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Dietary transitions as climate mitigation measures in Europe: 

implications of supply-side responses and trade policy regimes 

 

Abstract 

The EuƌopeaŶ UŶioŶ͛s Green Deal proposal and Farm to Fork strategy explicitly call for both demand and 

supply measures to reduce emissions from the food system. While research clearly illustrates the importance 

of dietary transitions, impacts of potential supply-side measures are not well understood in relation to 

competitiveness concerns and leakage effects. This study assesses trade and GHG emission impacts of two 

supply-side mitigation strategies (intensification vs. extensification) in the EU, UK and Switzerland (EU+2), 

against a 2050 baseline featuring healthy/sustainable diets adopted by European consumers. To capture 

potential leakage effects arising from changing external trade flows, the two supply-side strategies are 

assessed against three trade policy regimes (i.e. status quo, and regional trade liberalization with and without 

border carbon adjustment), resulting in six scenarios formulated with detailed inputs from the EUCalc model 

and other literature and simulated with a purported-designed CGE model.  

Our results show that intensification, while improving the EU+Ϯ͛s external trade balance, does not reduce 

emissions in the EU+2, compared to the baseline. In contrast, extensification leads to a substantial emission 

abatement that augments reductions from the assumed dietary transition embodied in the baseline, 

resulting in a combined 31.1% of agricultural emission reduction in EU+2 during 2014-2050. However, this is 

at the expense of worsening agrifood trade balance amounting to US$25 billion compared to the baseline, 

and significant carbon leakages at a rate of 48%, implying that half of the EU+Ϯ͛s eŵissioŶ ƌeduĐtioŶ aƌe 
cancelled out by rising emissions elsewhere. Furthermore, implementing the EU+2͛s prospective regional 

trade agreements leads to increased emissions in the EU+2; however, a border carbon adjustment by the 

EU+2 can improve its trade balance and partially shifting mitigation burdens to other countries, but ultimately 

only marginally reduce global emissions (and carbon leakage). Finally, different trade and emission effects 

are identified between the crop and livestock sectors, pointing to the desirability of a mixed agriculture 

system with intensified livestock sector and extensified crop agriculture in EU+2 that balances emission 

reduction goals and competitiveness concerns.  

Keywords: Agriculture system; Climate change mitigation; Dietary changes; Food; Trade; European Union; 

CGE model 
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1. Introduction  
The global food system is a significant contributor of global greenhouse gas (GHG) emissions (1, 2). 

Transitions towards more emission-intensive diets due to rising income and population imply that the food 

system in its current form will emit even more, raising the urgency of curbing this trend (3-5). Within the 

European Union (EU), agriculture alone generated 10% of its total GHG emissions in 2018 (6), mainly due to 

its generally intensive livestock sector (7), and EuƌopeaŶ ĐoŶsuŵeƌs͛ high per capita dietary emissions (8). 

Aiming for a climate neutral EU by 2050 (9), the Farm to Fork Strategy (10) explicitly recognizes the 

importance of both supply- and demand-side measures to obtain a sustainable agriculture. Transitioning 

towards healthy and sustainable diets consisting of more plant-based food items and fewer animal food 

products and having less food waste is widely recognized as a demand-side mitigation option (11-16). 

On the supply-side, both intensification and extensification practices are proposed as mitigation measures. 

The choice between the two practices is often evaluated on the basis of availability and quality of land and 

access to internal and purchased inputs (17-19). Intensification practices can improve yields, technical 

efficiencies, and intensities in land use and chemical inputs (20-25). For instance, intensified agriculture 

reduces agriculture land use per unit of output, potentially allowing spare land as carbon sinks, whereas 

intensified livestock sector also reduces the burden of manure management. However, intensification can 

negatively affect various environmental indicators, such as biodiversity and global nitrogen cycle (26-28). As 

an alternative, extensive practices (e.g. organic farming, higher crop diversification, etc.) have also been 

suggested as a mitigation strategy (29-33). For instance, an extensified agroecological system phases out 

synthetic fertilizers and pesticides and deploys agroforestry practices. However, crop yields are typically 

lower (34), potentially leading to production displacement elsewhere, especially if it is undertaken 

unilaterally (35). These complexities suggest that the choice between the two practices should be carefully 

evaluated in relation to the expected differential yields and output effects and product compositional effects, 

not the least in conjunction with future dietary patterns. 

