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Abstract: The present study aims at investigating the potential impact of agricultural policies on GHG
emissions from agriculture across the European Union. The study begins with a brief analysis of the context of
implementation of the 2014-2022 Common Agricultural Policy (CAP), within which many interventions were
designed to improve sustainability and increase competitiveness. It follows a description of the structural
changes the European agriculture is witnessing, that are both influenced and contribute influencing policies.
The method of Qualitative Comparative Analysis (QCA) is used to investigate possible causalities and to
cluster observations based on similar combinations of conditions (i.e., drivers) and outcomes (i.e., positive or
negative variations in GHG emissions from agriculture between the end and the begin of the CAP
programming period). The results reveal that the increase in GHG emissions from agriculture over the study
period is mainly attributable to the low share of agricultural land under management contracts targeting
climate change mitigation and carbon sequestration through the CAP. CAP payments coupled with the
production is found to contribute to further increasing GHG emission from agriculture in some eastern and
northern EU countries. Livestock concentration, income support payments and the high price of agricultural
land drive the increase in GHG emissions for other central and eastern EU countries. The paper concludes
addressing existing shortcomings due to conflicting interventions in the current CAP Strategic Plans.

Keywords: qualitative comparative analysis; policy evaluation; climate mitigation; soil health; rural
development programs

1. Introduction

Agriculture contributes to increasing global warming [1]. A few recent high-profile publications
have in fact highlighted agricultural emissions [2] and how they can be reduced to meet international
environmental commitments [3].

Intensification of crop and livestock production and unsustainable soil management have been
identified as the main drivers of increasing CO2 emissions from agriculture. It is a fact that the
agricultural intensification (e.g., growing the same crop year after year, deep tillage techniques,
excessive use of chemical inputs) degrades soils [4] and increases the risk of diseases and pest
outbreaks. This implies the use of larger amounts of fertilisers, pesticides and herbicides [5] [6], with
direct impacts on GHG emissions [7] (Mazzoncini et al. 2015), in addition to pollution and
biodiversity loss [8]. It is a fact that the increasing concentration of livestock in some regions exerts
serious pressures on the environment, as is the increasing specialisation of farming systems [9], which
is making crop diversification increasingly impractical.

However, agricultural systems have the potential not only to reduce GHG emissions, but also to
reverse their impact on climate by implementing carbon removal practices, including crop
diversification. Reversing the current decline in soil organic carbon not only mitigates climate change,
but also makes soils more resilient to disturbances and extreme weather events. Such a reversal can
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be pursued in the direction of territorial reconfiguration of farming systems towards greater
integration between agriculture and livestock.

Changes in agricultural GHG emissions reflect changes in cropping and livestock systems and
production methods and these changes are likely to be influenced by various drivers, including
policies.

The aim of this study is to investigate the changes in agricultural GHG emissions and their
respective causes which have occurred during the 2014-2022 CAP programming period. To this end,
we have used country-level observational data and performed a qualitative comparative analysis
(QCA) in order to provide some empirical evidence to confirm or reject the study hypotheses.

After presenting and discussing the results in the light of the theoretical expectations, the paper
concludes with some policy recommendations to address existing shortcomings in current Strategic
CAP Plans, as well as highlighting the limitations of the approach used and some ideas for further
research on the topic.

2. The trends of GHG emissions from agriculture

The national inventories of anthropogenic emissions by sources and removals by sinks are
reported annually by MSs under the United Nations Framework Convention on Climate Change
(UNFCCC) and the Reg. EU 525/2013. They also provide a reference for monitoring the achievement
of GHG emission reduction targets at national and European level as set out in the EU regulatory
framework, namely the Climate Action Regulation (CAR), also known as the Effort Sharing
Regulation (Reg. EU 2018/842 as amended by Reg. EU 2023/857) for the reduction of GHG emissions
by 2030, and the recent European Climate Law (Reg. EU 2021/1119) for the overall target of net zero
GHG emissions by 2050.

In this context, GHG emissions from agriculture are estimated annually by national environment
agencies by combining information on crop and livestock typologies, fertiliser management, crop
residue management, livestock and manure management and other sources of agricultural GHG
emissions.

According to the European Environment Agency (EEA) [10], the EU has reduced its net GHG
emissions by 31% compared to 1990. Energy supply and energy-intensive industries are the sectors
that mostly contributed to this reduction,

As far as agriculture is concerned, GHG emissions from this sector represent about 10% of the
total EU GHG emissions [10] [11], but agricultural GHG emissions at EU level changed very little
between 2005 and 2021 (-3% compared to -20% between 1990 and 2005). In addition, there are large
differences between MSs, with some even showing an increase in GHG emission from agriculture
(Figure 1).

