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Regional Carbon Pricing for International
Maritime Transport: Challenges and
Opportunities for Global Geographical Coverage

Goran Dominioni, Dirk Heine and Beatriz Martinez Romera*

Although the existing literature identifies a fuel levy imposed by means of a global agree-
ment as the most efficient policy for carbon pricing in the maritime sector, scholars and pol-
icy makers have debated the possibility for regional measures to be introduced in case a
global agreement cannot be achieved. This debate has highlighted several economic, legal,
and political challenges that the implementation of an efficient and effective regional scheme
would have to face. This article compares the relative performance of various regional mea-
sures for carbon pricing based on the following criteria: jurisdictional basis, data availabil-
ity, environmental effectiveness and avoidance strategies, impact on competitiveness, dif-
ferentiation for developing countries, and incentives for reaching a global agreement. The
main finding is that, if carefully designed, a cargo-based measure that covers the emissions
released throughout the whole voyage to the cargo destination presents various advantages
compared with other regional carbon pricing schemes. These advantages have been large-
ly ignored in the literature.

I. Introduction

The maritime sector accounts for a non-trivial and
growing share of global greenhouse gas (GHG) emis-
sions.1Without adequate mitigationmeasures being
in place, emissions from the maritime sector could

prevent the achievement of the ParisAgreement.2An
economically efficient solution to mitigating these
emissions would require carbon pricing to be part of
the policy package.3 The most efficient application
of carbon pricingwould be through a globalmeasure
that prices GHG emissions at the rate of the social
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Rotterdam Institute of Law and Economics. At the time when this
article was written, Goran Dominioni was working at the World
Bank Carbon Markets and Innovation Unit. Dirk Heine, World
Bank, Macro, Trade and Investment Global Practice; Global
Macro and Debt Analytics Unit (GMTMD). Beatriz Martinez
Romera, University of Copenhagen, Faculty of Law, Fiscal Rela-
tions Research Group, and Center for International Law, Conflict
and Crisis. We are very grateful to Ben Milligan, Kelley Kizzier
and Tristan Smith for very useful feedback and guidance, and to
Susanne Gäde and Arne Pieters for useful discussion. Corre-
sponding author: Goran Dominioni, <dominioni@law.eur.nl>.
The findings, interpretations, and conclusions expressed in this
work are entirely those of the authors and should not be attrib-
uted in any manner to the World Bank, its Board of Executive
Directors, or the governments they represent. Whereas this
knowledge product is a contribution to the Carbon Pricing Lead-
ership Coalition’s discussions on the appropriate role of carbon
pricing in the maritime sector, its findings should not be interpret-
ed as the views of the Coalition or its Partners.

1 Emissions from international maritime transport account for
around 2.2% of global GHG emissions, and they are forecast to
increase by 50-250% by 2050. See, Tristan Smith et al, ‘Third

IMO Greenhouse Gas Study’ (2014) <http://www.imo.org/en/
OurWork/Environment/PollutionPrevention/AirPollution/
Documents/Third%20Greenhouse%20Gas%20Study/GHG3
%20Executive%20Summary%20and%20Report.pdf> accessed 30
May 2018.

2 The Paris Agreement established the long-term goal of limiting the
increase in global average temperatures to well below 2°C (with
an aim to achieve 1.5°C) above pre-industrial levels (article 2).
The agreement aims to reach a global peak of GHGs as soon as
possible so as to achieve a balance between anthropogenic
emissions by sources and removals by sinks of GHGs in the
second half of the century.

3 International Monetary Fund and World Bank, ‘Market-based
instruments for international aviation and shipping as a source of
climate finance’ (2011) <https://www.imf.org/external/np/g20/
pdf/110411a.pdf> accessed 30 May 2018; Michael Keen, Ian
Parry and Jon Strand, ‘Planes, ships and taxes: charging for
international aviation and maritime emissions’ (2013) Economic
Policy 28, 701. Generally, on the advantages of combining
environmental measures with carbon pricing, see Alex Bowen,
‘The case for carbon pricing’ (2011) Policy Brief, Grantham
Research <http://www.lse.ac.uk/GranthamInstitute/wp-content/
uploads/2014/02/PB_case-carbon-pricing_Bowen.pdf> accessed
30 May 2018.
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cost of carbon.4 However, given the urgency of ac-
tion on climate change, there is an equal need to con-
sider alternative solutions in case this preferredmea-
sure does not become available in time. One propo-
sition in policy debates has been to introduce region-
al carbon pricing.5 Suchmeasures, however, face sig-
nificant legal and economic challenges. This article
sheds light on these challenges, summarizes the rel-
evant literature and explores ways forward for re-
gional carbon pricing as a second-best policy back-
up plan in case no global scheme of sufficient strin-
gency can be implemented.
There is a consensus in the literature that a fuel

levy imposed by means of a global agreement would
be the most effective and efficient way forward for
carbon pricing in the maritime sector.6 Despite this
consensus, scholars and policy makers have dis-
cussed the potential for sub-global action as a second-
best solution if a global agreement cannot be
reached.7 Indeed, recent political developments high-
light that the absence of a global agreement could
well trigger regional action in shipping.8Also, if ship-
ping follows aviation, the adoption of the geograph-
ically limited Carbon Offsetting and Reduction
Scheme for International Aviation (CORSIA) by the
International Civil Aviation Organization (ICAO) in-

dicates that shipping could equally have its own sub-
global scheme. Regional action for shipping may al-
so have become more relevant since the Paris Agree-
ment. One reason is that, although the Paris Agree-
ment does not explicitly mention or clarify the status
or regulatory pathway for GHG emissions from inter-
national maritime transport,9 no sector of the econ-
omy is exempt from contributing to its goals.10 In ad-
dition, the Paris Agreement establishes binding com-
mitments by country parties to submit nationally de-
termined contributions (NDCs) and to implement na-
tional measures to achieve them.11 While the NDCs
might not be the most suitable way to address inter-
national maritime transport emissions, domestic ac-
tion pursuingmitigation policies for the sector could
include the international part of the emissions.12 On
this point, twomain issues are also relevant. First, the
climate change regime embraces regional differenti-
ation of climate action in the sense of emphasizing
the role of developed countries in taking the lead in
climate change mitigation,13 including in the mar-
itime sector.14Secondly, policies andmeasures aimed
at climate change mitigation should be cost-effective
so as to achieve global benefits at the lowest possible
cost,15 and carbon pricing is widely considered to be
among the most efficient mitigation policies, includ-

4 For an explanation of the social cost of carbon see, Interagency
Working Group on Social Cost of Carbon, United States Govern-
ment, ‘Technical Support Document: Social Cost of Carbon for
Regulatory Impact Analysis under Executive Order 12866’ (2016)
<https://www.epa.gov/sites/production/files/2016-12/documents/
sc_co2_tsd_august_2016.pdf> accessed 30 May 2018.

5 For simplicity, in the following, we will not distinguish between
national schemes and schemes introduced by a coalition of states,
unless otherwise specified.

6 IMF and World Bank (n 3); Keen et al (n 3); Bowen (n 3).

7 See, for instance, Jasper Faber et al, ‘Technical Support for Euro-
pean Action Reducing Greenhouse Gas Emissions from Interna-
tional Maritime Transport’ (2009) Tech Report CE Delft <https://
www.cedelft.eu/publicatie/technical_support_for_european
_action_to_reducing_greenhouse_gas_emissions_from
_international__maritime_transport/1005> accessed 30 May
2018; Tim Bäuerle et al, ‘Integration of Marine Transport into the
European Emissions Trading System: Environmental, Economic
and Legal Analysis of Different Options’ (2010) <https://www
.umweltbundesamt.de/sites/default/files/medien/461/
publikationen/3942.pdf> accessed 30 May 2018; Bill Hemmings,
‘The CO2 Taxation Option for an EU Shipping Measure’ (2011)
European Federation for Transport and Environment <https://ec
.europa.eu/clima/sites/clima/files/docs/0036/taxation_en.pdf> ac-
cessed 30 May 2018; Per Kågeson, ‘Options for Europe when
acting alone on CO2 emissions from shipping’ (2011) Centre for
Transport Studies, Stockholm <https://www.vti.se/en/Publications/
Publication/options-for-europe-when-acting-alone-on-co2-emissi
_669338> accessed 30 May 2018; Sujith Kollamthodi et al,
‘Support for the impact assessment of a proposal to address
maritime transport greenhouse gas emissions’ (2013) Report for
European Commission–DG Climate Action <https://ec.europa.eu/

clima/sites/clima/files/transport/shipping/docs/ghg_maritime
_report_en.pdf> accessed 30 May 2018; Heine et al, ‘A Regional
Solution for a Transnational Problem? - A Mechanism to Unilater-
ally Tax Maritime Emissions While Satisfying Extraterritoriality,
Tax Competition and Political Constraints’ (2017) Rotterdam
Institute of Law and Economics Working Paper; Heine and Gäde,
‘Unilaterally Removing Implicit Subsidies for Maritime Fuels’
(2018) International Economics and Economic Policy 15(1), 523.

8 European Parliament Amendments on the proposal for a directive
of the European Parliament and of the Council amending Direc-
tive 2003/87/EC to enhance cost-effective emission reductions
and low-carbon investments (15/2/2017) COM(2017) 54 final.

9 Emissions from international aviation and shipping were excluded
from the Kyoto Protocol.

10 The climate regime distinguishes between domestic and interna-
tional maritime transport in addressing GHG emissions. Domestic
maritime emissions are included under countries national total
GHG emissions.

11 UNFCCC Conference of the Parties, ‘Adoption of the Paris Agree-
ment’ (15 December 2015) UN Doc FCCC/CP/2015/10/Add.1, art
4.

12 Beatriz Martinez Romera, 'The Paris Agreement and the Regula-
tion of International Bunker Fuels' (2016) Review of European
Comparative & International Environmental Law, 215.

13 United Nations Framework Convention on Climate Change (9
May 1992) FCCC/INFORMAL/84, art 3.1.

14 United Nations, Kyoto Protocol To The United Nations Framework
Convention On Climate Change (11 December 2017) art 2.2

15 (n 13) 3.3.
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ing for the maritime sector.16 Consequently, carbon
pricing for the maritime transport sector initiated in
developed countries seems like a relevant and time-
ly subject of study for second-best policy action, with
thecaveat thataglobalmeasure thatpricesGHGemis-
sions at the rate of the social cost of carbon would re-
main the first-best policy outcome.17

Existing studies of regional maritime carbon pric-
ing have highlighted various economic, legal and po-
liticalobstacles impairing the implementationof sub-
global schemes.18 It has been argued that regional
measures may be incompatible with international
law, face issues of emissiondata availability, have low
environmental effectiveness, pose avoidance issues,
generate low public revenues and affect the compet-
itiveness of shipping companies. These concerns
have given rise to a literature discussingwhether and
how some of these barriers can be overcome. Build-
ing on this literature, the present work compares the
potential of different regional carbon-pricing
schemes suggested in the literature in light of these
economic and legal challenges. The analysis indicates
that there are important differences between possi-
ble design choices for regional carbon pricing, as
some would encounter much greater legal and eco-
nomic problems than others. We stress that the
present work does not advocate the introduction of
a regional carbon-pricing scheme but argues neutral-
ly that if countries do introduce such a scheme at the
sub-global level, they should adopt one of the designs
that raises the fewest economic and legal problems.
The rest of this article unfolds as follows. Section

II introduces several regional measures that differ in
terms of their geographical scope and accounting
unit. Section III discusses the various problems that
arise in implementing regional schemes and (when
applicable) possible solutions. Section IV turns to the
issue of country action within territorial or internal
waters which also has a role to play in implementing
a regional scheme with broader geographical cover-
age.