The EU is an important participant of the world agrifood markets. In 2015, agrifood trade represented about 

7% of total EU trade value but generated 25% of its external trade surplus, thereby contributing to its core 

economic competitiveness (36). Changes to the EU's production system and dietary patterns may cause 

imbalances on the EU internal market, resulting in changing external trade patterns. This competiveness 

concern can be compounded by potential carbon leakages that weaken the EU͛s iŶteŶded ĐoŶtƌiďutioŶ to 
global emission reduction.1 Therefore, it is important to consider the future development of the EU's external 

trade policy. The EU has had 41 Free Trade Agreements (FTA) in force with 72 countries as of 2019 and has 

recently concluded or is currently working on a variety of other agreements (36, 37). Existing empirical studies 

point to ambiguous impacts of trade liberalization on GHG emissions (38, 39). It is also unclear how climate 

change mitigation would reshape existing trade patterns. Therefore, there is an analytical need to factor into 

these new developments. Moreover, the risk of carbon leakage through trade linkages can be counteracted 

by trade policy instruments such as export rebates for trade-exposed sectors and the so-called border carbon 

adjustments (BCA) levied on emissions embodied in imports (40, 41). The BCA has been mentioned without 

elaboration in the European Green Deal proposal (9). Its actual implementation and conformity to relevant 

WTO trade rules, and possible retaliations from trade partners, largely remain unclear (42, 43).  

                                                           
1 Carbon leakage refers to the relocation of GHG emissions from countries with stringent climate policy to other parts 

of the world subject to no (or weaker) regulations (40, 41). 
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This paper contributes to the above literature by investigating the GHG emissions and trade-related carbon 

leakage effects of two alternative supply-side responses (i.e. agricultural intensification vs. extensification) 

to a healthy/sustainable dietary transition pathway in the EU, plus UK and Switzerland (EU+2). It further 

explores how the impacts of these supply-side responses – including carbon leakage effects – are contingent 

on the assumed trade policy regimes. The analysis is conducted in a computable general equilibrium (CGE) 

framework, with a baseline assuming that consumers in the EU+2 transition to a sustainable diet by 2050. 

Against this baseline, we exploit detailed sector- and country-level data from the European Calculator model 

(EUCalc)2 and other sources to formulate and simulate the effects of different combinations of the two 

supply-side mitigation strategies and three trade policy regimes (i.e. business-as-usual (BAU), regional trade 

liberalization, and regional trade liberalization and BCA).  

2. Methods and data 
Concrete sectoral supply- and demand-side mitigation measures are often analyzed in studies using the so-

called "bottom-up" approach supported by detailed technical/biophysical data but with limited attention to 

economic interactions and socio-economic impacts (13, 30). In contrast, the "top-down" approach in most 

economic studies uses partial or general equilibrium models (44-46), relying on carbon pricing instruments 

to endogenously drive demand and supply responses. However, major structural changes to production 

systems and ambitious demand shifts cannot always be triggered or replicated by carbon price instruments 

in such models. To overcome this challenge, in this paper we opt for a "hybrid" approach, allowing concrete 

supply and demand mitigation scenarios built from detailed bottom-up data to be simulated in a CGE 

economic model with built-in flexibilities in accommodating large structural changes in production system 

and consumption patterns (47). Based on the GTAP-E model (48, 49), we modify the household demand 

system to allow for embedded within-budget share shifters for purposes of simulating potentially large 

preference-driven dietary transitions towards 2050. 3  On the supply side, we also introduce shifter 

parameters (50) in the nested production functions to facilitate the implementations of technological and 

structural changes envisioned in the intensification and extensification scenarios. An aggregate land supply 

function is implemented to capture land supply responses. A set of extra equations are also added to account 

for non-CO2 emissions and overall GHG emissions. Finally, trade policy instruments on GHG embedded in 

imports are added, allowing for implementation of alternative BCA.  

2.1 Data and baseline 

The core data sets used are the GTAP-E v10 database (51) and the associated non-CO2 emissions dataset 

(52),4 with 2014 as the reference year (therefore, all monetary values are denoted in millions of USD in that 

year). It covers 65 sectors and 141 global countries/regions, including national input-output tables, bilateral 

trade flows, macroeconomic aggregates, energy, emissions, and trade policy instruments. These databases 

are aggregated to 12 countries/regions and 31 sectors.5 We update the GTAP databases to create a baseline 

in 2050, using assumptioŶs ĐoŶsisteŶt ǁith the ͞ŵiddle-of-the-ƌoad͟ Shaƌed SoĐioeĐoŶoŵiĐ PathǁaǇ SSP2 

