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Abstract: International maritime trade has long played a pivotal role in human development; however, its environmental 

impact cannot be disregarded. Air pollution (that includes Carbon and Sulphur emissions—all together Greenhouse Gases) 

emanating from ships has emerged as a significant contributor to climate change, prompting growing concern among the 

international community. The combustion of fossil fuels in ship engines releases pollutants such as sulfur dioxide, nitrogen 

oxides, and particulate matter into the atmosphere, adversely affecting both human health and the climate. In recognition 

of the need to tackle this issue, international laws have been established to regulate ship emissions. This research paper 

analysed the IMO’s regulations under international law for mitigating climate change, with a particular focus on various 

global initiatives controlling sulphur, carbon and GHG emissions. It is suggested that cooperation between public and 

private interests as well as at regional levels will play a crucial role in combating climate change and promoting global 

shipping sustainability. 
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1. Introduction 
The global maritime industry plays a crucial role in facilitating international trade, carrying approximately 

80% of the world’s goods[1]. However, the immense growth of shipping activities has raised concerns regarding 
its environmental impact, particularly with regards to ship pollution and its implications for climate change. 
The release of pollutants from ships, such as greenhouse gases (GHGs), sulfur oxides (SOx), nitrogen oxides 
(NOx), and particulate matter, not only degrades marine ecosystems but also significantly contributes to global 
warming[2]. 

The impacts of ship pollution on climate change are multifarious and far-reaching. One of the primary 
concerns is the emission of GHGs, particularly carbon dioxide (CO2). According to the International Maritime 
Organization (IMO), the shipping industry is responsible for nearly 3% of global CO2 emissions[3]. These 
emissions are projected to rise significantly in the coming years due to the expected growth in global trade and 
shipping activities. Such a scenario not only exacerbates climate change but also poses a considerable 
challenge to achieving the targets outlined in the Paris Agreement of the United Nations Framework 
Convention on Climate Change[4]. 

Furthermore, ship pollution is not limited to GHGs, the burning of heavy fuel oils by ships releases sulfur 
and nitrogen compounds, contributing to the formation of acid rain and harmful atmospheric pollutants[5]. 
These pollutants not only affect human health but also have detrimental effects on ecosystems, including 
marine life and biodiversity. The release of particulate matter from ships further exacerbates air pollution, 
leading to adverse consequences for both human and environmental well-being[6]. 

The IMO as a specialized agency of the United Nations has implemented regulations, notably the 
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International Convention for the Prevention of Pollution from Ships (MARPOL), to control air pollution from 
ships and minimize their environmental impact[7]. MARPOL is the primary legal instrument governing ship 
pollution because it addresses various forms of pollution, including air pollution, by imposing limits on the 
emission of pollutants from ships and prescribing guidelines for their control. There are further regulations 
aiming to limit sulfur and nitrogen oxide emissions, promote the utilization of cleaner fuels, and encourage the 
adoption of energy-efficient technologies within the maritime industry. the IMO has introduced the Energy 
Efficiency Design Index (EEDI) and the Ship Energy Efficiency Management Plan (SEEMP) to encourage the 
adoption of energy-efficient technologies and practices in the shipping industry[8]. 

Effective enforcement of the international law is essential for mitigating the harmful effects of ship-related 
air pollution and fostering a more sustainable future for global shipping[9]. Although in response to these 
concerns various international conventions and regulations have been developed to mitigate ship pollution and 
its impact on climate change, challenges persist in effectively controlling ship pollution and reducing its 
climate impact[10]. These challenges include issues of enforcement, compliance, and the need for technological 
advancements and alternative fuels[11]. Additionally, the evolving nature of the maritime industry necessitates 
a continuous review and improvement of existing regulations to address emerging concerns and promote 
sustainable shipping practices. 

This research paper aims to explore the multifaceted issue of ship pollution and its profound connection 
to climate change. Additionally, it examines the existing international legal framework and regulations that 
govern the maritime industry, highlighting their effectiveness, shortcomings, and the need for future 
improvements. 

2. Literature review 
As discussed above, ship pollution poses a significant threat to climate change and requires urgent 

attention from policymakers, researchers, and stakeholders. This research paper provides an in-depth analysis 
of the impact of ship pollution on climate change, highlighting the need for robust international legal 
frameworks and regulations to combat this issue effectively[12]. By understanding the complexities of ship 
pollution and its environmental consequences, we can foster sustainable practices in the maritime industry, 
minimize its ecological footprint, and contribute to a more environmentally responsible and resilient future[13]. 

Ship-source pollution has emerged as a critical issue within the broader context of climate change, as the 
shipping industry continues to contribute significantly to greenhouse gas emissions and other pollutants[14]. 
This literature review aims to explore the existing international legal framework governing ship-source 
pollution in the context of climate change. By examining relevant scholarly works, international agreements, 
and legal instruments, this review provides a comprehensive understanding of the progress made in regulating 
ship-source pollution and identifies key challenges and areas for improvement. 

