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The issue of marine pollution is becoming one of the core challenges in global
environmental protection, particularly when it comes to coordinating
governance among nations and stakeholders. Problems such as uneven
distribution of responsibilities and low efficiency of cooperation are frequently
encountered. Traditional governance models struggle to effectively address the
complexity of trans-regional and cross-sectoral pollution sources. In response,
this paper uses the bandwagon effect, free-rider effect, and tragedy of the
commons as theoretical frameworks, drawing on models and a large body of
statistical data to explore strategies for collaborative governance of marine
pollution. The results show that when the reputation and benefits gained from
managing marine pollution are low, the governance by countries most reflects
the tragedy of the commons. Otherwise, their governance best exemplifies the
bandwagon effect.

collaborative governance, differential games, marine pollution, maximum utility,
developed countries, developing countries

1 Introduction

With the rapid development of the global economy and the advancement of
industrialization, marine pollution has become increasingly severe, emerging as one of the
urgent issues in global environmental protection. Pollutants such as plastic waste, chemical
effluents, oil spills, and agricultural runoff continue to threaten the health of marine
ecosystems, not only impacting the habitats of marine life but also posing significant risks
to global climate regulation, fisheries resources, and the livelihoods of coastal populations
(Sannigrahi et al., 2022). As the ocean serves as the core of the global ecosystem, the issue of
marine pollution has surpassed the jurisdiction of any single country or region, necessitating
international cooperation and coordination in marine pollution governance.

However, the collaborative governance of marine pollution faces complex governance
structures and conflicting interests. Factors such as the economic interests of different
countries, governance priorities, and the division of responsibilities create obstacles to
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cooperation in governance. Against this backdrop, this paper
introduces three major theories—the bandwagon effect, the free-
rider effect, and the tragedy of the commons—to explore their
application and implications in the context of collaborative marine
pollution governance, aiming to provide a theoretical basis for
optimizing global marine pollution governance mechanisms.

The bandwagon effect suggests that in the context of multi-
stakeholder interest negotiations, individuals or groups tend to align
with the stronger party to maximize their own interests. In the
governance of marine pollution, this is reflected in the behavior of
some countries and corporations, which, in order to avoid taking on
governance responsibilities, often choose to side with dominant players
or remain uninvolved (Eastman and Iyer, 2023). This alignment
behavior during the governance process may exacerbate unequal
resource allocation, leading to inefficiencies in governance. The free-
rider Effect reflects a situation in collective action where some
participants reduce or refrain from contributing because they can
benefit from the efforts of others (Rivers and Shiell, 2014). In marine
pollution governance, some countries or companies reduce their
responsibilities and investments due to the efforts of others, engaging
in “free riding” behavior, which further weakens the overall effectiveness
of governance. The tragedy of the commons reveals the dilemma of
over-exploitation of public resources. The ocean, as a global common
resource, often becomes subject to overuse and pollution due to the lack
of effective regulation and governance mechanisms.

Based on these theories, this study will explore how to establish
a fair mechanism for responsibility-sharing, enhance international
cooperation, and introduce incentive mechanisms and legal
constraints to curb the free-rider effect and the tragedy of the
commons, thereby promoting effective collaboration among all
parties. It will also analyze how to address the power imbalances
caused by the bandwagon effect, ensuring that different stakeholders
can reach a consensus during the governance process and develop a
more effective model for collaborative marine pollution governance
(Bindra et al.,, 2022). This research aims to provide new policy
recommendations and governance frameworks for global marine
conservation, contributing to the achievement of a sustainable
marine ecosystem.

In light of the severity of plastic pollution, various scholars have
researched methods to address marine plastic waste. For instance,
Skirtun et al. (2021) argue that identifying the sources of marine
debris can help mitigate pollution. Helinski et al. (2021) designed
specialized devices to capture plastic waste and reduce its
environmental impact. Sannigrahi et al. (2022) utilized open
remote sensing data alongside advanced machine learning
techniques to identify marine debris. Additionally, Soares et al.
(2021) emphasize the importance of environmental education in
managing plastic waste. These researchers primarily focus on
strategies for treating marine plastic waste through macro
cooperation, waste traceability, technological innovation, and
educational initiatives.

Some scholars have analyzed the free-rider effect. For example,
Johnson (2011) explored the relationship between the free rider
principle, the charitable market, and the economics of mood; Rivers
and Shiell (2014) used the case of natural gas furnaces in Canada to
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introduce free riding on energy efficiency subsidies; McMillan
(2010) analyzed the free rider problem through a survey;
Kinnucan and Myrland (2010) used salmon as an example to
examine the free-rider effect in generic advertising.

Some scholars have studied the bandwagon effect. For example,
Nadeau et al. (2016) provided new evidence of the bandwagon effect
during the process of opinion formation; Shaikh et al. (2017) analyzed
the role of the bandwagon effect using the example of whether luxury
brands can successfully attract consumers; Bindra et al. (2022)
revisited the bandwagon effect through a systematic review aimed at
developing a future research agenda; Farjam (2020) analyzed the
bandwagon effect in an online voting experiment within a real political
organization; Stolwijk et al. (2017) examined how anxiety and
enthusiasm help explain the bandwagon effect; Eastman and Iyer
(2023) developed a generalized bandwagon luxury motivation scale to
measure the bandwagon effect; Hu et al. (2019) studied the
bandwagon effect in the process of special dividend payments.

Previous research has primarily focused on the technical aspects,
macro-level cooperation, and education related to marine plastic
pollution governance. However, the role of behavioral economic
phenomena such as the free-rider effect, the tragedy of the
commons, and the bandwagon effect in decision-making and
governance among multiple stakeholders has yet to be fully
explored. To address these gaps, this study offers the following
contributions and innovations. First, it introduces behavioral
economic theories into the research framework for marine pollution
governance. While existing studies mainly focus on technical solutions
and macro-management, the roles of behavioral economic theories,
such as the free-rider effect, the tragedy of the commons, and the
bandwagon effect, in marine pollution governance have not been
thoroughly examined. This study explores how certain countries or
corporations benefit from the governance efforts of others without
contributing proportionally, particularly in the context of global
marine pollution governance, and designs incentive mechanisms to
overcome this issue. It also analyzes the overuse and governance
failures of the global high seas as a public resource, proposing
innovative collaborative governance solutions to mitigate the over-
exploitation and pollution of high seas resources by various nations.
Furthermore, this study examines how certain countries or interest
groups alter their environmental policies due to mainstream public
opinion or external pressure in the context of multinational
collaborative governance, and proposes how to leverage this effect to
encourage more countries to participate in governance actions. The
introduction of these theories enriches the existing research
framework, providing a deeper understanding of the role of human
behavior in governance.

Second, encouraging stakeholder participation in marine
pollution governance through the bandwagon effect. The
bandwagon effect suggests that individuals or organizations often
make decisions influenced by mainstream opinions or behaviors. In
the context of marine pollution governance, this implies that when
certain countries or regions adopt strong environmental measures,
other nations or organizations may follow suit due to international
image concerns or pressure from public opinion. This study
explores how to leverage this effect within the international
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governance framework to guide more countries into joining marine
pollution governance agreements, and how to use behavioral
demonstration effects to encourage broader participation from
global stakeholders.

Third, a collaborative governance mechanism to address the free-
rider effect and the tragedy of the commons. The free-rider effect and
the tragedy of the commons are particularly prominent in global
issues, especially in the governance of public resources such as oceans.
This study integrates these two effects and proposes new governance
models or incentive mechanisms to address common issues in
governance, such as unequal responsibility distribution and over-
consumption of resources. For instance, it suggests designing a global
responsibility-sharing mechanism or performance-based incentive
models to prevent certain countries or corporations from free-
riding, and resolving the tragedy of the commons through effective
resource management strategies.

This study holds significant importance. Marine pollution is a
global issue that requires the collaborative efforts of multiple
countries, corporations, and organizations. From a management
perspective, the governance of global public resources, such as
oceans, often faces challenges like the tragedy of the commons
and the free-rider effect, leading to unequal distribution of
governance responsibilities and over-consumption of resources.
By introducing the bandwagon effect, mainstream public opinion
or policy pressures can be leveraged to motivate more countries and
corporations to take action. Addressing these behavioral economic
phenomena can help design fairer and more effective international
cooperation mechanisms, enhancing participation and governance
efficiency, and offering innovative governance models for global
marine pollution governance.

2 Methodology

2.1 Problem description, hypothesis, and
variable definition

2.1.1 Problem description

The collaborative governance of marine pollution between
developed and developing countries is influenced by the bandwagon
effect, free-rider effect, and tragedy of the commons, which shape their
strategic interactions and governance outcomes.

