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Abstract
Neither international treaties nor domestic policies control carbon dioxide (CO2) emissions from
international shipping. To enhance mitigation, a new multilateral mechanism could allocate these
emissions to national carbon budgets, where different options could be used based on the location
of industry actors and ships. We analyze five allocation options, showing that a clear majority of
CO2 emissions would be distributed to ten countries under each option; however, the top ten
countries vary across allocation options and the amount of CO2 emissions allotted to individual
countries could increase their carbon budgets thousand-fold or more. We further examine how the
different objectives, principles for decision-making, and geographical coverage of the United
Nations Framework Convention on Climate Change (UNFCCC) and the International Maritime
Organization influence the design and implementation of an allocation mechanism under each of
these two bodies. We find that the allocation mechanism that best meets criteria related to
effectiveness and equity would be one in which emissions are assigned to countries of ship owners,
and which operates under the UNFCCC.

1. Introduction

To meet the 2015 Paris Agreement’s goal to limit
global average temperature increases to well below
2◦C above pre-industrial levels, and to pursue efforts
to limit them to 1.5◦C, it is central that all human-
induced greenhouse gases (GHGs) are counted and
mitigated (Traut et al 2018). The 1992 United
Nations Framework Convention on Climate Change
(UNFCCC) stipulated that only domestic sources
of GHG emissions should be included in country-
based calculations of emission totals. The Intergov-
ernmental Panel on Climate Change in 1996 recom-
mended that carbon dioxide (CO2) emissions from
domestic shipping should be included in national
carbon budgets, while emissions from international
shipping should be reported separately (IPCC 1996).
The 1997 Kyoto Protocol obligated industrialized

countries to pursue limitation or reduction of GHGs
from marine bunker fuels, but it delegated fur-
ther discussion on CO2 emissions from international
shipping to the International Maritime Organiza-
tion (IMO). In the 2010s, international shipping was
responsible for approximately 2% of global annual
CO2 emissions (IMO 2020).

Despite over two decades of discussion, the IMO
has failed to design a strategy to appreciably reduce
CO2 emissions from international shipping. The IMO
initiated its first legal measures on CO2 emissions
in 2011 through amendments to Annex VI on air
pollution to the 1973 International Convention for
the Prevention of Pollution from Ships (MARPOL)
(Tanaka 2016, Kopela 2017). The 2011 amendments,
togetherwith further action in 2016, introducedman-
datory energy efficiency and fuel reporting measures
through the Energy Efficiency Design Index and the
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Ship Energy Management Plan, respectively (Lister
et al 2015). In 2018, the IMO adopted an initial
strategy on reducing GHG emissions from interna-
tional shipping with the goal that they should peak
as soon as possible, and be reduced by at least 50%
from 2008 levels by 2050, while pursuing efforts to
phase them out completely. Discussions are continu-
ing among IMO members, but existing measures are
not nearly enough to meet this goal (Doelle and
Chircop 2019). In the absence ofmore ambitiousmit-
igation, CO2 emissions from international shipping
may increase by up to 50% above 2018 levels by 2050
due to an expansion in maritime trade (IMO 2020).

International political debates and analyses about
how to address CO2 emissions from international
shipping date back to the 1990s (Oberthür 2003,
Anderson and Bows 2012, Hackmann 2012, Harrison
2013, Bows-Larkin 2015, Zhang 2016). One previ-
ously identified policy option is for the world’s coun-
tries to agree on a collective mechanism for allocating
these emissions to national carbon budgets, includ-
ing a mechanism that is based on the national loca-
tion of a particular shipping industry actor or a ship
(SBSTA 1996, Gilbert and Bows 2012, Shi and Gullett
2018). There are multiple actors who play different
roles in the shipping industry, and discussions of any
national allocation scheme for CO2 emissions from
international shipping are influenced by the fact that
these actors as well as ships are registered in coun-
tries all over the world (Poulsen et al 2021). There
is also a long history of complex and opaque own-
ership structures in the shipping industry (Harlaftis
2019). In addition, the national location of industry
actors and ship registrations can easily change over
time (DeSombre 2006).

Taking into consideration options outlined by a
UNFCCC subsidiary body in 1996 (SBSTA 1996),
a few previous studies have quantified outcomes of
allocation options based on the country location of
shipping industry actors and ships (den Elzen et al
2007, Faber et al 2009,Heitmann andKhalilian 2011).
Heitmann and Khalilian (2011) most recently calcu-
lated how much CO2 emissions would be added to
different countries and regions. Their analysis was
based on estimates of CO2 emissions for the year
2007 using assumptions about ship type and annual
average fuel consumption. Heitmann and Khalilian
carried out the analysis in the context of the Kyoto
Protocol (which required GHG reductions only from
industrialized countries) and the 2009 Copenhagen
Accord (which included participation also by some
developing countries). Based on their analysis, con-
sidering environmental and legal efficiency and bur-
den sharing relate to the Kyoto Protocol and the
Copenhagen Accord, Heitmann and Khalilian con-
cluded that CO2 emissions should be allocated to the
country of the ship operator.

