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Agriculture is significantly affected by changing cli-
matic conditions, and the sector also contributes to the 
development of global warming, with higher emissions 
of methane (CH4) and nitrogen dioxide (N2O). Follow-
ing carbon dioxide, methane has the highest negative 
impact on the climate of the Earth, persisting in the air 
for about 11–12 years but having a higher global warm-
ing potential. In addition, nitrogen dioxide emitted can 
persist in the atmosphere for up to a century (Hansen 
et  al.  2007). Anthropogenic climate change is  caused 
by  multiple pollutants, with CO2, CH4, and N2O  be-
ing the three largest individual contributors to global 

warming (Myhre et  al.  2013). Agriculture and food 
production both are associated with all three of these 
gases. However, direct agricultural emissions are un-
usual in  being dominated by  CH4  and N2O  (Lynch 
et  al.  2021). Compared to  other industries, it  is  said 
to be relatively low. However, agriculture also contains 
hidden emissions attributed to other sectors; emissions 
from fossil fuels and electricity used and the manufac-
ture of fertilisers are accounted for in the energy sector 
(Underwood et al. 2013). Furthermore, intensification 
and modernisation brought increased productivity and 
employment driven by demand. At the same time, many 
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people lost their jobs in the agricultural sector (Knickel 
et al. 2013). Agriculture must respond to an increasing 
scarcity of natural resources and challenges such as cli-
mate change, urbanisation, demographic change, and 
food security.

Agriculture received around 600  billion USD  an-
nually worldwide in  government support on  average 
from 2014  to  2016  (Searchinger et  al.  2020; Laborde 
et  al.  2021), however, the environmental impact 
of these subsidies on greenhouse gas (GHG) emissions 
is  rarely quantified. The  climate mitigation impacts 
of  the subsidies are ambiguous. Decoupled subsidies 
from agricultural production may increase global farm 
output and expand emissions-intensive agricultural ac-
tivities without any emission offset on demand. In ad-
dition, emissions leakage (for example, an  increase 
of emissions outside the EU) often occurs, weakening 
the global mitigation effect (Searchinger et  al.  2020; 
Jansson et al. 2021; Laborde et al. 2021).

Agriculture production represented 38.2% of  the 
total land area of  the European Union (EU) Member 
States and contributed 1.3% to  the Gross Domestic 
Product (GDP) of the EU, providing farming opportu-
nities for 9.2 million workers and creating a gross value 
added of 181.5 billion EUR  in 2019. Organic agricul-
ture covered 13 million ha in the EU in 2018 (EURO-
STAT 2020). In addition, the EU is one of the world's 
largest agricultural exporters. Agriculture accounts 
for approximately 12% of  total EU  GHG  emissions 
(EEA 2022), excluding land use, land-use change, and 
forestry emissions (Underwood et  al.  2013). In  the 
European Union, agriculture is  responsible for 53.8% 
of methane, 43.6% of nitrogen dioxide, and 2.5% of car-
bon dioxide (EEA  2022). In  the EU, the largest, 45% 
of agricultural emissions are derived from the enteric 
fermentation of animals, 37.8% from agricultural soils, 
14.7% from manure management, and 2.5% from oth-
er sources (Mielcarek-Bochenska and Rzeznik  2021). 
The  Common Agricultural Policy (CAP) launched 
in 1962 is a common policy for all EU countries, pro-
viding financial support to farmers in member states. 
The  CAP  for 2014–2020  represents 38% of  the total 
EU budget. This budget consists of  two main catego-
ries: direct payments (e.g. annual payments to farmers 
to help stabilise farm revenues) and payments for ru-
ral development (aimed at achieving balanced territo-
rial development and sustaining a farming sector), also 
called Pillar I and II (European Council 2023). Howev-
er, since 2000, the CAP has put more emphasis on cli-
mate mitigation; the research investigating the impacts 
of the CAP on emissions reduction using econometric 

techniques is  limited. The paper investigates how ag-
ricultural subsidies under the CAP, along with Health 
Check and Ciolos reform, could contribute to  reduc-
ing agricultural emissions in the EU between 2004 and 
2019. This research addresses the question of how the 
different CAP subsidies can influence greenhouse gas 
emissions from agriculture and serve emission tar-
gets. The  findings suggest recommendations for the 
EU decision-makers to be able to limit agricultural-re-
lated emissions.

