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Abstract

The literature on climate change in the maritime transport industry has grown

rapidly in the last few years. Yet as the research agenda has progressed, scientific

debates have become more isolated and fragmented, making it difficult to translate

new findings into broader policy debates. This article draws on problematization

methodology to help organize the scientific debate on maritime emissions and to

identify analytical gaps and challenges. We argue that scholars investigate ship-

ping's emission problem from four distinct analytical perspectives— (1) interna-

tional laws and regulations, (2) markets and economics, (3) engineering and

technology, and (4) authority and legitimacy. Each of these perspectives prob-

lematizes maritime emissions in specific ways, leading to different policies and

strategies to address the problem. We call for better integrating these four litera-

tures and highlight three crosscutting areas and problems for future research. First,

developing institutions that facilitate market and engineering solutions; second,

integrating climate mitigation and adaptation research; and third, focusing on jus-

tice concerns to ensure an equitable green transition in the maritime industry.
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1 | INTRODUCTION

Shipping is a major emitter, contributing 1056 million tons of greenhouse gas (GHG) emissions annually, and reducing
these emissions is vital to decarbonize supply chains and to reach international climate goals. Climate-related risks such
as extreme weather events and higher waves, but also the handling of new dangerous green fuels, increase the risk of
dangerous marine accidents (International Maritime Organization, 2020, p. 1; Rojon et al., 2021).

A large and interdisciplinary literature has emerged in the last few years to study these issues and to guide policy
and industry leaders in developing strategies to address them. This includes a wide range of studies on shipping market

Received: 6 June 2023 Revised: 29 April 2024 Accepted: 1 May 2024

DOI: 10.1002/wcc.894

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

© 2024 The Authors. WIREs Climate Change published by Wiley Periodicals LLC.

WIREs Clim Change. 2024;15:e894. wires.wiley.com/climatechange 1 of 15

https://doi.org/10.1002/wcc.894

https://orcid.org/0000-0002-1563-5434
mailto:jbs@ifs.ku.dk
http://creativecommons.org/licenses/by-nc/4.0/
http://wires.wiley.com/climatechange
https://doi.org/10.1002/wcc.894
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fwcc.894&domain=pdf&date_stamp=2024-06-18


regulation, green technology development, and climate policy options. Moreover, a nascent literature investigates adap-
tation challenges and how ports can adjust to rising sea levels, storm surges, and other weather risks.

This noteworthy proliferation of scientific studies has advanced our collective knowledge and helped policymakers
develop carbon countermeasures for the maritime transport industry. However, it has also led to analytical complexity
and fragmentation. Studies have become increasingly sophisticated and technical—for example, studies of specific alter-
native fuels and market designs—which risks accessibility and could undermine broader discussions and efforts to
translate scientific findings into policymaking.

Recognizing this problem, scholars have produced useful literature reviews that summarize scientific debates on
maritime emissions. These reviews either use quantitative methodologies to provide comprehensive overviews of exis-
ting studies, or they describe the state-of-the-art in certain technological and regulatory areas such as green fuels or car-
bon market designs (e.g., Alzahrani et al., 2021; Dos Santos et al., 2022; Lagouvardou et al., 2020; Mallouppas &
Yfantis, 2021; Romano & Yang, 2021; Zadeh et al., 2023; Zhou et al., 2023). However, these reviews do not organize the
debate conceptually to facilitate integration between different research areas in shipping's climate change debate. More-
over, existing reviews offer few opportunities for rethinking the existing literature “in ways that generate new and per-
haps ‘better’ ways of thinking” (Alvesson & Sandberg, 2020, p. 1290).

Here, we draw on qualitative methods to synthesize the major scientific approaches and debates on maritime emis-
sions. Our aim is not to provide a comprehensive overview of research. Instead, we develop analytical devices and draw
on paradigmatic studies to organize the scholarship and to help facilitate discussions aimed at developing more effective
carbon countermeasures for the shipping industry.

We use problematization methodology (Alvesson & Sandberg, 2020; Turnbull, 2006; Webb, 2014), a research strat-
egy from public policy studies that sheds light on the ways in which analysts construct policy problems and the policy
solutions and strategies that these problematizations generate. Problematization methodology is thus an excellent
method to conceptualize scientific debates aimed at addressing complex policy problems such as how to reduce emis-
sions in the maritime transport industry.

Our analysis finds that four problematizations structure the scientific and policy debate on maritime emissions:

1. Regulatory studies investigate decarbonization as a legal challenge that requires appropriate international laws,
polices, and conventions based on common legal norms and principles.

2. Economic and market studies view decarbonization as a market failure or externalities problem that requires eco-
nomic management and market design tools to restructure economic incentives and activities.

3. Engineering and technology studies analyze decarbonization as an engineering problem that can be addressed
through technological innovation and investments in research and development (R&D).

4. Authority and legitimacy scholarship views decarbonization as a political problem that requires legitimate political
institutions and coalitions that adopt ambitious climate mitigation strategies.

We argue that these problematizations have advanced debates on climate change significantly, but that they are also
often disconnected from one another, and that this undermines further scientific progress and comprehensive and inte-
grated policy debates. We highlight three issues that require more attention and scientific collaboration across the four
problematizations: how to develop institutions that generate effective market and engineering solutions, how to inte-
grate climate mitigation and adaptation research, and how to address justice concerns and ensure an equitable green
transition in the maritime industry. Our article highlights that redistributing the income of a carbon tax into adaptation
projects in climate-vulnerable developing countries will be vital to enhance the legitimacy of mitigation measures and
to craft coherent maritime decarbonization policies and governance arrangements.

Our article proceeds as follows. In the next section, we provide a short and concise overview of the increasingly
complexity of the debate on climate change in the maritime industry. We introduce our problematization methodology
in Section 3 and use it to organize the literature on climate change in shipping in Section 4. In Section 5, we outline
analytical gaps and directions for future research. Section 6 briefly summarizes our core findings.

2 | SHIPPING'S CLIMATE CHANGE DEBATE

Climate change in the maritime industry has become a vibrant research field that includes scholars from across the nat-
ural and social sciences, including international law (e.g., Shi, 2017), energy and shipping economics
(e.g., Psaraftis, 2019; Sou et al., 2022), environmental and sustainability studies (Sdoukopoulos et al., 2019), and
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technological innovation and engineering (e.g., Bicer & Dincer, 2018; Dos Santos et al., 2022). Studies investigating dif-
ferent dimensions of the problem have thus proliferated in recent years.

Although earlier research focused on measuring and quantifying shipping emissions to draw attention to the
industry's carbon pollution problem (Cadarso et al., 2010; Eyring et al., 2010; Heitmann & Peterson, 2014), more recent
studies have investigated a broad range of issues including specific emission reduction policies, strategies, and technolo-
gies, as well as climate adaptation challenges (Alzahrani et al., 2021; Halim et al., 2018; Izaguirre et al., 2021;
Lagouvardou et al., 2020; Wan et al., 2018) and governance efforts, institutions, and arrangements aimed reducing ship-
ping emissions (Dong et al., 2022; Gritsenko, 2017; Prehn, 2021).

The growing diversity and complexity of the field has helped advance the debate on climate change in shipping and
produced deep technical, behavioral, and regulatory insights that inform policy development. This includes detailed
analyzes of zero- or low-carbon fuels and maritime shipping technologies, the impact of different regulatory and
marked-based measures (MBMs) on shipping operations and emissions, or the complex legal architecture and princi-
ples that regulate shipping emissions and how rising sea levels and changing weather patterns will affect port and sup-
ply chain infrastructures across the maritime industry.