Both the global institutional context and the avail-
ability of shipping data have changed since the earlier

quantitative studies were conducted. The Paris Agree-
ment introduced a flexible approach to country-
based mitigation of GHGs that includes participation
by all the world’s both industrialized and develop-
ing countries through their own nationally determ-
ined contributions (NDCs) (Falkner 2016, Romera
2016). All parties to the Paris Agreement are man-
dated to regularly update their NDCs with the intent
of increasing mitigation efforts and policy goals over
time. The changing nature of national sources of
GHG emissions also no longer reflects a strict divi-
sion between high-emitting industrialized countries
and low-emitting developing countries (but many
developing countries have relatively low per capita
emissions). In addition, previous analyses of national
allocation schemes were limited by data availabil-
ity on the national location of industry actors and
inventories of CO2 emissions from ships.

Here, we evaluate the implications of different
national allocation options for CO2 emissions from
international shipping.We use spatially-resolved data
based on detailed shipmovements for estimatingCO2

emissions. Further analysis using such data was called
for by Heitmann and Khalilian (2011). We use data
on ship movements and bunker fuel sales to cal-
culate outcomes related to five national allocation
options: (a) the country where the ship is flagged
(‘flag country’); (b) the country of the ship owner
(‘owner country’); (c) the country of the ship man-
ager (‘manager country’); (d) the country of the ship
operator (‘operator country’); and (e) the country
where bunker fuel is sold (‘bunker fuel country’).
Our results differ from earlier quantitative analyses,
including the one by Heitmann and Khalilian (2011)
calling for a national allocation scheme based on the
country-specific location of the ship operator. Taking
into consideration the Paris Agreement and effective-
ness and equity issues, we argue that CO2 emissions
from international shipping are most appropriately
allocated to the country of the ship owner. In addi-
tion, we propose that such an allocation scheme is
most appropriately designed and implemented under
the UNFCCC.

2. Methods

We use one set of data to calculate CO2 emissions for
the ‘flag country,’ ‘manager country,’ ‘owner country,’
and ‘operator country’ options and another set of
data to calculate CO2 emissions for the ‘bunker fuel
country’ option. Table 1 summarizes and defines the
five allocation options as well as lists the associated
data sources that we use for our analysis of each alloc-
ation option. All data are for year 2015. Figure 1 in
supplementalmaterials illustrates the data that we use
and our methodological approach.

For the allocation options of ‘flag country,’
‘manager country,’ ‘owner country,’ and ‘operator
country,’ we conduct a bottom-up estimation for CO2
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Table 1. Allocation options and data sources.

Allocation option Description Data source

Flag country The country where a ship is officially registered. A ship flies the flag of
the country where it is registered.

World Register of
Shipping from IHS
Maritime & Trade

Owner country The country where the entity that is the owner of the ship is legally
registered. The owner is defined as the asset owner, e.g. the entity
which ultimately benefits financially from the employment of the
vessel.

World Register of
Shipping from IHS
Maritime & Trade

Operator country The country where the entity that operates the ship is legally
registered. The operator is defined as the commercial decision maker
concerning the employment of the vessel and therefore decides how
and where that asset is employed.

World Register of
Shipping from IHS
Maritime & Trade

Manager country The country where the entity that manages the ship is legally
registered. The manager is defined as the entity who is responsible
for the daily running of a vessel. Management may be sub-contracted
to a third party or undertaken as an internal function by the owner or
operator.

World Register of
Shipping from IHS
Maritime & Trade

Bunker fuel country The country where a seller of marine bunker fuel is located. Bunker
fuel sellers are typically located near major ports.

International Energy
Agency

emissions using an integrated dataset of terrestrial
and satellite automatic identification system (AIS)
data along with a global-level ship parameter data-
base. We differentiate between ships used for interna-
tional shipping and domestic shipping based on their
geographical range, a distinction not explicitly made
in previous studies. We use our own ship emission
inventory model; a detailed description of this model
is provided by Zhang et al (2019). The ship activity
data that we use for emission estimates are collected
from the AIS dataset.

We use data on the country where a ship is
flagged as well as the national location of ship own-
ers, operators, andmanagers from theWorld Register
of Shipping (WRS) operated by IHS Maritime &
Trade. Industry structures of ship owners, operat-
ors, and managers can be complex (Poulsen et al
2021). Industry actors also sometimes look to main-
tain anonymity to avoid liabilities in instances of acci-
dents and spills. However, any allocation mechan-
ism based on the national registration of a ship or
an industry actor would likely use data from pub-
licly accessible sources such as theWRS.An individual
IMO number is required for all propelled interna-
tional sea-going merchant ships over 100 GT (IMO
2016), and we base our calculations and analysis on
the ships with an IMO number that are listed in the
WRS database.