Review of relevant literature
Impact of EU agriculture on climate change. In the 

EU, small farms dominate agriculture. In  particular, 
two-thirds of  the 10 million EU  farms have less than 
5 ha of land, while the majority of these farms do not 
exceed 2  ha. Approximately 20  million people work 
on EU farms, including full- and part-time farm man-
agers and employees, seasonal labour, and farm family 
members (European Commission EUROSTAT  2020). 
In  the EU, most agricultural GHG  emissions are de-
rived from enteric fermentation (45%), soils (37.8%), 
manure management (14.7%) and other sources 
(2.5%), discussed by Mielcarek-Bochenska and Rzeznik 
(2021). The role of the EU in mitigating climate change 
in the agricultural sector is crucial because the EU sets 
environmental standards and co-finances most of  the 
agricultural expenditure of the Member States. The de-
velopment of  environmental-related components 
in  the CAP  has undergone several stages (European 
Court of Auditors 2021).

Role of  agricultural subsidies in  climate change. 
There is increasing literature investigating the impacts 
of agricultural subsidies on GHG emissions. According 
to Laborde et al. (2021), in the past, government sup-
port has incentivised the development of high-emission 
farming systems. However, today has only a slight im-
pact, inducing additional global GHG emissions from 
agricultural production. Combined, coupled subsidies 
and border measures slightly increase global farm out-
put (+1.1%) while reducing global GHG emissions from 
agriculture (–1.7%). In contrast, coupled subsidies pro-
vide incentives to  expand emission-intensive agricul-
tural activities without any offset impact on demand. 
Therefore, reducing GHG emissions from agriculture 
requires shifting support to directly targeted emission 
reduction, such as GHG taxes on output or consumer 
demand, R&D  funding in  emission-saving technolo-
gies, and subsidising climate adoption costs.

Searchinger et  al.  (2020) evaluated how govern-
ment transfers (direct government spending, targeted 
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tax benefits, and market barriers) help increase agri-
cultural production and mitigate emissions from ag-
riculture and support programmes could be changed. 
They concluded that there is potential to redirect farm 
support to  mitigate climate change. There are multi-
ple solutions to this. For example, Europe has created 
a model of phasing down market prices while boosting 
direct aid. Moreover, it  is  essential to  redirect fund-
ing to  focus on  mitigation, including measures that 
increase efficiency in  using natural resources. In  ad-
dition, support for land retirement efforts is  needed 
where land is being abandoned, farmland is unproduc-
tive, and putting more emphasis on  restoring native 
forests. Condition farm payments are a potential solu-
tion to protect native areas. Finally, combining finan-
cial support for mitigation requirements can achieve 
improvements to avoid carbon leakage, moral hazard, 
and resource waste. Jansson et al. (2021) analysed the 
impact of removing voluntary coupled support for ru-
minants under the EU CAP. Their results show that re-
moving voluntary coupled support for ruminants can 
lead to a 0.5% decrease in agricultural GHG emissions 
annually in the EU. In turn, emissions leakage signifi-
cantly hampers the global mitigation effect. On  the 
other hand, emission leakage is  magnified by  emis-
sions-intensive production methods used in  Brazil 
and India, where production could expand, illustrat-
ing problems with unilateral policies affecting mainly 
EU production volumes.

Role of CAP reforms in greenhouse gas emission. 
Since 1962, the CAP  has undergone several reforms. 
In anticipation of the 2004 EU enlargement, the Agen-
da  2000  reform led to  creating a  second pillar of  the 
CAP dedicated to Rural Development policy. Agenda 
2000 introduced Rural Development to improve agri-
cultural competitiveness, providing alternative sourc-
es of  income in  rural areas, and strengthening social 
cohesion in  those areas (European Council  2022). 
The Fischler reform adopted in 2003 was an essential 
step in the history of the CAP. This reform decoupled 
the direct payments from agricultural production and 
introduced the Single Payment Scheme (SPS) and cross-
compliance measures (Cunha and Swinbank  2011). 
Health Check was the mid-term review of the Fischler 
reform, addressing three specific issues; simplify the 
Single Payment Scheme (SPS), improve the market ori-
entation of the CAP, and provide adequate policy tools 
for new challenges such as climate change and biofu-
els (Timerman 2009). By 2013, the CAP had reached 
a phase of reconsideration. The 2013 Ciolos reform has 
laid the foundations for a future strategy with enough 

