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Carbon Tax in the Shipping Sector: Assessing Economic and

Environmental Impacts

Paula Pereda, Andrea Lucchesi, Thais Diniz Oliveira and RayanWolf

Abstract

We discuss the impact of a carbon tax on the maritime transport sector, which is responsible
for approximately 3% of global emissions. The International Maritime Organization (IMO) has
set long-term targets to reduce carbon intensity and achieve carbon neutrality, but the impact
of the policies to achieve those targets on the global and local economies must be assessed. We
use a global and multi-region Computable General Equilibrium (CGE) model - Global Trade
Analysis Project Energy-Environmental augmented version (GTAP-E) – to evaluate the
environmental and economic effectiveness of a carbon tax of $50/tCO2e on international
shipping. GTAP-E does not provide emissions data by transportmode and accurately estimating
emissions is crucial to proposing a carbon pricing measure. Therefore, we have applied
machine-learning techniques to predict the share of international trade transported by sea by
sector, origin and destination countries and calculate ship emissions for each bilateral flow by
sector. The findings indicate that while the tax considerably reduced emissions from ships, it
also had a negative impact on exports and resulted in mixed impacts on GDP, exacerbating
existing inequalities across different regions. Our analysis highlights the importance of
considering various economic and social variables in impact assessments to identify potential
trade-offs and synergies between policy objectives.

1. INTRODUCTION

The IPCC has reported that human activities have already caused a 1°C increase in global

average temperature due to greenhouse gas emissions (IPCC, 2018). The maritime transport

sector is responsible for almost 3% of global emissions, comparable to emissions from

countries such as Germany and Japan (IMO, 2018; OECD, 2019). To reduce emissions, the

International Maritime Organization (IMO) adopted an initial strategy in 2018, which includes

reducing carbon intensity by 40% in 2030 and 70% in 2050 (compared to 2008 levels), and

achieving carbon neutrality by 2050 (IMO, 2018). However, adhering to these goals may affect

the local and international economy, which must be evaluated and quantified. The IMO has

approved a procedure to assess the impacts of candidate mitigationmeasures, but no academic

literature has undergone studies evaluating market-based measures to date.
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To fill this gap, we evaluate the environmental and economic effectiveness of the application of

a carbon tax to international shipping at a rate of US$ 50/tCO2e1. We employ an energy–

environmental version of the Global Trade Analysis Project model (GTAP-E). Our study

encompassed all direct and indirect impacts on countries’ exports, GDP, maritime transport

costs, and maritime emissions. The database includes 2014 information on 141 countries or

regions of worldwide coverage, and 65 production sectors, disaggregated at a high level to

report results for all potential participants under IMO Governance.

The model assumes competitive markets and constant returns to scale technology and

describes the domestic economy for each region. However, as GTAP-E database does not

provide information on carbon emissions from ships; therefore, we estimate emissions

associated with international shipping. To do that, we first estimate a machine-learning model

using data from Cristea et al. (2013) and bilateral trade flows by commodity from UN

COMTRADE to predict the transportmode shares of international trade in 2014. Second, we use

several datasets, such as shipping distance from Seadistances.org and ship characteristics per

bilateral trade flow and sector, to calculate emissions by origin-destination and sector pairs.

As GTAP provides data on shipping costs per transport mode, we use these data combined with

the estimated emissions as the basis for the carbon tax shock. Therefore, a carbon tax is

modeled by alteringmaritime transport costs. In this way, the carbon tax implemented changes

in relative transport prices, following Lee et al. (2013).

Our results indicate that implementing the carbon tax has led to a reduction of 7% in global

emissions from international shipping. However, it has also had a negative impact of 0.20% on

global exports. The impact on exports is also very heterogeneous by region, being the global

south countries themost negatively affected ones. After accounting for substitution effects from

price changes in themodel, we find that certain regions experienced positive GDP impactswhile

others suffered negative impacts. For instance, if we exclude the OECD’s member countries, the

effect of the proposed carbon tax will be a decrease of 0.13% in GDP. The most penalized

regions are in Africa, South America, and the former Soviet Union.

The use of global computable general equilibrium (CGE) models, such as GTAP or GTAP-E

extended model, has become popular for analyzing the potential impacts of climate policies on

1 Based on the Social Cost of Carbon, calculated to 2020 considering the discount rate of 3% per year (InteragencyWorking

Group on Social Cost of Greenhouse Gases –White House (2021)).
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international trade and global economic activity. As noted by Hertel (1997), the GTAP model is

a widely recognized and transparent tool for conducting economic analysis in the context of

climate change policies. Furthermore, the ability of CGE models to capture the general

equilibrium effects of policy changes, including the substitution effects due to changes in

relative prices, is a key feature for comprehensive impact analysis (Babatunde et al., 2017). This

is particularly relevant in the case of climate policy, where changes in the relative prices of

goods and services can significantly impact the competitiveness of industries and the welfare

of households in different countries and sectors.

In this sense, the use of theGTAP-Emodel in this study allowed for a global and sectoral analysis

of the potential impacts of a maritime carbon tax, providing results for 141 countries/regions

and several sectors of the economy. The study also highlights the importance of considering a

wide range of economic and social variables in impact assessments, which can help to identify

potential trade-offs and synergies between different policy objectives (Babatunde et al., 2017).

Overall, this study presents a comprehensive approach to impact analysis that can provide

valuable insights for policymakers and stakeholders in designing and implementing effective

climate policies that address the global challenge of reducing greenhouse gas (GHG) emissions

while promoting sustainable economic growth and development. Its main scientific

contribution is to provide empirical evidence of the economy-wide impacts of a carbon tax on

international shipping across regions using a CGEmodel, accounting for all bilateral trade flows

and associated maritime emissions.

The remainder of this paper is organized as follows. Section 2 presents the institutional

background regarding the carbon pricing mechanisms and details the discussion at the

maritime authority. In Section 3, we provide details on the method and data used to calculate

emissions, the carbon tax shock and the impacts on the global economy. Section 4 describes the

data. The results are presented and discussed in Section 5. Section 6 concludes.