To identify individual ships, we use terrestrial and
satellite AIS data that contain more than 896 million
rows of AIS records of global ship activity for 2015.
We assume that AIS signals are from the same ship if
they have identical static messages in the AIS database
related to the ship’s IMO number, maritime mobile
services identity, ship name, call sign, and ship type.
If a ship is reflagged during the year, we consider it
a different ship. Similarly, where any static messages
change during the year, we also count this as a new

ship. Identified in this way, there are a total of 433 940
ships in the AIS database for 2015, including 69 399
ships that are identified as having a valid and unique
IMO number.

We distinguish between domestic and interna-
tional voyages using AIS activity data and spatio-
temporal analysis to identify a ship’s geograph-
ical range. We use geographical shapefiles from the
Flanders Marine Institute (2014), which provides the
boundaries of the world’s countries and their exclus-
ive economic zones (EEZs). An AIS signal has spa-
tial messages of latitude and longitude and can be
associated with a specific country in the geograph-
ical dataset. If a ship has more than 95% AIS signals
located within only one country’s EEZ for the whole
year, we classify it as a domestic ship; otherwise, we
include it as a ship employed in international ship-
ping. In addition, we assume that the purpose of a
ship does not change over the year, but that it was
used exclusively for international or domestic ship-
ping. We categorize 44 304 IMO-identified ships as
engaged in international shipping, of which 44 103
ships have country information associated with their
owner, operator, manager, and flag state.

We calculate CO2 emissions as a function of
engine power demand, activity time, and emissions
factor. The engine power demand for propulsion
engines is based on engines’ maximum power, ships’
real-time speed, and ships’ design speed. The power
demand of auxiliary engines and auxiliary boilers
are determined according to their corresponding ship
class, ship capacity, and activity mode. Necessary
technical parameter data for ships such as engine
machinery details are available if the ship is listed in
the WRS database. For ships that could not be iden-
tified in the WRS database, we estimated their engine
specifications using the categorical regressionmethod
described in Zhang et al (2019). There is not always
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full coverage of AIS records per hour for ships. If a
ship has at least one AIS signal in a day, missing val-
ues of its speed and coordinates are interpolated to
an hourly frequency, using linear interpolation and
nearest neighbor methods, respectively. The inter-
polated data points represent 32% of total coverage
hours.

Of relevance to our calculations and analysis,
emission factors are associated with both ship engines
and local regulations. Ships with high-speed main
engines, and ships sailing within emissions control
areas (ECA) and among EU ports, are assumed to
use marine gas oil or marine diesel oil. Other ships
are assumed to use heavy fuel oil as default. Our
emission factors are consistent with those reported in
the IMO’s third GHG study (IMO 2015). The total
amount of CO2 emissions from international ship-
ping for 2015 were calculated at 690 million tonnes,
of which 656million tonnes are associated with IMO-
identified ships that could be allocated to national
carbon budgets under the ‘flag country,’ ‘manager
country,’ ‘owner country,’ and ‘operator country’
options.

For the ‘bunker fuel country’ allocation option,
we use data from the International Energy Agency
(IEA) that reports international maritime CO2 emis-
sions per country based on the calculated combus-
tion of the total volume of bunker fuel sold within
each country (IEA 2018). The total amount of CO2

emissions reported by the IEA for international mari-
time shipping was 662 million tonnes. We use this
total number to calculate additions to carbon budgets
under the ‘bunker fuel country’ allocation option.
This is close to, but not identical to, the 656 mil-
lion tonnes of CO2 emissions that we use for the
‘flag country,’ ‘manager country,’ ‘owner country,’
and ‘operator country’ allocation options.

To calculate changes to national carbon budgets
as well as the EU’s carbon budget, we use national
CO2 emissions data for 2015 excluding land-use
change from the Global Carbon Budget 2018 (Ritchie
and Roser 2019). To align data sets with each other
and with the list of UNFCCC parties, we com-
bined some territories with countries (see table
1 in supplementary materials (available online at
stacks.iop.org/ERL/16/045009/mmedia)). Most of
these involve overseas territories of European coun-
tries. The EU data and calculations include the cur-
rent 27 member states. There were 28 EU members
in 2015, but we exclude the United Kingdom, which
left the EU in 2020, as our focus is on implications of
future allocations. We first calculate the total amount
of CO2 emissions from international shipping that
would be allocated to the carbon budgets of indi-
vidual countries and the EU under each of the five
allocation options. Next, we calculate the percentage
increase to these carbon budgets when adding the
CO2 emissions from international shipping under
each allocation option.

3. Results

We present our results in three steps. First, we
outline findings from our quantitative analysis on
how national allocation of CO2 emissions from
international shipping influences national carbon
budgets in different ways under the five alloca-
tion options. Second, we detail how the operations
of the UNFCCC and the Paris Agreement versus
the IMO influence the development of a global
approach to a country-based allocation scheme,
focusing on their objectives, principles for decision-
making, and geographical coverage. Third, we explore
how effectiveness and equity issues are import-
ant to the design of a national allocation scheme
under the Paris Agreement model of climate change
mitigation.