2.1. International law governing marine pollution—UNCLOS 

United Nations Convention on Law of the Sea (UNCLOS), adopted in 1982, serves as the cornerstone of 
international law governing maritime affairs. While UNCLOS does not explicitly address climate change, it 
provides a legal framework for addressing ship-source pollution[15]. Under UNCLOS, coastal states have the 
right to adopt laws and regulations to prevent, reduce, and control pollution from ships within their territorial 
waters. However, UNCLOS falls short in providing comprehensive regulations specifically targeting 
greenhouse gas emissions and their contribution to climate change. 

2.2. The International Maritime Organization (IMO) 

IMO, the specialized agency of the United Nations responsible for regulating international shipping, the 
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IMO has taken significant steps in addressing ship-source pollution. The IMO adopted Annex VI to the 
MARPOL in 1997, setting limits on sulfur oxide and nitrogen oxide emissions from ships[7]. Subsequent 
amendments to Annex VI introduced the EEDI and the SEEMP, aiming to reduce carbon dioxide emissions 
through energy-efficient ship design and operational practices. While these measures mark progress, critics 
argue that they do not go far enough in curbing greenhouse gas emissions from the shipping industry[8]. 

2.2.1. Sulphur 2020 

The primary regulatory measure implemented in 2020, usually known as IMO 2020, pertains to the 
reduction of sulphur content in marine fuels. The following is a concise overview of the key points: 

The primary modification entailed the decrease in the permissible upper limit of sulphur concentration in 
marine fuels[3]. The previous standard for sulphur content in marine fuels, up until the year 2020, was set at 
3.5% sulphur by mass on a global scale. A significant reduction in the permissible sulphur content by mass to 
0.5% has been implemented in the majority of regions worldwide[16]. This pertains to both the maritime areas 
beyond national jurisdiction and the maritime zones under the sovereignty of states that have implemented the 
aforementioned legislation. 

Certain regions, referred to as Emission Control Areas (ECAs), had previously implemented more 
stringent sulphur restrictions prior to the year 2020[17]. In the aforementioned regions, the sulphur content 
threshold has previously been established at 0.1% by mass. These geographical regions encompass certain 
portions of the Baltic Sea, the North Sea, and North America. 

In order to adhere to these laws, ship operators possess a range of compliance alternatives at their disposal. 
One potential solution is for them to transition to the use of low-sulfur marine fuels, such as marine petrol oil, 
which inherently adhere to the newly imposed restrictions[17]. In addition, an alternative approach involves the 
installation of exhaust gas cleaning devices, commonly known as scrubbers, which effectively eliminate 
sulphur dioxide emissions from the exhaust gases of ships[18]. This enables the continued utilisation of fuels 
with higher sulphur content, while simultaneously ensuring compliance with emissions standards. 

The enforcement and imposition of penalties for non-compliance with these regulations is under the 
jurisdiction of each country inside their respective territorial seas. Failure to comply with regulations can lead 
to various consequences, such as the imposition of fines and the potential detention of the vessel[19]. 

The IMO 2020 regulations were implemented with the objective of mitigating the adverse environmental 
and health consequences associated with shipping emissions, including sulphur dioxide (SO2) emissions[17]. 
These emissions are known to contribute to air pollution, acid rain formation, and respiratory ailments. The 
IMO sought to achieve a substantial reduction in detrimental emissions by implementing measures to minimise 
the sulphur content in ship fuels. 

2.2.2. GHG emissions regulations 

The IMO has been diligently engaged in formulating regulatory measures aimed at mitigating GHG 
emissions originating from the shipping sector. The fundamental objective revolves around mitigating the 
impact of the maritime sector on global climate change. The following are notable advancements and 
regulatory measures pertaining to the IMOs endeavours in governing GHG emissions: 

The IMO announced an initial strategy in 2018 to address the reduction of GHG emissions from ships. In 
April 2018, the IMO implemented an inaugural plan aimed at mitigating GHG emissions originating from the 
global maritime industry[20]. The primary objective of the strategy is to achieve a minimum reduction of 50% 
in yearly GHG emissions from global maritime transport by the year 2050, as comparison to the emission 
levels recorded in 2008. Furthermore, the proposed policy seeks to actively pursue endeavours aimed at 
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gradually eliminating or reducing the reliance on fossil fuels to the greatest extent feasible[21]. 

The Energy Efficiency Existing Ship Index (EEXI) and Carbon Intensity Indicator (CII), which were 
implemented in 2020, are two measures aimed at assessing and quantifying the energy efficiency and carbon 
intensity of existing ships. The IMOs Marine Environment Protection Committee (MEPC) made amendments 
to the MARPOL[7,16] Annex VI in November 2020. These amendments were implemented to establish new 
regulations pertaining to the energy efficiency of ships already in operation (EEXI) and the carbon intensity of 
ships (CII). The aforementioned laws necessitate that ships adhere to specific energy efficiency criteria, which 
are determined by the ship’s EEXI and CII ratings. 

