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Abstract

In recent years, blockchain has been increasingly used in shipping supply chains, enabling
supply chain members to track the production process of shipping products, thereby
increasing visibility for firms and boosting their competitiveness. When firms decide
whether to invest in blockchain, they crucially consider the cost of development and
fairness of profit distribution along the supply chain, with a particular focus on non-linear
production cost and fairness concern. We build a Stackelberg game model for four scenarios
utilizing a two-echelon supply chain made up of a single shipping company and a single
freight forwarder, taking into account fairness concern and non-linear production cost. We
analyze how participants in the shipping supply chain make decisions when the shipping
company has non-linear production cost and the freight forwarder has fairness concern. The
findings suggest that the interaction between the non-linear production cost of the shipping
company and the level of fairness concern of the freight forwarder affects the managerial
decisions of both the freight forwarder and the shipping company. In the presence of
economies of scale or diseconomies of scale, fairness concern can effectively help the freight
forwarder to increase its share of profits within the supply chain, while the shipping
company changes in the opposite direction. Furthermore, when the freight forwarder takes
fairness concern into account, its profit and utility do not always rise in direct proportion to
the fairness concern degree. Interestingly, there is always an inverse relationship between
the shipping company’s profit and the degree of fairness concern, regardless of whether
there are economies of scale or diseconomies of scale. This paper provides management
insights for companies considering blockchain in their plans, highlighting the importance
of combining non-linear production cost and fairness concern to achieve profit goals.

Keywords: shipping supply chain; blockchain; fairness concern; non-linear production cost

1. Introduction
Currently, shipping logistics is the predominant means of cargo transport, accounting

for up to 90% of global freight transport annually [1]. The shipping industry supports the
global economy by lowering logistics costs for the entire population and providing a solid
assurance for improving global connectivity. The development of a safe, stable, seamless,
effective, and mutually beneficial global supply chain system significantly boosts the long-
term growth of the world economy and commerce. China Ocean Shipping Company is
currently committed to creating a global digital supply chain platform and establishing

Systems 2025, 13, 756 https://doi.org/10.3390/systems13090756

https://doi.org/10.3390/systems13090756
https://doi.org/10.3390/systems13090756
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/systems
https://www.mdpi.com
https://doi.org/10.3390/systems13090756
https://www.mdpi.com/article/10.3390/systems13090756?type=check_update&version=1


Systems 2025, 13, 756 2 of 39

a global digital supply chain service ecosystem that integrates ports, logistics, and ship-
ping.1 Decentralized, traceable, collaborative, open, and transparent blockchain technology
is actively used by a number of shipping companies as the underlying architecture for
logistics platforms [2–4]. With its many benefits, blockchain, as a unique data structure,
facilitates decision-making for all parties involved in the shipping supply chain. By using
timestamps to demonstrate data sharing and visibility, blockchain technology can efficiently
link the shipping supply chain, enhancing traceability and transparency and improving
customs clearance efficiency [5]. These characteristics have led to the gradual applica-
tion of blockchain technology in global logistics in the shipping supply chain, helping
companies improve service efficiency, track the status of goods in real time, and increase
logistics transparency [6]. In the digital age, blockchain technology helps maritime freight
business to remain competitive in order to establish sustainable, efficient and effective
maritime freight transportation [7]. To enhance their competitiveness, freight forwarders
actively utilize blockchain technology as participants in shipping logistics to establish a
blockchain platform.

There have been many studies on blockchain technology in supply chain-related areas.
Nonetheless, the majority of research operates under the assumption that all decision-
makers are completely rational and seek to maximize their interests [8]. However, fairness
concern and other variables can influence decision-makers during the actual decision-
making process, making them less likely to make completely rational decisions. Fairness
concern has been defined as “the decision-maker chooses to forego some monetary gain in
order to achieve a fairer outcome” [9]. In other words, the decision-maker prioritizes maxi-
mizing their personal gain while simultaneously considering how fairly the gain would be
distributed [10]. For example, JD.com forces merchants to participate in promotions and
locks up background inventories, which seriously infringes on the rights of registered busi-
nesses and causes dozens of brands to retreat from JD.com [11]. The minimum discounts,
which are often required by the platform, exceed the merchant’s cost line, forcing the cost
of promotion to be passed on to the supplier. This preoccupation with self-interest and
neglect of the survival and development needs of partners has led to an imbalance in the
distribution of profits, creating a stronger fairness concern among vendors. Similarly, in
China, XuZhou Waji Trading, a key partner of Procter & Gamble [12], announced the termi-
nation of cooperation. Its public declaration points out that there are disputes concerning
fairness between the two parties over pricing strategies and profit-sharing mechanisms.
When shipping supply chain participants contribute to the development of the blockchain
platform, there is a strong emphasis on striking a balance between cost and profit. The
final profit is influenced by various factors, including costs, ocean freight, and total freight.
Such “free-riding” behaviors tend to upset the party with expensive inputs and increase
its sensitivity to profit sharing. Functional logistics service providers are concerned about
their profits, but they are also concerned about fairness and consider the profits of others in
the supply chain as a reference [13]. Fair profits can encourage supply chain participants to
collaborate to deliver high-quality logistics services, maximizing the overall efficiency of
the logistics network [14].

Driven by fairness concerns, enterprises are more willing to jointly invest in shipping
blockchain platforms for cooperation. They share initial fixed costs to reduce average costs
and achieve economies of scale. This cooperative model can not only effectively utilize
the economies of scale but also alleviate cost pressures to a certain extent. Consequently,
supply chain participants are more likely to share the costs of building a blockchain and
determine the level of fairness they are willing to tolerate based on personal experience.
Fairness concern affects not only cost sharing but also profit allocation [11], which in
turn increases the sensitivity of firms to the level of input costs and cost structures. By
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rationally allocating costs and profits, companies are able to optimize production decisions
and improve the overall efficiency and stability of the supply chain. Fairness concern has
become an important factor for companies to deal with cost structure changes and achieve
sustainable cooperation.

In practice, companies’ production costs are generally non-linear, specifically referring
to economies of scale and diseconomies of scale. There is a certain correlation between
non-linear production cost and fairness concern. Under economies of scale, unit costs
decline as production expands, creating greater profit margins for supply chain members
and facilitating consensus on fair profit distribution. Comparatively, Changhong, Konka,
Hisense, and other Chinese firms are experiencing rising costs due to diseconomies of
scale. This is squeezing their profit margins and making the importance of mitigating
diseconomies of scale even more pronounced [15]. Under cost pressure, supply chain
members need fairness concerns more to maintain cooperation stability and sustainability.
The firms with fairness concerns tend to favor a rational allocation of output to prevent
individual members from over-expanding and triggering diseconomies of scale. When
profit distribution is fair, firms are more motivated to optimize production processes and
leverage economies of scale to reduce costs. This enhances the efficiency of the entire supply
chain while ensuring the interests of all members are properly safeguarded. In summary,
fairness concern is not only about profit distribution but also an important reflection of
enterprises’ sensitivity and adaptability to non-linear production cost.

It is common for manufacturers to experience economies or diseconomies during the
production process due to a number of factors, such as technical capacity, product variety,
and production experience [16,17]. Generally, production diseconomies occur when a
manufacturer’s capacity to produce goods is constrained or when the cost of coordination
increases as the quantity of items increases [13]. For instance, Mollick [18] finds that as
Japanese automakers scaled up, their marginal costs increased, causing diseconomies
of scale, which can also occur in smaller businesses operating below industry-specified
minimum sizes. Companies can enhance their competitiveness by maintaining a certain
degree of economies of scale. The presence of economies of scale lowers the threshold of
competitive intensity, according to a comparison between supply-side economies of scale
and competitive intensity [19]. For example, Amazon is the world’s largest internet retailer
in terms of total sales and market capitalization, offering a wide selection of products at low
prices. However, Amazon can sell at low prices due to its ability to leverage economies of
scale to remain competitive.2 In addition to the savings gained from employing advanced
production methods or modular design, reducing unit production costs can also lead
to increased productivity [20,21]. Thus, non-linear production costs impact companies’
choices and earnings to some extent, and it is critical to investigate their implications for
the operational effectiveness of the shipping supply chain.

In summary, there is a lot of literature on supply chain research regarding fairness
concern and non-linear production costs, but fewer studies address the consideration
of non-linear production costs and fairness concern when supply chain members invest
in blockchain applications. Due to the high expenses associated with establishing and
implementing blockchain technology, supply chain members take fairness concern into
account while developing a blockchain platform. The shipping company’s non-linear
production costs affect the level of its production costs, which in turn affects its own profit.
In the context of the application of blockchain, and considering non-linear production
costs, fairness concern behavior enables the shipping company and freight forwarder to
adapt their decisions. Thus, it is crucial to investigate how non-linear production costs
and fairness concern affect supply chain participants’ decision-making to enhance the
overall operational efficiency of the supply chain. In the context of the freight forwarder
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building a blockchain platform, this paper considers non-linear production costs and
fairness concern within a two-echelon supply chain consisting of a shipping company and
a freight forwarder. Our research aims to address three specific questions.

(1) How do economies of scale and diseconomies of scale affect profit distribution and
fairness concern choices among members in the shipping supply chain?

(2) Compared to fairness neutrality, can fairness concern bring more profits to the freight
forwarder and the shipping company?

(3) How do economies of scale or diseconomies of scale and fairness concern jointly
influence supply chain equilibrium decisions and profitability?

To study the above problems, we establish a two-echelon shipping supply chain
consisting of a shipping company and a freight forwarder. In this study, we assume that the
shipping company plays a dominant role as the leading player, while the freight forwarder
follows and subsequently determines the total freight offered to the shipper. Based on the
non-linear production costs of the shipping company and the fairness concern of the freight
forwarder, this paper constructs four models: (1) Scenario EN, where there are economies of
scale for the shipping company and fairness neutrality for the freight forwarder. (2) Scenario
EF, where there are economies of scale for the shipping company and fairness concern
for the freight forwarder. (3) Scenario DN, where there are diseconomies of scale for the
shipping company and fairness neutrality for the freight forwarder. (4) Scenario DF, where
there are diseconomies of scale for the shipping company and fairness concern for the
freight forwarder.

By comparing the four scenarios above, the above three questions can be answered
one by one. Here are several key conclusions emerging from the study. First, the freight
forwarder views fairness concern as a means to boost its profit margin within the shipping
supply chain. The freight forwarder’s choice of fairness concern is unaffected by economies
of scale or diseconomies of scale. However, regardless of economies of scale or diseconomies
of scale, the profit of the shipping company under fairness neutrality is higher than that
under fairness concern. Second, in the case of economies of scale or diseconomies of scale,
the freight forwarder’s profit and utility do not always increase in direct proportion to the
degree of fairness concern. However, regardless of economies of scale or diseconomies
of scale, the profit of the shipping company is inversely proportional to fairness concern.
Finally, when there are economies of scale or diseconomies of scale, the interaction of these
factors with the fairness concern influences the choices made by the freight forwarder
and the shipping company, which may ultimately impact final earnings. As a result, to
sustain supply chain coordination, both the shipping company and the freight forwarder
maintain a reasonable level of fairness concern and economies of scale. These studies not
only enrich previous research but also reveal the interaction of non-linear production costs
and fairness concern.

In summary, this research makes three primary contributions. First, we analyze how
the decisions and profits of supply chain participants are affected by economies of scale
and diseconomies of scale when the freight forwarder takes fairness concern into account.
Prior research has examined the influence of various factors or a single degree of fairness
concern on the supply chain. However, non-linear production costs and fairness concern
have not been thoroughly examined. This work can narrow the research gap in this field by
considering both non-linear production costs and fairness concern simultaneously. Second,
we examine the combined effects of economies of scale, diseconomies of scale, and fairness
concern on supply chain members. This demonstrates that the degree of scale economies,
scale diseconomies, and fairness concern influences the final choices and financial gains of
supply chain participants. Thus, maintaining the intensity at a manageable level ensures
the durability and stability of the supply chain. Finally, we analyze the effects of economies
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of scale and diseconomies of scale on the decisions and profits of supply chain members in
cases of fairness neutrality and fairness concern. We find that the supply chain participants
become more profitable when there are economies of scale. Both the shipping company
and the freight forwarder need to increase their focus on fairness concern and economies of
scale to more effectively integrate the two aspects.

The rest of this paper is organized as follows. In Section 2, we review three relevant
streams of literature. Section 3 describes the model setup. Under economies of scale,
the effects of economies of scale and fairness concern on supply chain participants are
illustrated in Section 4. Under diseconomies of scale, Section 5 illustrates the impact of the
degree of diseconomies of scale and fairness concern on supply chain members. Section 6
examines the influence of economies of scale and diseconomies of scale on the shipping
company and freight forwarder when fairness concern exists. Section 7 presents numerical
simulations. Section 8 presents main results and suggests possible future research directions.
All proofs are provided in the Appendix A.

2. Literature Review
There are three main areas of literature relevant to this paper: blockchain-based

shipping supply chain, non-linear production cost, and fairness concern. Next, we review
the literature pertaining to these areas and outline the differences between our study and
previous studies.