2. CARBON PRICING MECHANISMS

2.1 CARBON PRICING ACROSS THE GLOBE

Carbon pricing mechanism, or market-based mechanisms (MBMs), have gained attention as

economic instruments to internalize the external costs of GHG emissions and incentivize
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investment in energy-saving technologies and alternative fuels (Psaraftis and Kontovas, 2020;

Christodoulou et al., 2021). MBMs offer flexibility compared to command-and-control

approaches (Nordhaus, 2008; Lagouvardou et al., 2020).

Besides being a way to transit towards a low-carbon economy and reduce emissions, carbon

pricing faces challenges such as the free-rider problem in international cooperation, equity

concerns for low-income groups, and the impact of global events on energy prices

(Schmalensee and Stavins, 2015; Edenhofer et al., 2015). Therefore, its implementation might

be accompanied by a complete impact assessment on environmental, economic, and social

variables.

The most up-to-date report of the World Bank (The World Bank, 2022) outlines the existence

of 37 carbon taxes and 34 emission trading schemes (ETS) initiatives implemented, and three

more are scheduled for implementation (Washington state, Indonesia, and Austria). Figure 1

illustrates the global pricing status as of 2022.

Figure 1: Map of Carbon Taxes and ETSsWorldwide

Source: The World Bank (2022).

Figure 1 shows that countries in all regions are establishing a price on carbon as a central

component of their efforts to reduce emissions, with different scopes. Yet, the global coverage
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remains limited, representing approximately 23% of total GHG emissions (The World Bank,

2022).Moreover, the average global carbon price in these initiatives is US$2.48/tCO2 (in 2020),

much lower than the 2020 US$ 51/tCO2 (3% discount rate) reference global Social Cost of

Carbon (SCC) calculated by the Interagency Working Group on Social Cost of Carbon (IWG,

2021) and commonly utilized in climate change studies. (Figure 2). SCC is estimated by

integrated assessment models (such as DICE2, developed by Nordhaus 2014, 2017, 2019) and

can be defined as the monetary value of the incremental global damage (agricultural

productivity, human health, increased risk of flooding, damage to ecosystem services, among

others) resulting from the emission of an additional ton of CO2 into the atmosphere in a given

year. In this sense, Figure 2 shows that carbon pricing policies remain modest and less

ambitious than they could be.

Figure 2: Average Global Carbon Price (US$/tCO2)

Source: The World Bank (2020) and IWG (2021), considering the discount rate of 3% per year.

2.2 CARBON PRICING IN THEMARITIME CONTEXT

The scientific literature on MBMs examines various options for reducing emissions from

international shipping. Many papers in the literature advocate the use of carbon pricing

revenues to boost research and development (R&D) and technology deployment (Psaraftis and

Lagouvardou, 2019) and help close the competitiveness gap while enabling an equitable

transition (Baresic et al., 2022).

2 Dynamic Integrated Climate and Economy.
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The maritime sector can opt to price its carbon content through a tax or levy on the fuel3, or an

ETS (Dominioni et al., 2018). Subsidies4 also fit into the MBM category (Baresic et al, 2022).

Although several variants of a levy are possible, a large body of research refers to the bunker

levy as themost suitable instrument to curb ship emissions (Psaraftis, 2019). More specifically,

it centers the discussion on the comparison between a bunker levy and an ETS, giving a clear

preference for these two MBM proposals (Psaraftis and Lagouvardou, 2019).

A bunker levy system is a fixed-price approach that implies taxing fuel consumption on-board

of vessels. Hence, emissions are priced upstream (at the point of sale to the ship) according to

the carbon content of that fuel. On the other hand, an ETS sets a cap on emissions and the price

of emissions allowances is determined by the market. An ETS is based on the economic idea of

“cap-and-trade”, where regulated actors choose how to adjust to themitigation target (cap) and

the trading enables the emitter to reduce emissions in the most cost-effective way, generating

economic efficiencies (Oliveira et al, 2021).

In the case of ETS, the environmental outcome is certain, but prices are not known in advance.

The overall abatement cost of meeting the emission reduction target is reduced to the extent

that some shipping companies are able to reduce their emissions below the determined

commitment and sell their surplus of emission allowances to others that cannot meet their

emission reduction targets (Psaraftis and Lagouvardou, 2019).

The number of allowances that are released into the market annually corresponds to the

established cap. In practice, emission allowances would be surrendered for each ton of carbon

a ship emits during its operations. Evidence also reveals low environmental effectiveness

resulting from the weak price signal caused by the oversupply of emission allowances in the

market and price volatility, discouraging reductions beyond the emissions target (Psaraftis and

Lagouvardou , 2019).

Dominioni et al (2018) compare the relative performance of various regional measures based

on carbon pricing that could be an alternative to a global agreement. A cargo-based measure

covering emissions released throughout the whole voyage is found to be more advantageous

than other carbon pricing schemes. A sub-global carbon pricing system could be an option, but

3 A rebatemechanism has been proposed at the IMO aiming to compensate developing countries from the financial impact

of an MBM. It could be used alongside MBMs (Lema et al, 2017).
4 These are environmental subsidies or transfers aimed at lowering the costs of alternative fuels. For the decarbonization

of the maritime sector, three are the possibilities Baresic et al (2022) suggest: a) fuel subsidies, b) production subsidies
and c) R&D subsidies.
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it comprises economic, legal, and political obstacles such as international law incompatibility

and both environmental and competitiveness issues. ETS can be harder to operationalize than

a carbon levy due to the large number of ships operating internationally, and because the high

variability in the fuel consumption of each ship makes it difficult to allocate credits accurately.

Other challenges of a maritime ETS involve deciding how allowances are to be distributed as

carbon leakage effects or risk of increased emissions from shipping may arise (Wang et al,

2019). The study of Lema et al (2017) reinforces that ultimately the level of emission reductions

will depend on the annual emission growth and the defined cap.