potential to  harness environmental components. In-
troduced by the 2013 CAP reform, greening or green 
direct payments become the only direct payment finan-
cially rewarding farmers to improve the environmental 
performance of the CAP and climate goals (European 
Commission  2020). Greening measures entered their 
final form in 2015 as compulsory compliance, provid-
ing a 30% contribution from direct payments if farmers 
meet al. its subcomponents. Crop diversification, per-
manent grasslands, and ecological areas were enforced, 
but participation was not mandatory for farmers par-
ticipating in  the agri-environment scheme (European 
Commission 2018a). For rural development, six priori-
ties were established, one of which encouraged the re-
duction of greenhouse gases, although Member States 
could set additional targets in this category (EEA 2019). 
Since 2013, climate mitigation has been one of the main 
objectives of the CAP. It seeks to ensure a sustainable 
future for European farmers, provide more targeted 
support to smaller farms, and allows greater flexibility 
for EU countries to adopt measures under local condi-
tions (European Court of  Auditors  2021). The  report 
of  the European Commission (2018b) concludes that 
a reduction of 26.2 million tonnes of GHG emissions 
(in CO2 equivalent) can be attributed to the operation 
of  the CAP  annually. Although these helped agricul-
ture reduce emissions in line with the Kyoto Protocol, 
they do not reveal an  entire picture of  its efficiency. 
Many studies suggest that carbon emissions leakage 
of 35–91% can be identified as a result of CAP subsi-
dies (Fellmann et al. 2012; Van Doorslaer et al. 2015; 
Pérez Domínguez et al. 2016). The CAP, during its re-
forms, put more emphasis on agri-environmental pay-
ments and extended the measures encouraging climate 
mitigation; the research analysing the impact of  the 
EU CAP on emissions is limited (Lesschen et al. 2009; 
Vlontzos and Pardalos 2017; Zafeiriou et al. 2018).

However, to date, the CAP and its reforms (Cunha 
and Swinbank  2011) have been evaluated by  some 
studies (Timerman  2009; Fellmann et  al.  2012; Van 
Doorslaer et  al.  2015; Pérez Domínguez et  al.  2016; 
Jansson et  al.  2021) and reports (European Com-
mission  2018b; EEA  2019; European Court of  Audi-
tors  2021) in  the literature, the role of  agricultural 
payments, as well as Fischler and Ciolos reforms played 
in  the reduction of  agricultural GHG  emissions was 
not analysed by econometric methods. In conclusion, 
this can be identified as a potential research gap in this 
field. Four hypotheses are investigated in line with the 
literature researching the role of CAP subsidies in agri-
cultural GHG emissions.
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H1: The  increase in  organic farmland contributed 
to reduced greenhouse gas emissions from agricul-
ture in the EU.

The total organic agricultural area increased five-
fold globally and quadrupled in  the  EU  between 
2000 and 2020. In 2020, organic agriculture represent-
ed 1.5% of the total agricultural land in the world, while 
organic agriculture reached 9.2% of  the total agricul-
tural land in the EU (Holka et al. 2022).

Many studies (Gomiero et  al.  2011; Reganold and 
Wachter 2016; Meemken et al. 2018) have shown that 
organic farms are responsible for fewer carbon emis-
sions from combusted fossil fuels by  using less natu-
ral gas, diesel, and gasoline and synthetic fertilisers 
or  pesticides in  the management of  soil fertility and 
pests. Organic farming can reduce GHG  emissions 
and improve organic carbon sequestration by  elimi-
nating synthetic nitrogen fertilisers resulting in higher 
organic carbon content in soil (Holka et al. 2022). Ac-
cording to these findings, the increase in organic farm 
area is assumed to reduce agricultural greenhouse gas 
emissions in the EU.

