Carbon Border Adjustment Mechanism (CBAM) Explorer
In December 2022, the EU reached a provisional agreement on the world’s first Carbon Border Adjustment Mechanism (CBAM), which aims to combat climate change and prevent carbon leakage (EP, 2022). The CBAM implementation will start by covering direct emissions from iron and steel, aluminum, cement, fertilizers, and electricity, with a further extension of commodity coverage and emissions’ scope over time.
Governments of many EU trading partners have raised concerns about the possible implications of the CBAM for their economies, and several earlier studies have provided an assessment of various CBAM architectures in countries around the world (e.g., Chepeliev, 2021; Magacho et al., 2022; UNCTAD, 2021; Zhong and Pei, 2022). Overall, these earlier results suggest that at the macro level, implications of the CBAM for EU trading partners would be relatively modest, but selected producers of energy-intensive and trade-exposed goods in such countries, like Russia, China, India, Turkey, and Ukraine, might be impacted substantially. 
While providing valuable insights into the topic, earlier studies have not adequately considered several essential points, including the uncertainty around CBAM implementation. First, the future architecture of the CBAM, as suggested by the earlier policy discussions and legislations, is flexible and is expected to change over time. The latter would include changing commodity and emissions’ scope coverage. Second, the level of carbon prices in the EU that would be observed in the future is also uncertain and is subject to change depending on the stringency of the mitigation efforts. Third, as most studies utilize the standard Global Trade Analysis Project (GTAP) Data Base (Aguiar et al., 2019) for assessing the CBAM impacts, corresponding analyses suffer from aggregation bias. A number of commodities that are expected to be covered by the CBAM, such as cement, aluminum or fertilizers, are aggregated within broad GTAP sectors (non-metallic minerals, non-ferrous metals and chemicals, respectively). Finally, most of the earlier studies have a specific geographical focus with a limited set of individual countries included in the assessment.
In the current study, we aim to address some of the limitations of the earlier studies. Our assessment will start from the most recent Version 11 of the GTAP Data Base, which has the 2017 reference year (Aguiar et al., 2022). This version of the GTAP Data Base, apart from a more up-to-date base year, also includes a number of methodological improvements relevant to the assessment of the CBAM. The latter consists of a revised treatment of the fossil fuel combustion CO2 emissions and a refined representation of the bilateral energy trade flows. Relying on the GTAP-Circular economy version of this Data Base, we will implement selected sectoral splits for the CBAM-relevant commodities following an approach developed by Chepeliev et al. (2022). With this, we will split such commodities like steel (separating casting), cement, aluminum and plastic out of the aggregated GTAP sectors. In the next step, we will develop sectoral and regional aggregation retaining a high level of spatial resolution with a particular focus on developing regions keeping at least 60 individual countries in the aggregation. We will further update the database to the 2030 reference year via a one-step run of the GTAP-Circular Economy model using the macro assumptions from the most recent World Economic Outlook (IMF, 2022). 
The analysis and dissemination of results will be carried out via two channels. First, the results would be used to estimate a wide range of impact assessment indicators across considered CBAM architectures - macro impacts, implications for exports, imports, output, consumer prices, emissions, etc. These results would be used for future visualization and public sharing via an online platform so that an interested user can either bulk download all indicators or select a specific CBAM architecture and visualize the corresponding impacts via the developed platform. We refer to this platform as a “CBAM explorer”. Second, the results would be used to estimate the CBAM exposure index, which is aimed at identifying the most vulnerable countries and commodities under alternative CBAM architectures. The original CBAM exposure index developed by Fischer et al. (2022) is based on the static reflection of the trade flows and emission intensity of the CBAM-related products. In this study, we will use this concept and will extend it with the model-based results, which take into account trade adjustment and substitution opportunities. This will allow us to identify countries and sectors/commodities that are expected to be the most vulnerable to CBAM under alternative architectures.
To quantify the impacts of the Carbon Border Adjustment Mechanism (CBAM) we implemented a static computable general equilibrium (CGE) model, while incorporating a Circular Economy database (GTAP-CE). The GTAP-CE covers 99 sectors and provides detailed representations of primary, secondary, and recycling activities for metals (steel, aluminum, copper, and other metals) and plastics, as well as disaggregated activities for cement and fertilizers. It would also be covering a plausible range of CBAM configurations at a highly disaggregated regional level with a detailed representation of individual developing countries. As a baseline, we impose a uniform carbon price of $100 per tCO₂ across all sectors in the European Union (including both ETS and non-ETS sectors), while maintaining 90% free allocations in the fertilizers, cement, iron and steel, and aluminum industries. This baseline serves as the reference point for evaluating the introduction of CBAM under two policy configurations-both of which remove free allocations in the covered sectors. In the first scenario, the current CBAM, it is applied to Scope 1 emissions for all covered sectors and to Scope 2 emissions in cement, fertilizers, and electricity. In the second scenario, the expanded CBAM, coverage is expanded to both Scope 1 and Scope 2 emissions across all CBAM-covered sectors (iron and steel, aluminum, fertilizers, cement, and electricity).