Wu et al (2022) review, identify and synthesize the drivers, challenges and impacts of an ETS

on international shipping. Among the drivers, the study highlights the limitations of existing

technical and operational solutions and the promise of market-based solutions. However, there

are challenges of geographic and sectoral coverage, the share of free emissions, and the carbon

trading price as well as management difficulties. Political challenges include conflict between

common but differentiated responsibilities and opposition from the shipping sector. In this

context, developing a successful ETS required an understanding of the challenges and

opportunities while enduring public and political support. The objective of this study is to

produce evidence to support the policymakers at IMO.

2.3 CARBON PRICING AT IMO

The IMO took a significant step towards reducing GHG emissions from international shipping

in 2018. This was achieved by adopting an initial strategy that aligns with the goals of the Paris

Agreement. The strategy aims to reduce the sector's GHG emissions by at least 50% by 2050,

compared to 2008 levels.

As part of the strategy, the IMO is considering market-based measures (MBMs) as potential

medium- and long-term solutions. However, there is currently a lack of evidence on the most

appropriate mechanism and design option for MBMs, as well as their associated effects.

The decision to implement MBMs is a crucial one for the shipping industry, as it would have

significant implications for both shipping companies and the wider global economy. Therefore,

careful consideration and analysis must be undertaken to ensure that any MBMs implemented

are effective, efficient, and equitable.
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The IMO has been discussing the implementation of Market-Based Measures (MBMs) since

2010, with further discussions in 2011, 2018, and ongoing talks (MEPC 61/5/39, Sept 2010;

MEPC 62/5/7; MEPC 62/5/14; MEPC 63/5/2; MEPC 63/5/11; and MEPC 64/5/10)5.

More recently, from 2021 on, three MBMs options have been proposed: carbon taxes (MEPC

76/7/12, MEPC 78/7/5, ISWG-GHG 10/5/2, ISWG-GHG 12/3/1 and ISWG-GHG 12/3/17),

Emissions Trading Systems (ETS) (MEPC 77/7/16, ISWG-GHG 10/5/6 and ISWG-GHG

12/3/13), and a combination of technical and economic measures (ISWG-GHG 12/3/5). Table

1 summarizes the main elements of the carbon tax proposals under consideration.

Table 1 - Summary of carbon tax proposals at IMO

Characteristic Description

Rate ● US$ 56-73/ton CO2 in 2025;

● US$ 100/ton CO2eq in 2025,

● US$ 250-300/ton CO2eq in 2030; and,

● US$ 1285-1683/ton CO2 in 2045

Incidence ● on fuel consumption;

● on carbon emission; or

● on GHG emissions

Implementation Period 2023 or 2025

Unit of measurement ● tons of CO2,

● tons of CO2eq or GHGe emitted; and

● intensity ratio or transport-work ratio

Revenues from levy ● Received by the International Maritime Research Fund
(IMRF), or IMO Climate Fund; or

● Revenue-neutral (rebate mechanism)

Exemptions ● Different phases for SIDS and LDCs; and,

● Global implementation.

5 See ISWG-GHG 12/INF.2 for a summary of previous discussions (between 2006 and 2013, or MEPC 55 to MEPC 65) on

proposals for market-based measures (MBMs) at IMO.
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In analyzing these options, IMO highlights that several factors must be considered (MEPC

78/WP.6, June 2022). First, the effectiveness of each measure in reducing emissions. Second,

the potential impact on trade flows, economic activity, and inflation. Finally, the

implementation of revenue recycling, compensatory measures, and exemptions. These factors

are crucial to ensure that any MBM adopted by the IMO effectively addresses climate change

concerns while minimizing negative economic impacts.

Despite the challenges, the IMO's initial strategy and the consideration of MBMs represent

important steps toward reducing GHG emissions from international shipping. Thus, further

investigation is necessary in order to make a more informed decision. It can help define the

most appropriate instrument and the design that better fits into the decarbonization pathway

desired for the sector. In this sense, assessments of the energy-economy-environment-trade

linkages of MBM proposals are still lacking.

3. METHOD

3.1 GTAP-E

We employed the global and multi-region GTAP Energy-Environmental augmented version

(GTAP-E) to assess the impacts of a carbon tax on shipping. GTAP, as a Computable General

Equilibrium (CGE) model, is a powerful tool in providing a range of issues, in particular, to

forecast the effects of future policy changes, on which econometric estimation would be less

feasible (Pereda and Lucchesi, 2022). While the GTAP-E model yields replicable results for

various economic variables and is advantageous in capturing the effects of climate policies on

international trade flows and GDP (Rutherford, 2014; Narayan et al., 2017), it was not

specifically designed to examine the emissions of the transport sector by mode. However, with

adjustments and data inclusion, GTAP-E (or GTAP) can be utilized to assess maritime shipping

emissions and policies to achieve emission reductions. Therefore, we utilized the GTAP 10

database, which is the most recent version and contains information on 141 countries and 65

production sectors, providing results for all potential participants under IMO Governance.

The GTAP-Emodel comprises sets of equations fromeconomic theory and assumes competitive

markets and constant returns to scale technology. It describes the domestic economy for each

region and the interactions of all agents, including flows of commodities, income, and capital,
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with the implementation of the market-clearing condition. In CGE models, the Johansen

hypothesis is used to simulate the effects of policy changes on economic outcomes (Johansen,

1960). It implies that economic agents adjust their behavior in response to changes in policy

variables, such as tax rates or subsidies, leading to long-run effects onmacroeconomic variables

such as output, consumption, and trade (Francois et al., 2005). In our context, this hypothesis

suggests that economic agents would adjust their behavior in response to the carbon tax,

leading to long-run changes in output and trade that are different from the short-run effects

(Hertel, 1997).

It is important to emphasize that the mathematical relations assumed in the GTAP-Emodel are

generally rather simple, and like most General Equilibrium Models, strong assumptions are

considered. The economic behavior parameters determine the direction of results. Some

important parameters had been estimated by Hertel and Winters (2005), for international

trade elasticities, and by OECD (2001), for agricultural factor supply and demand elasticities.

Other economic relations are based on the literature. On the other hand, as stated by Valenzuela

et al. (2007) and Liu et al.(2004), GTAP is strongly tested against historical experience

presenting robust results.

