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Introduction and objectives

Between 2004 and 2014, the value of agrifood exports has more than doubled, from 644 billion USD
to 1471 billion USD (Aguiar et al. 2019). In the same period, the share of agrifood output dedicated to
exports has slightly increased from 12% to 13% (Aguiar et al. 2019). This trend has been driven by
economic and population growth, advances in transport, information and communication technology,
and improvements in market access. In the last two decades, global trade costs have decreased by
approximately 15%, with similar reductions across sectors but differences across countries (Rubinova
and Sebti 2021; WTO 2021). Decreases have been observed across all determinants of trade costs,?
including transport and travel costs, which are the most significant determinant of overall trade costs
and account for 26% of agricultural trade costs (Rubinova and Sebti 2021; WTO 2021).

Global, route-, mode- and commodity-specific factors will determine the developments of transport
costs, which will have ripple effects on the economy. Technological advances such as artificial
intelligence, Blockchain technologies, logistics’ and engineering improvements, and digitalization will
likely continue to reduce international transport costs (Harris, Wang, and Wang 2015; WTO 2018). The
opening of new trade routes, such as for example the North Sea Route, could decrease shipping
distance between East Asia and Europe, potentially reducing transport costs and diverting trade from
other routes (Bekkers, Francois, and Rojas-Romagosa 2018; Zeng et al. 2020). On the other hand,
uncertainties regarding potential disruptions to maritime chokepoints (e.g. due to extreme weather
events, or political instabilities) (Bailey and Wellesley 2017) and climate change effects on seaport
infrastructure (Becker et al. 2012) could exacerbate vulnerabilities in food supply chains and lead to
higher transport costs. Moreover, climate change mitigation policies, both in the form of potential
market instruments or mandates to reduce emission intensities, will also affect the sectoral cost
structures. For instance, maritime transport accounts for over 80% of global international trade by
volume and more than 70% by value (UNCTAD 2017). The maritime shipping sector contributed to
2.8% of global greenhouse gas (GHG) emissions in 2018, and emissions have increased in the last years
(International Maritime Organization 2020). By 2050, shipping emissions are projected to increase by
0-44% compared to 2018 (International Maritime Organization 2020). The International Maritime
Organization (IMO) has expressed its ambition to reduce annual GHG emissions from international
shipping by at least 50% by 2050, compared to 2008.2 The two biggest container shipping companies,

1 Other determinants part of the decomposition by Rubinova and Sebti (2021) are information and transaction
costs, ICT connectedness, trade policy and regulatory differences, governance quality.
2 https://www.imo.org/en/MediaCentre/HotTopics/Pages/Reducing-greenhouse-gas-emissions-from-ships.aspx
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Mediterranean Shipping Company? and Maersk*, plan to achieve net zero emissions by 2050 and 2040,
respectively. All three strategies propose short-, mid- and long-term measures and targets to reduce
their emission intensities and their total emissions. Reducing emissions will require structural and
technological transformation within the shipping sector, such as shifts in the fuel mix and
improvements in energy efficiency, freight capacity and load factors.

The objective of this study is to investigate how decarbonization in the maritime shipping industry,
under alternative technological developments, can affect patterns of agrifood international trade and
other national and international agrifood market outcomes. Based on sectoral climate pledges and
data obtained from the literature, we analyze decarbonization efforts based on a price instrument
along two main dimensions: structural and technological changes in the maritime shipping industry,
and changes in countries/regions’ logistics performance.

Methods

The research is performed using a modified version of the multi-regional and multi-sectoral recursive
dynamic CGE model developed by Clora et al. (2021). The model is based on GTAP-E-RD, previously
used by Corong and Strutt (2020), which in turn is a result of integrating the GTAP-E model (Burniaux
and Truong 2002; McDougall and Golub 2007) and the recursive dynamic version of the GTAP model
named GTAP-RD (Aguiar, Corong, and van der Mensbrugghe 2019). In essence, the GTAP-E-RD is a
recursive dynamic version of the static GTAP-E model, allowing to answer dynamic research questions
and to capture the trajectory of the economy’s reaction to exogenous shocks. Relevantly, the model
by Clora et al. (2021) includes non-CO2 emissions in addition to the GTAP-E-RD standard CO2
emissions, and the possibility of implementing different GHG prices (and emission trading systems)
for different groups of sectors, within and across countries.

