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Abstract. The Global Methane Pledge was launched by the EU and the US with the 
aim to cut 30% of methane (CH4) emissions by 2030. Livestock systems are major con-
tributors to CH4 emissions. This study assesses a combined tax and subsidy policy tool 
applied at the farm level that would allow to reach the 30% reduction target for live-
stock CH4. The simulation is performed with the Positive Mathematical Programming 
model AGRITALIM calibrated using the Italian commercial livestock farms as repre-
sented by the Farm Accountancy Data Network. The micro-based model simulates at 
the farm level the imposition of a tax on each unit of emissions that exceeds the tar-
geted amount, or the grant of a subsidy for each unit of emissions that is reduced above 
the target. The simulation exploits the heterogeneity of farmers’ behaviour to reach a 
market-clearing permit price of one tonne of emissions to obtain a self-sustaining pol-
icy tool that would equate the amount of taxes and subsidies paid. Results point that 
with a price of EUR 110.50t-1CO2eq. the system would self-sustain itself. Higher nega-
tive impacts are foreseen for less productive beef and mixed cattle farms as a result of 
the profitability and emission intensity of their activities. Findings could be used to help 
policymakers understand the diversified impacts of the target on farms and evaluate 
possible compensation they could provide for a more just transition.

Keywords:	 GHG emissions, mathematical programming model, carbon tax, carbon 
subsidy, carbon price, short-lived GHG.

1. INTRODUCTION

Establishing plans to reduce the greenhouse gas (GHG) emissions pro-
duced by the world’s livestock systems is essential, given the expanding glob-
al population and the anticipated 20% increase in demand for terrestrial ani-
mal products by 2050 (FAO, 2023). 

Despite continuous advancements in production efficiency, GHGs from 
livestock systems continue to pose a serious problem, as they account for a 
large portion of global emissions (Cerutti et al., 2023). In particular, the 
Intergovernmental Panel on Climate Change (IPCC, 2021) has identified 
agricultural production, primarily livestock, and the use of fossil fuels as 
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major contributors to the rise in atmospheric methane 
(CH4) emissions. These emissions are second only to 
carbon dioxide (CO2) in their overall contribution to cli-
mate change (Milich, 1999). On a molecular level, CH4 is 
more powerful than CO2; thus, although it is less persis-
tent in the atmosphere, it has a significant effect on cli-
mate change (IPCC, 2021; Gernaat et al., 2015).1 Addi-
tionally, CH4 contributes to the formation of tropospher-
ic ozone, a potent local air pollutant with serious health 
effects (European Commission, 2020). Consequently, 
cutting CH4 emissions improves air quality and slows 
the rate of climate change. 

In recent years, there has been a worldwide politi-
cal focus on CH4 (European Commission, 2020; Min-
ister of Environment and Climate Change, 2023; Mag-
napera et al., 2025). The United States (US)-China Joint 
Glasgow Declaration specifically points the urgent need 
for greater action to reduce CH4 (Wang et al., 2021). In 
New Zealand, the Zero Carbon Amendment Bill targets 
a net zero budget for GHG, including a separate target to 
reduce biogenic CH4 emissions (New Zealand Ministry 
for the Environment, 2024). 

To put forward a global action, in 2021, the Europe-
an Union (EU) and the US launched the Global Meth-
ane Pledge (GMP) at the 26th Conference of Parties in 
Glasgow to cut CH4 emissions by 30% by 2030. As part 
of its commitment to the GMP, the EU submitted the 
Methane Action Plan (European Union, 2022), which 
outlines existing policies and further activities under 
development that are expected to reduce CH4 emissions 
until 2030 and beyond. The plan describes the expected 
impact on CH4 emissions from agriculture because of 
the proposed revision of the Industrial Emissions Direc-
tive (IED)2 that, for the first time, was intended to target 
cattle farms as well as the pig and poultry farms already 
subject to the (old) Directive. The proposal to include 
cattle farms in the revised IED did not pass after much 
debate within the co-decision mechanism. However, by 
the end of 2026, the EU Commission plans to publish 
a report with solutions that will more comprehensively 
address emissions from the rearing of livestock, focusing 
on cattle.3

1 CH4 is a so-called short-lived GHG (i.e., it has a strong initial climate 
impact that rapidly drops after 20 years, unlike CO2). This attribute 
has significant consequences for calculating its effect on global warm-
ing and some stakeholders have urged that a distinct regime is needed 
for long-lived and short-lived GHGs. At present, however, CH4 and 
CO2 emissions belong to the same policy frameworks at the EU and 
national level. 
2 COM (2022)156 final, at https://eur-lex.europa.eu/legal-content/EN/
TXT/?uri=CELEX%3A52022PC0156 (accessed 08/11/25). 
3 https://environment.ec.europa.eu/topics/industrial-emissions-and-
safety/industrial-and-livestock-rearing-emissions-directive-ied-20_
en#farming-under-the-ied-20 (accessed 08/11/2025). 

In this context, this work aims to simulate a com-
bined tax and subsidy scheme to illustrate the likely 
impacts of the GMP’s proposed CH4 reduction target of 
30%. The simulation applies this target to the same live-
stock categories (i.e., specialised cattle, pig and poultry 
farms) targeted by the proposed revision of the IED, as 
it appears to be the most likely policy objective, based on 
recent developments.4 

The assessment requires a model that is based on 
micro-level (i.e. farm-level) data that allow representing 
farms’ heterogeneity in terms of productive and struc-
tural features (Baldi et al., 2024; Heckelei et al., 2012). 
In this study we use the agroeconomic supply model 
called AGRITALIM (AGRIcultural TerritoriAL tIme 
economic; Dell’Unto et al., 2025; Cortignani and Cod-
eroni, 2022; Dell’Unto et al., 2023). The model is cali-
brated with microdata surveyed of the Farm Account-
ancy Data Network (FADN) that include information on 
aspects regarding economic, financial, productive, mar-
ket, policy and structural features of farms. The model 
was recently implemented to account for GHG emis-
sions at the farm level (Coderoni et al., 2024a). Impacts 
are evaluated focusing on the number of livestock units 
(LSUs) reared, the level of CH4 emissions and the oper-
ating income (OI) of farms. 

