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Optimization of green-pricing
strategies for two-sided
marine freight platforms
with network externality
and multihoming effects
Weisi Zhang, Lulu Ji and Wen Chen*

Institute of Logistics Science and Engineering, Shanghai Maritime University, Shanghai, China
Two-sided marine freight platforms attract massive participation from shippers and

carriers through efficient matching of shipping demand and capacity resources.

While intensifying market competition has driven these platforms to prioritize

greenness level alongside pricing strategies, adopting hybrid revenue models

(e.g., commission rate and membership fees), their operational dynamics under

network externality and multihoming effects remain underexplored. This paper

establishes three platform scenarios (monopoly, competitive single-homing, and

competitive multihoming) and investigates the optimization of green-pricing

strategies. The results demonstrate that: A monopoly platform maximizes profit

under low commission rates, whereas in competitive multihoming scenarios, one

platform dominates by strategically sacrificing its rival’s profit; High freight rate

consistently favors monopolistic platforms regardless of transaction frequency,

while low freight rate enables Pareto optimality through single-homing on both

sides; When shippers exhibit low sensitivity to greenness level and weak network

externalities, competitive multihoming emerges as optimal. These findings provide

actionable insights for platform differentiation, green-pricing governance, and

sustainable competition in evolving digital freight markets. This study provides a

decision-making framework for optimizing the operations of marine freight

platforms in sustainable market environments.
KEYWORDS

two-sided market, marine freight platform, greenness level, pricing strategy,
Stackelberg game
1 Introduction

1.1 Background

As a pivotal link in logistics networks, marine platforms play a critical role in

facilitating seamless transportation and optimizing supply chain operations (Tufano

et al., 2023). Two-sided marine platforms connect shippers and carriers, acting as

intermediaries that facilitate demand-supply matching through services like dynamic
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fmars.2025.1601322/full
https://www.frontiersin.org/articles/10.3389/fmars.2025.1601322/full
https://www.frontiersin.org/articles/10.3389/fmars.2025.1601322/full
https://www.frontiersin.org/articles/10.3389/fmars.2025.1601322/full
https://www.frontiersin.org/articles/10.3389/fmars.2025.1601322/full
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fmars.2025.1601322&domain=pdf&date_stamp=2025-06-10
mailto:chenwenshhs@163.com
https://doi.org/10.3389/fmars.2025.1601322
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/marine-science#editorial-board
https://www.frontiersin.org/marine-science#editorial-board
https://doi.org/10.3389/fmars.2025.1601322
https://www.frontiersin.org/journals/marine-science


Zhang et al. 10.3389/fmars.2025.1601322
pricing, real-time tracking, and capacity management. Unlike

traditional companies that focus on a single service, two-sided

marine platforms offer a flexible marketplace where shippers can

select from multiple carriers. Recent studies, such as those by Li

et al. (2024) and Wang et al. (2023), highlight the increasing

importance of these platforms in improving logistics efficiency

and reducing market frictions, especially in the context of green-

pricing strategies. Two-sided marine freight platforms such as Shipa

Freight and Flexport have rapidly risen in their respective segments,

forming a relatively mature market landscape. These two-sided

marine freight platforms, by consolidating freight and capacity

information across the country, are capable of efficiently

matching shippers’ demands with carriers’ supplies in a short

period (Guo et al., 2022). Despite the rapid development of two-

sided marine freight platforms, they are also facing challenges such

as intensifying homogenized competition and insufficient user

stickiness (Deng et al., 2023; Wang et al., 2024). To address these

challenges, shipping platform companies are actively exploring

differentiated competitive strategies, with pricing strategies

emerging as a core element of platform competition. Currently,

marine freight platforms commonly adopt a commission-based fee

model. To enhance user stickiness and platform revenue, some

platforms have begun experimenting with differentiated pricing

strategies such as membership systems. For instance, Flexport has

introduced a membership system for freight forwarders, offering

priority booking and customized logistics solutions to attract users;

Freightos, on the other hand, has launched a subscription-based

model for shippers, providing real-time freight rate comparisons

and market analytics to improve user retention.

However, relying solely on pricing strategies and differentiated

pricing mechanisms, such as membership fees and commission

rates, cannot fully alleviate the competitive pressures faced by

two-sided marine freight platforms. In this context, the level of

greenness plays a vital role. Specifically, it measures the extent to

which the platform itself promotes sustainability through actions

such as incentivizing carriers to adopt eco-friendly technologies,

offering low-carbon transportation options, and integrating green

practices into platform operations. For instance, Flexport, as a

two-sided marine platform, promotes the use of sustainable

energy through its green logistics solutions, while Freightos

offers low-carbon transportation options by providing real-time

freight rate comparisons and market analytics. These examples

emphasize the growing importance of both greenness and pricing

strategies in shaping platform competitiveness. Therefore, the

optimization of green-pricing strategies for two-sided marine

freight platforms with network externality and multihoming

effects has become a focal topic for both theoretical and

practical attention.
1.2 Research questions

The pricing issue of two-sided marine freight platforms has

become a focal point of research both domestically and

internationally. Existing studies have provided significant
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theoretical support for understanding their pricing mechanisms,

yet limitations remain: First, while previous studies have provided

valuable theoretical insights, they often abstract away from certain

practical characteristics of two-sided marine freight platforms, such

as price elasticity, network externalities, and green service

incentives. This study attempts to address these aspects through a

stylized yet more application-oriented modeling approach. Second,

the current literature predominantly focuses on technical issues

such as route optimization, vehicle-cargo matching, and scheduling,

with insufficient in-depth research on pricing strategies. Our work

fills this void by systematically analyzing pricing strategies under

different market scenarios. Lastly, while previous studies have

identified important factors such as fee structure design,

differentiated service strategies, platform subsidy mechanisms,

and logistics service efforts, there is a lack of a systematic and

integrated analysis that connects these elements with the greenness

level and pricing strategies on two-sided marine freight platforms.

This paper bridges that gap by integrating these factors into a

unified framework to optimize pricing and greenness level decisions

in complex market environments.

This paper constructs a two-sided marine platform that

connects shippers and carriers, focusing on the optimization of

green-pricing strategies for two-sided marine freight platforms with

network externalities and multihoming effects. The main research

questions addressed in this paper are as follows: (1) How does the

platform’s commission rate affect the profits of the two-sided

marine freight platform? (2) What is the impact of freight rate

and the number of transactions on platform profits? (3) How do

shippers’ sensitivity to greenness level and network externalities

influence the greenness level and platform profits?
1.3 Main findings and contribution

This study examines the impact of different market competition

and user attribution on the profitability of two-sided marine freight

platforms. The main findings indicate that when the commission

rate is low, the freight platform achieves maximum profit under

monopoly conditions. Conversely, under multi-homing scenarios,

one platform maximizes its profit at the expense of the other.

Regardless of the number of transactions, when the single freight

rate is high, the profit of the freight platform under monopoly

conditions remains the highest. When the single freight rate is low,

single-homing on both sides can achieve Pareto optimality.

Additionally, when both the shipper’s sensitivity to greenness

level and network externalities are low, the two-sided marine

freight platform opts for a multihoming on one side only model.

The contributions of this paper are summarized as follows: First,

this paper makes a significant theoretical contribution by applying the

concept of green-pricing strategy optimization to the emerging field of

two-sided marine freight platforms. While the existing literature has

predominantly focused on platform construction and regulation, there

has been limited research on how two-sided market dynamics and

green-pricing strategies specifically intersect within the marine freight

sector. By integrating two-sided market theory into our analysis, this
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study provides novel insights into the optimization of green-pricing

strategies and addresses a gap in the literature. Second, the study goes

beyond the typical focus on single revenue models (such as

membership fees or commission rates) by exploring hybrid revenue

models, where both membership fees and commission rates are

utilized. This more realistic approach mirrors the operational

strategies of real-world platforms and adds a layer of practical

relevance to the research. It allows for a deeper understanding of

how platforms can optimize pricing strategies, especially in the context

of greenness. Lastly, we examine the impact of different market

structures, such as monopoly and competitive environments, on

platform pricing and greenness strategies. Additionally, we

introduce the scenario where shippers can multi-homing, but

carriers are restricted to single-homing, which better reflects real-

world market dynamics and regulatory constraints. This aspect of the

study provides valuable insights into platform differentiation,

competition, and sustainability in digital freight markets.