2.1. Blockchain-Based Shipping Supply Chain

The competition and cooperation among ports, carriers, and terminals in the shipping
market have attracted significant research attention. Many companies have chosen to
apply artificial intelligence technology to port operations to enhance their competitiveness.
Although artificial intelligence technology can improve the efficiency of port operations
and service quality, ports must bear certain costs [22]. Companies are increasingly focusing
on supply chain-wide product quality visibility to ensure product quality and safety while
reducing the likelihood of supply and demand disruptions [23]. Choi [24] examines the
financial characteristics of product sales in the supply chain and provides an example of
how blockchain services can be utilized for risk management. Zhu et al. [25] investigate
how blockchain use affects cost reduction effort and profit by comparing two types of firms:
superior brand firms and inferior brand firms. Xu et al. [26] explore the possibilities and
current obstacles faced by German original equipment manufacturers in implementing
blockchain technology. The results suggest that blockchain applications offer advantages
in aggregating product information, securing transaction data, and establishing a reliable
supply chain. Babaei et al. [27] assess the application of blockchain in energy supply chains,
developing an integrated framework evaluated through multiple models. They identify
investment costs and blockchain deployment as key barriers to blockchain adoption in
renewable energy supply chains. Babaei et al. [28] categorize the application of blockchain
in green supply chain management and present mathematical optimization models, finding
that the objective function of green product tracking costs is more sensitive to the number
of blocks.

However, Yang [29] shows that the application of blockchain technology in the ship-
ping supply chain still lacks research. Previous literature has analyzed the impact of
blockchain-based shipping supply chains, such as changing the operations of shipping
companies [30], increasing the efficiency of shipping operations [31–33], as well as being
vulnerable to a lack of trust [34] and being unwise as a countermeasure for overconfi-
dence [35]. Many scholars have also employed different methodologies to enhance research
on blockchain-based shipping supply chains. Wang et al. [1] enrich the application of
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blockchain technology in the shipping industry through qualitative modeling. In addition,
they are considered to be the first to theoretically discuss the values and application strate-
gies of blockchain technology in competitive environments. Xin et al. [6] discuss vertical
shipping supply chains, focusing on enhancing collaboration between the port and ship-
ping industries through blockchain technology. The study also examines the technology’s
capability to improve consumer surplus and social value. Liu et al. [36] examine how tech-
nological advancements in blockchain services affect asymmetric market size competition,
thereby broadening the market for blockchain services. Li et al. [37] investigate the value
of ocean shipping companies using a game theory model and find that blockchain costs
influence both the pattern of encroachment and the adoption of blockchain technology.

Our paper differs from Xin et al. [6] and Babaei et al. [27]. First, we construct a two-
echelon shipping supply chain consisting of a shipping company and a freight forwarder
for research. In the Stackelberg game, the shipping company is the dominant player in
the supply chain, while the freight forwarder is the follower. Second, unlike traditional
blockchain, we study the decision-making and profit changes of supply chain members
when a freight forwarder invests in and applies a blockchain platform. In this context,
we introduce the concept of fairness concern and examine the effects of non-linear pro-
duction costs on supply chain participants. This research further enriches the theoretical
understanding of fairness concern and non-linear production costs.

2.2. Non-Linear Production Cost

The production costs of existing firms are generally non-linear, i.e., characterized by
economies of scale and diseconomies of scale. As production scale increases, economies of
scale steadily lower the average cost, thereby increasing economic efficiency. Scholars have
conducted research on economies of scale. For example, Jin et al. [38] discuss the multi-unit
auction problem in the context of economies of scale and diseconomies of scale, utilizing
a bounded binary tree approach. Bottasso et al. [39] find that the impact of economies of
scale tends to diminish as size increases. Panico and Cennamo [40] show that demand-side
economies of scale drive complementors’ incentives and a key factor in the success of
platform strategies. Kucheryavyy et al. [41] propose a multi-industry trade model with
industry-level economies of scale, noting that economies of scale tend to reduce the gains
from trade while amplifying the gains from trade liberalization. Nakatani [42] shows that
competition policies encouraging mergers and acquisitions are sensible for maximizing
economies of scale in the utility and transportation industry, and that the accumulation of
intangible assets such as digital technology, promotes further economies of scale through
network effects.

From an economic perspective, diseconomies of scale refer to the phenomenon
whereby, as the scale of production increases, the unit cost of production rises, leading to
a decrease in marginal returns. Diseconomies in production result in greater production
costs and lower sales, creating challenges in profit distribution. Much research has been
conducted by scholars on diseconomies of scale. For example, Rawley and Simcoe [43]
investigate how firms manage diseconomies of scale following diversification. Ha et al. [44]
study the incentive issues related to vertical information sharing in competing supply
chains that use production techniques characterized by diseconomies of scale. Studies
indicate that when the coefficient of scale diseconomies is modest, the supply chain is more
negatively affected. Yi et al. [45] explore the decision-making challenges in a closed-loop
supply chain with a retailer-led dual recycling channel, considering the diseconomies of
scale faced by downstream recycling companies (recycler/retailer and recycler). Coulombel
and Monchambert [46] examine urban public transportation system subsidies and find sub-
stantial evidence that bus routes operate under diseconomies of scale. Chen and Tang [47]
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demonstrate that production diseconomy changes the traditional wisdom regarding the
impact of manufacturer encroachment on supply chain performance.

A portion of the literature studies the effects of non-linear production costs while
considering both economies of scale and diseconomies of scale. Shang et al. [13] examine
how retailers share information when manufacturers compete and find that the degree of
competition and non-linear manufacturing costs significantly impact retailers’ incentives
to share information. When production costs are non-linear and information access is
imprecise, Wang and Zhuo [48] first explore the relationship between ex post information
sharing tactics and supplier misappropriation. Wang et al. [21] investigate information
sharing strategies in a closed-loop supply chain consisting of three echelons and two
channels. Scholars design and employ game-theoretic models to identify the optimal
approach for retailer information sharing by considering two types of non-linear production
costs faced by manufacturers (diseconomies of production and economies of production).
Zhou et al. [49] examine how and why different scale effects influence firms’ delivery
arrangement preferences.

Previous studies indicate that most research primarily focuses on the non-linear
production costs of retailers, where diseconomies of scale are predominant. This paper
presents two key innovations. First, this paper focuses on the shipping company and the
freight forwarder within the shipping supply chain, thereby enriching research in this field.
Second, given that economies of scale and diseconomies of scale are common phenomena
among firms, this paper includes in its study a combination of these two situations for
shipping company, whereas Ha et al. [44] focus only on diseconomies of scale. Furthermore,
by integrating non-linear production cost with fairness concern, this study addresses
certain theoretical gaps in the shipping industry and offers novel insights and directions
for future research.

2.3. Fairness Concern

An increasing body of research indicates that assumptions rooted in perfect ratio-
nality are not valid in practical applications [50]. Economists continue to accumulate
substantial evidence discrediting the hypothesis and discovering that social preferences are
prevalent in many firms, with fairness concern being among the most significant of these
preferences [51,52].

The majority of academic studies currently focus on supply chain coordination con-
cerning retailers’ fairness concerns. Liu et al. [53] investigate how retailers’ fairness concerns
affect cooperative relationships in a three-party sustainable supply chain and how to co-
ordinate the supply chain when the degree of fairness concern is treated as an interval.
This study reveals that fairness concerns indeed affect members’ decisions and their co-
operation in sustainable supply chain management. Yoshihara and Matsubayashi [54]
focus on channel coordination between manufacturers and competing retailers concerning
fairness concern. Given that retailers are concerned about fairness, the researchers examine
how supply chains can be effectively managed to maximize aggregate channel profitability
while preventing utility losses to retailers due to unfavorable disparities. Xiao et al. [55]
consider the retailers’ fairness concerns and find that the contractual choices of supply
chain systems differ based on varying intensities of fairness concern. Wu et al. [56] study a
decentralized, capital-constrained green supply chain consisting of a capital-constrained
manufacturer and a retailer. They find that fairness concerns benefit the entire supply chain
when their level is relatively high, whereas they can be detrimental when their level is
relatively low.

Some scholars have studied supply chain coordination under fairness concern from
different perspectives. Guan et al. [57] provide valuable insights into supply chain coor-
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dination, particularly examining how Nash-bargaining fairness concerns manifest under
various power structures. Diao et al. [58] present new perspectives on how firms de-
velop pricing strategies in dynamic market environments. In particular, consumer fairness
concerns can lead to win-win outcomes for manufacturers and retailers, suggesting that
firms may prefer not to use strategies like price framing to mitigate fairness concerns. Xia
et al. [59] construct a four-stage game model consisting of a brand mobile app supplier
and a distributor, taking members’ distributional fairness concerns into consideration.
The distributor’s fairness concerns have no bearing on either option, but the supplier’s
distributional fairness concerns lower the service price as well as the level of investigation
and regulation. When a logistics service provider has both cost reduction effort and fairness
concerns, Chen et al. [60] find that the optimal logistics service strategies for manufacturer
and retailer are contradictory at different levels of fairness concern intensity. Yan et al. [61]
study the effects of suppliers’ fairness concerns and bargaining power on the decisions
and profits of poverty alleviation supply chains (PASCs). They find that Nash-bargaining
fairness concerns enhance the utility of disadvantaged suppliers but instead exacerbate the
double marginal effect of the PASC channel as their bargaining power increases.

This paper differs from previous research in three aspects. First, from the existing
literature, there are numerous supply chain coordination studies on fairness concern, such
as the study by Liu et al. [53]. However, there are fewer studies that deal with the fairness
concern that arises when supply chain members invest in the application of blockchain
technology. Second, fewer studies currently consider both the non-linear production costs
of supply chain members and the fairness concerns that emerge from the implementation
of blockchain technology. Finally, the results are analyzed more comprehensively by
evaluating the decision-making of supply chain members, considering both scenarios of
fairness concern and fairness neutrality.

2.4. Research Gap

Sections 2.1–2.3 provide a comprehensive review of the literature relevant to this paper,
covering the key areas of shipping supply chain, non-linear production cost, and fairness
concern. After conducting a thorough analysis of the existing literature, we have identified
several research gaps that remain unaddressed. Although there is existing literature on
shipping supply chain, blockchain, non-linear production cost, and fairness concern, few
studies have combined non-linear production cost, blockchain, and fairness concern to
explore their collective impact on shipping supply chain. Additionally, in the shipping
supply chain system, the fairness concerns arising when members invest in and apply
blockchain technology has not been adequately addressed, and relevant studies are scarce.

Table 1 summarizes and classifies some cited literature, analyzing it from the per-
spectives of shipping supply chain, blockchain, non-linear production cost, and fairness
concern. This classification reveals the research focuses of different scholars and enables a
clearer understanding of the current research results’ contributions and focuses in various
fields, as well as their complementary relationships. Furthermore, by comparing existing
studies, this study’s focus is highlighted, laying a solid theoretical foundation and offering
an effective basis for comparison. Our study differs significantly from the current literature
in three key ways. First, the majority of research focuses on how non-linear production
costs influence the decisions and profit outcomes of retailers and producers. In this paper,
we consider the costs of the shipping company in the shipping supply chain as non-linear
production costs; i.e., there are both economies of scale and diseconomies of scale. We
investigate the decision-making choices and profit changes for a specific shipping company
and freight forwarder in each scenario. Second, most previous studies focus on supply
chain coordination under retailers’ fairness concerns. In the field of shipping supply chains,
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fairness concern inevitably affects the decisions and profits of shipping companies as well.
Third, most research studies consider only the effects of fairness concerns or non-linear
production costs on the subject of study or both combined with other variables. This
paper is set in the context of a freight forwarder’s investment to develop and implement a
blockchain platform for shipping. We discuss the impact of non-linear production costs and
fairness concern on the shipping supply chain involving a shipping company and a freight
forwarder. As a result, we gain a better understanding of how non-linear production costs
and fairness concerns affect the choices and financial gains of research participants. This
distinguishes this paper from previous studies.

Table 1. The differences between prior papers and ours.

Shipping
Supply Chain

Blockchain
Technology

Economies of
Scale

Diseconomies
of Scale

Fairness
Concern

Ha et al. [44]
√

Shang et al. [13]
√ √

Liu et al. [53]
√

Yoshihara and Matsubayashi [54]
√

Xin et al. [6]
√ √

Wang et al. [31]
√ √

Wang et al. [21]
√ √

Babaei et al. [27]
√

Our paper
√ √ √ √ √

3. The Model
We consider a two-echelon shipping supply chain consisting of a single shipping

company and a single freight forwarder. This paper focuses on a scenario in which a freight
forwarder invests in the establishment and use of a blockchain platform and analyzes the
profit sharing and decision-making choices between the freight forwarder and the shipping
company. In the traditional shipping supply chain structure, the freight forwarder and the
shipping company are the two core subjects and the two sides of the profit maximization
goal through the interaction with each other’s decision-making. Due to the asymmetry of
market information and the difference between the two sides in the negotiation position,
the freight forwarder is often in a relatively passive position in the traditional cooperation
mode. The introduction of the Stackelberg game model provides a theoretical framework
for this asymmetric decision-making relationship, in which the shipping company, typi-
cally acting as the leader, leverages its resource advantages and market position to make
strategic decisions first. The freight forwarder, acting as the follower, makes its own opti-
mization adjustments based on the shipping company’s decisions [62]. This game-theoretic
relationship, to some extent, reinforces the disadvantaged position of the freight forwarder.