1 It is estimated [10] that almost 50% of the total GHG emissions in the agriculture sector stems from
livestock, with methane (CH4) released from enteric fermentation. Emissions of nitrous oxide (N20)
from soil associated with fertiliser application (31%), and the management of manure (16%) are also

significant in the primary sector.
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Figure 1. Variation in GHG emissions from agriculture (2022-2014 % var) Source: our elaboration on
Eurostat [12]. Notes: Since the entry into force of the Withdrawal Agreement which established the
UK's exit from the EU (on 31 January 2020 at midnight CET), the UK must be considered as a third
country. However, it has been included for the purposes of this research. CY — Cyprus; HU - Hungary;
BG — Bulgaria; SL — Slovenia; SE — Sweden; IE — Ireland; CZ — Czech Republic; PL — Poland; LU -
Luxemburg; DK - Denmark; HR — Croatia; FI — Finland; MT — Malta; RO — Romania; AT — Austria;
LV - Latvia; PT — Portugal; BE - Belgium; NL — Netherlands; FR — France; EE — Estonia; ES — Spain; IT
— Italy; UK - United Kingdom; DE — Germany; LT - Lithuania; SK - Slovakia; EL — Greece.

Specifically, emissions increased by more than 10% in Cyprus, Hungary, and Bulgaria, while
they decreased by more than 10% in Greece [12], where however reductions would mainly be
associated with a loss of competitiveness of farms (e.g. a reduction in the number of dairy cows).

Against this background, there has been much debate about whether the climate-friendly
farming practices supported by the CAP have actually failed to deliver the desired results, at least in
terms of climate change commitments to reduce GHG emissions [13] Some researchers have
attributed this failure to the fact that the CAP, through its various reforms, has essentially continued
to favour the intensification of EU farming systems [14] [15].

For example, the sudden decline of agricultural land in Europe in the early 90s is thought to be
linked to the Mac Sharry CAP reform, considered the first real CAP reform since its inception? which
introduced payments linked to production (coupled payments) instead of price supports [16]. These
coupled payments contributed to favouring the gradual abandonment of marginal agricultural land
[17] and the concentration of agriculture in the most productive areas. Subsequently, the decoupling
of subsidies from production and the introduction of area-based payments linked to compliance with
certain environmental requirements (cross-compliance), introduced in 2003 with the Fischler CAP
reform, contributed, together with other factors [18], to pushing up land prices [19], forcing small
farmers out of business and discouraging new entrants [20]. This seems to have been particularly
pronounced for some Mediterranean [21]and Eastern countries [22] that joined the EU between 2004
and 2007 [23].

In this context, it is most appropriate to assess whether and how the 2014-2022 CAP, i.e. the latest
CAP programming period, has contributed to influencing existing trends in GHG emissions from
European agriculture, and what its implications are for achieving the EU Priority of “Promoting
resource efficiency and supporting the shift towards a low carbon and climate resilient economy in
agriculture, food and forestry sectors, with a focus on the following areas: (...) (d) reducing

2 From its inception in '57 to '92, the CAP had adopted sectorial price policies which encourage
farmers to increase their production, resulting in a shift from deficiency to excess production for
many categories of agricultural products. Consequently, the EU had to bear high costs to support

prices in order to defend farmers’ incomes and dispose of surpluses.
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greenhouse gas and ammonia emissions from agriculture; (e) fostering carbon conservation and
sequestration in agriculture and forestry”3.

2. Data and methods

In what follows, we begin by describing the methodological approach we have taken to examine
some of the conditions that are thought to influence the MSs” GHG emissions, and then provide a
description of the data we have used for the analysis and the indexing procedure we have followed.

3.1. The QCA Method

The QCA method allows identifying necessary and sufficient conditions (causes) for an outcome
(effect) to occur [28]. A cause is commonly defined as necessary if it must be present for a certain
outcome to occur. A cause is defined as sufficient if it can produce a certain outcome, but the outcome
can occur even in the absence of the condition [24].

A combination of conditions can contribute influencing the outcome and its negation. There are
three common Boolean operation in QCA: negation (the non-occurrence of the condition), logical
AND (Boolean multiplication) and logical OR (Boolean addition). Here we use the following
notations: ~ for negation, * for multiplication (the Boolean multiplication implies the presence of both
conditions), + for addition (the Boolean addition implies the presence of one of the conditions).