The remainder of this paper is organized as follows. Section 2

reviews the relevant literature. Section 3 presents the problem

description and model formulation. Section 4 analyzes the green-

pricing strategies of two-sided maritime freight platforms under

both monopoly and competitive market scenarios. Section 5

provides a comparative analysis of the monopoly and competitive

market models. Section 6 discusses the findings, compares them

with existing literature, and outlines implications, limitations, and

future research directions. Section 7 concludes the paper, with

proofs provided in the appendix.
2 Literature review

In recent years, with the rapid development of two-sided marine

freight platforms, there has been a growing body of literature

examining the pricing strategies of these platforms. The literature

relevant to this paper primarily encompasses three areas: pricing

mechanisms in two-sided platforms, sustainability and green

initiatives in marine logistics, and network externalities and

multihoming behaviors.
2.1 Pricing mechanisms in two-sided
platforms

The pricing strategies of two-sided platforms typically involve

complex interactions between multiple stakeholder groups, aiming to

enhance competitiveness. Xu et al. (2021) investigated the

equilibriums of platform encroachment and price matching in a

sea-cargo supply chain with a liner company and two asymmetric

forwarders. Xu et al. (2020) segmented users into new and existing

customers, as well as low-cost and high-cost categories, and

implemented discriminatory pricing. In the study of pricing

decisions for network freight platforms, Zhang and Gao (2021)

examined a two-period pricing game model supported by

blockchain technology, analyzing the network effects between

competing platforms. Guo et al. (2022) proposed an improved
Frontiers in Marine Science 03
mechanism considering heterogeneous transaction costs, where

platforms determine transaction prices and match supply and

demand based on bids from shippers and carriers. Yang et al.

(2023) utilized generalized linear models to analyze the impact of

factors such as transportation distance and cargo weight on freight

insurance pricing. Sui et al. (2024) studied the two-sided dynamic

pricing strategies of competing platforms when offering value-added

services.While the above studies emphasize user segmentation pricing

as well as platform competition and dynamic pricing, this paper

focuses on the composite membership and transaction fees charged by

platforms to shippers and carriers.
2.2 Sustainability and green initiatives in
marine logistics

With the growing global concern over climate change, the

sustainable development of the marine logistics industry has come

into focus. Research has shown that successful operation of a green

marine freight platform requires the collaborative participation of

shippers and carriers, and relies on the platform’s own initiatives to

promote sustainable development (Wang et al., 2023). Blockchain

technology plays a crucial role in enhancing transparency and trust, as

its implementation in marine platforms enables reliable carbon

emission tracking (Lu et al., 2024). Besides, Li et al. (2024)

employed the Hotelling model to analyze two-sided marine

platform pricing strategies to incentivize carriers to adopt more

environmentally friendly practices. In addition, advances in digital

and smart lifecycle management of green ports, such as optimization

of waste discharge and shipping management systems, contribute to

the overall sustainability of marine logistics (Zhang et al., 2024). Liu

et al. (2025) conducted a comparative analysis of profits and carbon

emissions, further demonstrating that carbon emissions can be

reduced while improving the profitability of the marine supply

chain. The above study points out that the green transformation of

the marine industry needs to integrate technological innovation,

policy guidance and multi-party collaboration in order to realize the

synergistic development of economic benefits and ecological

protection. On this basis, this study innovatively constructs an

economic analysis model that includes the level of greenness,

focusing on the mechanism of the greenness level of two-sided

marine freight platforms on their profits.
2.3 Network externalities and multihoming
behaviors

Research on two-sided markets primarily revolve around core

characteristics such as network externalities and user affiliation. In

terms of network externalities, scholars have examined both within-

group and cross-group network externalities. Chu and Manchanda

(2016) found that in C2C platforms, the impact of the seller’s user base

on buyers initially increases and then decreases, while the cross-group

network externality effect of buyers on sellers remains relatively stable.

Kung and Zhong (2017) utilized game theorymodels to study the two-
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sided pricing strategies of delivery platforms, integrating the sharing

economy and network externalities.

Regarding user affiliation, Jeitschko and Tremblay (2020)

investigated the choices passengers make between single-homing

and multi-homing. Bernstein et al. (2021) analyzed scenarios where

drivers provide services on either a single platform or dual

platforms. Similarly, Guo et al. (2023) constructed a model for

ride-sharing platforms to explore the impact of drivers’ multi-

homing behavior on platform market share and driver welfare.

Building on these studies, this paper integrates user affiliation with

two-sided platforms to explore issues of single-homing and partial

multi-homing of two-sided users in two-sided markets.
2.4 Summary of the related literature

In terms of pricing mechanisms, scholars’ studies on user

segmentation pricing, blockchain dynamic pricing, and bidding

and trading mechanisms have generally ignored the impact of

composite fee structures on platform profits while promoting the

development of platform competition theory. In the field of

sustainable development research, scholars’ analyses of green port

digitization emphasize the importance of technological innovation

and policy coordination for marine emissions reduction while using

Stackelberg game results to study carbon reduction trade-offs, but

less often combine environmental factors with platform pricing. In

terms of network effects and user attribution, analyses of green port

digitization and the results of using the Stackelberg game to study

carbon emission reduction trade-offs both emphasize the

importance of technological innovation and policy coordination

for marine emission reduction, but less often combine

environmental factors with platform pricing dynamics.

However, there are obvious limitations in existing studies: most

prior work tends to analyze pricing strategies or greenness levels in

isolation without considering their interactions under bilateral

market dynamics. In contrast, our study combines pricing

strategies with greenness decisions while considering the unique
Frontiers in Marine Science 04
characteristics of marine freight platforms, such as high freight cost

elasticity, user multi-attribution, and network effects. In addition,

prior studies have typically neglected systematic research that

interacts greenness incentives with different market structures,

such as monopoly, single-homing, and multihoming competition.

By constructing an analytical framework that integrates pricing

mechanisms, greenness level, and network externalities while taking

into account the unique characteristics of two-sided marine freight

platforms, this study provides new theoretical and practical insights

into the rapidly evolving marine freight platform economy.

To clearly demonstrate the distinctions between this paper’s

research and previous studies, Table 1 highlights the main

contributions of this paper, covering categories such as two-sided

marine platform, freight platform, pricing mechanisms,

sustainability and green initiatives, and affiliation behavior.
3 Problem description and model
formulation

This paper develops a two-sided marine platform that connects

shippers (s) and carriers (c), focusing on the optimization of green-

pricing strategies for these platforms with network externalities and

multihoming effects. The model examines two distinct market

structures: monopoly and competitive duopoly for two-sided

marine freight platforms. Specifically, under the monopoly

scenario, a single platform dominates the market with full pricing

power, serving as the exclusive intermediary between shippers and

carriers who have no alternative options. The monopoly platform

strategically optimizes its pricing and greenness level to maximize

profits without competitive pressure. In contrast, the competitive

duopoly scenario features two platforms vying for users through

strategic interactions in pricing and sustainability investments.

Here, user affiliation follows two patterns: single-homing on both

sides, where both shippers and carriers exclusively join one

plat form due to contractual obl igat ions or plat form

differentiation; and multi-homing on one side only, where
TABLE 1 Comparison of our study with existing related researches.

Authors
Two-sided
marine market

Freight
platform

Pricing
mechanisms

Sustainability and
green initiatives

Attribution
behavior

Yang et al. (2023) ✓ ✓

Guo et al. (2023) ✓ ✓

Bernstein et al. (2021) ✓ ✓

Li et al. (2024) ✓ ✓ ✓

Lu et al. (2024) ✓ ✓

Liu et al. (2025) ✓ ✓

Cai et al. (2023) ✓ ✓

Xu et al. (2021) ✓ ✓

This paper ✓ ✓ ✓ ✓ ✓
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shippers participate on both platforms simultaneously while

carriers typically remain single-homing due to operational

constraints like exclusivity agreements. This asymmetric multi-

homing reflects real-world dynamics, where freight forwarders

(shippers) leverage multiple platforms for flexibility, while

transport providers (carriers) commit to single platforms for

operational efficiency. This paper explores situations involving

single-homing on both sides and multihoming on one side only,

while also analyzing the impact of the platform’s greenness level on

the participants’ choices. By comparing these three models, the

paper provides valuable insights into the interactions between the

various participants and how environmental sustainability factors

influence these dynamics. This comprehensive analysis offers a

deeper understanding of the complex relationships within two-

sided marine freight platforms, as illustrated in Figure 1.
3.1 Model parameter symbols

This study examines competition in two-sided marine freight

platforms by adapting the classical Hotelling linear city model to

account for platform-specific dynamics. While drawing on

Hotelling’s fundamental framework of service providers located at

endpoints with uniformly distributed users along a unit interval, we

reconceptualize this spatial competition model to capture the

unique network effects in marine platform markets.

