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Abstract

One of the stated goals of the common agricultural policy reforms has been to provide
a fairer distribution of payments across and within member states, but little progress
has been accomplished, with about 20% of farmers receiving 80% of the total amount
of direct payments. This research aims to investigate the underlying structural factors
that contribute to this inequity in Portugal, with a particular focus on farming systems.
A logit model was developed using agricultural census data at the commune level,
with the percentage of farmers receiving direct payments as the dependent variable.
The findings reveal that the local importance of arable crops (cereals) and cattle farm-
ing systems, as well as the existence of larger farms and younger farmers, all contrib-
uted to farmers’increasing access to direct payments between 2009 and 2019. In tra-
ditional Mediterranean farming systems, access to direct payments has been restricted
to a smaller proportion of farmers. Nevertheless, it is evident that a certain degree

of redistribution took place during the previous programming cycle of the common
agricultural policy. This redistribution included a shift in support from larger to smaller
farmers, older to younger farmers, and from olives, cereals, and cattle to other farming
systems, particularly vineyards.

Keywords: Agricultural censuses, Common agriculture policy, Direct payments,
Farming systems, Logit, Portugal, Small farmers

Introduction

The common agricultural policy (CAP) has undergone several reforms since its incep-
tion in 1962, shifting its emphasis from product support through prices to producer
support through direct payments (DP), with an increasing emphasis on promoting sus-
tainable agriculture, protecting the environment, and supporting rural development. In
the 1992 CAP reform, DP were introduced for the first time to compensate farmers for
the negative impact of price support reductions. At the time, the amount of DP received
by each farmer was determined as a function of the amount of land cultivated or live-
stock. In 1999, “Agenda 2000” introduced the two-pillar structure of the CAP that is still
valid today. The first pillar includes DP for farmers and market measures, and the second
pillar holds the rural development programs. Pillar II schemes are voluntary for farmers

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original
author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third
party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the mate-
rial. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40100-024-00299-6&domain=pdf
http://orcid.org/0000-0003-3948-3727

Dinis Agricultural and Food Economics (2024) 12:7 Page 2 of 23

and include compensation for costs incurred or income reduction (Brady et al. 2017;
Cunha and Swinbank 2011; Philippidis and Hubbard 2003). In the 2003 CAP reform,
most DP in Pillar I were decoupled from the volume and type of production, and a single
payment scheme (SPS) based mainly on historical references was implemented (Boinon
et al. 2007; European Commission 2004; OECD 2004). More recently, in the 2013 CAP
reform, a new direct payment approach was introduced, replacing the SPS with a new
and articulated direct payment system, the basic payment scheme (BPS) (Ciaian et al.
2018; Ciliberti and Frascarelli 2018; European Comission 2013; Henke et al. 2015). One
of the stated objectives of the reform has been to introduce a more equitable distribution
of payments across and within member states (MS) to overcome the recognised dispari-
ties in the distribution of DP between types of farmers and regions (Davidova et al. 2013;
Davidova and Kenneth 2014; European Commission 2013; Sinabell et al. 2013; Volkov
et al. 2019).

Nevertheless, according to the report on the distribution of DP for 20109, little progress
has been made in the European Union (EU) regarding the fair distribution of DP. Around
80% of the entire amount of DP from Pillar I is still granted to approximately 20% of the
largest beneficiaries (European Commission 2020, 2021a), while around 42% of holdings
did not get Pillar I DP at all in 2020 (European Comission, n.d.). In Portugal around 17%
of beneficiaries get 80% of the amount of DP in Pillar I (European Commission 2021b)
and 35% of holdings were excluded in 2020 (European Comission, n.d.). According to
Espinosa et al. (2020), Portugal was one of the MS most adversely impacted by the 2013
CARP reform, both in terms of reduced farm income and loss of DP. If we ignore collec-
tive entities, such as companies, cooperatives and the State, the number of farmers that
received DP in Portugal, including Pillar I and Pillar II, was around 60% in 2019, ranging
from 25.9% in the agrarian region Ribatejo e Oeste to 81.2% in Trds-os-Montes region
(Fig. 1 and Table 1).