The IMO has been engaged in the ongoing development of additional changes to the MARPOL Annex 
VI. These additions aim to enhance the energy efficiency standards applicable to newly constructed vessels. 
The purpose of these modifications is to set a series of increasingly stringent energy efficiency standards for 
newly constructed vessels, with the objective of promoting the adoption of more fuel-efficient and 
environmentally friendly technologies. 

2.3. International law on climate change 

The United Nations Framework Convention on Climate Change (UNFCCC) is a pivotal international 
treaty that addresses the global challenge of climate change[4]. While the UNFCCC primarily focuses on 
reducing greenhouse gas emissions from various sectors, including energy and industry, its impacts on ship-
source air pollution have been significant. This note explores the key aspects of the UNFCCC and its influence 
on regulating air pollution from ships[22]. 

Mitigation commitments: The UNFCCC establishes a framework for countries to make commitments to 
mitigate greenhouse gas emissions[23]. While the shipping industry is not explicitly included in the quantified 
emission reduction targets of the UNFCCC, member countries are encouraged to include shipping emissions 
in their national climate strategies. This provides a platform for countries to voluntarily address air pollution 
from ships within their broader climate action plans[23]. 

IMO’s linkage to UNFCCC: The IMO, as the specialized agency of the UN responsible for regulating 
international shipping, collaborates closely with the UNFCCC[23]. The IMO’s regulations, such as those 
outlined in the MARPOL Annex VI, are aligned with the UNFCCC’s objective of reducing greenhouse gas 
emissions[23]. These regulations focus on limiting sulfur and nitrogen oxide emissions and promoting energy-
efficient practices, thereby indirectly addressing air pollution from ships[24]. 

Paris Agreement and shipping: The Paris Agreement, a landmark outcome of the UNFCCC, aims to keep 
the global temperature rise well below 2 degrees Celsius above pre-industrial levels[25]. Although the shipping 
sector is not explicitly included in the Paris Agreement, it recognizes the need to address emissions from 
international shipping. Article 2.2 of the Paris Agreement urges countries to pursue efforts to minimize the 
impact of international shipping emissions on climate change[26]. This acknowledgement highlights the 
growing importance of regulating ship-source air pollution to achieve the goals of the Paris Agreement. 

IMO’s initial strategy on GHG emissions: In response to the UNFCCC’s call to address shipping 
emissions, the IMO developed its Initial Strategy on Reduction of Greenhouse Gas Emissions from Ships in 
2018[27]. This strategy aims to reduce total annual GHG emissions from international shipping by at least 50% 
by 2050 compared to 2008 levels, while also pursuing efforts towards phasing them out entirely[28]. The IMO’s 
strategy aligns with the ambition of the Paris Agreement and demonstrates the influence of the UNFCCC on 
shaping the industry’s response to ship-source air pollution. 

The Paris Agreement: Adoption of the Paris Agreement in 2015 marked a significant milestone in global 
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efforts to combat climate change. The Agreement seeks to limit global temperature rise to well below 2 degrees 
Celsius above pre-industrial levels[29]. Although the Paris Agreement does not explicitly mention ship-source 
pollution, the shipping industry is recognized as a significant contributor to greenhouse gas emissions[30]. 
Parties to the Agreement are encouraged to develop and implement strategies for reducing emissions from 
international shipping. However, the effectiveness of these strategies largely depends on the willingness of 
states and the shipping industry to adopt and implement concrete measures[31]. 

2.4. Regional and bilateral agreements 

In addition to international conventions, regional and bilateral agreements have been developed to address 
ship-source pollution in the context of climate change[32]. For instance, the European Union’s Monitoring, 
Reporting, and Verification (MRV) Regulation requires ships calling at EU ports to monitor and report their 
CO2 emissions. Similarly, bilateral agreements, such as the Canada-United States Air Quality Agreement, have 
been established to control air pollution from ships navigating shared waters[28]. These agreements demonstrate 
the growing recognition of the need for regional and bilateral cooperation to address ship-source pollution 
effectively[26]. 

The literature reviewed highlights the progress made in developing an international legal framework to 
address ship-source pollution within the context of climate change[33]. While significant strides have been taken, 
challenges remain in effectively regulating greenhouse gas emissions and other pollutants from the shipping 
industry[34]. These challenges include issues of enforcement, compliance, and the need for technological 
advancements and alternative fuels[35]. Future research and legal developments should focus on strengthening 
international regulations, fostering greater cooperation among states and stakeholders, and promoting 
sustainable practices to mitigate the environmental impact of ship-source pollution on climate change[36]. 

3. Analysis 
The regulation of ship-source pollution within the context of climate change is a complex and evolving 

issue. This analysis examines the international legal framework governing ship-source pollution and its 
effectiveness in addressing the climate impact of the shipping industry. By evaluating the strengths, weaknesses, 
and challenges of existing international law, this analysis provides insights into the progress made and areas 
requiring further attention[37]. 

