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The issue of emissions reduction in the shipping industry has garnered widespread attention from the international community. The International Maritime Organization and many countries have been exploring market-based emission reduction measures such as the carbon tax. Given China’s pivotal role in international maritime trade, developing effective carbon reduction policies is essential for the nation and the broader decarbonization of global shipping. To establish a shipping carbon tax system tailored to China’s context, it is imperative to draw upon international practices while grounding the framework in the realities of China’s market economy and the specifics of its shipping industry. Following the overarching requirement of coordinated international and domestic advancement, this study clarifies the design principles and basis for a carbon tax on shipping. Building on this analysis, policy recommendations are proposed for China’s adoption of such a tax. The findings aim to provide theoretical support for subsequent research on energy conservation and emissions reduction in the shipping industry, leveraging the role of the shipping carbon tax in achieving the “dual carbon” targets.
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1 Introduction


Climate change is triggering unprecedented chain reactions on a global scale, with greenhouse gas concentrations in the atmosphere reaching historic highs. This phenomenon poses severe and urgent challenges to human living environments and worldwide economic development (Grant et al., 2025). As the world’s largest carbon emitter, China, on the one hand, has generated a large amount of carbon emissions due to the fast economic growth, and on the other hand, is burdened with an increasingly heavy responsibility of reducing emissions because of the huge total amount of emissions (Liu et al., 2015; Huang et al., 2021). In this context, China has officially released the “Action Plan for Carbon Dioxide Peaking Before 2030”, which aims to thoroughly implement the major strategic arrangements of the State Council regarding carbon peaking and carbon neutrality (dual carbon targets), and steadily and orderly advance all actions for carbon dioxide peaking (Lu et al., 2019; Wang et al., 2023c). “Dual carbon” targets represent a broad and profound systemic transformation of the economy and society, necessitating the integrated application of diversified strategies and measures to ensure the timely achievement of this ambitious objective (Wang et al., 2021; Wei et al., 2022).


As the artery of global economic trade, the shipping industry plays a crucial role in worldwide commerce. Meanwhile, the annual carbon emissions of the shipping industry are still on the rise, as shown in 
Figure 1
 (Statista, 2025). The shipping industry, with its high energy consumption and substantial carbon emissions, has long been criticized by the outside world due to its lagging carbon emission standards and delayed decarbonization efforts (Wan et al., 2018; Wang et al., 2023b). The International Maritime Organization (IMO) aims to achieve net-zero emissions from shipping by 2050. In that case, a decarbonization wave is sweeping through the shipping industry, which aims to reduce total emissions by 30% by 2030 compared with 2008, and strives to achieve a 10% share of alternative fuel usage to 10% (IMO, 2023).


[image: Area graph showing carbon emissions in tons from 1971 to 2023. Emissions start around 30,000 tons, fluctuate slightly until the mid-1980s, then steadily increase, reaching approximately 70,000 tons by 2023.]
Figure 1 | 
Shipping industry carbon emissions in 1971-2023.




China’s shipping industry development model has been relatively extensive for a long time. The trend toward ship upsizing has continuously boosted engine power requirements, driving a sharp increase in fossil fuel consumption. China holds a pivotal position in the international shipping trade. Therefore, promoting the development of green and low-carbon shipping is not only a crucial component in achieving the country’s “dual carbon” targets but also an important measure for the in-depth implementation of pollution prevention and control (Chen et al., 2024). China’s shipping industry has achieved initial progress in green development. However, the industry still faces many bottlenecks in pollution prevention and control and carbon reduction, and the green shipping policy framework requires further refinement (Yang et al., 2023; Sun et al., 2025). To fully implement the new development concepts and effectively respond to climate change, stronger policy measures must be adopted to enhance the green transformation of the shipping industry, reduce carbon emission intensity, and ultimately establish a sustainable, low-carbon shipping model.


The carbon tax is a crucial policy tool for the shipping industry to combat climate change and will significantly advance the green and low-carbon transformation of international trade and the shipping industry (Han et al., 2023). Pollution allows ship operators to profit without bearing the associated costs, leading to a divergence between marginal private net product and marginal social net product. The carbon tax internalizes external environmental costs to narrow this gap (Pan et al., 2024). This market-based mechanism incentivizes ship operators to optimize voyage decisions, adopt alternative fuels, and improve energy efficiency through price signals.


The Marine Environment Protection Committee at its 75th session proposed establishing a maritime research fund, suggesting carbon tax revenues could finance research on accelerating low- and zero-carbon technologies and fuel applications (IMO, 2020). During the 76th session, Singapore and other nations endorsed this proposal. The Marshall Islands, Solomon Islands, and co-sponsoring countries further advocated for a comprehensive mandatory carbon tax to reduce carbon emissions, emphasizing IMO’s leadership role in developing a universal carbon pricing mechanism (IMO, 2021). The carbon pricing mechanism that will affect the global shipping industry in 2025 is specifically shown in 
Table 1
.



Table 1 | 
Global carbon pricing mechanisms affecting the shipping industry.





	Jurisdiction

	Applies to

	Cost structure

	Start year






	European Union (EU ETS)
	Ships ≥ 5,000 GT calling EU ports (cargo & passenger)
	Cap-and-trade, 90-100€/t CO2

	2024 (Phase-in through 2026)



	United Kingdom (UK ETS)
	Domestic shipping within UK waters
	Cap-and-trade; pricing TBD
	Expected 2026



	Norway (Carbon Tax)
	Domestic shipping and offshore ships
	Initially set at 60€/t CO2, with provisions to gradually increase the rate to 120€/t CO2

	No start year



	China (ETS- Pilot)
	Currently key industries only- shipping expected post-2025
	Planned cap-and-trade model
	Post-2025 (tentative)



	IMO (Proposed Global Levy)
	All international shipping under MARPOL Annex VI
	Proposals range 100-150$/t CO2

	2025-2026 (under negotiation)







Data source: (Ship Universe, 2025; European Commission, 2025; Ocean Score, 2025; Ding et al., 2020; IMO, 2025)




As an IMO member, China consistently attaches great importance to and actively supports IMO’s climate change initiatives (Ma and Wang, 2022). China possesses the world’s largest fleet, the most numerous ports, and a leading shipbuilding industry, giving it a unique position and competitive advantage in global shipping, which plays a crucial role in both international trade and emission reduction responsibilities. When developing its shipping carbon tax system, China should draw on international carbon taxation experience while considering its national conditions. The system should adhere to the principle of common but differentiated responsibilities for emission reduction targets, promote fair and practical international shipping carbon reduction measures, and ensure alignment with China’s future shipping trade development.


It’s a formidable challenge to achieve the “dual carbon” targets in the shipping industry. The shipping carbon tax is an effective market-based emission reduction measure, its implementation involves complex issues requiring in-depth examination (IMO, 2018). This paper first examines the theoretical foundations of carbon tax, compares carbon tax with other emission reduction measures, and analyzes the potential impacts of carbon tax on the shipping industry. It then elucidates the significance of implementing the carbon tax in China’s shipping industry. Building upon China’s existing taxation framework, the study systematically outlines the design principles and basis for a shipping carbon tax, ultimately proposing carbon tax schemes tailored to China’s national conditions. The paper specifically addresses four key questions: What are the strategic implications of implementing a shipping carbon tax in China? Is it feasible to impose a carbon tax? What principles and foundations should guide the design of such a carbon tax? How can China establish an effective shipping carbon tax scheme?






2 Literature review





2.1 Theory and practice of carbon tax


From the economic perspective, carbon emissions resemble other environmental pollution issues; economic entities maximize their self-interest by overexploiting public goods like the environment, causing environmental damage and generating negative externalities (Hardin, 1968; Zhang et al., 2019). The economic entity cannot fully internalize the costs of pollution emissions, preventing markets from accurately reflecting true environmental costs. The Organization for Economic Cooperation and Development (OECD) proposed the “polluter pays principle”, providing the theoretical foundation for carbon taxation (OECD, 2008; Tan et al., 2022).


The concept of carbon tax originates from the book “Economics of Welfare” published by the British economist Pigou in 1920, also known as the Pigou tax (Pigou, 1920). Carbon tax refers to the tax imposed on carbon dioxide emissions, which is often collected at the production or consumption side of fossil fuels (Aldy and Stavins, 2012). It has the dual attributes of environmental law and tax law, as well as the mechanism functions of both the government and the market, generating potential “dual dividends” that can improve the environment and enhance economic efficiency simultaneously. Pearce (1991) formally defined the dual dividend concept when discussing tax system reform, demonstrating that the carbon tax could enable the government to achieve dual targets. The first dividend is the “green dividend”, which increases the cost of using traditional fossil energy to prompt enterprises to adopt new types of energy or improve energy utilization efficiency, thereby achieving emission reductions. The second dividend represents the “social dividend”, tax revenues can further support emission reduction initiatives, enhance economic efficiency, promote social equity, and increase social welfare (Avi-Yonah and Uhlmann, 2009; Chen and Nie, 2016). Liu (2024) even believes that by internalizing carbon intensity, a carbon tax can achieve a “quadruple dividend”, encompassing emission reduction, energy transition, economic growth, and welfare enhancement.


The carbon tax has established mature theoretical frameworks and practical experience in developed countries and regions such as the European Union. According to The World Bank’s report “State and Trends of Carbon Pricing 2025”, as of April 2025, more than twenty countries and regions have implemented the carbon tax (World Bank, 2025a). These jurisdictions exhibit significant variations in carbon tax rates, as shown in 
Figure 2
 (World Bank, 2025b). Overall, the carbon tax rates in European countries are relatively high, but currently, the carbon prices of most countries are still far below the level of 40-80$/t CO2 required to achieve the 1.5°C temperature control target of the Paris Agreement. The High-Level Commission’s report has determined that to keep the global temperature control target below 2°C by 2030, the carbon price needs to be set at 50-100$/t CO2. It can be seen from this that the current carbon tax rate is relatively low and still needs to be further raised.


[image: Bar chart showing carbon pricing by country or region in dollars per ton of CO2. Uruguay leads with over 160 dollars, followed by Sweden, Liechtenstein, and Switzerland. Other regions include Norway, Denmark, Netherlands, Portugal, and Chile, with values decreasing. Poland has the lowest pricing, near zero.]
Figure 2 | 
Current carbon tax rates in various countries (regions).




To reduce carbon emissions in the shipping industry, international organizations and governments worldwide have implemented various policy measures to promote carbon emission reduction (Zhang et al., 2022; Jin et al., 2024). Since January 1, 2024, the shipping industry has been officially incorporated into the EU emissions trading system. Under this system, ship operators must pay carbon quotas for each ton of carbon dioxide they emit.






2.2 Related research on carbon tax and other emission reduction measures


Carbon tax and emissions trading system (ETS) have consistently attracted significant academic attention as the two most important market-based emission reduction strategies (Li and Su, 2017; Gao et al., 2020; Wang et al., 2022; Xu et al., 2023). ETS implementation conditions are relatively strict, and the implementation cost is relatively high, often only applicable to large-scale enterprises in a specific industry (Liu et al., 2015). In contrast, the carbon tax mechanism follows a price control approach, where the government sets the price, it provides stronger price signals, imposes lower administrative costs, offers greater policy flexibility, and facilitates better coordination with other climate policies (Morgan and Patomäki, 2021). Carbon tax typically achieves greater emission reductions than ETS (Green, 2021; Ahmad et al., 2024), carbon tax is more significant in the long run, and the emission reduction cost is also lower than ETS (Yu, 2020). A detailed comparison between the carbon tax and ETS is shown in 
Table 2
.