                                                           
2 http://www.european-calculator.eu/ 
3 For details, see Section 1 of the Supplementary Materials.  
4 The non-CO2 emissions database includes, among others, methane (CH4) and nitrous oxide (N2O) emissions linked to 

burning crop residues and savanna (CH4, N2O), emissions from cultivation of organic soils (N2O), crop residues (N2O), 

manure left on pastures and applied to soils (N2O), manure management (CH4, N2O), enteric fermentation (CH4) and 

intermediate use and production of synthetic fertilizers and pesticides (N2O). 
5 For details of the sectoral and regional aggregations, see Section 2 of the Supplementary Materials. 

http://www.european-calculator.eu/
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(53) and in line with the latest available literature (54). The overall strategy is to replicate at country/region 

level available long-run GDP projections and either impose or solve for the underlying determinants. More 

specifically, population (55) and labor force (56) projections are directly imposed in the baseline, while 

changes in total factor productivity are solved for by targeting GDP projections (57). Changes in capital stock 

are endogenously adjusted via the so-Đalled ͞BaldǁiŶ eƋuatioŶ͟ (58). Additionally, we include differential 

growth in sectoral productivities (59).6 Autonomous energy efficiency improvements are implemented, by 

assuming a constant exogenous rate of 1% annual growth for all activity sectors and energy carriers. External 

2040 fossil fuel prices projections (60, 61) are implemented by endogenizing changes in the productivity of 

the oil, coal and gas sectors. Changes in crop yields due to a 1°C increase in temperatures compared to 2014 

(53) are also included in our baseline, using estimates by Roson and Sartori (62). Finally, we exogenously 

project regional pathways of food consumption from 2014 to 2050, implementing dietary changes in the 

baseline as shifts in consumer preferences through a model simulation. 

Data used to formulate dietary changes in the baseline and for constructing the production system transition 

scenarios are based on those from the EUCalc model (16). The EUCalc model belongs to the so-called 

calculator models (63-70). The EUCalc, a bottom-up built system dynamics model representing GHG 

emissions dynamics in the EU+2, evaluates the trade-offs and synergies arising from user-defined 

modifications to supply and demand in key emitting sectors. It contains a rich set of historical and projected 

data disaggregated at the EU member states level, capturing a wide set of drivers of sectoral and system-

wide GHG emissions at various mitigation ambition levels (71). The range of the ambition levels is derived on 

the basis of expert/stakeholder elicitation and through literature studies describing potential futures for the 

respective sectors. On the demand side, we update and extend the dietary projections from the lifestyle 

module of the EUCalc model (16) to construct the dietary scenario embodied in the baseline. On the supply-

side, we harness the rich engineering details of the agriculture module of EUCalc to construct the 

extensification and intensification strategies. These data are detailed below.   

2.2 Dietary projections in the baseline 

Consistent with the European Green Deal and the Farm to Fork strategy, in our baseline the EU+2 is assumed 

to follow a healthy/sustainable diet in 2050. Furthermore, food waste is assumed to be reduced. In the rest 

of the world (ROW), we assume BAU dietary developments and impose no changes in food waste. 

The healthy/sustainable diet in this work is defined on the basis of calories required to maintain adequate 

body size under moderate physical activity. We estimate the basal metabolic rate (BMR) under moderated 

physical activity level for individual countries, targeting a body mass index (BMI) between 18.5 and 24.9 

(considered healthy according to WHO (72)) in 18 age/sex groups in each country. Current BMI data are taken 

from NCD Risk Factor Collaboration (73). Then, the Schofield equation (74) is used to evaluate the amount of 

calories required to maintain the body weight associated with targeted BMIs under moderate physical 

activity. The equation is calibrated on data from Hiçet al. (75). The total amount of calories demanded by 

each group is then split across 45 food groups. We determine a healthy composition of calories to fulfil the 

healthy BMR drawing from Springmannet al. (76), reproducing the Global Dietary Guidelines  scenario that 

                                                           
6 Bekkers et al. (2019) use 2.49 percentage points additional annual growth (relative to average economy-wide TFP 

growth) for agriculture, 1.51 for manufacture and -0.34 for services, at the world level. In order to map their estimations 

to our sectoral aggregation, we calculate sectoral productivities in each country/region as weighted averages of the 

ones used by Bekkers et al. (2019), using as weights sectoral value added shares. These differential sectoral productivity 

growth rates are imposed in the baseline by targeting changes in labor and natural resource productivities. 
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sets the dietary composition according to guidelines from WHO (77) and World Cancer Research Fund (78). 

After the diet composition is determined for each age/sex class, the total per capita calories for a country are 

determined by aggregation with the respective population. At the same time, we assume that the EU+2 

achieves reductions in food waste at the consumer level (SDG 12.3.1.b). Food waste at the consumer level in 

EU+2 is reduced by using waste factors found in the FAO Global Food Losses and Food Waste study (79). 