International trade in GTAP is modeled based on the Armington assumption, widely used in

trade modeling literature (Armington, 1969; Broda and Weinstein, 2006). This assumption

distinguishes the mix of imported goods by their place of origin and explains the intra-industry

trade of similar products. In our modeling framework, trade flows between source and

destination regions generate demand for trade and transport services proportional to the

quantity of commodities shipped (Devarajan et al., 1996).

Regarding the transport sector, GTAP simplifies by considering that, given the lack of data on

the bilateral supply of transport services, eachmode of transport is provided at a uniform price

worldwide. A global transport sector purchases such services from each region, and the global

buyer wants to minimize the cost of acquiring transport services in regions subject to a CES

preference function. Optimal demand is given by the regional supply of the service. The global

transport price is a composite based on the price of transport exports from each region. For

simplicity, therefore, the amount of transport used follows changes in exports. Improvements

in transport efficiency are incorporated by considering the per unit efficiency of transportation

by mode of freight from origin to destination (Aguiar and Corong, 2020). The transportation

sector is disaggregated into three modes: water, air, and road, and importers are assumed to
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pay for transportation costs. However, the GTAP database does not provide information on

carbon emissions from ships, and we explain next how we estimate emissions from

international shipping.

3.2 CARBON EMISSIONS FROM SHIPS

We estimate carbon emissions associated with international shipping by using trade data from

UNCOMTRADE (in US dollars and tons), the database of Cristea et al. (2013), shipping distances

per trade flow from Seadistances.org, and ship characteristics per bilateral trade flow and

sector. TheGTAPdatabase provides information on total international trade, not discriminating

by transport mode. Therefore, to estimate emissions from ships, we first need to estimate how

much of total international trade, by sector, origin and destination, is transported by ship. Then,

we attribute an average ship to each bilateral trade flow (based on the product transported, see

Section 3.2.2) and consider the minimum maritime distance between pairs of origin and

destination to estimate emissions. The following sections detail the analysis.

3.2.1 Predicting shares of international trade transported by ships

The first step to estimating emissions from international shipping is to understand what

proportion of the international trade is transported by ships. We do not observe an official

dataset that disaggregates international trade by transport mode. In this context, we based our

predictions on Cristea et al. (2013) database, inwhich there are transportmode shares for each

origin, destination and product for year 2004. However, they report shares for 40 regions and

23 industries, which yields a total of 36,800 observations (40 × 40 × 23), we need to predict the

shares using the regions and sectors accordingly to GTAP data. Then, we used the below

described Lasso (least absolute shrinkage and selection operator) regression, based on a

machine learning process, to predict the transport mode shares as a function of each origin-

destination pair, considering product characteristics and geographic controls from both origin

and destination countries.

It is important to notice that in Lasso regression, an optimal model is selected to focus on

predicting the outcome variable. That is, the aim of themachine learning algorithm is to predict

an outcome variable, rather than identifying a specific effect on the outcome variable. In this

context, we have applied this framework to predict the share of international trade transported

by sea by sector and origin and destination countries. By applying these shares to the bilateral

trade flows from GTAP, we can estimate the total trade transported by sea in both values and
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tons. With this information, combined with ship type and distance traveled, we can estimate

the total emissions from ships for each bilateral flow by sector/product. This machine learning

procedure was employed as it generates better predictions than regular econometric methods6

(smaller prediction errors, see Appendix Figures 1 and 2 for more details).

The Lasso regression ismost useful in contexts of high-dimensionalmodels such as ours, where

there is no certainty on which out of the many potential covariates affect the outcome. It

estimates model coefficients and then selects which covariates should be included.

The loss function behind the LASSO regression can be written as:

(; ) = ∑
1 ( − )

2 + ∑ ||

1 (1)

In which  > 0 is the lasso penalty parameter,  is the outcome variable (trade volume/value

share),  contains the ppotential covariates/controls (origin, destination or bilateral variables),

and  is the vector of parameters that relate our outcome variable, y, to the covariates, x.

The first part of the loss function is the sum of squares (traditionally employed at the least

squares estimation) and the second part is a lasso penalty that deals with high degrees of

collinearity. As both terms are convex, there exists a solution to the minimization problem

(minimization of the loss function). The solution is normally obtained by numerical

optimization.

As mentioned, in our case we based our estimates on Cristea et al. (2013) database, in which

there are transport mode shares for each origin, destination, and product. Given that there are

40 regions and 23 industries, that yields 36,800 observations (40 × 40 × 23). We created a raw

dataset using an analogous process, using all regions and sectors fromGTAP and compatibilized

regions and sectors.

As Cristea et al. (2013) database had regions more aggregated than ours, we just considered

the same shares for each observation. Otherwise, we employed the average of the observations

to reach our aggregation. Then, we used the previously described lasso estimator to predict the

6 On average, the lasso regression presents much smaller errors (total average of 0.19 p.p.) than the linear regression

(total average of 3.35 p.p.). Appendix Figure 2 compares the mean prediction error (the predicted share minus the original
share) by product category. As we also observe in Appendix Figure 1, the linear model error is, on average, positive. This
means the model predicts a higher share of trade transported by sea, on average, than the real variable. On the other
side, the lasso regression predicts shares above or below the original but always with a smaller error, as we observe in the
former histograms.
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shares as a function of those artificially generated shares and each origin-destination pair of

geographical controls.

We use the following vector of controls: GDPof both countries (origin and destination); a binary

variable that assumes the value 1 if the origin and destination countries are contiguous; a

binary variable that assumes the value 1 if origin and destination countries’ common official

primary language is the same; a binary variable that assumes the value 1 if a pair of countries

was ever in a colonial relationship; a binary variable that assumes the value 1 if countries had

a common colonizer post-1945; a binary variable that assumes the value 1 for pairs of countries

currently in a colonial relationship; a binary variable that assumes the value 1 for pairs of

countries in a colonial relationship post-1945; euclidean (or sea) distance between the most

populous cities of each country; euclidean distance between the capitals of both countries

(population weighted, and CES population weighted with parameter equal to one); a binary

variable that identifies the coast extension of the origin and destination countries; and a binary

variable that assumes the value 1 if the country (both origin and/or destination) is landlocked;

besides fixed effects (non-observable common shocks) by origin, destination and product,

respectively.