II. Type of Measure, Geographical
Scope and Accounting Unit

The existing literature discusses various carbon-pric-
ing schemes for emissions from the maritime trans-
port sector.19 The most efficient and effective option
among these alternatives remains a fuel tax or levy

applied through a global scheme,20with a tax rate set
equal to the climate and public health costs of car-
bon emissions.21Regional carbonpricing is a second-
best option that might be considered if a globally
adopted scheme became unattainable. With this
qualification in mind, this article considers various
schemes for regional carbon pricing.
Theoretically, carbon pricing in the maritime sec-

tor could take place through an emissions trading
scheme (ETS) or a tax, levy or fee22 on either the emis-
sionsor the fuel.Undera fuel tax, emissionsarepriced
upstream, at the level of the refinery or at the point
of sale to the ship, based on the carbon content of the
fuel. Crucially, for themaritime transport sector, a fu-
el tax would have to be applied globally to be effec-
tive.23 The reason is that the effectiveness of a sub-
global fuel tax depends on the cross-price elasticity
of demand between maritime fuel subject to the tax
regime and fuel outside the regime. This elasticity is
high for the maritime sector, since vessels can avoid
the tax by refuelling either in jurisdictions that do not
apply the tax or from tankers or platformson thehigh
seas. Given this constraint, our analysis here focuses
on other, non-fuel-based carbon-pricing measures.24

16 See, for example, IMF and World Bank (n 3).

17 Note that the analysis proposed here could inform also the
adoption of sub-global schemes in pioneer regions under the
IMO umbrella. ICAO has recently taken a similar approach in the
adoption of CORSIA.

18 Faber et al (n 7); Bäuerle et al (n 7); Hemmings (n 7); Kågeson (n
7); Kollamthodi et al (n 7); Keen et al (n 3); Heine et al (n 7);
Heine and Gäde (n 7).

19 Faber et al (n 7); Bäuerle et al (n 7); Kågeson (n 7); Kollamthodi et
al (n 7); Heine et al (n 7); Heine and Gäde (n 7).

20 IMF and World Bank (n 3); Keen et al (n 3).

21 Ian Parry et al, Getting Energy Prices Right: From Principle to
Practice (International Monetary Fund 2014).

22 Taxes and fees differ in the flexibility of their revenue uses, but
can have similar incentive effects. The term ‘levy’ has no precise
economic definition and is only mentioned here due to its fre-
quent use in policy discussions. Going forward this article focuses
on taxes, but the analysis applies more generally as similar
incentive effects could be achieved with fees depending on the
revenue usage and rate structure.

23 Gouri Shankar Mishra and Sonia Yeh, ‘Inclusion of Marine
Bunker Fuels in a National LCFS Scheme’ (2011) Institute of
Transportation Studies, University of California <https://www
.researchgate.net/profile/Sonia_Yeh/publication/267861050
_Inclusion_of_Marine_Bunker_Fuels_in_a_National_LCFS
_Scheme/links/54e10ef30cf2966637915637/Inclusion-of-Marine
-Bunker-Fuels-in-a-National-LCFS-Scheme.pdf> accessed 30 May
2018; IMF and World Bank (n 3).

24 Note that there are possibilities of tax avoidance also for non-
fuel-based measures (see s 3.3). However, as explained below, for
these types of measures tax avoidance is less likely to curtail the
effectiveness of the measure as severely as for fuel-based ones.
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The arguments presented below apply equally to an
ETS and to an emissions tax. Thus, if not otherwise
specified in the text, our analysis treats these mea-
sures jointly under the heading of ‘carbon pricing’.
Non-fuel-based regional measures for carbon pric-

ing in themaritime sector that (also) cover emissions
released outside the countries’ territorial or internal
waters can be distinguished along various dimen-
sions.25 Table 1 classifies these measures based on
their geographical scope and accounting unit.26

As indicated in the table, most of the existing pro-
posals apply carbon pricing to either i) emissions re-
leased by ships on the last/first leg of the cargo’s voy-
age;27 or ii) the emissions of a ship traveling a cer-
tain period of time to/from a port;28 and iii) the emis-
sions released in transporting cargo on its whole voy-
age to/from a state’s port.29

In the case of the first measure, emissions are es-
timatedper ship, and the emissions covered are those
released by vessels that transport goods from or to
the port of a state that is implementing the measure.
Hereafter, we will refer to this measure as the
first/last vessel measure (i), since the emissions cov-

ered by this type of scheme are those that occur on
the first/last leg of a vessel’s outgoing/incoming voy-
age. Note that, for incoming voyages, this scheme al-
so covers emissions released while transporting car-
goes that are not destined for the state that is imple-
menting the measure. In the case of the second mea-
sure, the accounting unit is still the vessel, but the
emissions covered are those released during a certain
period before/after a vessel has called at/left a port.
Depending on the measure’s design, the applicable
period of time could vary considerably.30 If the time
covered is sufficiently long, the measure could cov-
er emissions released in transporting cargoes going
from/to other destinations than the port implement-
ing the measure. In the following, we will refer to
this option as a time-based measure (ii). Emissions
coverage is different in the case of the third carbon-
pricing proposal. Here the geographical scope of car-
bon pricing includes all the emissions released by
vessels that transport goods from/to theport of a state
that is implementing the measure. Unlike the two
previous options, emissions under this scheme are
charged per unit of cargo instead of per ship. We re-
fer to this option as a holistic route cargo measure
(iii).
Among the other potential measures for regional

carbon pricing that this article does not consider in
detail, two deserve mentioning. The first are flag-
based measures covering international emissions.
Here, carbon pricing is limited to emissions released
by vessels that are registered in the implementing
state. Several authors have raised concerns about the
effectiveness of this type ofmeasure because it could
be undermined if, in response to it, vessels were to

25 See, for instance, Faber et al (n 7).

26 Here the accounting unit is the level (vessel or cargo) at which
carbon emissions are estimated.

27 This type of measure is discussed, eg, by Faber et al (n 7); Kåge-
son (n 7); Kollamthodi et al (n 7).

28 Faber et al (n 7); Bäuerle et al (n 7); Kollamthodi et al (n 7).

29 See, for instance, Bäuerle et al (n 7); Kollamthodi et al (n 7);
Heine et al (n 7); Heine and Gäde (n 7).

30 For instance, theoretically the time covered could range from a
few days to several months, see Bäuerle et al, (n 7); Kollamthodi
et al, (n 7)

Table 1. Options for Regional Carbon Pricing by Geographical Scope and Accounting Unit, and Existing Proposals

Emissions on First / Last Route Global Emissions Based on
Time Period

Emissions on Holistic Route

A. Accounting by
ship

Option (i):
Faber et al (n 7); Kågeson (n
7); Kollamthodi et al (n 7);

Option (ii):
Faber et al (n 7); Bäuerle et al (
n 7); Kollamthodi et al (n 7);

Alternative option not considered

B. Accounting by
cargo

Alternative option not consid-
ered

Alternative option not consid-
ered

Option (iii):
Faber et al (n 7);
Bäuerle et al (n 7); Kollamthodi et al
(n 7);
Heine et al (n 7);
Heine and Gäde (n 7);
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register in another state.31We therefore do not offer
a systematic analysis of flag-based regional carbon
pricing measures. The second type of regional car-
bon pricing measure that we do not consider much
further applies only to emissions released in internal
and territorial waters.32Due to their limited environ-
mental impact,33 our analysis of these measures is
restricted to issues connected to their complemen-
tary role in pricing international emissions.

III. Measure Design: Challenges and
Opportunities

In this section, we assess the relative performance of
the threemeasures (i.e. last/first vessel measure; time-
based measure; holistic route cargo measure). We fo-
cus on issues of jurisdiction (Section 3.1), data avail-
ability (Section3.2), environmental effectivenessand
robustness against tax avoidance (section 3.3), com-
petitiveness effects (Section 3.4), incentives for tran-
sitioning to the preferable global fuel tax or levy
agreement (Section 3.5) and the issue of differentia-
tion in favour of developing countries (Section 3.6).

1. Jurisdiction and Extraterritoriality

A large share of the GHG emissions covered by the
three measures takes place beyond internal or terri-
torial waters. Therefore, the question arises whether
a state has the jurisdiction to price these emissions.
In this section, we discuss the possible jurisdiction-
al bases of each measure.
Jurisdictionrefers to ‘theextentofeachstate’s right

to regulate conduct of the consequences of events’ 34

and ‘the legal competence of a state (…) to make, ap-
ply andenforce rulesof conductuponpersons’.35Two
types of jurisdiction can be distinguished: prescrip-
tive jurisdiction and enforcement jurisdiction. The
former refers to whether a state has the authority to
prescribe laws. Enforcement jurisdiction relates in-
stead to the state’s authority to enforce these laws.36

States have jurisdiction over activities that take
place within their territory (territoriality principle).
For activities that take place outside their territory,
jurisdiction can be established on the basis of gener-
al international law or international treaties. Tradi-
tionally, under general international law, prescriptive
jurisdiction can be based on the following princi-

ples:37 i) the nationality principle, which implies that
states can prescribe laws regarding those of their na-
tionals who are abroad; ii) the protective principle,
which permits states to legislate on conduct that
threatens their primary interests (e.g. security); iii)
the universality principle, which allows actions
aimed to counter extremely serious crimes such as
genocide and war crimes, and iv) the effects princi-
ple,whichposits that a state has jurisdiction over acts
that take place outside its territory that have an im-
pact within the state.
It is commonly agreed that, based on the nation-

ality principle, a state can price emissions released
in the high seas by vessels which are registered in
the state (nationality principle).38 However, for the
three measures considered here, finding a jurisdic-
tional basis can be more challenging.
Some proposals in the literature suggest that ju-

risdiction over emissions released in international
waters could be established via port-state jurisdic-
tion: ports form part of the territory of a state, and
as such they are subject to its authority.39 The volun-

31 For example, Henrik Ringbom, ‘Global problem—regional
solution? International law reflections on an EU CO2 emissions
trading scheme for ships’ (2011) International Journal of Marine
and Coastal Law 26, 613; Yoshifumi Tanaka, ‘Regulation of
greenhouse gas emissions from international shipping and juris-
diction of states’ (2016) Review of European, Comparative and
International Environmental Law (25) 333, 334.