After the implementation of the 2013 CAP reform, the share of sole owners who
receive DP remained almost steady in the country. Nevertheless, the pattern was not

consistent across the nation, with four agrarian regions'

experiencing a decrease in
the percentage of sole holders (hereby identified as farmers) getting subsidies and five
regions experiencing an increase (Table 1).

Recent research has examined the impact of subsidies on agricultural systems
throughout Europe (Biagini et al. 2023; Delattre et al. 2020; Jambor and Szerletics 2022;
Lipcsei 2022) but the opposite perspective, focusing on the impact of structural initial
conditions, such as resource base or dominant farming systems, on the allocation and
distribution of DP, has not been investigated. The current study’s general hypothesis is
that inequalities in farmers’ access to DP are significantly influenced by the predominant
farming systems in each region. Because farming systems differ substantially across and
within Portugal’s agrarian regions, the distribution of DP is likely to vary significantly.
This research seeks to understand the spatial diversity in DP distribution as well as the

! In addition to administrative divisions, Statistics Portugal uses agrarian regions for the dissemination of agricultural
statistical information. In this study, agrarian regions were chosen as an intermediary geographical entity in place of
NUT2 because they better reflect macro-level agroecological differences across the country.
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Fig. 1 Percentage of farmers receiving CAP DP in Portugal in 2019, by agrarian region

Table 1 Percentage of farmers receiving CAP DP in Portugal in 2013 and 2019, by agrarian region.
Source: Statistics Portugal, Base agricultural statistics (www.ine.pt)

Agrarian Region 2013 2019 Change
Entre Douro e Minho 703 64.9 —-55
Tras-os-Montes 80.1 81.2 1.1
Beira Litoral 51.2 447 —6.5
Beira Interior 60.8 589 —-19
Ribatejo e Oeste 286 259 —-28
Alentejo 64.4 714 7.0
Algarve 299 352 53
Acores 54.7 67.7 13.0
Madeira 778 81.0 3.1
Portugal 61.0 60.5 —04

local structural conditions that influence farmers ‘access to DP, with a focus on farming
system diversity.

The study focuses on the smallest administrative areas of the Portuguese territory—the
communes’—to fully understand the relationship between farming systems and equity
in DP access. At a smaller geographical scale, all farms have a similar natural resource
base, and a dominant pattern of farm activities and networks.

% Freguesias in Portuguese.
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Given that some of the farming systems that are common in the Portuguese territory
may also be found in other MS, especially southern ones, we anticipate that our findings
will shed light on the relationship between farming systems and DP throughout Europe.

Background

Numerous studies have examined the impact of direct payments (DP) on agricultural
systems from an economic perspective. These studies have emphasised the role of DP
in resource allocation (Becvarova 2011), land productivity and land market dynamics
(Bartolini and Viaggi 2013; Guastella et al. 2018; O’Neill and Hanrahan 2016; Valenti
et al. 2021), capital productivity (Czyzewski and Smedzik-Ambrozy 2017), and labour
productivity (Garrone et al. 2019; Jambor and Szerletics 2022). The literature has also
extensively investigated the implications of DP in several social dimensions, such as
family farming, farm employment, income diversification, and farm exit (Bojnec and
Fert6 2022; Hennessy 2014; Kazukauskas et al. 2013; Weltin et al. 2017). Furthermore,
research has been conducted on the environmental consequences (Coderoni and Esposti
2018; Heyl et al. 2021), as well as the facets of sustainability and resilience (Buitenhuis
et al. 2020; Morkunas and Labukas 2020; Sadlowski et al. 2021; Zi¢kiené et al. 2022) con-
cerning DP.

The issue of disparities in the distribution of DP and their impact on income distribu-
tion has also been studied in several European contexts by multiple researchers (Ciaian
et al. 2015; Hansen and Teuber 2011; Severini et al. 2016; Severini and Tantari 2013b;
Svato$ and Chovancové 2013; Trnkovéa and Mald 2012). These studies have revealed that
the inequalities can be attributed to a combination of structural, natural, and historical
factors.