Compared to the literature to date, this is the first 
assessment of a hybrid policy tool that proposes the 
simultaneous application of tax and subsidy to the sole 
livestock sector of one important livestock-producing 
country (Italy).5 Previous works have considered either a 
tax to incentivise farms to reduce emissions or a subsidy 
for those farms that reduce this negative externality (see, 
among others: Acosta et al., 2023; Fellmann et al., 2018; 
Himics et al., 2018; Pérez Domínguez et al., 2016). 

Moreover, we conduct our assessment using a micro-
based modelling approach, allowing us to capture farms’ 
heterogeneous abatement costs (Cai et al., 2016). At this 
stage of the analysis proposed, the only mitigation strat-
egy allowed is the reduction of LSU as the aim of the 
study is not to assess the possible benefits and costs of 
eventual mitigation options, but to show the impact of 
the application of the GMP to the Italian livestock sec-
tor in a short-term scenario, with no possible changes to 
the production technology. However, the GHG estima-
tion approach here adopted, allows the model to capture 
farms’ optimizing behaviours characterized by different 

4 Specialised sheep and goat farms, along with non-specialised livestock 
farms, fall outside the scope of the original directive, and including 
them in the revised IED has never been part of the debate for its revi-
sion.
5 Running a search on the Scopus database (search string: “emission 
trading system” OR “ets” AND livestock AND “eu*”) did not yield any 
paper that addressed the same issue with a similar approach. 
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emission intensities at the baseline, that reflect manage-
ment intensity, even in the absence of explicit mitigation 
strategies (see Section 3). 

The simulation also aims to exogenously identify the 
price that could yield a predetermined reduction target 
through a self-financing scheme6 by exploiting the heter-
ogeneous abatement costs of farms. In contrast, previous 
studies mainly imposed a price on emissions and evaluat-
ed environmental and economic impacts (see, among oth-
ers: Coderoni et al., 2024a; Pérez Domínguez et al., 2020). 

The rest of the paper proceeds as follows: Section 
2 reviews some pertinent literature on the economics 
behind the proposed approach, Section 3 presents the 
models, data used and the simulated scenarios, Section 
4 presents the results, Section 5 discusses their implica-
tions, and Section 6 presents our conclusions. 

2. BACKGROUND OF THE ANALYSIS 
AND LITERATURE REVIEW  

Although there has been substantial political atten-
tion on curbing CH4 emissions, reaching this objec-
tive remains difficult. GHG emissions are environmen-
tal externalities that lack a market price; thus, farmers 
are unable to internalize their global impact on society 
(Acosta et al., 2023; Millock and Nauges, 2006). Con-
sequently, in Europe, the Scientific Advisory Board on 
Climate Change (2024) recommends that, through a leg-
islative proposal set to begin after 2030, the EU should 
extend the pricing regime of GHG emissions to all key 
emitting sectors, including agricultural, food and land 
use. This change would give farmers a definite finan-
cial incentive to lower emissions and increase removals. 
This vision advances what the European Court of Audi-
tors (2021) previously recommended that the EU should 
assess the potential of applying the polluter pays princi-
ple (PPP) to agricultural emissions. 

Many challenges exist in applying the PPP in agri-
cultural GHG mitigation, including the difficulty of 
MRV for a non-point source of pollution that is also 
linked to high levels of heterogeneity of farms environ-
mental performances (European Commission et al., 
2023; Coderoni, 2023). Farmers’ performances can in 
fact vary according to many structural features (farm 
size, typologies, etc.) that inevitably translate into behav-
ioural heterogeneity. Consequently, homogenous poli-
cies will produce heterogeneous responses (Stetter et al., 
2022; Esposti, 2022; Coderoni et al., 2024b). Moreover, 
even when farms show similar structural and behaviour-

6 It is worth specifying that Monitoring Reporting and Verification 
(MRV) costs and transaction costs were not considered in this study. 

al characteristics, site-specific agronomic, ecological and 
biophysical variables can lead to uneven environmental 
effects (OECD, 2022). 

These multiple and complex sources of heterogene-
ity are among the reasons that over the last two decades, 
analysts and stakeholders have advocated for agri-envi-
ronmental policies with a more tailored design (Erjavec 
and Erjavec, 2015; Mahmoud and Hutchings, 2020). 
However, not all farm characteristics are easily targetable 
due to practical or political constraints (Coderoni et al., 
2024b). Moreover, information asymmetries prevent pol-
icymakers from tailoring policies to those farms that can 
more effectively mitigate emissions, as they are unaware 
of farms’ individual abatement costs. 