3.1. National allocations and differences
International shippingmoves many different kinds of
goods across countries and regions. Figure 1 shows
major shipping routes as well as their CO2 emission
intensity, derived from global ship movements based
on AIS data. If these CO2 emissions were allocated
to individual countries, different allocation options
would have varying implications for how much CO2

emissions would be transferred to countries’ car-
bon budgets. We calculate the additional CO2 added
to national carbon budgets under the ‘flag country,’
‘owner country,’ ‘manager country,’ ‘operator coun-
try,’ and ‘bunker fuel country’ allocation options.
We do the same calculations for the EU-27. In this
section, we first discuss the total amounts of CO2

added to countries’ carbon budgets under each alloc-
ation option. We then examine percentage changes
to national carbon budgets under each allocation
option. Full results for all countries are provided as
supplementary data.

3.1.1. Total amount of CO2 emissions allocation
by country
All allocation options would distribute a majority
of CO2 emissions to a small number of countries.
Table 2 shows the 20 countries which have the largest
total amounts of CO2 emissions added to their car-
bon budgets under each allocation option (which
we refer to below as the countries with the largest
allocations) as well as the EU. The top ten countries
would be allocated between 69% and 75% of total
CO2 emissions for all five options, and the top 20
countries would be allocated between 88% and 90%
of CO2 emissions. Figure 2 shows the percent of the
total amount of CO2 emissions that would be alloc-
ated to the top ten countries, the next ten countries,
and all other countries under each allocation option.
For three of the allocation options (‘owner country,’
‘operator country,’ and ‘manager country’) members
of the Organization for Economic Co-operation and
Development (OECD) would be allocated more than
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Figure 1. Global CO2 emissions from international maritime shipping routes in 2015.

Figure 2. Relative allocation of the total amount of CO2 emissions to the top ten countries, the next ten countries, and all other
countries under each allocation option.

70% of CO2 emissions, and for the other two options
(‘bunker fuel country’ and ‘flag country’) non-OECD
countries are allocated more than 60%. Figure 3
shows the relative percentage of CO2 emissions that
would be allocated to members of the OECD versus
non-OECD members for all allocation options.

A total of 35 countries are in the top 20 for
the total amount of allocated CO2 emissions across
the five allocation options. Eighteen of these coun-
tries are OECD member states (see also table 1 in
supplemental materials). The EU and nine coun-
tries are among the top 20 in all five (China, Ger-
many, Greece, Italy, Japan, Singapore, South Korea,
United Kingdom, and the United States). Five coun-
tries are among those with the largest allocations in

four different options (Belgium, Denmark, Nether-
lands, Norway, and Russia). Five others are among the
largest for three different allocation options (France,
Switzerland, Chinese Taipei, Turkey, and the United
Arab Emirates). Three countries are among the
largest in two different allocation options (Cyprus,
Panama, and Sweden), while 13 countries are in the
top 20 under only one allocation option (Antigua
and Barbuda, Bahamas, Brazil, Canada, Iran, Liberia,
Malta, Marshall Islands, Portugal, Qatar, Saudi
Arabia, South Africa, and Spain).

The 35 countries that are that in the top 20
for the total amount of allocated CO2 emissions
in at least one of the five allocation options are
spread across the world’s regions, but not evenly. In
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Figure 3. Percentage of CO2 emissions that would be allocated to members of the OECD members versus non-OECD members
for all allocation options.

particular, European countries are overrepresented.
Sixteen of the 35 countries are located in Europe
(Belgium, Cyprus, Denmark, France, Germany,
Greece, Italy, Malta, Monaco, Netherlands, Norway,
Portugal, Spain, Sweden, Switzerland, and the United
Kingdom), and 12 of those countries are EU mem-
bers. Ten of the countries are located in Asia and
the Middle East (China, Chinese Taipei, Iran, Japan,
Qatar, Saudi Arabia, Singapore, South Korea, Turkey,
and the United Arab Emirates). Six of the countries
are located in the Americas (Antigua and Barbuda,
Bahamas, Brazil, Canada, Panama, and the United
States). Of the remaining four countries, two are
located in Africa (Liberia and South Africa), one in
Oceania (Marshall Islands), and the other is Russia.

3.1.2. Percentage changes to carbon budgets
The carbon budgets of many countries that are in
the top 20 of total allocation under all five options
would change only modestly. Table 3 shows the coun-
tries that have the largest percentage increases to
their carbon budgets under each allocation option
together with the percentage increase to the EU’s car-
bon budget.

The world’s two largest country emitters of GHG
emissions from domestic sources—China and the
United States—would see less than 1% increases to
their carbon budgets across all five allocation options.
Four other countries in the top 20 for total allocation
under all five options would also only see single-digit
increases to their carbon budgets. South Korea would
see a 1%–6% increase and Japan a 1%–7% increase.
Italy and Germany would see 3%–4% and 1%–9%
increases in their carbon budgets, respectively. The
EU’s carbon budget would increase by between 4%
and 8%. In addition, the United Kingdom would see

its national carbon budget increase in the range of
4%–10%.