At the structural level, the degree of variation in farm size is significant both between
and within MS. Regions characterised by larger farms tend to derive greater benefits
from the CAP compared to regions where the farm structure predominantly consists of
small and medium-sized family farms (Grochowska et al. 2021). Furthermore, it is worth
noting that the process of applying for CAP subsidies can be intricate and characterised
by bureaucratic procedures (Beluhova-Uzunova et al. 2019; Henke et al. 2015; Hennessy
2014), potentially discouraging small-scale farmers from engaging in the application
process. In contrast, large farms, possess the necessary means to effectively manoeuvre
within the system, thereby enabling them to secure a greater amount of subsidies. In the
context of structural level analysis, existing literature has demonstrated the influence of
land property rights on the distribution of DP (Brady et al. 2017; Ciaian et al. 2015, 2018;
Ciliberti and Frascarelli 2018; Dinis and Simoes 2021) because non-farming landowners
may capture a part of DP, sometimes leading to further income inequality among farm-
ers. Additionally, it may hinder the growth of farm size and the entrance of new farmers
by discouraging landlords from renting out their land.

The amount of DP a farm receives may be significantly influenced by natural con-
straints which are partially associated with location (Czyzewski and Smedzik-Ambrozy
2017; Garrone et al. 2019; Viegas et al. 2023). Producers operating in less favoured
areas, which encompass remote and constrained rural areas, are eligible for specific
income support payments. It is also important to note that informal and formal rural
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institutions, climatic conditions, and local market imperfections may vary enormously
between regions (Ciaian et al. 2015).

Moreover, agroecological conditions and the viable crops in a given location are deter-
mined by natural factors. It is well known that certain types of farming and products
receive more subsidies than others, with a marked distributive imbalance between Con-
tinental and Mediterranean products, such as vegetables, fruit, and other permanent
crops (Brady et al. 2017; Henke et al. 2015; Matthews et al. 2013; Segrelles 2017). In Italy,
it has been observed that non-beneficiary farms tend to have a greater focus on horti-
culture and permanent crop production while exhibiting less emphasis on beef, dairy,
and sheep production (Severini et al. 2016; Severini and Tantari 2013a). Using the Gini
concentration coefficient, Severini et al. (2016) show that farm income is highly concen-
trated in field crops and beef farms while it consistently decreases in olive farms, due
in part to the negative evolution of the concentration coefficient of DP. According to
Hansen and Teuber (2011), prior to the 2013 CAP reform, the EU provided significantly
higher per-hectare support for animal farming systems compared to crop farming sys-
tems. This disparity was particularly pronounced for dairy cows and cattle.

At the historic level, by decoupling payments from farm production, the Luxembourg
Agreement (2003) led to a major reform in the way subsidies were allocated to EU farm-
ers. While the CAP applied to all EU countries, MS were granted a certain degree of
flexibility in the implementation of the SPS. In particular, MS could choose between
two models: the historic model or the regional model (Kazukauskas et al. 2013). Several
countries, including Portugal and various Mediterranean countries, adopted the historic
decoupling model, whereby the income support entitlements of farmers were linked to
their historical production levels and land. This approach ensured that larger and more
productive farmers maintained their entitlement to higher payments and consequently
received a disproportionate amount of subsidies (Brady et al. 2017; Cong and Brady
2012; Hennessy 2014).

As stated by Viegas et al. (2023), despite the EU’s efforts, unacceptable inequalities in
the distribution of direct CAP support remain. Although under the Agenda 2000 CAP
reform, MS had the option to use modulation on a voluntary basis, few did so for a vari-
ety of reasons (European Commission 2004). Modulation became mandatory only with
the CAP Health Check in 2003 (European Commission 2004; Grochowska et al. 2021;
Henke et al. 2015) to finance the additional rural development measures. Between 2005
and 2012, DP for farms receiving more than EUR 5 000 a year was progressively reduced.
However, it became clear shortly after the reform’s implementation that the CAP’s struc-
ture as it was could not promote a more balanced distribution of support among MS
(Hansen and Teuber 2011; Henke et al. 2015).