In addition to the features mentioned above, we model substitution across transport modes in
bilateral international trade (in the spirit of Avetisyan and Hertel (2021)), and twist parameters in each
nest of the production structure, following Clora and Yu (2021). The former addition allows for
changes in modal choice in response to changes in the relative cost of different modes of goods’
transport (namely changes in maritime transportation relative costs due to decarbonization efforts).
The latter addition allows to characterize more precisely changes in the cost structure of individual
sectors. For the scope of this paper, twist parameters are used to accurately model technological and
structural changes within each sector, e.g. in the fuel mix of the maritime transportation fleet.

The GTAP Power v10 (Chepeliev 2020b) and the GTAP non-CO2 v10 (Chepeliev 2020a) datasets are
used in this analysis. The regional aggregation reflects the main global agrifood exporters and the
remaining world regions. The sectoral aggregation covers the main agrifood goods, energy
commodities, three transportation modes, and the rest of the economy.

The datasets, of which the base year is 2014, are updated towards 2040 in annualized steps. Our
baseline construction follows standard methods described in the JGEA special issue on recursive
dynamic CGE baseline development (Dellink, van der Mensbrugghe, and Saveyn 2020). On
macroeconomic development, we target population and labor force projection consistent with the
middle-of-the-road Shared Socioeconomic Pathway (SSP2) (Kc and Lutz 2017). GDP developments

3 https://www.msc.com/che/sustainability/enabling-logistics-decarbonisation
4 https://www.maersk.com/news/articles/2022/01/12/apmm-accelerates-net-zero-emission-targets-to-2040-and-sets-
milestone-2030-targets
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follow historical data between 2014 and 2019, post-COVID-19 forecasts between 2021 and 2027 (IMF
2022), and SSP2 projections onwards (Dellink et al. 2017). We also target different sectoral
productivities, and autonomous annual energy efficiency improvements across countries and sectors.
Economy-wide regional GHG emissions towards 2040 are exogenously targeted, as global maritime
shipping emissions in line with SSP2 developments also are.

Against the baseline, we study three main scenarios. The first scenario is based on the emission targets
stated by the IMO,> which aims at reducing CO2 emissions from maritime transportation by 50%,
compared to 2008, by 2050. Global maritime transportation emissions in this scenario follow a
pathway consistent with this goal, with a 40% reduction by 2040. The reduction is modeled by
implementing a global emission trading system covering the maritime transportation sector. The
second scenario sets an exogenous carbon price at the level of scenario 1. In addition, in scenario 2,
we make use of sector-specific data on technological changes that ambitious efforts by the sector
could achieve. The simulation is informed by the literature, and changes in energy efficiency, fuel mix,
and other relevant productivity variables are exogenously targeted. Finally, scenario 3 builds on the
second scenario. In addition to the carbon price and the sector-specific technological changes towards
decarbonization, an improvement in logistic performance along bilateral trade routes is assumed. To
do so, we use of the Logistic Performance Index, introduced by the World Bank (Arvis et al. 2014; 2016;
2018), which measures the “logistics friendliness” of 160 countries, using both qualitative and
guantitative measures. We assume a convergence towards the efficiency frontier in the period 2014-
2040.

Expected findings

This study investigate how decarbonization in the maritime shipping industry, under alternative
technological developments, can affect patterns of agrifood international trade and other national
and international agrifood market outcomes. To address the objectives of the paper, results from the
simulations will show changes in production and trade patterns of selected agrifood products (with a
focus on animal food products), for selected regions and worldwide. Changes to aggregate welfare
measures will also be provided. Finally, climate impacts will be measured by changing emissions in the
agrifood and transport sectors.

5 https://www.imo.org/en/MediaCentre/HotTopics/Pages/Reducing-greenhouse-gas-emissions-from-
ships.aspx
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