The two-sided marine platform exhibits distinctive cross-group

externalities, where value creation differs from Hotelling’s original

conception. Unlike the conventional model where value derives

from physical proximity, marine platform value emerges through

interdependent participation. Specifically, shippers gain utility from

increased carrier presence through enhanced service options and

competitive pricing, while carriers benefit from greater shipper

participation via higher order volumes and improved capacity

utilization. We quantify these reciprocal effects through a

symmetric coefficient b, the cross-network externality coefficient

between platform users, which maintains the Hotelling tradition of

parsimonious parameterization while capturing the platform’s

essential characteristic of balanced, mutual influence between sides.
Frontiers in Marine Science 05
We define t as a mismatching cost coefficient to measure the

platform’s efficiency in reducing search and coordination frictions

(Zhang et al., 2023), thereby enabling the quantification of efficiency

gains from the platform’s matching and coordination services. The

mismatch cost coefficient for shippers and carriers is assumed to be

sufficiently large, satisfying t > b , indicating that user preferences

are not dominated by network effects (Jung et al., 2019; Xie et al.,

2021). For model simplicity, the fixed costs of carriers providing

services are not considered.

This paper introduces the greenness level qj to measure the

platform’s efforts in implementing green policies and providing

sustainable services (Cai et al., 2023). We assume the platform’s cost

function for providing greenness level follows a quadratic form to

satisfy the cost convexity principle, i.e., C(qj) = (qj)2

2 . This convex

and monotonically increasing cost structure aligns with

fundamental microeconomic assumptions and has been widely

adopted in related literature (Sarkar and Bhala, 2021; Huang

et al., 2021). The parameter q represents shippers’ sensitivity

coefficient to the platform’s greenness level, capturing how their

utility responds to environmental improvements.

For each completed order, the platform deducts a certain

proportion k as commission, where k ∈ (0, 0:5) (Li and Wu,

2024; Yuan et al., 2024). We use l to denote the number of

transactions and use njs, n
j
c to denote the number of users. We

assume that the number of shippers and the number of transactions

is not equivalent or proportional. This distinction arises because not

all shippers participate in the platform with the same frequency or

the same volume of transactions. The membership fees paid by

shippers and carriers are denoted by pjs and pjc, respectively. The

freight rate p refers to the payment per unit of goods that shippers

pay carriers for transportation services. All notations are

summarized in Table 2.
3.2 Utility of shippers

In a monopoly market, shippers seek carriers on the platform to

transport goods and have certain requirements for the greenness level

provided by the platform. Therefore, the shipper utility function
FIGURE 1

Market structure of the two-sided marine freight platforms (Monopoly, Single-homing on both sides and Multihoming on one side only).
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consists of positive and negative utilities. The positive utility consists of

the cross network externality that the carrier brings to the shipper bnc,
and the greenness level of the platform qq; the negative utility consists
of unit transaction membership fee charged by the platform to the

shipper ps
l , the freight rate p, and the transaction costs tx. Besides, unit

transaction membership fee ps
l is based on the idea that shippers

perceive the membership fee as a cost spread across the number of

transactions they make. Consequently, the utility function of shippers

is given by uMs = bnc − p + qq − ps
l − tx (Wang et al., 2024; Guo et al.,

2022). x is characterized by uMs = 0, representing the shippers’

transaction distance.

In the single-homing scenario, where each shipper and each

carrier exclusively chooses one platform (either platform 1 or

platform 2), with full market participation on both sides, the

utility of shippers are uCS1s = bn1c − p + qq1 −
p1s
l1

− tx, uCS2s = bn2c −
p + qq2 −

p2s
l2

− t(1 − x). x is characterized by uCS1s = uCS2s , where x is

the ‘‘intersection’’ of the two utility functions, representing the

decision maker’s satisfaction with the outcome for that choice.

In the multi-homing scenario, where shippers may join both

platforms while carriers remain exclusive to a single platform, with

all market participants served, the utility function for multi-homing

shippers is uCM1s&2s = b − 2p + qq1 + qq2 −
p1s
l1

− p2s
l2

− t = uCM1s + uCM2s .

It is preferable for shipper to join both platforms when both uCM1s >
Frontiers in Marine Science 06
0 and uCM2s > 0. Therefore, all shippers x < x1 choose to join

platform 1, where x1 is characterized by uCM1s = 0. All shippers x >

x2 choose to join platform 2, where x2 is characterized by uCM2s = 0.

Shippers x ∈ (x2, x1) multihoming (Bakos and Halaburda, 2020).
3.3 Utility of carriers

From the perspective of carriers, the service provider is the

platform. Therefore, carriers also need to pay the unit transaction

membership fee pc
l . It is assumed that only shippers perceive

platform quality, while carriers rely on the platform to obtain

transaction opportunities. Taking Didi Freight as an example,

shippers are sensitive to greenness level and may switch to other

platforms if their experience is poor; carriers, on the other hand, are

more concerned about order volume and income, and may stay on

the platform even if the experience is mediocre due to the volume of

orders. Therefore, this paper does not consider the fixed costs of

carriers or their positive utility perception of the platform’s

greenness level. The utility function of carriers in a monopoly

market is uMc = bns + (1 − k)p − pc
l − ty. y is characterized by uMc = 0

, indicating the carriers’ transaction distance.

In a competitive market, considering real-world scenarios

where platforms require carriers to affix exclusive labels on their

vehicles, the affiliation on the carrier side is unidirectional. The

utility functions of carriers on platform 1 and platform 2 are u1c =

bn1s + (1 − k)p − p1c
l1

− ty and u2c = bn2s + (1 − k)p − p2c
l2

− t(1 − y),

respectively. y is characterized by u1c = u2c.
3.4 Profit of two-sided marine freight
platforms

Only when the user utility (i.e., u) is greater than 0 will shippers

and carriers join the two-sidedmarine freight platform. The platform’s

profit consists of four components: the membership fees collected

from shippers pjsn
j
s, the membership fees collected from carriers pjcn

j
c,

the commission earned from each transaction kpl, and the

investment cost in greenness level (qj)2

2 . Therefore, the profit

function for platform can be expressed as p j = pjsn
j
s + pjcn

j
c + kpl −

(qj)2

2 , where (qj)2

2 represents the cost of providing greenness level.
3.5 Sequence of the events

This paper employs the backward induction method. In the first

stage, the platform aims to maximize profit and determines the

platform greenness level q. In the second stage, the platform decides

on the membership fees ps and pc for shippers and carriers. In the

third stage, shippers and carriers simultaneously decide whether to

join the platform based on the platform’s decisions. In the fourth

stage, the platform determines the scale of the two-sided user base.

The specific process is illustrated in Figure 2.
TABLE 2 Summary of notations.

Notation Description

Parameter

b Cross-network externality coefficient between platform users

q Shipper’s sensitivity coefficient to platform greenness level

p Freight rate

x Shipper’s transaction distance (cost), uniformly distributed
over [0,1]

y Carrier’s transaction distance (cost), uniformly distributed
over [0,1]

t Coefficient of the mismatching cost

k Platform commission rate

l Number of transactions

p Platform profit

Decision variables

qj Platform greenness level

njs Number of shippers

njc Number of carriers

pjs Membership fee paid by shippers

pjc Membership fee paid by carriers

Superscript

j Scenario models are denoted by j={M, CS, CM}
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4 Pricing strategy for two-sided
marine freight platforms

4.1 Under monopoly market (M)

This section explores the pricing strategy of two-sided marine

freight platforms under monopoly market. As the sole service

provider, the platform holds significant market power, with its

core objective being to maximize profit through pricing strategies.

However, unlike traditional monopoly markets, the two-sided

market characteristics of freight platforms make pricing strategies

more complex. The platform must simultaneously consider the

demands of both shippers and carriers and attract and maintain the

participation of both user groups through reasonable pricing.

In this scenario, the utility function of shippers is uMs =

bnMc − p + qqM − pMs
l − tx. When uMs > 0, shippers join the

platform, and thus nMs = prob x ≤
bnMc −p+qqM−

pMs
l

t

� �
=

bnMc −p+qqM−
pMs
l

t .