Several mechanisms were put in place in the 2014—2022 CAP period to generate a more
equitable distribution of DP, namely degressivity, redistributive payment, the Small Farmers
Scheme, and the Young Farmers Scheme (European Commission 2013; Henke et al. 2015).
Degressivity, which was a mandatory scheme for all MS, imposed a 5% reduction on the
part of basic payments above 150,000 euros. Complementary, an optional redistributive
payment could be attributed to the first hectares of the farms to provide more targeted sup-
port to small and medium-sized farms. Both instruments aimed at redistributing resources:
in the case of degressivity, from those farms receiving a large amount of support to rural
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development policy measures; in the case of redistributive payment, from larger to smaller
farms (Henke et al. 2015). Additionally, the Small Farmers Scheme simplified the proce-
dures for small farmers, significantly easing their access to DP and reducing their adminis-
trative burden. Finally, the Young Farmers Scheme was created to complement the start-up
aid provided to young farmers as part of Pillar II to encourage them to pursue farming. The
Scheme was mandatory for all MS, which were required to set aside up to 2% of their total
allocation of income support for its financing. One of the main goals of the 20142022 CAP
period was to address the problems facing young farmers and encourage them to maintain
their parents’ businesses (Volkov et al. 2019). The younger farmers scheme targeted farmers
of no more than 40 years of age who were setting up for the first time an agricultural hold-
ing as head of the holding or who had already set up such a holding during the five years
preceding the first application for the scheme. Young farmers also benefited from priority
in accessing the national or regional reserve (European Commission 2016).

Recent research (Alfaro-Navarro and Andrés-Martinez 2021) shows a marked trend
towards greater equity in the distribution of subsidies since the 2013 reform, although with
differences between the countries of the East and the West and a more equitable distribu-
tion in Western European countries, probably due to a more rapid adaptation to change.

Overall, in the CAP new cycle, implemented on January 1, 2023, for a period running
until 2027, MS has increased subsidiarity in the planning and implementation of the
CAP (Barral and Detang-Dessendre 2023; Boinon et al. 2007; Kremmydas and Tsiboukas
2022). Nevertheless, the main schemes aimed at fostering a more equitable allocation of
payments were maintained, particularly those that contribute to supporting the income
of young farmers and small-scale farms. Furthermore, the redistributive payment, which
was previously optional during the 2014-2022 CAP, will now be mandatory across all MS.
It is reasonable to predict that these measures will promote some payment redistribution
and expand farmers’ access to DP. In their recent research, Lososova and Zdenék (2023)
predict that, according to the Czech Republic Strategic Plan, the new payment system will
lead to a reduction in direct payments for farms larger than 313 ha. On the contrary, tak-
ing into account the Portuguese Strategic Plan, Viegas et al. (2023) do not estimate a sig-
nificant change to the system that, in the last decades, has induced a strong polarisation of
support. Still, hectare-based payments remain the primary CAP instrument, and, as Heyl
et al. (2021) point out, ambitions to develop effective redistributive instruments appear
improbable given that most member states either did not implement the redistributive pay-
ment when it was facultative or were hesitant to do so, as is the case in Portugal, which only
began in 2017. The optional reintroduction of coupled income support, although limited,
will boost farmers’ access to DP in areas where the supported farming systems are preva-
lent (cereals and livestock in Portugal), but it will not necessarily result in a more equitable
allocation of DP.

Material and methods

Data

The vast majority of studies assessing the impact of DP on farms and farming systems
use the farm accountancy data network (FADN) database (Ciaian et al. 2015; Ciliberti
and Frascarelli 2018; De Castris and Di Gennaro 2018; Espinosa et al. 2020; Grochowska
et al. 2021). However, the FADN survey does not cover all farms in the EU but only
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commercial ones, leaving out smaller farms (Cagliero et al. 2021; Cisilino et al. 2021).
Besides, FADN is constructed to be representative of the number of commercial farms
in each cluster, defined by region, economic size, and production specialisation (Cagli-
ero et al. 2021; Espinosa et al. 2020; Staniszewski and Borychowski 2020) and therefore it
might not be representative of farming systems diversity for lower territorial levels such
as municipalities or communes.