Agricultural support has incentivised the devel-
opment of  high-emission farming systems while 
having a  moderate impact on  inducing additional 
global GHG  emissions from production (Laborde 
et al. 2021). Gocht et al. (2017) revealed small environ-
mental impacts (greenhouse gas emissions, nitrogen 
surplus, ammonia emissions, soil erosion, and envi-
ronmentally friendly farming practices) of CAP green-
ing or green direct payments. However, some regions 
may see greater effects than others (Pe'er et al. 2017; 
European Court of Auditors 2021). A high proportion 
of  farmers were already complying with the essential 
requirements. Thus, payments for production-orient-
ed Ecological Focus Areas options offered gains with 
no costs. Pe'er et al.  (2017) added that implementing 
the greening measure could not notice environmental 
trends due to broad exemptions (low requirements for 
crop diversification, lack of management criteria, and 
providing ineffective options for Ecological Areas). 
Furthermore, the CAP  climate measures were also 
inefficient (targeting livestock production and nitro-
gen fertiliser use). In addition, the CAP funds attrib-
uted to climate action had little impact on agricultural 
emissions (European Court of Auditors 2021). Litera-
ture suggests that most of  the mitigation measures 
supported by the CAP have a low potential to combat 
climate change.
H2: Direct CAP  subsidies indicated increased green-

house gas emissions from agriculture in the EU.

After the mid-term review of the Agenda 2000 reform 
of CAP, several supporting measures were introduced 
from an  agri-environmental perspective, including 
an  increase in  the amount of CAP Pillar  II payments 
(subsidies for Rural Development), as  well as  the in-
troduction of cross-compliance (standards connected 
financial support to  EU  rules on  the environment, 
plant, and animal health) and mandatory modulation 
(Cunha and Swinbank  2011) (An instrument intro-
duced by  the 2003  reform allowed resources aimed 
at direct aid for farmers to be transferred to CAP ru-
ral development measures during the period preced-
ing  2013.). The  European agri-environment scheme 
has been beneficial for farmland biodiversity, leading 
to a moderate increase in the number of species (Ba-
táry et al. 2015). However, some studies indicate (Pe'er 
et  al.  2017) that the efficiency of  rural development 
programmes is mixed. These measures reinforced the 
commitment of  the  EU  to  environmental protection 
and climate mitigation.
H3: CAP  payments for rural development indirectly 

contributed to reducing EU carbon emissions.
By 2013, the CAP had reached a stage of reconsid-

eration. Since 2013, climate action has been one of the 
main objectives of the CAP. It provided targeted sup-
port to small farms and allowed EU countries to adopt 
measures for local conditions (European Court of Au-
ditors 2021).
H4: CAP  reforms between 2004  and 2019  (Health 

Check and Ciolos reform) attempted to reduce ag-
ricultural greenhouse gas emissions.

MATERIAL AND METHODS

Most of  the empirical literature (Fellmann  2012; 
Pérez Domínguez et  al.  2016; Pe'er et  al.  2017) used 
impact assessment (e.g.  CAPRI  model) for analysis 
while applying partial equilibrium models investigated 
by panel regressions was limited in the methodologies. 
This paper used panel data econometrics to  analyse 
the impact of  EU  direct and rural agricultural subsi-
dies on agricultural greenhouse gas emissions between 
2004 and 2019. During this investigation, the impacts 
of  determinants of  greenhouse gas emissions (ex-
pressed in CO2 equivalent) related to CAP payments 
are studied in the 27 EU Member States. An environ-
mental pollution function is  applied in  line with em-
pirical research (Balsalobre-Lorente et al. 2019; Balogh 
and Leitao 2022), and the following Equation (1) is es-
timated:
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The dependent variable is captured by EU agricul-
tural GHGs (emissions in CO2 equivalent calculated 
based on  the Intergovernmental Panel on  Climate 
Change  –  IPCC  Fifth Assessment Report  AR5, ex-
pressed in kilotonnes). Explanatory variables are or-
ganic farming, the CAP direct payments, and support 
for rural development expressed in  EUR. Data are 
collected from the Food and Agriculture Organisa-
tion Statistical Database (FAOSTAT 2021), the Farm 
Accountancy Data Network (FADN) of  the Euro-
pean Union Statistical Database (EUROSTAT 2021), 
and the FiBL  (2022) database of  the Research Insti-
tute of  Organic Agriculture (Table  1). Panel fixed-

effects, and dynamic panel regression estimations 
are applied.