3.1. Strengths of international law on ship-source pollution 

3.1.1. Framework for cooperation 

The international legal framework, primarily established by the IMO, provides a framework for global 
cooperation and coordination in addressing ship-source pollution[38]. Instruments such as the MARPOL and 
the associated Annex VI have set binding standards and regulations for reducing air pollution from ships, 
including greenhouse gas emissions[39]. These legal instruments foster collaboration among states, industry 
stakeholders, and international organizations. More effective implementation requires collaboration among 
and between States in similar region through effective partnerships under existing environmental agreements. 
For example, in the North-East Atlantic Sea, there exists The Convention for the Protection of the Marine 
Environment of the North-East Atlantic (also known as OSPAR Convention) can be effective through new 
means of implementing regulations for controlling emissions. 

3.1.2. Adoption of energy efficiency measures 

The IMO’s introduction of the Energy Efficiency Design Index (EEDI) and the Ship Energy Efficiency 
Management Plan (SEEMP) represents a significant step toward promoting energy-efficient practices in the 
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shipping industry[40]. These measures aim to reduce carbon dioxide emissions through improved ship design, 
equipment, and operational practices. By incentivizing energy efficiency, international law encourages the 
adoption of sustainable technologies and practices in the maritime sector[41]. This step can be taken by shipping 
agencies under strong control of national regulatory authorities. For example, in China, there has been strong 
implementation of local regulation on shipping to control emissions. 

3.1.3. Recognition of regional cooperation 

The existence of regional agreements, such as those within the European Union, demonstrates the 
recognition of the need for regional cooperation in addressing ship-source pollution[42]. These agreements 
complement the international legal framework by implementing additional measures tailored to regional 
challenges and encouraging collaboration among neighbouring countries. Regional cooperation can serve as a 
catalyst for effective implementation and enforcement of international regulations[43]. IMO shall work in 
regional cooperation mechanisms in order to control the emissions effectively. Moreover, IMO representatives 
can work in few regional organisations for implementation of air pollution control regulations. 

3.2. Weaknesses and challenges of international law on ship-source pollution 

Limited scope of regulation: The international legal framework primarily focusing air pollution from ships, 
also addresses the gaps in the regulation of other forms of ship-source pollution, such as ballast water 
discharges and marine litter. At this stage, there is a requirement of comprehensive regulation and governance 
of all aspects of ship-source pollution is necessary to mitigate the overall environmental impact effectively[44]. 

Insufficient ambition: Critics argue that the existing regulations, including Annex VI of MARPOL, lack 
sufficient ambition in reducing greenhouse gas emissions from the shipping industry[24]. Despite the inclusion 
of energy efficiency measures, the absence of binding targets for emission reductions and a lack of clarity on 
alternative fuels hinder significant progress[45]. To align with the goals of the Paris Agreement, international 
law should aim for more ambitious targets and establish a clear roadmap for decarbonizing the shipping 
sector[46]. 

Enforcement and compliance challenges: The enforcement of international regulations on ship-source 
pollution remains a challenge. The sheer number of vessels, varying national enforcement capabilities, and 
limited resources pose obstacles to effective monitoring and enforcement[47]. Strengthening enforcement 
mechanisms and enhancing collaboration among states and regional authorities is crucial for ensuring 
compliance and deterring non-compliance[48]. 

Technological and financial barriers: The transition to low-carbon technologies and alternative fuels in 
the shipping industry faces significant technological and financial barriers[49]. The development and 
implementation of sustainable and affordable solutions require substantial investment and research and 
development efforts. International law should encourage innovation and provide incentives for the adoption of 
cleaner technologies, while also addressing the financial challenges associated with their implementation[50]. 

The analysis reveals both strengths and weaknesses in the international legal framework on ship-source 
pollution within the context of climate change. While international law has laid the foundation for cooperation, 
adopted energy efficiency measures, and recognized the importance of regional cooperation, challenges persist. 
The limited scope of regulation, insufficient ambition in reducing emissions, enforcement and compliance 
challenges, and technological and financial barriers necessitate further attention. Strengthening international 
regulations, setting more ambitious targets, enhancing enforcement mechanisms, and promoting innovation 
and financing options are essential to effectively address ship-source pollution and mitigate its climate impact. 
A collaborative approach involving states, the shipping industry, and international organizations is crucial for 
achieving sustainable and environmentally responsible shipping practices. 
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4. Suggestions for improving MARPOL Convention, GHG emissions 
regulations, and Sulphur 2020 

By implementing these suggestions, the international community can strengthen the MARPOL 
Convention, enhance GHG emissions regulations, and improve compliance with Sulphur 2020 requirements. 
These measures would contribute to the global efforts in reducing the environmental impact of the shipping 
industry, fostering sustainable practices, and addressing the urgent challenges posed by climate change. 