However, this growing diversity in terms of disciplines and methodologies has also led to analytical fragmentation.
As studies have become more specialized and technical, the space for comprehensive policy debates has narrowed, and
it becomes increasingly difficult to integrate policies, organize the science-policy nexus, and translate scientific knowl-
edge into comprehensive regulatory approaches. This concerns, for example, debates about the engineering implica-
tions of climate policies and energy efficiency measures, how findings about trade patterns can inform the development
of green fuels and ship designs, or how to design MBMs in ways that they can be anchored in international climate laws
and policies. Fragmentation also makes it more difficult to spot analytical gaps and to make sure that new regulatory
and governance initiatives, such as informal and private sector arrangements, are adequately reflected in the scientific
debates.

In short, the proliferation of studies on climate change in shipping has generated important insights and policy
options, but it has also led to analytical fragmentation, which undermines broader policy debates and efforts to plan,
develop, and coordinate climate policies effectively. We thus need new analytical devices to organize these scientific
debates in ways that can inform policy and help coordinate decarbonization strategies for the maritime transport indus-
try. Next, we introduce problematization methodology to structure shipping's climate change debate.

3 | PROBLEMATIZATION METHODOLOGY

In this article, we draw on problematization methodology. Problematization is a qualitative research approach widely
used in public policy (Bacchi, 2015; Barry, 2021; Webb, 2014) and international relations studies (Andrä, 2022;
Bueger & Edmunds, 2021; Liebetrau, 2023), including global climate governance (Allan, 2017). The approach was devel-
oped to provide an analytical device for better understanding the diverse ways in which practitioners structure policy
problems and interventions. Intellectually anchored in interpretative policy analysis (Wagenaar, 2011), American prag-
matism (Rabinow, 2011; Marres, 2007), and science and technology studies (Barry, 2021; Callon, 1986),
problematization has become a favored methodology for reconstructing the complexity of academic and policy contro-
versies and providing analytical structure to them.

The analytical starting point for problematization methodology is John Dewey's principle that all thinking starts
with a problem (Rabinow, 2011). “Problems” understood as matters that are “uncertain, partially-known, entangled,
contested and in process” (Barry, 2021, p. 99) are hence the key analytical unit. “Problematization” refers to the process
of turning an indeterminate problematic situation that requires action (such as climate change in shipping) into a struc-
tured problem which can be addressed through available sets of measures and solutions (e.g., science, technology, mar-
kets, law, democracy). The approach insists that there is no “natural” and “obvious” way of how a problem should be
conceptualized, structured, and solved, although there might be preferrable ones. Instead, the goal of the methodology
is to empirically identify patterns of problematizations, to study how they relate to each other, and to reveal gaps and
routes not taken.

Problematization methodology is based on a discreet and increasingly formalized set of analytical questions, includ-
ing (e.g., Bacchi, 2009; Sandberg & Alvesson, 2011):

1. What is the key analytical practice and methodological orientation that underpins the problematization?
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2. What is the major problem that this practice helps identify—that is the analytical core that constitutes the problem?
3. What is the preferred solution to address the problem? And finally,
4. What are the major challenges to implementing this solution?

Scholars have used problematization analysis to disentangle and organize complex scientific and policy debates.
Sandberg and Alvesson (2011, 2020), for example, have shown how problematization methodology can be used produc-
tively to synthesize academic debates. As they emphasize, drawing on problematization as an analytical device enables
“researchers to critically interrogate and reimagine existing literature in order to generate new and ‘better’ ways of
thinking about specific phenomena” (Alvesson & Sandberg, 2020, p. 1291).

Others, moreover, have shown that the approach can help organize debates about how to address environmental
problems such as climate change. Barry (2021, p. 102), for example, argues that environmental problems “open up a
range of future, and contestable, possibilities,” rather than inviting singular solutions. In other words, environmental
problems such as climate change tend to be messy, and experts often suggest different solutions based on competing
framings and assumptions. Callon (2009), moreover, has argued that even if scientists work within a common frame,
such as carbon market solutions, contestation continues about whether economic or political institutions should regu-
late such markets.

In short, problematization methodology allows us to capture scientific and policy controversies over the nature and
logic of specific problems and the multiple ways in which they can be addressed and resolved.

4 | FOUR PROBLEMATIZATIONS

This section uses problematization methodology to organize the literature on climate change in the maritime transport
industry and to identify its most important analytical perspectives. Answering the four problematizations questions out-
lined in the previous section, we argue leads us to identity four analytical perspectives: (1) international laws and regu-
lations, (2) markets and economics, (3) engineering and technology, and (4) authority and legitimacy. As summarized
in Table 1, each of these four scientific literatures problematizes climate change in specific ways, leading to different
policies aimed at reducing shipping emissions.

4.1 | International laws and regulations

One group of scholars investigates climate change in shipping as a global regulatory problem that requires adequate
international laws and policies to be addressed effectively. These scholars conduct legal analysis and shed light on regu-
latory inconsistencies in the global architecture that governs shipping emissions. The key aim of this scholarship is to
identify and explain regulatory processes in shipping's climate change regime and to develop comprehensive policy and
regulatory frameworks for shipping's emission problem.

TABLE 1 Four key problematizations.

International laws
and regulations

Markets and
economics Engineering and technology Authority and legitimacy

Analytical
practice

Legal and regulatory
analysis

Market designs and
models

Techno-engineering innovations Authority and legitimacy
analysis

Climate
change as a
problem of

Regulatory gaps and
inconsistencies

Market failures and
externalities

Slow technological innovation and
research and development (R&D)
investments

Lack of legitimate
authorities to develop
policies

Solution Developing
comprehensive
international rules

Designing markets that
ensure emission
reduction

Building green technologies and
infrastructures

Creating legitimate
authorities that address
climate change

Major
challenge

Competing
regulatory and legal
principles

Competing market
designs and economic
logics

Competing technologies and
operations

Competing governance
authorities
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Regulatory scholars argue that addressing climate change in the global maritime industry requires adequate interna-
tional laws, regulations, and policies based on common legal norms and principles. Studies in this field thus primarily
analyze the evolution of the existing international legal architecture to address climate change in the maritime industry,
especially the relationship between the United Nations Framework Convention on Climate Change (UNFCCC), which
provides “the umbrella instrument for the regulation of GHG emissions” (Romera, 2021, p. 57), and regulatory efforts
at the International Maritime Organization (IMO), the UN agency responsible for regulating the global maritime trans-
port industry. More recently, scholars have also analyzed legal efforts by other actors, such as the European Union
(EU) and China, and how they fit into the global UNFCCC and IMO frameworks (e.g., 2023; Chircop et al., 2018; Dong
et al., 2022; Fedi, 2017; Liu et al., 2023; Shi, 2017; Shi & Gullett, 2018; Ringbom, 2011; Yang et al., 2023).

The major focus of regulatory scholars is the IMO's Maritime Environment Protection Committee (MEPC), where
states have discussed and developed instruments to regulate marine pollution, including shipping emissions. These
efforts started with the 1997 “Regulations for the Prevention of Air Pollution from Ships,” which became Annex VI of
the International Convention for the Prevention of Pollution from Ships (MARPOL). The “Regulations on Energy Effi-
ciency for Ships” was adopted in 2011 (also as part of Annex VI) and introduced an Energy Efficiency Design Index
(EEDI) with “mandatory energy efficiency requirements for ships” (Romera, 2021, p. 58), as well as a Ship Energy Effi-
ciency Management Plan (SEEMP) and a voluntary Energy Efficiency Operational Indicator. The MEPC also adopted
two climate strategies in 2018 and 2023 aimed at developing effective counter emission mechanisms.

