Global Context Matters: Spillovers from Denmark’s Agricultural Climate Policy under
Alternative Global Pathways

Introduction

Denmark is the first country in the world to implement a greenhouse gas (GHG) tax in the
agricultural sector, alongside a large-scale land retirement program. Beginning in 2030, a price
on GHG emissions from livestock and parts of the emissions from crop production will be
introduced, complemented by measures to retire agricultural land (Danish Council on Climate
Change, 2025; Danish Government, 2024a, 2024b). In a globally integrated agri-food system,
however, unilateral action by a small open economy can trigger international spillovers as
sectoral competitiveness is affected and production is reallocated across regions.
Understanding these spillovers is therefore critical for assessing the environmental effectiveness
of national climate policies in agriculture.

Existing studies using global computable general equilibrium (CGE) or partial equilibrium (PE)
models to assess climate policy in agriculture typically focus on global mitigation scenarios
(Frank et al., 2019; Fujimori et al., 2022; Hasegawa et al., 2018), with limited attention to
production reallocations driven by unilateral policies. Other contributions examine large
countries or regions such as the US, China, and the EU (Adenauer et al., 2025; Matthews, 2022;
Zhang et al., 2024). Many of these studies, especially the ones focusing on the EU, analyze
competitiveness effects and carbon leakage of unilateral policies, often simulating alternative
policy designs against a given baseline trajectory for the policy and non-policy countries/regions.
These studies report a wide range of carbon leakage rates, from -5% to over 101% (Matthews,
2022), reflecting differences in policy ambition and design, as well as modelling assumptions
related to elasticities, time horizons, baseline developments, and the availability of abatement
technologies. A smaller body of literature focuses on national agricultural climate policies,
including studies on Denmark (Sgrensen et al., 2025), Chile (Mardones and Lipski, 2020),
Germany (Henseler et al., 2020), and France (Lungarska and Chakir, 2018). These analyses
generally concentrate on domestic economic and environmental impacts, with limited coverage
of international spillovers arising from changes in trade and production patterns.

While some of the studies simulating global climate policy evaluate their impacts under
alternative socioeconomic developments, often represented by the five alternative Shared
Socioeconomic Pathways (SSPs) (Fujimori et al., 2022; Hasegawa et al., 2018), within the broader
literature on leakage and competitiveness, an important yet underexplored dimension concerns
the sensitivity of carbon leakage to alternative global socioeconomic and climate policy
trajectories. In fact, in most studies, the rest of the world is assumed to follow a business-as-
usual pathway, such that leakage is evaluated in only one external context. This limits our
understanding of how unilateral agricultural climate policies interact with different future
developments in the global agri-food system.

To our knowledge, no study has quantified the international spillovers of planned agricultural
climate policy in a small open economy such as Denmark while systematically accounting for
alternative socioeconomic and global climate policy developments. This paper addresses two
questions: (i) What are the international spillovers of Denmark’s agricultural climate policy? (ii)
How sensitive are these spillovers to alternative socioeconomic pathways and climate policy



ambition elsewhere? Using an extended global CGE framework, we model 45 scenarios
combining Danish policy designs with global contexts defined by SSPs and varying levels of
agricultural climate change mitigation ambition in the rest of the world. The model used
incorporates endogenous technology adoption, land supply responses, and evolving food
preferences under calorie constraints, offering a structured assessment of how national
agricultural climate policies interact with global systems.

Methods (model and data)

We perform this analysis by using the model developed in Clora et al. (2024), which extends the
recursive dynamic version of the GTAP v7 model (Aguiar et al., 2019; Corong et al., 2017). Among
other features, the model allows for the implementation of differentiated sectoral carbon prices
by distinguishing agri-food sectors from the rest of the economy (Clora et al., 2023), incorporates
mechanisms to capture changes in consumer preferences across SSPs driven by socioeconomic
factors (Bouyssou et al., 2025), and models the adoption of abatement technology in the agrifood
sectors (Jensbye et al., 2023). As compared to previous applications (Clora et al., 2024; Jensbye
et al., 2023) which rely on a global technology catalogue (US EPA, 2019), we update Danish
abatement potentials and costs using country-specific data from the Danish Council on Climate
Change (2023).

The model is calibrated on the GTAP-AGROFOOD v10 database (Britz, 2022), merged with the
GTAP-Power v10 database (Chepeliev, 2020). Key elasticities are adjusted using data from recent
literature (Akin-Olgum et al., 2022; Ivanic et al., 2023; Tabeau et al., 2017). The dataset is
aggregated to represent key agrifood commodities, and major producing and consuming
countries. The dataset is updated in one-year steps towards 2050.

Three Danish agricultural climate policy scenarios are simulated, reflecting a gradual
implementation of the agreed regulation (Danish Council on Climate Change, 2025; Danish
Government, 2024b). In the first scenario, a tax on agricultural GHG emissions is introduced,
starting at 300 DKK (40 Euros) perton CO,e in 2030 and rising to 750 DKK (100 Euros) perton CO,e
by 2035. In the second scenario, a gradual economy-wide reduction in land supply of 15% by
2045 is added to represent land retirement. Recognizing that land retirement is expected to target
specific fields (particularly the least productive land) the third scenario combines the GHG tax
with a reduction in agricultural land use and a concurrent increase in land productivity, based on
available estimates.

These policy scenarios are each simulated against 15 alternative baselines, built by combining
five SSP-based baselines and three alternative trajectories for international efforts to mitigate
agricultural emissions. The five SSP baselines are built using external projections on population
and labor force (Kc and Lutz, 2017), GDP (Dellink et al., 2017), and saving rates (Fontagné et al.,
2022). Bilateral iceberg trade costs vary across SSPs following estimated relationships between
per capita income and logistics performance (Arvis et al., 2016). Common across all baselines,
we target exogenously differences in sectoral productivity growth (Bekkers et al., 2019), non-
agrifood emissions (Keramidas et al., 2021), and energy efficiency. Owing to the current trade
uncertainties, five alternative globalization scenarios (Clora and Yu, 2023) are also mapped on
the five different SSP storylines. Given this study’s focus on agri-food sectors, crop, meat, and
milk yields are also exogenously targeted (OECD and FAO, 2023), and SSP-specific trajectories



for food consumption and demand elasticities are incorporated following Bouyssou et al. (2025).
Building on these SSP developments, we consider three alternative pathways for agricultural
climate change mitigation outside Denmark. In the first pathway, agrifood emissions in the rest
of the world are modeled as endogenous and evolve without additional policy constraints. In the
other two ones, we impose low- and high-ambition agricultural mitigation targets derived from
region-specific emission pathways developed by Jensbye and Yu (2023).

Expected result

This study will quantify both domestic and international impacts of Danish agricultural climate
policy, with a particular focus on changes in sectoral and regional production patterns and
associated carbon leakage rates. The results will also highlight how sensitive international
spillovers are to alternative socioeconomic trajectories and levels of global climate ambition. By
providing the first comprehensive analysis of Danish agricultural climate policy in a global
context, this paper contributes to the literature on agricultural mitigation and competitiveness
and underscores the importance of sensitivity analysis with respect to external socioeconomic
and policy developments.
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