The utility function of carriers is uMc = bnMs + (1 − k)p − pMc
l − ty.

When uMc > 0, carriers join the platform, and thus nMc = prob

y ≤
bnMs +(1−k)p−

pMc
l

t

� �
=

bnMs +(1−k)p−
pMc
l

t . Therefore, the profit of the

two-sided marine freight platform can be expressed by Equation 1:

pM(qM , pMs , p
M
c ) = pMs n

M
s + pMc n

M
c + kpl − (qM )2

2
(1)

The profit of the two-sided marine freight platform consists of

four components: the membership fees collected from shippers and

carriers pMs n
M
s + pMc n

M
c , the commission income from transactions

kpl, and the investment cost in greenness level (qM )2

2 .

Lemma 1. The platform’s optimal greenness level is qM* =
lpq(t−b+bk)
2b2−2t2+ltq2 , the optimal pricing for shippers is p

M*
s = l

2 (
lpq2(t−b+bk)
2b2−2t2+ltq2

−p) and the optimal pricing for carriers is p
M*
c = lp(1−k)

2 . The optimal

scale of shippers on the two-sided marine freight platform is n
M*
s =

lpq2(t−b+bk)
2b2−2t2+ltq2 , the optimal scale of carriers is n

M*
c = p(2b−2t+2kt+lq2−klq2)

4b2−4t2+2ltq2

a n d t h e p l a t f o r m ′ s o p t i m a l p r o fi t i s pM* =
lp(8b2k−4pbk+4pb−2pk2t+lpk2q2−8kt2+4lktq2+4pkt−2lpkq2−4pt+lpq2)

4(2b2−2t2+ltq2) .

Note: The superscript ∗ denotes the equilibrium solution. For

the proof of Lemma 1, please refer to the appendix.

Corollary 1. Under this model, the impacts of the platform’s

commission rate k, the shipper′s sensitivity coefficient to platform

greenness level q, and the number of transactions l on the

equilibrium outcomes are as follows:
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1. If l > 2(t2−b2)
tq2 , ∂ qM*

∂ k > 0, ∂ p
M*
s
∂ k > 0, ∂ p

M*
c
∂ k < 0; if 0 < k <

− −4b2+2pb+4t2−2ltq2−2pt+lpq2

p(2t−lq2) , ∂ pM*
∂ k > 0.

2. ∂ n
M*
s

∂ q < 0, ∂ n
M*
c

∂ q < 0.

3. ∂ p
M*
s

∂ l > 0, ∂ p
M*
c

∂ l > 0.
Corollary 1 reveals that as the platform commission rate increases,

the greenness level and platform profits increase. This is because the

platform’s increased commission rate directly boosts its revenue,

providing more resources for green initiatives. The enhanced

greenness level, in turn, strengthens the platform’s appeal, making

environmentally conscious shippers willing to pay higher membership

fees. Meanwhile, the platform can maintain carrier engagement by

appropriately reducing their fees, thereby balancing the ecosystem’s

stability. This mechanism exemplifies a typical “reinvesting profits”

model, where the platform leverages profitability from its core

business to support sustainable development strategies, achieving

synergistic growth of commercial and environmental value.

When shippers’ sensitivity to the platform’s greenness level

increases, the number of both shippers and carriers may decline. If

the platform fails to rapidly improve its green performance to meet

shippers’ higher environmental expectations, some users may

churn, leading to carrier attrition and ultimately reducing overall

user scale. This phenomenon reveals that the marine industry is

facing a competitive trend in terms of environmental standards, and

that platforms that fail to continuously optimize their green

strategies may fall into the “innovator’s dilemma”: it is difficult to

meet the needs of shippers with high environmental requirements,

and the scale of their operations will shrink, making them less

attractive to carriers. From the perspective of management practice,

platform operators need to establish a dynamic monitoring

mechanism to capture changes in users’ green preferences in a

timely manner, and improve environmental performance through

technological innovation and operational optimization. At the same

time, platforms should also rationally allocate resources and seek a

balance between short-term cost investment and long-term

competitiveness cultivation, such as maintaining market

competitiveness through phased implementation of green

technology renovation and establishment of environmental

premium mechanisms.

As the number of transactions grows, users’ membership fees

also increase, and the platform may implement a “price
FIGURE 2

Decision-making sequence of two-sided marine freight platforms.
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discrimination” strategy for high-frequency users, charging a

premium to those with higher dependency. High-frequency users

tend to be less price-sensitive, allowing the platform to employ

anchoring effects and tiered membership systems to implement

value-based pricing and justify premium charges. Additionally, for

shippers with strong green preferences, differentiated payment

plans (such as green membership surcharges) can be designed to

maximize their willingness to pay. This structured pricing approach

not only boosts platform revenue but also funds green investments,

ultimately fostering a virtuous cycle between business sustainability

and environmental governance.
4.2 Under competitive markets (C)

As market competition intensifies, platforms transition from

monopoly to competitive two-sided marine freight platforms. In

competitive platforms, shippers can freely choose among platforms,

while platforms restrict carriers from accepting orders on multiple

platforms through non-compete agreements, branding measures,

and other strategies to lock in capacity. Although these strategies

help consolidate capacity resources in the short term, they also

increase user mobility across platforms, highlighting the issue of

user affiliation. The problem of user affiliation not only affects the

platform’s user base and market share but also directly impacts

pricing strategies and profitability. Therefore, this section will

explore the pricing strategies of two-sided marine freight

platforms in competitive markets, divided into two scenarios:

single-homing on both sides and multihoming on one side only.

4.2.1 Single-homing on both sides (CS)
In the case of single-homing on both sides, both shippers and

carriers can only join one of the platforms. The utility functions of

shippers on platform 1 and platform 2 are uCS1s = bnCS1c − p + qqCS1 −
pCS1s
l1

− tx and uCS2s = bnCS2c − p + qqCS2 − pCS2s
l2

− t(1 − x), respectively. The

utility functions of carriers on platform 1 and platform 2 are uCS1c =

bnCS1s + (1 − k)p − pCS1c
l1

− ty and uCS2c = bnCS2s + (1 − k)p − pCS2c
l2

− t(1 − y),

respectively. Therefore, the profit of the two-sided marine freight

platform can be expressed by Equations 2 and 3:

pCS
1 (pCS1s , p

CS
1c , q

CS
1 ) = pCS1s n

CS
1s + pCS1c n

CS
1c + kpl1 −

(qCS1 )2

2
(2)

pCS
2 (pCS2s , p

CS
2c , q

CS
2 ) = pCS2s n

CS
2s + pCS2c n

CS
2c + kpl2 −

(qCS2 )2

2
(3)

The profit of the two-sided marine freight platform consists of

the membership fees charged to shippers and carriers pCS1s n
CS
1s +

pCS1c n
CS
1c and pCS2s n

CS
2s + pCS2c n

CS
2c , the proportional fees extracted from

each transaction kpl1 and kpl2, and the platform’s investment costs

in greenness level (qCS1 )2

2 and (qCS2 )2

2 . At this point, nCS1s + nCS2s = 1, nCS1c +

nCS2c = 1 (Xie et al., 2021; Zhang et al., 2023).

Lemma 2. Under this model, the optimal greenness level

levels for the platform are q
CS*
1 = l1q(5b2−5t2+l2tq2)

16(b2−t2)+tq2(l1+2l2)
, q

CS*
2 =

l2q(6b2−6t2+l1tq2)
16(b2−t2)+tq2(l1+2l2

. The optimal membership fee for shippers are p
CS*
1s

= l1(t−b)(80b2−80t2−5bl1q2+6bl2q2+16l2tq2)
4(16b2−16t2+l1tq2+2l2tq2) , p

CS*
2s =

l2(t−b)(48b2−48t2+5bl1q2−6bl2q2+8l1tq2)
32b2−32t2+2l1tq2+4l2tq2 . The optimal membership fee
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for carriers is p
CS*
1c = 5l1(t−b)

4 , p
CS*
2c = 3l2(t−b)

2 . Therefore, the optimal

s c a l e f o r s h i p p e r s a r e n
CS*
1s = 10b2−10t2+2l2tq2

16(b2−t2)+tq2(l1+2l2)
, n

CS*
2s =

6b2−6t2+l1tq2

16(b2−t2)+tq2(l1+2l2)
. The optimal scale for carriers are n

CS*
1c =

80b2−80t2−5bl1q2+6bl2q2+5l1tq2+10l2tq2

128(b2−t2)+8tq2(l1+2l2)
, n

CS*
2c =

48b2−48t2+5bl1q2−6bl2q2+3l1tq2+6l2tq2

128(b2−t2)+8tq2(l1+2l2)
.