For the ROW, income elasticities of calories – a commonly used method to extrapolate calorie demand in 

long run projections (80) – at country level during 2000-2015 are assumed to persist in 2050. These are 

calculated based on the FAO Food Balance Sheets data on calorie availability (in kcal/cap/day) (81) and per-

capita GDP data (constant 2017 international $) from the World Bank (82). To project calorie consumption, 

GDP projections (57) and population projections (55) are used. These projected diets, measured as calorie 

demand for 45 food products, are then aggregated to the GTAP commodity classification using the Central 

Product Classification (83). The implied changes in demand shares for final consumption and intermediate 

uses (e.g. food consumed away from home) are then implemented in the baseline as shifts in consumer 

preferences through model simulations.7 

2.3 Scenario design and implementation 

We formulate and simulate six scenarios against the 2050 baseline, covering the combinations of agricultural 

intensification vs. extensification in the EU+2 on the one side, and three trade regimes (i.e. BAU, trade 

liberalization, and trade liberalization and BCA) on the other hand, as outlined in Table 1 and described next. 

Note that in these scenarios we assume all crop and livestock sectors are either intensified or extensified. 

Table 1 – Scenarios analyzed in this study 

  BAU agricultural trade Trade liberalization (FT) FT + Border Carbon Adjustment 

Intensification INT INT_FT INT_FT_BCA 

Extensification EXT EXT_FT EXT_FT_BCA 

Note: INT: intensification; EXT: extensification; FT: trade liberalization; BCA: border carbon adjustment. 

2.3.1 Alternative agricultural systems in EU+2 

Agriculture systems can be characterized by the intensities of the use of land, energy, and chemical inputs 

and the associated emission intensities (84). We therefore construct the intensification and extensification 

scenarios according to indicators related to the efficiency and requirement in land use (including crop yields, 

grazing intensity, and livestock yields) and in input use (covering synthetic fertilizers, pesticides, and energy). 

Table 2 presents the exogenous shocks to these indicators to be implemented in the intensification and 

extensification scenarios, relative to the baseline, obtained from the agricultural module of the EUCalc model 

(85) and detailed in Section 4 of the Supplementary Materials. Data from the EUCalc contains finer sectoral 

granularity. The above input data are therefore aggregated to the level of the GTAP aggregation, using, where 

appropriate, shares of agricultural land dedicated to each type of crops, livestock units, and fertilizer uses as 

weights.8 

Crop yield changes are modeled as land-augmenting technical changes by crops, ranging from 1.1% to 2.2% 

for the different crops under the intensification scenario, and -14.9% to -24.9% under the extensification 

scenario. Likewise, grazing intensity of livestock products are also modeled as land-augmented technical 

                                                           
7 Details on the 2050 baseline diet can be found in Section 3 of the Supplementary Materials. 
8 Details on the aggregation process can be found in Section 5 of the Supplementary Materials. 
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changes, changing from the baseline level of 1.5 livestock units per hectare (LSU/ha) to 3.8 LSU/ha and 1.0 

LSU/ha in the intensification and extensification scenarios, respectively. Alternative agricultural systems are 

also expected to have different livestock yields, defined as the amount of edible meat produced per livestock 

unit (measured in kcal/LSU). Intensification is expected to increase livestock yields (by between 4.6% and 

8.5%), while extensification would lower yields (by between -10% and -22.2%). Changes in the livestock yields 

are modeled as changes in the efficiency in meat production. Moreover, intensification (extensification) is 

expected to increase (decrease) synthetic fertilizers and pesticides use. Changes in fertilizers and pesticides 

uses are modeled via modified cost structures in sectoral production functions. Finally, energy used under 

both intensification and extensification is expected to decrease. We model such changes by altering shares 

of the energy bundle in the production functions. 

Table 2 – Key indicators in the agricultural intensification and extensification scenarios, % from baseline 

Indicators Intensification Extensification 

Crop yields  1.57 -22.03 

Livestock yields 6.46 -14.47 

Grazing intensity 162.41 -2.69 

Fertilizer and pesticide use 28.60 -76.28 

Energy use -11.10 -11.10 

Note: numbers are simple averages across sectors. More details are available in Table S5 in Supplementary Materials. 