To select the appropriate estimation method, pan-
el tests were calculated. Autocorrelation tests sug-
gest that the data has first-order autocorrelation. 
The  cross-sectional dependency test (Pesaran  2004; 
2015 confirmed that the variables are cross-section-
ally dependent Table 2).

Since variables are autocorrelated and cross-sec-
tionally dependent, panel corrected standard error 
model (PCSE), and dynamic panel estimations (Arel-
lano-Bover/Blundell and Arellano-Bond) were per-
formed to support the robustness of the results.

Table 1. Description of variables

Variables Description Data source

ln(EU_agr_CO2) greenhouse gas emissions from agriculture  
in CO2 equivalent IPCC AR5 kilotonnes in the EU FAOSTAT (2021)

EU_organic_area organic farm area as a share of total farmland  
in percent in the EU FiBL (2022)

ln(CAP_rural_payments) total support for rural development in EUR in the EU-27 EUROSTAT (2021)
ln(CAP_direct_payments) total support for direct payments in EUR in the EU-27 EUROSTAT (2021)
Health_Check equals to 1 if year > 2008, 0 otherwise own elaboration
Ciolos_reform equals to 1 if year > 2012, 0 otherwise own elaboration

CAP – Common Agricultural Policy; IPCC AR5 – Intergovernmental Panel on Climate Change, Fifth Assessment Report
Source: Author's own elaboration

Table 2. Tests for autocorrelation and cross-sectional dependency (CD)

Tests Variables Statistics
Wooldridge test for autocorrelation – 15.128*

CD tests

ln(EU_agr_CO2) 13.656*
EU_organic_area 53.159*

ln(CAP_rural_payments) 26.349*
ln(CAP_direct_payments) 26.349*

* P-value = 0.000; Wooldridge test – under the null hypothesis of no first-order autocorrelation; CD tests – under the null 
hypothesis of cross-section independence; CAP – Common Agricultural Policy; for description of variables see Table 1 
Source: Author's own elaboration

( ) ( ) ( )

( )

2 0 1 2 2 31

4 5 6

ln _ _  ln _ _ _ ln _ _

_ _ _

it itit it

it i i it

EU agr CO EU agr CO organic area CAP rural payments

CAP direct payments Health Check Ciolos

−
= β + β + β + β +

+ β + β + β + ε
	 (1)

where: i – EU-27 Member States; t – time expressed in years; β0 – constant; βi – estimated coefficients for explana-
tory variables of EU Member State i; εit – error term; EU_agr_CO2 – greenhouse gas emissions from agriculture 
in CO2 equivalent in the EU-27; organic_area – organic farm area as a share of total farmland in percent in the EU-27; 
CAP_rural_payments –  total support for rural development in  the EU-27; CAP_direct_payments – total sup-
port for direct payments in the EU-27; Health_Check – CAP Health Check reform (2009); Ciolos – CAP Ciolos 
reform (2013).
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RESULTS AND DISCUSSION

During 1990–2018, agricultural emissions in  the 
EU-27  decreased by  23.9%, while global agricultural 
emissions increased by  16.4% (Climate Watch  2022). 
This is  explained by  increasing energy efficiency, the 
introduction of  agri-environmental measures un-
der the CAP, and the new climate regulation adopted 
by  the EU. Many additional factors have increased 
agricultural-related GHG  emissions globally over the 
past decades. Among others, the expansion of  live-
stock farming, rice cultivation (wet field release 
of CH4 through fermentation processes in the soil), the 
use of increased animal manure and fertiliser on arable 
land (increased  N2O), landfill and wastewater prac-
tices (Olivier et al. 2017). Since the late 2000s, a slight 
increase in  emissions has been caused by  increased 
agricultural activity and deforestation in  tropical re-
gions (Ritchie and Roser 2021). Figure 1 shows that the 
share of agricultural GHG emissions from the EU var-
ied between 7–10%, similar to  the proportion of  the 
USA (7–8%) and Brazil (7–9%).

The organic farm area increased by  271% to  2019 
(14  million  ha) compared to  2000  (3.8  million  ha) 
in the EU-27 (Figure 2). Regarding the share of organic 
farms, Austria had the highest proportion of  organ-
ic areas (19.3%) in  the total land area of  the EU, fol-
lowed by Sweden (12.25%) and Estonia (11.15%) from 
2000  to  2019. Excluding France, the smaller western 

(The Netherlands and Luxembourg), eastern (Hungary, 
Poland, Romania, and Bulgaria), and southern Europe-
an countries (Croatia, Greece, Malta, and Cyprus) had 
only a limited proportion of organic areas.