(1) In the collaborative governance of marine pollution, developed
and developing countries can apply the bandwagon effect to foster
consensus and strengthen cooperation in addressing global marine
pollution more effectively (Nadeau et al, 2016). The following are
some specific applications. First, establish a common vision and goals.
Through international conferences and consultations, developed and
developing countries can jointly formulate a global framework for
marine pollution governance, clearly defining long-term objectives for
reducing marine pollution, such as decreasing plastic waste and
protecting marine biodiversity. A shared vision encourages alignment
in policies and actions among nations, creating a robust international
cooperation network. Signing legally binding international agreements,
akin to the Paris Agreement, can further unify the actions and

Frontiers in Marine Science

10.3389/fmars.2025.1549424

commitments of countries in marine pollution governance. Such a
legal framework ensures that countries work collectively towards
achieving the stated goals.

Second, strengthening cooperation and support mechanisms.
Developed countries can assist developing countries in enhancing
their capacity for marine pollution governance through technology
transfer and financial support. This cooperation not only promotes
environmental efforts in developing countries but also strengthens the
leadership role of developed countries in international governance,
creating a bandwagon effect driven by aligned interests (Shaikh et al,,
2017). Developed and developing countries can collaborate on marine
pollution research and monitoring projects, sharing data and findings.
Such collaboration helps establish a unified scientific foundation to
guide governance actions across nations.

Third, promoting multi-stakeholder participation. Encouraging
multinational corporations, non-governmental organizations
(NGOs), and international organizations to participate in marine
pollution governance can help form a global governance alliance
involving diverse actors. Countries can apply the bandwagon effect
to incorporate these stakeholders into a unified governance
framework, ensuring consistency in their actions. Through
international cooperation, developed and developing countries
can jointly raise global public awareness of marine pollution and
encourage public participation in governance efforts. Such global
public involvement can reinforce the consistency of environmental
policies across governments.

Fourth, harmonizing policies and standards. Through international
consultations, a unified set of marine pollution prevention standards
and regulations can be established, ensuring consistency between
developed and developing countries within a legal framework. Such
standardization can reduce policy divergences and promote coordinated
actions across nations. Bilateral or multilateral agreements can facilitate
mutual recognition and coordination of policies between countries,
minimizing conflicts and frictions in the process of marine pollution
governance. In this way, governance measures across countries can
become more consistent, contributing to the formation of a global
environmental bandwagon.

By applying the bandwagon effect, developed and developing
countries can establish strong cooperative relationships in the
process of marine pollution governance, ensuring alignment in
policies, actions, and goals. This model of global coordinated
governance not only helps address marine pollution more
effectively but also provides a valuable example for global
environmental governance.

(2) In the process of coordinated marine pollution governance,
the free-rider effect refers to situations where some countries benefit
from the governance efforts of others without contributing
corresponding efforts or costs themselves, thereby diminishing the
overall effectiveness of governance. This effect is particularly evident
under the following circumstances (Rivers and Shiell, 2014). First,
weak enforcement of international agreements. If international
marine pollution governance agreements lack strong enforcement
mechanisms, certain countries may choose not to fulfill their
commitments, relying on the efforts of others to improve the
global marine environment. In this case, these countries are “free-
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riding” and failing to shoulder their fair share of responsibility. In
some international agreements, even though consensus is reached,
the agreements lack legally binding force, leading some countries to
believe that strict adherence is unnecessary, as they assume they will
not face penalties for non-compliance.

Second, unfair burden-sharing. The unequal distribution of
responsibilities between developed and developing countries in
marine pollution governance may lead some developing countries
to refrain from actively participating, instead relying on the efforts
of developed nations. For instance, if developed countries bear the
majority of financial and technological support without
corresponding obligations for developing countries, the latter may
depend on the actions of the former without taking proactive
measures themselves. Even within the group of developed
countries, there may be instances where certain nations are
unwilling to shoulder significant governance costs, instead relying
on the advanced technologies and financial contributions of others.
This internal imbalance can also give rise to the free-rider effect.

Third, lack of global oversight and transparency. In the absence
of a transparent and effective global monitoring system, certain
countries may conceal their pollution levels or the inadequacy of
their governance efforts, relying on the actions of other nations to
reduce global pollution. In such cases, free-riding behavior becomes
more prevalent. Due to information asymmetry, some countries
might exploit the international community’s inability to fully grasp
their actual pollution situation, reducing their own investment in
governance while benefiting from the efforts of others to improve
their own marine environment.

Fourth, national interests take precedence, and there is a lack of
long-term planning. When countries prioritize short-term economic
growth over long-term environmental protection, they may reduce
their investments in pollution control, relying on the efforts of other
countries. For example, some nations may continue to use highly
polluting production methods while hoping that stricter
environmental measures in other countries will mitigate the global
pollution increase. In certain cases, the costs of marine pollution
control may be too high, leading some countries to reduce their
contributions or even opt out of international governance efforts,
expecting to indirectly benefit from the actions of others. In such cases,
the free-rider effect may weaken the overall effectiveness of the
international community’s marine pollution governance. To avoid
this, there is a need for more equitable, transparent, and binding
mechanisms in international cooperation to ensure that all countries
contribute appropriately to the sustainable development of the
marine environment.

In terms of environmental and situational constraints, the key
difference between the free-rider effect and other collective action
problems lies in the attributes of public goods. Environmental
collective actions (such as climate change governance) typically
involve global public goods that are non-excludable and non-
rivalrous, meaning individuals can enjoy the benefits of emission
reductions even without contributing, which strengthens the
motivation to free-ride (Agénor and Silva, 2025). In contrast,
localized collective actions (such as community clean-ups) have
limited benefits and are subject to supervision, as geographical or
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social boundaries can partially curb free-riding behavior. For
instance, international climate agreements face implementation
challenges due to a lack of enforceability, whereas community
rules can reduce the likelihood of shirking responsibilities
through neighborhood oversight.

Furthermore, the temporal dimension and feedback delays
exacerbate the complexity of free-riding in environmental issues.
The consequences of environmental degradation often lag by
decades, making it difficult for individuals to directly perceive the
impact of their inaction, thereby weakening immediate constraints.
In comparison, the outcomes of actions such as labor strikes or
fundraising for schools are more directly observable, making it
easier for participants to establish a link between contribution and
reward. For example, overfishing fishermen may continue to
deplete resources due to the long-term nature of fish stock
depletion, whereas union members who shirk during a strike
immediately face peer pressure. This delay effect highlights the
need for institutional design (such as carbon quota trading) in the
environmental domain to compensate for the inadequacy of
situational constraints.

(3) In the collaborative governance of marine pollution, the
tragedy of the commons often occurs or becomes particularly
evident under the following circumstances. First, inadequate or
mismanagement of resources. When marine resources, such as
fisheries or marine minerals, lack effective governance mechanisms,
countries may over-exploit them in pursuit of maximizing their own
interests. This can lead to resource depletion and harm the long-term
interests of all nations. If there is a lack of international oversight or if
existing regulatory mechanisms are inadequate, countries and
corporations may abuse marine resources and discharge pollutants.
The absence of regulation makes “free-riding” behavior more
prevalent, further exacerbating the occurrence of the tragedy of the
commons (Rivers and Shiell, 2014).

Second, prioritization of short-term economic interests. Some
developing countries may focus more on short-term economic
growth, neglecting the sustainable use of marine resources. In their
pursuit of rapid development, these nations might excessively rely on
marine resources, leading to over-exploitation and environmental
pollution. Developed countries, in an effort to reduce costs, may
relocate highly polluting industries to developing countries with more
lenient environmental regulations, exacerbating marine pollution in
those regions. This outsourcing of pollution heightens the risk of the
tragedy of the commons on a global scale.

Third, unequal distribution of benefits. If international rules or
agreements fail to fairly allocate responsibilities and benefits,
developing countries may feel deprived and thus less willing to
cooperate. Developed countries, while enjoying more resources and
benefits, may not assume a proportional share of governance
responsibilities, leading to over-exploitation of resources and the
occurrence of the “tragedy of the commons.” When developing
countries lack the necessary technology and funding for effective
marine pollution control, they may be inclined to continue using
environmentally harmful but economically more attractive
practices, further exacerbating environmental degradation (Xiao
et al., 2025).
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Fourth, lack of international cooperation and trust. When
developed and developing countries lack effective mechanisms for
collaboration in marine pollution control, nations may tend to
pursue their own interests rather than contributing adequately to
the protection of common resources. The absence of cooperation
can lead to independent actions by countries, exacerbating resource
overuse. If there is a lack of mutual trust between countries, it can
reduce the willingness to cooperate, particularly in the governance
of shared or international waters. Nations may believe that other
countries will not fulfill their commitments, thus becoming
unwilling to assume greater responsibility themselves, leading to
the unsustainable use of common resources.

The tragedy of the commons is widely manifested in marine
pollution governance, including issues such as overfishing, oil spills,
and the shirking of pollution responsibilities. Marine fishery resources
are classic examples of “commons,” lacking clear property rights,
which leads fishermen to compete for short-term gains. For instance,
Atlantic cod nearly collapsed in the late 20th century due to
overfishing by fleets from various countries, despite scientists
warning of the necessity of quota limits. Individual fishermen
rationalized their actions by believing that “if I don’t fish, someone
else will,” ultimately leading to ecological collapse (Monk et al., 2023).
A similar situation has occurred in the East Asian seas, where
competitive fishing by China, Japan, South Korea, and others has
drastically reduced the fishery resources of the Yellow Sea, illustrating
how individual rational choices can lead to collective disaster in the
absence of effective international constraints.