2.3.2 Alternative trade regimes 

Three agricultural and food trade policy regimes are considered. In the first regime (i.e. BAU), we assume no 

changes to the EU+Ϯ͛s agricultural trade policy from the 2014 level. Thus, the results from the INT, EXT 

scenarios are only dependent on the supply-side changes to the agricultural sectors. In the trade liberalization 

regime (i.e. FT), we implement the agricultural trade provisions in 12 potential EU FTAs (36), as illustrated in 

Figure 1, to study the interplays between trade liberalization and more intensified (INT_FT) or extensified 

(EXT_FT) agriculture in EU+2. The FT scenarios track the ͞ĐoŶseƌǀatiǀe liďeƌalizatioŶ͟ sĐeŶaƌio of Boulanger 

et al. (36), based on the consideration that recent setbacks to globalization are likely to linger well in the 

foreseeable future. No further liberalization is assumed for the ͞otheƌ food͟ seĐtoƌ ďeĐause it includes a very 

large and heterogeneous set of processed products that are likely subject to different treatment (36). Future 

trade liberalization in this sector is likely to differ across different trade agreements. Built on the FT regime, 

the third trade policy regime adds a BCA differentiated by sectoral emission intensities and trading partners, 

resulting in the scenarios INT_FT_BCA and EXT_FT_BCA. They allow for evaluating the effectiveness of the 

BCA in counteracting potential carbon leakages arising from trade liberalization and agricultural system 

transition. As an illustration,  the BCA is set at 40 USD/ton CO2eq, the lower bound of the World Bank͛s 
estimated minimal price range needed by 2020 to be consistent with achieving the Paris temperature target 

(86). 

In practice, implementing the BCA leads to additional tariffs on agriculture and food imports into EU+2, with 

the highest increase in tariff rates in primary agricultural products (Figure 2), although primary products are 

not intensively traded. In contrast, as direct emissions in food-processing sectors do not include non-CO2 

emissions from primary agriculture, the additional tariffs are relatively low for processed food imports 

(between 0.03 and 1.06 percentage points). 
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Figure 1 - % reduction of the tariff rates faced by EU+2 exports and in EU+2 import tariff rates for 12 selected FTA partners9 

 

Figure 2 – Boxplots of additional tariff rates (%) faced by EU+2 imports10 

                                                           
9 See Section 6 of the Supplementary Materials for further details. 
10 More details on additional tariff rates can be found in Section 6 of Supplementary Materials. 
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3. Results 
We present in this section key simulation results on agricultural production, trade balance and agricultural 

GHG emissions. All simulation results, as illustrated in Figures 3-6, are relative to the 2050 baseline. 

3.1 Agricultural production 

Increasing crop yields due to intensification (i.e. the INT scenario) increases outputs of cereals, vegetables 

and fruit, and other crops in the EU+2 by 2-3% (Figure 3). In contrast, extensification (EXT) results in marked 

reductions in crop outputs (7-17%). We observe an increase in primary livestock production under INT (6-

11%) and also under EXT (2-3%) but for different reasons, while processed animal food outputs rise 

(decrease) under INT (EXT). Under the INT scenario, rising grazing intensity and livestock yields improve the 

EU+Ϯ͛s competitiveness and allow its processed animal food sectors to expand export market shares. 

Conversely, EXT implies lowering livestock yield and grazing intensity, leading to the opposite effects: 

decreasing processed animal food exports due to higher costs and prices; and a larger increase in 

intermediate demand for primary livestock products for meeting domestic demand due to decreased 

livestock yields. Finally, processed non-animal food output increases under INT (due to cheaper intermediate 

inputs) but decreases under extensification (due to more expensive intermediate inputs). 

Adding trade liberalization and BCA to the scenarios (i.e. as in the INT_FT, INT_FT_BCA, EXT_FT and 

EXT_FT_BCA scenarios) alters but does not cause noticeable changes to the output results. Under INT_FT, all 

output levels except that for vegetables and fruit and processed animal food are slightly higher than under 

INT, reflecting that the two-way trade liberalization with the EU+2͛s FTA paƌtŶeƌs will lead to more tariff 

concessions by the partner countries than by the EU+2 itself. Under EXT_FT, output levels either decrease 

less or increase more for cereals, other crops, cattle, and processed non-animal food. The BCA acts effectively 

as an import tariff, protecting domestic producers in the EU+2 from foreign competition. Hence, output levels 

under INT_FT_BCA and EXT_FT_BCA are generally higher than under INT_FT and EXT_FT, except for 

processed foods (due to their negligible BCA tariffs in connection their lower direct emission intensities). 