In the context of information asymmetries, econom-
ic theory indicates that market-based policy instruments, 
like a tax or a tradable permit system for emission 
rights (a so-called emissions trading system-ETS), are 
the most cost-effective way to abate emissions without 
knowing the cost structure of each farm (NERA, 2007). 
Both ETS and carbon taxes leave the decision of how 
much to pollute to the regulated parties, which are bet-
ter informed about the costs and benefits of mitigation 
options (NERA, 2007). Thus, regulated parties will abate 
the amounts of GHG that equal their marginal costs of 
abatement. In the absence of uncertainty, an efficient 
level of abatement could be achieved under either policy, 
even if their distributional effects are different (Walter 
2020; McKibbin and Wilcoxen, 2002)7. A pure emissions 
tax would generally induce large transfers of income 
from firms to the government general funds, while the 
ETS would generate revenue for the governments only 
through the (eventual) initial auction of emission per-
mits (Carl and Fedor, 2016). Additionally, it would rep-
resent a financial transfer from more to less polluting 
entities. Thus, some ETS-type of instruments have been 
shown to be less regressive than carbon taxes, and even 
slightly progressive (Roberts and Thumin, 2006). As a 
result, ETSs are usually more politically acceptable than 
carbon taxes. Moreover, an ETS allows for reaching an 
environmental objective by setting a GHG reduction tar-
get in a cost-effective way, without knowing the abate-
ment costs of each firm (as convenience assessments are 
left to individual cost-benefit analysis). Instead, to reach 
a desired emission reduction, a carbon tax should be 
fixed at its optimal level; otherwise, the environmental 
outcome is uncertain (NERA, 2007). 

7 As showed by Weitzman (1974), however, in the presence of uncer-
tainties on marginal benefits and costs, taxes and permits are not equiv-
alent. In this case, the relative slopes of the two curves determine which 
policy would cause a minor welfare loss for society.
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To attain a more desirable balance of trade-offs, 
alternative market-based policy designs could capital-
ise on the advantages of both the carbon tax and the 
ETS. Hybrid tax-subsidy schemes offer a potential solu-
tion (OECD, 2019; Povitkina et al., 2021).8 One of these 
hybrid approaches could take the form of a joint tax 
and subsidy that applies both the PPP and the provider 
gets principle (PGP) to CH4 emissions mitigation. This 
scheme would apply an environmental standard (in this 
case, the reduction of 30% CH4 emissions) to each farm 
and establish a tax on each unit (tonne) of emissions that 
exceeds the imposed reduction target or pay a subsidy for 
each unit of emissions that is reduced above the target. 

Farmers can decide to pay the tax while continu-
ing to emit above their threshold, or they can receive 
the subsidy by reducing emissions below this thresh-
old, according to their economic convenience. If this 
approach is designed so that the total amount of taxes 
paid by polluting farms equals the subsidies paid by the 
government to farms, there would be no burden on gov-
ernment funds (apart from the MRV costs). 

This combined policy tool mimics an ETS in terms 
of incentives, as it leaves farmers free to decide their 
most convenient action. Meanwhile, policymakers can 
continue to ignore individual abatement costs. Unlike 
the ETS, however, this system does not generate govern-
ment revenue, as taxes are recycled back to subsidised 
farmers. Moreover, if the price of the incentive (tax or 
subsidy) is fixed in advance by the regulatory scheme, 
the uncertainty that usually exists in the likely future 
permit price can be reduced, thus encouraging invest-
ment decisions (Pezzey, 2003). 

3. MATERIALS AND METHODS

The data used in this study are derived from the 
2020 Italian FADN, the only harmonised microeconom-
ic database that merges data on farm structure, input 
use, output produced and economic variables (European 
Council, 2009) with reference to specialised cattle, pig 
and poultry farms. 

To estimate GHG emissions, we adopt an approach 
already used in the literature to achieve a farm-level 
indicator of GHG emissions adapting the IPCC meth-
odology at the micro level (Coderoni and Vanino, 2022; 
Dabkiene et al., 2020; Baldoni et al., 2017). We per-
formed the analysis using the AGRITALIM model, an 
agroeconomic supply model that uses much of the infor-

8 Such a scheme could encourage the adoption of low-emission technol-
ogies by returning emissions tax income to firms (Ollier and De Cara, 
2024). 

mation reported in the FADN dataset on economic, 
financial, productive, market, political and structural 
aspects. The model allows to consider information about 
farms’ geographical areas, altimetric levels and farm 
types (Cortignani et al., 2022; Dell’Unto et al., 2023); 
however, for the purpose of this study, results are shown 
only for farm specialization, OI and LSU.9 The estima-
tion of CH4 emissions from livestock farms is a feature 
only recently included in the model (Cortignani and 
Coderoni, 2022) and, for the purposes of this study, we 
further enrich it by implementing an integrated tax and 
subsidy system to achieve a reduction of 30% of CH4 
emissions from the baseline, to mimic the objective set 
by the GMP. Our study assumes that this reduction tar-
get is equal among all CH4-emitting units. 

To reach this target, we used an alternative system 
of tax or subsidy, modulating the unitary amounts of the 
incentive to achieve the mitigation target and an equi-
librium between the total amount of tax paid and sub-
sidies received by farmers. The model is constructed so 
that, at the farm level, two alternatives exist: (1) main-
tain the productive level (and emissions) and pay a tax 
on each unit of emissions (tonne of CO2eq) exceeding the 
30% target reduction, or (2) reduce emissions more than 
by 30% and receive a subsidy for each unit of emissions 
avoided above the target. 

The methodology used to estimate CH4 emissions 
and the mathematical structure of the model for each 
farm are presented in Appendix A-Supplementary mate-
rials.

4. RESULTS

The results of the simulation involve various techni-
cal-productive and economic aspects. All results distin-
guish between the group of farms that would pay the tax 
and the group of farms that would receive the subsidy, 
with reference to the different livestock categories.

Table 1 reports the total emissions produced at the 
baseline by the different farm types, the quantity of 
emissions curbed to meet the mitigation target, and the 
emissions produced above (ΔE+) and below (ΔE-) the 
mitigation target (tonnes of CO2eq). To ensure complete-
ness, we also report the total amount of taxes and subsi-
dies paid.

The total emissions curbed (under Tax and Subsidy, 
i.e.: 134,964 t-1 CO2eq) represent, as expected, 30% of 
baseline emissions (Table 1). 