In marine oil extraction and transportation, the tragedy of the
commons often arises from the “externalization of costs.” In the
2010 BP Gulf of Mexico oil spill, although BP bore primary
responsibility, other oil companies had long lobbied for relaxed
safety regulations, transferring pollution risks to public waters
(Rotkin-Ellman et al,, 2012). Similarly, ships illegally discharge
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waste oil into the open sea (e.g., through “magic pipes”) due to
the high difficulty of regulation and low penalties, incentivizing
companies to shift cleaning costs to society at large. This “polluter
profits, public pays” model is a classic manifestation of the tragedy
of the commons in transnational marine governance.

These cases demonstrate that the fluidity of marine environments,
the ambiguity of property rights, and the fragmentation of
enforcement make the tragedy of the commons and the shirking of
responsibilities more likely to occur. There is an urgent need to
strengthen international agreements (such as the United Nations
Convention on the Law of the Sea) and regional cooperation
mechanisms (such as the EU fisheries quota system) to reconcile
conflicts between individual interests and the public good.

These situations indicate that, in the absence of effective
management, cooperation, trust, and fair distribution, both developed
and developing countries are highly susceptible to the “tragedy of the
commons” in the process of marine pollution governance. This
necessitates that nations take these factors into full account when
formulating policies and cooperation frameworks to prevent over-
exploitation of resources and further environmental degradation.

The relationship between the three law or effect in the process of
collaborative governance of marine pollution is shown in Figure 1.

2.1.2 Hypothesis

Hypothesis 1: Marine pollution control is long-term, dynamic
and continuous

The governance of marine pollution by developed and
developing countries is indeed a “long-term, dynamic, and
continuous” process. This characterization reflects the global
challenges of addressing marine pollution and the sustained
efforts and adaptability required in the governance process. The
following are specific explanations of these characteristics. First,
marine pollution is a global issue that demands long-term
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while the free-riding behavior
will weaken the diffusion

Developed country
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commitment and continuous effort. Both developed and developing
countries must invest significant resources, formulate policies, and
engage in international cooperation for effective marine pollution
control. Given the widespread sources of marine pollution and the
difficulties involved in its governance, long-term monitoring and
continuous improvement are necessary to mitigate the impact of
pollution and to restore already damaged marine ecosystems.

Second, the marine environment and sources of pollution are
dynamic, and governance measures must be flexible enough to
respond to these changes. Marine pollution originates from diverse
and complex sources, including land-based discharges, ship waste,
oil spills, plastic debris, among others. These sources may change
over time due to factors such as economic activities and climate
change (Sannigrahi et al., 2022). Therefore, when formulating and
implementing governance measures, developed and developing
countries must account for these changes and continuously adjust
their strategies and technologies to ensure the effectiveness of
pollution control efforts.

Third, marine pollution governance requires sustained efforts
rather than one-off actions. Addressing marine pollution involves
not only dealing with existing pollution but also implementing
long-term preventive measures and policy support. Only through
continuous monitoring, enforcement, and public education can new
pollution be prevented, and the progress achieved in pollution
control be maintained. Both developed and developing countries
must ensure continuity in their marine pollution governance efforts,
preventing any disruption in order to safeguard the health and
sustainability of marine ecosystems.

Furthermore, this hypothesis aligns with empirical observations.
For instance, the governance of marine pollution in the Mediterranean
Sea is a long-term process, with its effects and impacts persisting over
extended periods (Lopez-Martinez et al., 2022). According to the latest
report released by the World Wide Fund for Nature (WWE), as of
2024, 87% of the Mediterranean Sea is affected by pollution, primarily
linked to toxic metals, industrial chemicals, and plastic waste. Over the
past two decades, pollution-related deaths have increased by 66%,
reaching 9 million annually, making pollution a leading
environmental risk factor for global diseases and premature
mortality. This underscores the long-term, dynamic, and persistent
nature of marine pollution in the Mediterranean.

In conclusion, both developed and developing countries must
adhere to long-term planning, dynamic responses, and continuous
action when addressing marine pollution in order to effectively
tackle the complex issues of the marine environment and protect
the integrity of global marine ecosystems.

Hypothesis 2: Developed and developing countries are
geographically close

Some developed and developing countries are geographically
proximate. For example, the distance between Italy (a developed
country) and Tunisia (a developing country) is only 145 kilometers
(across the Strait of Sicily); similarly, the distance between Spain (a
developed country) and Morocco (a developing country) is merely
14 kilometers (across the Strait of Gibraltar).

In the process of marine pollution governance, significant
differences in governance approaches, priorities, and capacities
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may still exist between developed and developing countries, even
if they are geographically close. This disparity can be attributed to
several factors. First, there are economic and technological
differences. Developed countries typically have access to more
advanced pollution control technologies and greater financial
resources to implement complex governance measures. In
contrast, geographically proximate developing countries may not
be able to invest as heavily in pollution control due to lower levels of
economic development. Even when facing the same marine
pollution challenges, differences in governance capacities and
approaches can lead to variations in the effectiveness of pollution
control efforts.

Second, differences in pollution sources. Even if developed and
developing countries are geographically close, their sources of
pollution may differ significantly. For instance, in developed
countries, with higher levels of industrialization, marine pollution
is more likely to stem from industrial wastewater, chemicals, and
ship emissions. In contrast, developing countries may face pollution
issues more related to household waste, agricultural runoff, and
inadequate infrastructure. Consequently, even within the same
geographical region, the nature of pollution and the methods of
addressing it may vary (Skirtun et al., 2021).

Third, differences in governance priorities. When addressing
marine pollution, the priorities of developed and developing
countries may differ. Developed countries, having undergone longer
environmental protection processes, often prioritize environmental
protection as a high-level concern. In contrast, some developing
countries, especially those experiencing rapid economic growth, may
prioritize economic development, with environmental governance
potentially being delayed or relegated to a secondary issue.

Fourth, the importance of international cooperation. Despite the
aforementioned differences between developed and developing
countries, international cooperation becomes particularly crucial due
to the trans-boundary nature of marine pollution, especially when
countries are geographically close. Pollutants can cross national
borders through ocean currents, wind patterns, and biological
migration, making regional cooperation essential for effective marine
pollution governance (Soares et al, 2021). Both developed and
developing countries must participate in international agreements,
working together to formulate and implement marine protection
policies. In conclusion, although developed and developing
countries may be geographically close, differences in their economic
capacities, technological advancements, and governance priorities lead
to variations in their approaches and capabilities in addressing marine
pollution. However, these differences also underscore the importance
of international cooperation and coordination to achieve effective
governance of shared marine areas.

However, this hypothesis also has certain limitations. For
instance, the United States and Southeast Asian countries are
geographically distant, yet pollutants such as plastic waste still
reach their coastlines through ocean currents, indicating that
geographical distance is not the sole determinant of pollution
impact. Additionally, this hypothesis may overlook the
complexity of political and economic factors in transnational
pollution governance. For example, even when countries are
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geographically close, differences in economic development levels,
governance capacities, and political willingness can lead to
difficulties in cooperation (Casas and Romera, 2011). Therefore,
these hypotheses may fall short in explaining the diversity and
complexity of global marine pollution governance.

2.1.3 Variable definition

When constructing the differential game model in this article,
many parameters and variables are designed. These parameters and
variables are defined as shown in Table 1.

However, these parameters are potentially influenced by
unmeasured variables such as political instability or economic
crises. Political instability can lead to a decline in national
governance capacity, resulting in the failure to fulfill previously
committed pollution control investments, thereby exacerbating the
“free-rider effect” (Al-Tabbaa et al., 2023). Economic crises, on the
other hand, may compel countries to prioritize short-term
economic gains, cutting environmental protection budgets and
further diminishing governance incentives. These unmeasured
variables may also affect the stability of equilibrium outcomes by
altering the strategic space and payoff functions of game
participants. Consequently, neglecting these factors could lead to
an overestimation of the likelihood of international cooperation or
an underestimation of the difficulty in sharing governance costs,
thereby compromising the accuracy of research conclusions and the
applicability of policy recommendations.

2.2 Differential game of different scenarios

Differential game theory provides a dynamic and strategic
framework uniquely suited to analyze the interplay of bandwagon
effects, free-riding, and the tragedy of the commons in marine
pollution governance. Unlike static models (e.g., classical game
theory or cost-benefit analysis), differential games capture time-
dependent decision-making, where nations continuously adjust
their pollution control efforts based on others’ actions and
evolving environmental conditions (Petrosyan and Pankratova,
2023). This is critical because marine pollution is a cumulative,
long-term problem—governance strategies must account for
delayed feedback, stock pollutants (e.g., plastic accumulation),
and shifting incentives over time.