However, with the application of blockchain technology in the shipping industry,
the freight forwarder has gained an opportunity to enhance its market position. By in-
vesting in a blockchain platform, the freight forwarder can not only consolidate logistics
resources and enhance information transparency but also provide more intelligent services
to shippers and the shipping company. For example, with the blockchain platform’s big
data analysis and forecasting capabilities, the freight forwarder can accurately grasp the
dynamics of market demand and the supply of capacity, enabling better advanced planning
and booking of space. By using the blockchain platform to share real-time warehouse
information among all logistics participants, the freight forwarder facilitates faster cargo
transfers between warehouses, enhances storage space utilization, and reduces both cargo
transit time and operational costs. It also enables warehouse inventory management to
accurately forecast demand, ensuring that the appropriate quantity and types of prod-
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ucts are always available to meet the anticipated demand [28]. The establishment of the
blockchain platform has transformed the freight forwarder from a passive recipient in
traditional models into a pivotal coordinator within the supply chain, effectively replacing
the conventional functions of freight forwarders. This transformation has endowed the
freight forwarder with enhanced bargaining power in its collaboration with the shipping
company, thereby partially mitigating its historically disadvantaged position within the
strategic equilibrium.

In this paper, the freight forwarder uses the new bargaining power gained by the
blockchain platform to strive for fairer cooperation terms, particularly in decision-making
scenarios that prioritize fairness. Especially for the freight forwarder, investing in and
applying a blockchain platform requires significant costs, which include the development
of blockchain technology, the operation and maintenance of the platform, and the training
of personnel. Due to the high cost of blockchain technology, the freight forwarder needs
to obtain a reasonable return in the supply chain to cover its investment. However, the
“free-riding” behavior of the shipping company, which affects the return on investment of
the freight forwarder, has led the freight forwarder to take fairness concerns seriously. If the
freight forwarder perceives unfair profit distribution, it may express discontent by slacking
off, which reduces production efficiency, increases costs, and impacts the compensation
of investment costs. Considering the willingness of consumers to pay for fair production,
the freight forwarder can cover the increase in costs with this additional revenue, which
brings potential benefits for the freight forwarder to apply the blockchain platform. Simul-
taneously, the freight forwarder’s leadership in addressing fairness concerns facilitates its
establishment of robust reputation and trust relationships within the supply chain ecosys-
tem. By fairly distributing profits and costs, the freight forwarder can boost its willingness
to cooperate with other supply chain members and promote the formation of long-term
and stable cooperative relationships.

After examining how the freight forwarder can use the blockchain platform to en-
hance its position and have fairness concerns, we explore the impact of the complexity of
the cost structure in the shipping supply chain on the decision-making of the members.
Specifically, this paper adopts Zhao and Li’s [20] cost categorization method. It categorizes
the production costs of manufacturers into two types: diseconomies of production, where
marginal cost per unit increases, and economies of production, where marginal cost per
unit decreases. On this basis, this paper further examines the impact of the shipping
company’s non-linear production cost and the freight forwarder’s concern about fairness
on the decision-making of supply chain participants. We refer to the shipping company as
facing diseconomies of scale when its marginal cost per unit rises as the quantity of units
produced increases. We refer to the shipping company as facing economies of scale when
its marginal cost per unit decreases as the number of units produced increases.

In this context, the freight forwarder studied in this paper not only focuses on in-
creasing the overall profits of the shipping supply chain but also on the fairness of the
distribution of those profits throughout the supply chain. The model construction demon-
strates superiority in several ways. Firstly, the model combines fairness concern with profit
maximization, breaking through the limitation of the traditional model that only focuses on
efficiency and reflecting more comprehensively the interests in the practical supply chain.
Secondly, by applying the Stackelberg game structure, the model captures the shift in the
supply chain power dynamics due to blockchain technology. It moves from the conven-
tional leader/follower relationship to a more balanced interaction, thereby strengthening
the bargaining power of the freight forwarder. Finally, by quantitatively analyzing the
impact of the fairness coefficient on profit distribution, the model provides supply chain
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members with practical management strategies to help them achieve a balance between
fairness and profit.

For ease of reference, we use the feminine pronoun “she” for the freight forwarder and
the masculine pronoun “he” for the shipping company. In this paper, we assume that the
shipping company is the leader in the shipping supply chain, while the freight forwarder is
the follower. Both aim to maximize their own profits. The freight forwarder provides the
shipper with total freight, denoted as p, and secures shipping services from the shipping
company at an ocean freight, specified as w. Table 2 presents the notations used throughout
this study.

Table 2. Notations and descriptions.

Notations Description

q Total demand of market
k Basic demand of the shipping market
α Sensitivity coefficient of aggregate market demand to changes in value θ
θ Value of blockchain platform
p Total freight
w Ocean freight
β Cost factor for blockchain platform, β > 0
b Linear component of production cost, b > 0

cv
Production scale factor for shipping company, v = e , economies of scale,

v = d , diseconomies of scale, cv > 0
λ Level of fairness concern for the freight forwarder, λ > 0
πs Profit of shipping company
π f Profit of freight forwarder
U f Utility of freight forwarder

Following Shang et al. [13], we consider that the production costs of the shipping

company to be bq+ (−1)ucvq2

2 , where u = 0 denotes diseconomies of scale and u = 1 denotes
economies of scale. Similarly, v = d denotes diseconomies of scale and v = e denotes
economies of scale (b > 0, cv > 0). We use θ to denote the value of the blockchain platform.
For the freight forwarder, we assume that the construction cost of the blockchain platform is
1
2 βθ2, where β (β > 0) is the cost factor of building the blockchain platform [31]. The higher
β results in a higher expense of effort for freight forwarder. The quadratic cost function
for the freight forwarder captures the diminishing marginal returns of investments in
blockchain technology. Therefore, we employ the quadratic cost function to more accurately
measure the investment effects for the freight forwarder. Moreover, this quadratic functional
form is widely used in the supply chain and operation management literature [60,63].

In this paper, the total market demand function is sensitive to the total freight and
the value of the blockchain platform applied by the freight forwarder. To simplify the
subsequent comparative analysis, we assume that the total market demand follows a linear
relationship with the total freight and the value of the blockchain platform. According to
Zhao and Li [20], the total market demand can be defined as q = k − p + αθ, where k is the
underlying demand in the shipping market, p is the total freight by the forwarder to the
shipper, θ is the value provided by the blockchain platform, and α is the sensitivity factor
of aggregate market demand to changes in θ [13,20]. Such a demand function has been
widely used in previous studies [60,64,65].

We denote the profits of the shipping company and the freight forwarder by πs

and π f , respectively. The decision variables are w for the shipping company and p and
θ for the freight forwarder. So we obtain the profit function of the shipping company:

πs = wq −
[
bq + (−1)ucvq2

2

]
, where wq represents the revenue of the shipping company and



Systems 2025, 13, 756 12 of 39

bq + (−1)ucvq2

2 is the non-linear production cost of the shipping company. Thus, we obtain
the profit function of the freight forwarder: π f = (p − w)q − 1

2 βθ2, where (p − w)q repre-
sents the profit of the freight forwarder and 1

2 βθ2 is the total cost of the freight forwarder.
In our model, both the shipping company and freight forwarder are attempting to

maximize their profits. However, in practice, this raises the question of whether cooperation
among supply chain members is fair. Due to factors such as unfair profit distribution and
information asymmetry, supply chain members often develop a sense of unfairness, which
can significantly affect their final decision. When the freight forwarder invests in building
the blockchain, she considers not only her own profit but also her profit in comparison to
that of other members. When participants believe that the benefits from the supply chain
are not allocated fairly, they may act to penalize one another at the expense of their own
interests [66]. The freight forwarder is particularly concerned about the fairness of profit
distribution in the supply chain, as she incurs significant costs to maintain the blockchain
platform. At this point, the freight forwarder’s primary goal shifts from profit maximization
to utility maximization.

In order to accurately reflect the fairness concern of the freight forwarder towards
the shipping company, it is crucial to introduce a reference point of fairness concern
in the model. Exploring fairness concern, Fehr and Schmidt [9] introduce the concepts
of unfavorable inequality and favorable inequality, noting that individuals are not only
concerned with their own gains but also with comparing their relative gains with others.
Therefore, this study employs the utility function used to depict unfairness aversion in
logistics decision-making. The fairness concern utility function is constructed using the
absolute profit of the other party as the reference point. In this function, the freight
forwarder focuses primarily on her own utility, while referring to the shipping company’s
profit to assess the fairness of her own profit. To simplify the formula while maintaining its
general applicability, we can derive the fairness utility function for the freight forwarder
as [67,68]:

U f = (1 + λ)π f − λπs,

where πs and π f denote the profits of the shipping company and the freight forwarder,
respectively. λ (λ > 0) is the freight forwarder’s fairness concern degree, which represents
the freight forwarder’s level of fairness concern. λ is positively related to the level of
fairness concern of the forwarder, i.e., the higher λ is, the higher the level of fairness
concern of the forwarder is. This utility function is also applied in the studies of Liu
et al. [53], Wu et al. [56], and Chen et al. [69]. The utility function of the shipping company
remains the same as his profit function if he does not participate in building the blockchain,
namely, Us = πs.

To explore the impact of whether a freight forwarder adopts fairness concern on a
shipping company’s decision-making under both economies of scale and diseconomies
of scale, we construct the following four scenarios, as shown in Table 3 and Figure 1,
i.e., (1) Scenario EN, with economies of scale for the shipping company, fairness neutrality
for the freight forwarder. (2) Scenario EF, with economies of scale for the shipping company,
fairness concern for the freight forwarder. (3) Scenario DN, with diseconomies of scale for
the shipping company, fairness neutrality for the freight forwarder. (4) Scenario DF, with
diseconomies of scale for the shipping company, fairness concern for the freight forwarder.
Next, we express the four scenarios using functional formulas:

(1) Scenario EN

πEN
s = wq −

[
bq +

(
−ceq2)

2

]
(1)
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πEN
f = (p − w)q − 1

2
βθ2 (2)

(2) Scenario EF

πEF
s = wq −

[
bq +

(
−ceq2)

2

]
(3)

UEF
f = (1 + λ)

[
(p − w)q − 1

2
βθ2

]
− λ

{
wq −

[
bq +

(
−ceq2)

2

]}
(4)

(3) Scenario DN

πDN
s = wq −

(
bq +

cdq2

2

)
(5)

πDN
f = (p − w)q − 1

2
βθ2 (6)

(4) Scenario DF

πDF
s = wq −

(
bq +

cdq2

2

)
(7)

UDF
f = (1 + λ)

[
(p − w)q − 1

2
βθ2

]
− λ

[
wq −

(
bq +

cdq2

2

)]
(8)

According to the backward induction method of the Stackelberg game, the optimal
solutions for the decision variables and profits in the four scenarios are summarized in
Tables 4 and 5. To ensure that the shipping company and freight forwarder remain in the
supply chain, we need to make Tables 4 and 5 realistic and guarantee that the earnings of the
supply chain members are positive. In the following sections, we explore the best options
for the various scenarios based on these findings and perform a comparative analysis to
provide some management insights.

Table 3. Different scenarios in this paper.

Economies of Scale Diseconomies of Scale

Fairness neutrality EN DN
Fairness concern EF DF

Table 4. Optimal solutions in economies of scale.

Variable Scenario EN Scenario EF

p (cek+ϕ1)β−2ϕ2ϕ4
ce β−4ϕ4

(−cek−ϕ1ϕ3)β+2ϕ2ϕ3ϕ4
4ϕ3ϕ4−ce β

θ ϕ1α
ce β−4ϕ4

− ϕ1ϕ3α
4ϕ3ϕ4−ce β

w cekβ−2ϕ2ϕ4
ce β−4ϕ4

(−kϕ3
2+bλ2)ce β+2ϕ3ϕ4(2λb+ϕ2ϕ3)

(2λ+1)(4ϕ3ϕ4−ce β)

πs − βϕ1
2

2(ce β−4ϕ4)

ϕ3
2ϕ1

2β
2(2λ+1)(4ϕ3ϕ4−ce β)

π f
βϕ1

2ϕ4

(ce β−4ϕ4)
2

βϕ3ϕ1
2[βλ2ce+(4λ+1)ϕ3ϕ4]

(2λ+1)(4ϕ3ϕ4−ce β)2

U f - βϕ3
2(ce βλ+2ϕ3ϕ4)ϕ1

2

2(4ϕ3ϕ4−ce β)2
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Table 5. Optimal solutions in diseconomies of scale.