Table 2 | 
Comparison between carbon tax and ETS.





	
	Carbon tax

	ETS






	Characteristic
	Market-based policy tools for addressing climate change.



	Purpose
	Pricing carbon and internalizing the external costs of emitters to promote the reduction of carbon emissions.



	Carbon price level
	It is decided by the government, and the price is stable.
	It is determined by market supply and demand and influenced by factors such as the economy and energy prices.



	Carbon emissions
	The effect of emission reduction is determined by the market and depends on the price elasticity.
	The government decides on the upper limit of total emissions and precisely controls the total emissions in specific fields.



	Scope of implementation
	The scope of taxation is broad and can be applied to small, mobile, and scattered emission sources.
	Priority is given to large, concentrated sources of emissions.



	Implementation cost
	Relying on the supervision of the national tax collection and administration system, the collection cost is low.
	It is necessary to establish a brand-new market platform, trading rules, regulatory authorities, and MRV system, and the initial establishment and regulatory costs are very high.



	Implementation resistance
	An increase in the tax burden on emitters is likely to encounter resistance in the initial stage of taxation.
	When quotas are allocated for free through the existing domestic carbon trading market, they are more likely to be accepted by the industry in the initial stage.



	Fairness
	It has relatively high transparency and fairness.
	The rule design is more complex and may bring about fairness issues.










Emission reduction strategies in the shipping industry usually include optimizing navigation decisions, such as route optimization, speed optimization, etc (Moore et al., 2018). Or use cleaner alternative fuels, such as low-carbon fuels like LNG and methanol (Arefin et al., 2020; Tvedten and Bauer, 2022; Elkafas et al., 2022), and zero-carbon fuels like hydrogen and ammonia. Optimizing operational measures and using alternative fuels are highly dependent on the autonomy of enterprises, which may lead some enterprises to refrain from taking action to save costs. The carbon tax is enforced through legislation, covering all eligible ships to prevent operators from evading their emission reduction responsibilities. The comparison among Carbon tax, optimized navigation decisions, and cleaner alternative fuels is shown in 
Table 3
. The carbon tax is not in competition with the other two measures, it’s a key policy that coordinates and leads them. Aims to create a fair, competitive environment, allowing the market to independently discover the most cost-effective emission reduction combinations (such as prioritizing adopting optimized navigation decisions and gradually transitioning to cleaner alternative fuels). Consequently, this approach achieves emission reduction goals at the lowest overall cost to society.



Table 3 | 
Comparison among carbon tax, optimized navigation decisions, and cleaner alternative fuels.





	
	Carbon tax

	Optimize navigation decisions

	Cleaner alternative fuels






	Characteristic
	Market-based emission reduction measures
	Operational measures
	Technical measures



	The mechanism of action
	Set a price for each unit of carbon emissions to internalize external costs.
	Immediately reduce fuel consumption and emissions by adjusting the speed and optimizing the route.
	Shift to low-carbon or zero-carbon fuels to eliminate carbon emissions at the source.



	The certainty of emission reduction
	High: The carbon price is determined, and the effect of emission reduction varies with the price elasticity.
	Medium: The effect of energy efficiency improvement is immediate, but the potential for emission reduction is limited.
	Extremely high: It is the ultimate solution for decarbonizing shipping, depending on the greenness and availability of the fuel.



	Cost-effectiveness
	Extremely high: Achieving emission reduction at the lowest total social cost, let the market automatically seek the path with the lowest cost for emission reduction.
	High: It is the cheapest option for reducing emissions. Only the operation mode needs to be changed, and the initial investment is relatively low.
	Currently lower: The price of green fuel is extremely high, and the investment cost for ship renovation or new construction is huge.



	Implementation difficulty
	Low: Relying on the existing tax system for implementation, the administrative management cost is relatively low.
	Low: The existing technology is already very mature and can be quickly deployed for application.
	Extremely high: It involves the reconstruction of the entire energy ecosystem, with a long cycle and great coordination difficulty.



	Fairness
	The polluter pays principle, the more you discharge, the more you pay, fair and transparent.
	All shipowners can take similar measures, and the threshold is relatively equal.
	High costs will put developing countries and small and medium-sized shipping enterprises at a disadvantage in competition, exacerbating market inequality.














2.3 Research on the impact of carbon tax on the shipping industry


The International Maritime Organization (IMO) and national governments typically formulate energy conservation and emission reduction policies for the shipping industry, but policy effectiveness always depends on the industry’s implementation efforts. To date, the IMO has established a series of work plans and guidelines, including the carbon tax (Wan et al., 2018; Garcia et al., 2020).


Many scholars have also explored the feasibility of imposing the carbon tax on the shipping industry (Lagouvardou et al., 2020; Tiwari et al., 2021). The exerted limited impact of imposing a lower carbon tax price (10-50$/t CO2) on transportation costs, the national economy, and import prices, etc (Halim et al., 2019). When imposing a relatively high carbon tax (90$/t CO2), China’s GDP loss is the greatest among all countries (Lee et al., 2013). Cariou et al. (2023) conducted the standard gravity model and found that imposing the carbon tax of 50$/t CO2 was insufficient to change shipowners’ decisions. Therefore, they suggested imposing a carbon tax of 100$/t CO2, which could effectively reduce carbon emissions. Yuan et al. (2023) evaluated multiple speed optimization models with different objective functions, concluding that a carbon tax of 1,300 ¥/t CO2 would be most appropriate for the shipping industry. Harahap et al. (2023) conducted a comparative analysis of alternative marine fuels, found that methanol is economically viable when the carbon tax exceeds 100€/t CO2, while ammonia gains economic advantage at tax rates above 200€/t CO2. Several scholars have begun investigating progressive carbon taxation schemes. Ding et al. (2020) examined various carbon tax designs across different shipping routes and alternative fuels, demonstrating that progressive carbon taxes outperform fixed carbon taxes on specific routes. Similarly, Mundaca et al. (2021) argue that gradually increasing carbon tax rates represent a more rational approach to tax policy design.


Existing studies demonstrate that scholars worldwide have extensively explored the feasibility of implementing the carbon tax in the shipping industry, providing scientific foundations for policy formulation (Li and Yang, 2024; Pereda et al., 2025; Wang and Countryman, 2025). However, significant variations in economic systems, taxation regimes, and maritime trade patterns among nations make it challenging to establish a unified global carbon tax standard for shipping. Given this context, individual countries must develop tailored shipping carbon tax policies based on their specific national conditions and shipping trade development, and jointly assist the shipping industry in reducing emissions.


The novelty of this article lies in the fact that we determined the upper limit of the progressive carbon tax. Compared to previous studies, this approach designs both the tax rate and the progressive brackets for the progressive carbon tax mechanism more systematically. The theoretical equity of the progressive tax system aligns with the development needs of China’s current dual carbon targets. There are significant differences in the size of ships, large-sized ships typically generate higher carbon emissions and greater economic benefits. By imposing higher tax rates on these high-emission and high-income ship operators, the progressive tax mechanism can narrow the economic disparity to some extent. This policy is consistent with China’s pursuit of common prosperity, while also facilitating the realization of its dual-carbon targets.







3 Theoretical and practical significance of China’s shipping carbon tax


In the context of facilitating the low-carbon transformation of green shipping and advancing the progress of the “dual carbon” targets, establishing the shipping carbon tax is a pivotal policy measure to bring about fundamental changes in the technological level and energy structure of the shipping industry. As an important climate policy tool for China’s shipping industry, the shipping carbon tax represents a significant innovation in the country’s climate governance mechanism and tax system, and profoundly influences the development of global shipping emission reduction mechanisms (Hu et al., 2021).





3.1 Shipping carbon tax pushes the shipping industry’s dual carbon targets


The 83rd session of the Marine Environment Protection Committee (MEPC 83) approved a net-zero framework that explicitly explores Market-Based Measures (MBMs) and demonstrates a clear inclination toward the ETS (IMO, 2025). This latest development has sparked a critical policy question: If ETS becomes mainstream, will it still be necessary for China to impose a national carbon tax? Could this lead to policy overlap and weaken the international competitiveness of China’s shipping industry due to increasing costs?


This study holds that carbon tax and ETS are not a simple substitution relationship, but should rather be regarded as complementary policy instruments that perform distinct functions at different levels (Goulder and Schein, 2013). Even after the international carbon market mechanism has matured, the carbon tax at the sovereign level will continue to offer unique strategic value. The international shipping ETS is a mechanism designed to address global carbon emissions caps and ensure fair competition among nations. Its primary objective is to prevent carbon leakage and raise funds for the global green shipping transition. Carbon tax is a fiscal and environmental policy tool within national sovereignty. Firstly, it’s the core advantage of providing domestic enterprises with a stable and predictable long-term carbon price signal (Metcalf and Stock, 2020). This price certainty is crucial for guiding domestic shipping companies to make high-risk, long-cycle, low-carbon capital investments, such as investing in new energy ships or developing alternative fuels. It effectively compensates for the potential uncertainty in ETS carbon prices caused by market fluctuations. Secondly, implementing a national carbon tax is a strategic measure to safeguard the country’s economic sovereignty and enhance long-term competitiveness. Relying solely on the eventual formation of an international mechanism could place China’s shipping industry in a strategically passive position. Establishing a domestic carbon pricing first can proactively internalize environmental costs, thereby driving technological upgrades and structural optimization. Carbon tax strengthens resilience to international compliance requirements (Aldy and Stavins, 2012). More importantly, directing carbon tax revenue to reduce other taxes and fees for domestic shipping companies, subsidize green technology innovation, or invest in low-carbon port infrastructure can effectively offset their compliance costs and avoid weakening the overall industry competitiveness (Murray and Rivers, 2015). In the long term, exploring a carbon tax system provides a theoretical basis and policy options for China to develop a multi-layered and integrated policy framework for reducing shipping industry emissions, which is of crucial strategic significance for China to achieve its dual carbon targets smoothly.






3.2 Shipping carbon tax is an important innovation in the green tax system


Fiscal subsidy is an important means to facilitate the transition between conventional and new energy sources (Rentschler and Bazilian, 2017; Zhang and Zahoor, 2025). In this context, ship operators would naturally prefer purchasing clean-energy-powered ships. However, large-scale subsidy programs would impose substantial fiscal burdens on both central and local governments and are not sustainable in the long term (Du et al., 2023). Meanwhile, for ship operators, if the replacement cost is too high, they may find even subsidies insufficiently attractive. Therefore, the shipping industry requires more effective policy mechanisms to incentivize emission reductions.


China plans to establish a green tax governance system featuring “multi-tax co-governance” and “multi-strategy combination” of tax preferential policies. The current tax system only imposes resource taxes or consumption taxes on fossil fuels. Although it can objectively play a certain role in reducing emissions, the effect is minimal (Hu et al., 2021; Gao et al., 2024; Arcila et al., 2024). Overall, China’s current tax policies have not yet developed clear responses to the critical directive outlined in the “Carbon Peak Action Plan Before 2030”, which calls for establishing a tax policy system conducive to green and low-carbon development to enhance taxation’s role in promoting market entities’ sustainable transition. The proposal of the shipping carbon tax could provide valuable supplementation to improve China’s green tax system.