9 Other results are available upon request. 
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The unit value of emissions that is calibrated to 
achieve the mitigation target, is of course the same for 
tax and subsidy and is equal to EUR 110.50 t-1 CO2eq. 
This would be like the clearing-market price, if there 
was a market. Thus, the total taxes paid by farms that 
produce emissions exceeding their threshold (EUR 110.5 
× ΔE+) nearly equals that of subsidies granted to farms 
that reduce emissions below their threshold (EUR 110.5 
× ΔE-).10 This result suggests a neutral impact on public 
finances (without considering implementation and trans-
action costs). 

It is worth noting that farms opting for the tax pro-
duce 60% of baseline emissions but contribute only 35% 
to the mitigation effort. The majority (68%) of the miti-
gation effort is sustained by dairy cattle farms. Despite 
this, this category continues to produce the highest vol-
ume of emissions exceeding the mitigation threshold 
(ΔE+). In contrast, beef and mixed cattle farms exhibit a 
large prevalence of emissions reduced below the mitiga-
tion threshold (ΔE-). As for pig and poultry farms, the 
quota of ΔE+ emissions largely exceeds that on ΔE- emis-
sions. 

Table 2 reports the impacts on the LSU yielded by 
the different farm types and overall, along with their 
CO2eq emissions. Moreover, it provides information on 
the percentage incidence of the amount of the subsidy 
received and the tax paid, and the percentage of farms 
opting for the subsidy, both within each type and over-

10 Perfect equality between the two values (taxes and subsidies) cannot 
be achieved for technical reasons. Since price calibration is external to 
the model, a more precise calibration (e.g., to the level of EUR cents) 
would theoretically bring the total amount of taxes and subsidies to per-
fectly balance, but this would also cause issues in model resolution. In 
practice, as farms cannot simultaneously be subject to both the tax and 
the subsidy, and given their inherent heterogeneity, it is highly unlikely 
(though theoretically possible) that the two groups of farms (those pay-
ing the tax and those receiving the subsidy) would be perfectly identi-
cal, for example, in terms of LSU.

all. The absolute values of LSU number and CO2eq emis-
sions for the different farm types at the baseline and 
under simulation are graphically represented in Figure 
A.1 (Appendix B-Supplementary materials). 

A strict relationship binds the reduction of CH4 
emissions and the number of LSUs, in the absence of 
any feasible mitigation option that reduces the amount 
of CH4 emitted per LSU, like modifications of manure 
management practices, vaccination against methanogen-
ic bacteria, feed rations supplementation (Magnapera et 
al., 2025), etc. Such options were not considered at this 
stage of the analysis, because the objective here is not to 
appraise the possible benefits and costs of these mitiga-
tion options; thus, curbing emissions was possible only 
by reducing the number of LSUs. Therefore, impacts 
shown must be considered as a worst-case or short-term 
scenario, in which it is not possible to change the pro-
duction technology. 

In the overall results, farms opting for the tax 
reduced their emissions (and number of LSUs) much less 
than those opting for the subsidy. 

Regarding the different farm types, cattle farms (in 
particular, mixed and beef cattle) are most likely to opt 
for the subsidy. Thus, cattle farms are the only type to 
receive an amount of subsidies that exceeds the taxes 
paid, due to the relevant reduction of emissions they 
achieve. On opposite, only a limited share of pig and 
poultry farmers opt for the subsidy. Pig farms were the 
least likely to adopt the subsidy, and they received the 
lowest number of subsidies compared to the taxes paid. 
To understand the technical and economic motivations 
behind these farms behaviours, Table 3 and the cor-
responding Figure A.2 in Appendix B show the values 
of three key indicators for the different farm types and 
overall: (i) methane emission intensity (MEI; i.e., tonnes 
of CH4 in CO2eq divided by the LSUs), (ii) profitability 
per LSU (PLSU; i.e., OI divided by the number of LSUs) 

Table 1. Baseline emissions, emissions curbed under simulation scenario and deviations from the mitigation target (t CO2eq) and total 
amounts paid for farms opting for the tax or the subsidy.

 
 

Tax Subsidy

Baseline CO2eq CO2eq curbed ΔE+ Total taxes  
(€) Baseline CO2eq CO2eq curbed ΔE- Total subsidies 

(€)

Dairy cattle 198,234 34,976 24,494 2,706,554 123,347 56,378 19,374 2,140,795
Beef cattle 35,791 6,894 3,843 424,657 38,948 22,992 11,307 1,249,470
Mixed cattle 14,014 3,443 762 84,163 10,910 5,677 2,403 265,583
Pig 18,965 1,649 4,040 446,455 3,151 1,715 770 85,035
Poultry 4,865 437 1,023 112,997 1,441 804 371 41,031
Total 271,870 47,400 34,161 3,774,825 177,797 87,564 34,225 3,781,914

Source: Authors’ elaborations.
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and (iii) methane productivity (MeP; i.e., the OI gener-
ated by one tonne of CH4 in CO2eq).

The first section of the table (Baseline) shows the 
value of the indicators at the baseline for the two groups 
of farms that opt for paying the tax or receiving the sub-
sidy; the second section (Simulation) reports the same 
information for the same groups under the simulation.

The results in the last row of the Baseline section 
reveal that farms opting for the subsidy tend to have a 
lower value of PLSU and MEI than those opting for the 
tax, and this is true across all the different farm types. 
The higher share of cattle farms among those opting for 
the subsidy leads the average value of MEI to be higher 

for farms opting for the subsidy, even though the values 
of the different farm types are lower than those opting 
for the tax. 