In terms of dynamic free-rider analysis, traditional static games
(e.g., Prisoner’s Dilemma) treat free-riding as a one-time choice, but
differential games reveal how delayed enforcement or gradual
reputation gains can either exacerbate or mitigate free-riding. For
instance, a nation may reduce cleanup efforts today if it expects
others to compensate later—a behavior only detectable through
dynamic modeling.

In terms of bandwagon eftects as feedback loops, differential games
formalize bandwagon effects as state-dependent strategies, where
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TABLE 1 The main definition of variables and parameters in this article.

Variables
and
parameters

Specific meaning

Effect in the process of collaborative governance of marine
Y={B,F,C} pollution (bandwagon effect, free-rider effect, tragedy of

the commons)
Independent variable

Developed countries’ efforts to govern the marine pollution
under the governance effect Y

Developing countries’ efforts to govern the marine pollution
under the governance effect Y/

Reputation of developed countries in the governance process
of the marine pollution under the governance effect Y’

Reputation of developing countries in the governance
process of the marine pollution under the governance
effect Y

Parameter
P The discount rate that occurs over time, 0<p<1
é decay of reputation, >0
I The positive effects of reputation, [>0

The benefits that the developed countries or developing
ay, a countries gain by governance of the marine pollution at a
unit level, a;, a,>0
The cost to the developed countries or developing countries
[2G . . .
Pt of governance of the marine pollution at a unit level, ¢;, ;>0
The reputation that the developed countries or developing
fifo countries gain by governance of the marine pollution at a

unit level, f;, £,>0

P Probability of ocean protection in developing countries, p>0

Coefficient of impact of Marine protection in developing

A
countries on developed countries, A>0
Ecological damage caused by over-exploitation of Marine
aci, a ) . .
o ie resources in developed or developing countries, acy, ac>0
b b The benefits of over-exploitation of Marine resources for
P2 developed or developing countries, b, b,>0
fc The loss of reputation caused by ecological damage, f->0
T The governance cycle of Marine pollution, T>0
Function
() The social welfare function of developed countries under the
n governance effect Y/
In(® The social welfare function of developing countries under
" the governance effect Y
Virt) The social benefits of developed countries under the
S governance effect Y/
the social benefits of developing countries under the
Via(t)

governance effect Y
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nations increase participation only after a “critical mass” of others do so
(e.g., via replicator dynamics). This explains why some regions (e.g., the
EU) achieve rapid cooperation while others stagnate.

In terms of tragedy of the commons with stock externalities,
unlike static models, differential games distinguish flow pollution
(short-term emissions) from stock pollution (long-term
degradation), showing how delayed consequences encourage over-
exploitation. Policies like adaptive penalties (e.g., escalating fines as
pollution stocks grow) can be rigorously tested.

Compared with other modeling methods (e.g., system dynamics,
agent-based models and optimal control theory), differential games
also have certain advantages. While system dynamics models feedback
loops, they lack strategic interaction, while differential games explicitly
model competitive/collaborative decision-making; agent-based
models simulate heterogeneity but often lack analytical tractability,
while differential games provide equilibrium solutions (e.g., Nash or
cooperative equilibria) to guide policy design (Jia et al., 2023); optimal
control theory assumes a single planner, whereas differential games
internalize conflicts among multiple actors, aligning better with real-
world governance fragmentation.

Differential game theory offers a rigorous yet flexible framework
to dissect how strategic behaviors interact with environmental
dynamics in marine pollution governance. By quantifying time-
consistent policies, threshold effects for cooperation, and nonlinear
penalties for free-riding, it advances theoretical depth beyond static
or non-strategic models, providing actionable insights for
international agreements (Plaksin and Kalev, 2024).

In the study of marine pollution governance under different
scenarios, this paper employs differential game theory. The
rationale behind using differential game theory lies in its ability to
effectively analyze the interactive behaviors of multiple stakeholders
in complex environments, particularly when issues such as resource
sharing, benefit distribution, and cooperation failures are involved.
Differential game theory helps address multiple aspects of these
complex dynamic problems. Marine pollution is a continuously
occurring and dynamically changing process, where issues such as
pollutant diffusion and the gradual degradation of the ecological
environment evolve over time. Differential game theory can assist in
analyzing this dynamic evolution, modeling the strategic choices of
multiple decision-makers at different time points, and assessing the
long-term impacts of these decisions, thereby identifying optimized
long-term solutions for pollution governance.

The bandwagon effect suggests that individuals tend to take sides
in complex issues and act in accordance with the interests of the
chosen side. Marine pollution governance often involves multiple
stakeholders, such as national governments, environmental
organizations, corporations, and the public, each of whom may
adopt different positions based on their own interests. Differential
game theory can analyze how different parties align and how various
alignment strategies affect overall governance outcomes, thereby
aiding in the design of cooperative mechanisms that reduce
disagreements and encourage broader collaboration (Assarzadegan
et al,, 2024).

The free-rider effect refers to the phenomenon in collective
actions where some participants may reduce their contributions or
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refrain from participating, expecting others to bear a greater share
of the responsibility. Marine pollution governance is a typical
example of a collective action problem, as all stakeholders share
marine resources, but if certain countries or corporations adopt
free-riding strategies, the effectiveness of governance may be
significantly compromised. Differential game theory can help
model this free-rider phenomenon in collective action and,
through the design of appropriate incentive mechanisms,
encourage all stakeholders to actively participate in governance
and reduce free-rider behavior (Bai and Ma, 2023).

The tragedy of the commons refers to the scenario in which
individuals, in the pursuit of maximizing their own interests,
ultimately lead to the depletion of shared resources. In marine
pollution governance, the ocean represents a “commons,” where all
nations and corporations may over-exploit or pollute, resulting in
irreversible damage to the resources. Differential game theory, by
analyzing the strategic interactions among participants competing
for shared resources, aids in designing appropriate policies and
governance mechanisms to prevent the tragedy of the commons
and ensure the sustainable use of resources (Wei and Wang, 2021).
Marine pollution governance requires long-term efforts, involving
substantial investments of resources and funds. Different
stakeholders may have varying expectations regarding the
contributions and returns from governance, raising the issue of
how to fairly distribute governance costs and maintain cooperation
over time. Differential game theory, through analyzing the long-
term interests of multiple parties, helps stakeholders identify
sustainable cooperation models and effectively allocate costs and
benefits throughout the governance process (Ji et al., 2024).

The bandwagon effect refers to the tendency of individuals or
nations to follow the behavior or opinions of the majority. In
marine pollution governance, this phenomenon may cause some
countries or organizations to engage in governance only after
observing other major nations or international organizations
taking action. In other words, when certain major powers or
international organizations lead efforts in marine conservation,
other countries may follow suit, either due to pressure or in
pursuit of benefits (Nadeau et al., 2016). This effect can promote
global cooperation but may also lead to some countries becoming
overly passive, waiting for others to act first.

If the developed countries and developing countries comply
with the bandwagon effect in the process of collaborative
governance of marine pollution, then their social welfare function
can be expressed as Equations 1, 2:

T
Jon= [ @4 290 - SE @) + b))

’ ) —pt
o= [ posFn®-pEE0 ) i @

In the above formula, a, Fy, (¢) represents the benefits derived by
developed countries from combating marine pollution. ApFp, (t)
indicates the positive impact of marine pollution in developing
countries on the benefits to developed countries. %an(t)
represents the costs incurred by developed countries in combating
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marine pollution. Ixz, (t) indicates the positive impact of reputation
on the benefits of developed countries.

Among them, the cost is equal to the square of the effort level
multiplied by a constant, reflecting a nonlinear relationship. This is
primarily attributed to the following two reasons. First, the effect of
increasing marginal costs. In the process of pollution control, initial
investments may yield significant results through relatively simple
measures, such as strengthening regulations or promoting basic
technologies. However, as governance progresses, further pollution
reduction requires more complex and costly technologies and
resource inputs. For instance, transitioning from reducing
industrial wastewater discharge to addressing microplastic
pollution involves significantly higher technical challenges and
costs. This characteristic of increasing marginal costs results in a
nonlinear relationship between cost and effort level, and the square
relationship effectively captures this accelerating trend.

Second, the characteristics of real-world governance costs. In
practical pollution control, costs often exhibit an exponential
relationship with the depth and breadth of governance (Soares
etal, 2021). For example, developed countries may need to develop
more advanced technologies or implement stricter policies when
addressing marine pollution, leading to rapidly escalating costs.
Developing countries face similar challenges, as increased
governance efforts require multiplied investments in funding,
technology, and human resources. Therefore, the square
relationship better reflects these real-world cost characteristics. pa,
Fp,(t) indicates the benefits that developing countries have gained
from combating marine pollution. p2 F3,(t) represents the costs
incurred by developing countries in combating marine pollution.
Ixp,(t) indicates the positive impact of reputation on benefits to
developing countries. e *'is a convolution. With this convolution,
the integrals will begin to converge well before infinity.

It is noteworthy that marine pollution control in developing
countries has a positive impact on developed countries, primarily
because developing countries reduce pollution emissions through
governance actions, thereby improving the quality of the global
marine environment and directly alleviating the cross-border
pollution pressure faced by developed countries. This “spillover
effect” of environmental improvement allows developed countries
to benefit without additional investment (Zhang and Xu, 2024).