Variable Scenario DN Scenario DF

p (cdk−ϕ1)β+2ϕ2ϕ4
cd β+4ϕ4

(cdk−ϕ1ϕ3)β+2ϕ2ϕ3ϕ4
cd β+4ϕ3ϕ4

θ − ϕ1α
cd β+4ϕ4

− ϕ1ϕ3α
cd β+4ϕ3ϕ4

w cdkβ+2ϕ2ϕ4
cd β+4ϕ4

(kϕ3
2−bλ2)cd β+2ϕ3ϕ4(2λb+ϕ2ϕ3)

(2λ+1)(cd β+4ϕ3ϕ4)

πs
βϕ1

2

2(cd β+4ϕ4)

ϕ3
2ϕ1

2β
2(2λ+1)(cd β+4ϕ3ϕ4)

π f
βϕ1

2ϕ4

(cd β+4ϕ4)
2

− βϕ3ϕ1
2[βλ2cd+(4λ+1)ϕ3ϕ4]

(2λ+1)(cd β+4ϕ3ϕ4)
2

U f - − βϕ3
2(cd βλ−2ϕ3ϕ4)ϕ1

2

2(cd β+4ϕ3ϕ4)
2

Note that ϕ1 = b − k, ϕ2 = b + k, ϕ3 = 1 + λ, ϕ4 = − α2

2 + β.

Figure 1. Structure of the model under the four scenarios.



Systems 2025, 13, 756 15 of 39

4. Economies of Scale
Under the premise of economies of scale, to better study the impact of the freight

forwarder’s fairness concerns about various decision-making processes and profits within
a shipping supply chain, we need to establish a “fairness neutrality” model for compar-
ison. Fairness neutrality refers to the scenario where the shipping company and freight
forwarder make decentralized decisions under completely rational conditions. Therefore,
under the case of economies of scale, we mainly discuss two decision-making scenarios
i.e., the decision-making in the shipping supply chain under fairness neutrality (denoted as
Scenario EN) and the decision-making in the shipping supply chain under fairness concern
(denoted as Scenario EF). Based on these two scenarios, we calculate the equilibrium profits
of all parties in the shipping supply chain.

4.1. Scenario EN

Under Scenario EN, the shipping company has economies of scale, and the freight
forwarder does not consider fairness concern, i.e., the freight forwarder operates under
fairness neutrality. The impacts of ce on each of the equilibrium results under Scenario EN
are examined below.

Corollary 1. (a) ∂wEN

∂ce
< 0, ∂θEN

∂ce
> 0, ∂πEN

s
∂ce

> 0,
∂πEN

f
∂ce

> 0.

(b) When 0 < ce < b+k
k , i f α2(b+k)

−kce+2b+2k < β < α2, then ∂pEN

∂ce
> 0; if β > α2, then

∂pEN

∂ce
< 0. When b+k

k < ce < 2, then ∂pEN

∂ce
< 0.

Corollary 1 shows that the level of economies of scale impacts both shipping company
and freight forwarder. As the economies of scale expand, the blockchain platform’s value,
the shipping company’s profit, and the freight forwarder’s profit all experience significant
increases. This may be due to the fact that economies of scale have led to lower freight
costs for shipping, which makes the blockchain platform more valuable and profitable
for both parties. For the shipping company, as economies of scale increase, his cost of
production decreases, prompting the shipping company to reduce ocean freight to enhance
his competitiveness.

For Corollary 1(b), when the degree of economies of scale and the cost of blockchain
platform are not large, the total freight increases with the level of economies of scale. This
is because the freight forwarder decides to raise the total freight to save costs while still
maintaining her profit margin, given that the blockchain platform is currently operating less
effectively. The blockchain platform is more developed and functions much more effectively
when economies of scale are smaller and its cost is higher. When economies of scale increase,
the forwarder’s input cost also declines, which leads the forwarder to consider reducing
the total freight. The freight forwarder has some flexibility in determining the total freight
when economies of scale are sufficiently large. Therefore, in both scenarios, the freight
forwarder chooses to reduce the total freight cost to maintain an efficient supply chain.

4.2. Scenario EF

Under Scenario EF, the shipping company has economies of scale, and the freight
forwarder has fairness concerns. This section examines the impacts of ce and λ on each of
the equilibrium results under Scenario EF.

Corollary 2. (a) ∂wEF

∂ce
< 0, ∂θEF

∂ce
> 0, ∂πEF

s
∂ce

> 0,
∂πEF

f
∂ce

> 0,
∂UEF

f
∂ce

> 0.

(b) When 0 < b <
∼
b, 0 < ce <

∼
ce, if

∼
β < β < α2, then ∂pEF

∂ce
> 0; if β > α2, then

∂pEF

∂ce
< 0. When 0 < b <

∼
b and

∼
ce < ce < 2, then ∂pEF

∂ce
< 0. When

∼
b < b < k, if
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∼
β < β < α2, then ∂pEF

∂ce
> 0; if β > α2, then ∂pEF

∂ce
< 0. (

∼
ce = (3b+k)λ2+(4b+2k)λ+b+k

(k−b)λ2+(2λ+1)k ,
∼
β = α2(1+λ)[(3b+k)λ+b+k]

[(−ce+2)k+b(ce+6)]λ2+[(−2ce+4)k+8b]λ+(−ce+2)k+2b ,
∼
b = k(1+λ)2

5λ2+4λ+1 ).

According to Corollary 2(a), as the degree of economies of scale increases, the value of
the blockchain platform rises, the profits for both the shipping company and the freight
forwarder increase, and the utility for the freight forwarder is enhanced. Conversely, ocean
freight tends to decline as economies of scale expand. All stakeholders in the supply
chain may benefit from decreased unit costs for the shipping company resulting from
increased economies of scale. For the shipping company, the increased level of economies
of scale reduces cost to a certain extent and enables it to be more flexible regarding ocean
freight. Given that the freight forwarder is focusing more on fairness, the shipping company
chooses to reduce ocean freight to enhance his own competitiveness.

In Corollary 2(b), under Scenario EF, the freight forwarder decides to increase the
total freight when the cost of the blockchain platform is lower, provided that both the
level of economies of scale and the shipping company’s linear production cost are also
lower. Given that the shipping company’s economies of scale have a lesser impact and
the freight forwarder’s efficiency in leveraging the blockchain platform during her initial
stages is relatively low, the freight forwarder chooses to raise the total freight to bolster
her profit. When the shipping company’s linear production cost is higher and the cost of
the blockchain platform is lower, the freight forwarder decides to increase the total freight
to counteract the initial inefficiencies associated with the blockchain platform. When the
cost of the blockchain platform is higher, it indicates that the efficiency of the blockchain
platform has increased. The freight forwarder decides to lower the total freight when the
shipping company’s linear production cost is comparatively low and the level of economies
of scale is high. The total freight tends to decrease as a result of the increased economies of
scale, which lessen the financial burden on the supply chain participants.

Corollary 3. (a) ∂θEF

∂λ < 0, ∂πEF
s

∂λ < 0,
∂UEF

f
∂λ > 0.

(b) When 0 < ce < 4(1+λ)2

4λ2+5λ+2 , if
∼
β < β < − 2α2(1+λ)

2

ce(4λ2+5λ+2)−4(1+λ)2 , then
∂πEF

f
∂λ < 0; if

β > − 2α2(1+λ)
2

ce(4λ2+5λ+2)−4(1+λ)2 , then
∂πEF

f
∂λ > 0. When 4(1+λ)2

4λ2+5λ+2 < ce < 2, then
∂πEF

f
∂λ < 0.

(c) When
∼
β < β < α2, then ∂pEF

∂λ < 0; when β > α2, then ∂pEF

∂λ > 0.

(d) When
∼
β < β < α2

2−ce
, then ∂wEF

∂λ > 0; when β > α2

2−ce
, then ∂wEF

∂λ < 0.

(
∼
β = α2(1+λ)[(3b+k)λ+b+k]

[(−ce+2)k+b(ce+6)]λ2+[(−2ce+4)k+8b]λ+(−ce+2)k+2b

)
For Corollary 3(a), when the level of fairness concern increases, the value of the

blockchain platform decreases, as does the profitability of the shipping company. At this
point, the profit of the forwarder is reduced, but her utility rises accordingly. This suggests
that the behavior of fairness concern can help the forwarder narrow the gap in profit sharing
with the shipping company and increase her share of profit sharing in the supply chain.

In Corollary 3(b), when economies of scale are relatively low and the cost of the
blockchain is also relatively low, the profit of the freight forwarder is inversely proportional
to fairness concern. This phenomenon can be attributed to the significantly high input cost
associated with the blockchain platform, coupled with its relatively inefficient operations,
particularly during the initial investment phase of its development. Additionally, lower
economies of scale can provide even smaller economic benefits to the firm. As the degree
of fairness concern increases, the freight forwarder’s profit margin becomes insufficient
to offset the significant expenses incurred. Therefore, the profit of the freight forwarder is
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inversely proportional to the fairness concern. With relatively low economies of scale and
high blockchain cost, freight forwarder profit is proportional to the level of fairness concern.
The blockchain platform is currently operating more effectively, allowing the freight for-
warder to offer high-quality logistics services, thereby increasing her profit. Furthermore,
when economies of scale are relatively high, the profit of the freight forwarder is inversely
proportional to fairness concern. Greater economies of scale allow the shipping company
to achieve higher profits while lowering his cost burden. However, as a participant in
the supply chain, the freight forwarder has experienced a decrease in profit. The freight
forwarder shifts from profit maximization to utility maximization as the level of fairness
concern increases. Therefore, the profit of the freight forwarder is inversely proportional to
the fairness concern.

In practice, Walmart China commercially launched its Blockchain Traceability Plat-
form in June 2019 [70]. When the blockchain platform increases efficiency and improves
supply chain processes, it effectively reduces the cost burden and leads to lucrative profits.
A fair profit distribution mechanism enhances supply chain cooperation by sustaining
members’ engagement incentives and fostering long-term stable partnerships. Therefore,
Walmart focuses on optimizing profit distribution and avoiding excessive squeezing of
profit margins of supply chain members. In addition, the integration of fairness concern
with blockchain technology enables enterprises to offer higher-quality products and ser-
vices. This strengthens their market competitiveness, helps expand their market share, and
promotes the upgrading and development of the entire industry.

For Corollary 3(c), a decrease in total freight results from the freight forwarder’s
increased behavior regarding fairness concern when the cost of the blockchain platform
is low. When the cost of the blockchain platform is relatively high and fairness concern
escalates, this leads to an increase in total freight. Considering market demand, the freight
forwarder decides to lower total freight when the blockchain platform has relatively low
input cost. To ensure an increase in her own profit, the freight forwarder chooses to enhance
the quality of logistics services and pursue fairness when the input into the blockchain
platform is high. This suggests that the impact of fairness concern behavior on total freight
depends on the cost level of the blockchain platform.

Corollary 3(d) shows how the ocean freight varies with λ in the presence of fairness
concern. When the cost of the blockchain platform is relatively low, ocean freight increases
as the level of fairness concern increases. The lower cost of the blockchain platform indicates
that it is less efficient to operate in the early stages. To ensure his profit, the shipping
company decides to gradually raise ocean freight. When the cost of the blockchain platform
is relatively high, ocean freight decreases as the level of fairness concern increases. This is
because the shipping company has realized that the freight forwarder is currently more
concerned with fairness than ever before. To cater to the freight forwarder’s preference, the
shipping company chooses to reduce ocean freight to enhance its competitiveness.

Based on Corollaries 1 and 2, it can be deduced that, under the economics of scale, the
application value of the blockchain platform, the profits of both the shipping company and
the freight forwarder, as well as the utility of the freight forwarder, all increase positively as
the economics of scale expand. This holds true regardless of whether the freight forwarder
adopts fairness concern. From Corollary 3, we can conclude that, after adopting fairness
concern, the freight forwarder is able to reduce the cost of upfront investment in the
shipping supply chain and increase her own share of profit to satisfy her own fair demand.
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4.3. Comparison

In the following section, the equilibrium results of the EN scenario and the EF scenario
are compared and examined to allow a full understanding of how economies of scale affect
decision-making.

Proposition 1. (a) When α2(b+k)
−kce+2b+2k < β < α2

2−ce
, then wEN < wEF; when β > α2

2−ce
, then

wEN > wEF.

(b) When 0 < ce <
b+k

k , if α2(b+k)
−kce+2b+2k < β < α2, then pEN > pEF; if β > α2, then pEN < pEF.

When b+k
k < ce < 2, then pEN < pEF.

(c) θEN > θEF, πEN
s > πEF

s .

Proposition 1(a) shows that the shipping company’s ocean freight under Scenario EF
is higher when the cost of the blockchain platform is lower. When the blockchain platform
is more expensive to build, the shipping company has lower ocean freight in Scenario EF. A
lower cost for the blockchain suggests that it may operate less effectively. The shipping
company pursues higher ocean freight to lower the investment cost and make up for the
shortfall resulting from the high cost. The shipping company decides to lower ocean freight
to strengthen his competitive advantage as platforms run more smoothly. This further
suggests that the cost of the freight forwarder’s investment in the blockchain platform
influences the shipping company’s decision regarding ocean freight.