Corollary 2. Under this model, the comparison of profits for

two-sided marine freight platforms, as well as shipper’s sensitivity

coefficient to platform greenness level q and the number of

transactions l on the equilibrium results are as follows:
1. If p > p1, p
CS*
1 > pCS*

2 ;

2. If l1 > 6
5 l2,

∂ n
CS*
1s

∂ q > 0, ∂ n
CS*
2s

∂ q < 0; ∂ n
CS*
1c

∂ q > 0, ∂ n
CS*
2c

∂ q < 0;

3. If 6(t2−b2)
tq2 < l1 <

16(t2−b2)
tq2 , 5(t2−b2)

tq2 < l2 <
8(t2−b2)

tq2 , ∂ q
CS*
1

∂ l1
> 0,

∂ q
CS*
1

∂ l2
> 0, ∂ q

CS*
2

∂ l1
> 0, ∂ q

CS*
2

∂ l2
> 0.
Corollary 2 reveals that in a competitive market with single-

homing on both sides, when platform 1’s freight rate exceeds a

certain threshold, its profit will surpass that of platform 2. This

occurs because higher freight rate is often associated with superior

green services and premium customer segments, enabling platform

1 to secure commission premiums through service differentiation.

This cost structure effectively serves as a mechanism for screening

high-value shippers and signaling service quality, successfully

transforming an apparent cost disadvantage into a substantive

service advantage.

When platform 1’s transaction volumemeets specific conditions, an

increase in shippers’ sensitivity to the platform’s greenness level will

expand its user base. This is because an active transaction environment

not only directly enhances the platform’s attractiveness but also

strengthens its competitive edge through two pathways: First, larger

transaction volumes provide financial support for green investments,

creating a self-reinforcing cycle of scale expansion, environmental

upgrades, and user growth. Second, this improvement generates

competitive spillover effects, driving the entire industry to raise

environmental standards. This dynamic process explains why leading

platforms can continuously expand their competitive advantages in

markets with growing environmental awareness, while also offering new

insights into the environmental governance mechanisms within

platform economies.

4.2.2 Multihoming on one side only (CM)
In the market structure with multihoming on one side only,

shippers, leveraging their advantageous position, can flexibly choose

to join multiple two-sided marine freight platforms to expand their

business channels. In contrast, carriers face more restrictions, as

many platforms limit their ability to join competing platforms

through non-compete agreements, resulting in carriers typically

being able to choose only a single platform. This constraint

reinforces the dominant position of shippers while also

intensifying competition among platforms for carrier resources.

As shown in Figure 1, the scale of shippers joining only platform 1

and platform 2 is x2 and 1 − x1, respectively, where x1 − x2
represents the scale of shippers joining both platform 1 and
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platform 2. The utility of single-homing shippers is uCM1s = bnCM1c −

p + qqCM1 − pCM1s
l1

− tx1, uCM2s = bnCM2c − p + qqCM2 − pCM2s
l2

− t(1 − x1).

When shippers multihoming on both platforms, using the

services of both platforms, they also need to pay fees to both

platforms. Therefore, the utility of multihoming shippers is uCM1s&2s =

b − 2p + qq1 + qq2 −
p1s
l1

− p2s
l2

− t = uCM1s + uCM2s . Therefore, the profit

of the two-sided marine freight platform can be expressed by

Equations 4 and 5:

pCM
1 (pCM1s , pCM1c , qCM1 ) = pCM1s nCM1s + pCM1c nCM1c + kpl1 −

(qCM1 )2

2
(4)

pCM
2 (pCM2s , pCM2c , qCM2 ) = pCM2s nCM2s + pCM2c nCM2c + kpl2 −

(qCM2 )2

2
(5)

The profit of the two-sided marine freight platform consists of

the membership fees charged to shippers and carriers pCM1s nCM1s +

pCM1c nCM1c and pCM2s nCM2s + pCM2c nCM2c , the proportional fees extracted

from each transaction kpl1 and kpl2, and the platform’s investment

costs in greenness level (qCM1 )2

2 and (qCM2 )2

2 .

Lemma 3. The optimal greenness level levels for the platform

are q
CM*
1 = G(2l1(5b − 8p)(b2 − t2)tq +M), q

CM*
2 = G(4l2(3b − 4

p)(b2 − t2)tq + S). The optimal membership fee for shippers is p
CM*
1s

= − l1
2 (p − Gq(2l1(5b − 8p)(b2 − t2)tq +M)), p

CM*
2s = − l2

2 (p − Gq
(S + 4l2(3b − 4p)(b2 − t2)tq)). The optimal membership fee for

carriers are p
CM*
1c = l1

4t (5t
2 + b( − 5b + 2p − 2G(b(5l1 + 6l2) − 8(l1

+l2)p)(b2 − t2)tq2 − G(M + S)q)), p
CM*
2c = l2

2t (3t
2 + b( − 3b + p −

Gq(M + 2l1(5b − 8p)(b2 − t2)tq)).
Corollary 3. The comparison of profits for two-sided marine

freight platforms, as well as the impact of the number of

transactions l on the equilibrium results are as follows:
Fron
1. If p > p2, p
CM*
1 > pCM*

2 ;

2. If 5b
8 < p ≤ p3,

∂ q
CM*
1

∂ l1
> 0; if 0 < p < p4,

∂ q
CM*
2

∂ l1
> 0; if 0 <

p < p5,
∂ q

CM*
1

∂ l2
> 0, ∂ q

CM*
2

∂ l2
> 0.
Corollary 3 indicates that in a competitive market with

multihoming on one side only, when the freight rate on platform

1 exceeds a certain threshold, the profit of platform 1 is higher than

that of platform 2. Although platform 1 may process fewer

transactions than platform 2, the revenue premium generated by

its elevated unit costs more than compensates for this volume

disadvantage. This phenomenon stems from the revenue premium

effect of higher unit costs. Beyond the threshold level, the additional

income not only offsets the transaction volume gap but creates

supernormal profits. This necessitates platforms to develop

sophisticated cost-benefit models to precisely identify the optimal

cost threshold range for maximizing returns.

When the freight rate satisfies certain conditions, the platform’s

greenness level is positively correlated with the number of

transactions. This is because, when the freight rate meets specific

conditions, the platform can allocate revenue to improve greenness

level. The resulting improved environmental performance attracts

eco-conscious users, driving transaction growth. This virtuous cycle

requires platforms to implement systematic resource allocation

frameworks. By continuously monitoring the input-output
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efficiency of green investments and dynamically optimizing

strategies, platforms can effectively transform environmental

expenditures into sustainable competitive advantages. The

findings provide valuable insights for platform operators to

balance cost structures, environmental performance, and

transaction volumes in asymmetric market competition. The

study further suggests that in the context of low-carbon

transformation of the shipping industry, platform operators can

turn environmental spending into a differentiated competitive

advantage by implementing ship energy efficiency retrofits in

phases, optimizing routing algorithms to reduce carbon

emissions, and establishing a carbon credit reward mechanism.
5 Analysis

Building on this foundation, this section will conduct an in-

depth study of the platform commission rate, freight rate, and the

shipper’s sensitivity coefficient to platform greenness level in two-

sided marine freight platforms. It should be particularly noted that

the two-sided platform model constructed in this study is

characterized by exclusivity, and its analytical framework is not

applicable to the operational scenarios of single-sided infrastructure

service providers such as ports. Due to the complexity of the model,

some properties and comparative results are intricate. Therefore,

based on theoretical analysis, this paper combines numerical

simulations for intuitive demonstration. According to the

literature (Bakos and Halaburda, 2020; Xie et al., 2021), the

model parameters are set as follows: b = 0:05, q = 0:6, p = 0:85, t =

0:4, k = 0:25, l = 20, l1 = 10, l2 = 20.
5.1 The impact of the platform commission
rate

In this subsection, we compare the differential impact of the

platform commission rate k on the profits of two-sided marine

freight platforms in monopoly and competitive markets, as illustrated

in Figure 3, thereby providing guidance for two-sided marine freight

platforms to formulate optimal commission strategies.