Consistency and the coverage parameters of fit, ranging from 0 to 1, allow the existence of
necessary and sufficient conditions for an outcome to occur to be verified.

Consistency is the degree to which the empirical evidence is in line with the statement of
necessity or sufficiency. For necessity, imperfect consistency is determined when the condition is not
present every time the outcome occurs. For sufficiency, imperfect consistency is determined when
the outcome does not occur every time the condition is present.

Coverage is the empirical importance of results. For sufficiency, this is the share of the outcome
covered by the condition (i.e., how much of the outcome is explained by the condition). For necessity,
this is the empirical relevance trivialness of the condition for the outcome (i.e., how much of the
negated outcome is explained by the condition).

As a rule of thumb, for the analysis of necessity, the Consistency score must exceed the threshold
of 0.9 and the Coverage score the threshold of 0.6, while for the analysis of sufficiency, the
Consistency scores must exceed 0.75 while no thresholds are set for Coverage [28].

The analysis of necessity is run on single conditions and, eventually, on the Boolean addition of
conditions. Differently the analysis of sufficiency is run on the Boolean multiplication of conditions
and, eventually, on their Boolean addition.

In QCA the analysis of sufficiency follows the analysis of necessity, and the analysis of the
negated outcome follows the analysis of the outcome. The analysis of sufficiency allows obtaining
different solutions which lie between two endpoints of possible results: the conservative solution and
the parsimonious solution. The conservative solution is the solution that privileges complexity and
is based on observed combinations of conditions. The parsimonious solution allows simplifying the
complex solution by including logical reminders in the minimization process. The logical reminders
are combination of conditions not observed in the group of the collected observation. An intermediate
solution is obtained by avoiding the inclusion of implausible logical reminders and it allows
highlighting relevant differences on causal relations. Logical reminders are implausible when they
contradict the underlying expectations*.

3 This refers to Priority 5 (specifically to Focus Area 5D and Focus Area 5E) as defined in Article 5
of the Regulation EU 1305/2013 on support for rural development by the European Agricultural Fund
for Rural Development (EAFRD).

¢ In the present paper we partialy rely on the enhanced standard analysis procedure developed by
[30] to handle logical reminders. This approach allows to avoid the use of incoherent logical

reminders: logical reminders contradicting the statement of necessity, logical reminders contradicting
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It is worth noting that we have limited ourselves here to highlighting the general procedure we
followed to run QCA, by providing the terminology and concepts we used to enable the
interpretation of the results. For a more detailed description of the methodology used, we
recommend reading [31] and [30]. The analysis followed for this study was carried out by using the
QCA package of R developed by [32].

3.1. Definition of thresholds and directional expectations

Table 1 provides information on the indicators chosen to investigate the factors that should
contribute to influencing changes in agricultural emissions and used to carry out the QCA. There are
one outcome variable and ten conditions (Table 1). The outcome is the '2014-2022 change in GHG
emissions', which is annually reported by MSs to the EEA (see section 2 for more details). The ten
conditions take the form of structural changes, policy interventions or land market prices.
Information on structural changes and land market prices is obtained from Eurostat, while
information on policy interventions is obtained from Agridata and comes from the national reports
on the implementation of the CAP, which are annually submitted by the MSs to the European
Commission. The structural changes concern the 2014-2022 variation in the utilised agricultural area
(UAA) and in the number of livestock units (LVK), as well as the variation in farms with a size larger
than 100 ha UAA (LANDSP) and in the number of farms with livestock with a size larger than 300
LSU (LVKSP). These pieces of information make it possible to measure the physical growth of the
agricultural sector and its concentration during the period considered.

The land market is only represented by the change in the average selling price of agricultural
land between 2014 and 2022. Land prices are supposed to reflect the dynamics of the land market but
are often a barrier to entry for small farmers (see section 2 for more details).

Finally, policy interventions are included here in the form of the CAP financial resources for
2014-2022 for income support (BASIC) and coupled payments (FUNDVCS) and the percentage of
agricultural and forest land under management contracts contributing to the Focus Area 5E (