3.3 Shipping carbon tax promotes emission reduction in the global shipping industry


Climate change is a global challenge, and the environment is a global public good (Uitto, 2016; Dupoux and Martinet, 2022). All nations and industrial sectors must undertake the responsibility for energy conservation and emission reduction. Although the IMO has formulated relevant emission reduction policies, current enforcement efforts still require strengthening. Additional policy measures are needed to achieve the shipping industry’s decarbonization targets (Bertoldi, 2022). The shipping industry is characterized by cross-border operations, with over 90% of international trade conducted by sea. A carbon tax can effectively address the “tragedy of the Commons” issue and prevent the transfer of emission reduction responsibilities among countries. The European Union has taken the lead in incorporating shipping into the carbon market (EU ETS). If China does not establish an independent carbon tax system, it will passively bear the carbon cost of the European Union.


The decarbonization of the shipping industry is a long and complex process, yet remains an essential pathway (Romano and Yang, 2021; Urban et al., 2024). To enable China’s shipping industry to effectively lead the global shipping industry to accelerate the realization of decarbonization goals, it is necessary to rely on the government’s coerciveness to formulate new policy measures. As a developing country, China started its research and implementation of shipping emission reductions later than developed nations (Wu et al., 2024). However, as a responsible major country, China still actively participates in shipping emission reduction. If China participates in formulating the rules for the carbon tax on shipping, it is expected to make a significant contribution to reducing emissions in the global shipping industry, expand its influence in international shipping affairs (Liu et al., 2023).


Establishing the shipping carbon tax in China not only provides a valuable reference for energy conservation and emission reduction in the shipping industry of a large number for developing countries, but also plays a key role in future cooperation on emission reduction in the shipping industry among countries and regions, enabling China to contribute “Chinese wisdom” and “Chinese solutions” under the framework of energy conservation and emission reduction of the IMO. Play a leading role in the construction of climate governance mechanisms for the global shipping industry, jointly promote the sustainable development of international shipping, and have a profound impact on the development of emission reduction mechanisms in the global shipping industry.







4 Feasibility of implementing carbon tax on the shipping industry in China





4.1 Theoretical feasibility


Theoretically, environmental tax frameworks have been progressively refined, evolving from environmental negative externalities to “Pigouvian tax” and the “Polluter pays principle” (Pigou, 1920). Environmental negative externalities refer to the negative impacts on the environment caused by certain behaviors in economic activities, which are not borne or compensated by the parties involved in the relevant behaviors (Tian et al., 2020). Pigou tax is levied on polluters based on the degree of harm caused by pollution, using tax revenue to bridge the gap between the private and social costs of polluters’ production (Mardones, 2022). The polluter pays principle means that all individuals and organizations that discharge pollutants into the environment should pay a certain fee following certain standards to compensate for the losses caused by their polluting behaviors (Tilton, 2016). The imposition of a carbon tax on shipping should also be grounded in these principles: First, the carbon tax internalizes the environmental costs associated with fossil fuel consumption by ships (Angela and Margit, 2022). Second, the administrative costs of implementing a carbon tax are lower than those associated with regulatory or permit approaches. Third, in the long term, the carbon tax can incentivize improvements in energy efficiency or compel ship operators to adopt cleaner alternative energy sources by increasing the cost of traditional high-carbon energy use (Chai et al., 2025). Carbon taxes have transitioned from purely theoretical and policy research to practical implementation, demonstrating the theoretical feasibility of imposing a carbon tax on shipping.






4.2 Policy feasibility


At the 26th Conference of the Parties, the United Nations Climate Change Conference proposed the Glasgow Climate Convention. About 50 developing countries called on IMO member states to impose mandatory emission taxes on Marine fuels. The potential carbon tax revenue is huge, with the total collection expected to be between 1 - 3.7 trillion US dollars by 2050, that is, 40–60 billion US dollars per year (Dominioni et al., 2022). IMO recommends implementing a carbon tax of 100$/t CO2 on marine fuels starting in 2025 (MEPC, 2021).


In 2007, “China’s National Climate Change Program” explicitly proposed measures to mitigate greenhouse gas emissions and enhance the country’s adaptability to climate change (National Development and Reform Commission, 2007). Concurrently, emphasized the need to accelerate the introduction and implementation of fiscal, pricing, and financial incentive policies conducive to energy conservation and emission reduction. It called for improving the fiscal policy framework for energy conservation and emission reduction, formulating relevant expenditure policies, tax policies, and pricing mechanisms, to phase out outdated production capacity, promoting industrial restructuring, and accelerating the development and industrial application of emission-reduction technologies (Bi et al., 2024). Imposing a carbon tax on shipping aligns with China’s current development objectives of implementing the scientific outlook on development and achieving green shipping, and with this “Program” requirement to establish effective policy mechanisms.






4.3 Technical feasibility


The carbon tax has the advantage of simpler calculation. The tax basis of the carbon tax relies on carbon emissions. As the carbon content of different energy sources remains constant, the CO2 emissions from ship fuel consumption can be accurately determined. By monitoring fuel consumption and applying fixed carbon coefficients, the real carbon emission data can be easily calculated, making tax base measurement relatively straightforward and technically feasible (C2ES, 2024). Moreover, existing carbon tax policies implemented worldwide provide valuable references for China (Parry, 2019). These international experiences enable them to design appropriate tax levels based on shipping emission characteristics, effectively regulating carbon emissions in the shipping industry while minimizing excessive negative impacts on low-income and low-emission ship operators, thus reducing implementation barriers.







5 Design principles and basis for shipping carbon tax


In designing the shipping carbon tax, it is necessary to clarify its design basis. This paper examines the construction principles and design basis by drawing upon China’s fundamental tax system principles and incorporating international carbon tax theories and practices. The design principles for this new tax include the principle of tax legality, the principle of tax fairness, the principle of tax efficiency, and the principle of substantive taxation. The design basis covers multiple aspects: functional role, design mechanisms, core advantages, tax objective, tax stages, implementation pathways, carbon tax rate, management and distribution authority of carbon tax revenue, and the utilization of carbon tax revenue.





5.1 Design principles of the shipping carbon tax


The basic principles of tax law reflect the fundamental attributes of tax activities, serve as the foundation for the establishment of the tax legal system. They are universal legal guidelines that permeate the entire process of tax law legislation, law enforcement, judicial practice, and compliance. To establish a shipping carbon tax policy that suits China’s national conditions, it should be based on the basic principles of China’s existing tax laws, including the principle of tax legality, the principle of tax fairness, the principle of tax efficiency, and the principle of substantive taxation





5.1.1 Principle of tax legality


The establishment of any new tax should follow the principle of tax legality. Having a legal basis is fundamental, and the specific rules of the carbon tax system must be clearly defined through a strict legislative process (Blaufus et al., 2016; Van der Vlugt, 2023). First of all, the establishment of a new tax must be stipulated by law. Without explicit legal provisions, the tax authority has no power to impose taxes, and the taxpayer does not bear the obligation to pay taxes. The legality of tax is the primary condition of the principle of tax legality. Second, the essential elements of taxation must also be clearly defined by law, serving as objective standards for the concretization of tax relationships. This requires that key elements such as the taxing authority, taxpayer, taxable object, and tax rate must and can only be determined by the legislature in the law. Finally, the procedures governing the realization of rights and obligations for all parties in tax relationships must be explicitly prescribed by law and followed following legal procedures.






5.1.2 Principle of tax fairness


The principle of tax fairness means that when the state imposes taxes, it should ensure that the tax burden of taxpayers is commensurate with their affordability and that the burden levels among different taxpayers remain balanced (Musgrave, 1959). In terms of horizontal fairness, all shipping enterprises that consume fossil energy should be taxpayers of the carbon tax, which achieves formal fairness. Regarding vertical fairness, multiple factors such as the ship type, size, emissions, and revenue should be fully considered, and a variety of measures should be comprehensively adopted to ensure that different shipping enterprises bear the same substantive persuasion, achieving substantive tax fairness (Kaplow, 1989).






5.1.3 Principle of tax efficiency


The principle of tax efficiency requires maximizing tax revenue at minimal cost. Tax administrative efficiency consists of two components: collection costs and compliance costs. Collection costs refer to the expenses incurred by tax authorities during the taxation process. The proportion of these costs to the tax revenue collected represents collection efficiency. Adopting advanced collection methods can reduce costs and improve efficiency. Compliance costs refer to the expenses borne by taxpayers in fulfilling their tax obligations. The tax system should be simplified as much as possible, with transparent and convenient procedures, as well as clear and accurate legal language, to minimize compliance costs (United Nations, 2021). Tax economic efficiency focuses on optimizing the tax system, utilizing the fiscal, economic, regulatory, and social policy functions of taxation to promote social stability and economic development. Government taxation involves the transfer of resources from the private sector to the public sector for redistribution. If tax distribution is inappropriate, it will distort the market economy, affect the decisions of producers and consumers, lead to welfare losses, and result in an excessive tax burden (Auerbach and Hines, 2002).






5.1.4 Principle of substantive taxation


The principle of substantive taxation means that, for a certain situation, it is not advisable to determine whether it should be taxed merely based on its appearance and form. Instead, it should be judged based on the actual situation, especially the economic purpose and the substance of economic activity, to assess whether it meets the elements of taxation, to conduct taxation fairly, reasonably, and effectively (Freedman, 2004). The tax collection authorities need to consider not only the transaction arrangements in civil law, but also the transaction arrangements with reasonable commercial purposes and economic substance as the basis, and determine the tax burden of taxpayers according to their true affordability. “ability-to-pay” is an important manifestation of the principle of substantive taxation, advocating that the tax burden that different taxpayers should bear be determined based on their actual tax burden capacity. It focuses on combining the strength of tax payment capacity with whether the tax burden is fair, and reflects tax fairness through the tax payment capacity of different taxpayers (Saez and Stantcheva, 2016).







5.2 Design basis of shipping carbon tax





5.2.1 Functional role


In China, taxes are classified into general taxes and purpose taxes based on whether they serve specific purposes. Purpose tax typically refers to the tax levied to achieve particular political, economic, or social objectives of the country, or for the revenues are specifically allocated for certain special expenditures (Maria et al., 2025). Carbon tax plays a role in promoting energy conservation and emission reduction and facilitating the achievement of the “dual carbon” targets (Li and Peng, 2020). As a major country in maritime trade and demand, the carbon emissions of China’s shipping industry cannot be ignored. However, up to now, China’s shipping sector has not yet implemented any effective market-based emission reduction mechanisms. The shipping carbon tax is levied on the carbon dioxide produced by ships during navigation. It explicitly fulfills the function of encouraging emission reductions among ship operators through price mechanisms, which is in line with the general characteristics of a purpose tax.






5.2.2 Design mechanism


The carbon tax design mechanism is based on price control. The government sets the tax rate, and carbon emitters pay the corresponding carbon tax. This mechanism avoids establishing absolute emission ceilings, instead utilizing price signals to guide emission entities’ operational decisions and optimize production processes, thereby achieving emission reduction objectives with comparatively greater mitigation potential (Wang et al., 2023a).






5.2.3 Core advantages


The carbon tax demonstrates distinct advantages in terms of price certainty and administrative efficiency. Firstly, the carbon tax provides higher price certainty. By setting a fixed and transparent price signal on carbon emissions, it offers a stable and predictable cost environment for emitters. This allows shipping companies to make long-term investment decisions in low-carbon technologies with greater confidence, reducing the risks associated with carbon price volatility commonly observed in ETS (Metcalf and Stock, 2020). Such price stability is especially critical for capital-intensive industries like shipping, where ship retrofitting and alternative fuel adoption require substantial upfront investment. Secondly, the carbon tax exhibits superior administrative efficiency. It can leverage existing national tax collection systems, significantly lowering the costs of implementation, monitoring, and enforcement compared to a newly established ETS, which requires complex mechanisms for allowance allocation, market oversight, and compliance verification (Metcalf and Weisbach, 2009; Zhao et al., 2016). The streamlined administration reduces cost burdens and enhances policy feasibility, particularly in a globally operating sector such as shipping. Furthermore, the simplicity and transparency of a carbon tax help mitigate opportunities for rent-seeking behavior and market manipulation (Nordhaus, 2019). These advantages make the carbon tax an efficient and effective instrument for mitigating greenhouse gas emissions in international shipping.