32 See s 4, for a more detailed discussion on a potential role of
carbon pricing in territorial waters. In this article, we do not
address the question of whether the three measures discussed
here are applicable also to domestic shipping.

33 All else being equal, the environmental performance of a mea-
sure is positively correlated with its geographical scope; see
below, s 3.3.

34 Robert Jennings and Arthur Watts (eds) Oppenheim's International
Law (9th ed, vol I, London Longman 1996) 456.

35 ibid 456.

36 Sophia Kopela, ‘Port-state jurisdiction, extraterritoriality, and the
protection of global commons’ (2016) Ocean Development and
International Law (47) 89, 91.

37 Natalie L Dobson and Cedryk Ryngaert, ‘EU 'Extraterritorial'
Regulation of Maritime Emissions’ (2017) International and Com-
parative Law Quarterly (66) 295, 306; Ringbom (n 31) 630;
Henrik Ringbom, The EU Maritime Safety Policy and International
Law (Martinus Nijhoff Publishers 2008), 360-366

38 Claudia Hermeling et al, ‘Sailing into a dilemma: an economic
and legal analysis of an EU trading scheme for maritime emis-
sions’ (2015) ZEW Discussion Paper No 14-021, 43. However, as
mentioned in the previous section, due to the practice of flags of
convenience, it is sometimes questioned whether flag states
would be willing and/or able to effectively enforce measures that
raise the costs of shipping companies. See, for instance, Tanaka (n
31) 334; Mia Mahmudur Rahim et al, ‘Regulating Global Ship-
ping Corporations' Accountability for Reducing Greenhouse Gas
Emissions in the Seas’ (2016) Marine Policy (69) 159, 161.

39 Ringbom (n 31) 620.
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tary presence of a vessel in the port of a state gives
the state prescriptive and enforcement jurisdiction
over it. However, the scope of port-state jurisdiction
with regard to activities that take place beyond the
state’s territorial waters is a debated issue.
The first point of controversy regards the question

of when an activity should qualify as extraterritori-
al. Notably, Scott has put forward the idea that a con-
duct qualifies as non-extraterritorial when there is a
territorial link between the regulator and the regula-
tee, even when this link is weak.40 In particular, she
argues that the presence of a person on the territory
of a state triggers the jurisdiction of the state over a
conduct that has taken place abroad.41 The opinion
of Advocate General Kokott in the ATAA Case,42 the
CJEU ATAA decision and a decision of theWTO Ap-
pellate Body in the Shrimp Case43 seem to support
Scott’s view. Scott’s argument is also upheld by the
fact that territorial measures having an extraterrito-
rial effect are not uncommon.44 From this perspec-
tive, the presence of a vessel at port could give rise
to port-state jurisdiction over emissions released on
the high seas. It is notable that, given that the juris-
dictional link created here is due to the presence of
a vessel in a port, this approach is unlikely to provide
jurisdiction for a holistic route cargo measure. This
is because that measure lacks a territorial link be-
tween the regulating state and the emissions released
by vessels that do not call at its ports. Conversely, this
link seems to exist formeasures that cover only emis-
sions released by ship that enter the port’s waters, i.e.
first/last vessel measures and time-based measures.
However, Scott’s approachhasbeen contestedbyoth-
ers, who consider this perspective to over-extend the

scope of the territoriality principle.45 If one follows
this critique, the port-state needs another basis to es-
tablish jurisdiction, which is controversial.46

Ringbom suggests an alternative way of extend-
ing port-state jurisdiction over emissions released
outside the territorial waters of the state.47 This
stresses states’ jurisdiction to regulate access to port
waters and the type of sanction imposed on vessels
that do not comply with the port-state’s regulation.
The authority of a state to impose conditions for ac-
cessing its port waters is recognized in general inter-
national law, aswell as by articles 25(2)48 and 211(3)49

of UNCLOS.50 Thus, generally, vessels do not have a
right to access the port waters of a state, and a state
could sanction vessels that do not comply with its
regulations bywithdrawing future access to its ports.
Contrary to sanctions that are more punitive in na-
ture (e.g. fines), the withdrawal of access to port wa-
ters falls more easily within the scope of port-state
jurisdiction. This is especially so if the violation of
port conditions on entry is framed in such a way that
it occurs in port waters (‘territorialization’ of the of-
fense):51 for instance, if under an ETS the violation
is identified as a failure to surrender allowances that
takes place in port waters. In this connection, port-
state jurisdiction could be more easily established
with regard to requirements that are more static (e.g.
the age of the vessel) compared to conditions that
can be changed when entering or leaving the territo-
rial waters of the port state. Indeed, the static nature
of the requirements implies that part of the violation
will also occur in port waters.52

Ringbom's approach is contested on various
grounds. The territorialization of the offence is seen

40 Joanne Scott, ‘Extraterritoriality and Territorial Extension in EU
law’ (2014) American Journal of Comparative Law (62) 87.

41 ibid 91.

42 Case C-366/10 Air Transport Association of America and Others v
Secretary of State for Energy and Climate Change [2011]
EU:C:2011:864.

43 Scott (n 40) 115, referring to US-Import Restrictions on Shrimp
and Shrimp Products (DS/58/AB/R). In this case, the AB found it
compatible with WTO law measures that, with some qualifica-
tion, limit imports on the basis of the content of a third-country
law or policy. See also Case C-366/10 (n 42). For a more nuanced
view of the WTO Dispute Settlement Body on extraterritoriality
issues, see Dobson and Ryngaert (n 36) 324 ff.

44 Scott (n 40) 114. Daniel Perez Rodriguez, ‘The Inclusion of
Shipping in the EU Emissions Trading Scheme: A Legal Analysis in
the Light of Public International Law’ (2012) Revista Catalana de
Dret Ambiental (3) 1, 40.

45 Dobson and Ryngaert (n 36) 307-308; Claudia Hermeling et al,
‘Sailing Into a Dilemma – An Economic and Legal Analysis of an

EU Trading Scheme for Maritime Emissions’ (2014) Centre for
European Economic Research, Discussion Paper No 14, 14.

46 See below for a discussion of the effect principle.

47 Ringbom (n 31) 626-628.

48 Art 25(1) reads: ‘In the case of ships proceeding to internal
waters or a call at a port facility outside internal waters, the
coastal State also has the right to take the necessary steps to
prevent any breach of the conditions to which admission of those
ships to internal waters or such a call is subject.’

49 Art 211(3) reads: ‘States which establish particular requirements
for the prevention, reduction and control of pollution of the
marine environment as a condition for the entry of foreign vessels
into their ports or internal waters or for a call at their off-shore
terminals shall give due publicity to such requirements and shall
communicate them to the competent international organization.’

50 See on this also, Kopela (n 36) 94.

51 ibid.

52 Ringbom (n 7) 622; Kopela (n 36) 94.
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as an over-formalistic approach that ignores the be-
havioural incentives which a carbon price would
place on the conduct of vessels on the high seas.53

These incentives might infringe the freedom of ves-
sels to navigate on the high seas54 uninfluenced by
port-state regulation, in a way that is incompatible
with the UNCLOS regime.55 In this connection, the
fact that UNCLOS explicitly regulates exceptions to
the general ban on port-state jurisdiction on the high
seas56 is seen as an indication that, generally, a state
cannot condition the imposition of an administrative
sanction on activities that occur outside its territori-
al waters.57

Note also that the approach proposed by Ringbom
requires the presence of a vessel in the port of the
regulating state. For this reason, even if accepted as
a legitimate basis for jurisdiction, it can apply only
to carbon pricing related to the emissions released
by the ship that enters port waters, not to a holistic
route cargo measure.
Another issue related to port-state jurisdiction is

the competing jurisdictional claim of the flag state.
It is widely recognized in international law that ves-
sels located in foreign ports are simultaneously sub-
ject to the concurrent jurisdiction of the port state
and the flag state. A disputed issue is whether port-
state jurisdiction over non-territorial conduct would
infringe the jurisdiction of the flag state.58 While
some scholars answer this question affirmatively by
referring to article 92(1)59 ofUNCLOS,60 it has recent-
ly been argued that the flag state’s jurisdiction is lim-
ited to enforcement.61As such, the prescriptive port-
state jurisdiction over vessels at the port would not

be limited by the jurisdiction of the flag state. Ring-
bom takes a more nuanced position on the matter,
suggesting that the jurisdictional basis that prevails
between the two depends on a balancing of interests,
62 which should be based on the criterion of reason-
ableness.63

Moving beyond port-state jurisdiction, an alterna-
tiveway to establish jurisdiction is to identify the con-
signee/consignoras theentities onwhichcarbonpric-
ing is imposed and the ordering/sending of a good as
the conduct that triggers the generation of emissions.
When these taxable entities are residents of the state
implementing the measure, the jurisdictional basis
of the state might derive from the territoriality prin-
ciple. The stable residence of the consignee/consign-
or on the territory of the state might be seen as
strengthening the territorial jurisdiction of the state
that is imposing the measure in relation to the tem-
porary presence of a foreign vessel at the port.64 This
is because the residence territorializes the conduct
that is seen as generating the emissions (i.e. the act
of sending/receiving cargoes).65 In addition, to the
extent that the consignee/consignor of the cargo has
the nationality of the state imposing the measure, ju-
risdiction could also be imposed on the basis of the
personality principle.66 Lastly, imposing a liability on
the consignee/consignormightmake thepotential in-
terference of the flag state with the acting state’s de-
cision to levy the carbon price less legitimate com-
pared to a situation in which the liability is imposed
on the vessel at the port. Note that jurisdiction estab-
lished in this way might be a viable option only with
regard to measures that identify the accounting unit

53 Hermeling et al (n 45) 14.

54 Freedom of navigation on the high seas is recognized by art 87(1)
of the UNCLOS, which reads: ‘The high seas are open to all
States, whether coastal or land-locked. Freedom of the high seas is
exercised under the conditions laid down by this Convention and
by other rules of international law. It comprises, inter alia, both for
coastal and land-locked States: (a) freedom of navigation’.

55 Hermeling et al (n 45) 14.

56 Art 218(1) UNCLOS reads: ‘When a vessel is voluntarily within a
port or at an off-shore terminal of a State, that State may under-
take investigations and, where the evidence so warrants, institute
proceedings in respect of any discharge from that vessel outside
the internal waters, territorial sea or exclusive economic zone of
that State in violation of applicable international rules and stan-
dards established through the competent international organiza-
tion or general diplomatic conference’.