expectations, and logical reminders contradicting simplifying assumptions. The first element of
incoherence implies avoiding the inclusion of the negated necessary conditions on the logical
reminders used to simplify the solution, since the presence of a necessary condition requires that the
outcome cannot be observed in its absence. The second element of incoherence implies avoiding the
use of logical reminders contradicting the underlying directional expectations for the minimization
of the outcome. The third element of incoherence implies avoiding the use of the same reminders for
the logical minimization of the outcome and its negation for the analysis of sufficiency, since
sufficiency implies that a condition cannot be observed for both the outcome and the negated
outcome. We consider this last element of the enhanced standard analysis incorrect, since logical
reminders are unobserved combinations of conditions whose exclusive role is to simplify the solution,
allowing common combinations to be identified among the observations considered in the analysis.
Indeed, simplifying the solution means excluding conditions for which relationships cannot be
determined, either because they are irrelevant or (most probably) because there are not enough
observations to capture their influence. For the same reason, it does not make sense to initially limit
the number of conditions based on the number of observations. Rather, one must start from a deep
knowledge of the problem and use the conditions that can explain the phenomenon under
investigation, irrespective of the number of observations under analysis. Variables excluded from the
intermediate solution should not be considered as uninfluential in a broad sense, but as irrelevant for

the group of observations studied.
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(LANDCSQ) and the Focus Area 5D (LANDGHG), which are expected to influence farming practices
in different ways.
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Calibration® (set membership)

Neither in or

Type of set Set Description Fully out Fully in Source
out
0.05 0.5 0.95
§ 2022-2014 variation of GHG emissions from agriculture’ European Environment Agency. Data
2 @ GHG -0.080 0.000 0.030
8 (% var). source: https://agridata.ec.europa.eu/
2022-2014 UAA variation of farms with a size larger than
LAND -0.100 0.008 0.120
100 ha (% var).
n
g;D 2022-2014 size variation of livestock farms larger than 300
& LVK -0.080 0.000 0.100
© LSU? (% var). Eurostat. Data source:
©
E» 2022-2014 UAA variation of farms with a size larger than https://ec.europa.eu/eurostat/
3 LANDSP -0.100 0.000 0.150
= 100 ha (% var).
%)
- 2022-2014 size variation of livestock farms larger than 300
= LVKSP -0.100 0.000 0.130
2 LSU (% var).
ks
L%) Countries for which the Basic Payment Scheme (BPS) is
based on the eligible hectares declared by farmers and
2 SAPS 0.000 0.500 1.000
S where the level is the same for all hectares in the country Declarations of expenditure for the
=
g (0-1). European Agricultural Fund for Rural
[
= Income support fund ratio on the total 2014-2022 CAP Development. Data source:
2 BASIC 0.400 0.520 0.600
= funding (%). https://agridata.ec.europa.eu/
A~
Funds ratio addressed to coupled payments on the total
FUNDVCS 0.032 0.075 0.100

2014-2022 CAP funding (%).
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(euro/ha of UAA).

LANDCSQ management contracts  contributing to  carbon 0.050 0.200 2.000
) Annual implementation reports of Rural
sequestration, focus area 5E! (% on the UAA).
Development programs. Data source:
Percentage of agricultural land under management i
https://agridata.ec.europa.eu/
LANDGHG | contracts targeting reduction of GHG and/or ammonia 0,005 1.000 8.000
emissions, focus area 5D! (% on the UAA).
e E 2022-2014 average sales prices of agricultural lands Eurostat. Data source:
3 é LANDPRICE 10000 15000 25000

https://ec.europa.eu/eurostat/

Notes: ! Focus areas 5E and 5D - The hectares of agricultural land and forestry area under management contracts targeting environmental and climate action within these Focus Areas are reported
by MSs to the European Commission in the Annual Implementation reports (AIR) of Rural Development programmes. Physical investments to reduce emissions and subsidies to support for more
environmentally friendly farming practices, among which Agri-environment-climate measures and organic farming are the key measures interventions addressing Focus Area 5D. Conversion of
arable land to agroforestry, afforestation and forest management are the key measures addressing Focus Area 5E. 2LSU — Livestock Standard Unit. 3Calibration — all the conditions and the outcome
are transformed into binary values using the percentile thresholds reported in the column headings associated to the real values provided inside the table.
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Focus areas 5D and 5E, as above mentioned, are respectively the specific priorities addressing
the climate in the MS" Rural Development Programs (RDP) for the programming period of the II
Pillar of the CAP 2014-2022, i.e. the programs addressing the development of UE rural areas to be
implemented by 2025. Within these policy instruments, Focus areas 5D includes most of the RDP
agri-environment-climate measures aimed at reducing the use of inputs (e.g. conservation
agriculture, organic farming), while Focus areas 5E mainly includes measures aimed at adapting to
climate change and mitigating climate change (e.g. conversion of arable land to pasture and meadow,
afforestation, pasture and forest management). Because of its importance in the CAP, we have chosen
to include income support to farmers (the so-called “I Pillar” of the CAP”). To this end, we have
considered here an additional binary variable, the Single Area Payment Scheme (SAPS), which allows
to distinguish between those MS where income support is distributed to farmers through a limited
number of entitlements (SAPS=0) and those MS where income support is proportional to the UAA
(SAPS=1).