Strengthening GHG emissions regulations: Binding emission reduction targets: Enhance the effectiveness 
of international law by introducing binding emission reduction targets for the shipping industry[51]. Establish 
clear and ambitious targets aligned with the goals of the Paris Agreement, encouraging the adoption of low-
carbon technologies and alternative fuels[16]. 

Market-based measures: Consider implementing market-based measures, such as a carbon pricing 
mechanism or emissions trading scheme, to incentivize emission reductions in the shipping sector[52]. These 
economic instruments can create financial incentives for shipowners to invest in energy-efficient technologies 
and practices[52]. 

Technology development and research: Increase support for research and development of innovative 
technologies and sustainable fuels for the shipping industry[52]. Encourage collaboration between governments, 
research institutions, and industry stakeholders to expedite the development and commercialization of low-
carbon solutions[53]. 

Strengthening Sulphur 2020 compliance: Stringent enforcement mechanisms: Enhance monitoring, 
control, and enforcement measures to ensure widespread compliance with the Sulphur 2020 regulation. 
Strengthen port state control inspections, increase surveillance technologies, and implement effective penalties 
for non-compliance to deter violations[20]. 

Promoting transparency: Improve transparency and information sharing regarding compliance with 
Sulphur 2020 regulations. Develop a centralized reporting system that requires ship operators to disclose their 
fuel consumption, sulfur content, and emissions data to relevant authorities, facilitating monitoring and 
verification processes[54]. 

Capacity building and awareness: Invest in capacity-building initiatives, particularly for developing 
countries, to enhance their ability to enforce Sulphur 2020 regulations effectively. Provide training programs, 
technical assistance, and financial support to improve compliance capabilities and raise awareness among ship 
operators, port authorities, and relevant stakeholders[55]. 

Enhancing MARPOL Convention: Comprehensive approach: Expand the scope of MARPOL to cover all 
aspects of ship-source pollution, including ballast water management, marine litter, and noise pollution. 
Develop comprehensive regulations and guidelines to address these forms of pollution, aligning with 
international best practices[56]. 

Strengthen regional cooperation: Promote regional cooperation and coordination among states to 
effectively implement and enforce MARPOL regulations. Encourage the exchange of information, best 
practices, and capacity-building efforts among neighboring countries to ensure consistent compliance and 
enforcement. 

Technology transfer and financing: Facilitate technology transfer and provide financial support to 
developing countries for the adoption of cleaner technologies and the implementation of MARPOL 
requirements. Support initiatives that promote affordable access to sustainable solutions, helping developing 
nations meet their obligations under the convention[57]. 
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Regular review and update: Establish a regular review mechanism to ensure the continued relevance and 
effectiveness of MARPOL regulations. Periodically assess emerging challenges, technological advancements, 
and scientific developments to adapt and update the convention accordingly[58]. 

5. Conclusion 
In this research paper, it has been analysed that what is the exiting regulation and framework controlling 

the ship source of air pollution at international level. It can be concluded that international organisations 
generally and IMO specifically is implementing strict measures to address the climate change. Therefore, 
UNFCCC, Kyoto Protocol and Paris Agreement have significant regulations to control ship-source air 
pollution by creating a global framework for addressing climate change. While the shipping industry is not 
directly regulated under the UNFCCC, its influence is evident through the IMO’s collaboration and alignment 
with the objectives of the UNFCCC. The Paris Agreement’s recognition of the importance of addressing 
emissions from international shipping further emphasises the need to regulate air pollution from ships. The 
ongoing efforts of the IMO to develop strategies and regulations for reducing greenhouse gas emissions from 
ships reflect the influence and guidance of the UNFCCC in combating ship-source air pollution and achieving 
global climate goals. Moreover, through regional cooperation and public-private partnerships shipping source 
of air pollution can be significantly controlled as suggested in this research paper. 
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Abbreviations 
GHG Greenhouse Gas 

Sulphur or Sox Sulphur Oxides 

Nitrogen or NOx Nitrogen Oxide 

CO2 Carbon Dioxide 

IMO International Maritime Organization 

EEDI Energy Efficiency Design Index 

SEEMP Ship Energy Efficiency Management Plan 

UNCLOS United Nations Convention on Law of the Sea 

ECAs Emission Control Areas 

EEXI Energy Efficiency Existing Ship Index 

CII Carbon Intensity Indicator 

MEPC Marine Environment Protection Committee 

EEXI Energy Efficiency of Ships Already in Operation 

UNFCCC United Nations Framework Convention on Climate Change 

MRV Monitoring, Reporting, and Verification 

OSPAR The Convention for the Protection of the Marine Environment of the 
North-East Atlantic 

EEDI Energy Efficiency Design Index 

SEEMP Ship Energy Efficiency Management Plan 

Sulphur 2020 Regulation to Control Sulphur Substance from Ships 

GHG Emissions Regulations Regulation to Control Greehouse Gases Emissions from Ships 



J. of Atmosphere and Oceanography Environment Volume 11 Issue 1 (2023)                               9/11 

References 
1. Abspoel L, Mayer I, Keijser X, et al. Communicating maritime spatial planning: The MSP challenge approach. 