57 Hermeling et al (n 45) 14.

58 The nationality of a vessel is determined by where it is registered.

59 Art 92(1) reads: ‘Ships shall sail under the flag of one State
only and, save in exceptional cases expressly provided for in

international treaties or in this Convention, shall be subject to its
exclusive jurisdiction on the high seas.’

60 Hermeling et al (n 45) 13.

61 Arron N. Honniball, ‘The Exclusive Jurisdiction of Flag States: A
Limitation on Pro-Active Port States?’ (2016) The International
Journal of Marine and Coastal Law (31) 499, 499.

62 Ringbom (n 31) 631.

63 ibid. Ringbom suggests that the reasonableness criterion could be
operationalized by referring to the eight criteria listed in the US
Restatement of Foreign Relations Law subsection 403(2).

64 Heine et al (n 7) 38-39.

65 Some authors discuss a jurisdictional principle that is relatively
more widely accepted than, but closely associated with, the
effect principle, namely the objective territorial principle. Accord-
ing to this principle, the jurisdiction of a state can be established
‘when any essential constituent element of a crime is consummat-
ed on state territory’.

66 For companies, a main criterion in establishing their nationality is
the location where they are established.
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as the cargo (i.e. a holistic route cargo measure). This
is because consignees/consignors can, at themost, be
considered responsible for the emissions released in
transporting the cargoes that they order/send, not for
all the emissions released by vessels transporting
goods that are also ordered/sent by others.
Lastly, an alternative basis for establishing juris-

diction is sometimes found in the effect principle, ac-
cording to which a state has jurisdiction over acts
that, while taking place outside its territory, never-
theless have an impact on it.67 In the context of car-
bon pricing in the maritime sector, the effect princi-
ple could provide a legitimate basis for jurisdiction
becausemitigating climate change is a primary inter-
est of both individual states and the international
community as a whole. Note that the effect principle
could provide a legitimate basis for both port-state
jurisdiction over vessels and jurisdiction over con-
signees/consignors, and thus potentially for all types
of measures considered here, regardless of whether
the accounting unit is the cargo or the vessel.
However, contrasting views exist on whether the

effect principle could provide a legitimate basis for
extraterritorial jurisdiction. Some authors argue that
the interest of a state in regulating GHG emissions
from shipping on the high seas is weak because the
state would be acting as the procurator for a global
interest.68 However, this interest (or the appropriate
way of protecting it) is not supported by other states,
as testified by the absence of an international agree-
ment on the matter.69 In support of this conclusion,
it has been pointed out that the effect principle has
mainly been adopted in antitrust law and is notwide-
ly acknowledged in maritime law.70 Kopela reaches

a similar conclusion but on different grounds. She
argues that the effect principle is not foreign to en-
vironmental and maritime law,71 but the application
of the principle requires that an activity has a sub-
stantial ascertainable impact on the interests of the
state, and that, in the case of climate change, this im-
pact might not be easily identified.72 Ringbom sees
the the effect of carbon emissions from themaritime
sector on the interests of a state as a potential con-
straint on the application of the effect principle, but
not as an insurmountable one.73 In this respect, it has
been argued that, if the price applied to the emissions
reflects the share of the harm suffered by the state,
the effect principle could become a more legitimate
basis for extraterritorial jurisdiction.74 We conclude
that, while it remains a contested issue whether the
effect principle could provide a basis for port-state
jurisdiction over emissions released beyond territor-
ial waters, the limitation of the price of carbon to the
harm suffered by the state that imposes the measure
is likely to strengthen its jurisdictional claim.75

Summarizing, the existing literature recognizes
various ways of establishing jurisdiction over emis-
sions released in international waters, but none of
these options is uncontested and, apart from the ef-
fect principle, each of them could potentially apply
only to a sub-set of the measures considered here.
However, without taking a position onwhich (if any)
of these approacheswould bemore legitimate, we re-
call that, historically, regional action has served as a
basis for the expansion of states’ jurisdiction under
maritime law.76

2. Availability of Data

A key issue related to the implementation of carbon
pricing in the maritime sector is the limited amount
of emissions data available to the public authorities.
The data needed for carbon pricing, and the corre-
sponding obstacles to obtaining it, are likely to vary
depending on the design of the measure. The litera-
ture has identified several approaches to resolving
this data problem.
Asmentionedabove, thepreferred solution for car-

bon pricing in the maritime sector is through an in-
ternational agreement. If such agreements were to
take the form of a global fuel tax or levy, carbon pric-
ing could occur upstream, which significantly re-
duces the need for data. Conversely, if the measure

67 For example, Bäuerle et al (n 7) 85-86.

68 Hermeling et al (n 45) 16-17. Against this conclusion, it has been
argued that a state can legitimately act for the protection of a
global interest when such interests are in line with the aims and
obligations set out in international instruments; see Kopela (n 36)
110.

69 Hermeling et al (n 45) 16-17.

70 ibid.

71 Kopela (n 36) 107.

72 ibid.

73 Ringbom (n 31) 630-631.

74 Heine et al (n 7) 39; Heine and Gäde (n 7).

75 Heine et al (n 7) 39; Heine and Gäde (n 7).

76 See, for instance, Alan Boyle, ‘EU Unilateralism and the Law of
the Sea’ (2006) The International Journal of Marine and Coastal
Law (21) 15, 17. See also below, s 5.
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were to take the form of an ETS or a levy or tax on
emissions, the measure would require data on either
the emissions released by individual vessels or the
emissions in transporting individual cargoes. Amon-
itoring, reporting and verification (MRV) system
could be introduced by means of a global agreement
enforced by the IMO. Recent developments at the
IMOand theamendments toMARPOLAnnexVI rep-
resent a move in this direction.77 A global data col-
lection mechanism will provide flag states with data
onfuel consumption, emissionsandproxies for trans-
port work (i.e. the product of themass of cargo trans-
ported and the distance covered) per ship. IMO data
could alsobeused to introduce a regional carbon-pric-
ingmeasure. However, since the data are provided to
flag states, a sub-globalmeasurewith large emissions
coverage that relies on these data could only be intro-
duced by states in which a non-trivial share of ship-
ping companies are registered. In addition, ameasure
implemented on the basis of the flag of the vessel of-
fers the potential for tax avoidance through re-regis-
tration in other jurisdictions that do not price carbon
emissions from shipping. There are therefore doubts
regarding the effectiveness of flag-based measures.78

For the first/last vessel and time-based measures,
states could unilaterally institute a mandatory MRV
system that requires vessels calling at its ports to re-
port data.79Anexample of this type of regulation that
would be sufficient for a first/last vessel measure80 is
the EU’s legal framework for monitoring, reporting
and verification (MRV) of carbon emissions from
ships arriving at or departing fromports of EUMem-
ber States.81 Data on the distance travelled is equal-
ly available from the Automatic Identification Sys-
tem (AIS),82 which is an autonomous tracking sys-
tem that continuously provides information on the
position and movement of commercial ships above
299 Gross Tonnage.
In a holistic route cargo measure, emissions could

be calculatedbasedon the cargoweight, distance cov-
ered and fuel efficiency of the vessel(s) used to trans-
port that cargo.83 While data on cargo weight and
distance are already available to the customs author-
ities, the fuel efficiency of vessels is sometimes not
easily known.84There is, therefore, a risk that carbon
pricing would charge an imprecise proxymeasure of
the actual emissions released by a vessel, potentially
distorting the incentives. This problemcanbe solved,
however, by incorporating a voluntary MRV mecha-
nism.85 The combined holistic route cargo measure

has the following basic features:86 i) carbon pricing
is imposed via an emissions tax or levy; ii) the ac-
counting unit used to calculate the tax is the cargo;
iii) the tax liability is imposed on the consignee/con-
signor of the cargo; iv) the tax is imposed on the ba-
sis of default values linked to emissions released; and
v) emissions data are obtained by offering a rebate
to the owners of ships that emit less than the estimat-
ed default value.
Under taxation based on default values, taxpayers

are incentivized toprovidedatavoluntarily, and these
data are then used to improve the accuracy of the de-
fault values.87 The incentive works as follows. Tax-
payers that have released fewer emissions than as-
sumed by the tax authorities are entitled to obtain a
rebate. To obtain the rebate, the taxpayer has to pro-
vide the tax authorities with data on its actual emis-
sions, enabling the continuous improvement of the
default assumption.88 The incentive to reduce emis-
sions set by taxation on default values is dynamic.89

This tax could be calculated as follows.90 Emis-
sions can be estimated bymultiplying fuel consump-

77 See the amendments to MARPOL Annex VI agreed at MPEC 70
(MEPC.278(70)).

78 See, for instance, Ringbom (n 31).

79 See, for instance, Kågeson (n 7); Bäuerle et al (n 7); Kollamthodi
et al (n 7). For a discussion of various data sources on emissions
released in the maritime sector, see Kollamthodi et al (n 7) 42-46.

80 Heine et al (n 7) 16; Heine and Gäde (n 7).

81 Regulation (EU) 2015/757 of the European Parliament and of the
Council as regards the methods for monitoring carbon dioxide
emissions and the rules for monitoring other relevant information
(as amended by Commission Delegated Regulation (EU)
2016/2071) OJ L123/55.

82 Smith et al (n 1).

83 Bäuerle (n 7) 60. Note that customs documents would allow to
identify the port of origin of each cargo. Therefore, distinct car-
goes loaded on a vessel in different ports would be taxed differ-
ently on the basis of the direct trade lane from that port of origin
to the port of destination for the cargo.

84 Bäuerle et al (n 7) 60; Smith et al (n 1).

85 Heine et al (n 7) 6; Heine and Gäde (n 7).

86 Heine at al (n 7) 6; Heine and Gäde (n 7).

87 Heine at al (n 7) 12; Heine and Gäde (n 7).

88 See also Don Fullerton and Ann Wolverton, ‘The Two-Part
Instrument in a Second-Best World’ (2005) Journal of Public
Economics 89, 1961; Parry et al (n 21); Joel Trachtman, ‘WTO
Law Constraints on Border Tax Adjustment and Tax Credit Mecha-
nisms’ (2016) RFF Discussion Paper 16-03.

89 The mechanism works at the margin, meaning that the incentive
is provided for all taxpayers, but it is possible that only some
taxpayers will respond to this incentive by providing data to the
authority because this incentive might still not be sufficiently
strong for all taxpayers to do so.