Other countries’ carbon budgets would see fur-
ther increases under some allocation options. The
other two countries in the top 20 for total allocation
under all five options—Greece and Singapore—could
see an increase of up to 108% and 232%, respectively.
The largest percentage increases in national carbon
budgets occur under the ‘flag country’ option where
the Marshall Islands would see a 51 203% increase,
followed by Liberia (8143%), Tuvalu (2450%), Malta
(2061%) Antigua and Barbuda (1798%), Bahamas
(1388%), Panama (1234%), Vanuatu (792%),
St. Vincent and the Grenadines (743%), Kiribati
(600%), Niue (370%), and St. Kitts and Nevis
(276%). Two of these countries would also see major
increases to their carbon budgets under other alloc-
ation options. The Marshall Islands’ carbon budget
would increase by 610% under the ‘owner country’
option and by nearly 400% under both the ‘operator
country’ and the ‘manager country’ options. Under
the ‘bunker fuel country’ option, Panama’s carbon
budget would increase by 121%.

Another 20 countries would see at least a 50%
increase to their carbon budgets under one or more
allocation options. Seven of these are located in Latin
America and the Caribbean (Antigua and Barbuda,
Bahamas, Belize, Dominica, Panama, Saint Kitts
and Nevis, and Saint Vincent and the Grenadines).
Six countries are small island states in the Pacific
(Kiribati, Marshall Islands, Niue, Palau, Tuvalu, and
Vanuatu), five are European countries (Cyprus, Den-
mark, Malta, Norway, and Switzerland), and two
countries are in Africa (Comoros and Liberia).
An additional six European countries (Belgium,
Iceland, Latvia, Luxembourg, Portugal, and Sweden),
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five African countries (Gabon, Mauritius, Togo,
Seychelles, and Sierra Leone), three Middle Eastern
and Asian countries (Cambodia, Chinese Taipei and
the United Arab Emirates), and one small Pacific
island state (Samoa) would receive between a 10%
and 49% increase to their carbon budgets under at
least one allocation option.

3.2. Developing a global approach
International maritime shipping and trade are central
to the global economy and to advancing human well-
being (UNCTAD 2017), but it is important to expand
efforts to control CO2 emissions from international
shipping. Given the lack of progress to reduce CO2

emissions from international shipping, together with
an absence of substantive IMO measures to meet the
GHG reduction goals under the 2018 strategy (Doelle
and Chircop 2019), there is a need to develop a more
comprehensive global approach. Here we examine
how differences in three important factors related to
theUNFCCCand the IMO—the twomultilateral fora
most central to debates on how to address CO2 emis-
sions from international shipping (Hackmann 2012,
Shi and Gullett 2018)—shape efforts to develop a
global approach for country-based allocation of CO2

emissions. These three factors are the objectives, prin-
ciples for decision-making, and geographical cover-
age of the UNFCCC and the IMO.

With respect to their objectives, the UNFCCC
has an explicit focus on addressing GHGs while the
IMO has a more multifaceted agenda. The objective
of the UNFCCC centers on stabilizing atmospheric
GHG concentrations. This goal is further developed
in the Paris Agreement’s temperature goals, andmore
ambitious climate change mitigation is central to
the periodic review mechanism of each party’s NDC
under the Paris Agreement (Falkner 2016). In con-
trast, the IMO is tasked to integrate objectives to
facilitate international shipping and ensure maritime
safety and efficiency of navigation with controlling
pollution from ships. The Conference of the Parties to
the UNFCCC has a more explicit and singular man-
date to prioritize the development of a stronger legal
framework for reducing CO2 emissions from interna-
tional shipping than the IMO Assembly. Addressing
the issue of CO2 emissions from international ship-
ping under the UNFCCC process, with the IMO as a
partner organization, could help ensure a more sus-
tained focus on counting and mitigating those CO2

emissions moving forward.
Designing a national allocation scheme under the

UNFCCC would send an important political signal
that efforts to reduce CO2 emissions from interna-
tional shipping is addressed in a global forum dedic-
ated to climate change mitigation. This would not be
an easy political process, as shown by earlier debates
in the IMO. Shortly after the adoption of the Paris
Agreement, a group of European and African coun-
tries together with some small island states argued

that IMO members needed to take tangible steps to
define the shipping sector’s ‘fair share’ to the interna-
tional community’s efforts to curb global GHG emis-
sions in line with the Paris Agreement (King 2016).
The EU is also stepping up its regional efforts, includ-
ing by moving to add CO2 emissions from shipping
to its Emissions Trading System. In contrast, some
major emerging economies including China, Brazil,
and India as well as the United States rejected the
idea of setting GHG reduction targets for interna-
tional shipping. These countries instead insisted that
IMO only focus on energy efficiency and data collec-
tion measures, arguing that the Paris Agreement did
not cover international transport (Darby 2016, King
2016).