Marine Policy 2021; 132: 103486. doi: 10.1016/j.marpol.2019.02.057 
2. Arrow K, Bolin B, Costanza R, et al. Economic growth, carrying capacity, and the environment. Ecological 

Economics 1995; 15(2): 91–95. doi: 10.1016/0921-8009(95)00059-3 
3. Baird R, Simons M, Stephens T. Ocean acidification: A litmus test for international law. Carbon & Climate Law 

Review 2009; 3(4): 459–471. 
4. Sands P. The united nations framework convention on climate change. Review of European Community & 

International Environmental Law 1992; 1(3): 270–277. doi: 10.1111/j.1467-9388.1992.tb00046.x 
5. Amundsen H, Berglund F, Westskog H. Overcoming barriers to climate change adaptation—A question of 

multilevel governance? Environment and Planning C: Government and Policy 2010; 28(2): 276–289. doi: 
10.1068/c0941 

6. Atapattu S. Climate change, human rights, and forced migration: Implications for international law. Wisconsin 
International Law Journal 2009; 27(3): 607–636. 

7. International Maritime Organization (IMO). International convention for the prevention of pollution from ship 
(MARPOL). Available online: https://www.imo.org/en/about/Conventions/Pages/International-Convention-for-the-
Prevention-of-Pollution-from-Ships-(MARPOL).aspx (accessed on 7 October 2023). 

8. Anyanova E. Oil pollution and international marine environmental law. In: Curkovic S (editor). Sustainable 
Development: Authoritative and Leading Edge Content for Environmental Management. Books on Demand; 2012. 
pp. 2–26. 

9. Juda L, Hennessey T. Governance profiles and the management of the uses of large marine ecosystems. Ocean 
Development & International Law 2001; 32(1): 43–69. doi: 10.1080/00908320150502195 

10. Maken AA. Policy brief—Why Pakistan needs a climate change financing framework? Available online: 
https://www.undp.org/sites/g/files/zskgke326/files/migration/pk/Climate-Change-Policy-Brief-Final.pdf (accessed 
on 7 October 2023). 

11. di Pepe LS. Environmental law principles in the European union legislation governing offshore oil and gas 
operations. In: Zou K (editor). Sustainable Development and the Law of the Sea. Brill Nijhoff; 2017. pp. 99–117. 
doi: 10.1163/9789004332133_007 

12. Adams M, Quinonez P, Pallis AA, Wakeman H. Environmental issues in port competitiveness. Atlantic Gateway 
Working Paper 7, Centre for International Trade and Transportation. 2009. pp. 1–21. 

13. Shipman B, Stojanovic T. Facts, fictions, and failures of integrated coastal zone management in Europe. Coastal 
Management 2007; 35(2–3): 375–398. doi: 10.1080/08920750601169659 

14. Appuhami R, Perera S, Perera H. Coercive policy diffusion in a developing country: The case of public-private 
partnerships in Sri Lanka. Journal of Contemporary Asia 2011; 41(3): 431–451. doi: 
10.1080/00472336.2011.582713 

15. International Maritime Organization (IMO). United nations convention on law of the sea. Available online: 
https://www.imo.org/en/ourwork/legal/pages/unitednationsconventiononthelawofthesea.aspx (accessed on 7 
October 2023). 

16. Van TC, Ramirez J, Rainey T, et al. Global impacts of recent IMO regulations on marine fuel oil refining processes 
and ship emissions. Transportation Research Part D: Transport and Environment 2019; 70: 123–134. doi: 
10.1016/j.trd.2019.04.001 

17. Tzannatos E. Ship emissions and their externalities for the port of Piraeus–Greece. Atmospheric Environment 
2010; 44(3): 400–407. doi: 10.1016/j.atmosenv.2009.10.024 

18. Viana M, Hammingh P, Colette A, et al. Impact of maritime transport emissions on coastal air quality in Europe. 
Atmospheric Environment 2014; 90: 96–105. doi: 10.1016/j.atmosenv.2014.03.046 

19. Permanent Delegation of Nigeria to UNESCO. Maritime spatial planning goes global: IOC-UNESCO and 
European Commission to develop new international guidelines. Available online: https://nigeria-del-
unesco.org/maritime-spatial-planning-goes-global-ioc-unesco-and-european-commission-to-develop-new-
international-guidelines/ (accessed on 7 October 2023). 