The introduction of a unilateral high carbon price—set at approximately $100 per ton of CO₂—has been shown to slightly reduce global welfare, with the most pronounced losses occurring due the European Union. This result is primarily attributable to higher production costs and a consequent decline in competitiveness for EU industries. Overall, the decrease in global GDP is modest (approximately 0.17%), while the EU itself experiences a GDP decline of less than 1%. 
In terms of welfare, the EU sees a loss of $122 billion dollars, while the rest of the World of $17 billion dollars. Fossil-fuel-dependent regions, including Russia, Saudi Arabia, and parts of Western Asia, emerge as the most adversely affected in terms of welfare. These countries face significant economic challenges due to a drop in fossil fuel exports, particularly oil and gas, to the EU. The reduced demand in Europe, driven by the carbon price, directly translates into lower revenues for these regions. In contrast, high-income regions in Asia, along with major economies such as China, India, and the USA, tend to benefit from the policy. 
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The carbon price shows to be effective in significantly reducing EU emissions—by around 27%. However, this reduction is somewhat tempered at the global level, with an overall emissions decrease of only about 1%, while the rest of the world sees an increase of emissions of 0.9%. Rising emissions in the rest of Europe, the USA, and Russia illustrate carbon leakage, as higher production costs within the EU prompt a shift of economic activity to more competitive regions that do not have an equivalent carbon pricing.
The introduction of the carbon price notably curtails the export of fossil fuels from key energy-producing regions. Specifically, exports of coal, gas, and oil to the EU decline substantially by around 2% (equating to approximately $165 billion). The reduction in energy imports into the EU is particularly pronounced for countries such as the USA, Russia, Saudi Arabia, Qatar, and Nigeria. For example, Russia experiences a marked downturn in exports of oil, gas, and coal to the EU. Similarly, while the USA registers decline in sectors including other services, general manufacturing, and oil products, China is primarily affected in its electronics and manufacturing sectors. Moreover, trade patterns indicate a significant diversion of energy trade away from the EU. Fossil fuel exporting countries such as Saudi Arabia, Qatar, and Nigeria face notable challenges, as their EU markets shrink in response to the increased carbon cost. While redirecting trade to regions like High-Income Asia, China, and India, are positioned to capture a larger share of trade in the affected commodities.
The unilateral imposition of a high carbon price within the EU achieves a considerable reduction in domestic emissions at the cost of welfare losses, while simultaneously prompting shifts in global production and trade patterns. Fossil-fuel-dependent regions suffer disproportionately due to decreased demand, whereas emerging economies and industrial powerhouses stand to gain from the resultant competitive shifts. The CBAM plays an essential role by directly addressing the risk of carbon leakage by ensuring that imports are subject to similar carbon costs as domestic production. This mechanism not only preserves the environmental integrity of the EU’s climate policy but also protects domestic industries by leveling the playing field, thereby preventing the relocation of production to regions with less stringent environmental standards.
With the implementation of the CBAM exports to the EU of carbon-intensive sectors—such as fossil fuel-generated electricity, fertilizers, and cement— experienced a notable decline, while fossil fuel exports have similarly decreased due to diminished demand amid the broader shift toward renewable and clean energy sources. In contrast, imports of clean energy into the EU have surged, underscoring a growing market preference for sustainable energy alternatives. In the expanded CBAM scenario—which features comprehensive Carbon Border Adjustment Mechanism coverage for both Scope 1 and Scope 2 emissions across all relevant sectors, including iron, steel, and aluminum—there is a markedly higher reduction in imports of the additional heavy industries compared to the limited Scope 2 CBAM scenario.
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Under the current CBAM, the rest of the world’s emissions are nearly zero, although they remain marginally higher than in the expanded scenario, resulting in a minimal level of carbon leakage despite efforts to level the playing field. In contrast, the expanded scenario reduces carbon leakage to effectively zero. In both frameworks, the principal driver of global emissions decline is the significant reduction in EU emissions, which dropped by nearly 16% (approximately 440 million tons of CO2). This notable decrease is pivotal in steering the overall reduction in emissions on a global scale, which declined around -1.3% (443 million tons of CO2).
Global welfare declines by around USD 144.1 billion under the current CBAM and by USD 144.7 billion under the expanded scenario, with the bulk of these losses—approximately USD 129 billion—concentrated within the EU. These figures highlight the substantial domestic cost associated with such unilateral carbon pricing, despite the environmental benefits. Meanwhile, the impact on global GDP remains relatively contained, with a minor decline of about 0.17% (roughly USD 141 billion). This modest global GDP contraction is largely attributable to the EU’s own GDP decline of approximately 0.7% (around USD 143 billion).