On the other hand, the governance actions of developed
countries have a relatively limited impact on developing
countries. This is mainly because the pollution issues in
developing countries are more often rooted in their own
economic activities and insufficient governance capacity. The
governance efforts of developed countries cannot directly address
these fundamental issues, thus their influence remains relatively
constrained.

xp1 (£) = fLFp (£) = 6xp (£) 3)

%o (1) = pfaFpa () — Oxpy (1) (4)

In the above formula (Equations 3, 4), fjFp,(¢) indicates the
positive impact on the reputation of developed countries in combating

Frontiers in Marine Science

10.3389/fmars.2025.1549424

marine pollution. dx, (t) represents the erosion of the reputation of
developed countries. pf,Fp,(t) indicates the positive impact on the
reputation of developing countries for combating marine pollution.
Oxp, (1) represents a decline in the reputation of developing countries.

The free-rider effect refers to the phenomenon where
individuals or nations benefit from the efforts of others in
collective action without being willing to pay the corresponding
costs. In marine pollution governance, some countries or
corporations may choose not to take proactive measures,
expecting others to address the issue, thus saving their own
resources and costs (Rivers and Shiell, 2014). This effect can
undermine the overall effectiveness of governance, as the lack of
initiative from some participants may result in outcomes that fall
short of expectations.

If the developed countries and developing countries comply
with the free-rider effect in the process of collaborative governance
of marine pollution, then their social welfare function can be
expressed as Equations 5, 6:

T
Jr = /} [a1Fr (1) - %Flz?l(t) +lxpy (1) e dt (5)

r ) -pt
Jr2 =A [a2Fpy (1) _EFFZ(t)"'leZ(t)}e dt (6)

In the above formula, a,F, () represents the benefits gained by
developed countries in combating marine pollution. < Ff(f)
indicates the costs incurred by developed countries in combating
marine pollution. Ixg, (f) represents the positive impact of reputation
on the gains of developed countries. a, Fg,(t) indicates the gains made
by developing countries in combating marine pollution. % Ff,(f)
represents the costs incurred by developing countries in combating
marine pollution. Ixp, (¢) indicates the positive impact of reputation on
the earnings of developing countries.

It is noteworthy that pollution control efforts in developed and
developing countries do not mutually influence each other,
primarily because both sides tend to rely on the other’s
governance efforts to improve the marine environment while
reducing their own investments. Developed countries may believe
that the governance actions of developing countries are sufficient to
mitigate global pollution issues, thus they are unwilling to bear
additional governance costs. Meanwhile, developing countries may
argue that the technological and financial advantages of developed
countries oblige them to take on greater responsibility, thereby
reducing their own governance investments. This “free-rider”
behavior results in a lack of synergistic effects between the
governance actions of both sides, failing to establish a mutually
reinforcing mechanism. Consequently, the impact of each side’s
pollution control efforts on the other is weakened or even
neutralized (Johnson, 2011).

Under the bandwagon effect scenario, developing countries
reduce pollution emissions through governance actions,
improving the quality of the global marine environment and
directly alleviating the cross-border pollution pressure faced by
developed countries. However, under the free-rider effect scenario,
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this outcome does not occur, primarily because the “free-rider”
behavior leads to a lack of proactive governance motivation on both
sides. Developing countries may believe that developed countries
should bear the primary responsibility, thus their governance
investments are limited and fail to significantly reduce pollution
emissions. Similarly, developed countries may rely on the
governance actions of developing countries, thereby reducing
their own efforts (Kinnucan and Myrland, 2010). This mutual
dependence and evasion result in weak governance outcomes on
both sides, failing to achieve significant global environmental
improvement. Therefore, the cross-border pollution pressure is
not substantially alleviated.

g1 (£) = fiFp (£) = 6xpi (£) ™)

Ko () = foFpy (t) = Oxpy(t) (8)

In the above formula (Equations 7, 8), fiFp(f) indicates the
positive impact on the reputation of developed countries in combating
marine pollution. dxp, (f) represents the erosion of the reputation of
developed countries. f,Fp,(t) indicates the positive impact on the
reputation of developing countries for combating marine pollution.
Oxp, (t) represents a decline in the reputation of developing countries.

The tragedy of the commons refers to the over-exploitation of
shared resources (such as oceans, air, etc.) by individuals seeking to
maximize personal gain, ultimately leading to the depletion or
damage of those resources. In the context of marine pollution,
countries and corporations may be inclined to overuse marine
resources (such as fisheries, minerals, and shipping), believing
that if they do not do so, others will (Xiao et al.,, 2024a). This
mindset results in the over-exploitation of marine resources and the
exacerbation of pollution. The tragedy of the commons illustrates
that without effective governance mechanisms, shared resources are
easily overused and damaged.

If the developed countries and developing countries comply
with the tragedy of the commons in the process of collaborative
governance of marine pollution, then their social welfare function
can be expressed as Equations 9, 10:

T
Jor = A (@~ ac)Fa(6) = L)) + by + i (0] P'de (9)

! ) -pt
Jo2 = A [(a, = acy)Fes (1) - ?Fcz(f) +b; + Ixcy(t)]e Pdt - (10)

In the above formula, a,F¢,(t) represents the gains made by
developed countries in combating marine pollution. ac,F¢,(t)
indicates the ecological damage caused by over-exploitation of
marine resources. - F¢,(t) represents the costs incurred by
developed countries in combating marine pollution. b; represents
the benefits to developed countries of over-exploitation of marine
resources. lxc, (¢) represents the positive impact of reputation on the
gains of developed countries. a,Fp,(t) represents the benefits to
developing countries of combating marine pollution. ac,Fc,(t)
indicates the ecological damage caused by over-exploitation of
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marine resources. % F¢,(t) represents the costs incurred by
developing countries in combating marine pollution. b, indicates
the benefits to developing countries from the over-exploitation of
marine resources. Ixc,(t) represents the positive impact of
reputation on the gains of developing countries.

xc1(t) = (i = fo)Fei (8) = Oxcy (8) (11)

xc2(t) = (f, = fo)Fea(t) = Oxco(t)

In the above formula (Equations 11, 12), f; F¢; (f) represents the

(12)

positive impact on the reputation of developed countries in
combating marine pollution. foF¢,(f) indicates a decline in the
reputation of developed countries as a result of ecological damage.
Oxc)(t) represents a decline in the reputation of developed
countries. f,Fc,(t) indicates the positive impact on the reputation
of developing countries in combating marine pollution. foFc,(f)
represents a decline in the reputation of developing countries as a
result of ecological damage. 8xc,(t) indicates a decline in the
reputation of developing countries.

3 Results

In the differential game, the developed countries and developing
countries in the process of collaborative governance of marine
pollution are not only affected by control variables and parameters,
but also change over time. In order to better calculate the control
benefits and social benefits, the HJB formula is used. The HJB formula
is a partial differential equation, which is the core of optimal control.

3.1 HJB formula

Under the condition that the bandwagon effect is satisfied, the
HJB equation of the social welfare function of the developed
countries and developing countries are as Equations 13, 14:

PV = Il}la(lg [(ay + Ap)Fp () - Cz—lezal(l‘) + Ixp (1)) (13)
Vv,
+ 3y UiFn () = 8 (1)
PVin = maxq [parFin(0) - P Fp () (14)
'V,
+ begy ()] + =22 [pfy Fia (£) — Sy (8)]

BxBZ

Under the condition that the free-rider effect is satisfied, the
HJB equation of the social welfare function of the developed
countries and developing countries are as Equations 15, 16:
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Vi = Fp(t) -
PVE1 ;na(.g [a1Fpy (1)

F1

€2
— Fp (t
S EA()

A%
+ bepy (0] + TFI [fi g (t) = Oxp (2)]
XF1
(15)
PViz = max{ [asFia(t) = 5 Fha(0) + L (1) (16)
a V,
£ [fZFFZ(t) Oxpy(1)]

Under the condition that the tragedy of the commons is satisfied,
the HJB equation of the social welfare function of the developed
countries and developing countries are as Equations 17, 18:

pVer = F (t) [(a; —aci)Fe(t) - %Fél(t) + by + Ixcy (1)
d
+ aVC1 [(fi = fo)Fci(t) = 8xcy (1))
Xc1
(17)
PV = }}128( [(ay = acy)Fey(t) = %Féz(t) +by + Ixey ()]
a \%
+ 22 (s~ flFer() = Sxca(t)]
Xc2
(18)

3.2 Result of equilibrium

Proposition 1: Under the condition that the bandwagon effect is
satisfied, the extent of efforts to govern the marine pollution, and social
benefits of developed countries and developing countries are
respectively Equations 19-22 (the specific solving procedure is shown
in Appendix 1):

a, +Ap f1 !
Fy () ——1 0 pro (19)
f2 l
Fi (1) ——2 L peo (20)

2
* _ a+A, 1 1 a+A 1
VBI = +§ Xpg1 + = (al +lp)( 1 P f_'_5) _71_( ]c, P+{_:TE>

lf a1+lp f_lL
p+5 1 c, pto

21
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(22)

Conclusion 1: Under the conditions of the bandwagon effect,
the greater the impact of marine governance efforts by developing
countries on developed nations, the more intensive the marine
governance efforts of developed nations will become.