Relevant differences also emerge among farm types. 
Dairy cattle farms exhibit the highest MEI and PLSU, 
while the highest MeP is found among beef cattle farms 
opting for the tax, as they tend to have a low MEI com-
pared to the other cattle farms in this group. The highest 
value of MeP within the whole sample is associated with 
poultry farms, which have the lowest MEI and an inter-
mediate level of PLSU. Pig farms exhibit an intermediate 
MEI, which, in combination with the lowest PLSU, leads 
to intermediate MeP values. 

Similar considerations are seen when analysing the 
values of the indicators of the different farm types under 
the Simulation scenario. It is worth highlighting that 
PLSU and MeP increase compared to the baseline, even 
doubling in the case of the farms opting for the subsidy. 
This result is partly explained since 35% of farms opting 
for the subsidy would have a negative OI in the baseline, 
if the contribution from the Common Agricultural Policy 
(CAP) First Pillar payments were not included. Thus, these 
farms probably prefer to cut production, forgoing the CAP 
coupled support and opting for the CH4 reduction subsidy. 
These farms also demonstrate a slight increase in MEI val-
ues in contrast with the farms opting for the tax. 

When analysing the impacts on the single farm 
types opting for the tax, it is necessary to consider how 
reducing the number of LSUs (and emissions) affects 
mixed cattle farms, in comparison with other types of 
farms. As shown in Table 3, these farms exhibit the low-
est value of MeP along with a still-high value of MEI 
(second only to dairy cattle farms). When looking at 
the farms opting for the subsidy, the drop in production 
activities is particularly dramatic for beef cattle, poultry 
and pig farms.

Table 2. Impacts on the LSU number and on CO2eq emissions of farms opting for the tax, for the subsidy and average (Δ% under the simu-
lation with respect to baseline) and percentage incidence of the amount of the subsidy received and the tax paid and of farms opting for the 
subsidy on total farms.

 
 

Tax Subsidy Average Subsidy/Tax Subsidised 
farms

LSU CO2eq LSU CO2eq LSU CO2eq % %

Dairy cattle -17.6 -17.6 -45.7 -45.7 -28.5 -28.4 79.1 41
Beef cattle -18.8 -19.3 -57.7 -59 -39.4 -40.0 294.2 41.2
Mixed cattle -23.6 -24.6 -51.5 -52 -36.2 -36.6 315.6 56.2
Pig -8 -8.7 -56.5 -54.4 -15.9 -15.2 19 11.4
Poultry -7.2 -9 -57.5 -55.8 -18.7 -19.7 36.3 16.7
Total -13 -17.4 -51.4 -49.2 -25.5 -30 100.2 38.7

Source: Authors’ elaborations.

Table 3. Average values of MEI, PLSU and MeP for the two groups 
of farms that opt for paying the tax or receiving the subsidy, under 
the Baseline and the Simulation.

 
 

Tax Subsidy

MEI PLSU MeP MEI PLSU MeP

Baseline
Dairy cattle 3.25 903 278 3.18 562 177
Beef cattle 2.12 751 355 2.05 356 173
Mixed cattle 2.74 682 249 2.61 350 134
Pig 0.33 323 995 0.28 100 357
Poultry 0.19 427 2,189 0.19 151 780
Total 1.63 606 371 2.21 400 181
Simulation
Dairy cattle 3.25 1,004 309 3.18 1,010 318
Beef cattle 2.11 868 412 1.99 865 434
Mixed cattle 2.71 824 304 2.58 713 276
Pigs 0.32 342 1,059 0.29 231 788
Poultry 0.19 454 2,375 0.20 355 1,761
Total 1.55 653 421 2.30 815 354

Source: Authors’ elaborations.
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Table 4 shows the impacts on OI of the different 
farm types and overall. The left section reports actual 
impacts on OI, including the economic cost of reducing 
production activities, as necessary to meet the mitigation 
target, and the financial impacts of taxes and subsidies on 
farms’ budgets. In the right section of Table 4, we consid-
ered only the impacts of activities that reduced produc-
tion, excluding the financial impact of taxes and subsidies 
on farms’ budgets. The absolute values of OI generated by 
the different farm types under baseline and simulation 
are graphically reported in Figure A.3 (Appendix B).

The overall results in the left section of Table 4 
indicate that farms opting for the subsidy are nearly 
compensated for OI losses due to the reduction in their 
production activities (–1.1%), while tax burden reduces 
the OI of the farms opting for this instrument by 6.3%. 
When excluding the financial impacts of tax and sub-
sidy, the situation is reversed. The much milder reduc-
tion of production activities undertaken by the farms 
opting for the tax would determine equally mild impacts 
on their OI (–2.6%). Instead, the negative impacts on 
OI are much stronger for the farms opting for the sub-

sidy (–12.8%), although this impact is far less than pro-
portional to the level of reduction of productive activi-
ties these farms undertake (–51.4% of LSU, as reported 
in Table 2). This less-than-proportional reduction of OI 
with respect to the level of production activities is due to 
the strong increase of PLSU and MeP that occurred for 
these farms in the simulation (Table 3). 

When examining the different farm types and consid-
ering the financial impact of tax and subsidy, cattle farms 
(particularly dairy cattle and mixed cattle) are the most 
negatively affected due to having the highest MEI and 
lowest MeP (Table 3). Even when excluding the financial 
impact of tax and subsidy, the worst impacts again affect 
mixed cattle farms, since these farms more frequently opt 
for the subsidy and receive the highest amount of subsi-
dies with respect to taxes paid. For the same reason, the 
opposite occurs considering the average impacts on OI of 
pig and poultry farms, which make less recourse to – and 
thus receive a lower share of – the subsidy.

To provide evidence of the wide heterogeneity 
between farms’ performances, Table 5 shows baseline val-
ues of OI and CH4 emitted and the impacts on these vari-
ables from the application of the combined economic pol-
icy tool, together with their Coefficients of Variation (CV). 