Yet regulatory scholars also highlight the limits of IMO decarbonization efforts. They point out, for example, that
the IMO has so far failed to adopt a carbon price or other MBMs to reduce shipping emissions effectively. Consequently,
they argue, climate change is increasingly addressed outside the IMO (Romera, 2021, pp. 58–59; Shi, 2016). Especially
the EU has adopted ambitious policies to address shipping's emission problem, including integrating the industry in its
emission trading system. This is leading to a growing debate about the legal implications of these measures and their
compatibility with international law (Kotzampasakis, 2023), and whether the new EU regulations are an adequate sub-
stitute for global action or if it will inspire or force the IMO to adopt more ambitious climate mitigation policies
(Adamowicz, 2022; Kirval & Çalişkan, 2022).

A key insight of regulatory analysists is that legal inconsistencies between the UNFCCC and the IMO undermine
MEPC's efforts to address climate change. The UNFCCC process is based on the principle of common but differentiated
responsibilities (CBDR), which “means different treatment between developed countries and developing countries”
(Dong et al., 2022, p. 8) based on the fact that the latter have contributed less to climate change and have lower capaci-
ties to address the problem. Developing countries thus argue that the costs of decarbonizing should apply first to the so-
called Annex 1 countries in the UNFCCC, which are industrialized countries and countries in transition. The IMO,
however, operates under the No More Favorable Treatment principle, which suggests that all ships should be treated
equally “irrespective of the flag they are flying” (Chen, 2021, p. 2; see also Monios, 2022) to ensure fair market competi-
tion. Some scholars thus suggest that better enshrining the CBDR principle in IMO climate policies is vital to reconcile
disputes between developed and developing countries and to construct effective climate governance instruments
(Chen, 2021; Dong et al., 2022). This also includes helping developing countries adapt to climate change, for instance
by using the income from a global or EU carbon tax to finance adaptation initiatives (Kotzampasakis, 2023).

In short, international law and policy scholars investigate climate change as a legal problem—that is a problem that
requires comprehensive international regulatory frameworks and processes. International law and regulatory scholars
thus investigate how to reconcile competing legal principles and how to anchor the IMO's counter emissions strategy in
the UNFCCC and the global climate change regimes.

4.2 | Markets and economics

Another group of scholars investigates decarbonization as a market and economic management problem. These
scholars are interested in shipping markets and how trade flows can be organized more efficiently to reduce emissions.
Economists thus mainly calculate the impact of emission reduction policies and evaluate competing market designs
aimed at mitigating climate change.

Market economists view GHG emissions as either a market “failure”—a situation in which the rational behavior of
individual actors undermine collective goods—or a market “externality”—that is an indirect market cost that is not
“priced” into market processes. The key aim of economists is thus to design markets that correct these failures and that
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internalize carbon costs—that is to make sure that agents are either forced to reduce their emissions or that they benefit
financially from doing so.

The economic literature discusses two market designs. “Command and control” (Lagouvardou et al., 2020, p. 1)
measures restrict “the factors that lead to GHG emissions,” such as imposing speed limits or prescribing the use of spe-
cific emission reducing green fuels and technologies. This also includes “goal-based” regulations, which “prescribe an
emissions reduction target, without prescribing the means for reaching the target, leaving this to the discretion of the
ship-owner” (Lagouvardou et al., 2020, p. 1). MBM designs, on the other hand, “use prices or other economic variables
to provide monetary incentives for polluters to reduce emissions” (Lagouvardou et al., 2020, p. 2) Based on the polluter
pays principle, the idea here is that emissions need to be “costly” and become part of market calculations so that the
industry has incentives to reduce them. This includes, for example, “environmental taxes, the provision of subsidies,
various offsetting mechanisms, and Emission Trading Systems (ETS)” (Lagouvardou et al., 2020, p. 2).

Economists calculate the emission reducing effect of these market designs and how they affect shipping costs. For
example, a large literature evaluates if and how the IMO's EEDI and SEEMP, or the EU's 2013 Monitoring, Reporting,
and Verification system, have helped reduce emissions and increased the adoption of green fuels and technologies
(e.g., Chang & Huang, 2019; Marrero & Martínez-L�opez, 2023; Shi & Gullett, 2018; Sou et al., 2022; Stevens et al., 2015;
Tanaka & Okada, 2019). Scholars also investigate MBMs and other design proposals at the IMO, including how the
EU's move to integrate shipping in its ETS will affect shipping emissions, as well as other potential decarbonization sce-
narios (Gu et al., 2019; Halff et al., 2019; Joung et al., 2020; Lagouvardou et al., 2020; Lagouvardou & Psaraftis, 2022;
Psaraftis, 2021; Wang, Liu, et al., 2021).

Economists identify two challenges when it comes to designing carbon markets. First, it is not yet clear which of the
two market designs is most effective in reducing emissions. MBMs are in theory more efficient because they distribute
emission costs based on market principles (Haehl & Spinler, 2020). However, command-and-control designs are often
seen as more effective (Marrero & Martínez-L�opez, 2023), at least in part because they cannot be manipulated so easily
by market stakeholders. Only the EU, which has strong regulatory capacities, has so far designed an effective carbon
market (Bayer & Aklin, 2020; Green, 2021). Yet integrating the maritime industry in its ETS could undermine the com-
petitiveness of European ports and lead to carbon leakage (Lagouvardou & Psaraftis, 2022). Moreover, the dominance
of MBMs in the debate undermines alternative regulatory approaches, including a total ban on fossil fuels (Leeuwen &
Monios, 2022b; Monios, 2022; Monios & Wilmsmeier, 2020).

The second problem concerns the distribution of emissions costs. Some studies have found that the IMO's emission
reducing efforts could have a negative impact on the trade and shipping costs of developing countries (Rojon
et al., 2021; United Nations Conference on Trade and Development, 2021; Wang, Zhen, et al., 2021). Consequently,
economists continue to calculate alternative emission distribution mechanisms based on national allocation and the
CBDR principle, suggesting that shipping emissions should be addressed within the UNFCCC framework rather than
the IMO (Selin et al., 2021). Others, however, argue that developing countries could become major producers of non- or
low-carbon fuels for the maritime transport industry, thus benefiting from shipping's green energy transition.

There is also a growing awareness among economists that climate adaptation programs need to be part of the miti-
gation debate. For example, the income from a carbon tax could be used, at least in part, to pay for adaptation measures
in climate-vulnerable developing countries, which would help increase their support for such a tax (Englert
et al., 2021). Some econometric studies, moreover, calculate the risks and costs of port adaptation measures and how to
strengthen port infrastructures against the impact of climate change (e.g., Izaguirre et al., 2021; Yang et al., 2018).

In short, carbon economists view shipping emissions as a market design problem—that is, a problem that requires
regulatory interventions aimed at redesigning shipping markets to incentivize the adaptation of emission reducing strat-
egies. Carbon economists thus study which market designs can achieve that objective most effectively and how market
designs distribute emission costs between market participants, including mechanisms to finance adaptation measures
in developing countries and help secure port infrastructures against the impact of climate change.