90 Heine et al (n 7) 13-14; Heine and Gäde (n 7).
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tion in relation to the carbon content of the fuel. A
proxy for this measure can be obtained by multiply-
ing the assumed energy efficiency of the vessel used
to transport the cargo by the weight of the cargo and
the approximate distance of the voyage.91 The tax
rate is then calculated by multiplying the estimated
emissions by the social cost of carbon.
A major strength of this mechanism is that it lim-

its jurisdictional concerns related to obtaining data
on emissions released in international waters.92 Un-
der this measure, every vessel owner that can volun-
tarilyprove to have transported the cargo in question
from/to the consignor/consignee could claim a tax re-
bate,93 subsidy94 or tax credit95 if it can show that its
emissions were lower than the assumed default val-
ue. The voluntary nature of this action limits the ne-
cessity for states to exercise jurisdiction over vessels’
information, especially for those vessels that trans-
port a cargo for a segment of the voyage to the im-
plementing state but that do not call at one of its
ports. This mechanism could therefore be particular-
ly useful in collecting data that mandatory regional
MRV systems might find more difficult to obtain.96

Thus, the mechanism may allow a more empirically
informed, and thus presumably more environmen-
tally effective, holistic route cargo measure to be im-
plemented.
A drawback of this mechanism is that it would

take time to generate high-quality data. The mecha-
nism has a learning built into it which enables the
tax administration to find out if the default value of
emissions has been set too high. But in particular at
the start, the data collected through this voluntary
MRV would be more incomplete than, for instance,
the data the EU will collect through the mandatory
MRV. The two mechanisms could also be used joint-
ly: the default values for the voluntary MRV can be

based on (or informed by) data from existingmanda-
tory MRV systems (e.g. EU and IMO MRV data).97

Thismeans that a voluntaryMRVschemewouldben-
efit from information generated bymandatory ones,
but the reverse is also true. In combination with the
holistic route cargo measure, the voluntary MRV sys-
temwould be able to raise data from ships which fall
outside the mandatory MRV systems reporting re-
quirements (e.g. because they do not access the
first/last port under the EU MRV scheme). The vol-
untary MRV described here could therefore work as
a useful complement to a mandatory MRV that cov-
ers first/last voyages from/to a destination. The two
systemswould provide the authorities with data that
are only partially overlapping and that, when com-
bined, would therefore yield more information than
either of them considered separately.
Generally, in our view, the voluntary MRV system

described here could work as a useful complement to
a top-downMRVsystem that covers first/last voyages
from/to a destination. The two systems would pro-
vide the authorities with data that are only partially
overlapping and that, when combined, would there-
fore yieldmore information than either of them con-
sidered separately.

3. Environmental Effectiveness and
Avoidance Strategies

Tax avoidance and environmental effectiveness are
commonly seenas twomajor, related issues tobe con-
sidered in designing a regional maritime scheme.
This section argues that a holistic route cargo mea-
sure offers the potential for tax avoidance that is lim-
ited in form compared to a first/last vessel or a time-
based measure.
The environmental effectiveness and the revenue

potential of a carbon-pricing mechanism depend on
the scope of its coverage. A first/last vessel measure
covers emissions on the first/last segment of the voy-
age from/to the implementing state. A holistic route
cargo measure takes into account emissions for the
entire journey of an incoming or outgoing cargo. The
coverage of a time-based measure is linked to the time
taken by the voyage from/to a port to which carbon
pricing applies. In principle, any of these measures
could outperform the others in the scope of their re-
spectivecoverage.Amajordifferencebetweenaholis-
tic route cargo measure and the other two measures

91 This calculation would take into account also the capacity usage
of the vessel. This assumed capacity usage could be based on
industry averages per route; see: Heine et al (n 7) 14 and Heine
and Gäde (n 7) As mentioned above, data on distance travelled
and cargo weight are often already available to customs authori-
ties; see Bäuerle et al (n 7) 60, or could be obtained via AIS.

92 On a similar note, see Heine et al (n 7) 38-39; Heine and Gäde (n
7).

93 Fullerton and Wolverton (n 88); Parry et al (n 21).

94 Heine et al (n 7) 7 ff; Heine and Gäde (n 7).

95 Trachtman (n 88).

96 Notably, the current EU MRV system is limited to emissions
released in first/last voyages from/to an EU port.

97 Heine et al (n 7) 16; Heine and Gäde (n 7).
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is that the scope of the emissions covered by the for-
mer is closely linked to the share of global maritime
trade of the implementing state. This is because, un-
der the other two regimes, coverage could be extend-
ed to emissions released while shipping cargoes not
destined to the port of the implementing state, and
a proportion of the emissions released in transport-
ing cargoes to this port state would not be covered.
Thequestionconcerningwhichof the threemeasures
has the greater environmental effectiveness would
therefore also dependon the implementing country’s
share of themaritime trade. For countrieswhosemar-
ket share is large, a holistic cargo route measure could
have a substantial environmental impact.
The environmental effectiveness of a measure is

also dependent on its potential for tax avoidance. In
this regard, since it is based on cargo, a holistic car-
go route measure is subject to a lower number of
forms of tax avoidance than first/last vessel or time-
based measures.98

A first/last vessel measure charged per ship leaves
room for tax avoidance in various ways. One evasion
strategy is to under-report the distance covered
from/to ports that impose carbon pricing99 through
transshipment100 or the falsification of docu-
ments.101 The effectiveness of this evasion strategy
will therefore depend on the distance between ports
that impose carbon pricing and the closest avail-
able102 port that does not. If the carbon price is suf-
ficiently high, a first/last vessel measure may thus
create incentives for non-participating ports to in-
crease their capacity for transshipment and tran-

sit.103An alternative strategy to avoid carbon pricing
is to make changes en-route in port destinations for
outbound voyages.104However, this evasion strategy
could be made less effective if implementing states
have access to AIS data to track the movements of
outgoing vessels.105 This avoidance strategy could al-
so be controlled by means of a mandatory MRV sys-
tem that requires vessels to report information about
previous voyages. If such a system was effectively
implemented, evasion could occur only after the car-
go has been re-loaded (at sea) on another vessel,
which could again be controlled with AIS systems.
Another avoidance strategy would be to relocate

the most fuel-efficient vessels to call at ports that im-
plement carbon pricing and move the less perform-
ing ones on to other routes.106 However, this risk is
limited because the fuel efficiency of vessels is linked
to their size and capacity.107

Lastly, another possibility for avoiding carbon
pricing under a first/last vessel measure is to reduce
speed in the period covered by the measure and in-
crease it outside its scope.108 However, empirical re-
search on the effect of the introduction ofmore strin-
gent sulphur regulation in Emission Control Areas
(ECAs) on vessels’ speed calls into questions if this
avoidance strategy is economically viable on a large
scale.109 These studies found that the introduction of
ECAs did not trigger statistically significant behav-
ioural changes in vessel speed.110 This literature pro-
vides some hints that this avoidance strategy would
not be widely implemented under a first/last vessel
measure or a time-based measure.

98 We stress that we do not have quantitative estimates of the size of
the different types of avoidance strategy that would occur under
any of these measures. Thus, our claim is not that tax avoidance is
necessarily less problematic under a holistic cargo route measure.
However, to the extent that the availability of more forms of tax
avoidance yields greater avoidance, it is more plausible that a
holistic cargo route measure would generate less avoidance than
the other measures.

99 Bäuerle et al (n 7) 61.

100 Transshipment refers to the shipment of goods to an intermediate
destination before reaching the final port of delivery. Note that
tax avoidance through transshipment raises concerns that go
beyond the environmental performance of the measure. This is
because the costs of tax avoidance schemes in terms of potential
extra transshipments would increase the cost of trade and, at the
margin, distort trade patterns. See Heine et al (n 7) 10; Heine and
Gäde (n 7).

101 Bäuerle et al (n 7) 61.

102 Availability refers to mere theoretical (and, maybe, credible)
availability when avoidance is implemented by means of docu-
ment falsification.

103 Apollonia Miola, Marleen Marra and Biagio Ciuffo, ‘Designing a
Climate Change Policy for the International Maritime Transport
Sector Market-Based Measures and Technological Options for
Global and Regional Policy Actions’ (2011) Energy Policy (39)
5490, 5494.

104 Kollamthodi et al (n 7) 53.

105 ibid.

106 Bäuerle et al (n 7) 59.

107 ibid 59.

108 Kollamthodi (n 7) 52. Notice that fuel consumption is strongly
correlated with speed.

109 Julia Schaumeier et al, ‘Investigating Shipping Behaviour in
Emission Control Areas: A Visual Approach to Data Analysis’
(2015) UCL Energy Institute <https://www.ucl.ac.uk/bartlett/
energy/case-studies/2015/nov/investigating-shipping-behaviour
-emission-control-areas-visual-approach-data> accessed 30 May
2018; Roas Os Ådland et al, ‘The Impact of Regional Environ-
mental Regulations on Empirical Vessel Speeds’ (2017) Trans-
portation Research Part D: Transport and Environment 53, 37-49.

110 Schaumeier et al (n 109) 14; Ådland et al (n 109) 45.
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Many of the strategies available under a first/last
vessel measure would also be available under a time-
based measure.111 Under this scheme, carbon price
avoidance could take place through: i) falsification
of documents; ii) relocation of vessels such that the
less polluting ships call at ports in the implementing
state, while the overall stock of ships remains un-
changed;112 iii) changes in speed inside and outside
the covered areas;113 and iv) reduction of number of
vessels calling at ports that impose themeasure. Note
that the economic feasibility of this last strategy de-
pends on the costs of (re)loading cargoes.114

Most of the avoidance strategies described here
would not be available under a holistic route cargo
measure. For this type of measure, avoidance strate-
gies are confined mainly to falsification of docu-
ments115and, foroutboundvoyages,makingchanges
to cargo consignees en-route. As above, possibleways
to obtain data on changes in cargo consignees for ves-
sels that repeatedly call at the ports of the implement-
ing state are: i) AIS data; and ii) a mandatory MRV
system that requires vessels to report changes to car-
go consignees on previous voyages. Alternatively, the
voluntaryMRV systemdescribed in the previous sec-
tion could also provide the necessary data, at least in
situations in which: i) the cargo is transported by
three or more vessel owners that compete on some
routes; and ii) non-reported en-route changes in con-
signee are punished and reported ones are reward-
ed. This is because a voluntaryMRV designed in this
way can create a ‘prisoner dilemma’-type game.
In its simplest form, a prisoner dilemma game de-

scribes the situation in which two entities face the

choice of whether to cooperate or defect. Coopera-
tion yields a pay-off X if the other player cooperates
or Y if the other player defects. Defection leads to a
pay-off Z if the other player cooperates and Q in case
of defection. Here, Z ˃ X ˃ 0 and Q ˃ Y, therefore de-
fection is a dominant strategy.
Imagine three vessels (A, B and C) that belong to

three different vessel owners which compete on
some trade routes. Vessel A transports a cargo from
a port that implements carbon pricing. To avoid a
higher price signal, it declares that the cargo will be
delivered to a nearby port. Once having left the first
port, the consignee of the cargo changes to a (previ-
ously determined) more distant one. To deliver the
cargo to the new consignee after transporting the car-
go for a longer distance than the one declared to the
port authorities, A has to transfer possession of the
cargo to B, which will subsequently transfer it to C,
which will cover the last segment of the voyage.116