Regarding the distribution of  CAP, the share of  di-
rect payments varied between 67–73%, while the rural 
development payments reached 24–29% of  the total 
subsidies in  the EU-27 on average between 2004 and 
2019 (Figure 3). It indicates that direct payments have 
a dominant impact on European agriculture.

Regression estimates suggest (Table  3) that the ag-
ri-environmental measures included in  the  CAP  un-
der Rural Development helped increase the 
share of organic agriculture that encouraged the abate-
ment of  GHGs between 2004  and 2019. The  expan-
sion of organic agriculture and the rural development 
payments contributed significantly to reducing green-
house gas emissions at the EU level (H1 and H3 are ac-
cepted). In  contrast, direct CAP  payments increased 
agricultural greenhouse gas emissions (H2) in all esti-
mated models (1–5). According to the CAP reforms in-
cluded, the Health Check helped reduce (models 1–5), 
while the Ciolos reform stimulated GHG  emissions 
(models  1,  3–5) in  the EU-27  (Table  3). Accordingly, 
H4 is partly accepted.

Based on Arellano-Bond tests of dynamic panels (Ta-
ble 3, models 4–5), we can reject the H0 of no first-order 
serial correlation in the first differences (AR1). In turn, 
the H0 of no higher-order serial correlation in the first 

Figure 1. The share of agricultural greenhouse gas (GHG) emissions by the highest emitters (1990–2018)

Source: Author's own elaboration based on Climate Watch (2022)
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Figure 3. Share of direct payments and payments for rural development in total subsidies in the EU-27, on average (2004–2019)

CAP – Common Agricultural Policy
Source: EUROSTAT (2021)

differences (AR2) cannot be  rejected. This indicates 
that the idiosyncratic error term in levels is serially un-
correlated. Also, we cannot reject the H0 of the Sargan 

test of  overidentifying restrictions are valid (the set 
of instruments is valid), indicating that dynamic mod-
els are correctly specified.

Figure 2. Evolution of the organic farm area in the EU-27, in ha (2000–2019)

Source: Author's own elaboration based on FiBL (2022)
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(12,25%) and Estonia (11,15%) from 2000 to 2019. Excluding France, the smaller western (The 
Netherlands and Luxembourg), eastern (Hungary, Poland, Romania, and Bulgaria), and 
southern European countries (Croatia, Greece, Malta, and Cyprus) had only a limited 
proportion of organic areas. 
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Regarding the distribution of CAP, the share of direct payments varied between 67–73%, 
while the rural development payments reached 24–29% of the total subsidies in the EU-27 on 
average between 2004 and 2019 (Figure 3). It indicates that direct payments have a dominant 
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CONCLUSION

This study investigated the impacts of  agricultural 
subsidies under the CAP on GHG emissions from ag-
riculture in  the EU. Dynamic panel data models are 
used to  evaluate the effectiveness of  CAP  subsidies 
and their reforms in  reducing agricultural emissions 
between 2004  and  2019. Regression estimates sug-
gest that the expansion of  organic agriculture and 
the payments on  rural development significantly re-
duced EU  agricultural GHG  emissions. In  contrast, 
CAP  direct payments significantly stimulated emis-
sions in  line with the expansion of  emission-inten-
sive farming activity. Considering the CAP  reforms, 
the Health Check contributed to an  increasing share 
of agri-environmental subsidies, creating support for 

emission reduction and boosting organic farming, 
while the Ciolos reform launched in 2013 stimulated 
GHG emissions in most models. This suggests a mixed 
effect of CAP reforms on the mitigation of GHG emis-
sions in accordance with Gocht et al. (2017) and Za-
feiriou et al. (2018). Financial support is also required 
to  encourage mitigation to  prevent carbon leakage 
in  third  countries (Searchinger et  al.  2020). To  con-
clude, the analysis of the CAP subsidies has highlight-
ed its weaknesses in  climate mitigation policy, such 
as CAP direct payments and the Ciolos reform induced 
higher GHG emissions in most of the estimated mod-
els. Despite the greater ambition of the EU to reduce 
agricultural emissions, the rules of  cross-compliance 
and the measures for rural development changed lit-
tle from 2014 to 2020 compared to 2007–2013. These 