5.2.4 Tax objective


At present, carbon tax systems primarily adopt two taxation objectives. One is to directly levy taxes on emission quantities, but it requires sophisticated monitoring equipment, so the implementation cost is relatively high. The second approach calculates emissions based on fuel consumption volumes and carbon content, representing a simpler approach currently adopted by multiple nations (Sen and Vollebergh, 2018; Küfeoğlu, 2024; Lin and Li, 2011). Given the current inadequacy of ship carbon emission monitoring equipment in China, it poses challenges for accurately measuring actual ship carbon emissions during navigation. In the initial stage, it could focus on taxing fossil fuel consumption and its carbon content. Subsequent improvements in monitoring equipment would enable direct taxation based on actual carbon emissions during sailing.






5.2.5 Tax stage


Current carbon tax collection mechanisms primarily fall into three categories: The first is to impose taxes only at the production side of fossil fuels; the second is to impose taxes only at the consumption side of fossil fuels (Eichner and Pethig, 2015); the third is to impose taxes on both the production stage and the consumption stage simultaneously (Chang, 2013). Taxation at the production side is convenient for administration and can reduce the compliance cost. However, the price signal is difficult to be effectively transmitted to consumers, thereby partially diminishing the regulatory effectiveness of the carbon tax. Simultaneous taxation at both production and consumption sides would lead to the problem of double taxation, resulting in excessive fiscal burdens that hinder widespread implementation (Shome, 2021).


Taxing at the consumption side better aligns with the “polluter pays principle”. Price changes are directly transmitted to ship operators who use marine fuel, strengthening their awareness of energy conservation and emission reduction (Xue et al., 2019). Taxing at the consumption side not only applies to ships with large emissions, but also effectively covers small, dispersed, or mobile ships, thereby better fulfilling the carbon tax’s role in achieving carbon neutrality for the shipping industry. Under future stricter emission targets, multi-sided taxation may merit consideration to maximize emission reductions across the maritime sector.






5.2.6 Implementation pathways


Carbon tax designs typically adopt two approaches: integrated taxation and independent taxation (Yeldan, 2019). The integrated taxation modifies existing tax instruments by incorporating fossil fuel carbon content or direct emissions into existing tax types. The independent taxation establishes new tax instruments specifically targeting carbon emissions. At present, most countries adopt integrated taxation, incorporating it as part of the green tax system for energy conservation, emission reduction, and environmental protection. Some countries regard it as a component of consumption tax or resource tax, while others regard it as a component of environmental protection tax.


China’s current tax reform context presents distinct advantages and disadvantages for both implementation pathways. Adopting an integrated tax within existing environmental protection tax frameworks reduces legislative complexity and administrative burdens while maintaining continuity and stability. This approach enhances social acceptability and proves particularly suitable for initial implementation phases (Cai, 2024). Independent taxation operates autonomously from other tax categories, applying exclusively to its designated taxation criteria. This model demonstrates clear emission reduction objectives and maintains a self-contained taxation system. In the context of more stringent requirements for energy conservation and emission reduction in the future shipping industry, establishing the carbon tax as an independent category would more effectively demonstrate China’s ambitious decarbonization commitments.






5.2.7 Carbon tax rate


The core element of the carbon tax is the tax rate. The shipping carbon tax rate in this paper refers to the ratio between the tax payable by the ship operator and the carbon emissions. Inadequate tax rates yield limited emission reduction effects, while excessive rates impose undue cost burdens on operators. Rate determination should adhere to equity principles, aligning tax liabilities with payment capacities to maintain relative balance among different shipping operators.


Finland, as a pioneer in the field of carbon tax, implemented the strategy of increasing tax rates, effectively mitigating political resistance to carbon tax reform. In contrast, the Netherlands’ adoption of higher initial tax rates encountered significant political opposition during the same period. The case of the Netherlands shows that even if the policy design is well-intentioned, it may be stranded due to political resistance if there is a lack of adequate communication with stakeholders and transitional buffer arrangements. The critical importance of formulating appropriate tax rates at different stages. Initial implementation warrants relatively modest rates, while long-term rates should at least meet the temperature control targets (World Bank, 2023; Cariou et al., 2023) or match IMO’s proposed pricing scheme to facilitate international coordination of shipping carbon taxation (MEPC, 2021).


At present, the current tax rates in China are divided into three types: fixed tax rate, proportional tax rate, and progressive tax rate. The fixed tax rate refers to the direct stipulation of a fixed tax amount based on the number or unit of the object of taxation. Tax liabilities vary with the emission volume. However, significant economic disparities typically exist between high- and low-emission ships, resulting in divergent tax-bearing capacities. Imposing taxes at the same amount disconnects between payment abilities and tax burden, resulting in the drawback of superficial equality while concealing actual inequality, which has a more significant negative impact on low-income groups (Wesseh et al., 2017; Moz-Christofoletti and Pereda, 2021). However, due to its simple calculation, it is often used in policy-making and academic research. Previous studies on shipping carbon taxes have mostly been fixed tax rates. The proportional tax rates maintain a constant ratio between the tax base and tax amount, remaining unaffected by the base’s magnitude. Typically applied as a certain percentage of revenue, these rates predominantly feature in turnover taxes and property taxes. However, such mechanisms create inequitable tax burdens that violate the ability-to-pay principle, thus remaining suitable only for specific tax categories. This study will not elaborate further on proportional taxation. Recent studies indicate progressive carbon tax demonstrates greater feasibility (Ding et al., 2020; Fu et al., 2021; Dietsch, 2024), with excess progressive rates representing the most prevalent approach. This mechanism classifies taxable amounts into multiple brackets, applying gradually increasing rates to each successive bracket. The graduated structure ensures moderate progression, preventing abrupt tax burden increases at bracket thresholds.


Given the resistance to the implementation of the carbon tax, it is advisable to adopt a lower tax rate in the initial stage to avoid a significant impact on the shipping industry and reduce the resistance to collection. It is suggested to be consistent with the average carbon price of the ETS. In the future, the tax rate will be gradually raised in phases based on the implementation effect of the carbon tax. The fixed tax rate offers computational simplicity and standardization advantages, particularly suitable for early implementation phases. However, to better satisfy equity-efficiency requirements and embody the ability-to-pay principle, in the later stages of promoting the realization of the “dual carbon” targets, tax rate reforms should accommodate substantial emission variations across ship types, potentially adopting excess progressive taxation mechanisms.






5.2.8 Management and distribution authority of carbon tax revenue


China’s taxation system classifies taxes into three categories based on revenue management and distribution authority: central taxes, local taxes, and central-local shared taxes (Zhang, 2017a). The implementation of the shipping carbon tax will significantly impact macroeconomic conditions and the shipping indust. In this regard, it seems more reasonable to regard it as a central tax and have it uniformly collected, managed, and used by the central government. Given the extensive coverage and implementation challenges of the shipping carbon tax, central enforcement ensures more efficient policy execution. However, considering China’s current fiscal structure with limited local tax revenues, adopting a central-local sharing mechanism could enhance local implementation incentives. The current distribution rules of some central-local shared taxes in China can be referred to, with 50% collected by the central government and 50% by local governments.






5.2.9 Utilization of carbon tax revenue


National carbon tax systems demonstrate varied positioning, leading to divergent perspectives on revenue utilization. Scholars advocating independent carbon taxation typically endorse earmarked funding approaches. As a prospective purpose tax, the shipping carbon tax should fulfill its regulatory function through price mechanisms while directing revenues toward maritime sector initiatives. Allocating these funds to support critical emission-reduction infrastructure projects for ships and ports represents a more rational approach. Such revenue recycling mechanisms enhance carbon mitigation effectiveness and facilitate energy transition (Huang and Xu, 2023). However, some scholars raise objections based on the Environmental Protection Tax’s practice of not earmarking revenues from atmospheric pollutant taxation. These arguments advocate integrating carbon tax revenues into general public budgets for unified allocation.


The imposition of carbon taxes on ship operators inevitably increases operational costs, potentially disrupting stable industry development. Revenue redistribution mechanisms can effectively mitigate implementation resistance (Klenert et al., 2018; Rotaris and Danielis, 2019). British Columbia’s approach offers valuable insights, establishing comprehensive tax-economic compensation mechanisms and implementing the carbon tax (Murray and Rivers, 2015; Kumbhakar et al., 2022). Carbon tax revenue is recycled to support the clean energy subsidy can improve both cost-effectiveness and emission performance, and thus perform better than carbon tax alone (Zhang et al., 2017b). By applying the principle of “tax neutrality” to return carbon taxes to enterprises and residents, it can not only alleviate the public’s resistance to tax increases, but also effectively enhance the social acceptance of policies, while maintaining the incentive effect of emission reduction. Chinese authorities could consider channeling shipping carbon tax revenues back to operators through fiscal incentives, thereby reducing marginal private net product disparities across operators (Sun et al., 2021). Potential measures include enhancing subsidies for energy-efficient marine equipment and supporting renewable energy adoption. Operators demonstrating verifiable environmental protection achievements and improved resource efficiency may qualify for tax rebates.








6 Design of the shipping carbon tax scheme


Establishing a comprehensive carbon tax system represents a significant policy innovation for China’s climate change mitigation strategy (Liu, 2024; Feng et al., 2022). This market-based mechanism aims to achieve greater emission reduction targets at lower economic costs, fulfilling China’s international climate commitments while facilitating the transition toward green and low-carbon economic development. At present, China remains in a phase of rapid development in shipping trade demand, with persistently high industrial energy consumption that creates significant challenges in balancing economic growth and emission control (Chang, 2022). This context necessitates a gradual, phased approach to establishing a robust shipping carbon tax system, requiring continuous adjustments aligned with evolving trade patterns and environmental requirements, representing a long-term institutional development process. Adopting differentiated taxation principles according to distinct developmental phases of shipping trade enhances both environmental governance effectiveness and administrative efficiency in shipping carbon taxation, achieving optimal integration of equity and efficiency. Based on this, this paper proposes two collection schemes for carbon taxes.





6.1 Fixed carbon tax


The design of the fixed carbon tax scheme is relatively simple. The carbon tax liabilities can be calculated based on the carbon tax rate and carbon emissions. The calculation of the fixed carbon tax amount is shown in (Equation 1):
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Table 4 | 
Design of fixed carbon tax rates.





	Basis for tax rate setting

	Tax rate ($/t CO2)






	The temperature control target of the Paris Agreement
	Lower bound
	40



	Upper bound
	80



	IMO
	Plans to impose price
	100










The fixed carbon tax demonstrates significant effectiveness in promoting emission reductions during initial implementation phases, yet proves less conducive to long-term decarbonization objectives. Carbon taxation has disproportionate impacts on lower-income ship owners. Generally, ships with lower carbon emissions also have lower income, and their tax burden capacity naturally cannot be compared with that of shipbuilding enterprises with higher carbon emissions, higher income, and relatively higher tax burden capacity. Consequently, fixed carbon tax exacerbates economic disparities between low- and high-emission ships. Nevertheless, its computational simplicity facilitates implementation during initial policy phases, which can reduce the difficulty of management.