4.3 | Engineering and technological innovation

Engineers and technology scholars are interested in the technological challenges and implications of shipping's green
energy transition. Here, climate change is studied as an engineering and operational efficiency problem that can be
addressed through technological innovation and energy optimization. Engineering scholars thus develop and evaluate
alternative green fuels and other technical solutions to shipping's emission problem.
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The key assumption that underpins engineering and technology scholarship is that emissions are a problem of slow
technological innovation and the lack of R&D for green fuels and technologies. A major effort of this scholarship is thus
to support technological innovation in the maritime shipping industry through studies of emission reducing strategies
and technologies. This includes, for example, technical measures such as ship design and innovative propulsion sys-
tems, operational measures such as slow steaming, speed optimization, the development of eco-friendly fuels such as
synthetic and biofuels, carbon capture and storage technologies, and alternative power sources such as wind energy
and solar energy (e.g., Xing et al., 2020; see also Beukelaer, 2022; Mallouppas & Yfantis, 2021; Risso et al., 2023). Other
studies, moreover, investigate different strategies to decarbonize ports, including the use of renewable energy resources
and decentralized energy systems and cost performance optimization strategies (Alzahrani et al., 2021; Sdoukopoulos
et al., 2019; Zadeh et al., 2023).

Engineering scholarship analyzes the emission reduction potentials of these countermeasures and evaluates their
advantages and disadvantages from different technological and operational perspectives. A key challenge in the engi-
neering literature, then, is how to choose between competing technological and operational solutions and how to iden-
tify the most effective and efficient technologies to reduce emissions in the maritime industry (Ashrafi et al., 2022;
Balcombe et al., 2019; Kim et al., 2020; Serra & Fancello, 2020; Xing et al., 2020).

One major strand of research in this literature studies alternative fuels to power merchant vessels such as liquified
natural gas (LNG), ammonia, hydrogen, and methanol (Dos Santos et al., 2022). Studies adopt a full life-cycle approach
to account not only for emissions released when fuels are used in engines but also during their production, such as the
use of fertilizer and changing land-use patterns in bio- fuel production (e.g., Gilbert et al., 2018, p. 864). Many studies
suggest that hydrogen and ammonia are the most promising green fuels for the maritime industry, yet, most hydrogen
and ammonia are currently produced from natural gas and other carbon sources (Al-Aboosi et al., 2021; Ampah
et al., 2021; Bicer & Dincer, 2018; Ejder & Arslano�glu, 2022; Herdzik, 2021; Liu et al., 2022; Shi et al., 2023).

Scholars also consider the operational and commercial implications of different fuel alternatives (e.g., Moshiul
et al., 2023). LNG, for example, “is currently the only green fuel that is scalable commercially and globally for the deep-
sea segment” (Serra & Fancello, 2020, p. 10), but its climate impact is “of the same order of magnitude” (Serra &
Fancello, 2020, p. 10) as conventional bunker fuels. Methanol, on the other hand, is easier to “store and distribute than
LNG” and “can be mainly used in dual-fuel engines” (Serra & Fancello, 2020, p. 10), but it is not currently scalable.
Hydrogen requires “10–20 times more storage space” (Ampah et al., 2021, p. 5) on vessels compared to conventional
bunker fuels and is highly inflammable, while ammonia can be stored more easily and at lower pressure but is very
toxic (Ampah et al., 2021, p. 6). Developing new safety standards and vessel designs is thus vital to ensure that these
fuels can be used in the maritime industry.

Another challenge identified by engineering scholars is that green hydrogen and ammonia, which are produced
with renewable energy, are very costly and not currently available commercially and in the quantities that are required
to decarbonize the global maritime industry. Building green fuel production and distribution infrastructures to ensure
the availability of these fuels in ports remains a major challenge (Grzelakowski et al., 2022; Tan et al., 2022).

Finally, a large literature studies port sustainability measures and evaluates different technologies and policies to
minimize port emissions and other pollutants (Alamoush et al., 2021; Lim et al., 2019; Zheng et al., 2020). Moreover,
analysts have started to discuss port adaptation measures and developed strategies to protect port operations against
extreme weather events caused by climate change (Becker et al., 2018; Christodoulou et al., 2019; Le�on-Mateos
et al., 2021). In short, marine engineering scholarship studies decarbonization as a technological and innovation prob-
lem that requires R&D investments to develop green energy solutions for the maritime industry. The key challenge in
this literature, then, is how to evaluate competing technologies and strategies and how to identify and assess the best
technologies and optimization strategies for shipping's green energy transition.

4.4 | Authority and legitimacy

Finally, scholars investigate climate change as a problem of authority and legitimacy. These scholars ask who—that is
which actor and institution—has the authority and legitimacy to steer shipping's green energy transition. They thus
study power struggles and how competing political interests and processes affect decarbonization strategies. Their key
argument is that establishing legitimate institutions is vital to develop effective emission control policies.

The starting point of authority and legitimacy scholarship is the insight that “the main obstacles [for the develop-
ment of effective counter emission policies in shipping] are neither technical nor economic, but political”
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(Psaraftis, 2019, p. 355). Put differently, the problem is not that legal, economic, or technical solutions to shipping's
emission problem are not available, but that these solutions lack strong political support among governments and
industry stakeholders.

Most scholars in this area have focused on the IMO and analyzed why the organization has so far failed to adopt
effective decarbonization policies. The key insight here is that the IMO is politically ill-equipped to deal with climate
change. The IMO is a technical organization that facilitates the development of consensus-based vessel safety and
counter-pollution measures (Prehn, 2021). Yet the organization is heavily influenced by the maritime industry, which
worries that climate regulations could raise their business costs, and developing and emerging countries, who worry
that climate regulations could undermine their trade. The IMO thus favors a “business-as-usual” and incremental
approach that does not lead to the adoption of ambitious climate regulations. The IMO's authority and legitimacy as
shipping's regulatory agency is thus increasingly contested (Corbett et al., 2020; Hendriksen, 2022; Leeuwen &
Monios, 2022a; Monios & Ng, 2021; Psaraftis & Kontovas, 2020; Stockbruegger, 2021).

Yet the literature also notes that actors' incentives are changing. For example, pressure from NGOs, European coun-
tries, and major flag states, such as the Marshall Islands, has led to the adaptation of the IMO's 2018 Initial Climate
Strategy (Corbett et al., 2020). Major brand retailers such as Walmart and Ikea—the largest customers of container ship-
ping companies—also want to reduce their carbon footprint and therefore support stricter maritime emission controls
(Lister, 2015; Lister et al., 2015). A.P. Møller–Mærsk and other big shipping companies support such policies “to consol-
idate and capture markets” (Alger et al., 2021, p. 146) from smaller companies who cannot comply with higher environ-
mental and climate standards.

Scholars also study how actors circumvent the IMO, focusing on new initiatives to reduce maritime emissions. Some
studies, for example, investigate the EU's efforts to address maritime pollution and shipping emissions—including ship-
ping's integration into the EU's ETS—arguing that EU policies have historically forced the IMO to adopt more ambi-
tious environmental regulations (Adamowicz, 2022; Leeuwen & Kern, 2013). Other scholars shed light on private
governance, such as “green shipping networks” through which maritime companies try to increase and coordinate
investments in emission reducing technologies and infrastructures (Hessevik, 2022; Saether et al., 2021; Wuisan
et al., 2012). Moreover, studies have investigated shipping operations and how climate governance arrangements, such
as emission disclosure arrangements, affect the industry's emission practices (Poulsen et al., 2021; Poulsen &
Sampson, 2019, 2020).