3.2.2 Ship type by commodity’s trade flow

We have reconciled each maritime trade flow with a ship type, depending on the transported

commodity (Table 2), based on 6 (six) ship types, following IMO classification7.

Table 2. Products and its correspondent ship type

Ship type Sectors

Bulk Carrier

Bulk agriculture (low value), chemical, rubber, plastic
products, ferrous metals (low value), forestry, metal products
(large), metals nec (low value), mineral products nec (low
value), minerals (low value), paper products, publishing (low
value added), petroleum, coal products (solid).

Chemical Tanker Chemical, rubber, plastic products (liquids)

7 This assumption has been done in accordance with IMO GHG inventory studies.
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Ship type Sectors

Container Carrier

Bulk agriculture (high value), chemical, rubber, plastic
products (high value or solids), electronic equipments, ferrous
metals (semi-finished), fishing, leather products, machinery
and equipment nec, manufactures nec, metal products (small),
metals nec (high value), mineral products nec (high value),
minerals (high value), motor vehicles and parts (parts), paper
products, publishing (high value), processed agriculture (high
value and live animals), textiles, transport equipment nec,
wearing apparel and wood products

LNG Tanker LNG
LPG Tanker LPG
Oil Tanker Oil, petroleum, coal products (liquids)
RoRo Motor vehicles and parts - Vehicles

We also consider five categories of ship ages following the standard of Clarkson Research

Database: (i) 0-4 years; (ii) 5-9 years; (iii) 10-14 years; (iv) 15-19 years; and (v) 20+ years.

Additionally, in order to calculate ship emissions, we use data on the IHS Markit Sea-Web

service, one of the largest maritime databases available and calculated the maritime traveled

distance using seaports from Appendix Table 3 together with sea distances database, which is

available online8. We select the minimum sea distance for each pair of ports. Then the average

of the distance was calculated between the two gathered groups of countries or countries

(several important ports in each region, or group of countries).

3.2.3 Emissions by bilateral trade flow

We measured the total carbon dioxide emissions based on the ship type and total transport

work (tonnes-miles transported by bilateral trade flow). To do this, we used total fuel

consumption (by the main engine of the ship) and CO2 conversions of fuel consumption from

IMO (2015), considering the use of Heavy Fuel Oil (HFO).We assume that most ships, but LNG

Tankers, useHFO, since it is the common residual fuel used inmarine ships and is less expensive

than distillate fuels. For LNG Tankers we allocate LNG fuel, based on (IMO, 2020). Our measure

of total emissions represents 89.5% of the total CO2 emissions estimated by the 4th IMO GHG

Study (IMO, 2020).

8 https://sea-distances.org/. The database consists of more than 4,000 seaports and 4,000,000 pairwise sea voyage

distances. The online system returns the distances in nautical miles for direct routes (eventually passing by Panama Canal,
strait of Magellan, Cape Horn, Suez Canal or Cape of Good Hope).



15

3.3 CARBON TAX SHOCK

Asmentioned above, GTAP has data on shipping costs per transportmode inmillion US$ which

serve as the basis for the shock. We follow Lee et al. (2013) to calculate the shock based on the

following equation:

 =
×2


(2)

In which  is the carbon tax that affects directly costs (in US$/ton), and  are the

total maritime (m) CO2 emissions from the bilateral trade flow between country i and j for

commodity s.  is the maritime transport cost computed by the GTAP model. The

indexes m, i, j, s represent transport mode, country of origin, country of destination and

commodity, respectively.

As already mentioned, the carbon tax impacts the model by changing relative transport prices:

 = (+  +  +  +  + ) (3)

We consider the carbon tax of US$50/tCO2 (), close to the 2020 US$ 51/tCO2 (3% discount

rate) reference of global Social Cost of Carbon (SCC) calculated by IWG (Interagency Working

Group on Social Cost of Carbon, U.S.G, 2021) and commonly utilized in climate change studies.

4. DATA DESCRIPTION

As the GTAP database's last version refers to 2014, all the data utilized refers to the

aforementioned year. Table 3 summarizes the main data we use for comparison reasons. We

consider 44 tradable sectors which are subject to carbon taxation (Panel A), representing 81%

of the total international trade commercialized in 2014, most of the remaining 19% related to

services trade. Our estimate of global emissions from international shipping9 (863 Mt CO2)

corresponds to 89,5% of total shipping emissions calculated in the 4th IMO GHG study.

9 For more details on how we estimated the maritime emissions based on GTAP emissions data, see Section

3.2.
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Table 3. Main data description (GTAP and calculated), 2014.

GTAP-E Model Description
Panel A. Data relative to the sectors affected by the tax
Sectors affected by carbon tax 44 Tradeable goods
Total Trade (44 sectors) in 2014 US$ 16.6 trillion 81.2% of total trade[1]
Countries/regions 141

Total maritime emissions in 2014
863,096,687

tCO2
89.5% of estimates from

4th IMO GHG

Panel B. All GTAP data used for the global analysis
Total sectors 65 All goods
Total trade (65 sectors) in 2014 US$ 20.4 trillion

[1] Excluded trade flows are mostly services (90%).

Figure 3 presents the percentage of GTAP’s global transportation cost discriminated by mode

(road, maritime, or air) for each of the 44 commodities considered. In this sense, 96% of coal,

93% of oil, and 90% of oil seeds’ transportation costs refer to shipping; while the commodities

with the lowest maritime transportation cost are sugar cane and sugar beet (8%), followed by

basic pharmaceutical products (33%) and bovine cattle, sheep, and goats (35%).

Figure 3. Global transportation cost by sector and mode

Source: GTAP data
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Considering all 65 sectors of the GTAP database, Figure 4 indicates that the highest change in

maritime transportation cost due to carbon taxation is concentrated in a few pairs of sector-

origin-destination.

Figure 4. Distribution of the% change in maritime transport costs due to Carbon tax

():

5. RESULTS

Table 4 summarizes the overall results of the adoption of a carbon tax in the shipping sector.