6.2 Progressive carbon tax


The progressive carbon tax and the fixed carbon tax are set differently. Generally, the higher the carbon emissions of a ship, the higher the income will be. From the perspective of welfare economics, as income increases, its marginal utility decreases accordingly, and the tax liabilities should also be heavier (Layard et al., 2008). Adopting a progressive tax rate is more in line with substantive equality. Progressive taxation reflects the principle of ability-to-pay by imposing differential treatment based on taxpayers’ varying capacities. Typically, high- and low-emission ships exhibit significant economic disparities, differing not only in carbon consumption but also in tax-bearing capacity. Imposing a uniform tax rate disconnects tax capacity from tax capabilities, creating a disparity between nominal equality and substantive inequality. Therefore, it is more appropriate to impose a progressive carbon tax on high- and high-income ship owners, which can be adapted to the carbon consumption and tax burden capacity of taxpayers. The progressive tax can reflect taxpayers’ tax-paying ability dynamically, over the long term, and continuously. With the continuous increase of the taxable objects, it is more reasonable that the growth rate of the tax amount is faster than that of the taxable objects. However, due to the computational complexity of progressive tax, previous studies have rarely applied it, with even fewer examining it in the shipping industry. This gap provides feasible opportunities for further exploration in this study.


The progressive carbon tax design in this paper adopts the excess progressive carbon tax. Firstly, referring to the design of Ding et al (2022), every 5,000 tons is divided into one bracket, and each bracket is increased by $5. In contrast, according to the “polluter pays principle” (Yan et al., 2022), the threshold is set to zero in this paper. Meanwhile, considering the feasibility of collection, the price of the top bracket is set by referring to the relatively high carbon tax prices that have been implemented worldwide at present. The specific settings are as shown in 
Table 5
:



Table 5 | 
Design of progressive carbon tax rates.





	Carbon emissions (t CO2)
	0-5k
	5-10k
	10-15k
	15-20k
	20-25k
	25-30k
	30-35k



	Tax rate ($/t CO2)
	40
	45
	50
	55
	60
	65
	70



	Carbon emissions (t CO2)
	35-40k
	40-45k
	45-50k
	50-55k
	55-60k
	60-65k
	65-70k



	Tax rate ($/t CO2)
	75
	80
	85
	90
	95
	100
	105



	Carbon emissions (t CO2)
	70-75k
	75-80k
	80-85k
	85-90k
	90-95k
	95-100k
	>100k



	Tax rate ($/t CO2)
	110
	115
	120
	125
	130
	135
	140










Under the progressive carbon tax scheme, the higher the emissions, the higher the applicable tax rate at the corresponding stage. Then the tax payable in the case of the progressive carbon tax is shown in Equation 2.
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 represents the tax rate applicable to the current progressive brackets; 
β

 represents the quick deduction number for the current progressive bracket.


Based on the previous discussion, this study argues that imposing a fixed carbon tax in the initial stage is simple to calculate and aligns with existing international carbon tax policies. Due to the imperfection of the existing monitoring equipment, it is more convenient to impose taxes on the carbon content of fossil fuels. The taxation could be implemented at the consumption end, effectively leveraging the price mechanism of carbon tax to directly pass cost changes to fossil fuel users (i.e., ship operators). Meanwhile, the carbon tax could be integrated into existing tax categories, building upon China’s current environmental protection tax framework to minimize implementation resistance. Regarding tax administration and revenue usage, it is recommended to designate it as a local tax to enhance collection incentives. The revenue could be returned to taxpayers through measures such as subsidies for ship equipment upgrades or clean energy adoption in the regional shipping sector, thereby improving taxpayer compliance.


In the middle and later stages, the collection method of the carbon tax should be continuously improved. With the continuous upgrading of monitoring equipment, it is more reasonable to change the taxable object to direct carbon emissions. The adoption of a progressive carbon tax collection method can effectively alleviate inequality among different emission groups. At this point, to demonstrate China’s determination to save energy and reduce emissions, it is more appropriate to establish a carbon tax as an independent tax type.







7 Conclusions and suggestions


“Common but differentiated responsibility” is a fundamental principle of international environmental law. Its essence is that all countries have common obligations and responsibilities in global environmental protection, but the magnitudes of these responsibilities vary. That is, developed countries bear the main responsibility, and developing countries bear the secondary responsibility. The reason is that the largest part of global greenhouse gas emissions in history and at present originated from developed countries. Per capita emissions in developing countries remain relatively low. Although China is a member of the developing countries, it still actively participates in the formulation of international shipping emission reduction policies, which can set an example for the majority of developing countries.


As the largest developing country, China plans to achieve the maximum reduction in carbon emission intensity within 30 years, fully demonstrating China’s responsibility as a major country in addressing climate change. China’s shipping trade is still in a stage of rapid growth at present. When formulating a shipping carbon tax that suits China’s national conditions, the following aspects can be considered in detail:


For the tax collection authorities, to ensure the efficiency and professionalism of tax collection and administration, it is suggested to adopt a mixed model of division of labor and collaboration, which is led by the State Taxation Administration, verified by the Ministry of Ecology and Environment in coordination, collected by local customs on behalf of the authorities, and supervised by local governments. The State Taxation Administration, as the competent collection authority, is responsible for the collection, deposit, inspection, and daily management of taxes. Relying on the existing system, a sub-module for the collection and management of ship carbon tax will be developed to achieve interconnection and interoperability with the ship registration, navigation trajectory, and other data of the Ministry of Transport, so as to realize automated and low-cost tax source monitoring and tax calculation. The Ministry of Ecology and Environment is the authority for technical verification and standard formulation. Be responsible for establishing and maintaining the database of ship emission factors, and provide technical support to verify the actual emissions or energy consumption data of ships. Share data with the State Taxation Administration to provide a scientific basis for tax calculation. All local customs authorities act as the actual institutions responsible for collection. By referring to the collection method of tariffs, the customs can collect the tariffs on behalf of others in a timely and effective manner, and reduce the difficulty of tax collection. Local governments act as auxiliary supervisory and data-providing institutions. Provide accurate key data such as ship registration information, port entry and exit reports, and fuel refueling records. Conduct on-site spot checks at the port to verify the authenticity of the information declared by ships and prevent tax evasion.


In terms of the designated use of taxes, to ensure that the funds are used for their intended purposes and to enhance policy acceptance, it is suggested that the tax revenue be included in the National Green Shipping Transformation Fund and allocated based on actual needs, with a focus on supporting the following areas: Supply-side incentives. Subsidies for green shipbuilding and retrofit start with domestic green ship order subsidies. For shipowners who place orders to build low-carbon or zero-carbon fuel ships at domestic shipyards, subsidies will be provided at a certain proportion of the cost. Secondly, subsidies for the renovation of existing ships are provided to support energy-saving technological renovations on existing ships. Infrastructure incentives. To accelerate the construction of green infrastructure, the first step is to provide subsidies for the construction and operation of shore power systems at ports, covering the cost of building shore power facilities at ports. Additionally, electricity price subsidies should be offered to vessels using shore power to reduce their usage costs. Secondly, there is a subsidy for the green fuel bunkering system, supporting major ports in building a network of bunkering stations for green fuels such as LNG, ammonia, and hydrogen. Innovation incentives. Support research and development and demonstration, and fund research institutes and enterprises to carry out research and development and demonstration projects of cutting-edge technologies such as zero-carbon fuel engines, new battery technologies, and carbon capture, utilization and storage.


International coordination is a key issue that demands thorough examination in the discussion of carbon tax implementation. Unilateral measures (EU ETS) and domestic carbon pricing policies (a potential future Chinese carbon tax on shipping) may interact in ways that create overlapping charges. This could lead to double taxation and impair the competitiveness of affected enterprises. The core solution lies in achieving mutual recognition and linkage of carbon pricing mechanisms through international coordination. One viable approach is to promote the development of a global market-based measure under the framework of the IMO. Such a mechanism would fundamentally prevent regulatory fragmentation and jurisdictional overlaps. Before this global system is fully established, China should proactively engage in bilateral or multilateral consultations with the European Union. The objective would be to explore a mutual recognition mechanism that allows Chinese shipping companies to offset their compliance costs under the EU ETS against their domestic carbon tax liabilities, thereby alleviating the burden on businesses. Simultaneously, when designing its national carbon tax system for shipping, China should incorporate provisions for international compatibility. Specifically, the system should explicitly grant tax reductions to enterprises that have already fulfilled equivalent carbon emission reduction obligations abroad. This approach would uphold national regulatory sovereignty while demonstrating policy flexibility and a commitment to international coordination.


The shipping carbon tax is an important measure for China’s shipping industry to address climate change and achieve the “dual carbon” targets. It also constitutes an essential part of improving China’s green tax system. At present, China’s green tax system has been initially established, but there is significant work remaining to develop a green tax system that conforms to the “dual carbon” targets. It is suggested that the reform path of the shipping carbon tax be implemented in phases.


Firstly, in the initial phase of policy implementation, a fixed carbon tax is recommended to facilitate a swift rollout, minimize administrative resistance and costs, and deliver a clear price signal. This approach avoids overly complex calculation methods. The tax would apply to all international ships entering Chinese jurisdictional waters as well as all domestic ships. The fixed rate would be determined based on the ship’s main engine power and its Energy Efficiency Design Index (EEDI) rating. Secondly, after the tax collection and management system matures, a more precise tax system should be adopted, and incentives for emission reduction should be strengthened. The tax base can be changed from the calculation of the main engine power of ships to the actual amount of fuel consumed as the benchmark, and carbon emissions can be calculated based on the emission coefficients of different fuels for collection. This approach requires ships to submit a Fuel Oil Tank Report certified by a third party when entering Chinese ports. Big data analytics should be employed to compare the rationality of the shipping route trajectory and fuel consumption to prevent tax evasion. During this period, carbon taxes were directly linked to fuel consumption, encouraging shipowners to choose low-energy-consuming ships and pay more attention to optimizing operational energy efficiency management, such as speed. Finally, during the mature stage of policy implementation, the shipping carbon tax will become a mature tax type, precisely aligning with the dual carbon targets of the shipping industry and becoming a powerful policy tool for reducing emissions in the shipping industry. At this point, a progressive carbon tax can be introduced to set an industry baseline for the carbon emissions of ships. For ships below the baseline, a lower tax rate can be applied. For ships above the baseline, a higher-level tax rate shall be applied. At the same time, the baseline can be dynamically adjusted. In accordance with the actual needs of energy conservation and emission reduction, the baseline can be continuously lowered to continuously drive the industry towards zero. It is most effective to eliminate high-carbon and backward transportation capacity, reward the green pioneers in the industry, and drive a green revolution in the entire shipping industry.


The theoretical contributions of this paper: (1) It enriches and expands the boundaries of multiple disciplines, and is a deepening of environmental economics and public finance. The traditional fixed carbon tax corrects market failure by internalizing external costs, while the progressive carbon tax introduces the principles of “fairness” and “ability to pay”. It not only theoretically explores “efficiency”, but also delves deeper into the realization path of “fairness”. This enriches the theoretical model of the carbon tax system, transforming it from a single tool into a complex one that also has the function of regulating income distribution. (2) It is an innovation in the design of global environmental governance and emission reduction systems. The global shipping industry is facing a typical “collective action dilemma” (such as the flagship country and convenience flag issues) in reducing emissions. Progressive carbon tax schemes (taxing ships based on emissions rather than nationality) may offer new ideas to break through this predicament. Theoretically, it can create a “differentiated mechanism for sharing the responsibility of emission reduction”, which provides a new theoretical paradigm for global commons governance.