Finally, a growing number of studies analyze the politics of ports in climate change governance. On the one hand,
research investigates how and under what conditions ports try to reduce their carbon and other emissions, and how
such efforts contribute decarbonizing the maritime industry (DeSombre et al., 2023; Sornn-Friese et al., 2021). And on
the other hand, studies analyze port adaptation strategies, including the impact of different regulations aimed at ensur-
ing that ports build climate resilient infrastructures and capacities to protect operations against natural disasters and
extreme weather events (Gong et al., 2020; Ng et al., 2013; Zheng et al., 2021).

A key insight of this scholarship is that shipping's climate regime is increasingly complex and fragmented, leading
to a multilevel and polycentric governance system in which different actors and initiatives compete for regulatory
authority and legitimacy. Some evidence suggests that this fragmentation makes efforts to steer shipping's green energy
transition more difficult (e.g., Monios & Fedi, 2023). Moreover, existing tools and regulations often fail to limit shipping
emissions significantly (e.g., Poulsen et al., 2021) and do not help ports adapt to climate change (Zheng et al., 2021). Yet
others point out that institutional diversity facilitates policy experimentation and learning to develop more effective cli-
mate mitigation and adaptation strategies (Gritsenko, 2017; Leeuwen, 2015).

In short, scholars interested in authority and legitimacy shed light on the political logics of shipping's climate
change regime. The key challenge here is governance competition and the lack of authoritative and legitimate
climate institutions, coalitions, and initiatives in the maritime industry. Constructing such institutions is thus seen as
the key solution to shipping's emission problem.

4.5 | Summary: The problem of analytical fragmentation

Using problematization methodology, we have identified four problematizations that structure shipping's climate
change debate. Each of these problematizations frames the problem in specific ways and generates important solutions
for addressing it. The four problematizations are thus productive analytical devices that help advance the debate on
how to reduce the maritime transport industry's carbon footprint.
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Yet the debates that these problematizations generate are also often disconnected from one another and lack atten-
tion to common and cross-cutting themes. For example, there is a lack of studies investigating the link between engi-
neering solutions and market designs or the relationship between legal arrangements and political coalitions in efforts
to develop new market regulations and innovative green technologies.

The lack of cross-cutting scientific research also undermines broader policy debates on how to reduce shipping
emissions. For example, policymakers need a better understanding of how to anchor carbon markets in international
law, how to build such markets to overcome political resistance against costly decarbonization policies, and how to
develop institutions that facilitate technological innovation and experimentation in the maritime industry. In short, a
closer integration between regulatory, market, engineering, and authority scholarship is vital to advance scientific
research aimed at addressing shipping's emission problem. In the next section, we therefore highlight three cross-
cutting policy challenges and areas for future research.

5 | DISCUSSION: ADDRESSING ANALYTICAL GAPS THROUGH CROSS-
FERTILIZATION

Our analysis suggests three problems in shipping's green energy transition that require more analytical attention:
(1) how to develop institutions that facilitate market and engineering solutions, (2) integrating climate mitigation and
adaptation research, and (3) addressing justice concerns to ensure an equitable green transition in the maritime indus-
try. We argue that addressing these problems requires scientific collaboration across the four problematizations.

5.1 | Institutions facilitating market and engineering solutions

First, our literature review shows that the debate can benefit from a closer integration of regulatory, market, engineer-
ing and authority and legitimacy scholarship. Market and engineering solutions evolve in an increasingly fragmented
institutional and legal environment. Market solutions to shipping's emission problem are currently spearheaded by the
EU, which has included shipping in its ETS and adapted decarbonization targets for marine fuels in its FuelEU Mari-
time regulations. Ports around the world are building new rules and technologies to reduce maritime emissions, and
alternative marine fuels and infrastructures are increasingly developed in private shipping networks. This includes the
Mærsk Mc-Kinney Møller Center for Zero Carbon Shipping and the maritime industry's green corridor initiative, which
aims at establishing trade routes where vessels using alternative fuels can operate (Energy Transition
Commission, 2020).

Institutional fragmentation can facilitate technical and policy experimentation. Yet it requires coordination and
needs to be managed carefully to avoid duplication and to mitigate competition between initiatives. Scholars interested
in issues of regulation, authority and legitimacy should therefore study these new institutional designs and initiatives
and shed light on how they shape market and engineering solutions to shipping's emission problem. For example, they
should investigate the political conflicts and coalitions that underpin these initiatives and what kind of legal tools and
approaches are available to anchor them in shipping's broader climate change regime. Market and engineering scholars,
on the other hand, should consider these insights to develop specific market designs or green fuels that match these
institutional and legal structures. For example, such a concerted effort could help integrate the industry's green corridor
initiative into the EU's ETF and mitigate conflict with the IMO and the UNFCCC process.

5.2 | Integrating climate mitigation and adaptation research

Second, climate adaptation research and concerns need to be better integrated into climate mitigation debates. Many
adaptation challenges are increasingly well studied and understood. This includes especially adaptation challenges fac-
ing ports, such as storm surges and poor visibility, which affect berthing operations, as well as infrastructure damage
and destruction due to rising sea levels and tropical cyclones (Becker et al., 2018; Christodoulou et al., 2019; Izaguirre
et al., 2021; Yang et al., 2018). Yet other challenges, such as the impact of changing weather patterns on the risk of ship-
ping accidents and oil and chemical spills have not yet been studied in detail and require further research.
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One of the key issues facing the industry is how to build resilient green ports and marine fuel infrastructures. Engi-
neering scholars should therefore consider adaptation challenges when designing zero-emission ships and alternative
clean fuel technologies. They should also consider the safety implications of using toxic and highly inflammable green
fuels such as ammonia and hydrogen on vessels operating in increasingly harsh and unpredictable weather conditions.
Economists, moreover, need to calculate if these new safety and weather conditions affect trade flows and if they should
be incorporated into market designs aimed at ensuring the adaptation of green fuels and technologies. Regulatory and
authority scholarship, on the other hand, should investigate how to develop safety and resilience rules and integrate
them in shipping's safety and climate change regime. For example, even though the IMO has so far failed to adapt effect
carbon control policies, it might be better suited to address safety challenges.

There is also a growing awareness among scholars that addressing adaptation challenges can help increase the legit-
imacy of mitigation measures, such as a carbon tax. Thus, economists should try to design specific mechanisms to redis-
tribute climate funds into adaptation projects, while engineering scholars can help identify port adaptation projects that
require such investments. Legal and authority scholars, moreover, can help construct legitimate governance arrange-
ments to develop such mechanisms aimed redistributing the income from carbon markets into adaptation projects,
especially in climate-vulnerable developing countries.

5.3 | Maritime emissions and blue justice

Third, our analysis shows that blue justice concerns need to be a core part of shipping's climate change agenda.
Justice concerns have become a core issue in wider ocean governance (Armstrong, 2022) and climate change debates
(Newell et al., 2021; Okereke & Coventry, 2016; Schlosberg & Collins, 2014). They are also central in shipping's climate
change discussion, especially in legal studies concerning the CBDR principle and in developing countries' resistance to
emission regulations that could increase their trade costs. Yet despite their political salience, justice concerns have not
yet featured prominently as a major analytical and policy challenge in maritime decarbonization debates. The lack of
efforts to address justice concerns is indeed a key reason for why the maritime industry has so far not made much pro-
gress in its green energy transition.