Principles for decision-making in the IMO and
the UNFCCC differ primarily in their treatment
of differentiation of national responsibilities (Wang
2010, Zhang 2016). Equal treatment of all members
is a core principle for decision-making in the IMO.
In comparison, the UNFCCC principle of common
but differentiated responsibilities, which allows for
variations in national contributions to climate change
mitigation, provides a more flexible basis for nego-
tiating a collective approach where obligations may
not necessarily be uniform across all countries. This is
consistent with language in the Paris Agreement that
all parties shall pursue domestic mitigation meas-
ures, but that developed countries should continue
taking the lead. Parties to the Paris Agreement are
also free to determine their own approaches to GHG
mitigation under their NDCs. Some differentiation
of national responsibilities in absorbing and address-
ing CO2 emissions from international shipping will
likely be important to reaching broad agreement on
the design and implementation of a durable global
approach.

The broader geographical coverage of the
UNFCCC than that of the IMO, with 195 UNFCCC
country parties compared to 174 IMOmember states,
is important to limit free-riding (Hackmann 2012).
The EU is also a UNFCCC party but not an IMO
member. The UNFCCC parties that are not IMO
members are Afghanistan, Andorra, Bhutan, Burk-
ina Faso, Burundi, Central African Republic, Chad,
Eswatini, Kyrgyzstan, Lao, Lesotho, Lichtenstein,
Mali, Micronesia, Niger, Niue, Rwanda, South Sudan,
State of Palestine, Tajikistan, and Uzbekistan. None
one of these are in the top 20 of the total allocation,
and only one of these countries could see a large per-
centage increase to the national carbon budget (Niue,
under the ‘flag country’ option). Risks of free-riding
stem from the fact that the location of the owner,
operator, and manager as well as a ship’s flag coun-
try can be moved from one national jurisdiction to
another to avoid controls (DeSombre 2006). Thus,
a globally designed scheme for national allocation
would benefit from the largest possible participation
of countries and the EU.
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A global approach under the UNFCCC for count-
ing and addressing CO2 emissions from international
shipping would establish the broadest possible frame-
work for a system of national allocation. Shipping
industry actors often oppose new mandates, but typ-
ically prefer regulations at the global level rather than
having to navigate a patchwork of different regional
and local standards and controls (Lister et al 2015).
Policy consistency is also important for efficient ship-
ping operations (Zhang et al 2018). National alloc-
ation would create a stronger incentive for national
governments to work more actively with shipping
industry actors to reduce CO2 emissions frommarine
transport. This may involve the design of a combina-
tion of further regulatory, technical, and/or economic
measures to advance mitigation. If a greater focus
on reducing CO2 emissions from international ship-
ping results in industry-based emission cuts, fewer
emissions from this sector would then be allocated to
national carbon budgets over time. This would help
countries meet national and regional emission targets
included in NDCs while ensuring that the interna-
tional shipping sector contributes more to collective
efforts to meet the temperature goals included in the
Paris Agreement.

3.3. Effectiveness and equity
Issues of effectiveness and equity are central to inter-
national climate change debates (Zenghelis 2017). A
national allocation scheme for CO2 emissions from
international shipping requires broad participation
to be effective. Yet, countries often pursue negoti-
ation strategies that aim to limit their own oblig-
ations while increasing those of others; this beha-
vior has influenced past discussions about how to
address CO2 emissions from international shipping
(van Renssen 2012, Bows-Larkin 2015). Countries
that would see large changes in the amount of CO2

emissions added to their carbon budgets under dif-
ferent allocation options may prefer an option that
gives them a comparatively smaller increase. This is
also the case for individual EU member states as the
EU as a whole would need to decide which alloca-
tion option to support. At the same time, some coun-
tries and industry actors are more able than oth-
ers to drive a process toward reduced CO2 emis-
sions from international shipping in terms of shoul-
dering burdens and helping to drive technological
change.

Most of the top 20 countries for the total amount
of CO2 emissions allocated under the three options
of ‘owner country,’ ‘operator country,’ and ‘man-
ager country’ are wealthier OECD countries that can
help lead politically on designing and implementing
a national allocation scheme. It is relatively common
that entities that are listed as ship owner, operator and
manager are headquartered in the same country—
according to WRS data, 74% of all ships that are

deployed in international shipping are owned, oper-
ated, and managed by entities that are located in the
same country (and some may be part of the same
company). Of the ships that are owned, operated,
and managed by entities from the same country,
most of these entities are located in China, followed
by Greece, Japan, Germany, and Singapore. These
ships are responsible for 61% of CO2 emissions from
international shipping. Across these three allocation
options, there is an average increase in carbon budgets
of 18%–26% for the top 20 countries. Yet, some of the
top 20 countries are smaller countries including the
Marshall Islands that would see significant percent-
age increases to their carbon budgets.