As evidenced by the high values of CV, a large het-
erogeneity characterises the farm types under analysis 
at the baseline, with beef and mixed cattle farms being 
the most heterogeneous both in terms of OI and of CH4 
emitted. Instead, dairy cattle farms show the lowest het-
erogeneity in terms of emissions, indicating that the high 
level of emissions is a characteristic inherent to this type 
of farming (in line with the value MEI values reported 
in Table 4). Under simulation, these farms experiment 
the worst impact on OI with the highest level of hetero-
geneity, closely followed by beef cattle farms. Instead, 
both the extent of the impacts and their variability 
gradually reduce in mixed cattle, pig and poultry farms. 
Thanks to the lowest MEI, these latter two farm types 

Table 4. Impacts on OI of farms opting for the tax, for the subsidy 
and average, with and without the impacts of taxes and subsidies 
on farms’ budget (Δ% under the simulation with respect to base-
line).

 
 

With taxes and subsidies Without taxes and subsidies

Tax Subsidy Average Tax Subsidy Average

Dairy cattle -8.4 -2.4 -6.7 -3.5 -12.2 -5.9
Beef cattle -6.3 2.8 -3.1 -2.9 -15.8 -7.4
Mixed cattle -7.8 -1.2 -5.9 -5.4 -19.4 -9.5
Pig -2.8 0.7 -2.7 -0.5 -6.9 -0.8
Poultry -1.3 -0.2 -1.2 -0.2 -3.8 -0.5
Total -6.3 -1.1 -5.0 -2.6 -12.8 -5.0

Source: Authors’ elaborations.

Table 5. Average value of OI (EUR ,000) and CH4 (t) at the baseline and Δ% under simulation, and respective Coefficients of Variation 
(CV).

 
 

Baseline OI Baseline CH4 Δ% OI Δ% CH4

Average CV Average CV Average CV Average CV

Dairy cattle 82.6 231.4 345.4 141.9 -27.0 -897.7 -29.9 -62.8
Beef cattle 41.7 334.8 160.4 237.9 -26.2 -787.4 -32.6 -75.0
Mixed cattle 32.3 387.1 162.9 291.1 -6.4 -412.0 -37.7 -65.1
Pig 126.6 166.8 140.0 145.1 -5.9 -360.5 -13.3 -137.0
Poultry 151.0 215.5 80.8 199.5 -2.4 -167.3 -13.8 -138.4
Total 74.5 250.7 251.8 176.2 -22.1 -926.3 -29.1 -75.1

Source: Authors’ elaborations.
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show lower CH4 reductions, although with the highest 
heterogeneity. For the opposite reason, cattle farms (par-
ticularly mixed ones) reduce the most their emissions, 
with a halved level of variability.

Relevant heterogeneity also exists among differ-
ent geographical location of Italy (see Table A2 in the 
Appendix C). 

A sensitivity analysis was finally performed to evalu-
ate the eventual different impacts derived from impos-
ing d reduction targets (-25% and -35% with respect to 
baseline level of emissions). The overall results indicate 
that the extent of the impacts on OI, LSU and emissions 
increase in a consistent way as the mitigation target 
becomes more ambitious (Table A3 in Appendix D).

5. DISCUSSIONS AND POLICY IMPLICATIONS 

This study simulates the application of the GMP 
mitigation target to the Italian livestock sector through a 
mechanism alternatively combining taxes and subsidies. 
The proposed policy instrument is exogenously built to 
approach financial self-sufficiency. The heterogeneity of 
farms’ characteristics and productivity, shown in Table 
5, make this outcome likely. As the degree of homogene-
ity increases, the instrument might become less efficient 
in reaching this objective, as farms’ relative convenience 
would converge.

The choice to reduce emissions or pay taxes drives 
the optimisation behaviour based on farm-level abate-
ment costs (represented in this case by the opportunity 
cost of production, i.e., PLSU) and emissions’ perfor-
mances (MEI and MeP). 

When examining the impacts generated, it is worth 
noting that a reduction of emissions is currently possible 
in the model only by reducing the number LSU. As speci-
fied, in fact, our model does not consider any simulated 
mitigation option for reducing emissions per LSU while 
retaining animals. Indeed, as stressed by European Com-
mission et al. (2023), for cattle farms in particular, GHG 
abatement using technical options has limited emissions 
reduction potential. Therefore, these farms primarily 
need to reduce livestock numbers, as it is inherently tied 
to the level of GHG emissions (USDA, 2004). Reducing 
LSUs thus represents the most direct (and drastic) miti-
gation measure. Of course, impacts on OI are much low-
er in this study than those estimated by Coderoni et al. 
(2024a) for the introduction of a tax (of a maximum of 
100 EUR per tonne of CO2eq) alone, as, in this case, farm-
ers can choose to opt for mitigating emissions or paying 
taxes. However, impacts on LSUs are almost identical. In 
particular, the simulated impacts on production (specifi-

cally of farms opting for the subsidy) are remarkable. The 
average reduction in LSUs in farms opting for the sub-
sidy exceeds 50%, with peaks of –56.5% and –57.5% for 
pig and poultry farms. For these farm types, it is notable 
that almost 30% showed high dependence on the CAP 
First Pillar payment in the baseline, indicating that they 
are inefficient in producing OI without the subsidy. In the 
presence of such taxation, they have opted to reduce their 
herd size and receive the subsidy. 

In this scenario, however, it is likely that many of 
the most impacted farms will be forced to exit the mar-
ket or drastically modify their productive specialisation 
in the medium to long run. These impacts must be con-
sidered as the bottom line in case no policy interven-
tion is undertaken to facilitate the adoption of alterna-
tive mitigation options by farmers and no spontaneous 
adoption by the latter occurs. Indeed, it may not be 
realistic to expect farmers to spontaneously adopt miti-
gation options, particularly in the short run. Implement-
ing these measures could contribute, on the one hand, to 
mitigating the impact on production levels, but on the 
other hand, it requires having financial resources avail-
able to invest, and thus increases production costs. 