The thresholds shown in Table 1 have been defined according to a calibration procedure
intended to minimize skewness (balanced distribution of observations between in and out, i.e.
presence/absence of a condition) and to ensure robustness (no appreciable change in the results when
the thresholds for individual conditions are slightly changed), except for the outcome and the
structural conditions that deal with changes in their status, where the central threshold is necessarily
set equal to zero to deal with no changes and the SAPS condition which is binary (see Annex A for
further details).

Table 2 provides the directional expectation of the set of conditions for the GHG outcome. For
instance, it is assumed that any increase in GHG emissions is primarily influenced by the dimensional
growth of the agricultural sector, i.e., increase in the UAA and in the LSU, but also by: the lack of
incentives influencing the adoption of sustainable practices, which affects the quality of the growth,
the presence of perverse incentives, such as the coupled support, which incentivizes the concentration
of the agricultural areas and livestock in the most productive regions [44], and the income support,
which contributes to influencing land market causing land prices to rise, thus countering access to
land by small farmers and further facilitating the transfer of land from small to large farms [19].

Table 2. Directional expectations for the outcome GHG.

Description of the expectations Logical reminders not used to simplify the

solution
The growth of the agricultural sector positively influences GHG emissions ~LAND*~LVK
Beneficial incentives addressing farming practices negatively influence LANDCSQ*LANDGHG

GHG emissions
The SAPS coupled with a high level of basic payment leads to anincrease in
land prices, limiting access to land for small holders and favouring land
concentration, which has a positive influence on GHG emissions
The coupled support favours the intensification of farming systems which
has a positive influence on GHG emissions

~LANDPRICE*~BASIC*~SAPS
*~LANDSP*~LVKSP

~FUNDVCS

Notes: ~, negated outcome; *, set intersection.

The inclusion of directional expectations in the analysis allows the identification of an
intermediate solution, which is more complex than the parsimonious solution, but which allows the
discrimination of cases that display conditions consistent and inconsistent with expectations.

3. Results and discussion

Following the QCA procedure described above, we have checked the existence of necessary and
sufficient conditions for both the outcome and its negation. Necessary conditions only exist for the
outcome GHG (Figure 2).

The existence of complex necessary conditions (combination of conditions) for the outcome GHG
implies that more reasons can explain the increase in GHG emissions from agriculture over the period
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analysed here. Namely, the absence of land under management contracts to reduce emissions or
increase carbon sequestration, ~LANDCSQ + ~LANDGHG, is necessary for the outcome GHG to
occur (dots in the upper right quadrant of Figure 2). However, the same condition also holds for some
MSs that show a reduction in GHG emissions (dots in the lower right quadrant of Figure 2). This
explains why the condition ~LANDCSQ + ~LANDGHG is necessary for the outcome GHG to occur,
since no increase in emissions is found when this condition is absent (with the sole exception of RO,
a deviant case of consistency in kind, shown in the upper left quadrant of Figure 2).

Conversely, the absence of necessary conditions characterises the negated outcome, meaning
that there are no necessary conditions supporting the reduction of GHG emissions (~GHG), at least
with respect to the variables analysed here.

Cons.MNec: 0.907; Cov.Mec: 0.766; RoM: 0.555

1.00 =
o
47
0.751
oV
il
T 0.50
L L -
. ]
0.25- . .
L]
]
.
»
0.00 1 .

0.00 0.25 0.50 0.75 1.00
~LANDGHG+~LANDCSQ

Figure 2. Analysis of necessity. Notes: ~, negated outcome; +, set union. Performances indicators: Consistency —
Presence of cases showing opposite outcomes; Coverage — Presence of cases not explained by the relation;
Relevance of Necessity — Presence of the negated outcome when the condition is absent. Range of performance
indicators: 0 (low performances) — 1 (high performances). Performances thresholds: Consistency, 0.900
(required); Coverage, 0.600; Relevance of necessity, 0.500.

Note that the analysis of necessity involves the whole set of observations, since it requires the
presence of the condition if the outcome is present (i.e. the result implies the presence of the
condition), whereas the analysis of sufficiency can involve only part of the set of observations, since
it requires the presence of the outcome if the condition is present (i.e. the result does not imply the
presence of the condition, i.e. the result can be present even if the condition is not present). Thus, the
analysis of sufficiency complements the analysis of necessity by allowing the clustering of
observations for different combinations of conditions that are found to be sufficient for the outcome
to occur.