Proposition 1(b) states that the total freight under Scenario EN is higher than the total
freight under Scenario EF when both the economies of scale and the building cost of the
blockchain platform are low. Otherwise, the opposite is true in other scenarios. It also
demonstrates how the shipping company’s level of economies of scale and the freight
forwarder’s cost input play a major role in the forwarder’s decision regarding total freight.
When economies of scale and the cost of building a blockchain platform are relatively low,
and fairness concern is not considered, the freight forwarder increases the total freight to
mitigate her disadvantage within the supply chain. At this time, the competition between
shipping company is based on price competition. Given concern about fairness, the freight
forwarder may decide to set higher total freight to offset the significant costs associated
with developing a blockchain platform. When economies of scale are relatively high, the
freight forwarder chooses to increase the total freight to cover the cost of investing in
the blockchain and ensure her own profitability. It additionally illustrates that when the
freight forwarder’s costs are quite high, they become more concerned about these costs
due to fairness concerns. Therefore, at this point, the freight forwarder’s total freight under
Scenario EF is higher than that under Scenario EN.

Proposition 1(c) states that, under economies of scale, the fairness concern behavior
of the freight forwarder diminishes the value of the blockchain platform and also reduces
the profitability of the shipping company. Compared to fairness neutrality, the value of the
blockchain platform is lower when the freight forwarder considers fairness concerns. This
indicates that fairness concern behavior reduces the incentive for the freight forwarder to
invest in the blockchain platform. At this point, the shipping company is also making more
conservative decisions. This suggests that fairness concern behavior can have an adverse
effect on the shipping company; i.e., the profit of the shipping company under fairness
concern is less than the profit of the shipping company under fairness neutrality.

5. Diseconomies of Scale
In the context of diseconomies of scale, this section focuses on how decision-makers

in the shipping supply chain consider fairness concern. In the context of diseconomies of
scale, we discuss two decision-making scenarios, i.e., the decision-making of supply chain
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members under fairness neutrality (denoted as Scenario DN) and the decision-making of
supply chain members under fairness concern (denoted as Scenario DF).

5.1. Scenario DN

Under Scenario DN, the shipping company has diseconomies of scale and the freight
forwarder does not consider fairness concern, i.e., the freight forwarder has fairness neu-
trality. Under Scenario DN, the impact of cd on each of the equilibrium results is exam-
ined below.

Corollary 4. (a) ∂wDN

∂cd
> 0, ∂θDN

∂cd
< 0, ∂πDN

s
∂cd

< 0,
∂πDN

f
∂cd

< 0.

(b) If α2

2 < β < α2, then ∂pDN

∂cd
< 0; if β > α2, then ∂pDN

∂cd
> 0.

Corollary 4(a) shows that the value of blockchain platform, shipping company’s profit,
and freight forwarder’s profit gradually decrease as the diseconomies of scale increase.
Ocean freight rises further as diseconomies of scale worsen. This suggests that changes in
diseconomies of scale can lead to subsequent changes for both the shipping company and
the freight forwarder. Diseconomies of scale that worsen progressively cause all supply
chain participants’ input costs to rise while their potential rewards decline. The increase
in production scale substantially raises the production cost for the shipping company,
prompting him to increase ocean freight to improve his profit margins.

In Corollary 4(b), when the input cost of the freight forwarder is relatively low, the
total freight decreases as diseconomies of scale increase. When the input cost of the freight
forwarder is relatively high, the total freight increases as diseconomies of scale increase.
This phenomenon can be attributed to the fact that when cost is lower, the freight forwarder
experiences lesser cost pressure, which in turn results in a decrease in total freight. To
minimize losses, the freight forwarder raises total freight as higher input costs increase the
risk of decreased profit. However, this can lead to a loss of competitiveness in the market
and increases the risk of losing customers.

5.2. Scenario DF

Under Scenario DF, the shipping company faces diseconomies of scale while the freight
forwarder has fairness concerns. Under diseconomies of scale and fairness concerns, the
impacts of cd and λ on ocean freight, total freight, the value of the blockchain platform, the
profit of the shipping company, and the profit and utility of the forwarder are presented in
Corollaries 5 and 6.

Corollary 5. (a) ∂wDF

∂cd
> 0, ∂θDF

∂cd
< 0, ∂πDF

s
∂cd

< 0,
∂πDF

f
∂cd

< 0,
∂UDF

f
∂cd

< 0.

(b) When 0 < cd < 1+λ
λ , if α2(1+λ)

−λcd+2λ+2 < β < α2, then ∂pDF

∂cd
< 0; if β > α2, then

∂pDF

∂cd
> 0. When 1+λ

λ < cd < 2(1+λ)
λ , then ∂pDF

∂cd
> 0.

Corollary 5(a) shows how increasing diseconomies of scale progressively diminishes
the value of the blockchain platform, as well as the shipping company’s profit, the freight
forwarder’s profit, and the freight forwarder’s utility. When the degree of diseconomies
of scale increases, the ocean freight continues to rise. As with Corollary 4(a), a rise in the
degree of diseconomies of scale drives up the shipping company’s production cost, which
in turn impacts and lowers the profits of the supply chain participants. As a result, the
shipping company decides to raise ocean freight in an effort to lessen the negative effects
of diseconomies of scale on his earnings.
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Corollary 5(b) shows that when both the cost and the diseconomies of scale for the
freight forwarder are low, the total freight decreases as the diseconomies of scale increase.
However, in other scenarios, the opposite is true. This is because when the shipping
company’s production scale is relatively small and the input cost for the freight forwarder’s
blockchain platform is low, the freight forwarder decides to decrease the total freight in
order to increase market demand, enhance competitiveness, and improve the operational
efficiency of the blockchain platform. As the input cost for the freight forwarder increases
or as the diseconomies of scale for the shipping company improve, the freight forwarder
chooses to increase the total freight in order to maximize a specific profit margin and
compensate for a particular cost already invested.

Corollary 6. (a) ∂wDF

∂λ < 0, ∂θDF

∂λ > 0, ∂πDF
s

∂λ < 0,
∂πDF

f
∂λ > 0.

(b) When 0 < cd <
(−2λ+1+

√
4λ2+20λ+9)(1+λ)
3λ+1 , then

∂UDF
f

∂λ > 0; when
(−2λ+1+

√
4λ2+20λ+9)(1+λ)
3λ+1 < cd < 2(1+λ)

λ , then
∂UDF

f
∂λ < 0.

(c) When 0 < cd < 1+λ
λ , if α2(1+λ)

−λcd+2λ+2 < β < α2, then ∂pDF

∂λ > 0; if β > α2, then ∂pDF

∂λ < 0.

When 1+λ
λ < cd < 2(1+λ)

λ , then ∂pDF

∂λ < 0.

Corollary 6(a) demonstrates that when fairness concern rises, the value of the
blockchain platform and the freight forwarder’s profit increase, while ocean freight and the
shipping company’s profit decrease. In Scenario DF, the freight forwarder invests in and
applies the blockchain platform to enhance the company’s operational efficiency, which
subsequently boosts the value of the blockchain platform and her profit. However, higher
fairness concern results in the shipping company receiving a smaller share of the supply
chain’s overall profits, which in turn lowers his profit. As fairness concern increases, the
shipping company tends to keep ocean freight relatively low. This implies that the shipping
company prefers to make cautious decisions and lowers ocean freight the more the freight
forwarder considers fairness. This suggests that fairness concern can lead to an increase in
the profit share of the freight forwarder and effectively reduce the profit gap between it and
the shipping company, resulting in a more balanced distribution of benefits in the supply
chain. This also shows that fairness concerns can reduce cooperation friction and enhance
alliance stability. Cooperation disputes and conflicts are mitigated and members cooperate
more harmoniously when all parties are more focused on fairness, which is important for
long-term strategic alliance relationships. In addition, traditional vertical alliances led by a
shipping company may shift to a shared decision-making model. The freight forwarder can
gain more power of discourse through a blockchain platform and its fairness concern. It can
play a more active role in alliance decision-making, thereby enhancing the competitiveness
and adaptability of the alliance.

From Corollary 6(b), when diseconomies of scale are small, the freight forwarder’s
utility is positively correlated with fairness concern. Conversely, when diseconomies of
scale are relatively large, the freight forwarder’s utility is negatively correlated with fairness
concern. This is because the freight forwarder’s emphasis on fairness implies that the
more efficiently the blockchain platform operates, the more valuable the freight forwarder
becomes, particularly when the diseconomies of scale are relatively small. Therefore,
the utility of the freight forwarder increases with the level of fairness concern. When
the diseconomies of scale are relatively large, the increase in production scale raises the
production costs for the shipping company. As the operating efficiency of the blockchain
platform increases, it generates profit for the freight forwarder but concurrently raises her
production cost. Under such circumstances, the freight forwarder’s efforts to minimize
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production cost may not yield as significant an impact as before. Thus, the utility of the
freight forwarder is inversely proportional to fairness concern.

In Corollary 6(c), if the freight forwarder’s cost and diseconomies of scale are low, then
the total freight increases as fairness concern increases. In other scenarios, the opposite is
true. When the diseconomies of scale are relatively low, there is less pressure on production
cost for the shipping company. In instances where the blockchain platform operates at
relatively low efficiency, the freight forwarder raises the total freight to achieve the desired
profit margin. A more efficient blockchain platform increases the freight forwarder’s
profit margin within the supply chain. At this point, as fairness concerns rise, the freight
forwarder chooses to reduce the total freight to maintain an efficient supply chain. If
diseconomies of scale increase, total freight is inversely proportional to fairness concern.
This occurs because of the freight forwarder’s decision to reduce prices to ensure demand
and generate fair earnings.

In conjunction with Corollaries 4 and 5, under diseconomies of scale, ocean freight is
positively correlated with diseconomies of scale. Meanwhile, the shipping company’s profit,
the freight forwarder’s profit, and the freight forwarder’s utility are negatively correlated
with diseconomies of scale. This implies that the value of the blockchain platform, the
shipping company’s profit, the freight forwarder’s profit, and the freight forwarder’s utility
decrease as the degree of diseconomies of scale increases. This is because diseconomies
of scale result in higher expenses for the shipping company and the freight forwarder.
Therefore, as diseconomies of scale increase, the shipping company and freight forwarder
incur higher costs, ultimately leading to a decline in their profits.

5.3. Comparison

Next, we compare and examine the equilibrium of the DN and DF scenarios to fully
understand how diseconomies of scale affect decision making.

Proposition 2. (a) When 0 < cd < 1+λ
λ , if α2(1+λ)

−λcd+2λ+2 < β < α2, then pDN < pDF; if β > α2,

then pDN > pDF. When 1+λ
λ < cd < 2(1+λ)

λ , then pDN > pDF.

(b) wDN > wDF, θDN < θDF, πDN
s > πDF

s .

Proposition 2(a) demonstrates that when both the degree of diseconomies of scale
and the cost of building a blockchain platform are low, the total freight under Scenario
DN is lower than the total freight under Scenario DF. In other cases, the opposite is true.
This is because, in Scenario DF, the freight forwarder incurs certain costs associated with
applying the blockchain platform, and the operating efficiency of the blockchain platform
is not very high. As a result, the freight forwarder chooses to raise the total freight in
order to offset the investment costs and increase profit. When the construction cost of the
blockchain platform is relatively high, the total freight under Scenario DN is higher than
the total freight under Scenario DF. Similarly, when diseconomies of scale are higher, the
costs incurred by supply chain members are also higher, but the total freight under Scenario
DF is lower. This suggests that the freight forwarder’s fairness concern can mitigate the
adverse effects of diseconomies of scale. Fairness concern can have a positive effect on the
market, and traditional price competition is no longer the basis of competitiveness in the
shipping industry.

By contrasting with Proposition 2(b), we find that the freight forwarder’s final decision
regarding the total freight is influenced by the degree of economies of scale, the degree of
diseconomies of scale, and the input cost incurred by the freight forwarder. For the same
range of cost intensities, total freight changes in the opposite direction. When cost input
is relatively high, fairness concern under Scenario EF increases the freight forwarder’s
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cost concern, which in turn raises the total freight. When cost input is relatively high,
the fairness concern of the freight forwarder under Scenario DF reduces her concern for
cost, which in turn reduces the total freight. To meet her own profit and other demands,
the freight forwarder can make this choice by selecting the optimal total freight based on
market demand, customer preferences, and decision-making objectives.

According to Proposition 2(b), the freight forwarder’s fairness concern reduces ocean
freight. This implies that the shipping company makes more conservative decisions as the
freight forwarder becomes more concerned about fairness. The value of the blockchain
platform under fairness concern is higher compared to fairness neutrality. This results
from growing diseconomies of scale, which raise production costs for participants in
the supply chain but enable them to achieve balance when the freight forwarder invests
more in addressing fairness concerns. Therefore, under the diseconomies of scale, the
freight forwarder determines that fairness concerns can increase the value of the blockchain
platform. At the same time, fairness concern can adversely affect the shipping company,
i.e., the profit of the shipping company under fairness concern is less than the profit of the
shipping company under fairness neutrality.