Addressing justice concerns will be vital to ensure the legitimacy of shipping's climate change regime and to build
strong political coalitions that support the transition to costly green marine fuels and technologies (Shaw &
Beukelaer, 2022). Thus, engineering scholars could focus on technology transfers—an important goal of many develop-
ing countries—and develop sustainability technologies and infrastructures that developing countries can use to
strengthen their maritime economies. Economists, on the other hand, could design market mechanisms that help chan-
nel investments into green maritime infrastructure and adaptation projects, as we have pointed out, and increase the
maritime connectivity and trade of small island developing nations. Regulatory and authority scholars, moreover,
should investigate innovative institutional designs that could facilitate such efforts, for example by strengthening the
role of the United Nations Conference on Trade UNCTAD—which represents the concerns of developing nations—and
develop programs that address their adaptation concerns, for example by investing in resilient green port and other
coastal infrastructures.

6 | CONCLUSION

This article has drawn on problematization methodology to review the literature on climate change in the maritime
transport industry and to help identify major gaps and challenges in this debate. We have shown that scholars
problematize climate change from four distinct analytical perspectives: international law and regulations, markets and
economics, engineering and technology, and political authority and legitimacy. Each of these literatures and scientific
debates problematizes climate change in specific ways, leading to different policies aimed at reducing shipping
emissions.

The key insight of our study is that these four problematizations have generated important scientific insights that
inform policy debates. Scholars should therefore continue to use and advance these problematizations to help solve
shipping's emission problem. Yet we have also shown that the current debate has gaps and shortcomings. Better inte-
grating the four problematizations is vital to address cross-cutting issues. This includes investigating how to build insti-
tutions that facilitate the development of market and engineering solutions, integrating climate mitigation and
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adaptation research, and focusing on climate justice to ensure an equitable green transition. Most importantly, our
review shows that redistributing the income of a carbon tax into adaptation efforts in climate-vulnerable developing
countries—including small island developing nations—will be vital to enhance the legitimacy of mitigation measures
and to develop a compressive decarbonization strategy for the maritime industry.
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Marrero, Á., & Martínez-L�opez, A. (2023). Decarbonization of Short Sea shipping in European Union: Impact of market and goal based mea-
sures. Journal of Cleaner Production, 421, 138481. https://doi.org/10.1016/j.jclepro.2023.138481

Marres, N. (2007). The issues deserve more credit: Pragmatist contributions to the study of public involvement in controversy. Social Studies
of Science, 37(5), 759–780. https://doi.org/10.1177/0306312706077367

STOCKBRUEGGER and BUEGER 13 of 15

 17577799, 2024, 5, D
ow

nloaded from
 https://w

ires.onlinelibrary.w
iley.com

/doi/10.1002/w
cc.894 by D

tsch Z
entrum

 F. L
uft-U

. R
aum

 Fahrt In D
. H

elm
holtz G

em
ein., W

iley O
nline L

ibrary on [17/12/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.3390/su10072243
https://doi.org/10.1016/j.enpol.2018.11.033
https://doi.org/10.1016/j.envsci.2014.05.001
https://doi.org/10.1017/bap.2021.21
https://doi.org/10.3390/en14144311
https://doi.org/10.1016/j.martra.2022.100053
https://doi.org/10.1038/s41558-020-00937-z
https://doi.org/10.1080/25725084.2019.1707938
https://doi.org/10.1080/25725084.2019.1707938
https://doi.org/10.30897/ijegeo.1047467
https://doi.org/10.30897/ijegeo.1047467
https://doi.org/10.1111/reel.12485
https://doi.org/10.1016/j.martra.2022.100059
https://doi.org/10.3390/SU12103953
https://doi.org/10.1016/j.ocecoaman.2015.05.013
https://doi.org/10.1016/j.marpol.2022.105310
https://doi.org/10.1016/j.marpol.2022.105310
https://doi.org/10.4324/9781315149745-28
https://doi.org/10.1016/j.marpol.2021.104573
https://doi.org/10.1111/jcms.13523
https://doi.org/10.1016/j.trd.2019.04.009
https://doi.org/10.1111/1758-5899.12180
https://doi.org/10.1111/1758-5899.12180
https://doi.org/10.1016/j.gloenvcha.2015.06.011
https://doi.org/10.3389/fmars.2023.1093533
https://doi.org/10.1016/j.jclepro.2022.135014
https://doi.org/10.3390/jmse9040415
https://doi.org/10.1016/j.jclepro.2023.138481
https://doi.org/10.1177/0306312706077367


Monios, J. (2022). The moral limits of market-based mechanisms: An application to the international maritime sector. Journal of Business
Ethics, 187, 283–299. https://doi.org/10.1007/s10551-022-05256-1

Monios, J., & Fedi, L. (2023). The principal-agent problem in hierarchical policy making: A failure of policy to support the transition to LNG
as an alternative shipping fuel. Marine Policy, 157, 105846. https://doi.org/10.1016/j.marpol.2023.105846

Monios, J., & Ng, A. K. Y. (2021). Competing institutional logics and institutional erosion in environmental governance of maritime trans-
port. Journal of Transportation Geography, 94, 103114. https://doi.org/10.1016/j.jtrangeo.2021.103114

Monios, J., & Wilmsmeier, G. (2020). Deep adaptation to climate change in the maritime transport sector—A new paradigm for maritime
economics? Maritime Policy and Management, 47(7), 853–872. https://doi.org/10.1080/03088839.2020.1752947

Moshiul, A. M., Mohammad, R., & Hira, F. A. (2023). Alternative fuel selection framework toward decarbonizing maritime deep-sea ship-
ping. Sustainability, 15, 5571. https://doi.org/10.3390/su15065571

Ng, A. K. Y., Chen, S. L., Cahoon, S., Brooks, B., & Yang, Z. (2013) climate change and the adaptation strategies of ports: The australian expe-
riences. Research in Transportation Business and Management, 8, 186–94. https://doi.org/10.1016/j.rtbm.2013.05.005

Newell, P., Srivastava, S., Naess, L. O., Torres Contreras, G. A., & Price, R. (2021). Toward transformative climate justice: An emerging
research agenda. Wiley Interdisciplinary Reviews: Climate Change, 12(6), e733. https://doi.org/10.1002/wcc.733

Okereke, C., & Coventry, P. (2016). Climate justice and the international regime: Before, during, and after Paris. Wiley Interdisciplinary
Reviews: Climate Change, 7(6), 834–851. https://doi.org/10.1002/wcc.419

Poulsen, R. T., Ponte, S., Leeuwen, J. V., & Rehmatulla, N. (2021). The potential and limits of environmental disclosure regulation: A global
value chain perspective applied to tanker shipping. Global Environmental Politics, 21(2), 99–120. https://doi.org/10.1162/glep_a_00586

Poulsen, R. T., & Sampson, H. (2019). “Swinging on the anchor”: The difficulties in achieving greenhouse gas abatement in shipping via vir-
tual arrival. Transportation Research Part D: Transport and Environment, 73, 230–244. https://doi.org/10.1016/j.trd.2019.07.007

Poulsen, R. T., & Sampson, H. (2020). A swift turnaround? Abating shipping greenhouse gas emissions via port call optimization. Transporta-
tion Research Part D: Transport and Environment, 86, 102460. https://doi.org/10.1016/j.trd.2020.102460

Prehn, M. (2021). Climate strategy in the balance who decides? Marine Policy, 131, 104621. https://doi.org/10.1016/j.marpol.2021.104621
Psaraftis, H. N. (2019). Decarbonization of maritime transport: To be or not to be? Maritime Economics and Logistics, 21(3), 353–371. https://

doi.org/10.1057/s41278-018-0098-8
Psaraftis, H. N. (2021). Shipping decarbonization in the aftermath of MEPC 76. Cleaner Logistics and Supply Chain, 1, 100008. https://doi.