 

Figure 3 - Agriculture and food production in EU+2, % change from baseline 
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3.2 Trade balance 

Changes in production systems and trade policy regimes alter production costs and output levels, which in 

turn affect the EU+Ϯ͛s eǆteƌŶal trade patterns, as captured by changes in trade balance presented in Figure 

4.11 Relative to the baseline, the EU+2͛s agrifood trade balance improves in all intensification scenarios, while 

worsening under all extensification scenarios. In the intensification scenarios, increasing grazing intensity and 

livestock yields boosts reduce costs of livestock products and increases their outputs, leading to increasing 

exports of processed animal food. Increases in crop yields also improve net exports of crops and processed 

non-animal food. In the INT scenario, the EU+2͛s trade balance improves by US$14.6 billion. In the EXT 

scenario, decreases in crop yields, livestock yields and grazing density lead to worsening trade balance by 

US$24.7 billion, despite improved net exports of chemicals and energy due to phasing-out of fertilizer and 

pesticide use and reduced energy consumption.  

Tƌade liďeƌalizatioŶ fuƌtheƌ stƌeŶgtheŶs the EU͛s position as an animal food and processed food exporter 

under intensification. In the INT_FT scenario, net exports of livestock, processed animal and non-animal foods 

are further increase, and net crops exports slightly decreases. Together with increased net imports of 

chemical products, this leads to a larger improvement of the EU+2͛s tƌade ďalaŶĐe (by US$15.4 billion). When 

a BCA is imposed (as in INT_FT_BCA), the EU+2͛s trade balance for agrifood, chemical and energy products 

improves further, mainly driven by improved crop net exports. In contrast, in the EXT_FT scenario, the EU+2͛s 
net exports of chemicals and energy improve further with trade liberalization; however, this is out-weighted 

by the larger decrease in net exports of both crops and processed animal food, due to rising domestic costs 

and declining output levels. On balance, the EU+2͛s tƌade ďalaŶĐe deĐƌeases fuƌtheƌ uŶdeƌ the EXT_FT 

scenario (by US$26.3 billion, compared to US$24.7 billion in the EXT scenario). When using the BCA to counter 

the large decrease in net exports (as in EXT_FT_BCA), a smaller decrease in net exports of crops is obtained 

(by US$14.8 billion, as compared to US$17.1 billion in EXT_FT), resulting in a smaller overall decrease in the 

EU+2͛s tƌade ďalaŶĐe at US$23.3 billion.  

 

Figure 4 - Change in EU+2’s external trade balance for selected products from the baseline, USD billion 

                                                           
11 We focus on the trade balance of agricultural and food products and energy and chemical products used in agriculture. 

More detailed results can be found in Section 7 of the Supplementary Materials. 

14.6 15.4 17.2

-24.7 -25.3
-23.3

-30

-25

-20

-15

-10

-5

0

5

10

15

20

INT INT_FT INT_FT_BCA EXT EXT_FT EXT_FT_BCA

Energy products

Chemical products

Processed animal food

Processed non-animal food

Livestock

Crops

Sum of agrifood, chemical

and energy products



 

10 

 

3.3 GHG emissions 

3.3.1 Agricultural emissions in the EU+2 

Intensification generally increases GHG emissions due to increased input uses and increased outputs due to 

efficiency gains. The ability to export to the world market further pushes up domestic outputs and emissions. 

As shown in Figure 5, the EU+Ϯ͛s agricultural GHG emissions increase by 2.44% under INT, relative to the 

baseline. Adding trade liberalization (as in INT_FT) leads to higher agricultural emissions (by 2.9% as 

compared to the baseline), as a result of slightly higher emissions in the crop sectors and smaller emissions 

reduction in livestock sectors. In contrast, under extensification (the EXT scenario), with reduced agricultural 

outputs and lowered energy and chemical uses, agricultural emissions in the EU+2 drops by 11.34%, driven 

mainly by decreased crop outputs. Trade liberalization (as in EXT_FT) only slightly lowers the reduction of 

agricultural emissions (relative to EXT). Finally, implementing the BCA allows the EU+2 to import less and 

slightly boost EU production, leading to higher emissions, as compared to the scenarios without the BCA. 

Relative to the baseline, agricultural emissions rises by 3.12% in INT_FT_BCA (as compared to 2.9% increase 

in INT_FT), but decreases by 11.04% in EXT_FT_BCA (as compared to 11.33% reduction in EXT_FT).  

It is important to note that these simulated changes in aggregate agricultural emissions can be decomposed 

into two opposite effects across the crops and the livestock sectors. Under intensification, GHG emissions 

from the crops sectors increase whereas livestock emissions decrease. Trade liberalization and BCA in turn 

(marginally) increase crops emissions but moderate the reductions in livestock emissions. Under the 

extensification scenarios, the opposite pattern is found in the simulation results.  