20. Stoddard I, Anderson K, Capstick S, et al. Three decades of climate mitigation: Why haven’t we bent the global 
emissions curve? Annual Review of Environment and Resources 2021; 46: 653–689. doi: 10.1146/annurev-
environ-012220-011104 

21. Sikorska PE. The need for legal regulation of global emissions from the aviation industry in the context of 
emerging aerospace vehicles. International Comparative Jurisprudence 2015; 1(2): 133–142. doi: 
10.1016/j.icj.2015.12.004 

22. Aminzadeh SC. A moral imperative: The human rights implications of climate change. Hastings International & 
Comparative Law Review 2006–2007; 30: 231–266. 



J. of Atmosphere and Oceanography Environment Volume 11 Issue 1 (2023)                               10/11 

23. Morrison TH, Adger WN, Brown K, et al. Mitigation and adaptation in polycentric systems: Sources of power in 
the pursuit of collective goals. Wiley Interdisciplinary Reviews: Climate Change 2017; 8(5): 479. doi: 
10.1002/wcc.479 

24. Thorstad EB, Bliss D, Breau C, et al. Atlantic salmon in a rapidly changing environment—Facing the challenges 
of reduced marine survival and climate change. Aquatic Conservation: Marine and Freshwater Ecosystems 2021; 
31(9): 2654–2665. doi: 10.1002/aqc.3624 

25. United Nations. The Paris Agreement. Available online: https://www.un.org/en/climatechange/paris-agreement 
(accessed on 7 October 2023). 

26. Butt MJ, Chang YC, Zulfiqar K. The role of the international law in shaping the governance for sustainable 
development goals. Journal of Law and Political Sciences 2021; 28(3): 87–164. 

27. Butt MJ. Book review: Kum-Kum Bhavnani, John Foran, Priya A. Kurian and Debashish Munshi, Climate 
Futures: Reimagining Global Climate Justice. Progress in Development Studies 2023; 23(1): 109–111. doi: 
10.1177/14649934211028718 

28. Butt MJ, Chang YC. Chapter 6: Regulation of autonomous maritime weapon systems under the governance 
framework of international law. In: Zou K, Telesetsky A (editors). Marine Scientific Research, New Marine 
Technologies and the Law of the Sea, 1st ed. Brill Nijhoff; 2021. pp. 105–126. doi: 10.1163/9789004469372_007 

29. Brus MMTA. Soft law in public international law: A pragmatic or a principled choice? Comparing the sustainable 
development goals and the Paris Agreement. In: Westerman P, Hage J, Kirste S, Mackor A (editors). Legal Validity 
and Soft Law. Springer International Publishing; 2018. pp. 243–266. doi: 10.1007/978-3-319-77522-7_13 

30. Cosma G, Joy M, Sinclair J, et al. Perceptual comparison of source-code plagiarism within students from UK, 
China, and South Cyprus higher education institutions. ACM Transactions on Computing Education (TOCE) 2017; 
17(2): 1–16. doi: 10.1145/3059871 

31. Butt MJ, Chang YC, Zulfiqar K. A comparative analysis of the environmental policies in China and Pakistan: 
Developing a legal regime for sustainable China-Pakistan economic corridor (CPEC) under the belt and road 
initiative (BRI). IPRI Journal 2021; 21(1): 83–122. doi: 10.31945/iprij.210104 

32. Anderies JM, Barreteau O. Governance principles for robust and resilient coastal systems in the face of global 
change. Regional Environmental Change 2019; 19: 1831–1833. doi: 10.1007/s10113-019-01542-3 

33. Butt MJ, Zulfiqar K, Chang YC. The Belt and Road Initiative and the Law of the Sea, edited by Keyuan Zou. The 
International Journal of Marine and Coastal Law 2021; 26(3): 515–518. doi: 10.1163/15718085-BJA10051 

34. Butt MJ, Chang YC, Zulfiqar K. Applicability of international law in development of sustainable port policy: An 
analysis of good practices and future policy of Gwadar port. In: Proceedings of The International Association of 
Maritime Universities (IAMU) Conference; 26–28 October 2021; Alexandria, Egypt. 

35. Farrington JW. Oil pollution in the marine environment I: Inputs, big spills, small spills, and dribbles. 
Environment: Science and Policy for Sustainable Development 2013; 55(6): 3–13. doi: 
10.1080/00139157.2013.843980 

36. Lal R. Thematic evolution of ISTRO: Transition in scientific issues and research focus from 1955 to 2000. Soil 
and Tillage Research 2001; 61(1–2): 3–12. doi: 10.1016/S0167-1987(01)00184-2 

37. Bateman S. UNCLOS and its limitations as the foundation for a regional maritime security regime. Korean 
Journal of Defense Analysis 2007; 19(3): 27–56. doi: 10.1080/10163270709464140 

38. Bohorquez JJ, Xue G, Frankstone T, et al. China’s little-known efforts to protect its marine ecosystems safeguard 
some habitats but omit others. Science Advances 2021; 7(46). doi: 10.1126/sciadv.abj1569 

39. Coenen J, Bager S, Meyfroidt P, et al. Environmental governance of China’s belt and road initiative. 
Environmental Policy and Governance 2021; 31(1): 3–17. doi: 10.1002/eet.1901 