The practical contribution of this paper: (1) It provides a “Chinese solution” for global shipping emission reduction. At present, the global shipping emission reduction regulations are mainly led by the IMO, but the process is slow and highly controversial. If China can take the lead in proposing a scientific, fair and feasible carbon tax collection plan, it will be a major contribution to the global shipping industry’s energy conservation and emission reduction. (2) Provide top-level design for China to establish a domestic shipping emission reduction policy system. Research on shipping carbon taxes can provide a blueprint for designing a unified emission reduction policy framework, helping China to proactively address the possible extended impact of the EU’s carbon Border adjustment mechanism (CBAM) on the shipping industry and smoothly advance the dual carbon targets domestically. (3) Provide clear, fair and powerful transformation signals for the shipping industry. The tax rate table under the progressive tax system provides all market participants with a clear expectation of future carbon costs, facilitating long-term investment decisions by enterprises (such as which fuel to order for ships). The principle of fairness that the polluter pays principle is reflected through differentiated tax rates. The punitive high tax rates on high-emission and low-efficiency ships have effectively driven the innovation and diffusion of green technologies.


The author fully acknowledges that this paper still has many deficiencies. It merely conducts a qualitative analysis on how to construct a shipping carbon tax policy that suits China’s national conditions, but lacks relevant quantitative research content. Therefore, we expect that in future research, more detailed quantitative studies will be conducted on how shipbuilding enterprises and ship operators respond to the carbon tax policy. Despite some shortcomings, the qualitative analysis in this paper can still provide effective suggestions for constructing a shipping carbon tax that suits China’s national conditions.









Author contributions


HL: Funding acquisition, Writing – original draft, Writing – review & editing. KJ: Funding acquisition, Writing – review & editing. MG: Methodology, Supervision, Writing – original draft. TM: Formal Analysis, Validation, Writing – review & editing.







Funding


The author(s) declare that financial support was received for the research and/or publication of this article. This research was funded by the he National Philosophy and Social Science Foundation Project of China [23BGL003]; National Natural Science Foundation of China [71874073]; Postgraduate Research & Practice Innovation Program of Jiangsu Province [KYCX23_3813]; Key Topic of Teaching Reform of Degree and Postgraduate Education in Jiangsu Province [JGKT23_B060]; Key Project of Scientific Research Planning Project of Chinese Association of Higher Education [23PG0205].






Acknowledgments


The authors are thankful to the referee for the useful suggestions and comments.







Conflict of interest


The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.







Generative AI statement


The author(s) declare that no Generative AI was used in the creation of this manuscript.


Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.







References

	

 Ahmad M., Li X. H., Wu Q. (2024). Carbon taxes and emission trading systems: Which one is more effective in reducing carbon emissions? - A meta-analysis. J. Clean. Prod. 476, 143761. doi: 10.1016/j.jclepro.2024.143761




	

 Aldy J. E., Stavins R. N. (2012). The promise and problems of pricing carbon: theory and experience. J. Environ. Dev. 21, 152–180. doi: 10.1177/1070496512442508




	

 Angela K., Margit S. (2022). Carbon taxation: A review of the empirical literature. J. Econom. Surv. 37, 1353–1388. doi: 10.1111/joes.12531




	

 Arcila A., Chen T., Lu X. L. (2024). The effectiveness of consumption tax on the reduction of car pollution in China. Transport. Res. Part D: Transport. Environ. 134, 104302. doi: 10.1016/j.trd.2024.104302




	

 Arefin M. A., Nabi M. N., Akram M. W., Islam M. T., Chowdhury M. W. (2020). A review on Liquefied Natural Gas as fuels for dual fuel engines: opportunities, challenges and response. Energies 13, 6127. doi: 10.3390/en13226127




	

 Auerbach A. J., Hines J. J. R. (2002). “Taxation and economic efficiency,” in Handbook of public economics, vol. 3. Elsevier Science, 1347–1421. doi: 10.1016/S1573-4420(02)80025-8




	

 Avi-Yonah S. R., Uhlmann D. M. (2009). Combating global climate change: why a carbon tax is better a response to global warming than cap and trade. Stanford Environ. Law J. 28, 3–50. Available online at: https://www.e-education.psu.edu/geog432/sites/www.e-education.psu.edu.geog432/files/images/Avi-Yonah,%20R.S.%20and%20D.M.%20Uhlman%20Stanford%20Environmental%20Law%20Journal%202009.pdf (Accessed October 10, 2024).



	

 Bertoldi P. (2022). Policies for energy conservation and sufficiency: Review of existing policies and recommendations for new and effective policies in OECD countries. Energy Build. 264, 112075. doi: 10.1016/j.enbuild.2022.112075




	

 Bi S. H., Kang C. Y., Bai T. T., Yi X. T. (2024). The effect of green fiscal policy on green technological innovation: evidence from energy saving and emission reduction fiscal policy. Environ. Sci. pollut. Res. 31, 10483–10500. doi: 10.1007/s11356-023-31798-6, PMID: 38200194



	

 Blaufus K., Hundsdoerfer J., Jacob M., Sünwoldt M. (2016). Does legality matter? The case of tax avoidance and evasion. J. Econom. Behav. Organ. 127, 182–206. doi: 10.1016/j.jebo.2016.04.002




	

 Cai W. (2024). Refining environmental protection taxes for a sustainable future. Cell Rep. Sustain. 1, 100264. doi: 10.1016/j.crsus.2024.100264




	

 Cariou P., Halim R. A., Rickard B. J. (2023). Ship-owner response to carbon taxes: Industry and environmental implications. Ecol. Econ 212, 107917. doi: 10.1016/j.ecolecon.2023.107917




	

 Center for Climate and Energy Solutions(C2ES)
 (2024). Carbon tax basics. Available online at: https://www.c2es.org/content/carbon-tax-basics/ (Accessed August 12, 2025).



	

 Chai S. L., Huo W. J., Li Q., Ji Shi Q. X. P. (2025). Effects of carbon tax on energy transition, emissions and economy amid technological progress. Appl. Energy 337, 124578. doi: 10.1016/j.apenergy.2024.124578




	

 Chang N. (2013). Sharing responsibility for carbon dioxide emissions: A perspective on border tax adjustments. Climate Policy 59, 850–856. doi: 10.1016/j.enpol.2013.04.046




	

 Chang Y. C. (2022). Accelerating domestic and international dual circulation in the Chinese shipping industry-An assessment from the aspect of participating RCEP. Mar. Policy 135, 104862. doi: 10.1016/j.marpol.2021.104862




	

 Chen S., Miao C. Y., Zhang Q. (2024). Understanding the evolution of China’s green shipping policies: Evidence by social network analysis. J. Clean. Prod. 482, 144204. doi: 10.1016/j.jclepro.2024.144204




	

 Chen Z. Y., Nie P. Y. (2016). Effects of carbon tax on social welfare: A case study of China. Appl. Energy 183, 1607–1615. doi: 10.1016/j.apenergy.2016.09.111




	

 Dietsch P. (2024). A fairer and more effective carbon tax. Nat. Sustain. 7, 1584–1591. doi: 10.1038/s41893-024-01429-0




	

 Ding W. Y., Wang Y. B., Dai L., Hu H. (2020). Does a carbon tax affect the feasibility of Arctic shipping? Transport. Res. Part D: Transport. Environ. 80, 102257. doi: 10.1016/j.trd.2020.102257




	

 Dominioni G., Englert D., Salgmann R. (2022). Carbon revenues from international shipping: Enabling an effective and equitable energy transition-summary for policymakers. Available online at: https://www.worldbank.org/en/topic/transport/publication/carbon-revenues-from-international-shipping (Accessed August 12, 2025).



	

 Du Y. S., Zhao Y. T., Li H. (2023). Subsidy policy and carbon quota mechanism of the Chinese vehicle industry. Transport. Res. Part D: Transport. Environ. 121, 103806. doi: 10.1016/j.trd.2023.103806




	

 Dupoux M., Martinet V. (2022). Could the environment be a normal good for you and an inferior good for me? A theory of context-dependent substitutability and needs. Res. Energy Econ 69, 101316. doi: 10.1016/j.reseneeco.2022.101316




	

 Eichner T., Pethig R. (2015). Unilateral consumption-based carbon taxes and negative leakage. Res. Energy Econ 40, 127–142. doi: 10.1016/j.reseneeco.2015.03.002




	

 Elkafas A. G., Rivarolo M., Massardo A. F. (2022). Assessment of alternative marine fuels from environment, technical, and economic perspectives onboard ultra large container ship. Int. J. Maritime Eng. 164, A125–A134. Available online at: https://orcid.org/0000-0001-5438-9814 (Accessed October 10, 2024).



	

 European Commission, Maritime transport in EU emissions trading system (ETS)
 (2025). Available online at: https://climate.ec.europa.eu/eu-action/transport-decarbonisation/reducing-emissions-shipping-sector/faq-maritime-transport-eu-emissions-trading-system-ets_en (Accessed August 12, 2025).



	

 Feng P., Lu H. Y., Li W., Wang X. Y. (2022). Tax policies of low carbon in China: effectiveness evaluation, system design and prospects. Front. Environ. Sci. 10. doi: 10.3389/fenvs.2022.953512




	

 Freedman J. (2004). Defining taxpayer responsibility: In support of a general anti-avoidance principle. Br. Tax Rev. 4, 332–357.



	

 Fu Y. P., Huang G. H., Liu L. R., Zhai M. Y. (2021). A factorial CGE model for analyzing the impacts of stepped carbon tax on Chinese economy and carbon emission. Sci. Tot. Environ. 759, 143512. doi: 10.1016/j.scitotenv.2020.143512, PMID: 33221012



	

 Gao Y. N., Li M., Xue J. J., Liu Y. (2020). Evaluation of effectiveness of China’s carbon emissions trading scheme in carbon mitigation. Energy Econ 90, 104872. doi: 10.1016/j.eneco.2020.104872




	

 Gao Z. Y., Zhang Y. H., Li L. Q., Hao Y. (2024). Will resource tax reform raise green total factor productivity levels in cities? Evidence from 114 resource-based cities in China. Resour. Policy 88, 104483. doi: 10.1016/j.resourpol.2023.104483




	

 Garcia B., Foerster A., Lin J. (2020). Net zero for the international shipping sector? An analysis of the implementation and regulatory challenges of the IMO strategy on reduction of GHG emissions. J. Environ. Law 33, 85–112. doi: 10.1093/jel/eqaa014




	

 Goulder L. H., Schein A. R. (2013). Carbon taxes vs. cap and trade: a critical review. Climate Change Econ 4, 1350010. doi: 10.1142/S2010007813500103




	

 Grant L., Vanderkelen I., Gudmundsson L. (2025). Global emergence of unprecedented lifetime exposure to climate extremes. Nature 641, 374–379. doi: 10.1038/s41586-025-08907-1, PMID: 40335711



	

 Green J. F. (2021). Does carbon pricing reduce emissions? A review of ex-post analyses. Environ. Res. Lett. 16, 043004. doi: 10.1088/1748-9326/abdae9




	

 Halim R. A., Smith T., Englert D. (2019). Understanding the economic impacts of greenhouse gas mitigation policies on shipping: what is the state of the art of current modeling approaches? Available online at: https://www.worldbank.org/en/home (Accessed October 15, 2024).