In this situation, A, B and C earn a return if they do
not declare to the state which imposes carbon pric-
ing that they have transported the cargo to the new
consignee. However, each of them will be better off
if they can obtain the rebate from the state without
having to pay the tax (the reward),117 and therefore
they have an incentive to provide data to the state.
Since A, B and C are competitors, the incentive to
provide information to the authorities goes beyond
the rebate itself. By obtaining the rebate, each entity
might be able to become more competitive on the
routes on which it competes with the other entity.
This advantage would be even greater if a ship-own-
er who has performed the undeclared en-route
change in consignees is made non-eligible for the re-
bate (the punishment). Thus, as in a prisoner dilem-
ma game, each entity is worse off if it is the only one
not providing the information compared to a situa-
tion in which none of them provides data to the au-
thority. In this theoretical scenario, the dominant
strategy of each vessel owner is to not cooperatewith
the other vessel owners and to provide information
to the authorities.
Whether the voluntary MRV mechanism creates

a prisoner dilemma game and how vessel owners are
likely to behave depends on various factors, such as
their possibility to coordinate, retaliate or predict the
number of players involved in the game, whether the
gamehas aknownor anunknownnumberof rounds,
and the precision with which vessel owners and the
consignee can identify vessel owners that have pro-

111 Kollamthodi (n 7) 52.

112 Bäuerle et al (n 7) 56-57.

113 Kollamthodi (n 7) 52.

114 To illustrate, imagine that, to reduce the costs of carbon pricing, a
transport company decides to reload the cargoes transported from
three different ports to the state that implements the measure on
one vessel that covers only a small fraction of the overall distance
from the three ports. Moving the cargoes from every vessel on to
the one calling at the port that implements the measure will
impose costs on the transport company, for instance, in terms of
the opportunity costs related to the extra time needed to move the
cargoes from one vessel to another.

115 Bäuerle et al (n 7) 61.

116 Note that the number of vessel owners involved in transporting a
cargo can be larger than three, and may also unexpectedly
increase en-route if, for instance, the cargo is sold and re-sold
multiple times throughout the voyage.

117 Since this type of reward is costly for the implementing state,
providing a reward might not always be feasible or desirable.
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vided information to the authorities.118 Different sit-
uations may arise on different routes at different
points in time,whichmeans that it isdifficult tomake
abstract predictions about the reality that may
emerge if a holistic route cargo measure is introduced
by a state. However, to the extent that the voluntary
MRVcreates a prisoner dilemmagame inwhich ship-
owners will sometimes defect, at the margin the po-
tential for evasion will be reduced.
Note also that, under the voluntary MRV system

described above, the price signal received by the con-
signee/consignor and the vessel-owner is indepen-
dent of who is made legally liable for remitting the
emissions tax.119 This is because both vessel-owner
andconsignee/consignorwillpassonpartof theprice
signal to their transaction partners. In this connec-
tion, the proportion of the burden borne by each
transaction partner depends on the relative elastici-
ties of demand and supply, as well as on the market
structure.120 Therefore, economically the incidence
of the tax is independent of where the legal tax lia-
bility falls. Nonetheless, under this scheme, the high-
er the default values that are set, the greater the en-
vironmental effectivenessof themeasureand therev-
enues generated.121 However, there is also a positive
relationship between the environmental effective-
ness of the measure and the size of administration
costs. This is because the latter are generally positive-
ly correlated with the number of taxpayers demand-
ing a rebate. There is hence a trade-off between the
environmental effectiveness of and the revenues col-
lected by the measure on the one hand, and the ad-
ministrative costs of its implementation on the oth-
er hand.122

4. Competitiveness Effects

A major concern related to regional carbon pricing
pertains to its impact on the competitiveness of the
shipping companies that operate under its scope. For
companies whose market share increases the closer
one gets to the region implementing the measure,
competitiveness effects are likely to be smaller un-
der a holistic route carbon measure than under a
first/last vessel measure.123

Among other determinants, the competitiveness
effects of a regional carbon-pricing measure depend
on the asymmetries in the tax incidence faced by
competing companies. The competitiveness effects

for shipping companies whosemarket share increas-
es the closer one approaches a region that is impos-
ing the measure would be less pronounced under a
holistic route cargo measure than under a first/last
vessel measure. Under a first/last vessel measure,
emissions released before and after the first/last voy-
age are excluded. As a result, ameasure on emissions
from the first/last leg of voyages from/to the region
would have its cost effects more concentrated on
shipping companies that operate on these routes
than a tax on the total voyages to the region.124 This
increase in costs may incentivize shipping compa-
nies to change their margins on routes not covered
by the measure. This is where theymay lose compet-
itiveness as a result of the policy.
Note that if there is a positive correlation between

ownership location and area of operation,125 the in-
troduction of a first/last vessel measure can attract
more internal opposition from the industry than a
holistic route cargo measure.

5. A Pathway for Achieving a Global
Agreement

This section investigates the effect of introducing a
regional measure to price carbon emissions in the

118 On different types of prisoner dilemma games, see, for instance,
David M Kreps et al, ‘Rational Cooperation in the Finitely Repeat-
ed Prisoners' Dilemma’ (1982) Journal of Economic Theory 27,
245; Pedro Dal Bó and Guillaume R Fréchette, ‘The Evolution of
Cooperation in Infinitely Repeated Games: Experimental Evi-
dence’ (2011) The American Economic Review 101, 411; Gabriel
Camera and Marco Casari, ‘Cooperation Among Strangers Under
the Shadow of the Future’ (2009) The American Economic Re-
view 99, 979; Hans Theo Normann and Brian Wallace, ‘The
Impact of the Termination Rule on Cooperation in a Prisoner’s
Dilemma Experiment’ (2012) International Journal of Game
Theory 41, 707; and references therein.

119 Heine et al (n 7) 12; Heine and Gäde (n 7).

120 Kyle D Logue and Joel Slemrod, ‘Of Coase, Calabresi, and Opti-
mal Tax Liability’ (2010) Tax Law Review 63, 797.

121 Heine et al (n 7) 13; Heine and Gäde (n 7).

122 Heine et al (n 7) 13; Heine and Gäde (n 7).

123 Heine et al (n 7) 58-60.

124 Note that to limit the effect of a holistic cargo measure on the
competitiveness of ports that implement the measure, it is neces-
sary to exempt transshipment and transit from the application of
carbon pricing. This is because the price elasticity of demand for
the services related to transshipment and transit is high. In addi-
tion, exempting these services would allow limiting the adminis-
trative complexities of implementation. Heine et al (n 7) 10;
Heine and Gäde (n 7).

125 The correlation between ship ownership and market share might
be stronger in some regions than in others.
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maritime sector for the establishment of a global
measure. The question is whether and towhat extent
the introduction of a regional measure could facili-
tate or constrain the achievement of a subsequent
global pricing scheme. Again, we find that the an-
swer to this question depends on the type of region-
al carbon pricing scheme adopted.
For negotiations that require unanimity, econom-

ic theory suggests that parties negotiating an agree-
mentwill prevent its achievement if their payoffs are
lower under the agreement than in the status quo.126

Yet, this reference point may change if at least one
party introduces (or credibly threatens to introduce)
an effective regional pricing scheme. In this scenario,
countries that are blocking a global agreement will
need to re-evaluate their position in light of their new
pay-off. As explained below, the existence of a feasi-
ble regional tax scheme may improve the situation
of thosewhowant to price shipping emissions, while
simultaneously reducing the pay-offs for those that
are against the measure.127

There are two main reasons for a country to block
a global agreement in this context:128 first, prevent-
ing a decrease in the demand for oil (for oil-selling
countries); and secondly, exploiting their position of
power when unanimity is needed for the agreement
(hold-up problem). A credible threat to introduce a
regional measure reduces the expected benefits for
oil-producing countries of not agreeing to a global so-
lution. This reduction is usually greater the larger the
decrease in the demand for fuel that is triggered by
the introduction of the regional measure.129 Similar-
ly, the power of single countries to prevent carbon
pricing would be significantly curtailed by the threat
of regional action. This is because the party or par-
ties thatwant to introduce themeasurewould be able
to obtain benefits from pricing a fraction of carbon
emissions without the consent of other states. This
reduces the benefits that the non-agreeing party can

withhold. If the non-cooperative payoffs are reduced
sufficiently, unilateral action may raise the non-co-
operative party’s willingness to engage in a global
agreement. Thus, economic contract theory suggests
that theadoptionof a regional carbon-pricing scheme
could contribute to a unanimous agreement on a car-
bon-pricing regime to replace the regional scheme
being reached.130

The incentives to achieve an international agree-
ment are greater the larger the emissions coverage
of the measure. First, the decrease in the demand for
fuel is likely to be positively correlated with the frac-
tion of emissions covered by the measure. Secondly,
the size of the benefits that each jurisdiction can ob-
tain by acting on its own is also related to the size of
the emissions coverage. As explained in Section 3.3,
under a holistic route cargo measure the strength of
the incentive is strictly linked to the size of the trad-
ing volume of the country that introduces the mea-
sure. If the country that implements themeasure has
a large share of international trade, a holistic route
cargo measure can provide stronger incentives than
the other two measures considered here. This could
also be due to themore restricted forms of avoidance
strategies available under this measure. Note also
that, if the main trading countries were to agree to
introduce a holistic route cargo measure, a large pro-
portion of the emissions would be priced.131 In this
situation, the marginal benefits that the non-cooper-
ative parties would be able towithholdwould be pro-
portionate to their smaller trading volumes. 132

Analogies canbedrawnwith recent developments
in the aviation sector, which indicate that sub-global
action can sometimes catalyse the achievement of
global agreements. Indeed, the 2016 adoption of
CORSIA by the ICAO seems to have been eased by
the inclusion of the aviation sector in the EU’s ETS.
More generally, history teaches us that sub-global ac-
tion can sometimes bring about global agreements
in environmental regulation in the maritime sector.
One example of a sub-global action that was signifi-
cant in this respect is the Torrey Canyon disaster of
1967. On that occasion, the UK’s bombing of the Tor-
rey Canyon to reduce the environmental impact of
oil spills in its coastal waters catalysed the negotia-
tion of the 1969 Intervention Convention.133 Similar-
ly, Canada’s adoption of the Arctic Waters Pollution
Act in 1970, according towhich Canada’s jurisdiction
to regulate pollution was extended to a 50-mile zone
in Arctic waters, led to a further expansion of the ju-

126 Heine et al (n 7) 3; Heine and Gäde (n 7).

127 Heine et al (n 7) 45ff; Heine and Gäde (n 7).

128 Heine et al (n 7) 44; Heine and Gäde (n 7).

129 Heine et al (n 7) 46; Heine and Gäde (n 7).

130 Heine et al (n 7) 46; Heine and Gäde (n 7).

131 Heine et al (n 7) 46; Heine and Gäde (n 7).

132 Heine et al (n 7) 46; Heine and Gäde (n 7).

133 Daniel Bodansky, ‘What's So Bad About Unilateral Action to
Protect the Environment?’ (2000) European Journal of Internation-
al Law (11) 339, 344.
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risdiction of coastal states over pollution in the 200-
mile zone as currently regulated under UNCLOS.134

Note that the political economy analysis offered
above may not apply in these two last examples. A
sub-global carbon-pricing scheme in the maritime
sectormight therefore play a role in achieving a glob-
al agreement that is partially unrelated to the eco-
nomic incentives described above.