We find that a carbon tax of US$ 50/t CO2 would reduce maritime global emissions by 60

million tCO2e, or 7% (Panel A of Table 4). Our results align with previous studies that estimate

changes in global emission reductions considering different global carbon tax rates. According

to Keen et al (2012), imposing a US$25 per ton of CO2 price reduces global emissions by up to

5% (raising US$ 26.2 billion in revenues), while Mundaca et al (2021) estimate that a global tax

of US$ 40 per ton of CO2 price reduces emissions by 7.65% (with substantial differences across

sectors). In turn, considering a unique vessel type, Devanney (2011) estimated a 6% reduction

in total very large crude carriers (VLCC) emissions under a US$50 per ton CO2 bunker tax.

We also find that due to the carbon tax, total GDP increases by 0.02% (Table 4, Panel B).

However, our analysis shows that results are heterogeneous depending on the region being
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analyzed. For instance, if we exclude the OECD’s member countries, the effect of the proposed

carbon tax will be a decrease of 0.13% in GDP.

Table 4. Impacts of a carbon tax in shipping on the global CO2e shipping emissions and

other economic variables (baseline = 2014)

Carbon Tax of US$ 50/tCO2e
Panel A. Emissions
Before carbon tax (tCO2e) 863.096.687
After carbon tax (tCO2e) 802.748.261
Change in emissions (tCO2e) -60.348.426
(% change in emissions using GTAP) -7,0%
(% change in emissions using 4th IMO GHG) -6,3%

Panel B. Other economic variables
% change in total exports -0,20%
% change in total GDP 0,02%
% change in total GDP, without OECD -0,13%

As shown in Figure 5, the most penalized regions are located in the African continent, South

America, and the former Soviet Union. Oceania (0.16%), North America (0.13%), and Europe

(0.12%) registered a positive effect on GDP (Table 5). The positive effect can occur due to price

increases, as GDP is measured nominally in the model, or due to trade advantages due to the

relative price changes. This is similar to the results of Lee et al. (2013) for international

container shipping, in which China, Sub-Saharan Africa, the Rest of Asia, and South America

incur the largest GDP losses under a global tax of US$30, US$60 or US$90 per ton of CO2.
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Figure 5. Impacts on world GDP in%, by country/region (baseline = 2014)

Table 5. Impacts on world GDP in%, by country/region (baseline = 2014)

Region Change in GDP (%)
Results by region
Central America -0.06%
Eastern Africa -1.10%
Europe 0.12%
North Africa -0.24%
North America 0.13%
Oceania 0.16%
Other 0.21%
South Africa -0.41%
South America -0.25%
South Asia 0.01%
South-Central Africa -1.00%
Southeast Asia -0.03%
Western Africa -0.71%
Western Asia and Former Soviet Union -0.33%
Total change (all countries) 0,19
Change (without OECD countries) -1,34
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We also find that due a carbon tax would decrease total exports by 0.20% (Table 4, Panel B).

The impact on exports is also negative and very heterogeneous by region, being South Central

Asia (-0,70%), Eastern Africa (-0,67%), South America (-0,60%), South Africa (-0,60%), the

most negatively affected ones. On the other hand, Central America (-0,05%), Europe (-0,09%)

and Southeast Asia (-0,09%) are the least affected regions (Table 6). Differently from CE Delft

(2021) report10, which also utilizes the GTAP model, our results reveal that a carbon tax does

not imply positive changes in exports in any of the regions investigated. A key factor affecting

this difference is the method utilized to predict maritime emissions, therefore impacting the

magnitude of the shock, resulting in different costs across regions and sectors.

Table 6. Impacts on world exports in %, by region (baseline = 2014)

Region Change in Exports
North America -0.43%
Central America -0.05%
South America -0.60%
Europe -0.09%
North Africa -0.25%
Western Africa -0.40%
South Africa -0.60%
Eastern Africa -0.67%
Oceania -0.17%
Western Asia and the Former Soviet Union -0.43%
Southeast Asia -0.09%
South-Central Asia -0.70%
South Asia -0.34%
Other -0.03%

Concerning the impact by sector, Table 7 shows that carbon-intensive commodities such as oil

(-1.35%), petroleum (-1.0%) and coal (-4.0%) are the most affected, either in monetary values

or in percentage change, in line with Mundaca et al (2021) which products with the largest

emission reductions are fossil fuels (11.5%), ores (10.4%), cereals (8.4%), and steel (8.3%).

10 In our case, the carbon tax is also set at a lower level (US$50 per ton of CO2) in comparison to the CE Delft (2021)

carbon tax of US$200 per ton of CO2.
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Table 7. Impacts on world exports in %, Top 10most affected sectors (baseline = 2014)

Top 10 affected in US$ losses Top 10 affected in %

Rank Description
Change in X
(US$ million) Rank Description

Change in X
(%)

1 Oil - $17.488,00 1 Coal -4,05%

2 Petroleum, coal products - $7.673,60 2 Forestry -2,69%

3 Coal - $6.154,40 3 Oil -1,35%

4 Gas - $2.272,70 4 Petroleum, coal products -1,00%

5 Minerals nec - $2.039,40 5 Sugar -0,93%

6 Chemical products - $1.748,00 6 Wheat -0,83%

7 Paper products, publishing - $1.178,60 7 Vegetable oils and fats -0,81%

8 Vegetable oils and fats - $1.040,20 8 Processed rice -0,80%

9 Mineral products nec - $989,90 9 Gas -0,68%

10 Ferrous metals - $864,00 10 Minerals nec -0,66%

6. FINAL REMARKS

This paper analyzes the potential economic and environmental impacts of implementing a

carbon tax onmaritime shipping. Our findings suggest that a carbon levy of US$50/tCO2e could

lead to a reduction in shipping emissions by 7%. However, we show that it is important to

consider the negative economic impacts, which are likely to be heterogeneous, and could

include a decrease in global exports and GDP in middle- and low-income countries. The main

affected sectors - energy, agricultural, and mining products - could also exacerbate regional

inequalities across the globe.