org/10.1016/j.clscn.2021.100008
Psaraftis, H. N., & Kontovas, C. A. (2020). Influence and transparency at the IMO: The name of the game. Maritime Economics and Logistics,

22(2), 151–172. https://doi.org/10.1057/s41278-020-00149-4
Rabinow, P. (2011). The accompaniment assembling the contemporary. Chicago University Press.
Ringbom, H. (2011). Global problem-regional solution? International law reflections on an EU CO2 emissions trading scheme for ships. Inter-

national Journal of Marine and Coastal Law, 26, 613–641. https://doi.org/10.1163/157180811X598709
Risso, R., Cardona, L., Archetti, M., Lossani, F., Bosio, B., & Bove, D. (2023). A review of on-board carbon capture and storage techniques:

Solutions to the 2030 IMO regulations. Energies, 16, 6748. https://doi.org/10.3390/en16186748
Rojon, I., Lazarou, N. J., Rehmatulla, N., & Smith, T. (2021). The impacts of carbon pricing on maritime transport costs and their implica-

tions for developing economies. Marine Policy, 132(October), 104653. https://doi.org/10.1016/j.marpol.2021.104653
Romano, A., & Yang, Z. (2021). Decarbonisation of shipping: A state of the art survey for 2000–2020. Ocean and Coastal Management, 214,

105936. https://doi.org/10.1016/j.ocecoaman.2021.105936
Romera, B. M. (2021). Maritime transport and ocean acidification. In D. L. Vander Zwaag, O. Nilüfer, & T. Stephens (Eds.), Research hand-

book on ocean acidification law and policy (pp. 53–60). Edward Elgar.
Saether, E. A., Eide, A. E., & Bjørgum, Ø. (2021). Sustainability among Norwegian maritime firms: Green strategy and innovation as media-

tors of long-term orientation and emission reduction. Business Strategy and the Environment, 30, 2382–2395. https://doi.org/10.1002/bse.
2752

Sandberg, J., & Alvesson, M. (2011). Ways of constructing research questions: Gap-spotting or problematization? Organization, 18(1), 23–44.
https://doi.org/10.1177/1350508410372151

Schlosberg, D., & Collins, L. B. (2014). From environmental to climate justice: Climate change and the discourse of environmental justice.
Wiley Interdisciplinary Reviews: Climate Change, 5(3), 359–374. https://doi.org/10.1002/wcc.275

Sdoukopoulos, E., Boile, M., Tromaras, A., & Anastasiadis, N. (2019). Energy efficiency in European ports: State-of-practice and insights on
the way forward. Sustainability, 11, 4952. https://doi.org/10.3390/su11184952

Selin, H., Zhang, Y., Dunn, R., Selin, N. E., & Lau, A. K. H. (2021). Mitigation of CO 2 emissions from international shipping through
national allocation. Environmental Research Letters, 16(4), 045009. https://doi.org/10.1088/1748-9326/abec02

Serra, P., & Fancello, G. (2020). Towards the IMO's GHG goals: A critical overview of the perspectives and challenges of the main options for
decarbonizing international shipping. Sustainability, 12, 3220. https://doi.org/10.3390/su12083220

Shaw, A., & Beukelaer, C. D. (2022). Why should we talk about a “just and equitable” transition for shipping? Article no. 93 [UNCTAD Trans-
port and Trade Facilitation Newsletter No. 96—Third Quarter 2022]. https://unctad.org/news/why-should-we-talk-about-just-and-
equitable-transition-shipping

Shi, J., Zhu, Y., Feng, Y., Yang, J., & Xia, C. (2023). A prompt decarbonization pathway for shipping: Green hydrogen, ammonia, and metha-
nol production and utilization in marine engines. Atmosphere, 14, 584. https://doi.org/10.3390/atmos14030584

14 of 15 STOCKBRUEGGER and BUEGER

 17577799, 2024, 5, D
ow

nloaded from
 https://w

ires.onlinelibrary.w
iley.com

/doi/10.1002/w
cc.894 by D

tsch Z
entrum

 F. L
uft-U

. R
aum

 Fahrt In D
. H

elm
holtz G

em
ein., W

iley O
nline L

ibrary on [17/12/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1007/s10551-022-05256-1
https://doi.org/10.1016/j.marpol.2023.105846
https://doi.org/10.1016/j.jtrangeo.2021.103114
https://doi.org/10.1080/03088839.2020.1752947
https://doi.org/10.3390/su15065571
https://doi.org/10.1016/j.rtbm.2013.05.005
https://doi.org/10.1002/wcc.733
https://doi.org/10.1002/wcc.419
https://doi.org/10.1162/glep_a_00586
https://doi.org/10.1016/j.trd.2019.07.007
https://doi.org/10.1016/j.trd.2020.102460
https://doi.org/10.1016/j.marpol.2021.104621
https://doi.org/10.1057/s41278-018-0098-8
https://doi.org/10.1057/s41278-018-0098-8
https://doi.org/10.1016/j.clscn.2021.100008
https://doi.org/10.1016/j.clscn.2021.100008
https://doi.org/10.1057/s41278-020-00149-4
https://doi.org/10.1163/157180811X598709
https://doi.org/10.3390/en16186748
https://doi.org/10.1016/j.marpol.2021.104653
https://doi.org/10.1016/j.ocecoaman.2021.105936
https://doi.org/10.1002/bse.2752
https://doi.org/10.1002/bse.2752
https://doi.org/10.1177/1350508410372151
https://doi.org/10.1002/wcc.275
https://doi.org/10.3390/su11184952
https://doi.org/10.1088/1748-9326/abec02
https://doi.org/10.3390/su12083220
https://unctad.org/news/why-should-we-talk-about-just-and-equitable-transition-shipping
https://unctad.org/news/why-should-we-talk-about-just-and-equitable-transition-shipping
https://doi.org/10.3390/atmos14030584


Shi, Y. (2016). Reducing greenhouse gas emissions from international shipping: Is it time to consider market-based measures? Marine Policy,
64, 123–134. https://doi.org/10.1016/j.marpol.2015.11.013

Shi, Y. (2017). Climate change and international shipping: The regulatory framework for the reduction of greenhouse gas emissions. Brill
Nijhoff.

Shi, Y., & Gullett, W. (2018). International regulation on low-carbon shipping for climate change mitigation: Development, challenges, and
prospects. Ocean Development and International Law, 49, 134–156. https://doi.org/10.1080/00908320.2018.1442178

Sornn-Friese, H., Poulsen, R. T., Nowinska, A. U., & de Langen, P. (2021). What drives ports around the world to adopt air emissions abate-
ment measures? Transportation Research Part D: Transport and Environment, 90, 102644. https://doi.org/10.1016/j.trd.2020.102644

Sou, W. S., Goh, T., Lee, X. N., Ng, S. H., & Chai, K. H. (2022). Reducing the carbon intensity of international shipping—The impact of
energy efficiency measures. Energy Policy, 170, 113239. https://doi.org/10.1016/j.enpol.2022.113239

Stevens, L., Sys, C., Vanelslander, T., & van Hassel, E. (2015). Is new emission legislation stimulating the implementation of sustainable and
energy-efficient maritime technologies? Research in Transportation Business and Management, 17, 14–25. https://doi.org/10.1016/j.rtbm.
2015.10.003