Proposition 2: Under the condition that the free-rider effect is
satisfied, the extent of efforts to govern the marine pollution, and social
benefits of developed countries and developing countries are respectively
Equations 23-26 (the specific solving procedure is shown in Appendix 2):

* fll

fn®= E oqp+d (23)
Pl =2 %pia 24)
n PiéxF1+ “1(%+Jc%pi6)
(2 bers) i) o
(it
2/)( Zpia)z 1p+5f<cz pri&) 6)

Proposition 3: Under the condition that the tragedy of the
commons is satisfied, the extent of efforts to govern the marine
pollution, and social benefits of developed countries and developing
countries are respectively Equations 27-30 (the specific solving
procedure is shown in Appendix 3):

ke 1

* —ac

FCl(t) - C (5] p+ 1) (27)
* _ 4y —dacy fHi-fc 1
Foo(t) = . + P (28)

2
* _ a-ac | hi-fe 1 _al(m-ag | fi-fe 1
Ve = p+6 Xe1 g, (al aci )< + o pro 2 p 3] + ¢ pto

+3by 4 gl (- fo) (B 4 B8 1)
(29)

2
* _ G-ac, , fhfe 1\ _ ol (@m-ae | hifc 1
ch P+5 Xcr + 5 (az aCZ) < + ¢ pto 2 p P o ¢ pto

+5 b2 p+5p(fZ f )<a2 — +fc;fc pié)
(30)
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TABLE 2 The expenditure amounts of each country.

10.3389/fmars.2025.1549424

The expenditure

. . . Hovernment . .
. Total expenditure Tourism expenditure . fisheries and
Countries L . expenditure
(million USD) (million USD) (million USD) aquaculture
(million USD)
France 56 38.17 12.23 5.7
Ttaly 150 126.055 22375 473
Spain 87 49.735 22.49 14.825
Algeria 15 3.1 12.15 0
Libya 0.75 0.625 0.065 0.06
Tunisia 29 1.45 0.82 0.67
Egypt 14 6.64 1.05 6.23
Turkey 99 19.405 73.13 6.065

Conclusion 2: Under the conditions of the tragedy of the
commons, the greater the ecological loss caused by the over-
exploitation of marine resources, the less effort will be made by
both developed and developing countries in marine governance.

3.3 Case analysis

In order to describe in more detail the changes in social utility of
developed countries and developing countries in the process of
collaborative governance of marine pollution, this paper adopts the
method of case analysis. The following assumptions are made for
relevant parameters:

This paper uses plastic pollution in the Mediterranean Basin as
an example to illustrate how developed and developing countries
manage plastic pollution. The developed countries include France,
Italy, and Spain, while the developing countries include Algeria,
Libya, Tunisia, Egypt, and Turkey. According to data from the
website (https://theoceancleanup.com/the-price-tag-of-plastic-
pollution/), the annual expenditure amounts of each country are
shown in the following Table 2.

According to the above data calculation, it can be concluded
that ac;=b,=(38170000 + 5700000 + 14825000 + 49735000 +
126055000 + 4730000)/(56000000 + 87000000 + 150000000) is
approximately equal to 0.8;ac,=b,=(3100000 + 625000 + 60000 +
1450000 + 670000 + 6640000 + 6230000 + 19405000 + 6065000)/
(15000000 + 750000000 + 2900000 + 14000000 + 99000000)=0.34;
A=(15000000 + 750000000 + 2900000 + 14000000 + 99000000)/
(56000000 + 87000000 + 150000000)=0.45.

Some data could not be obtained from the relevant website;
therefore, this paper uses questionnaires to gather missing
information. The questionnaire survey helps to understand the
level of awareness and attitudes of local residents toward marine
pollution governance. For this purpose, the study selected 500 local
male residents and 500 local female residents to complete the
questionnaire, assessing the satisfaction levels with marine
pollution governance in both developed and developing countries.
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Based on the data from the questionnaire (see Supplementary
Material for detailed data), the proportion of reputational loss
caused by ecological damage to the reputational gain caused by
marine pollution control is 0.5676. In this paper, the above data is
rounded, i.e. fc=0.57f.

The discount factor reflects the preferences of game participants
for current versus future benefits or costs. Typically, individuals tend
to favor immediate benefits over future ones, so future benefits or
costs need to be “discounted” to their present value. A discount factor
closer to 1 indicates that a country places greater emphasis on future
benefits or costs, while a value closer to 0 suggests a stronger focus on
current benefits or costs. In the context of marine pollution control in
the Mediterranean Sea, environmental issues are characterized by
long-term and cumulative effects. For instance, reducing plastic
pollution or restoring marine ecosystems may require years or even
decades (Pusker et al., 2024). Moreover, both developed and
developing countries generally attach significant importance to
future environmental costs and benefits. Therefore, the discount
factor in this study is set closer to 1. For convenience, this article
assumes that the discount rate p that occurs over time is 0.9.

Reputation is a form of long-term accumulated social capital, the
formation of which requires time and sustained effort. Once
established, it typically does not dissipate quickly. For instance, the
reputation gained by developed or developing countries in addressing
marine pollution in the Mediterranean Sea is recognized and
remembered by the international community for an extended
period. Therefore, a low decay rate of reputation (close to 0)
reflects its enduring nature. The governance of marine pollution in
the Mediterranean Sea is a long-term process, with its effects and
impacts persisting over a considerable duration (Lopez-Martinez
et al,, 2022). The reputation acquired by game participants through
governance actions is often linked to their long-term environmental
contributions. If the decay rate of reputation is too high (close to 1), it
fails to accurately capture these long-term effects. A lower decay rate
better characterizes the persistence of reputation and the long-term
value of governance actions. For convenience, this article assumes
that decay 6 of reputation is 0.1.
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Impact of benefits of developed countries on social welfare.

When the reputation that developed countries gain by governance
of the marine pollution at a unit level is 1, this article can calculate the
social benefits of developed countries as Equations 31-33:

Vi =1+ 1.111(0.5a, + 0.725) (31)

* 2
Vi =1+ 1.111(0.5a,4+0.5)

Ve, = 1.89 + 1.111(0.5a, — 0.185)?

(32)

33)

The following graph (named Figure 2) can also be produced:
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When the reputation that developed countries gain by
governance of the marine pollution at a unit level is 10, this
article can calculate the social benefits of developed countries as
Equations 34-36:

Vi = 1+ 1.111(0.5a, + 5.225) (34)
Vi, =1+ 1.111(0.5a, +5)* (35)
Vi, =1.89+ 1.111(0.5a, +1.75)* (36)

The following graph (named Figure 3) can also be produced:

Conclusion 3: When the reputation and benefits gained from
managing marine pollution are relatively small, the governance of
marine pollution by developed countries most clearly reflects the
tragedy of the commons. Otherwise, the governance of marine
pollution by developed countries most clearly reflects the
bandwagon effect.

When the reputation that developing countries gain by
governance of the marine pollution at a unit level is 1, this article
can calculate the social benefits of developing countries as
Equations 37-39:

Vi, =1+ 1111 x (0.5a, +0.5)? (37)
Vi, =1+ 1.111(0.5a, + 0.5)* (38)
Ve, = 138 + 1.111(0.5a, + 0.045)? (39)

In the context of marine pollution governance, developing
countries typically do not exhibit the free-rider effect, as they often

2.8 T

10.3389/fmars.2025.1549424

face more immediate environmental and survival pressures (e.g.,
depletion of fishery resources, health risks for coastal populations)
and lack sufficient technology and financial resources to
independently address pollution issues. Consequently, they are
compelled to actively participate in governance efforts. In contrast,
developed countries are more prone to the free-rider effect, as their
geographical locations (e.g., being distant from pollution sources) and
economic strength enable them to withstand certain environmental
risks. Additionally, they can leverage technology transfers or financial
aid to shift the primary governance costs to developing countries,
thereby enjoying the benefits of governance without direct
investment. This asymmetry reflects an imbalance in the
distribution of power and responsibility. Therefore, when
comparing the three effects, this study excludes the scenario of the
free-rider effect for developing countries.

The following graph (named Figure 4) can also be produced:

When the reputation that developing countries gain by
governance of the marine pollution at a unit level is 10, this
article can calculate the social benefits of developing countries as
Equations 40-42:

Vi, =1+ 1.111(0.5a, + 5) (40)
Vi, =1+ 1.111(0.5a, + 5)° (41)
Vi, = 1.38 + 1.111(0.5a, + 1.98)> (42)

The following graph (named Figure 5) can also be produced:

Conclusion 4: When the reputation and benefits gained from
managing marine pollution are relatively small, the governance of
marine pollution by developing countries most clearly reflects the
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tragedy of the commons. Otherwise, the governance of marine
pollution by developing countries most clearly reflects the
bandwagon effect.