In conclusion, this study provides a quantitative analysis of the Carbon Border Adjustment Mechanism (CBAM) by leveraging a static computable general equilibrium model that integrates the enhanced GTAP-CE database. By incorporating a more granular database this analysis offers a more comprehensive understanding of the CBAM results than previously possible in CGE analysis. 
Under a carbon price scenario—with a uniform carbon price of USD 100 per ton and partial free allocations—the EU achieves substantial emissions reductions (nearly 27%), while global emissions would have a relatively small reduction (around 2%) with the rest of world seeing an increase of emissions (around 0.9%) and thus reflecting carbon leakage. Global GDP impacts are modest (around 0.17%) with a domestic welfare loss of 138 billion dollars. In contrast, when the CBAM is introduced (either the current version or an expanded one), carbon leakage is avoided with negligible emissions in the rest of the world, with global emissions declining an additional 1.3%. the overall global GDP contraction by around 0.17%, and a global welfare decline of 144.7 billion dollars. Moreover, while the carbon price alone triggers shift in trade by reducing fossil fuel exports from carbon-intensive regions, the CBAM reinforces these changes by aligning import costs with domestic production costs, effectively curbing carbon leakage—especially under the expanded scenario, where leakage is nearly eliminated.
The methodological advancements and publicly available visualization tools developed through this work offer vital insights and a robust framework for decision-making. As such, the study is poised to benefit the current discussion on CBAM and related policies by providing clear insights into the interplay between carbon pricing and CBAM policies. By highlighting the comparative impacts on welfare, emissions, and trade dynamics, the analysis fosters a more comprehensive discussion that can inform both academic debate and policy design, supporting informed decision-making and enhancing the overall dialogue on effective climate policy strategies.



References
Aguiar, A., Chepeliev, M., Corong, E., & van der Mensbrugghe, D. 2022. The Global Trade Analysis Project (GTAP) Data Base: Version 11. Journal of Global Economic Analysis, 7(2). Retrieved from https://jgea.org/ojs/index.php/jgea/article/view/181 
Aguiar, A., Chepeliev, M., Corong, E. L., McDougall, R., & van der Mensbrugghe, D. 2019. The GTAP Data Base: Version 10. Journal of Global Economic Analysis, 4(1), 1–27. https://doi.org/10.21642/jgea.040101af 
Chepeliev, M. 2021. Possible Implications of the European Carbon Border Adjustment Mechanism for Ukraine and Other EU Trading Partners. Energy RESEARCH LETTERS, 2(1). https://doi.org/10.46557/001c.21527
Chepeliev, M., Aguiar, A., Farole, T., Liverani, A., & van der Mensbrugghe, D. 2022. EU Green Deal and Circular Economy Transition: Impacts and Interactions. https://www.gtap.agecon.purdue.edu/resources/res_display.asp?RecordID=6607
European Parliament (EP). 2022. Deal reached on new carbon leakage instrument to raise global climate ambition. Press Release. 13-12-2022. https://www.europarl.europa.eu/news/en/press-room/20221212IPR64509/deal-reached-on-new-carbon-leakage-instrument-to-raise-global-climate-ambition 
Fisher, C., Jung, E. and Maliszewska, M. 2023. CBAM Exposure Index. World Bank (forthcoming).
International Monetary Fund (IMF). World Economic Outlook (October 2022). https://www.imf.org/external/datamapper/datasets/WEO
Magacho, G., Espagne, É., & Godin, A. 2022. Impacts of CBAM on EU trade partners: consequences for developing countries. AFD Research Papers, (238), 1-20. https://www.afd.fr/en/ressources/impacts-cbam-eu-trade-partners-consequences-developing-countries
United Nations Conference on Trade and Development (UNCTAD). 2021. A European Union Carbon Border Adjustment Mechanism: Implications for Developing Countries. Accessed via: https://unctad.org/system/files/official-document/osginf2021d2_en.pdf 
Zhong, J., & Pei, J. 2022. Beggar thy neighbor? On the competitiveness and welfare impacts of the EU's proposed carbon border adjustment mechanism. Energy Policy, 162, 112802.

Top Welfare Winners


Panama	Belarus	Rest of Europe	Ukraine	Brazil	Türkiye	United States of America	India	China	High income Asia	2.1801785300000001	2.3595213300000002	3.0746923800000001	4.0207855200000004	4.2779440299999996	8.0104431199999997	11.421370850000001	18.342927249999999	34.452131350000002	54.82618652	
US $ Billion



Top Welfare Losers
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Total Exports into the EU (Percentage Change)
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