	

 Han Y. Y., Ma W. H., Ma D. F. (2023). Green maritime: An improved quantum genetic algorithm-based ship speed optimization method considering various emission reduction regulations and strategies. J. Clean. Prod. 385, 135814. doi: 10.1016/j.jclepro.2022.135814




	

 Harahap F., Nurdiawati A., Conti D. (2023). Renewable marine fuel production for decarbonised maritime shipping: Pathways, policy measures and transition dynamics. J. Clean. Prod. 415, 137906. doi: 10.1016/j.jclepro.2023.137906




	

 Hardin G. (1968). The tragedy of the commons. Science 162, 1243–1248. doi: 10.1126/science.162.3859.1243, PMID: 17756331



	

 Hu H. S., Dong W. H., Zhou Q. (2021). A comparative study on the environmental and economic effects of a resource tax and carbon tax in China: Analysis based on the computable general equilibrium model. Energy Policy 156, 112460. doi: 10.1016/j.enpol.2021.112460




	

 Huang Q., Xu J. P. (2023). Carbon tax revenue recycling for biomass/coal co-firing using Stackelberg game: A case study of Jiangsu province, China. Energy 272, 127037. doi: 10.1016/j.energy.2023.127037




	

 Huang W. Q., Li H., Fan H. B., Qian Y. (2021). Causation mechanism analysis of excess emission of flue gas pollutants from municipal solid waste incineration power plants by employing the Fault Tree combined with Bayesian Network: A case study in Dongguan. Journal of Cleaner Production. 327, 129533. doi: 10.1016/j.jclepro.2021.129533




	

 International Maritime Organization (IMO)
, IMO Strategy on reduction of GHG Emissions from Ships
 (2023). Available online at: https://www.imo.org/en/OurWork/Environment/Pages/2023-IMO-Strategy-on-Reduction-of-GHG-Emissions-from-Ships.aspx (Accessed October 15, 2024).



	

 International Maritime Organization (IMO)
, Marine Environment Protection Committee(75)
 (2020). Available online at: https://www.imo.org/en/mediacentre/meetingsummaries/pages/mepc-75th-session.aspx (Accessed September 8, 2025).



	

 International Maritime Organization (IMO)
, Marine Environment Protection Committee (76)
 (2021). Available online at: https://www.imo.org/en/mediacentre/meetingsummaries/pages/mepc76meetingsummary.aspx (Accessed December 12, 2024).



	

 International Maritime Organization (IMO)
, Marine Environment Protection Committee (83)
 (2025). Available online at: https://www.imo.org/en/mediacentre/meetingsummaries/pages/mepc-83rd-session.aspx (Accessed August 25, 2025).



	

 International Maritime Organization (IMO)
, Marine Environment Protection Committee (MEPC) 72
, Initial IMO Strategy on Reduction of GHG Emissions from Ships
 (2018). Available online at: https://www.imo.org/en/OurWork/Environment/Pages/Vision-and-level-of-ambition-of-the-Initial-IMO-Strategy.aspx (Accessed December 12, 2024).



	

 Jin J., Meng L. P., Wang X. D., He J. L. (2024). Carbon emission reduction strategy in shipping industry: A joint mechanism. Adv. Eng. Inf. 62, 102728. doi: 10.1016/j.aei.2024.102728




	

 Kaplow L. (1989). Horizontal equity: measures in search of a principle. Natl. Tax J. 42, 139–154. doi: 10.1086/NTJ41788784




	

 Klenert D., Mattauch L., Combet E. (2018). Making carbon pricing work for citizens. Nat. Climate Change 8, 669–677. doi: 10.1038/s4155801802012




	

 Küfeoğlu S. (2024). “Carbon pricing and taxing,” in Net zero: decarbonizing the global economies. Sustainable Development Goals Series. London: Springer Cham. doi: 10.1007/978-3-031-70322-5_3




	

 Kumbhakar S. C., Badunenko O., Willox M. (2022). Do carbon taxes affect economic and environmental efficiency? The case of British Columbia’s manufacturing plants. Energy Econ 115, 106359. doi: 10.1016/j.eneco.2022.106359




	

 Lagouvardou S., Psaraftis H. N., Zis T. (2020). A literature survey on market-based measures for the decarbonization of shipping. Sustainability 2, 3953. doi: 10.3390/su12103953




	

 Layard R., Nickell S., Mayraz G. (2008). The marginal utility of income. J. Public Econ 92, 1846–1857. doi: 10.1016/j.jpubeco.2008.01.007




	

 Lee T. C., Chang Y. T., Lee P. T. W. (2013). Economy-wide impact analysis of a carbon tax on international container shipping. Transport. Res. Part A Policy Pract. 58, 87–102. doi: 10.1016/j.tra.2013.10.002




	

 Li H. R., Peng W. (2020). Carbon tax, subsidy, and emission reduction: Analysis based on DSGE model. Complexity, 6683482. doi: 10.1155/2020/6683482




	

 Li Y. Z., Su B. (2017). The impacts of carbon pricing on coastal megacities: A CGE analysis of Singapore. J. Clean. Prod. 165, 1239–1248. doi: 10.1016/j.jclepro.2017.07.206




	

 Li D. C., Yang H. L. (2024). Economic feasibility of LNG-fuelled river ships: Carbon tax schemes perspective. Transport. Res. Part D: Transport. Environ. 132, 104235. doi: 10.1016/j.trd.2024.104235




	

 Lin B., Li X. (2011). The effect of carbon tax on per capita CO2 emissions. Energy Policy 39, 5137–5146. doi: 10.1016/j.enpol.2011.05.050




	

 Liu H. H. (2024). Constructing and implementing a green taxation system in China under the dual-carbon target. Front. Environ. Sci. 12. doi: 10.3389/fenvs.2024.1392244




	

 Liu L. W., Chen C. X., Zhao Y. F., Zhao E. (2015). China’s carbon-emissions trading: Overview, challenges and future. Renewable Sustain. Energy Rev. 49, 254–266. doi: 10.1016/j.rser.2015.04.076




	

 Liu H. R., Mao Z. K., Li X. H. (2023). Analysis of international shipping emissions reduction policy and China’s participation. Front. Mar. Sci. 10. doi: 10.3389/fmars.2023.1093533




	

 Lu C., Li W., Gao S. B. (2019). Driving determinants and prospective prediction simulations on carbon emissions peak for China’s heavy chemical industry. J. Clean. Prod. 251, 119642. doi: 10.1016/j.jclepro.2019.119642




	

 Ma M., Wang G. (2022). The status quo of China’s implementation of international maritime conventions and suggestions and countermeasures for its participation in global governance. Green Conn. Automat. Transport. Saf. 775, 389–396. doi: 10.1007/978-981-16-5429-9_29




	

 Mardones C. (2022). Pigouvian taxes to internalize environmental damages from Chilean mining-A computable general equilibrium analysis. J. Clean. Prod. 362, 132359. doi: 10.1016/j.jclepro.2022.132359




	

 Maria S. C., Fritz N., Charles E. M. (2025). Taxation. Available online at: https://www.britannica.com/money/taxation (Accessed January 20, 2025).



	

 Marine Environment Protection Committee (MEPC)
 (2021). Further shipping GHG emission reduction measures adopted. Available online at: https://www.imo.org/en/MediaCentre/PressBriefings/pages/MEPC76.aspx (Accessed January 20, 2025).



	

 Metcalf G. E., Stock J. H. (2020). Measuring the macroeconomic impact of carbon taxes. Am. Econom. Rev.: Insights 2, 101–118. doi: 10.1257/aeri.20190201




	

 Metcalf G. E., Weisbach D. (2009). The design of a carbon tax. Harv. Environ. Law Rev. 33, 499–556. doi: 10.2139/ssrn.1324854




	

 Moore T. J., Redfern J. V., Carver M., Hastings S., Adams J. D., Silber G. K., et al. (2018). Exploring ship traffic variability off California. Oce. Coast. Manage. 163, 515–527. doi: 10.1016/j.ocecoaman.2018.03.010




	

 Morgan J., Patomäki H. (2021). Planetary good governance after the Paris Agreement: The case for a global greenhouse gas tax. J. Environ. Manage. 292, 112753. doi: 10.1016/j.jenvman.2021.112753, PMID: 34015613



	

 Moz-Christofoletti M. A., Pereda P. C. (2021). Winners and losers: the distributional impacts of a carbon tax in Brazil. Ecol. Econ 183, 106945. doi: 10.1016/j.ecolecon.2021.106945




	

 Mundaca G., Strand J., Young I. R. (2021). Carbon pricing of international transport fuels: Impacts on carbon emissions and trade activity. J. Environ. Econ Manage. 110, 102517. doi: 10.1016/j.jeem.2021.102517




	

 Murray B., Rivers N. (2015). British Columbia’s revenue-neutral carbon tax: A review of the latest “grand experiment” in environmental policy. Energy Policy 86, 674–683. doi: 10.1016/j.enpol.2015.08.011




	

 Musgrave R. A. (1959). The theory of public finance: a study in public economy. J. Politic. Econom. 9(1).  doi: 10.3945/ajcn.113.077354, PMID: 24363261



	

 National Development and Reform Commission
, China’s national climate change programme
 (2007). Available online at: https://english.mee.gov.cn/Resources/Plans/Plans/200710/P020071016292571780686.pdf (Accessed February 15, 2025).



	

 Nordhaus W. D. (2019). Climate change: The ultimate challenge for economics. Am. Econom. Rev. 109, 1991–2014. doi: 10.1257/aer.109.6.1991




	

 Ocean Score, UK
 (2025). ETS maritime expansion: key updates and compliance strategies. Available online at: https://oceanscore.com/insights/uk-ets-maritime-expansion/ (Accessed August 12, 2025).



	

 OECD
 (2008). The polluter pays principle: definition, analysis, implementation. Available online at: https://www.oecd.org/en/publications/the-polluter-pays-principle_9789264044845-en.html (Accessed February 15, 2025).



	

 Pan J. J., Cross J. L., Zou X. M., Zhang B. (2024). To tax or to trade? A global review of carbon emissions reduction strategies. Energy Strat. Rev. 55, 101508. doi: 10.1016/j.esr.2024.101508




	

 Parry I. (2019). What is carbon taxation? Available online at: https://www.imf.org/en/Publications/fandd/issues/2019/06/what-is-carbon-taxation-basics (Accessed March 25, 2025).



	

 Pearce D. (1991). The role of carbon taxes in adjusting to global warming. Econom. J. 101, 938–948. doi: 10.2307/2233865




	

 Pereda P. C., Lucchesi A., Oliveira T. D., Wolf R. (2025). Carbon tax in the shipping sector: Assessing economic and environmental impacts. Energy Policy 204, 114627. doi: 10.1016/j.enpol.2025.114627




	

 Pigou A. C. (1920). The economics of welfare (New York: Macmillan and Co. ltd).



	

 Rentschler J., Bazilian M. (2017). Reforming fossil fuel subsidies: drivers, barriers and the state of progress. Climate Policy 17, 891914. doi: 10.1080/14693062.2016.1169393




	

 Romano A., Yang Z. (2021). Decarbonisation of shipping: A state of the art survey for 2000-2020. Oce. Coast. Manage. 214, 105936. doi: 10.1016/j.ocecoaman.2021.105936




	

 Rotaris L., Danielis R. (2019). The willingness to pay for a carbon tax in Italy. Transport. Res. Part D: Transport. Environ. 67, 659–673. doi: 10.1016/j.trd.2019.01.001




	

 Saez E., Stantcheva S. (2016). Generalized social marginal welfare weights for optimal tax theory. Am. Econom. Rev. 106, 24–45. doi: 10.1257/aer.20141362




	

 Sen S., Vollebergh H. (2018). The effectiveness of taxing the carbon content of energy consumption. J. Environ. Econ Manage. 92, 74–99. doi: 10.1016/j.jeem.2018.08.017




	

 Ship Universe
 (2025). Carbon tax in shipping: what every shipowner needs to know in 2025. Available online at: https://www.shipuniverse.com/carbon-tax-in-shipping-what-every-shipowner-needs-to-know-in-2025/ (Accessed March 12, 2025).