At IMO, discussions around carbon pricing policies are ongoing, and technical measures such

as the Carbon Intensity Indicator (CII) and GHG Fuel Standard (GFS) are being defined. Future

impact assessments need to take into account how these technical measures, either alone or in

combination with economic measures, will impact countries and ensure compliance. One

possible solution is to use carbon tax as an adjustment mechanism, whereby emissions from

older or less efficient ships can be offset by the mitigation efforts of newer and more efficient

vessels.

In summary, the economic measures adopted must encourage the transition of the sector to a

low-carbon path, while also ensuring that regional inequalities in terms of well-being, GDP, and

food security are not exacerbated.
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To conduct future analyses, we propose using the GTAP-E model, which is a transparent and

widely-used model for evaluating changes in international trade and emissions (Pereda and

Lucchesi, 2022). However, there are still limitations to the model that researchers could

explore, such as estimating modal substitution elasticities to improve the modal substitution

hypothesis. Future simulations could also consider scenarios for assessing the impact of

revenue recyclingmechanisms, as well as compensation and exemptionmeasures based on the

Initial Strategy guidelines to reduce regional inequalities.

Acknowledgement

Wewould like to express our thanks and gratitude to those who supported the development of

this paper: Henrique Lazarini, our excellent RA, whose contribution to the database

construction and all support with the review of IMO’s documents were invaluable, and Jean

David Caprace for providing themethodology that helped the calculation ofmaritime emissions

and helping the team to understand the shipping sector from a technical perspective.

REFERENCES

Aguiar, A., Corong, E., & van der Mensbrugghe, D. (2020). The GTAP Recursive Dynamic (GTAP-
RD) Model: Version 1.0.

Aldy, J. E. (2010). Designing climate mitigation policy. Journal of Economic Literature, 48(4),
903-934.

Alizadeh, A. H., Huang, C. Y., & van Dellen, S. (2015). A regime switching approach for hedging
tanker shipping freight rates. Energy Economics, 49, 44-59.

Anderson, J.E. & van Wincoop, E. (2004). Trade Costs. Journal of Economic Literature, 42(3),
691-751.

Arrow, K. J., & Debreu, G. (1954). Existence of an equilibrium for a competitive economy.
Econometrica, 22(3), 265-290.

Armington, P.S. (1969). A Theory of Demand for Products Distinguished by Place of Production.
International Monetary Fund Staff Papers, 16(1), 159-178.

Babatunde, K. A., Begum, R. A., & Said, F. F. (2017). Application of computable general
equilibrium (CGE) to climate change mitigation policy: A systematic review. Renewable and
Sustainable Energy Reviews, 78, 61-71.

Baresic, D., Rehmatulla, N., Rojon, I., & Shaw, A. (2022). Closing the Gap: An overview of the
Policy Options to Close the Competitiveness Gap and Enable an Equitable Zero-Emission Fuel
Transition in Shipping. Prepared by UMAS, January 2022, London.



23

Behrens, K., Hamilton, J. H., Ottaviano, G. I., & Thisse, J. F. (2007). Commodity tax harmonization
and the location of industry. Journal of International Economics, 72(2), 271-291.

Broda, C., & Weinstein, D. E. (2006). Globalization and the Gains from Variety. The Quarterly
journal of economics, 121(2), 541-585.

CE Delft. (2021). Development of a methodology to assess the ‘green’ impacts of investment in
the maritime sector and projects.

Christodoulou, A., Dalaklis, D., Ölçer, A. I., & Ghaforian Masodzadeh, P. (2021). Inclusion of
shipping in the EU-ETS: Assessing the direct costs for the maritime sector using the MRV data.
Energies, 14(13), 3915.

Cramton, P., & Kerr, S. (2002). Tradable carbon permit auctions: How and why to auction not
grandfather. Energy Policy, 30(4), 333-345.

Cristea, A., Hummels, D., Puzzello, L., & Avetisyan, M. (2013). Trade and the greenhouse gas
emissions from international freight transport. Journal of environmental economics and
management, 65(1), 153-173.

Devarajan, S., Go, D. S., Schiff, M., & Suthiwart-Narueput, S. (1996). The whys and why nots of
export taxation. Available at SSRN 620610.

Dominioni, G., Heine, D., & Romera, B. M. (2018). Regional carbon pricing for international
maritime transport: challenges and opportunities for global geographical coverage. Carbon &
Climate Law Review, 12(2), 140-158.

Edenhofer, O., Jakob, M., Creutzig, F., Flachsland, C., Fuss, S., Kowarsch, M., ... & Steckel, J. C.
(2015). Closing the emission price gap. Global environmental change, 31, 132-143.

Francois, J. F., McQueen, M., &Wignaraja, G. (2005). European Union–developing country FTAs:
overview and analysis. World Development, 33(10), 1545-1565.

Hertel, T. W. (1997). Global trade analysis: modeling and applications. Cambridge university
press.

Hertel, T.W., J.J. Reimer, and E. Valenzuela. (2005). Incorporating Commodity Stockholding into
a General Equilibrium Model of the Global Economy. Economic Modelling 22(4): 646-664

Modelling 22(4): 646-664IAWG, U. (2021). Technical support document: Social cost of carbon
for regulatory impact analysis under executive order 12866. Interagency Working Group on
Social Cost of Carbon, United States Government, Washington, DC.

IMO. (2015). Third IMO GHG Study 2014 – Executive and Final Report. International Maritime
Organization.

IMO. (2018). Next steps to deliver IMO GHG strategy. International Maritime Organization.
Retrieved August, 2019 from
http://www.imo.org/en/MediaCentre/PressBriefings/Pages/18MEPCGHGprogramme.aspx

IMO. (2018). UN body adopts climate change strategy for shipping. International Maritime
Organization. Retrieved August 18, 2019, from
http://www.imo.org/en/MediaCentre/PressBriefings/

IMO. (2020). Fourth IMO Greenhouse Gas Study 2020. Retrieved from
https://www.imo.org/en/OurWork/Environment/PollutionPrevention/AirPollution/Pages/
Fourth-IMO-Greenhouse-Gas-Study-2020.aspx



24

IPCC. (2018). Summary for Policymakers. In: Global Warming of 1.5°C. An IPCC Special Report
on the impacts of global warming of 1.5°C above pre-industrial levels and related global
greenhouse gas emission pathways, in the context of strengthening the global response to the
threat of climate change, sustainable development, and efforts to eradicate poverty. Cambridge
University Press. https://www.ipcc.ch/sr15/.