 

Figure 5 - Change in EU+2 GHG (CO2eq) emissions from crops, livestock and overall agriculture, % from baseline 

In summary, our results suggest that an intensified agricultural system in the EU+2 cannot reduce its 

agricultural GHG emissions, as reduced livestock emissions are outweighed by increased crops emissions. An 

extensified agriculture, however, is shown to have potential in further reducing total agricultural emissions, 

even though it slightly increases livestock emissions. Therefore, extensification has the potential to 

complement climate-friendly dietary transitions iŶ fuƌtheƌ ƌeduĐiŶg EuƌopeaŶ agƌiĐultuƌe͛s carbon footprints. 
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In fact, combining the 22.3% agricultural emission reduction projected in the baseline driven mainly by 

assumed dietary transition (relative to 2014) and the 11.34% reduction in the EXT scenario (compared to the 

baseline) leads to a total emission reduction of 31.1% from the 2014 level. Conversely, the intensification 

scenarios would marginally offset the emissions reductions achieved through dietary transitions, leading to 

a much small overall reduction of 20.5% in 2050 (compared to 2014). Furthermore, trade liberalization 

geŶeƌallǇ opeŶs up ŵoƌe ŵaƌkets foƌ the EU+Ϯ͛s Đoŵpetitiǀe agƌiĐultuƌal and food sectors, allowing its net 

trade position to improve to the extent that its agricultural emissions rise marginally. Finally, implementing 

the BCA will further increase EU+Ϯ͛s agƌiĐultuƌal eŵissioŶ, ƌelatiǀe to the sĐeŶaƌios ǁithout the BCA. 

3.3.2 Agricultural Emissions in the Rest of World and Carbon Leakage  

To what extend would the unilateral actions by the EU+2 contribute to worldwide emissions reductions? Next 

we analyze changes in emissions in the rest of the world presented in Figure 6.  

In the three intensification scenarios, rising EU+2 agricultural emissions are accompanied by lower emissions 

in the ROW, resulting in falling global emissions, due to partially displacing agricultural production from the 

ROW. Simulated reductions of agricultural emissions in the ROW are 0.35%, 0.36%, 0.38% in the INT, INT_FT, 

INT_FT_BCA scenarios, respectively, suggesting that trade liberalization and the BCA further decrease the 

ROW͛s emissions. Overall, global agricultural emissions decrease by about one-fifth of a percentage point. In 

contrast, extensifying agriculture (as in the EXT scenario) decreases agriculture emissions in the EU+2 by 

11.34% but increases that in the ROW by 0.27%, due to rising net agricultural imports into the EU+2 from the 

ROW. This is equivalent to a carbon leakage rate of 48% (i.e. for each ton of emissions reduction in the EU+2, 

emissions in the ROW will increase by 480kg). As a result, global agricultural emissions only decrease by about 

0.27%. In the EXT_FT scenario with trade liberalization, the EU+2͛s agƌiĐultuƌal emissions will be slightly 

higher (a decrease of 11.33% relative to the baseline) ďut the ROW͛s eŵissioŶs will increase more at 0.3%, 

resulting in a larger carbon leakage rate of 52.2% and a smaller reduction in global emissions at 0.25%. The 

BCA in EXT_FT_BCA is shown to be modestly effective in reducing carbon leakage rate to 48.9%, resulting in 

0.26% reduction in global agricultural emissions. 

 

Figure 6 - Change in agriculture GHG (CO2eq) emissions in ROW countries and world, % from baseline 
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As the results show that GHG emissions in the EU+2 would decrease for the crop sectors under extensification 

and for the livestock sectors under intensification, we simulate an additional scenario to evaluate the 

potential impact of a mixed system featuring intensified livestock sectors and extensified crop sectors. In this 

scenario under BAU trade regime, the EU+Ϯ͛s agricultural emissions are reduced by 15.4% compared to the 

baseline, with decreasing GHG emissions in both the crops sectors (32.9%) and the livestock sectors (3.2%). 

In addition, the EU+Ϯ͛s trade balance is only reduced by US$3.9 billion – compared favorably to all the 

extensification scenarios – mostly driven by increased net exports of processed animal food. Agricultural 

emissions at the global level are decreased by 0.94%, which is more than any of the six scenarios previously 

presented. As a whole, this mixed system appears to strike the right balance in achieving substantial 

reductions in European and global agricultural emissions and minimizing loss of net exports from the EU+2. 

