchain mode and the blockchain
mode, rather than identifying the dynamic trust restoration path of blockchain investment.

In addition, this study adopts a benchmark demand function in which blockchain investment and
traceability effort affect consumer demand through separate mechanisms. Future research can further
consider nonlinear trust-restoration functions, the complementary effects between blockchain investment
and traceability effort, as well as practical factors (e.g., implementation uncertainty and interoperability
constraints), to provide a more comprehensive analysis of blockchain adoption decisions.
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