Table 3. Results of the panel estimation for agricultural emissions (2004–2019)

Variables
ln(EU_agr_CO2)

model 1 model 2 model 3 model 4 model 5
AR PCSE FE DPDSYS ABOND

ln(EU_agr_CO2)t–1 – – 0.684***
(0.037)

0.920 ***
(0.062)

0.568***
(0.003)

EU_organic_area –0.003
(0.002)

0.064***
(0.006)

–0.001
(0.001)

–0.004***
(0.001)

–0.005***
(0.001)

ln(CAP_direct_payments) 0.051***
(0.018)

1.153***
(0.068)

0.043***
(0.008)

0.021**
(0.009)

0.051***
(0.005)

ln(CAP_rural_payments) –0.010
(0.006)

–0.853***
(0.072)

–0.008**
(0.004)

0.003
(0.002)

–0.003
(0.002)

Health_Check –0.024**
(0.009)

–0.097***
(0.034)

–0.011***
(0.004)

–0.003*
(0.002)

–0.015***
(0.002)

Ciolos_reform 0.003
(0.009)

–0.159***
(0.030)

0.007*
(0.003)

0.012***
(0.002)

0.012***
(0.002)

Constant 8.408***
(0.182)

4.609***
(0.217)

2.448***
(0.313)

–0.496
(0.518)

3.344***
(0.342)

Observations 413 413 390 390 363
R2 0.198 0.278 0.605 – –
Number of countries 27 27 27 27 27
Number of instruments – – – 125 111
Arellano-Bond (AR1) test – – – 0.003 0.004
Arellano-Bond (AR2) test – – – 0.256 0.344
Sargan test – – – 1.000 1.000

* P < 0.1; ** P < 0.05; *** P < 0.01; robust standard errors in parentheses; AR – fixed- and random-effects linear models with an AR1 
disturbance; PCSE – panel corrected standard errors; FE – fixed-effect; DPDSYS – Arellano-Bover/Blundell-Bond – linear 
dynamic panel-data estimation; ABOND – Arellano-Bond linear dynamic panel estimation; CAP – Common Agricultural 
Policy; for description of variables see Table 1
Source: Author's own elaboration
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schemes did not motivate farmers to  adopt effective 
climate mitigation measures. Although the greening 
scheme was supposed to  improve the environmen-
tal performance of  the CAP, its impact on  climate 
mitigation has been limited (European Court of  Au-
ditors 2021). In the future, targeted subsidies and in-
creased support for sustainable organic agriculture 
could be one of the solutions for policymakers. More-
over, from an  environmental perspective, it  could 
be  advantageous to  consider expanding green finan-
cial support. It would create an additional stimulus for 
agriculture, providing resources for sustainable, low-
carbon production and incentives for emission cuts 
in the sector. The results draw attention to the need for 
action to  curb EU agricultural emissions by  reform-
ing the system of  CAP  direct payments (single area 
payment and farm payments) and the transforma-
tion of agricultural subsidies as a whole. Sustainabil-
ity can be  incorporated into EU policy by expanding 
green investments, greening budgets, stimulating en-
ergy efficiency and renewable energy, and increasing 
spending on  information technology, research, inno-
vation, education, and training. The last reform of the 
CAP  was adopted in  2021. The  new legislation that 
starts in  2023  aims to  provide 'a  fairer, greener, and 
more' performance-based policy (European Commis-
sion 2022). Several policies, such as the Farm to Fork 
strategy, ecosystems, and biodiversity strategies, are 
designed to achieve sustainability in the EU, but their 
climate impacts are still unidentified. Further research 
is needed to evaluate the impacts of the new European 
Green Deal and related agricultural strategies on cli-
mate mitigation. There are a  few limitations to  the 
search. First, the panel covered the restricted period 
from 2004  to 2019, as  the CAP subsidies were avail-
able from 2004 in the FADN database (Eurostat 2021). 
Second, CAP Direct Payments and payments on Rural 
Development were applied. Finally, a  linear environ-
mental pollution function has been estimated; how-
ever, a nonlinear framework (Zafeiriou et al. 2018) can 
be used in the future.
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