Table 3 shows the results of the analysis of sufficiency for both GHG and its negation. Without
loss of generality, we only provide the intermediate solution following the procedure described
above, avoiding the inclusion of logical reminders that are inconsistent with the necessary conditions
and with our expectations in the minimisation procedure.
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Table 3. Analysis of sufficiency. Raw performances scores of the intermediate solution.
o Raw Unique
Outcome Conditions Cons.ncy PRI Cases
coverage coverage
~SAPS*~LANDGHG*~LAND 0.932 0912 0.327 0.041 SI; HR; LU; DK; FI; MT
o BASIC*LVKSP*LANDPRICE 0.962 0.951 0.240 0.088 LU; DK; AT; IE
% ~LANDGHG*LANDCSQ*LVKSP 0.884 0.821 0.260 0.027 PT; DK; MT; CY; LV
FUNDVCS*~BASIC*~LANDCSQ 0.955 0.939 0.315 0.014 FI; SE; BG; PL
Solution formula 0.930 0.913 0.677
~SAPS*LANDGHG*LANDCSQ 0.819 0.699 0.354 0.020 IT; DE; UK; BE
©) BASIC*LANDGHG*~LANDPRICE 0.623 0.408 0.203 0.009 DE; EE
an) * * *
G FUNDVEST-BASICFLANDCSQTLA o805 0609 0381 0000 FR; BE; LT
Solution formula 0.757 0.611 0.636

Notes: ~, negated outcome; ¥, set intersection. Cases separated by semicolons belong to different truth table rows.
Performances indicators: Consistency — Presence of cases showing opposite outcomes; Proportional reduction in
inconsistency (PRI) — Presence of cases showing opposite outcomes (additional to consistency); Coverage —
Presence of cases not explained by the relation. Range of performance indicators: 0 (low performances) —1 (high
performances). Performances thresholds: Consistency, 0.750; PRI, 0.600.

The information provided in table 3 is complemented by the information provided in figure 3,
which shows the cases that are not covered by the analysis of sufficiency (upper-left quadrant of
Figure 3a and 3b) and the cases contradicting the statement of sufficiency (down-right quadrant of
Figure 3a and 3b). For both the outcome GHG and its negation, there are no deviant cases (absence
of observations in the lower right quadrant of Figure 3a and 3b), but the coverage is not perfect
(presence of observations in the upper left quadrant of Figure 3a and 3b). The lack of coverage is
especially evident for the negated outcome, meaning that some cases are not captured by the analysis,
suggesting that for these cases other conditions than those analysed here can explain the reduction
in emissions during the observation period.
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Figure 3. Analysis of Sufficiency. Intermediate solutions for the outcome (GHG) and its
negation (~GHG). Notes: Cases situated above the diagonal are consistent. In the upper left

quadrant are deviant cases for coverage; in the lower right quadrant are deviant cases consistent in

kind.

From the analysis provided in figure 1, table 3 and figure 2, the following equations can be

deducted for both the outcome and its negation:

~LANDGHG #* [~SAPS * ~LAND + LANDCSQ * LVKSP + LANDCSQ * BASIC * LVKSP * LANDPRICE] +

~LANDCSQ * [FUNDVCS * ~BASIC + LANDGHG * BASIC * LVKSP * LANDPRICE] & GHG

(1)

LANDGHG # [~SAPS * LANDCSQ + BASIC * ~LANDPRICE] + FUNDVCS * ~BASIC * LANDCSQ * LAN =

~GHG

)
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The conditions provided in equation (1) are found to be necessary and sufficient for the outcome
GHG to occur. Necessity is determined by ~LANDGHG + ~LANDCSQ, meaning that the outcome
cannot occur in the absence of this condition, while sufficiency is determined by the combination of
conditions in brackets, meaning that the presence of these conditions reveals the presence of the
outcome.

Not surprisingly, table 3 shows that the low share of agricultural land under CAP management
contracts for the 2014-2022 aimed at reducing emissions or at improving carbon sequestration helps
to explain the actual increase in GHG emissions in most MSs. In any case, the combination of ~
LANDGHG and ~LANDCSQ turns out to be a necessary but not sufficient condition to explain the
increase in GHG emissions. In fact, the analysis of sufficiency provides additional details that help to
further disentangle the causes of the increase in GHG emissions.