6. Differentiation in Favour of
Developing Countries

This section argues that a regional measure would
more easily satisfy the Common but Differentiated
Responsibilities and Respective Capabilities (CBDR-
RC) principle if: i) differentiation takes place via rev-
enue-sharing rather than the differentiation of tax
rate reductions; and ii) carbon pricing is implement-
ed through the voluntary MRV scheme described in
Section 3.2.
CBDRRCisoneof theguidingprinciplesembraced

by the UNFCCC in pursuing its overarching objec-
tive135 and its application in the development and
implementation of climate changemeasures in inter-
national transport has been the subject of discussion
in both ICAO and IMO in the context of their guid-
ing principles of non-discrimination and no more
favourable treatment. While the interpretation of
this principle is subject to debate, in essence it en-
tails that, while there is a common responsibility to
address the climate problem, there is also a differen-
tiation in favour of developing countries,which takes
into account both responsibilities and capabilities. In
the Kyoto Protocol the principle of CBDRRC was
translated into a system with no binding limitation
and reduction commitments for developing coun-
tries. In the Paris Agreement, however, this static ap-
proach to differentiation has been relaxed136with an
agreement that has commitments for all parties but
that takes a more nuanced approach to differentia-
tion ‘in the light of different national circum-
stances’.137

Although the specific content, reach and implica-
tions of the principle is still a contentious issue, CB-
DRRC plays an important role in negotiations relat-
ed to carbon pricing in the maritime sector both in
the international climate negotiations in the UNFC-
CC and the International Maritime Organization.138

Furthermore, since the UNFCCC sets out that devel-

oped countries should take the lead in addressing
causes and effects of climate change,139 some have
argued that the ‘conceptofCBDRRCretains relevance
in the context of unilateral climate action’.140 Politi-
cally, a regional measure with global geographical
coverage would potentially be more broadly accept-
able if the impact on developing countries is some-
how addressed by the measure. Here, it is therefore
important to analyse the relation of CBDRRC to any
potential regional carbon pricing scheme.
Differential treatment in climate change law can

be framed in a number of ways. First, the implemen-
tation of the CBDRC can cover the substantive and/or
procedural aspects. Secondly, climate measures can
differentiate in favour of developing countries in the
central obligation, in implementation and/or by
granting assistance and financing. Thirdly, the mea-
sure can grant differential treatment to developing
states per se or contextual treatment, where apply-
ing the measure to countries can change when their
situation changes.141 The second and third possibil-
ities represent the choices that a specific carbonmea-
sure would face. Examples of this can be found in
the evolution of the EU’s approach to differentiation
with regard to international aviation.142

If carbon pricing is implemented regionally by
means of a holistic route emissions tax based on car-
goes, differential treatment between nations can be
achieved in two different ways: i) by reducing tax
rates for cargoes originating in or destined for devel-

134 Boyle (n 76) 17.

135 UNFCCC art 3.1 reads: ‘The Parties should protect the climate
system for the benefit of present and future generations of hu-
mankind, on the basis of equity and in accordance with their
common but differentiated responsibilities and respective capabil-
ities. Accordingly, the developed country Parties should take the
lead in combating climate change and the adverse effects thereof.

136 Daniel Bodansky ‘Regulating Greenhouse Gas Emissions from
Ships: The Role of the International Maritime Organization’ in H
Scheiber, N Oral and M Kwon (eds), Ocean Law Debates: The 50-
Year Legacy and Emerging Issues for the Years Ahead (Brill 2018).

137 UNFCCC Conference of the Parties, ‘Adoption of the Paris Agree-
ment’ (15 December 2015) UN Doc FCCC/CP/2015/10/Add.1,
Preamble.

138 Bodansky (n 133) 11.

139 UNFCCC, art 3.1.

140 Joanne Scott and Lavanya Rajamani, ‘EU Climate Change Unilat-
eralism’ (2012) European Journal of International Law 26,
469-494.

141 Beatriz Martinez Romera and Harro van Asselt, ‘The International
Regulation of Aviation Emissions: Putting Differential Treatment
into Practice’ (2015) Journal of Environmental Law 27, 259.

142 ibid.
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oping countries (differentiation in the core of the
obligation);143 and ii) by granting developing coun-
tries a share of the revenue generated by the levy (dif-
ferentiation through finance). In our view, ceteris
paribus, a measure that grants developing countries
a share of the revenue is likely to grant them greater
benefits.144 This is because reductions in the tax rate
for containers from/to developing countries benefit
not only the countries concerned with the reduction,
but also their trade partners. As explained above, this
benefit sharing will depend on the elasticities of sup-
ply and demand for the goods produced in develop-
ing countries. To the extent that satisfaction of the
CBRDRCprinciple requires implementing ameasure
that grants favourable treatment to countries with
lower levels of development, revenue sharing is a
suitable way of addressing this question.145 Still, the
question arises regarding which specific developing
countries will be granted the revenue. This could be
done according to the different criteria of the World
Bank classification, OECDmembership, regional sys-
tems of preferential treatment, applicability only to
the least developed countries, or include additional
requirements, the impact on trade, etc.146

The problem of data collection complicates the is-
sue of implementing CBDRRC. A lot of data is need-
ed to gauge the extent to which countries are differ-
ently impacted by any carbon-pricing scheme. This
data is not yet available in sufficient detail, and col-

lecting data is anyway complicated by the constraints
mentioned above. This is a problem because the ab-
sence of reliable estimates of these costs may impair
the achievement of a consensus among countries
over how differentiation should take place. For in-
stance, implementing a measure that has no net in-
cidence on developing countries requires first estab-
lishing what the incidence would be in the absence
of a rebate. It is then interesting to ascertain to what
extent the different versions of a regional carbon-
pricing scheme could contribute to resolving this da-
ta problem and thus to providing the basis for ade-
quately addressing CBDRRC.We suggest that the da-
ta-generating features of the emissions tax scheme
described in Section 3.2 may help to obtain addition-
al information to estimate the incidence of the levy
on the trade patterns between different countries. By
contrast, the other options, which are less related to
trade patterns between countries, are less informa-
tive in this respect.

IV. The Role of Carbon Pricing in
Internal and Territorial Waters

In this article, we have focused so far on regional car-
bon pricing for emissions that to a significant degree
also take place beyond internal and territorial waters.
In this last section, we shift our attention to carbon
pricing in internal and territorial waters, showing
that measures with this geographical scope can play
a key role in implementing schemes with a broader
coverage by: i) limiting legal feasibility concerns un-
der the GATT; and ii) working as an incubator for
technological development.
Starting with ii), carbon pricing in internal and

territorial waters can facilitate the achievement of
broader emissions coverage by acting as a booster of
technological innovation. As mentioned in Section
I., research suggests that carbon pricing is a power-
ful,147 if not essential148 element in fostering green
innovation. This is because the incentives to reduce
the costs of abating emissions depend on how cost-
ly these emissions are to the polluter.149 In this re-
gard, carbon-pricing schemes limited to internal or
territorial waters would provide lower incentives to
innovate thanmeasures with a broader geographical
scope because market size is generally seen as a fac-
tor in driving green innovation.150 Yet, since these
measures are in some respects more easily imple-

143 Per Kågeson, ‘The Maritime Emissions Trading Scheme’ (2008)
Nature Associates, discusses the possibility of excluding develop-
ing countries from the scope of the measure for a certain period
of time. In this article, we consider this possibility as a variant of
the ‘reduced tax rate’ option, in which the tax rate is reduced to
zero for a certain period of time.

144 Similarly, see World Bank and IMF (n 3); Heine et al (n 7) 53;
Heine and Gäde (n 7).

145 Revenue sharing is also likely to be superior to tax-rate reductions
from a welfare and environmental standpoint. This is because the
latter measure offers more possibilities of carbon leakage. See
Heine et al (n 7) 53; Heine and Gäde (n 7).

146 See the different approaches to defining developing countries for
international aviation measures in Martinez Romera and van
Asselt (n 141).

147 Carolyn Fischer, ‘Emissions Pricing, Spillovers, and Public Invest-
ment in Environmentally Friendly Technologies’ (2008) Energy
Economics 30, 487; Philippe Aghion et al, ‘Carbon Taxes, Path
Dependency, and Directed Technical Change: Evidence From the
Auto Industry’ (2016) Journal of Political Economy 124, 1.

148 Bowen (n 3) 28-30; Daron Acemoglu et al, ‘The Environment and
Directed Technical Change’ (2012) The American Economic
Review (102) 131, 133.

149 Fischer (n 147).

150 Acemoglu et al (n 148).
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mentable, they could work as an initial innovation
booster. Indeed, some of the concerns discussed in
the previous pages are less applicable to carbon pric-
ing implemented in internal and territorial waters.
First, jurisdiction is less of a concern for carbon

pricing in internal and territorial waters when com-
pared to international waters. As discussed in Sec-
tion 3.1, jurisdiction can be based on the territoriali-
ty principle. According to UNCLOS, territorial and
internal waters are part of the of a state’s territory.151

There is, therefore, less controversy over the idea that
a state has jurisdiction over emissions released in
these areas than emissions that take place further off-
shore.152 UNCLOS poses some limitations on the ex-
ercise of this jurisdiction. One limitation that is of-
ten discussed in the literature is laid down by article
17 of UNCLOS, which gives the vessels of all states
the right of innocent passage through the territorial
seas of other states. Some authors warn that a mea-
sure covering emissions released into the territorial
waters of a coastal state may not be in conformity
with the principle of innocent passage.153 Yet, to the
extent that the measure is implemented only when
a vessel enters port waters, regardless of whether it
is a vessel-based or a cargo-basedmeasure, these lim-
itations do not apply.154