Ship owners, who are mainly registered in OECD
countries, have the capacity to introduce the tech-
nological improvements to ships that are at present
the main way in which CO2 emissions reductions
from this sector could occur. The typical commer-
cial lifespan for a ship is 25 years (Lister et al 2015).
Because the ship owner makes decisions on ship pur-
chasing and technology upgrades, the owner has a rel-
atively large role to play in determining the carbon
footprint of the industry by altering emissions factors.
Reducing CO2 emissions from shipping will to a large
extent depend on the development and application
of new technology and fuels, including more efficient
engines and ships that eventually can run on zero-
carbon energy. There currently is no readily avail-
able fuel option that could significantly reduce CO2

emissions without worsening other environmental
impacts (Gilbert et al 2018). In addition, private sec-
tor efforts like the Poseidon Principles, where major
financial institutions are looking to align their ship
finance portfolios with CO2 emission reduction goals
and the Paris Agreement, engage with ship owners
(Rebelo 2020).

The ship operator and the ship manager are two
other categories of shipping industry actors who are
predominantly located inOECD countries andwhose
varying decisions impact CO2 emissions from indi-
vidual ships. The ship operator decides on opera-
tional issues including the routing of a ship, as the
more and longer a ship sails the more CO2 emis-
sions it emits. The ship manager is responsible for
the day to day running of a ship, including determ-
ining ship speeds and the purchasing of fuel oils;
both of these decisions influence the amount of CO2

emissions coming from an individual ship. However,
decisions by the ship operator and the ship manager
are less impactful for achieving large-scale CO2 emis-
sion reductions than the capital investment decisions
in engine upgrades and the purchasing of new vessels
made by ship owners. This makes the ship operator
and manager less able than the ship owners to drive
an industry wide transition to zero CO2 emissions.

A national allocation scheme based on the
‘bunker fuel country’—similar to the alloca-
tion options based on ship owner, operator, and

10



Environ. Res. Lett. 16 (2021) 045009 H Selin et al

Figure 4. CO2 reallocation between ship owner countries and flag states. Left column shows CO2 allocations for top ten countries
of ship owners; right column shows the amount of CO2 emissions which would be reallocated to each flag state.

manager—would transfer CO2 emissions to the
carbon budgets of countries where profit-making
firms are registered. Unlike the allocation options
focused on ship owners, operators, or managers, only
a minority of CO2 emissions would be allocated to
OECD members under the ‘bunker fuel country’
option (see also figure 3). The firms selling bunker
fuel also do not control decisions on engine per-
formance standards, shipping routes, and ship speeds
that directly affect levels of CO2 emissions. This gives
bunker fuel sellers less influence over a transition
towards reduced CO2 emissions than actors who are
connected to specific ships, especially the owners.

Under the ‘bunker fuel country’ option, the average
percent increase in carbon budgets for the top 20
countries is 24%, but a few smaller countries, espe-
ciallyMalta, Singapore, and Panama, would seemuch
larger percentage increases to their carbon budgets.

Allocating CO2 emissions from international
shipping based on the ‘flag country’ option is the
option that puts the most burden on the carbon
budgets of non-OECD members, including several
smaller developing countries (see also figure 3).
Under international law as well as IMO rules, the
flag country is legally responsible for ensuring that
a ship meets all relevant domestic and international
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standards. However, many of the major flag coun-
tries, both individually and collectively, lack the polit-
ical power to lead a global change towards greater
mitigation of CO2 emissions from international ship-
ping. The design of a comprehensive approach to
reducing CO2 emission from international shipping
ultimately requires broad participation and support
from all politically influential countries that are
engaged in, and benefit economically from, interna-
tional maritime transport and trade. Under the ‘flag
country’ option, there is an average increase of 3310%
to the carbon budgets of the top 20 countries, with the
Marshall Islands seeing an increase of 51 203% to its
carbon budget.

The fact that some ships that are owned by entit-
ies that are located in industrialized countries are
flagged in small island states flying a flag of conveni-
ence raises important equity issues when consider-
ing allocation based on the ‘flag country’ option. An
allocation scheme based on the ‘flag country’ option
would put a relatively large burden on smaller coun-
tries while the income made by ship owners goes to
entities in industrialized countries. Figure 4 shows
howCO2 emissions allocated to the top-ranked coun-
tries under the ‘flag country’ option comes from ships
owned by entities located in countries that rank high
under the ‘ship owner’ option. For example, 62% of
CO2 emissions from Japanese-owned ships are alloc-
ated to Panama under the ‘flag country’ option, and
44% of all CO2 emissions from Panama-flagged ships
come from Japanese-owned ships. Many ships owned
by entities registered in Greece and Germany are also
flagged in smaller countries. One exception, however,
is China: 72% of emissions assigned to China under
the ‘flag country’ option are from Chinese-owned
ships.

Countries with larger carbon budgets are better
positioned in the short term to further reduce CO2

emissions from other sources to compensate for the
emissions allocated from international shipping in
the next few decades while still meeting national and
regional emission reduction targets (with the goal
of eventually reaching net-zero emissions). Increased
mitigation in other domestic sectors is much less of
a realistic option for smaller countries that would
experience large percentage changes in their national
carbon budgets, and it would be virtually impossible
for some countries (especially under the ‘flag coun-
try’ option). For countries that would see very large
percentage changes to their carbon budgets, the only
realistic option is purchasing carbon offsets—this
issue relates to the intense debate about the desirab-
ility and effectiveness of using carbon offsets in cli-
mate change mitigation (Greene and Facanha 2019).
Many of the small countries thatwould experience the
largest percentage increases to their national carbon
budgets would need political and economic support
from the international community.