4. Conclusions 
This study provides a new assessment on how agricultural intensification and extensification in the EU+2 can 

be used as mitigation measures to complement dietary transitions in reducing European and global 

agricultural emissions. Realizing that the unilateral mitigation actions by the EU+2 – a major animal food 

exporter on the world market – may cause carbon leakages through changing trade linkages, we also 

investigate impacts of three different trade regimes. All results are relative to a 2050 baseline scenario 

featuring healthy and sustainable diet in the EU+2.   

Our results show that a full intensification of EU+2 agriculture would increase the EU+2͛s GHG emissions, 

while decreasing emissions in the ROW, mainly due to increased agricultural production in the EU+2 and 

improved net agricultural exports that partially displace production in the ROW. Within the agricultural 

sectors, however, we find that intensification would lead to more crop emissions and less livestock emissions. 

While the result of reduced emissions from intensified livestock production is in line with other studies (24, 

25), our result of increased European and global GHG emissions from intensified crop production in the EU+2 

differs from other studies (20, 23). This different result is mainly due to the unilateral intensification of 

European agriculture assumed in our study, as compared to the intensification scenario assumed at the global 

level in earlier studies. The global CGE framework with bilateral trade linkages used in this study allows us to 

capture the production displacement effects due to increased production in the EU+2 that give rise to 

increasing emissions. This new result makes a meaningful contributes to the literature. 

In contrast to the intensification scenario, a shift towards extensification is shown in this paper to have the 

potential of significantly reducing EU+2 agricultural emissions, thereby complementing the mitigation effects 

of the assumed dietary transition in the baseline. Still, the combined emission reduction of 31.1% during 

2014-2050 due to extensification and dietary transition is somewhat lower than the 40-47% reductions 

reported for the 2010-2050 period in other studies (30, 31). One possible reason is that the adjustments 

through trade linkages between EU+2 and the ROW is explicitly considered in our study. Furthermore, we do 

not assume a phase-out of plant protein imports as in other studies, because this would require erections of 

additional trade barriers. It is also worth noting that although agricultural extensification in the EU+2 alone 

would lead to increased net agricultural imports and carbon leakage (as also pointed out by Bellora and 

Bureau (35)), global emissions still decrease more in the extensification scenarios than in the intensification 

scenarios. 
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While agricultural extensification has the potential to complement dietary changes in reducing EU+2 

agricultural emissions (achieving a combined 31.1% emission reduction relative to 2014), such a transition 

would adversely impact the EU+2͛s agƌiĐultuƌal trade position, indicating a trade-off between reducing 

emissions and maintaining net exports. Simulation results from a scenario of a mixed production system 

featuring intensive livestock systems and extensive crop production, as also suggested by other research (17, 

29), show greater GHG emissions reduction than either full intensification or full extensification. Such a 

strategy also leads to smaller losses of European net exports, as compared to the extensification scenarios. 

Intuitively, this mixed production system with intensified animal agriculture also matches the EU+2͛s 
comparative advantage patterns (87-89).   

Trade liberalization, particularly when conducted on bilateral/regional basis with opening export markets as 

the main intention, often leads to expanded exports and domestic production in a ĐouŶtƌǇ͛s ŵoƌe 
competitive sector but may also increase imports in other sectors. Such changes may be undesirable in 

relation to emission reductions. Indeed, our results show slightly higher European and global agricultural 

emissions, when the EU+2͛s pƌefeƌeŶtial tƌade liďeƌalizatioŶ eǆpaŶds iŶ ďoth the iŶteŶsifiĐatioŶ and 

extensification scenarios. This particular result is in line with a few studies (39, 44, 90), but in contrast with 

others (39, 91). To address carbon leakage and competitiveness concerns, we further explore the 

effectiveness of border carbon adjustments. In all scenarios, a BCA imposed by the EU+2 would shift partially 

abatement burdens to the ROW, even though it is coupled with agricultural and food trade liberalization. 

Assuming no retaliatory actions from the ROW, the BCA is shown to be only marginally effective in reducing 

agriculture emissions in non-abating regions, as also shown by others (40, 41, 92). However, despite its ability 

to improve EU+2͛s Ŷet eǆpoƌts, the BCA (at the level assumed in this paper) would not reverse the increased 

global agricultural emissions due to trade liberalization; nor would it eliminate carbon leakage in the 

extensification scenario. 

Future research can be conducted to add additional modeling considerations to enrich the current study. For 

instance, positive externalities, such as increased biodiversity, generated by the implementation of extensive 

production practices (93-95) and the use of land spared in intensification scenarios (22) could be included to 

better evaluate potential benefits and drawbacks of each production system. Another direction is to 

investigate how adopting alternative agricultural climate change mitigation policies in the ROW would 

interact with those in the EU2+2. 
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