Proposition 1. The impact of the platform commission rate on

platforms profits: If 0 < k < k1, pM > max pCS
1 , pCS

2 , pCM
1 , pCM

2

� �
;

otherwise, pCM
2 > max pM , pCS

1 , pCS
2 , pCM

1

� �
.

As the platform commission rate increases, the profits of two-

sided marine freight platforms also increase. Specifically, when the

commission rate is relatively low, monopoly market platforms gain

significant profit advantages due to their market dominance. This

phenomenon can be explained by price elasticity theory: since users

in monopoly markets exhibit lower sensitivity to price changes,

transaction volumes do not decline significantly when platforms

raise commission rates. Transaction cost economics further

indicates that higher switching costs in monopolistic scenarios

enhance user stickiness, enabling platforms to maintain user scale

while achieving profit growth. When the commission rate is relatively

high, platform 2 achieves the highest profit in the competitive market
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under the multihoming on one side only scenario, followed by the

single-homing on both sides scenario. This is because, in the

multihoming on one side only scenario, platform 2 attracts

multihoming users through differentiated strategies, offsetting

potential user loss due to the high commission rate, thereby

achieving higher revenue. In the single-homing on both sides

scenario, although user loyalty is higher, the high commission rate

may drive some price-sensitive users to switch to other platforms,

resulting in lower revenue for platform 2 compared to the

multihoming on one side only scenario. This observation aligns

with consumer surplus theory, demonstrating that a single pricing

mechanism struggles to achieve effective market segmentation.

Overall, the monopoly market maximizes profits through its

exclusive advantage at low commission rates, while in the

competitive market, the multihoming on one side only model

achieves higher revenue by attracting multihoming users at high

commission rates, with the single-homing on both sides model

following closely behind. The research findings reveal the dynamic

relationship between pricing strategies and market structures.

Monopoly markets leverage their market power to dominate in

low commission rate environments, whereas competitive markets

must employ differentiation strategies and flexible pricing to adapt

to the challenges of high commission rate scenarios.
5.2 The influence of freight rate and
transaction quantity

The freight rate and the number of transactions are critical

factors in the operation of two-sided marine freight platforms,

directly influencing the choices of shippers and carriers. An

appropriate freight pricing strategy can attract more users,

increase order volume, and ensure carrier earnings, thereby

maintaining stable platform capacity. Therefore, this section

investigates the impact mechanisms of the freight rate p and the

number of transactions on the profits of two-sided marine freight
Frontiers in Marine Science 10
platforms, as illustrated in Figures 4, 5, to help platforms better

balance revenue.

Proposition 2. The impact of freight rate on two-sided marine

f r e i g h t p l a t f o r m s p r o fi t s : I f 0 < p < p6, pCS
1 > max

pM , pCS
2 , pCM

1 , pCM
2

� �
; i f p6 < p < p7, pCM

2 > max

pM , pCS
1 , pCS

2 , pCM
1

� �
; i f p7 < p < 2, pM > max

pCS
1 , pCS

2 , pCM
1 , pCM

2

� �
.

As the freight rate increases, the profits of platforms in monopoly

markets and under the single-homing on both sides scenario increase,

while profits under the multihoming on one side only scenario

decrease. Specifically, when the freight rate is relatively small,

platform 1 achieves the highest profit under the single-homing on

both sides scenario because users are less sensitive to price changes,

and the loyalty of single-homing users ensures stable transaction

volume, allowing platform 1 to achieve higher profits without intense

competition. This aligns with consumer lock-in theory—single-

homing users exhibit strong loyalty, ensuring stable transaction

volumes despite price increases. When the freight rate satisfies p6 <

p < p7, platform 2 achieves the highest profit under the multihoming

on one side only scenario, as platform 2 attracts multihoming users

through differentiated strategies, offsetting the impact of increased

freight rates. When the freight rate is relatively high, the monopoly

platform regains profit dominance. Here, absolute pricing power and

absence of substitutes allow full cost pass-through to users,

maximizing revenue without competitive leakage. This reinforces

Bain’s entry barrier theory, where monopoly platform exploits scale

and exclusivity to sustain margins.

Under the multihoming on one side only scenario, users

become more sensitive to price changes and may choose

platforms with lower fees, forcing platforms to reduce freight

rates, which leads to decreased profits. In contrast, under

monopoly and single-homing on both sides scenarios, platforms

can directly benefit from increased freight rates through exclusive

user access or user loyalty, thereby achieving profit growth. This

finding offers important implications for two-sided marine freight
FIGURE 4

The impact of freight rate on platform profit.
FIGURE 3

The impact of commission rate on platform profit.
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platform operations: First, in a multi-homing competitive

environment, platforms should avoid engaging in pure price wars,

but rather maintain pricing power by improving service quality,

optimizing shipping networks, or enhancing green competitiveness.

Second, platforms with monopolistic positions or stable user bases

may implement premium pricing strategies by leveraging their

market dominance, while ensuring regulatory compliance. Third,

platform operators should adopt differentiated strategies based on

actual market structures, such as strengthening user lock-in

mechanisms on dominant routes. Furthermore, as the digital

transformation of the shipping industry accelerates, platforms

need to dynamically assess evolving user affiliation patterns and

promptly adjust their business models to sustain profitability.

Proposition 3. The impact of the freight rate and the number of

transactions on the profits of two-sided marine freight platforms :
Fron
1. Platform 1: If 0 < p < p8 and l3 < l < 1, pM ; if p8 < p < p10
, pCS

1 > pM ; if p10 < p < 2, pM > pCS
1 > pCM

1 .

2. Platform 2: If 0 < p < p8 and l3 < l < 1, pM ; if p8 < p < p9,

pCS
2 > pM ; if p9 < p < p11, pCM

2 > pCS
2 > pM ; if p11 < p < 2,

pM > pCS
2 > pCM

2 .

3. Comparative analysis of market models: If 0 < p < p8 and

l3 < l < 1, pM ; if p8 < p < p9, pCS > pM ; if p10 < p < 2,

pM > pCS > pCM .
As shown in Figure 5, when the freight rate is relatively small

and the number of transactions is relatively large, only a monopoly

market exists. This is because the platform leverages economies of

scale to reduce unit costs and consolidate its market position,

making it difficult for competitors to enter or compete. The

emergence of monopoly markets under specific cost and

transaction volume conditions demonstrates how economies of

scale create natural barriers to entry. When freight rate is low

coupled with high transaction volumes, the incumbent platform

achieves cost advantages that effectively deter competition,

consistent with classical industrial organization theories of natural
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monopoly. When the freight rate is relatively large, the monopoly

platform achieves the highest profit, which is consistent with

Proposition 2. The monopoly platform can maximize profits by

adjusting the freight rate and the number of transactions: lower

freight rate attracts more users and increase transaction volume,

while higher freight rate, though potentially reducing transaction

volume, increases per-transaction profits enough to offset the loss.

This suggests that platforms can strategically leverage pricing power

to optimize the trade-off between transaction volume and

unit profitability.

For platform 1, when the freight rate falls within a certain range,

the single-homing on both sides strategy is optimal for profit

maximization, as it monopolizes user resources to avoid

diversion. For platform 2, when the freight rate is relatively small,

the single-homing on both sides strategy yields the highest profit.

However, within a specific range, the multihoming on one side only

strategy can achieve higher profits, as its strong service appeal

attracts both single-homing and multihoming users, with the

additional transaction volume compensating for the loss from

diversion. The results underscore that there is no universal

optimal strategy, but rather context-dependent approaches that

must account for both operational costs and network effects.

In summary, when the freight rate is relatively small and the

number of transactions is relatively large, or when the freight rate is

relatively large, the monopoly market achieves the highest profit.

When the freight rate is relatively small, the single-homing on both

sides strategy yields the highest profit. This finding has three

practical implications for the strategic decision-making of marine

freight platforms: First, in market segments with significant scale

effects such as trunk routes or bulk cargo transportation, platforms

should be committed to building monopoly advantages and

enhancing profitability through economies of scale. Second, in

competitive markets such as regional routes or LTL freight

transportation, platforms can adopt bilateral user-locking

strategies and establish stable user relationships to maintain

profitability. Finally, the study suggests that platforms establish a

dynamic evaluation mechanism to intelligently choose the optimal
FIGURE 5

Impact of freight rate and transaction quantity on platform profit (l = l1 = l2 = 20).
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market entry and competition strategy based on key parameters

such as route characteristics, cargo volume scale and freight

rate level.
5.3 Effect analysis of greenness level
sensitivity coefficient and network
externality

The shipper’s sensitivity coefficient to platform greenness

level and network externality are critical factors influencing

the greenness level and profits of two-sided marine freight

platforms. The shipper’s sensitivity coefficient to platform

greenness level directly affects shippers’ choices and loyalty, as

high greenness level attracts more users and enhances the

platform’s competitiveness. Simultaneously, platforms exhibit

significant network externality, where an expanding user base

increases the platform’s overall value. The shipper’s sensitivity

coefficient to platform greenness level and network externality

interacts, jointly shaping the platform’s greenness level and profit

levels, as illustrated in Figures 6–8.