Our analysis focuses on national allocation
options involving the location of ship owners, man-
agers, operators, and bunker fuel sellers as well as the
flag country, but other industry actors could also play
a role inmitigating CO2. This includes ship charterers
as cargo owners who benefit from having their goods
sold in other countries (Poulsen et al 2021). Cargo
owners can influence the shipping industry by, for
example, demanding that their goods are transported
on themost direct route and/or by low emitting ships.
We do not include ship charterers in our analysis for
twomain reasons. First, there are no global-scale data
on owners of all goods that are shipped or the cargo of
each ship. Second, a national allocation scheme based
on the location of cargo owners would involve an
extremely large number of actors, making the design
and implementation of such an allocation scheme
infeasible at the present time. In addition, billions of
consumers benefit from international shipping-based
trade. The CO2 emissions from production and con-
sumption of goods are more easily addressed through
other policy measures, including carbon pricing.

4. Conclusions

Our analysis contributes to the study and debate
about how to further address CO2 emissions from
international shipping. Using a unique data set on
ship movements as well as data on bunker fuel
sales, we show that the creation and implementa-
tion of a national allocation scheme for CO2 emis-
sions from international shipping based on the alloc-
ation options of the ‘flag country,’ ‘owner country,’
‘manager country,’ ‘operator country,’ and ‘bunker
fuel country’ would result in a concentrated distri-
bution of emissions to a small number of the world’s
countries. A majority of CO2 emissions, up to 75%,
would be allocated to only ten countries under each
of the five allocation options. There would, however,
be major differences in percentage changes to sev-
eral countries’ carbon budgets across the allocation
options. In particular, the carbon budgets of some
small island states in the Pacific and the Caribbean
would receive very different amounts of CO2 emis-
sions under different allocation options, as their car-
bon budgets in some instances would increase by up
to factors of tens of thousands. This is especially the
case under the ‘flag country’ allocation option.

Based on our analysis of the objectives, prin-
ciples for decision-making, and geographical cov-
erage of the UNFCCC and the IMO, we conclude
that there are strong reasons to move at least some
debate and policy-making powers on how to further
address CO2 emissions from international shipping
from the IMO back to the UNFCCC, including
the creation of a national allocation scheme. The
UNFCCC has a clear mandate to advance GHG mit-
igation, and the approach of NDCs embedded in the
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Paris Agreement provides an institutional basis for
expanded country-based mitigation over time. The
UNFCCC and Paris Agreement’s NDCs also allow for
a greater differentiation in national measures than
under IMO, providing important flexibility in creat-
ing and implementing a national allocation scheme.
In addition, the larger membership of the UNFCCC
compared with the IMO makes it a better global
forum for reducing risks of free riding by industry act-
ors re-locating to national jurisdictions outside of a
national allocation scheme.

Any decision on the design of a national alloca-
tion schememust carefully consider effectiveness and
equity issues. In the global institutional context of
the Paris Agreement, we argue that the creation of
a national allocation scheme based on the ‘owner
country’ option is the option that bestmeets effective-
ness and equity criteria. Ship owners, as asset owners,
are the industry actors that through their purchasing
and investment decisions are best positioned to lead
the transition of theworld’s shipping fleet to zeroCO2

emissions. Under the ‘owner country’ option, most
CO2 emissions would be allocated to national car-
bon budgets of industrialized countries. Two coun-
tries would see increases of over 100%, while 11
countries would see increases between 23% and 79%.
Thus, also under this allocation option, some coun-
tries would struggle to make up for these additions
by increasing mitigation from domestic emissions
sources until zero-carbon fuels are available. Yet, an
‘owner country’ based allocation scheme would cre-
ate stronger incentives for countries and ship own-
ers to undertake more comprehensive mitigation
efforts.

The relative contribution of international ship-
ping to global annual CO2 emissions may grow in
the future if GHGs are more aggressively reduced in
other economic sectors than in the shipping industry.
National allocation is one option that would include
CO2 emissions from international shipping in car-
bon budgets and would create stronger incentives
for countries and industry actors to reduce these
emissions. Reaching consensus among all UNFCCC
parties on the creation of a national allocation scheme
of CO2 emissions based on the ‘ship owner’ option,
or any other allocation option, may be politically
difficult, as parties have different political and eco-
nomic interests related to international shipping
and trade. However, the importance of addressing
all CO2 emissions sources in order to meet the
Paris Agreement’s goals reinforces the necessity of
new and more ambitious measures to accelerate the
reduction of CO2 emissions from international ship-
ping. A national allocation scheme based on the
country-specific location of registered ship owners
provides a potential mechanism for meeting these
goals.
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