4 Discussion

Although this study uses models and a large amount of data to
obtain certain results, it still has specific regional applicability. First,
it applies to areas of multinational shared seas, where the tragedy of
the commons is particularly prominent in marine pollution
governance, especially in international shared waters. This
research is applicable to sea areas jointly used by multiple
countries, such as the South China Sea, the Mediterranean Sea,
and the Baltic Sea. These regions often face issues of over-
exploitation, resource abuse, and inadequate pollution control due
to difficulties in coordinating the interests of different countries,
leading to the occurrence of the “tragedy of the commons.”

Second, coastal areas with high levels of industrialization and
population density. The free-rider effect is common in situations
where the responsibility for marine pollution governance is unclear.
This research is applicable to highly industrialized and densely
populated coastal regions, such as the eastern coast of China, India,
Southeast Asia, and coastal cities in the United States. In these areas,
pollution-producing enterprises or stakeholders often evade
responsibility or reduce governance costs, relying on the efforts of
others to take action in pollution control.

Third, regions with conflicts of interest among multiple parties.
The bandwagon effect indicates that stakeholders often choose sides
in the face of conflicts of interest. This applies to areas where the

development of marine resources and pollution governance are
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entangled with the interests of various parties, such as in regions
with developed industries like fisheries, oil and gas extraction, and
tourism. Pollution control in such areas requires multi-party
coordination, interest balancing, and the establishment of fair
governance mechanisms.

Conclusion 1 explores the impact of developing countries’
marine governance on developed countries and the response of
developed countries under the conditions that satisfy the
“bandwagon effect.” The following is a detailed explanation of
Conclusion 1. When developing countries take action in marine
governance, especially when these actions have significant effects on
the global marine environment, resource allocation, or international
shipping, developed countries will feel the impact of these changes.
The more significant the actions taken by developing countries, the
greater the impact, and the more developed countries need to
respond to protect their own interests. According to the
bandwagon effect, the greater the impact of developing countries’
marine governance on developed countries, the more pressure or
threats are felt by developed countries (Nadeau et al, 2016). In
response to this impact, developed countries will have to increase
their efforts and investments in marine governance to ensure that
their interests are not compromised or that they can maintain their
dominance in international marine affairs. The efforts of developed
countries may manifest in the form of stricter marine governance
policies, stronger international cooperation, or greater resource
allocation to ensure their influence and voice in marine affairs.
Under the conditions that satisfy the bandwagon effect, the greater
the impact of developing countries’ marine governance on
developed countries, the more efforts and investments developed
countries will make in marine governance to counter this impact.
This phenomenon indicates that the behavior of developed
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countries is a response to the actions of developing countries, aimed
at maintaining their interests and status in international
marine affairs.

Conclusion 2 discusses the changes in governance efforts by
developed or developing countries in response to ecological losses
caused by the overexploitation of marine resources under the
conditions of the “tragedy of the commons.” The following is a
detailed explanation. Under the tragedy of the commons, each
participant tends to overuse resources, as they believe that
refraining from using them would allow others to benefit, thereby
exacerbating resource depletion. Over-exploitation of the oceans
refers to the excessive use of marine resources, such as overfishing,
pollution discharge, and over-extraction of marine minerals,
leading to the destruction of marine ecosystems. These ecological
losses may include the depletion of fishery resources, a decline in
marine biodiversity, and an increase in marine pollution. Within
the framework of the tragedy of the commons, as ecological losses
intensify, individual countries (whether developed or developing)
may perceive their governance efforts as having a limited impact on
the overall ecological recovery or protection, as other countries may
continue to over-exploit resources (Helinski et al., 2021). In this
scenario, countries may develop a sense of “ineffective governance,”
believing that even if they reduce exploitation and strengthen
governance, the actions of others will offset these efforts,
ultimately leading to a reduction in their willingness and
investment in governance. In summary, as ecological losses
increase and the effects of the tragedy of the commons become
more apparent, trust and cooperation between countries become
more difficult to establish, and countries may reduce their
governance efforts, believing that their individual actions will not
significantly change the overall trend. Therefore, under the
conditions of the tragedy of the commons, the more severe the
ecological losses caused by over-exploitation of marine resources,
the more countries (whether developed or developing) may view
their governance efforts as ineffective, and thus tend to reduce their
investment. This situation highlights how the tragedy of the
commons hampers international cooperation, weakening
governance efforts due to a lack of trust and coordination.

Conclusion 3 discusses how developed countries exhibit
different behavioral patterns in marine pollution governance
depending on the reputation and benefits they gain, manifesting
the dynamics of both the tragedy of the commons and the
bandwagon effect. When developed countries realize that their
efforts to control marine pollution result in limited improvements
in international reputation and economic benefits, it indicates that
the returns on their environmental efforts are relatively low. In such
cases, developed countries are more likely to reduce their
investments and efforts in marine pollution governance.
Conversely, if developed countries gain significant boosts in
international reputation and substantial economic benefits
through marine pollution control, their behavioral patterns
change (Shaikh et al., 2017). The greater the reputation and
rewards, the more developed countries are incentivized to take
further action to manage marine pollution, thereby maintaining or
enhancing their position and influence in the international
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community. In such cases, the behavior of developed countries
aligns more closely with the bandwagon effect. The bandwagon
effect refers to the tendency of nations to align their actions or
positions in international relations based on their interests and
political stance (Bindra et al., 2022). When developed countries gain
significant reputation and benefits from marine pollution
governance, they become more proactive in taking governance
measures to solidify and elevate their international standing. This
proactive governance behavior can be seen as a form of
“bandwagoning,” where developed countries secure their place
and pursue benefits in international affairs through environmental
actions. Therefore, when the perceived reputation and benefits are
small, developed countries may view the returns from marine
pollution governance as insufficient and reduce their governance
efforts, displaying characteristics of the tragedy of the commons,
where the pursuit of self-interest leads to the neglect of overall
environmental protection. However, when the perceived reputation
and benefits are substantial, developed countries will increase their
governance efforts, demonstrating the bandwagon eftect, where they
seek to secure international reputation and economic gains through
active governance, thereby consolidating their position in
international affairs.

However, the “low reputation and low returns” mentioned in
Conclusion 3 are subject to specific conditions. From a political
economy perspective, the phenomenon of low reputation and
returns in marine pollution governance fundamentally reflects the
structural contradictions in the provision of global public goods.

At the political level, the willingness of developed countries to
participate is significantly constrained by domestic interest group
dynamics. For instance, industries such as shipping and oil, which
possess strong political lobbying power, often oppose stringent
environmental regulations because governance measures may
increase their operational costs (Xiao et al., 2024b). Simultaneously,
the short-sightedness induced by electoral cycles leads governments to
prioritize immediate economic issues over long-term environmental
benefits. This domestic political-economic landscape makes it difficult
for environmental policies to garner sufficient support, thereby
undermining the credibility of international commitments.

On the economic dimension, market failures and externalities are
particularly pronounced. The value of marine ecosystem services is
difficult to monetize through traditional market mechanisms,
resulting in a lack of clear economic returns on governance
investments. Notably, marine pollution exhibits significant spatial
externalities—the benefits of upstream countries’ governance efforts
spill over to downstream countries, yet current international
institutions lack effective compensation mechanisms (Tzannatos,
2010). For example, in the governance of marine debris in the
Northwest Pacific region, China, Japan, and South Korea have long
faced disputes over cost-sharing. This inability to internalize positive
externalities, coupled with the pollution displacement effects driven
by the industrialization of developing countries, has led to
diminishing marginal returns on governance investments, further
reducing the motivation for participation.

To enhance the effectiveness of collaborative marine pollution
governance, policymakers should leverage the bandwagon effect
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while mitigating the tragedy of the commons and free-rider
problems. Since developed countries are more likely to engage in
collective action when reputational and economic benefits are
significant, international agreements should amplify incentives for
participation. For instance, green branding initiatives (e.g., “Blue
Economy” certifications) and financial rewards (e.g., preferential
trade access for compliant nations) can motivate developed
countries to lead by example, triggering a positive spillover effect
where others follow suit (Carlson et al., 2024).

Additionally, stronger enforcement mechanisms are needed to
prevent free-riding and ensure equitable contributions. This could
include transparency measures (e.g., public rankings of national
pollution control efforts) and penalties for non-compliance (e.g.,
sanctions or loss of access to international marine conservation
funds). For developing nations, capacity-building support (e.g.,
technology transfer and funding for waste management) can
reduce reliance on developed countries’ efforts, ensuring a more
balanced and sustainable governance framework. By combining
reputational incentives, economic benefits, and accountability
measures, global marine pollution governance can shift from a
tragedy of the commons to a collective success story.