Proposition 4. The impact of shipper’s sensitivity coefficient and

network externality on greenness level:
Fron
1. For platform 1: If 0 < q < q1 and b1 < b < b2, qCM1 ; if q1 <
q < q2, qCS1 > qCM1 > qM .

2. For platform 2: If 0 < q < q1 and b1 < b < b2, qCM2 ; if 0 <

q < q3, qCM2 > qM > qCM2 ; if q3 < q < q2, qCS2 > qCM2 > qM .

3. Comparative analysis of market models: If 0 < q < q1 and

b1 < b < b2, qCM ; if q3 < q < q2, qCS > qCM > qM .
As demonstrated in Figure 6, Proposition 4 shows that when the

shipper’s sensitivity coefficient to platform greenness level is relatively

small and the network externality satisfies b1 < b < b2, the greenness
level is highest under the multihoming on one side only scenario.

When the shipper’s sensitivity coefficient to platform greenness level
tiers in Marine Science 12
satisfies q3 < q < q2, the greenness level is highest under the single-
homing on both sides scenario. This is because a lower shipper’s

sensitivity coefficient to platform greenness level implies that shippers

prioritize factors such as price over absolute greenness level. When

network externality is at a moderate level, the multihoming on one

side only scenario incentivizes platforms to improve greenness level

through competition. Under this scenario, platforms actively enhance

greenness level to attract and retain users, thereby standing out in the

competition. As a result, greenness level reaches its highest level

under the multihoming on one side only scenario. Therefore, when

the shipper’s greenness preference is not strong, moderate network

externalities will stimulate differentiated competition among

platforms, prompting them to compete for market share by

improving the greenness level. When the user’s environmental

awareness is at a moderate level, the platform adopts a focused

strategy rather than aggressive competition. Since users do not choose

from multiple platforms, the platform can focus its limited resources

on green service enhancement without falling into a consumptive

price war or excessive competition.

Additionally, when the shipper’s sensitivity coefficient to

platform greenness level is within a certain range (not extremely

high), the single-homing on both sides scenario allows platforms to

focus their resources and service capabilities on meeting user needs,

thereby delivering higher greenness level. Since users do not

multihoming, platforms do not need to engage in intense

competition to attract users but instead maintain user loyalty

through consistent greenness level. Therefore, marine freight

platforms can realize sustainable development through the

following strategies: First, establish a scientific system for

assessing users’ environmental preferences and accurately identify

high-quality customer groups with moderate demand for greenness.

Second, based on the analysis of customers’ needs, invest resources

in the technological upgrading of ship emission reduction. Lastly,

construct a mechanism for dynamically correlating greenness levels

with the freight rate system.

Proposition 5. The impact of the shipper’s sensitivity coefficient

to platform greenness level on platform profits:
FIGURE 6

Impact of greenness level sensitivity coefficient and network externality on platform greenness level.
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Fron
1. Comparison of platform profits in monopoly and competitive

markets: If 0 < q < q4, pCS
1 > max pM , pCS

2 , pCM
1 , pCM

2

� �
;

otherwise, pM > max pCS
1 , pCS

2 , pCM
1 , pCM

2

� �
.

2. Comparison of platform profits in a competitive market: If

0 < q < q6, pCS
1 > pCM

1 ; otherwise, pCS
1 ≤ pCM

1 ; if 0 < q <

q5, pCS
2 > pCM

2 ; otherwise, pCS
2 ≤ pCM

2 .
Figure 7 shows that as the shipper’s sensitivity coefficient to

platform greenness level increases, the impact on platform profits

varies significantly across different market structures and user affiliation

models: In a monopoly market, platforms attract users by improving

greenness level and adjusting pricing, leading to profit growth as

sensitivity increases. Monopoly platforms capitalize on their market

dominance to extract premium pricing from eco-conscious shippers

while achieving cost efficiencies through large-scale green technology

deployment. In the multihoming on one side only model, competitive

pressure drives platforms to optimize services, and profits similarly

grow with increased sensitivity. In contrast, under the single-homing
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on both sides model, improving greenness level raises costs, but the

limited user base results in insufficient revenue growth, causing profits

to decline as sensitivity increases. Specifically, the single-homing on

both sides model yields the highest profits under low sensitivity, while

monopoly market or multihoming on one side only models are more

advantageous under high sensitivity. Therefore, the conditions for

profit maximization depend on the shipper’s sensitivity coefficient to

platform greenness level, market structure, and user affiliation model.

This phenomenon illustrates the strategic importance of

aligning market positioning with environmental investment

strategies, where platforms must carefully consider how user

mobility, market concentration, and environmental preferences

interact to determine the profitability of sustainability initiatives.

The findings suggest that environmental strategy cannot be

divorced from competitive strategy, as the same green investment

can produce dramatically different financial outcomes depending

on these structural market characteristics.

Proposition 6. The impact of shipper’s sensitivity coefficient and

network externality on platform profits:
1. For platform 1: If 0 < q < q1 and b1 < b < b2, pCM
1 ; if 0 <

q < q3 and 0 < b < b3, pCS
1 > pM > pCM

1 ; if q3 < q < 1 and

0 < b < b3, pM > pCM
1 > pCS

1 ; if q1 < q < 1 and b3 < b <

b4, pCM
1 > pCS

1 ; if q1 < q < q2 and b4 < b < 0:3, pCS
1 .

2. For platform 2: If 0 < q < q1 and b1 < b < b2, pCM
2 ; if 0 <

q < q3 and 0 < b < b3, pCS
2 > pM > pCM

2 ; if q3 < q < 1 and

0 < b < b3, pM > pCM
2 > pCS

2 ; if q1 < q < 1 and b3 < b <

b4, pCM
2 > pCS

2 ; if q1 < q < q2 and b4 < b < 0:3, pCS
2 .

3. Comparative analysis of market models: If q3 < q < 1 and

0 < b < b3, pM ; if 0 < q < q3 and 0 < b < b3 or q1 < q <

q2 and b4 < b < 0:3, pCS; if b3 < b < b4, pCM .
As demonstrated in Figure 8, Proposition 6 indicates that when

the shipper’s sensitivity coefficient to the platform’s greenness level is

relatively high and the cross-network externality coefficient between

platform users is relatively low, the platform achieves maximum profit
FIGURE 7

Impact of greenness level sensitivity coefficient on platform profit.
FIGURE 8

Impact of shipper’s sensitivity coefficient and network externality on platform profit.
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in a monopolistic market. This is because the platform’s core

competitiveness stems from green differentiation rather than network

effects. Given users’ low reliance on cross-side interactions, the

platform can directly capture premium returns by enhancing its

environmental attributes without relying on subsidy strategies or user

scale effects, thereby maximizing profits under a monopoly model.

Therefore, if users in the target market are highly sensitive to the

platform’s environmental standards but network effects are weak (e.g.,

low-frequency transactions), the platform should prioritize investments

in green technology, such as offering low-carbon shipping routes or

carbon footprint certification services, to achieve premium returns—

exemplified by Maersk’s “ECO Delivery” green methanol

shipping service.

When network externalities are moderate, the platform achieves

maximum profit under a multihoming on one side only scenario. This

is because moderate network effects require a certain scale of user

interactions to create value but are not strong enough to fully lock in

users. By allowing price-sensitive users (e.g., shippers or carriers) to

access multiple platforms, the platform expands their participation,

thereby enhancing its appeal to single-homing users on the other side

and maximizing profits through exclusivity in a single-sided market.

When network externalities are either weak or strong, the

platform achieves maximum profit under a single-homing on both

sides scenario. This is because, when network externalities are weak,

users have low dependence on the platform, necessitating exclusive

user agreements (e.g., exclusivity clauses) to ensure stable transaction

volumes and prevent user attrition. Conversely, when network

externalities are strong, the platform’s natural monopoly effect

becomes pronounced, and users tend to concentrate on a single

platform to maximize network value, making the single-homing

model more effective in locking in users and increasing profits.