40. Butt MJ, Zulfiqar K, Chang YC, Iqtaish AMA. Maritime dispute settlement law towards sustainable fishery 
governance: The politics over marine spaces vs. audacity of applicable international law. Fishes 2022; 7(2): 81. 
doi: 10.3390/fishes7020081 

41. Butt MJ, Zulfiqar K, Chang YC. Islamic Law of the Sea: Freedom of Navigation and Passage Rights in Islamic 
Thought by Hassan S. Khalilieh Cambridge University Press, Cambridge, 2019, Xvii + 270 pp. ISBN: 978-1-108-
48145-8. Manchester Journal of Transnational Islamic Law & Practice 2022; 18(1): 295–296. 

42. Zhang S, Butt MJ, Iqatish A, Zulfiqar K. China’s belt and road initiative (BRI) under the vision of ‘maritime 
community with a shared future’ and its impacts on global fisheries governance. Heliyon 2023; 9: e15398. doi: 
10.1016/j.heliyon.2023.e15398 

43. Zulfiqar K, Butt MJ. Preserving community’s environmental interests in a meta-ocean governance framework 
towards sustainable development goal 14: A mechanism of promoting coordination between institutions 
responsible for curbing marine pollution. Sustainability 2021; 13(17): 9983. doi: 10.3390/su13179983 

44. Zhang S, Butt MJ. Marine Scientific Research, New Marine Technologies and the Law of the Sea, edited by 
Keyuan Zou and Anastasia Telesetsky. The International Journal of Marine and Coastal Law 2023. doi: 
10.1163/15718085-bja10133 



J. of Atmosphere and Oceanography Environment Volume 11 Issue 1 (2023)                               11/11 

45. Butt MJ, Zulfiqar K. Chapter 6. The role of china in global ocean governance: A marine environmental 
perspective. In: Mukherjee PK, Xu J, Mejia MQ Jr (editors). Maritime Law Perspectives Old and New. Nova 
Science Publishers; 2023. Volume 2. 

46. Aziz D. Global public-private partnerships in international law. Asian Journal of International Law 2012; 2(2): 
339–374. doi: 10.1017/S2044251312000148 

47. Pitcher T, Kalikoski D, Pramod G. Evaluations of Compliance with the FAO (UN) Code of Conduct for 
Responsible Fisheries. University of British Columbia. 

48. Backer H. Regional work on prevention of pollution from ships in the Baltic Sea—A paradox or a global 
forerunner? Marine Policy 2018; 98: 255–263. doi: 10.1016/j.marpol.2018.09.022 

49. Segger MCC, Holmgren P, Wardell DA. Financing sustainable landscapes through innovative international 
economic law and governance instruments. Global Journal of Comparative Law 2018; 7(1): 169–205. doi: 
10.1163/2211906X-00701008 

50. Ma D, Ullah F, Ullah R, Arif M. An empirical nexus between exchange rate and China’s outward foreign direct 
investment: Implications for Pakistan under the China Pakistan economic corridor project. The Quarterly Review 
of Economics and Finance 2020; 87: 224–234. doi: 10.1016/j.qref.2020.12.001 

51. Cariou P. Is slow steaming a sustainable means of reducing CO2 emissions from container shipping? 
Transportation Research Part D: Transport and Environment 2011; 16(3): 260–264. doi: 
10.1016/j.trd.2010.12.005 

52. Ikram M, Zhang Q, Sroufe R, Shah SZA. Towards a sustainable environment: The nexus between ISO 14001, 
renewable energy consumption, access to electricity, agriculture and CO2 emissions in SAARC countries. 
Sustainable Production and Consumption 2020; 22: 218–230. doi: 10.1016/j.spc.2020.03.011 

53. Poplawski K, Setton E, McEwen B, et al. Impact of cruise ship emissions in Victoria, BC, Canada. Atmospheric 
Environment 2011; 45(4): 824–833. doi: 10.1016/j.atmosenv.2010.11.029 

54. Hale TN. Transparency, accountability, and global governance. Global Governance 2008; 14(1): 73–94. 
55. Asgari N, Hassani A, Jones D, Nguye HH. Sustainability ranking of the UK major ports: Methodology and case 

study. Transportation Research Part E: Logistics and Transportation Review 2015; 78: 19–39. doi: 
10.1016/j.tre.2015.01.014 

56. Wahidim S. Oil palm industry, economic environment, and sustainable development environment. Journal of Law, 
Policy and Globalization 2015; 41: 84. 

57. Camaya RC. The consent regime for marine scientific research in the Philippines. Ocean Law and Policy Series 
2000; 4: 17. 

58. Agrawal A. Sustainable governance of common-pool resources: Context, methods, and politics. Annual Review of 
Anthropology 2003; 32: 243–262. doi: 10.1146/annurev.anthro.32.061002.093112 

 