Conclusion 4 explores the behavioral patterns of developing
countries in marine pollution governance under different
circumstances, incorporating the theories of the tragedy of the
commons, the bandwagon effect, and the free-rider effect. The
following is a detailed explanation. When developing countries
engage in marine pollution governance and find that the gains in
international reputation and economic benefits are relatively small,
it indicates that their returns on environmental efforts are low. Due
to high governance costs and low returns, developing countries may
be inclined to reduce their investment in pollution control. In this
context, developing countries may exhibit behavioral patterns
consistent with the tragedy of the commons. Since the perceived
reputation and benefits from governance are limited, developing
countries may believe that even if they reduce pollution, other
nations, particularly developed ones, may continue to pollute the
oceans, resulting in no overall environmental improvement. As a
result, these countries may choose to reduce their governance efforts
or even continue polluting, displaying the classic characteristics of
the tragedy of the commons, where short-term interests are
prioritized at the expense of long-term environmental protection.

If marine pollution governance can bring significant
improvements in international reputation and economic benefits
to developing countries, it will incentivize them to adopt more
proactive governance measures. In this case, they will not only
consider the direct environmental benefits but also the international
standing and potential economic returns resulting from active
governance. When marine pollution control yields substantial
reputation and benefits, developing countries may exhibit
characteristics of the bandwagon effect. This means they will
choose to actively govern pollution based on their interests and
international relations to gain more international recognition and
economic support, thereby positioning themselves advantageously
in global environmental governance (Bindra et al., 2022). This
behavior is a strategic choice aimed at aligning with the
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international community or gaining greater influence. Therefore,
when reputation and benefits are small, developing countries tend
to exhibit the tragedy of the commons, reducing their governance
efforts due to insufficient returns. When reputation and benefits are
substantial, developing countries demonstrate the bandwagon
effect, actively governing pollution to gain international
reputation and economic benefits.

To address the tragedy of the commons in marine pollution
governance among developing countries—where weak incentives
lead to unsustainable exploitation—international frameworks
should prioritize capacity-building and direct benefits. Financial
and technological support, such as grants for waste management
infrastructure and clean-up technologies, can reduce the short-term
economic burdens that drive over-exploitation. Additionally,
localized incentive systems, such as payments for ecosystem
services (PES) or community-based monitoring programs, can
align national interests with long-term conservation goals,
transforming passive resource depletion into active stewardship
(Nobakht et al., 2024).

When reputational or economic gains are sufficient, developing
countries may exhibit bandwagon effects (following successful regional
models). To maximize cooperation while minimizing exploitation,
global agreements should link participation to tangible rewards, such
as preferential trade access or climate finance eligibility (Tennant et al.,
2024). By combining targeted support, conditional incentives, and
accountability measures, international governance can shift
developing countries from passive beneficiaries to proactive partners
in marine pollution control.

Although the findings of this study are based on models and
extensive data, there are still certain limitations. First, there is the
challenge of transnational coordination. The limitation of the tragedy
of the commons lies in the extreme complexity of coordinating
governance across international waters. Different countries have
varying environmental policies, economic interests, and stages of
development, making it difficult to reach a consensus on governance
agreements. Therefore, the feasibility of such collaborative governance
in international waters is severely constrained.

Second, the prevalence of the free-rider effect. In marine
pollution governance, the free-rider effect often results in some
countries or corporations being unwilling to bear their fair share of
the costs in governance actions. This issue is more pronounced in
developing countries or underdeveloped regions, where governance
capacity is limited, and there is often an expectation that developed
nations should take on greater responsibility. Consequently, the
unequal distribution of governance costs may hinder the effective
implementation of collaborative governance.

Third, the divergence of interests caused by the bandwagon effect.
The limitation of the bandwagon effect is evident in marine pollution
governance, where different stakeholders often align based on their
own interests, complicating and delaying the decision-making
process during governance. For instance, certain countries or
industries (such as fisheries or marine mining) may be hesitant to
support stringent environmental governance measures, exacerbating
divisions among stakeholders and weakening the effectiveness of
governance actions.
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In the collaborative governance of marine pollution, cultural,
political, and economic factors profoundly influence the
manifestations of the bandwagon effect, free-rider effect, and tragedy
of the commons. In regions dominated by collectivist cultures (e.g.,
East Asia, Northern Europe), social norms can reinforce the
bandwagon effect, encouraging parties to follow mainstream
environmental actions while curbing free-riding behavior and
mitigating the tragedy of the commons (Kantorowicz-Reznichenko
and Kantorowicz, 2021). For instance, Japan’s shame culture and
Norway’s sense of community honor drive active participation in
governance. In contrast, in regions where individualism prevails (e.g.,
North America), environmental actions rely more on economic
incentives, free-riding is more prevalent, and the tragedy of the
commons is more pronounced, often necessitating mandatory
regulations or privatization to constrain polluting behaviors.

Political systems also shape the functioning of these effects. In
regions with strong government leadership (e.g., China, the European
Union), policy guidance can steer the bandwagon eftect, legal measures
can reduce free-riding, and centralized governance can alleviate the
tragedy of the commons. However, in regions with weaker governance
capacity (e.g., Southeast Asia, Africa), transnational cooperation often
falters due to disparities in enforcement, leading to rampant free-riding
and worsening the tragedy of the commons (Nguyen, 2024). For
example, countries in the Mekong River region have been evading
responsibility in plastic pollution governance, while conflict zones like
Somalia suffer from ongoing marine ecological destruction due to a
lack of effective regulation.

Economic development levels also determine governance
outcomes across regions. High-income economies (e.g., Norway,
Singapore) have the capacity to invest in environmental
technologies, leverage market mechanisms (e.g., fishing quotas,
carbon taxes) to reduce free-riding risks, and transform public
resources into controlled property rights. However, in developing
economies (e.g., India, Brazil), the prioritization of economic
growth weakens the willingness to follow environmental actions,
and impoverished communities often rely on marine resources for
survival, leading to widespread free-riding and the intractability of
the tragedy of the commons. For instance, coastal industrial zones
in India frequently relax emission standards for economic reasons,
while Brazilian fishermen illegally discard fishing nets due to
livelihood pressures (Neves et al., 2024).

The interplay of these factors creates a complex landscape for
global marine pollution governance. In developed regions like the
North Sea, political and economic cooperation can effectively foster
transnational governance networks, though events like Brexit may
still introduce free-riding risks. In tourism-dependent regions like the
Caribbean, economic interests drive small nations to collaborate, but
illegal dumping and other behaviors undermine governance efforts.
In regions with well-preserved traditional cultures, such as the South
Pacific, indigenous taboos have locally protected marine resources,
but the impacts of globalization are accelerating the tragedy of the
commons. Therefore, effective collaborative governance requires
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integrating cultural mobilization, institutional innovation, and
economic incentives, tailoring differentiated strategies to regional
characteristics to systematically mitigate the compounding of
negative effects.

5 Conclusion and policy suggestions

Marine pollution has become one of the core challenges in
global environmental protection, particularly when it comes to
coordinating governance among countries and stakeholders,
where issues such as unequal responsibility distribution and
inefficiencies in cooperation frequently arise. Traditional
governance models struggle to effectively address the cross-
regional and cross-sectoral complexity of pollution sources.
Therefore, this paper, using the theoretical frameworks of the
“bandwagon effect,” the “free-rider effect,” and the “tragedy of the
commons,” explores countermeasures for collaborative marine
pollution governance based on models and extensive statistical
data. When the reputational benefits and returns from marine
pollution governance are low, developed countries most clearly
manifest the tragedy of the commons in their governance efforts.
Conversely, when these benefits and returns are high, the
bandwagon effect is more evident in the governance actions of
developed countries. Similarly, when the reputational benefits and
returns are low, developing countries tend to exhibit the tragedy of
the commons in their pollution governance. In contrast, when these
benefits and returns increase, developing countries exhibit the
bandwagon effect.

In global marine pollution governance, attention should be paid to
the distribution of responsibilities and the coordination of interests
between developed and developing countries. First, for developed
countries, when the reputational benefits and returns from marine
pollution governance are low, the tragedy of the commons is likely to
occur. Developed countries may tend to neglect their responsibilities,
overly relying on the use of public resources while being unwilling to
bear the corresponding governance costs. Therefore, it is
recommended that international agreements strengthen the
accountability of developed countries, setting specific pollution
control targets and penalties to prevent the overuse of resources and
the evasion of governance responsibilities. When reputational and
economic returns increase, developed countries may exhibit the
bandwagon effect, aligning with high-reputation coalitions in
international cooperation. Thus, promoting globally reputable
governance platforms and initiatives can encourage developed
countries to proactively assume greater responsibility.

Developing countries should establish a dual-driven governance
mechanism based on “reputation and returns.” By participating in
international marine governance certification systems (e.g., blue
economy certification), they can enhance their national image.
Simultaneously, they should negotiate with developed countries to
establish green technology transfer and carbon credit trading
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systems linked to pollution governance performance. When
governance outcomes meet regional standards, these agreements
should automatically trigger technical assistance and market access
incentives. This approach transforms short-term governance costs
into long-term revenue streams, effectively steering national
behavior from the “tragedy of the commons” toward a virtuous
cycle of the “bandwagon effect.”
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