Stockbruegger, J. (2021). The politics of climate change at the International Maritime Organization. Climate Solution Lab, Brown University.
Tan, E. C. D., Harris, K., Tifft, S. M., Steward, D., Kinchin, C., & Thompson, T. N. (2022). Adoption of biofuels for marine shipping deca-

rbonization: A long-term price and scalability assessment. Biofuels, Bioproducts and Biorefining, 16, 942–961. https://doi.org/10.1002/
bbb.2350

Tanaka, H., & Okada, A. (2019). Effects of market-based measures on a shipping company: Using an optimal control approach for long-term
modeling. Research in Transportation Economics, 73, 63–71. https://doi.org/10.1016/j.retrec.2019.01.006

Turnbull, N. (2006). How should we theorise public policy? Problem solving and problematicity. Policy and Society, 25(2), 3–22. https://doi.
org/10.1016/S1449-4035(06)70072-8

United Nations Conference on Trade and Development. (2021). UNCTAD assessment of the impact of the IMO short-term GHG reduction mea-
sure on states. United Nations. https://doi.org/10.18356/9789210058551

Wan, Z., el Makhloufi, A., Chen, Y., & Tang, J. (2018). Decarbonizing the international shipping industry: Solutions and policy recommenda-
tions. Marine Pollution Bulletin, 126, 428–435. https://doi.org/10.1016/j.marpolbul.2017.11.064

Wagenaar, H. (2011). Meaning in action. Interpretation and dialogue in policy analysis. M. E. Sharpe.
Wang, S., Zhen, L., Psaraftis, H. N., & Yan, R. (2021). Implications of the EU's inclusion of maritime transport in the emissions trading sys-

tem for shipping companies. Engineering, 7, 554–557. https://doi.org/10.1016/j.eng.2021.01.007
Wang, X. T., Liu, H., Lv, Z. F., Deng, F. Y., Xu, H. L., Qi, L. J., Shi, M. S., Zhao, J. C., Zheng, S. X., Man, H. Y., & He, K. B. (2021). Trade-

linked shipping CO2 emissions. Nature Climate Change, 11, 945–951. https://doi.org/10.1038/s41558-021-01176-6
Webb, P. T. (2014). Policy problematization. International Journal of Qualitative Studies in Education, 27(3), 364–376. https://doi.org/10.

1080/09518398.2012.762480
Wuisan, L., Leeuwen, J., & Koppen, C. S. A. V. (2012). Greening international shipping through private governance: A case study of the

Clean Shipping Project. Marine Policy, 36, 165–173. https://doi.org/10.1016/j.marpol.2011.04.009
Xing, H., Spence, S., & Chen, H. (2020). A comprehensive review on countermeasures for CO2 emissions from ships. Renewable and Sustain-

able Energy Reviews, 134, 110222. https://doi.org/10.1016/j.rser.2020.110222
Yang, W., Chen, X., & Liu, Y. (2023). Review and reflections of legislation and policies on shipping decarbonization under China's “dual car-

bon” target. Frontiers in Marine Science, 10, 1131552. https://doi.org/10.3389/fmars.2023.1131552
Yang, Z., Ng, A. K. Y., Lee, P. T. W., Wang, T., Qu, Z., Sanchez Rodrigues, V., Pettit, S., Harris, I., Zhang, D., & Lau, Y. (2018). Risk and cost

evaluation of port adaptation measures to climate change impacts. Transportation Research Part D: Transport and Environment, 61, 444–
458. https://doi.org/10.1016/j.trd.2017.03.004

Zadeh, I. S. B., L�opez Gutiérrez, J. S., Esteban, M. D., Fern�andez-S�anchez, G., & Garay-Rondero, C. L. (2023). Scope of the literature on
efforts to reduce the carbon footprint of seaports. Sustainability, 15, 8558. https://doi.org/10.3390/su15118558

Zheng, S., Wang, k., Li, Z. C., Fu, X., & Chan, F. T. S. (2021). Subsidy or minimum requirement? Regulation of port adaptation investment
under disaster ambiguity. Transportation Research Part B: Methodological, 150, 457–481. https://doi.org/10.1016/j.trb.2021.04.006

Zheng, Y., Zhao, J., & Shao, G. (2020). Port City sustainability: A review of its research trends. Sustainability (Switzerland), 12(20), 1–17.
https://doi.org/10.3390/su12208355

Zhou, Y., Li, X., & Yuen, K. F. (2023). Sustainable shipping: A critical review for a unified framework and future research agenda. Marine
Policy, 148, 105478. https://doi.org/10.1016/j.marpol.2023.105478

How to cite this article: Stockbruegger, J., & Bueger, C. (2024). From mitigation to adaptation: Problematizing
climate change in the maritime transport industry. WIREs Climate Change, 15(5), e894. https://doi.org/10.1002/
wcc.894

STOCKBRUEGGER and BUEGER 15 of 15

 17577799, 2024, 5, D
ow

nloaded from
 https://w

ires.onlinelibrary.w
iley.com

/doi/10.1002/w
cc.894 by D

tsch Z
entrum

 F. L
uft-U

. R
aum

 Fahrt In D
. H

elm
holtz G

em
ein., W

iley O
nline L

ibrary on [17/12/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/j.marpol.2015.11.013
https://doi.org/10.1080/00908320.2018.1442178
https://doi.org/10.1016/j.trd.2020.102644
https://doi.org/10.1016/j.enpol.2022.113239
https://doi.org/10.1016/j.rtbm.2015.10.003
https://doi.org/10.1016/j.rtbm.2015.10.003
https://doi.org/10.1002/bbb.2350
https://doi.org/10.1002/bbb.2350
https://doi.org/10.1016/j.retrec.2019.01.006
https://doi.org/10.1016/S1449-4035(06)70072-8
https://doi.org/10.1016/S1449-4035(06)70072-8
https://doi.org/10.18356/9789210058551
https://doi.org/10.1016/j.marpolbul.2017.11.064
https://doi.org/10.1016/j.eng.2021.01.007
https://doi.org/10.1038/s41558-021-01176-6
https://doi.org/10.1080/09518398.2012.762480
https://doi.org/10.1080/09518398.2012.762480
https://doi.org/10.1016/j.marpol.2011.04.009
https://doi.org/10.1016/j.rser.2020.110222
https://doi.org/10.3389/fmars.2023.1131552
https://doi.org/10.1016/j.trd.2017.03.004
https://doi.org/10.3390/su15118558
https://doi.org/10.1016/j.trb.2021.04.006
https://doi.org/10.3390/su12208355
https://doi.org/10.1016/j.marpol.2023.105478
https://doi.org/10.1002/wcc.894
https://doi.org/10.1002/wcc.894

	From mitigation to adaptation: Problematizing climate change in the maritime transport industry
	1  INTRODUCTION
	2  SHIPPING'S CLIMATE CHANGE DEBATE
	3  PROBLEMATIZATION METHODOLOGY
	4  FOUR PROBLEMATIZATIONS
	4.1  International laws and regulations
	4.2  Markets and economics
	4.3  Engineering and technological innovation
	4.4  Authority and legitimacy
	4.5  Summary: The problem of analytical fragmentation

	5  DISCUSSION: ADDRESSING ANALYTICAL GAPS THROUGH CROSS-FERTILIZATION
	5.1  Institutions facilitating market and engineering solutions
	5.2  Integrating climate mitigation and adaptation research
	5.3  Maritime emissions and blue justice

	6  CONCLUSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	RELATED WIREs ARTICLES
	REFERENCES