Apparently, the increase in GHG emissions from agriculture which occurred in some MSs (SI
and HR; LU and DK; FI; MT) over the study period is associated with the reduction of agricultural
land under management contracts for climate change mitigation and the reduction of agricultural
land (~SAPS*~LANDGHG*~LAND) The simple argument for this unexpected combination of
conditions is that the increase in emissions associated with the low share of agricultural land under
management contracts for climate change mitigation more than offsets the reduction in emissions
associated with the loss of agricultural land. The latter in turn is mainly associated with land
abandonment [13] and urban sprawl [33] [34] [35] [36], with urban sprawl being largely the main
driver. However, to the best of our knowledge, this has not yet been sufficiently explored by
researchers and remains an issue to be further explored, given the relevance of this phenomenon
revealed by this study.

For another group of MSs (LU and DK; AT; IE), the increase in GHG emissions is associated with
the combined effect of the increase in land prices, the high level of basic payments and the increase
in the concentration of livestock farms (BASIC*LVKSP*LANDPRICE). Such a combination of
conditions supports our expectations described in Section 2, which in turn are based on the theoretical
insights of [18] and the evidence addressed by [37] in Europe and, most recently, by [38] in China.
Namely, there is some evidence that income support payments help to influence the land market,
with the value of the land increasing with the level of the payments. The increase in the value of the
agricultural land hampers access to land by small farmers, thereby accelerating the process of
concentration of both land and livestock. Finally, the process of concentration appears to be
accompanied by the intensification of farming systems, with associated environmental consequences
[39] [40].

However, the concentration of livestock farms seems to trigger an increase in GHG emissions
from agriculture even if this is associated with a low effort to mitigate climate change and to a high
effort to increase carbon sequestration (LVKSP*~LANDGHG*LANDCSQ). This relationship is found
for a heterogeneous group of MSs (MT and CY, PT, DK, LV). At a first sight, this relationship sounds
contradictory. Nevertheless, the increase in carbon sequestration practices in agriculture is not
necessarily associated with a reduction in emissions. For example, trade-offs have been documented
for tillage management [41], crop rotations [42] , and especially for the application of organic
fertilisers [43]. This suggests that the concentration of livestock production poses the problem of
animal waste management that might justify the disbursement of subsidies aimed at favouring the
use of organic amendments and fertilizers for the MSs covered by this relationship.

For a final group of MSs (FI and SE; BG; PL), the increase in GHG emissions is associated with
the combined effect of the reduction in the land under management contracts for carbon
sequestration practices and the high share of funds for coupled payments and the low level of the
basic payment (FUNDVCS*~BASIC*~LANDCSQ). There is some evidence that coupled payments
encourage the intensification of farming systemes, i.e., indirectly incentivise the use of inputs such as
fertilisers and pesticides [44], and this would likely be further facilitated if they were not accompanied
by other regulatory instruments and subsidies aimed to promote sustainable farming practices (as
previously reported, the basic payment is provided in compliance with minimum conditionality
requirements).
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With respect to the conditions related to the reduction of GHG emissions, the performance scores
show less consistent relationships compared to the conditions related to the increase of GHG
emissions, which is reflected in the strength of the relationships between conditions and outcomes
that can be considered sufficient but not necessary. This indicates that the phenomenon in question
is not fully explained by the conditions analysed here. It appears that for a group of MSs (IT; UK; DE
and BE) the reduction in GHG emissions over the period considered is associated with a combination
of a high proportion of agricultural land under management contracts covering both climate change
mitigation and carbon sequestration and the application of the BASIC instead of the SAPS, which was
found to have no impact on land prices (~SAPS * LANDGHG * LANDCSQ).

For other MSs, the reduction in GHG emissions is associated with a high proportion of
agricultural land under management contracts for climate change mitigation (DE; EE) and a high
proportion of agricultural land under management contracts for carbon sequestration (FR; BE; LT),
which may offset the possible perverse effects of basic payments on land prices and coupled
payments on the intensification of farming systems.

Among the MSs not included in our analysis, it is worth mentioning ES, where the reduction in
GHG emissions is attributed to the ambitious afforestation programme financed and implemented
during the study period [27]. This seems to compensate for the lack of other subsidies aimed at
sustainable agriculture and the increasing concentration of livestock farms. In addition to that, the
conditions explored in our paper did not contribute to well explain the reduction in emissions
recorded for EL for the period of investigation. Here we found only necessary conditions. The
agricultural sector of EL faced important changes in recent years [46] but not in the period of
investigation, suggesting that the recorded reduction in emission during this is attributed mainly to
a further extensification of the cultivated land accompanied with important public subsidies. Among
the MSs not included in our analysis, it is finally worth mentioning RO where the increasing GHG
emissions is attribute to the important deforestation the country is facing in some area [47].