Usually, in the presence of a price on carbon, 
rational farmers adopt technologies for mitigating GHG 
emissions if these technologies improve their economic 
sustainability; thus, what really matters in implement-
ing these measures is the interplay between mitigation 
potential (that would reduce the amount of tax to pay 
or increase the subsidy to receive) and the costs of its 
implementation (Auld et al., 2014; Blandford and Hassa-
poyannes, 2018; Bakam et al., 2012). In addition, if the 
reduction targets are relevant, impacts on LSUs are as 
well, unless not all farms apply the mitigation measures 
(Coderoni et al., 2024a). Thus, the policy should provide 
support to cover the cost of mitigation technologies and 
ensure the effectiveness of the strategy. 

Our results show that the choice to reduce pro-
ductive activities, as well as the level of reduction with 
respect to the mitigation target, can be explained by 
considering three proxies of productivity and efficiency 
performance at the farm level, with respect to CH4 emis-
sions produced. The first (MEI) pertains to CH4 emis-
sion intensity. The second (PLSU) relates to the profit-
ability (in terms of OI) of each LSU. The third (MeP) 
combines the information from the first two, quantifying 
the productivity or profitability (OI) of each unit of CH4 
emissions (expressed in CO2eq). The modelling tool’s 
optimisation of OI involves increasing PLSU and MeP in 
the presence of taxes and subsidies. In general, the high-
er PLSU in the farms opting for the tax prevents them 
from reducing the LSUs to the level necessary to achieve 
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the mitigation target. On the contrary, farms with low-
er PLSU opt for the subsidy because it is convenient to 
reduce emissions far below the mitigation target, along 
with reducing their production level. This makes it pos-
sible for these farms to (i) receive the subsidy on the 
quota of curbed emissions below the threshold and (ii) 
reduce the production costs in the presence of a lower 
baseline PLSU. This means that only farms with higher 
productivity will continue to emit more than the mitiga-
tion target (paying the tax), while the others will reduce 
their emissions below the target (receiving the subsidy). 

An interesting aspect is that farms opting for the 
tax manage to reduce their CH4 emissions more than 
proportionally to the number of LSUs, while reducing 
emissions is more “costly” in terms of LSUs for the farms 
opting for the subsidy (although they reach higher levels 
of reduction). However, subsidised farms achieve a less-
than-proportional reduction of emissions with respect to 
the number of LSUs. This is because their lower baseline 
MEI, which slightly increases under the simulation. 

It is also interesting to note the strong increase, 
under the simulated scenario, of the average value of 
PLSU and MEI, particularly for farms opting for the sub-
sidy. This increase could also result from reducing the 
herd size for those farms that would have not been profit-
able (without CAP support) in the baseline and thus opt 
for reducing inefficient production units if taxed.

Results in terms of GHG reduction with respect 
to the GHG price are not directly comparable to other 
studies that simulate the introduction of an ETS or the 
pricing of GHG emissions. We only address CH4 emis-
sions from the Italian livestock sector, while other stud-
ies usually consider applying an ETS or an emission 
price to the whole agricultural sector (at the European 
or country level) (see among others: Pérez Domínguez et 
al., 2020). However, some comparisons are possible with 
other works in the literature. For example, the market-
clearing price derived in this study, which would permit 
reaching the 30% GHG reduction target, is 110.50 EUR 
t-1 CO2eq. Isbasoiu et al. (2020) and Pérez Domínguez et 
al. (2020), who calculated a similar GHG price (100 EUR 
t-1 CO2eq), estimate a GHG reduction of 25%. Further-
more, in terms of subsidies, this emission price is simi-
lar to other payments made under the Italian CAP (e.g., 
agro-environmental payments to reduce ammonia emis-
sions or livestock-related eco-schemes).

5.1 Policy implications

The results presented here, being the first ex-ante 
modelling of the application of the GMP to Italian live-
stock sector, could be useful to appraise the impacts of 

such target on different specialisations, to provide a 
policy to support the transition to more heavily affected 
farms. Besides, they could provide a preliminary indica-
tion of the tentative price to be applied to livestock emis-
sions to reach this ambitious target. 

In terms of policy tool efficiency and efficacy, the 
analysed instrument combining a tax and a subsidy, 
like an emission standard, allows for reaching a desired 
reduction target, but unlike the standard, it also com-
pensates virtuous behaviour with the subsidy (thus pur-
sues the PGP). 

Similarly to the ETS, this tool allows for reaching 
the environmental objective by addressing the hetero-
geneity of farms’ performances in terms of mitigation 
potentials, thus overcoming information asymmetries 
between the polluter (farm) and the policymaker. Unlike 
ETS, this system does not foresee a mechanism for the 
market of credits; thus, part of the implementation costs 
should be lower (as, for example, there is no need for a 
registry for the credits), although MRV issues remain. 
MRV matters are linked to two main (interlinked) prob-
lems: complexities and costs. MRV complexities are pre-
sent because agricultural emissions are challenging to 
quantify. The sector is a non-point source of pollution, 
and emissions derive from all agricultural activities 
across the rural landscape (Smith et al., 2014). Usually, 
there is a direct proportion between estimation accu-
racy and the cost of estimation itself. This brings us to 
the second relevant issue: MRV costs. MRV costs per 
tonne of GHG reduction are primarily driven by the 
size of the source. Significant transaction costs associ-
ated with MRV are thought to be fixed expenses that 
are independent of farm size (Bellassen et al., 2105). 
This fact heavily influences the discussion on the cost-
effectiveness of including small farms in the system. 
An “on farm” ETS option, like the one simulated here, 
although excluding small non-professional farms, would 
include farmers as direct participants, bringing much 
higher complexity and administrative costs compared to 
“downstream” and “upstream” options that involve dairy 
and meat processors or fertiliser and feed sellers as par-
ticipants (European Commission et al., 2023). Although 
the availability of proxy data can reduce these costs, as 
some data required for MRV is already collected under 
existing agricultural regulations and applications for 
subsidies under the CAP – and synergies could be estab-
lished with the IED (European Commission, 2022) – sig-
nificant information remains to be collected to have a 
proper estimation at the farm level.11 