Secondly, the availability of data is a less com-
pelling problem for carbon pricing in internal and
territorial waters. A state would have a less contest-
ed jurisdictional basis for obtaining these data. In ad-
dition, for internal waters, data availability problems
can sometimes be solved by means of a fuel tax. In-
deed, under a fuel tax the price is imposed upstream
without the need to gather and process data relative
to emissions released in transporting a particular car-
go for a certain distance.
Related to this last point, carbon price evasions

with a fuel tax are less of a concern formeasures that
are implemented in these areas than those that fall
under geographically broader schemes. At the outset
of this article, we argued that, since the cross-price
elasticity of demand for fuel is very high, a fuel tax
is generally not a viable option for sub-global carbon
pricing. However, states can regulate fuel provision
within their territory. Tax avoidance by bunkering
elsewhere is therefore not a viable avoidance strate-
gy for vessels that do not leave the territorial waters
of the implementing state.155More generally, the reg-
ulation of bunkering within the territorial and inter-
nal waters of a state may reduce the cross-price elas-

ticity of demand for fuel between the region subject
to the tax and areas outside it by forcing vessels to
cover longer distances to avoid the tax.156

Note that the implementation of carbon pricing in
territorial and internal waters could take place under
the umbrella of the IMO in the form of a national ac-
tion plan. This could, therefore, be in line with Chi-
na and India’s recent proposal to develop an IMO
strategy to reduce GHG emissions from ships with a
bottom-up component.157

A second role of carbon pricing in internal and ter-
ritorial waters for the achievement of broader cover-
age relates to legal compliance of a measure that cov-
ers emissions in international waters with the GATT.
WTO law aims to ensure a level playing field by reg-
ulating trading activities at the international level. A
measure to price carbon adopted regionally raises
various concerns related to infringements of WTO
law.158 For instance, the measure is likely to increase
the price of products imported into the region imple-
menting the measure. This increase in the price of
imports could be seen as infringing article III.2 of
the General Agreement on Tariffs and Trade (GATT),
which aims to guarantee equal conditions of compe-
tition between imported and non-imported prod-
ucts.159

Literature on the WTO compatibility of a region-
al measure on carbon pricing in the maritime and
aviation sectors often suggests that infringements of
GATT provisions might find justification under arti-

151 Art 3 UNCLOS reads: ‘Every State has the right to establish the
breadth of its territorial sea up to a limit not exceeding 12 nauti-
cal miles’. Art 8 UNCLOS reads: ‘waters on the landward side of
the baseline of the territorial sea form part of the internal waters
of the State’.

152 Hermeling et al (n 38) 43.

153 J Faber and K Rensema, ‘Left on the High Seas: Global Climate
Policies for International Transport’ (2008) CE Delft, Delft 8.

154 Perez Rodriguez (n 44); Heine et al (n 7).

155 Hemmings (n 7) 3.

156 On a related note, tax avoidance strategies that are available
when a fuel tax is imposed alone might be reduced by the exis-
tence of the international mechanism. This may occur, for in-
stance, if leaving territorial waters (eg to refuel at a floating plat-
form) makes the vessel fall under the international scheme. See
Heine et al (n 7) 19; Heine and Gäde (n 7).

157 IMO Doc, MEPC 71/7, 2017.

158 See, for instance, Dobson and Ryngaert (n 36) 315-316. On a
related issue, see also Trachtman (n 88).

159 Art III.2 reads: ‘The products of the territory of any contracting
party imported into the territory of any other contracting party
shall not be subject, directly or indirectly, to internal taxes or
other internal charges of any kind in excess of those applied,
directly or indirectly, to like domestic products’.
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cle XX of the same agreement, which provides vari-
ous exceptions to the general obligations laid down
by GATT.160 TheWTO Dispute Settlement Body has
interpreted article XX as a two-tier test. The first part
of the test consists in ascertaining whether a trade
restrictive measure meets the requirements set out
in one or more of the exceptions listed in article XX.
The second part of the test focuses on the require-
ments laid down by the chapeau of the provision.
Our focus here is on the first part of the test, and
more particularly on a requirement laid down by ar-
ticle XX litera g.161

Article XX (g) justifies measures ‘relating to the
conservation of exhaustible natural resources’. This
provision also requires that the introduction of the
measure should bemade ‘in conjunctionwith restric-
tions on domestic production and consumption’
This requirement is less likely to be met by a mea-

sure that only imposes a price on emissions released
when importing products in the region that impos-
es carbonpricing. Indeed, a judicial panel established
under the WTO has found that US law that restrict-
ed imports of some types of tuna from Canada did
not comply with WTO law because a restriction of
this type had not been imposed on domestic tuna
catches.162 In this regard, a mechanism that covers
global emissions in the international maritime sec-
tormight need to be complemented by a scheme that
imposes a price on emissions from domestic ship-
ping. Covering also emissions released in inter-
nal/territorial waters could be particularly important
because Article XX shifts the burden of evidence on
the state that implements the measure. In addition,
to be justifiable under Article XX, the scheme should
have a sufficiently clear link to the protection of nat-

ural resources. The Appellate Body recognition of
clean air as an exhaustible natural resource strongly
suggests that a regional carbon pricing scheme could
meet this criterion.163 Article XX requires also that
the measure is applied in a transparent an fair man-
ner, and that it results from a process that involves a
good-faith effort to negotiate a multilateral solution.
The good-faith process requirement could be satis-
fied by attempts to regulate carbon emissions from
shipping under the IMO umbrella.

V. Conclusion

Tackling emissions from the international maritime
sector remains a compelling priority in achieving the
goals of the Paris Agreement, under which carbon
pricing could play a fundamental role in mitigating
emissions in the sector. While a global agreement to
price these emissions, for example througha fuel levy
set to reflect the social cost of emissions,164 is recog-
nised as the preferable type of intervention, this first-
best solution may not become available in time, so
scholars and policy makers have discussed various
back-up options for sub-global action. The discussion
around these regional measures has highlighted var-
ious economic and legal challenges. This article has
analysed the threemain regionalmeasures available,
namely first/last vessel, time-based and holistic route
cargo, and compared their performance based on six
main challenges identified in the literature.
The first challenge is the identification of a viable

jurisdictional basis under international law for re-
gional action. The analysis has highlighted that the
identification of the most suitable jurisdictional ba-
sis depends on the specific design of the measure.
Regarding the challenge to the provision of emis-

sions data, we found that, as testified by the EUMRV
for the shipping sector, a first/last vessel measure
might be more readily implemented than the other
measures. Yet, even a holistic route cargo measure
and time-based measure, if carefully designed, may
not present unsurmountable issues of data availabil-
ity. A main difference between these two last mea-
sures is that the former, if implemented by means of
a voluntary MRV, may present fewer concerns in re-
spect of the jurisdiction to obtain data on emissions
released beyond territorial and internal waters. This
article has described how such an MRV system can
bedesigned througha tax-and-rebate scheme that can

160 Lorand Bartels, ‘The WTO Legality of the Application of the EU’s
Emission Trading System to Aviation’ (2012) European Journal of
International Law 23, 429; Perez Rodriguez (n 44).

161 For a more extensive analysis of the legality of a regional carbon-
pricing measure in the maritime sector, see, for instance, Perez
Rodriguez (n 44) 27 ff; Hermeling et al (n 38) 46-48. For a debate
on the application of art XX GATT to the EU ETS in the aviation
sector, see Joshua Meltzer, ‘Climate Change and Trade: The EU
Aviation Directive and the WTO’ (2012) Journal of International
Economic Law 15, 111; Bartels (n 160).

162 United States - Prohibition of Imports of Tuna and Tuna Products
from Canada Report of the Panel adopted on 22 February (L/5198
- 29S/91) - (1982) para 4.6 ff.

163 United States - Standards for Reformulated and Conventional
Gasoline - Appellate Body Report WT/DS2/AB/R, (1996) paras
14-15.

164 With the rate based on the social cost of the contained emissions
of greenhouse gases and local pollutants.
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function legally even outside the jurisdiction of the
acting state by providing strong commercial incen-
tives for companies to supply the data voluntarily.
With regard to the environmental effectiveness of

the various measures, this article highlights that the
coverage provided by a holistic route cargo measure
is more strictly linked to the trade share of the im-
plementing state than in the case of the other mea-
sure. If implemented by countries with a large mar-
ket share of international trade, a holistic route car-
go measure could have substantial environmental ef-
fectiveness. Also, a holistic route cargo measure re-
stricts avoidance strategies more than a first/last ves-
sel measure or a time-based measure. The article
shows that avoidance strategies for a holistic route
cargo measure can be further reduced if the scheme
is designed to produce a ‘prisoner dilemma’-type
game.
Precisely due to these two main features, i.e. cov-

erage strictly linked to trade share and limited oppor-
tunities for avoidance, a holistic route cargo measure
implemented by a key player in international trade
may also create larger incentives to achieve a global
agreement than the other two measures. Empirical
research on this aspect is still needed.
Another major issue related to the implementa-

tion of carbon pricing in the international maritime
sector is its impact on the competitiveness of ship-
ping companies. The study has highlighted that the
tax incidence of carbon pricing would be more con-
centrated on shipping companies whose market
share increases the closer one approaches a region
that is implementing the measure under a first/last
vessel measure than under a holistic route cargo mea-
sure. Depending on the strength of the correlation
between the location of shipping company owner-
ship and the market share in the region where the
measure is implemented, a first/last vessel measure
may have greater effects on the competitiveness of
the implementing state’s domestic shipping compa-
nies than a holistic route cargo measure.
The study has highlighted that revenue sharing is

a more efficient way of reaching the distributional

principle of Common but Differentiated Responsi-
bilities and Respective Capabilities than cross-coun-
try differentiation of tax rates.
Connected to this distributional requirement, the

achievementofnonet incidence fordevelopingcoun-
tries would be more easily achievable if better data
on the incidence of the measure on trade between
different countries were available. This study argues
that a holistic cargo measure implemented bymeans
of a voluntary MRV system raises data on the inci-
dence of carbon pricing on different trade routes
more easily than the other two measures.
Lastly, the article has analysed the role of carbon

pricing in internal and territorial waters for the im-
plementation of a measure of greater scope. In par-
ticular, due to the more limited economic and legal
feasibility concerns linked to the implementation of
measures of this type, carbon pricing in these areas
canwork as a technology incubator. In addition, pric-
ing these emissions may reduce legal feasibility con-
cerns under the GATT, suggesting that these mea-
sures could be used to complement carbon-pricing
schemes that cover only emissions released further
offshore.
Overall, the analysis shows that a holistic cargo

measure has some positive features compared to the
first/last vessel measure and time-based measure, fea-
tures that in our view have so far been under-appre-
ciated in the academic and policy debates on carbon
pricing in the maritime sector. This is not to say that
a holistic cargo measure is always necessarily superi-
or to othermeasures based on the criteria considered
here. As highlighted throughout the text, the perfor-
mance of each measure depends on its specific fea-
tures, as well as on other factors (e.g. the state that is
implementing the measure). It is therefore difficult
tomake a general claim regarding the relative perfor-
mance of each measure in the abstract. Yet, we be-
lieve that, if a regional carbon-pricing scheme is to
be implemented, a holistic cargo measure should be
considered. It is possible that in some settings a holis-
tic cargo measure is the best performing type ofmea-
sure among those considered in this article.
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