IWG. (2021) Interagency Working Group on Social Cost of Greenhouse Gases, “Technical
support document: Social cost of carbon, methane, and nitrous oxide, interim estimates under
executive order 13990” (US government, February 2021)

Johansen, L. (1960). A multisectoral study of economic growth. Contributions to Economic
Analysis 21. North-Holland, Amsterdam.

Keen, M., Perry, I., & Strand, J. (2012). Market-based instruments for international aviation and
shipping as a source of climate finance. World Bank Policy ResearchWorking Paper, (5950).

Lagouvardou, S., Psaraftis, H. N., & Zis, T. (2020). A literature survey onmarket-basedmeasures
for the decarbonization of shipping. Sustainability, 12(10), 3953.

Lee, T. C., Chang, Y. T., & Lee, P. T. (2013). Economy-wide impact analysis of a carbon tax on
international container shipping. Transportation Research Part A: Policy and Practice, 58, 87-
102.

Lema, E., Karaganis, A., & Papageorgiou, E. (2017). A fuzzy logic modeling of measures
addressing shipping CO2 emissions. Journal of Intelligent Systems, 26(3), 439-455.

Liu, J., Arndt, C., & Hertel, T. W. (2004). Parameter Estimation and Measures of Fit in A Global,
General Equilibrium Model. Journal of Economic Integration, 19(3), 626–649.

Mundaca, G., Strand, J., & Young, I. R. (2021). Carbon pricing of international transport fuels:
Impacts on carbon emissions and trade activity. Journal of environmental economics and
management, 110, 102517.

Narassimhan, E., Gallagher, K. S., Koester, S., & Alejo, J. R. (2017). Carbon pricing in practice: a
review of the evidence. Climate Policy Lab: Medford, MA, USA.

Narayan, S., & Doytch, N. (2017). An investigation of renewable and non-renewable energy
consumption and economic growth nexus using industrial and residential energy consumption.
Energy Economics, 68, 160-176.

Nordhaus, W., (2008). New metrics for environmental economics: Gridded economic data.
Integrated Assessment Journal, 8(1).

Nordhaus, W., (2014). Estimates of the Social Cost of Carbon: Concepts and Results from the
DICE-2013R Model and Alternative Approaches. Journal of the Association of Environmental
and Resource Economists 1(1/2): 273-312.

Nordhaus,W., (2017). Revisiting the social cost of carbon. Proceedings of the National Academy
of Sciences, 114(7), pp.1518-1523.

Nordhaus, W. (2019). Climate Change: The Ultimate Challenge for Economics. American
Economic Review 109(6): 1991–2014.

Notteboom, T. & Rodrigue, J.-P. (2005). Port Regionalization: Towards a New Phase in Port
Development. Maritime Policy & Management, 32(3), 297-313.

OECD (2001), Market Effects of Crop Support Measures, OECD Publishing, Paris,
https://doi.org/10.1787/9789264195011-en.



25

OECD. (2019). Greenhouse Gas Emissions by Country. Retrieved August 18, 2019, from
http://stats.oecd.org/.

Oliveira, T. D., Gurgel, A. C., & Tonry, S. (2021). Potential trading partners of a Brazilian
emissions trading scheme: The effects of linking with a developed region (Europe) and two
developing regions (Latin America and China). Technological Forecasting and Social
Change, 171, 120947.

Pereda, P. C., & Lucchesi, A. (2022). Alternative frameworks for cost-effectiveness analysis of
environmental policies inmaritime transport. Maritime Economics & Logistics, 24(3), 630-650.

Psaraftis, H. N., & Kontovas, C. A. (2020). Decarbonization of maritime transport: Is there light
at the end of the tunnel? Sustainability, 13(1), 237.

Psaraftis, H. N., & Lagouvardou, S. (2019). Market-Based Measures for the reduction of Green
House Gas Emissions from ships: A possible way forward. Samfundsoekonomen, 2019(4), 60-
70.

Psaraftis, H. N. (2019). Speed optimization versus speed reduction: Are speed limits better than
a bunker levy? Maritime Economics & Logistics, 21(4), 524-542.

Rutherford, T., Ghosh, M., Luo, D., & Zhu, Y. (2014). The Drivers of GHG Emissions Intensity
Improvements in Major Economies Analysis of Trends 1995-2009.

Schmalensee, R., & Stavins, R. (2015). Lessons Learned from Three Decades of Experience with
Cap-and-Trade (Rep.). Fondazione Eni Enrico Mattei (FEEM).

The World Bank. (2022). State and Trends of Carbon Pricing 2022. World Bank, Washington,
DC.

Valenzuela, E., Hertel, T. W., Keeney, R., & Reimer, J. J. (2007). Assessing global computable
general equilibrium model validity using agricultural price volatility. American Journal of
Agricultural Economics, 89(2), 383-397.

Wang, X., Norstad, I., Fagerholt, K., & Christiansen, M. (2019). Green Tramp Shipping Routing
and Scheduling: Effects of Market-Based Measures on CO 2 Reduction. In Sustainable
Shipping (pp. 285-305).

Wu, M., Li, K. X., Xiao, Y., & Yuen, K. F. (2022). Carbon Emission Trading Scheme in the shipping
sector: Drivers, challenges, and impacts. Marine Policy, 138, 104989.



2
6

A
P
P
EN
D
IX
T
A
B
LE
S
A
N
D
FI
G
U
R
ES

T
ab
le
1
–
R
eg
io
n
al
ag
gr
eg
at
io
n
of
G
T
A
P



27

Table 2 – Sectoral aggregation of GTAP



28

Figure 1. Histograms of prediction errors – Lasso Regression (top) versus Linear

Regression (down)

Figure 2. Comparison of prediction error – Lasso Regression versus Linear Regression,

by category
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Figure 3. Seaports considered in the study