	

 Shome P. (2021). “Consumption and production taxes,” in taxation history, theory, law and administration Springer Texts in Business and Economics. doi: 10.1007/978-3-030-68214-9_21




	

 Statista
 (2025). Available online at: https://www.statista.com/accounts/pa (Accessed March 12, 2025).



	

 Sun Y. Y., Mao X. Q., Yin X. N., Liu G. Y., Zhang J., Zhao Y. W., et al. (2021). Optimizing carbon tax rates and revenue recycling schemes: Model development, and a case study for the Bohai Bay area, China. J. Clean. Prod. 296, 126–519. doi: 10.1016/j.jclepro.2021.126519




	

 Sun Z. C., Xu S. D., Jiang J. (2025). Spatial-temporal characteristics of ship carbon emission based on AIS data. Oce. Coast. Manage. 265, 107629. doi: 10.1016/j.ocecoaman.2025.107629




	

 Tan Z., Wu Y. F., Gu Y. F., Liu T. T., Wang W., Liu X. M., et al. (2022). An overview on implementation of environmental tax and related economic instruments in typical countries. J. Clean. Prod. 330, 129688. doi: 10.1016/j.jclepro.2021.129688




	

 Tian X., Gao W. W., Liu Y. B., Xu M. (2020). Secondary resource curse’s formation and transmission mechanism based on environmental externality theory. Res. Conserv. Recyc. 161, 104958. doi: 10.1016/j.resconrec.2020.104958




	

 Tilton J. E. (2016). Global climate policy and the polluter pays principle: A different perspective. Resour. Policy 50, 117–118. doi: 10.1016/j.resourpol.2016.08.010




	

 Tiwari S., Wee H. M., Zhou Y., Tjoeng L. (2021). Freight consolidation and containerization strategy under business as usual scenario & carbon tax regulation. J. Clean. Prod. 279, 123270. doi: 10.1016/j.jclepro.2020.123270




	

 Tvedten I. O., Bauer S. (2022). Retrofitting towards a greener marine shipping future: Reassembling ship fuels and liquefied natural gas in Norway. Energy Res. Soc. Sci. 86, 102423. doi: 10.1016/j.erss.2021.102423




	

 Uitto J. I. (2016). Evaluating the environment as a global public good. Evaluation 22, 108–115. doi: 10.1177/1356389015623135




	

 United Nations
 (2021). UN handbook on carbon taxation for developing countries. Available online at: https://financing.desa.un.org/document/un-handbook-carbon-taxation-developing-countries-2021 (Accessed August 15, 2025).



	

 Urban F., Nurdiawati A., Harahap F., Morozovska K. (2024). Decarbonizing maritime shipping and aviation: Disruption, regime resistance and breaking through carbon lock-in and path dependency in hard-to-abate transport sectors. Environ. Innovation Societ. Transit. 52, 100854. doi: 10.1016/j.eist.2024.100854




	

 Van Der Vlugt S. (2023). The principle of legality of taxation as a general principle of EU law: national and supranational differences of interpretation and potential difficulties. EC Tax Rev. 32, 214–228. doi: 10.54648/ecta2023027




	

 Wan Z., El Makhloufi A., Chen Y., Tang J. Y. (2018). Decarbonizing the international shipping industry: Solutions and policy recommendations. Mar. pollut. Bull. 126, 428–435. doi: 10.1016/j.marpolbul.2017.11.064, PMID: 29421121



	

 Wang T. S., Cheng P. Y., Zhen L. (2023b). Green development of the maritime industry: Overview, perspectives, and future research opportunities. Transport. Res. Part E: Logist. Transport. Rev. 179, 103322. doi: 10.1016/j.tre.2023.103322




	

 Wang Z. J., Countryman A. M. (2025). Island economies in the wake: Assessing increased shipping cost effects from carbon taxes on maritime trade. Res. Conserv. Recyc. 219, 108325. doi: 10.1016/j.resconrec.2025.108325




	

 Wang Y., Guo C. H., Chen X. J., Jia L. Q., Guo X. N., Chen R. S., et al. (2021). Carbon peak and carbon neutrality in China: Goals, implementation path and prospects. China Geol. 4, 720–746. doi: 10.31035/cg2021083




	

 Wang M. X., Hu Y., Wang S. Y., Dang C. Y. (2023a). The optimal carbon tax mechanism for managing carbon emissions. Socio-Econ. Plann. Sci. 87, 101564. doi: 10.1016/j.seps.2023.101564




	

 Wang H. T., Li Y. X., Bu G. Q. (2022). How carbon trading policy should be integrated with carbon tax policy-laboratory evidence from a model of the current state of carbon pricing policy in China. Environ. Sci. pollut. Res. Int. 30, 23851–23869. doi: 10.1007/s11356-022-23787-y, PMID: 36331731



	

 Wang Y. F., Liu J., Zhao Z. H., Ren J., Chen X. R. (2023c). Research on carbon emission reduction effect of China’s regional digital trade under the “double carbon” target-combination of the regulatory role of industrial agglomeration and carbon emissions trading mechanism. J. Clean. Prod. 405, 137049. doi: 10.1016/j.jclepro.2023.137049




	

 Wei Y. M., Chen K. Y., Kang J. N., Chen W. M., Wang X. Y., Zhang X. Y., et al. (2022). Policy and management of carbon peaking and carbon neutrality: A literature review. Engineering 14, 52–63. doi: 10.1016/j.eng.2021.12.018




	

 Wesseh P. K., Lin B. Q., Atsagli P. (2017). Carbon taxes, industrial production, welfare and the environment. Energy 123, 305–313. doi: 10.1016/j.energy.2017.01.139




	

 World Bank
 (2023). State and trends of carbon pricing 2023. Available online at: https://www.worldbank.org/en/home (Accessed April 14, 2025).



	

 World Bank
 (2025a). State and trends of carbon pricing 2025. Available online at: https://www.worldbank.org/en/publication/state-and-trends-of-carbon-pricing (Accessed August 15, 2025).



	

 World Bank
 (2025b). State and trends of carbon pricing dashboard. Available online at: https://carbonpricingdashboard.worldbank.org/compliance/price (Accessed August 15, 2025).



	

 Wu W., Zhao M., Ji Z., Haroon M. (2024). Evidence from China’s shipping sector on the impact of fiscal measures in enabling a low-carbon economic transition. Heliyon 10, e30147. doi: 10.1016/j.heliyon.2024.e30147, PMID: 38756613



	

 Xu H. T., Pan X. F., Li J. M., Feng S. H., Guo S. C. (2023). Comparing the impacts of carbon tax and carbon emission trading, which regulation is more effective? J. Environ. Manage. 330, 117156. doi: 10.1016/j.jenvman.2022.117156, PMID: 36610193



	

 Xue M. M., Liang Q. M., Wang C. (2019). Price transmission mechanism and socio-economic effect of carbon pricing in Beijing: A two-region social accounting matrix analysis. J. Clean. Prod. 211, 134–145. doi: 10.1016/j.jclepro.2018.11.116




	

 Yan H. M., Yang H. C., Guo X. N., Zhao S. Q., Jiang Q. O. (2022). Payments for ecosystem services as an essential approach to improving ecosystem services: A review. Ecol. Econ 201, 107591. doi: 10.1016/j.ecolecon.2022.107591




	

 Yang L., Zhang Q. J., Lv Z. Y. (2023). Real world emission characteristics of Chinese fleet and the current situation of underestimated ship emissions. J. Clean. Prod. 418, 138107. doi: 10.1016/j.jclepro.2023.138107




	

 Yeldan A. E. (2019). “Chapter 9 - Economic instruments of greening,” in Handbook of green economics Elsevier Science, 153–162. doi: 10.1016/B978-0-12-816635-2.00009-2




	

 Yu P. (2020). Carbon tax/subsidy policy choice and its effects in the presence of interest groups. Energy Policy 147, 111886. doi: 10.1016/j.enpol.2020.111886




	

 Yuan Y. P., Wang X. Y., Tong L., Yang Shen R. B. Y. (2023). Research on multi-objective energy efficiency optimization method of ships considering carbon tax. J. Mar. Sci. Eng. 11, 82. doi: 10.3390/jmse11010082




	

 Zhang C. Y. (2017a). On Optimizing the central and local governments from the perspective of tax rights. Tax Res. 03, 106–109. doi: 10.19376/j.cnki.cn11-1011/f.2017.03.023




	

 Zhang Y. Q., Qi L. L., Lin X. Y., Pan H. R. (2022). Synergistic effect of carbon ETS and carbon tax under China’s peak emission target: A dynamic CGE analysis. Sci. Tot. Environ. 825, 154076. doi: 10.1016/j.scitotenv.2022.154076, PMID: 35218837



	

 Zhang Y., Zahoor Z. (2025). The role of energy subsidies, savings, and transitions in driving energy transformations toward net-zero emissions. Energy 320, 135209. doi: 10.1016/j.energy.2025.135209




	

 Zhang Z., Zhang A. Z., Wang D. P., Li A. J., Song H. X. (2017b). How to improve the performance of carbon tax in China? J. Clean. Prod. 142, 2060–2072. doi: 10.1016/j.jclepro.2016.11.078




	

 Zhang X. P., Zhang H. N., Yuan J. H. (2019). Economic growth, energy consumption, and carbon emission nexus: fresh evidence from developing countries. Environ. Sci. pollut. Res. 26, 26367–26380. doi: 10.1007/s11356-019-05878-5, PMID: 31290044



	

 Zhao X. G., Jiang G. W., Nie D., Chen H. (2016). How to improve the market efficiency of carbon trading: A perspective of China. Renewable Sustain. Energy Rev. 59, 1229–1245. doi: 10.1016/j.rser.2016.01.052












Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Copyright © 2025 Liu, Ju, Guo and Mao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OEBPS/Images/fmars-12-1647326-g001.jpg
80000

70000

60000
50000
40000
30000

U0} :UOISSIWS U0qIe))

20000

10000

€c0¢
120¢
610¢
L10T
S10¢
€10¢
[10¢
600¢
L00T
$00¢
€00¢
100C
6661
L661
S661
€60l
1661
6861
L861
¢861
€861
1861
6L61
LL6T
SL6I
€Lol
[L6]





OEBPS/Images/cover.jpg
& frontiers | Frontiers in Marine Science

Theory and practice of China’s shipping
carbon tax under the “dual carbon” targets





OEBPS/Images/fmars-12-1647326-g002.jpg
Uruguay
Sweden
Liechtenstein
Switzerland
Norway
Denmark
Netherlands
Portugal
Iceland
Luxembourg
France
slovenia
Estonia
UK
Singapore
Tamaulipas
Latvia
Spain
Albania
South Africa
Zacatecas
Colombia

Argentina

Chile
Mexico
Japan
Israel
Ukraine
Poland

0

10 20

30 40

50

60 70

80 90
Unit: $/t CO2

100 110 120 130 140 150 160





OEBPS/Images/crossmark.jpg
©

2

i

|