This is consistent with Proposition 1(c). This indicates that, regardless of whether
the shipping company’s production scale is economical, the freight forwarder’s fairness
concern behavior has a negative impact on the shipping company’s profit. This also reflects
the reality that the shipping company’s share of overall profits within the supply chain is
diminished. This finding is similar to the findings of Wu et al. [56]. Wu et al. [56] indicate
that under the same green subsidy strategy, fairness concern has a positive impact on
retailers and a negative impact on manufacturers. This is because retailers with fairness
concerns tend to pay more attention to the fairness of profit sharing with manufacturers. In
such cases, retailers usually tend to strive for a larger share of the profits. Thus, for supply
chain members considering fairness concerns, it can bring positive effects; however, it may
continuously adversely affect the profits of other supply chain members.

6. Comparative Analysis
To provide shipping supply chain companies with resources and cutting-edge man-

agement insights, as well as to more fully explain the underlying causes of members
making irrational decisions, this section focuses on a comparative analysis of the equilib-
rium results of economies of scale and diseconomies of scale under fairness neutrality and
fairness concern.

Proposition 3. (a) wDN > wEN , wDF > wEF.

(b) θEN > θDN , θEF > θDF.

(c) πEN
s > πDN

s , πEF
s > πDF

s , UEF
f > UDF

f .

Proposition 3(a) demonstrates that, regardless of fairness neutrality or fairness concern,
ocean freight under diseconomies of scale is always greater than that under economies
of scale. This implies that when there are diseconomies of scale, the shipping company’s
production cost is higher and he decides to raise ocean freight to offset those expenses. This
results from the fact that economies of scale can help the shipping company lower input
cost, which reduces ocean freight and preserves an effective supply chain.

Propositions 3(b) and 3(c) show that the value of the blockchain platform, the profit
of the shipping company, and the fairness utility of the freight forwarder are higher
under economies of scale than under diseconomies of scale. This implies that supply
chain participants’ decisions to pursue economies of scale are unaffected by the freight
forwarder’s consideration of fairness concern. Fairness concern drives logistics service
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providers to enhance their offerings, which in turn raises overall demand for supply chains.
In this way, all parties in the supply chain can effectively balance their respective interests,
ensuring the continued and smooth operation of the supply chain. Furthermore, this
underscores the positive impact of economies of scale on all parties within the supply chain,
enabling their interests to potentially grow in unison under the same conditions.

Proposition 4. (a) (i) When 0 < ce < b+k
k , if α2(b+k)

−kce+2b+2k < β < α2, then pEN > pDN ; if
β > α2, then pEN < pDN .

(ii) When b+k
k < ce < 2, we have pEN < pDN .

(b) (i) When 0 < ce <
∼
ce, if 0 < cd < 1+λ

λ and
∼

βmax < β < α2, then pEF > pDF; if

0 < cd < 1+λ
λ and β > α2, then pEF < pDF; if 1+λ

λ < cd < 2(1+λ)
λ , pEF < pDF.

(ii) When
∼
ce < ce < 2, if 0 < b <

∼
b, then pEF < pDF; if

∼
b < b < k,

0 < cd <
∼
cd and

∼
β < β < α2, then pEF > pDF; if

∼
b < b < k, 0 < cd <

∼
cd and

β > α2, then pEF < pDF; if
∼
b < b < k and

∼
cd < cd < 2(1+λ)

λ , then pEF < pDF.

(
∼
β = α2(1+λ)[(3b+k)λ+b+k]

[(−ce+2)k+b(ce+6)]λ2+[(−2ce+4)k+8b]λ+(−ce+2)k+2b ,
∼

βmax =

{∼
β, α2(1+λ)

−λcd+2λ+2

}
max

,

∼
ce =

(3b+k)λ2+(4b+2k)λ+b+k
(k−b)λ2+(2λ+1)k ,

∼
b = k(1+λ)2

5λ2+4λ+1 ,
∼
cd =

ce[(k−b)λ2+(2λ+1)k]
λ(3bλ+kλ+b+k) ).

In Proposition 4(a), the total freight under Scenario EN is higher than the total freight
under Scenario DN when both the degree of economies of scale and the cost invested
by the freight forwarder are low. When the degree of economies of scale is low and the
investment by the freight forwarder is relatively high, the total freight under Scenario
EN is lower than the total freight under Scenario DN. Additionally, when the level of
economies of scale is relatively high, the total freight cost for Scenario EN is relatively low.
Because of inexperience and other factors, the relatively low degree of economies of scale
means that during the pre-manufacturing phase of the shipping company’s production,
the benefits of economies of scale have less of an influence on the financial efficiency of the
shipping company. Meanwhile, the freight forwarder chooses to increase the total freight
to compensate for the inefficiency in order to ensure high-quality logistics services and
profitability. Therefore, the total freight under Scenario EN is higher. The overall operating
efficiency of the supply chain increases as the freight forwarder’s cost increases. At this
point, the freight forwarder is able to realize the anticipated profit and decides to lower
the total freight in order to become more competitive. The shipping company decides to
lower his own ocean freight to boost market demand and his competitive advantage once
the economies of scale reach a particular point. Therefore, the total freight under Scenario
EN is lower. At this time, the freight forwarder is at the peak of economies of scale, making
profit targets easier to reach. To attract more clients, the freight forwarder decides to cut
the total freight to better serve the market and meet the demands of the target customers.
Additionally, this establishes the freight forwarder’s brand and creates the foundation for
expanding into potential markets.

Proposition 4(b) shows that total freight is closely related to non-linear costs and the
input costs of supply chain members. The total freight cost under Scenario EF is higher than
that under Scenario DF when the degree of economies of scale, diseconomies of scale, and
the construction cost of the blockchain platform are all low. When economies of scale and
diseconomies of scale are not significant, both have less influence on the decisions made
by supply chain participants. When the blockchain platform is less effective, the freight
forwarder should take action to increase her operational efficiency while considering her
preference for fairness concern. Under Scenario EF, the freight forwarder raises the total
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freight to lower the overall input cost, as the lower degree of economies of scale prevents
her from achieving the anticipated profit. When diseconomies of scale and the cost of the
blockchain platform are lower while economies of scale and linear production cost are
higher, the total freight cost under Scenario EF is higher. This is because, in Scenario DF,
the level of diseconomies of scale is lower, the shipping company’s linear cost inputs are
larger, and the shipping company’s total costs remain within a manageable range. When
the blockchain platform’s investment cost is low, it indicates that the platform operates
less effectively, and the freight forwarder strives for more advantages to meet her own
fair demands. In Scenario EF, higher levels of economies of scale are not well matched
with an inefficient platform, leading to wasted resources. The freight forwarder decides to
increase the total freight in an attempt to achieve a more favorable result by maximizing
fairness utility.

In other cases, the opposite is true. When both the degrees of economies of scale
and diseconomies of scale are relatively low, and the cost of the blockchain platform is
relatively high, the total freight under Scenario EF is lower than that under Scenario DF.
Driven by fairness concern, the freight forwarder adjusts her freight strategy to balance
her profitability according to different economic environments. Specifically, the freight
forwarder, leveraging the high efficiency and decision-making flexibility of the blockchain
platform, moderately reduces the total freight under economies of scale. This not only
enhances her fair image in the supply chain but also prevents harming the shipping
company’s interests through excessive total freight, thus promoting the overall coordination
and stability of the supply chain. Under diseconomies of scale, the freight forwarder’s
fairness concern is less effective, leading her to increase the total freight to compensate for
cost pressures. When economies of scale are relatively low and diseconomies of scale are
relatively high, the total freight under Scenario EF is lower than the total freight under
Scenario DF. In Scenario DF, the shipping company’s production cost rises dramatically
with increasing production size, prompting the freight forwarder to raise total freight to
offset her own profit loss.

Under Scenario EF, total freight is lower than under Scenario DF when economies of
scale are relatively significant and linear production cost is relatively low. At this point,
economies of scale provide considerable benefits and help the freight forwarder maintain
an efficient supply chain. When the degree of diseconomies of scale is relatively low, while
the degree of economies of scale, linear production cost, and blockchain platform cost
are all relatively high, the freight forwarder is better able to adapt to changes in market
demand and remain competitive. Therefore, in this case, the total freight under Scenario
EF is lower. Total freight under Scenario EF is lower than total freight under Scenario DF
when the degree of economies of scale, linear production cost, and diseconomies of scale
are significant. Diseconomies of scale limit the benefits associated with rising demand and
cause the shipping company’s production cost to rise non-linearly, whereas economies of
scale benefit the shipping company. Consequently, the freight forwarder may control the
total freight at a relatively low level and increase her market share due to the economies
of scale.

These findings are consistent with reality. The shipping company can efficiently control
production cost as the degree of economies of scale increases. For instance, Galanz adopts
the “economies of scale, cost leadership” strategy to improve competitiveness by reducing
average costs through increased production scale and market dominance while mitigating
the negative effects of diseconomies of scale.3 A company experiencing diseconomies of
scale needs to implement appropriate solutions to manage the situation, as these are likely
to have a negative impact on the organization. For example, Procter & Gamble concentrates
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on its most crucial product lines to minimize costs and boost efficiency when faced with
diseconomies of scale. The company also sells off or eliminates some of its brands.4

The shipping company shifts from enhanced demand-side management to cost-side
control as diseconomies of scale worsen. Under Scenario DN and Scenario DF, the shipping
company decides to raise ocean freight in an effort to reduce production cost and boost
his own reduced profit. To achieve greater profit more quickly, the freight forwarder also
decides to raise the total freight. However, this choice often reduces the freight forwarder’s
ability to compete in the market. This is due to the freight forwarder’s tendency to prioritize
her own interest over those of the market and clients, making it easy to disregard these
demands. Although raising the total freight has helped the freight forwarder achieve larger
profit in the short term, it may lead to unfavorable opinions among customers, which could
result in a loss of market share and ultimately harm its profitability.

7. Numerical Analysis
To better study the change in the profit of a single shipping company and a single

freight forwarding company in different scenarios, we use data image analysis for a clearer
understanding. This section analyzes the profitability of the shipping company and freight
forwarder under different scenarios using numerical arithmetic examples. In order to
reduce calculation errors, we use two sets of data for numerical simulation and refer to the
study of Guan et al. [57]. The parameters are set as follows: (1) β ∈ [0.1, 1) , λ ∈ [0, 1) ,
α = 0.4, b = 1, k = 10, ce = 0.3, cd = 0.8; (2) β ∈ [0.1, 1) , λ ∈ [0, 1) , α = 0.2, b = 10,
k = 15, ce = 0.5, cd = 0.5. The graphs are generated using MATLAB2021 to obtain
Figures 2–9.

7.1. Impact of Cost Factor for Blockchain Platform on the Profits of the Supply Chain Members

Figure 2 shows that, given economies of scale, the profit of the shipping company is
lower under fairness concern than under fairness neutrality. In the case of diseconomies of
scale, we still reach similar conclusions. This implies that fairness concern is considered by
the freight forwarder, impacting the shipping company’s earnings and causing a decrease in
its profit share within the supply chain. Additionally, when economies of scale and fairness
neutrality are considered, the profitability of the shipping company increases significantly.

Note that Figure 2a,b correspond to parameter set β ∈ [0.1, 1) , λ = 0.4, α = 0.4, b = 1,
k = 10, ce = 0.3, cd = 0.8. Figure 2c,d correspond to parameter set β ∈ [0.1, 1) , λ = 0.5,
α = 0.2, b = 10, k = 15, ce = 0.5, cd = 0.5. By applying the values of the parameters in
two parameter sets, we obtain a series of graphs similar to Figure 2. When comparing and
observing the graphs after the adjustment of these two groups of parameters, we find that
the patterns and trends presented by the graphs are consistent despite the different values
used for the parameters. This shows that the results are not correlated with the numerical
simulation parameters.

Figure 3 explicitly demonstrates how the cost considerations associated with the
blockchain platform impact the profitability of freight forwarder. Based on the observations
in Figure 3, it can be concluded that fairness concern can help the freight forwarder enhance
her own profit. The freight forwarder’s choice to prioritize fairness concern can help her
boost revenues through economies of scale. In the case of diseconomies of scale, we reach
the same conclusion. It also shows that the freight forwarder’s decision to prioritize fairness
concern is unaffected by the shipping company’s economies of scale or diseconomies of
scale in production. Furthermore, considering fairness concerns and economies of scale has
a major positive impact on freight forwarder’s profit.

Figure 4 depicts the variation in shipping company profit with β for economies of
scale and diseconomies of scale. The figure indicates that the shipping company’s profit
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declines with a rise in β before stabilizing. At the same time, the profit of the shipping
company under economies of scale is consistently higher than that under diseconomies
of scale. This demonstrates that a shipping company can boost his own profit by utilizing
economies of scale. It also indicates that whether the freight forwarder considers fairness
concern does not influence the shipping company’s decision to select economies of scale.