11 Indeed, a proper estimation of agricultural GHG emission is a very 
complex issue and the private sector initiatives have worked extensively 
on data quality for the agricultural measures to be included the Science 
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Another aspect to consider in implementing such 
a policy tool is that subsidising farmers to reduce their 
emissions might be less efficient and potentially more 
market distortive than the alternative approach based 
on taxation, beyond the risk of overcompensating farm-
ers for reducing emissions (OECD, 2019; 2022). In this 
approach, the potential for creating a distorting effect is 
partly counterbalanced by the fact that the money need-
ed to pay the subsidy is self-financed from the environ-
mental tax implemented by the same scheme. This meth-
od yields a neutral impact on public finances (excluding 
MRV), as well as an income transfer between farms. 
Here, funds are transferred from pig and poultry farms 
to cattle farms. The latter benefit most from the subsidy, 
both in terms of the number of farms and the amount of 
subsidy received, but a similar redistributive effect also 
occurs among these farms (e.g. from dairy to beef and 
mixed farms). 

In terms of policy implications, it is also necessary to 
reflect on impacts on employment12, territorial protection 
and control of the territory by more extensive livestock 
farms, as well as on carbon leakage. We consider these 
factors in the absence of relevant modifications of con-
sumers’ behaviour towards the consumption of animal 
products.13 Sustained internal demand is likely to lead, at 
least in part, to relocating production to countries where 
no emissions mitigation policy is in place, with a conse-
quent increase in imports from outside the EU. 

Finally, the overall policy coherence should be 
assessed (Coderoni, 2023). While such a policy frame-
work could be coherent with the IED and the Farm to 
Fork Strategy, it may conflict with coupled income sup-
port for livestock under the CAP (European Commis-
sion et al., 2023). 

5.2 Limitations of the study

Among the limitations of the study, the AGRI-
TALIM model cannot consider changes in internal 
demand and international trade dynamics. However, the 
impacts it estimates – with a 25.5% reduction of reared 
LSUs for Italy alone – will hardly avert such a phenom-
enon, which a substantial body of literature warns about 

Based Target initiative (SBTi) (https://sciencebasedtargets.org/blog/the-
sbti-flag-updates) (accessed 08/11/2025). 
12 European Commission et al. (2023) identifies the presence of live-
stock as an important risk-reduction strategy for vulnerable rural com-
munities, the use of a threshold level of LSUs for the smallest farms 
should be carefully considered. 
13 For an assessment of the importance of integrating economic and 
environmental policies to enhance global food sustainability see Fron-
tuto et al. (2025).

(Pérez Domínguez et al., 2016; Dumortier et al., 2012; 
Caro et al., 2017). This risk could be reduced through 
multilateral agreements with countries exporting in the 
EU, free allocation of GHG permits to farms or a Car-
bon Border Adjustment Mechanism (European Commis-
sion et al., 2023).

Another limitation of the study is the assumption 
that the emissions distribution across farms in a particu-
lar year (in this case, 2020) represents an adequate base-
line on which to base a tax and subsidy regime, as indi-
vidual farmers could claim that the baseline year chosen 
is not representative of their farms. While not fully rel-
evant to the ex-ante simulation here proposed, this issue 
should be adequately considered in case of actual imple-
mentation of such policy tool. 

Another means of improving the modelling tool 
would be to incorporate technological mitigation options 
that could function as an alternative to reducing the 
number of LSUs. 

6. CONCLUSIONS

The present study employed a micro-level economic 
modelling approach to assess the results of a combined 
policy tool to curb CH4 emissions from Italian cattle, pig 
and poultry specialist farms. 

The results highlight the heterogeneity of farmers’ 
behaviour, as influenced by the profitability and emission 
intensity of their livestock activities. In general, the ana-
lysed policy instrument would yield a stronger negative 
impact on less productive farms (i.e., beef and, particu-
larly, mixed cattle). These farms are characterised by a 
much higher MEI than pig and poultry farms and a low-
er PLSU than dairy cattle farms. Consequently, the share 
of farms opting for the subsidy is highest among these 
farms, with dramatic production losses. Insights from 
this research could be used to help policymakers under-
stand the diversified impacts of such a policy framework 
on livestock farms and the possible compensation they 
could provide to specific specialisations and territories. 

Future research could replicate the study by simu-
lating different minimum farm sizes (in terms of LSUs 
or income) to be included in the framework to assess 
the cost-effectiveness of the policy, according to dif-
ferent point of obligations design. Moreover, the model 
could be implemented considering alternative and com-
bined technical mitigation options to assess the mitiga-
tion potential of the sector and more properly estimate 
impacts on productions allowing technological progress. 
This could be more easily implementable with data-
base improvements that could capture the presence and 

https://sciencebasedtargets.org/blog/the-sbti-flag-updates
https://sciencebasedtargets.org/blog/the-sbti-flag-updates
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impacts of different mitigation measures (e.g. with the 
transition to the Farm Sustainability Data Network). 
Lastly, future studies should simulate the impacts of 
a likely CAP reform that divert financial resources to 
direct support to agricultural incomes, to direct support 
for GHG emissions reduction.
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