5. Conclusions

By and large, the analysis proposed in this study provides straightforward explanations for the
increase in GHG emissions from agriculture during the 2014-2022 CAP programming period. Less
obvious are the causes that might explain the reduction in emissions. In general, the increase in GHG
emissions from agriculture is driven by a mix of perverse incentives (e.g. income support payments
and voluntary coupled payments), i.e. incentives that have unintended/unwanted consequences (e.g.
favouring the concentration and intensification of farming systems) and the absence of desired
incentives (e.g. funds to promote climate change mitigation and carbon sequestration practices). On
the other hand, the reduction of GHG emissions from agriculture is associated with the existence of
a mix of desired incentives, sometimes capable to offset the perverse effects of other policy
instruments. The existence of a relationship between policy instruments and environmental impacts
seems to be particularly evident for those Member States that use a coherent mix of policy
instruments, i.e. mainly aimed at increasing competition (BG, PL, FI and SE) or at increasing
sustainability (IT, DE, UK, EE and LT). However, there are also cases where perverse incentives can
hinder the impact of desired incentives (PT, DK, LT, CY and MT) and vice versa (FR, BE, LT). In
addition to the above considerations, emissions were found to be increasing mainly in Eastern and
Northern European MS (BG, PL, CZ, HR, SI, LV, FI, SE) and to decreasing in Central and Southern
MS (FR, DE, IT, ES). However, it is worth noting that not all countries are equally responsible in their
commitment to reduce emissions. This is reflected in the different environmental commitments that
each EU MS must fulfil in order to comply with international climate agreements, which are
addressed in the Effort Sharing Regulation (EU) 2018/842.

In any case, the analysis so far shows the lack of a comprehensive and coherent policy
framework to ensure a more sustainable agriculture in the EU. The lack of a common vision, which
is partly reflected in the different ways in which MSs design policy instruments and finance their
agriculture may contribute to limiting the EU's ability to meet future environmental and climate
change objectives.
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The study presented in this paper is not completely exhaustive in addressing how the CAP has
contributed to influencing the environmental impacts of the agricultural sector. This is mainly
because we have not examined how Member States have designed their policy instruments, which
are often only similar in appearance, as commitments for the same instruments may differ
significantly between Member States, as addressed by [27]. Furthermore, the analysis carried out in
this study provides only qualitative information, showing the existence of a relationship between
conditions and outcomes, but not quantifying the influence of conditions on outcomes.

Most importantly, the results obtained through this formalized QCA analyses do not "prove"
causal relations. Rather, they reveal patterns of associations across sets of observations, thereby
providing support for the existence of such causal relations. Hence, whether it makes sense to
interpret associations as causal relations depends on the insights derived from within-case analyses
provided in the discussion, as well as existing empirical and theoretical knowledge of the
phenomenon under investigation, provided in section 2.

Apart from that, he limited number of observations available for the study and the lack of
information and policy evaluations at territorial level allows detecting very general causalities.
Nevertheless, the causal relationship explored in this study are likely to persist in the 2023-2027 CAP
programming period, as the same incentives will continue to be used, albeit with some variations
(e.g., the introduction of agri-environmental schemes and crop rotation conditionality).

However, further research is needed to understand the circumstances that have led to some of
these incentives having perverse effects and to explore how best to combine incentives to pursue
different objectives, thereby minimising possible trade-offs and contributing to the development of
future agricultural policies in the EU.
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Appendix A

Figure Al provides information about the calibration on the variables listed in table 1.
Calibration is a fundamental operation in Qualitative Comparative Analysis. It is a transformational
process from the raw numerical data to set membership scores, based on a certain number of
qualitative anchors or thresholds. The choice of the calibration thresholds should be theoretically
informed and must be justified as it influence the results of the analysis.
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Figure A1. Calibration of the outcome and conditions.

Note: on the y-axis we report the fuzzy scores used for the analysis and on the x axis the raw

scores drawn from official data. The dotted lines are alternative threshold used to check for

robustness.
The threshold was set at 0 for both the outcome and the structural conditions addressing a
variation for the period of investigation, while median values were used to define thresholds for

policy conditions and 0.5 for the binary SAPS condition. A certain arbitrariness can be identified in

the selectin of median values for policy conditions. For these conditions we performed a robustness
check consisting in running the same QCA procedure described in the main text but using alternative
calibration thresholds. The outcome of the robustness check did not contradict the original one, but
it was found being less robust, considering the higher skewness associated with the alternative
calibration thresholds.
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