Notably, regardless of the strength of network externalities, the

platform should consistently deepen its core competencies, such as

green shipping technologies (e.g., carbon footprint monitoring

systems) and value-added service systems. It should establish a

dynamic market diagnostic mechanism to regularly assess user scale

and network effect intensity, implement a gradual strategy

adjustment from single-side openness to dual-side lock-in, and

maintain a competitive edge through differentiated services.
6 Discussion

In this section, we present and interpret the core results of the

study, compare them with relevant literature, and provide

implications for academic, policy makers, and managers.

Additionally, we discuss the limitations of the study and offer

directions for future research.
6.1 Core results and comparison with key
studies

This study uncovers several important insights into the

dynamics of pricing strategies on two-sided marine freight
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platforms. One of the key findings is that a monopoly platform

maximizes profit under low commission rates. This finding aligns

with existing literature such as Bernstein et al. (2021) on platform

competition but expands upon it by incorporating the role of

environmental sustainability in shaping platform strategies. We

also find that in competitive multihoming scenarios, one platform

can dominate by sacrificing its rival’s profits, a result that builds on

previous studies in competitive market structures (e.g., Zhang et al.,

2023), while adding a new dimension by considering environmental

preferences as a strategic tool.

The study further reveals that high freight rate tends to favor

monopolistic platforms, which is consistent with earlier work by

Belleflamme and Peitz (2019), who found that higher transaction costs

tend to strengthenmonopoly power. However, our study also shows that

when freight rate is low, Pareto optimality is achievable through single-

homing on both sides of the platform. This provides a new angle on how

freight rate interacts with market structure and green-pricing strategies

to enhance platform efficiency and market outcomes.

An important contribution of this study is the exploration of the

role of shippers’ sensitivity to greenness and network externalities.

We find that when shippers exhibit low sensitivity to greenness and

weak network externalities, competitive multihoming emerges as the

optimal scenario. This contrasts with the more traditional view that

strong network externalities always lead to monopolistic outcomes

(Rochet and Tirole, 2006), suggesting that weaker externalities can

lead to more competitive outcomes in certain market contexts.

Finally, the integration of green-pricing strategies with

traditional pricing models, such as commission rates and

membership fees, offers a novel contribution to the literature.

While much of the existing research, such as Yang et al. (2023),

has focused on platform pricing in the absence of environmental

factors, recent studies have increasingly addressed sustainability

challenges specific to the shipping industry (e.g., Xu et al., 2025).

This study highlights how greenness can serve as a differentiator in

competitive markets, providing new insights into the role of

sustainability in marine platform competition.
6.2 Implications for academic and policy
makers

This study has several implications for both academic and policy

makers. From a theoretical perspective, the study contributes to the

field of two-sidedmarket theory by integrating green-pricing strategies

with network externalities and platform competition. The model

developed here provides a more holistic understanding of how

environmental factors influence platform behavior, filling a gap in

the literature that has not adequately addressed the intersection of

sustainability and pricing strategies. This opens up new research

opportunities, such as investigating the impact of specific green

technologies or policies on platform economics.

For policy makers, the findings highlight the need for regulatory

frameworks that support the green transformation of the marine

freight sector. Given the increasing importance of sustainability, it is

crucial for regulators to create incentives for platforms to adopt
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greener practices, such as green certification systems or subsidies for

environmentally friendly shipping technologies. Additionally, the

introduction of tariff caps on monopolized routes, as suggested by

our findings, could help prevent market concentration and ensure

fairer competition, particularly in markets dominated by large

players. Encouraging multi-platform strategies could also promote

more sustainable practices, as platforms would be incentivized to

compete on both service quality and sustainability.

From a managerial standpoint, the study provides practical

insights into how platform managers can optimize their pricing

strategies in the context of competitive markets and sustainability

concerns. Managers should consider implementing hybrid pricing

models that combine membership fees with commission rates to

create a more stable and predictable revenue stream. Additionally,

understanding users’ environmental preferences and integrating

green-pricing strategies into platform offerings could serve as a

key differentiator in attracting eco-conscious users. Platforms that

successfully incorporate sustainability into their value proposition

may gain a competitive edge and build stronger customer loyalty.
6.3 Limitations and future research
directions

While this study provides important insights, it has several

limitations that future research could address. First, the model

makes simplifying assumptions about two key aspects of platform

dynamics. It treats network externalities as homogeneous between

shippers and carriers, when in reality their mutual influences may

differ significantly. The model also assumes uniform transportation

costs across user groups, despite practical variations that may arise

from differing operational scales or market positions. Future

research could investigate how these concurrent forms of

heterogeneity, in both network effects and cost structures,

collectively impact platform competition and profitability patterns.

Second, the study examines greenness at a macro level, focusing on

general sustainability goals rather than specific green practices or

technologies. Future research could refine this by analyzing the

impact of specific green initiatives, such as the adoption of biofuels

or the implementation of energy-efficient shipping technologies, on

platform operations. This would provide more detailed insights into

how different green strategies affect platform pricing and user behavior.

Third, the study is based on theoretical models, and while this

provides a useful framework, it lacks empirical validation. Future

research could incorporate real-world data from marine freight

platforms to test the robustness of the proposed pricing models and

better understand how these strategies perform in practice.

Empirical studies could also explore how factors such as market

size, regional differences, and regulatory environments impact

platform pricing and green-pricing strategies.

Finally, this study does not account for regional or behavioral

differences that may affect platform dynamics. Future research

could investigate how cultural and geographic differences

influence user behavior, particularly in relation to green-pricing

strategies and multihoming. By considering these factors,
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researchers could gain a better understanding of the broader

applicability of the findings and how these dynamics play out in

different market contexts.
7 Conclusion and policy
recommendations

7.1 Conclusion

In light of the current development status of two-sided marine

freight platforms and the application trends of intelligent

technologies, we conduct an in-depth analysis of the pricing

decisions and related influencing factors of platforms under both

monopolistic and competitive market structures. By introducing

greenness level as a key variable, a pricing model for two-sided

marine freight platforms is constructed. Based on the current state

of two-sided marine freight platforms and incorporating greenness

level, this paper establishes pricing models for two-sided marine

freight platforms under both monopolistic and competitive market

conditions. It provides a theoretical foundation and practical

guidance for platforms to formulate reasonable pricing strategies

in different market environments, thereby contributing to the

sustainable development of two-sided marine freight platforms.

Through a detailed analysis of the model, the study reveals the

following key findings: A monopoly platform maximizes profit under

low commission rates, whereas in competitive multihoming scenarios,

one platform dominates by strategically sacrificing its rival’s profit;

High freight rate consistently favors monopolistic platforms regardless

of transaction frequency, while low freight rate enables Pareto

optimality through single-homing on both sides; When shippers

exhibit low sensitivity to greenness level and weak network

externalities, competitive multihoming emerges as optimal. These

findings provide actionable insights for platform differentiation,

green-pricing governance, and sustainable competition in evolving

digital freight markets.
7.2 Policy recommendations

Based on the findings of this study, the following policy

recommendations are proposed to optimize the green-pricing

strategies for two-sided marine freight platforms:

First, regulators should strengthen anti-monopoly measures

within the shipping industry to prevent dominant platforms from

manipulating freight rates and stifling competition. To support the

growth of small and medium-sized platforms, tax incentives and

subsidies should be offered, fostering a more competitive and

innovative market environment. Additionally, industry associations

should lead efforts to establish stable membership fee standards and

require platforms to disclose transparent cost structures, reducing the

impact of short-term freight rate fluctuations. Second, a green

certification system should be implemented for the marine industry,

with key sustainability indicators such as ship energy efficiency and the

use of alternative fuels incorporated into the assessment. This would
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incentivize platforms to prioritize greener practices and enhance the

environmental competitiveness of marine freight. Finally, tariff caps

should be introduced onmonopolized routes to protect the interests of

cargo owners, alongside encouraging the adoption of multi-platform

strategies. Supporting cargo owners in accessing multiple platforms

will enhance market competition and incentivize greener practices by

increasing platform accountability and sustainability efforts.

The successful implementation of these policies will drive the

green transformation of marine freight platforms, improve

operational efficiency, and create a more resilient and sustainable

global marine transportation system.
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