   

(a)  (b) 

 

(c)  (d) 

Figure 2. The impact of β on πs under economies of scale and diseconomies of scale. (a) Impact of β

on πEF
s and πEN

s ; (b) Impact of β on πDF
s and πDN
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s and πEN
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Figure 3. The impact of β on π f under economies of scale and diseconomies of scale. (a) Impact of β
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Figure 4. The impact of β on πs under fairness neutrality and fairness concern. (a) Impact of β on
πEN

s and πDN
s . (b) Impact of β on πEF

s and πDF
s . (c) Impact of β on πEN

s and πDN
s . (d) Impact of β on

πEF
s and πDF
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Figure 5 shows that economies of scale can help the freight forwarder increase her own
profit. Under fairness neutrality, the profit of the freight forwarder is higher when operating
under economies of scale than when operating under diseconomies of scale. The same is
true under fairness concern as well. The relationship between the freight forwarder’s input
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cost and fairness utility is illustrated in Figure 6. Under Scenario EF, low-cost input can
provide the freight forwarder with high utility, after which the freight forwarder’s utility
gradually declines to a certain level. Under Scenario DF, the utility of the freight forwarder
tends to increase when her cost input is relatively low. As the freight forwarder’s input
cost escalates, her fairness utility tends to stabilize. Not only is the freight forwarder’s
fairness utility greater under economies of scale, but it is also consistently higher than
under diseconomies of scale.

   
(a)  (b) 

   
(c)  (d) 

Figure 5. The impact of β on π f under fairness neutrality and fairness concern. (a) Impact of β on
πEN

f and πDN
f . (b) Impact of β on πEF

f and πDF
f . (c) Impact of β on πEN

f and πDN
f . (d) Impact of β on

πEF
f and πDF

f .

In conjunction with Proposition 3, it can be concluded that under economies of
scale, the profits of all supply chain members increase to some extent. This indicates
that economies of scale, as opposed to diseconomies of scale, can lead to an increase in
economic efficiency through the expansion of production scale, thus assisting supply chain
participants in increasing their profits. At the same time, economies of scale can reduce
the unit cost of production, thereby helping supply chain members effectively control
their production costs. However, this does not imply that greater production is always
superior. The marginal advantage may eventually decrease and may even approach zero
or negative value if the enterprise’s production size is increased beyond a certain point. At
this point, diseconomies of scale are likely to arise. This is not favorable to enhancing the
profitability of all parties involved in the supply chain and does not lead to optimal eco-
nomic efficiency. Before facing the challenge of diseconomies of scale, General Motors, one
of the largest automakers in the world in the 20th century, achieved significant economies
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of scale through its wide product range and extensive market penetration.5 The General
Motors case illustrates that to pursue economies of scale, companies must closely monitor
changes in the market and the development of their own management capabilities. An
excessive size of a corporation can lead to diseconomies of scale due to factors such as
rising expenses and delayed market response. Therefore, to avoid the trap of diseconomies
of scale, companies need to continually develop rational strategies and plans for expansion
based on the current state of the market and their own specific circumstances.

(a)  (b) 

Figure 6. The impact of β on U f in the presence of fairness concern. (a) Impact of β on UEF
f and UDF

f .

(b) Impact of β on UEF
f and UDF

f .

Furthermore, the downward trend observed in the curves from Figure 2 indicates
that, regardless of the situation, as the cost of the blockchain platform increases, the
profit of the freight forwarder decreases accordingly. The blockchain platform has a
comparatively low input cost during the pre-production and manufacturing phases.
During this time, the freight forwarder can boost her profit by raising the total freight
and taking other actions. The freight forwarder’s strategy of increasing total freight to
boost profit has become less successful due to the gradual rise in input cost. Therefore,
to address the current predicament, the freight forwarder begins exploring other options.
The information in the figure and earlier research demonstrate that, to boost profit, the
freight forwarder can begin by addressing the level of economies of scale and the degree
of fairness concern.

7.2. Impact of Fairness Concern on the Profits of the Supply Chain Members

Under fairness concern, Figure 7 illustrates how economies of scale and disec-
onomies of scale affect profitability of the shipping company. When the freight for-
warder considers fairness concern, the shipping company’s profitability is higher under
economies of scale than under diseconomies of scale. This indicates that, compared to the
situation of diseconomies of scale, economies of scale can significantly boost the profit of
the shipping company, further favoring its development. However, the curve in Figure 7
is decreasing regardless of whether there are economies of scale or diseconomies of scale.
This is because, in the shipping supply chain, the freight forwarder’s consideration
of fairness concern raises her profit share, while the shipping company’s profit share
decreases. Consequently, the shipping company’s profit in both cases decreases as the
level of fairness concern increases.
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(a)  (b) 

Figure 7. The impact of λ on shipping company profits under fairness concern. (a) Impact of λ on
πEF

s and πDF
s . (b) Impact of λ on πEF

s and πDF
s .

Note that Figures 7a–9a are based on parameters set as λ ∈ [0, 1) , β = 0.3, α = 0.4,
b = 1, k = 10, ce = 0.3, cd = 0.8. Figures 7b–9b are based on parameters set as λ ∈ [0, 1) ,
β = 0.6, α = 0.2, b = 10, k = 15, ce = 0.5, cd = 0.5. By comparing graphs generated with
two different sets of parameters, it can be observed that the research conclusion is not
influenced by the numerical simulation parameters.

 
(a)  (b) 

Figure 8. The impact of λ on profits of freight forwarder under fairness concern. (a) Impact of λ on
πEF

f and πDF
f . (b) Impact of λ on πEF

f and πDF
f .

When fairness concern is considered, Figures 8 and 9 illustrate how economies of scale
and diseconomies of scale influence the freight forwarder’s profit and utility. Consequently,
the profit and utility of the freight forwarder increase with the level of fairness concern.
This suggests that fairness concern can positively impact the freight forwarder, potentially
increasing her profit share in the shipping supply chain and encouraging her continued
growth. Furthermore, when economies of scale are present, fairness concern has the
greatest impact on the freight forwarder’s profitability and utility capacity. Additionally,
we observe that when the degree of fairness concern rises under Scenario EF, the freight
forwarder’s utility gradually surpasses her profit. This observation is consistent with the
freight forwarder’s behavioral decision-making framework, which incorporates fairness
concern as a pivotal factor, ultimately striving to optimize fairness utility. This is not true
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under Scenario DF. This indicates that the extent to which fairness concern has a beneficial
effect is influenced by diseconomies of scale. Therefore, the freight forwarder considers how
to utilize economies of scale and fairness concern effectively. The freight forwarder then
selects appropriate strategies to meet the decision-making objectives in order to support
the freight forwarder’s longer-term development.

   
(a)  (b) 

Figure 9. The impact of λ on utility of freight forwarder under fairness concern. (a) Impact of λ on
UEF

f and UDF
f . (b) Impact of λ on UEF

f and UDF
f .

8. Conclusions
8.1. Summary

Freight forwarders are actively pursuing strategies to address their challenges and
enhance their competitiveness within the increasingly competitive shipping industry. In
the framework of freight forwarder investing in the development and implementation of
a blockchain platform, this research examines the effects of non-linear cost of a shipping
company and fairness concern behavior of a freight forwarder on the shipping supply
chain. The conclusions of this paper are as follows.

First, in the context of economies of scale or diseconomies of scale, the freight for-
warder’s profit is more favorable under fairness concern than under fairness neutrality,
while the shipping company’s profit exhibits the opposite trend. Considering fairness con-
cern when making decisions is more advantageous to the freight forwarder’s profit if the
shipping company’s production involves economies of scale. The same applies under dis-
economies of scale. Conversely, the shipping company is unlikely to take fairness concern
into account if he experiences economies of scale or diseconomies of scale in his production.
In addition, economies of scale increase the earnings of all supply chain members.

Second, when fairness is considered, the freight forwarder’s profit and utility do
not necessarily increase in tandem with the degree of fairness concern. The profit of
the freight forwarder does not always rise in direct proportion to fairness concern when
economies of scale are present for the shipping company. When diseconomies of scale exist
for the shipping company, the utility of the freight forwarder does not always increase in
proportion to fairness concern. However, regardless of whether there are economies of
scale or diseconomies of scale, the profit of the shipping company is inversely proportional
to the degree of fairness concern.

Finally, the interaction among the degree of economies of scale, diseconomies of scale,
and fairness concern affects changes in total freight. Furthermore, the impact of fairness
concern on total freight varies in the opposite direction at different production scales. The
freight forwarder’s fairness concerns have an impact on the blockchain platform’s cost.
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Under economies of scale, the existence of fairness concerns raises the level of concern of
the freight forwarder about the cost of inputs. In the presence of diseconomies of scale,
fairness concerns can reduce the extent to which the freight forwarder is concerned about
the cost of inputs.

8.2. Management Insights

The results of this study provide some useful information for supply chain members
to address fairness concerns and non-linear production costs. We propose the following
relevant management insights.

First, when investing in and applying blockchain platforms, businesses need to balance
fairness concerns with profit consideration. When pursuing fairness in supply chain profit
distribution, enterprises may take punitive measures due to fairness concerns, such as
sacrificing their own profits, which could undermine supply chain stability. Therefore,
enterprises establish a fair profit distribution mechanism that considers the costs, risks, and
contributions of each member. This helps prevent the cooperative relationship from being
strained or ruptured due to unequal distribution while safeguarding the long-term stability
and efficient operation of the supply chain.

Second, firms should upgrade their productive capacities to enhance their core supply
chain competencies. Economies of scale are significant when production is large enough,
so firms need to expand their production capacity to take full advantage of economies of
scale to increase total supply chain profits. However, firms must be careful when expand-
ing to avoid falling into diseconomies of scale through overexpansion. Meanwhile, the
application of blockchain technology can improve production transparency and traceability
and help enterprises accurately control the scale and cost of production. When investing
in blockchain, companies should comprehensively assess its impact on cost structures,
including increases in fixed costs and changes in variable costs, to better balance costs and
benefits in production decisions.

Finally, managers must consider how economies of scale and fairness concerns in-
fluence their decisions, as well as how to calculate the appropriate level of inputs. While
an excessively high level of fairness concern may easily disturb the balance of supply
chain profits and create an uneasy situation, a relatively low level may fail to meet the
organization’s expectations. Similarly, economies of scale tend to become diseconomies
of scale if the production scale is not adequately regulated, placing the company in a new
predicament. Therefore, companies should continuously explore new ways to optimize pro-
duction processes and reduce costs using blockchain technology. Meanwhile, they should
encourage innovative collaboration within the company and among supply chain partners
to adapt to changes in non-linear production costs and the evolution of market demand.

8.3. Future Research Directions

This paper has some limitations and potential avenues for further research. First,
there are numerous one-to-two or one-to-many scenarios in the shipping logistics market.
However, this study exclusively examines a shipping supply chain involving a single
shipping company and a single freight forwarder. Second, in this paper, only the freight
forwarder has taken the fairness concern into account. However, there are situations
in which the shipping company or both parties consider fairness concerns. Therefore,
in addressing the issue of profit distribution in the shipping supply chain, it would be
beneficial to study the behavior of multiple supply chain members regarding fairness
concern. Third, fairness concern is merely one form of social preference that influences
decision-makers in this work. Other preferences, such as altruistic preferences [71] and
reciprocal preferences [72,73], might also be significant. Companies will gain a better
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understanding of the benefits and drawbacks, thereby increasing their competitiveness.
Fourth, it is important to note that in an increasingly digital and increasingly complex
shipping supply chain, the above research is limited to solutions for typical linear demand
relationships. However, the total market demand often exhibits non-linear characteristics,
suggesting that non-linear demand models provide a more accurate representation of
reality. Consequently, this discrepancy creates substantive avenues for further exploration
and theoretical development in subsequent research. Finally, in future research, to make
the model more adaptable and flexible, we can integrate new economic factors into the
current model as additional modules or partially revise the relevant models. For example,
to address the impact of inflation [74] on the cost structure, a separate cost model can
be constructed to consider its impact on purchasing, production costs, etc. This modular
approach ensures both model flexibility and ease of maintenance and updates. In summary,
these potential research directions could refine the findings of this paper and significantly
enrich the theory in this field.

Author Contributions: Conceptualization, J.H.; formal analysis, J.H.; funding acquisition, L.C.;
investigation, J.H., X.T., Y.W., C.M. and L.C.; validation, Y.W.; visualization, X.T.; writing—original
draft, J.H., X.T., Y.W., C.M. and L.C.; writing—review and editing, J.H., X.T., Y.W., C.M. and L.C. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by research grant from the National Natural Science Founda-
tion of China (No. 72102171) and the Humanities and Social Sciences Youth Foundation, Ministry of
Education of the People’s Republic of China (No. 21YJC630006).

Data Availability Statement: All relevant data are within the paper.

Conflicts of Interest: The authors declare no conflicts of interest.

Appendix A
Appendix A.1. Proof That the Formulas Are Valid

(i). Take the second partial derivative of π f = (p − w)q − 1
2 βθ2 with respect to p and

θ separately:
∂2

π f

∂2
p

= −2,
∂2

π f

∂2
θ

= −β,
∂2

π f
∂p∂θ

=
∂2

π f
∂θ∂p

= α, besides
∂2

π f

∂2
p

∂2
π f

∂2
θ

−
∂2

π f
∂p∂θ

∂2
π f

∂θ ∂p
=

2β − α2, when β > α2

2 , π f is a strictly joint concave function of p and θ.
(ii). To ensure a positive profit in all cases, we set x to represent the freight forwarder’s

markup over the wholesale price, so that p = w + x. We can get
∂2

π
EN(EF)
s
∂2

w
= −2 + ce.

When 0 < ce < 2, π
EN(EF)
s is a strictly concave function with respect to w. Similarly,

we can obtain that
∂2

π
DN(DF)
s

∂2
w

= −2 − cd < 0, so π
DN(DF)
s is a strictly concave function

with respect to w.
(iii). We find the second order partial derivatives of the fairness utility function

UEF
f = (1 + λ)

[
(p − w)q − 1

2 βθ2
]
− λ

{
wq −

[
bq + (−ceq2)

2

]}
with respect to p and θ

such that UEF
f is a joint concave function with respect to p and θ. Similar to the above,

when 0 < cd < 2(1+λ)
λ , β > (1+λ)α2

2(1+λ)−λcd
, we can obtain that UDF

f is a joint concave
function with respect to p and θ.

(iv). From Tables 4 and 5, we should make this model realistic and ensure that the profits
of the supply chain members are positive, ensuring that the shipping company and
freight forwarder do not exit the supply chain. Under Scenario EN, we suppose k > b,

0 < ce < 2 and β > α2(b+k)
−kce+2b+2k . At the same time, we suppose k > b, 0 < ce < 2

and β >
∼
β under the Scenario EF. To guarantee positive profits in all circumstances,
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we suppose k > b and β > α2

2 in Scenario DN. In Scenario DF, we suppose k > b,

0 < cd < 2(1+λ)
λ and β > α2(1+λ)

−λcd+2λ+2 .

(v). Meaning of indications used in the text:
∼
β = α2(1+λ)[(3b+k)λ+b+k]

[(−ce+2)k+b(ce+6)]λ2+[(−2ce+4)k+8b]λ+(−ce+2)k+2b .

∼
βmax =

{∼
β, α2(1+λ)

−λcd+2λ+2

}
max

.

∼
ce =

(3b+k)λ2+(4b+2k)λ+b+k
(k−b)λ2+(2λ+1)k .

∼
b = k(1+λ)2

5λ2+4λ+1 .

∼
cd =

ce[(k−b)λ2+(2λ+1)k]
λ(3bλ+kλ+b+k) .

Appendix A.2. Proof of Corollaries and Propositions

Proof of Corollary 1(a). (i). The first-order derivative of wEN with respect to ce is
β(−α2+2β)(b−k)

[(ce−4)β+2α2]
2 < 0.

(i). The first-order derivative of θEN with respect to ce is − (b−k)αβ

[(ce−4)β+2α2]
2 > 0.

(ii). Taking the first-order deviation of πEN
s and πEN

f with respect to ce, we have

∂πEN
s

∂ce
= 2β2(b−k)2

[(2ce−8)β+4α2]
2 > 0, and

∂πEN
f

∂ce
=

β2(b−k)2(α2−2β)
(2α2+βce−4β)

3 > 0. □

Proof of Corollary 1(b). Taking the first-order deviation of pEN with respect to ce, we have
∂pEN

∂ce
=

β(−α2+β)(b−k)

[(ce−4)β+2α2]
2 . Obviously, if 0 < ce <

b+k
k and α2(b+k)

−kce+2b+2k < β < α2, ∂pEN

∂ce
> 0; if

0 < ce <
b+k

k and β > α2, ∂pEN

∂ce
< 0. If b+k

k < ce < 2, ∂pEN

∂ce
< 0. □

Proof of Corollary 2. The proof is similar to Corollary 1 and is therefore omitted. □

Proof of Corollary 3.

Proof of Corollary 3(a). (i) The first-order derivative of θEF with respect to λ is
α(b−k)βce

[(4λ−ce+4)β−2α2(1+λ)]
2 < 0.

(ii) Taking the first-order deviation of πEF
s with respect to λ, we have

∂πEF
s

∂λ = − (1+λ)β{[(ce+2)β−α2]λ−α2+2β}(b−k)2

(2λ+1)2(−2α2λ−2α2+4βλ−βce+4β)
2 < 0.

(iii) Taking the first-order deviation of UEF
f with respect to λ, we have

∂UEF
f

∂λ =
(1+λ)β

{
[(ce+2)λ2+(− 3

4 ce
2+ 1

2 ce+4)λ− 1
4 ce

2− 1
2 ce+2]β2−

(1+λ)α2[(ce+4)λ− 1
2 ce+4]β

2 +
α4(1+λ)2

2

}
(b−k)2

32
[
(λ− ce

4 +1)β− α2(1+λ)
2

]3 .

To judge plus or minus, A =
[
(ce + 2)λ2 +

(
− 3

4 ce
2 + 1

2 ce + 4
)

λ − 1
4 ce

2 − 1
2 ce + 2

]
β2 −

(1+λ)α2[(ce+4)λ− 1
2 ce+4]β

2 + α4(1+λ)2

2 can be seen as a quadratic function with respect to

β. Let A = 0, and we can obtain that β1 =

(
2λce+8λ−ce+8+

√
4λ2ce2+20λce2+9ce2

)
α2(1+λ)

2(4λ2ce−3λce2+8λ2+2λce−ce2+16λ−2ce+8) ,

β2 =

(
2λce+8λ−ce+8−

√
4λ2ce2+20λce2+9ce2

)
α2(1+λ)

2(4λ2ce−3λce2+8λ2+2λce−ce2+16λ−2ce+8) . We find that β1 <
∼
β. Let B = (ce + 2)λ2 +(

− 3
4 ce

2 + 1
2 ce + 4

)
λ − 1

4 ce
2 − 1

2 ce + 2. If 0 < ce < 2, B > 0. We have
∂UEF

f
∂λ > 0. Finally, by

using the method of combination of number and shape, Corollary 3(a) (iii) is verified. □
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Proof of Corollary 3(b). Taking the first-order deviation of πEF
f with respect to λ,

we have
∂πEF

f
∂λ = −

β

{
[(ce−1)λ2+( 5

4 ce−2)λ+ 1
2 ce−1]β+ α2(1+λ)2

2

}
{[(2+(ce+2 )λ]β−α2(1+λ)}(b−k)2

[(4λ−ce+4)β−2α2(1+λ)]
3( 1

2+λ)
2 . To

judge plus or minus, C = (4λ − ce + 4)β − 2α2(1 + λ) can be seen as a monotonically

decreasing function about β. Let C = 0, β3 = 2α2(1+λ)
4λ−ce+4 . We find that β3 <

∼
β. Let

D = [(2 + (ce + 2 )λ]β − α2(1 + λ), β4 = α2(1+λ)
λce+2λ+2 can be obtained. Then we find that

β4 <
∼
β. To judge plus or minus, E =

[
(ce − 1)λ2 +

( 5
4 ce − 2

)
λ + 1

2 ce − 1
]

β + α2(1+λ)2

2 can
be seen as a monotonically decreasing function about β. Let E = 0,

β5 = − 2α2(1+λ)
2

ce(4λ2+5λ+2)−4(1+λ)2 . Then, we find that if 0 < ce < 4(1+λ)2

4λ2+5λ+2 ,
∼
β < β5; if

4(1+λ)2

4λ2+5λ+2 < ce < 2,
∼
β > β5. Sequentially, we analyze that if 0 < ce < 4(1+λ)2

4λ2+5λ+2 and
∼
β < β < β5,

∂πEF
f

∂λ < 0; if 0 < ce < 4(1+λ)2

4λ2+5λ+2 and β > β5,
∂πEF

f
∂λ > 0; if 4(1+λ)2

4λ2+5λ+2 < ce < 2,
∂πEF

f
∂λ < 0. Finally, by using the method of combination of number and shape, Corollary 3(b)

is verified. □

Proof of Corollary 3(c). Taking the first-order deviation of pEF with respect to λ, we have
∂pEF

∂λ = − βce(−α2+β)(b−k)

[(4λ−ce+4)β−2α2(1+λ)]
2 . Obviously, the symbol of ∂pEF

∂λ is determined by −α2 + β.

Thus if
∼
β < β < α2, ∂pEF

∂λ < 0; if β > α2, ∂pEF

∂λ > 0. □

Proof of Corollary 3(d). Taking the first-order deviation of wEF with respect to λ,

we have ∂wEF

∂λ = − (1+λ)[(ce−2)β+α2]{[(2+(ce+2 )λ]β−α2(1+λ)}(b−k)

2[(4λ−ce+4)β−2α2(1+λ)]
2( 1

2+λ)
2 . To judge plus or minus,

F = [(2 + (ce + 2 )λ]β − α2(1 + λ) can be seen as a monotonically decreasing function

about λ. Let F = 0, and we can obtain that β4 = α2(1+λ)
λce+2λ+2 . Then we find that β4 <

∼
β. Let

G = (ce − 2)β + α2, and β6 = − α2

ce−2 can be obtained. Then we find that β6 >
∼
β. Finally, by

using the method of combination of number and shape, we obtain that if
∼
β < β < α2

2−ce
,

∂wEF

∂λ > 0; if β > α2

2−ce
, ∂wEF

∂λ < 0. □

Proof of Proposition 1.

Proof of Proposition 1(a). Comparing the ocean freight under the EF scenario with that

under the EN scenario, we have wEF − wEN =
λ[(−λce−4λ−4)β+2α2(1+λ)][(ce−2)β+α2](b−k)
[(ce−4λ−4)β+2α2(1+λ)][(ce−4)β+2α2](2λ+1) .

Let H = (−λce − 4λ − 4)β + 2α2(1 + λ), I = (ce − 4)β + 2α2, and we have wEF − wEN =
λHG(b−k)
−CI(2λ+1) . Let H = 0, and β7 = 2α2(1+λ)

λce+4λ+4 can be obtained. Let I = 0, β8 = − 2α2

ce−4 can

be obtained. Then we find that β6 > α2(b+k)
−kce+2b+2k , β7 < α2(b+k)

−kce+2b+2k , and β8 < α2(b+k)
−kce+2b+2k .

Thereby, if α2(b+k)
−kce+2b+2k < β < α2

2−ce
, wEF > wEN ; if β > α2

2−ce
, wEF < wEN . □

Proof of Proposition 1(b). Comparing the total freight under the EF scenario with that

under the EN scenario, we have pEF − pEN =
βλce(−α2+β)(b−k)

CI . Here C = (4λ − ce + 4)β −
2α2(1 + λ), I = (ce − 4)β + 2α2. Similar to Corollary 1(b), our analysis shows that if

0 < ce <
b+k

k and α2(b+k)
−kce+2b+2k < β < α2, pEN > pEF; if 0 < ce <

b+k
k and β > α2, pEN < pEF;

if b+k
k < ce < 2, pEN < pEF. Proposition 1(b) is proven. □

Proof of Proposition 1(c). (i) For comparing the value of a blockchain platform for
shipping logistics, we have θEN − θEF = − (b−k)αβλce

[(4λ−ce+4)β−2α2(1+λ)][(ce−4)β+2α2]
= − (b−k)αβλce

CI .

Here C = (4λ − ce + 4)β − 2α2(1 + λ) can be seen as a monotonically increasing function
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about β. And I = (ce − 4)β + 2α2 can be seen as a monotonically increasing function about
β. Thus, its functional value is always greater than zero, and then θEN − θEF > 0.

(ii) For comparing the shipping company’s profit, we have πEN
s − πEF

s =

− β(b−k)2λ[2α2(1+λ)−(4λ+λce+4)β]
2(1+2λ)[(ce−4λ−4)β+2α2(1+λ)][(ce−4)β+2α2]

= β(b−k)2λH
2(1+2λ)CI . Here C = (4λ − ce + 4)β −

2α2(1 + λ), H = (−λce − 4λ − 4)β + 2α2(1 + λ), and I = (ce − 4)β + 2α2. Thus, its func-
tional value is always greater than zero, and then πEN

s > πEF
s . Subsequently, summarizing

the above results, Proposition 1(c) (ii) is proved. □

Proofs of Corollaries 4–6. The proofs of Corollaries 4–6 are similar to those of Corollaries
1–3. We omit them. □

Proofs of Propositions 2–4. The proofs of Propositions 2–4 are similar to those of Proposi-
tion 1. We omit them. □

Notes
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3 https://www.sciencedirect.com/science/article/abs/pii/S0377221721003258 (accessed on 25 May 2025)
4 https://drpress.org/ojs/index.php/HBEM/article/view/14832 (accessed on25 May 2025)
5 https://escholarship.org/uc/item/58h69717 (accessed on 25 May 2025)
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