The data set used in this study was derived from the agricultural censuses (AC), bro-
ken down by communes, the smallest unit in Portugal’s administrative division. The
commune was chosen as the unit of analysis primarily for the benefit of using territorial
data at the lowest possible aggregation level. Portugal has a total of 3091 communes,
with 2882 on the mainland, 155 in the autonomous Region of the Azores, and 54 in the
autonomous region of Madeira. Only 2913 commons were included in the study because
178 are communes with less than 10 farms, mostly urban.

The AC covers the entire national territory, and it’s an exhaustive statistical survey,
binding on EU and Council Regulation 2018/1091, which gathers data on all national
farms, generating results at detailed geographical levels. The data are collected by a face-
to-face interview through a duly accredited interviewer and seeks to meet national and
international statistical needs (Statistics Portugal 2019), in particular farm structure;
agricultural production systems; agricultural production methods; family farming pop-
ulation and agricultural labour force; farmers’ source of income; gainful activities not
directly related to the agricultural holding; and farm succession. The Portuguese AC was
conducted every ten years from 1979 to 2019. However, information on DP is only avail-
able for the two most recent AC.

Estimation procedures
In order to fulfil the objectives of the research, two distinct statistical models were
estimated: a multiple linear regression model and a logit model. The multiple linear
regression analysis was performed in order to understand the structural variables that
impacted the percentage of farmers getting direct payments (DP) in Portugal in the base-
line year of 2009, while the binary logit model was used to analyse the impact of these
same structural factors on the rise in the number of farmers who received DP between
2009 and 2019.

Multiple regression is a popular statistical method for modelling the relationship
between numerous independent variables and a dependent variable. The relationship
can be mathematically represented by the equation:

Y =x+B8X +¢. (1)

In this equation, Y represents the dependent variable, a represents the intercept (which
indicates the value of Y when all independent variables are set to zero), /5 represents the
vector of coefficients for the explanatory variables (X), and ¢ represents the error term.

Logit estimation is a statistical methodology often applied to represent binary out-
comes. The dependent variable is limited to two discrete values, commonly denoted as 1
and 0. The logit model utilises the logit function to estimate the likelihood of the binary
outcome, which can be denoted as
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exp (o + B)

PrY =1k = T @ + )’

()
where exp is the base of natural logarithms, « is the constant of the equation, and S are
the coefficients of the explanatory variables. The coefficients predict the impact of the
explanatory factors on the likelihood of the outcome being 1, specifically referring to the
probability of an increase, between 2009 and 2019, in the percentage of farmers obtain-
ing DP in the context of the current research. In their comprehensive work, Long and
Freese (2006) thoroughly examine the many aspects related to the estimation, fitting,
and interpretation of regression models for binary dependent variables. All the econo-
metric procedures were performed using the STATA/IC 16.1 software.

Models and variables
As previously mentioned, a multiple linear regression model was estimated with the
percentage of farmers receiving DP in the study’s baseline year (2009) as the dependent
variable (Receive09). Beside DP from Pillar I, the two most important annual payments
granted through rural development programs (Pillar II)—Agri-environmental Payments
and Less Favoured Area Payments—are also comprised.®> Location as well as several
farming system characteristics, such as farm size, landownership, crops, livestock, and
farmers’ age, were included as explanatory variables. All the independent variables in the
models are briefly described in Table 2.

In order to estimate the impact of different farming systems and other structural fac-
tors on changes in farmers’ access to DP between 2009 and 2019, the following logit
model was estimated:

9 2
Pr(ADP=1)=f| oo+ Z BiLocation; + Z ¥;Size; + 6Owner
i=1 j=1

(3)

5 3 2
+ Z exCropy + Z 6;Livestock; + Z wmAge,, + pFarms)
k=1 =1 m=1

in which the probability of an increase in the proportion of farmers receiving subsidies
(Pr(ADP=1)) is expressed as a logit function of the same explanatory variables included
in the multiple linear regression combined with a new variable controlling for the vari-
ation in the number of farms. The dependent variable (ADP) is dichotomous, taking the
value 1 if the proportion of farmers receiving DP has increased between 2009 and 2019
and 0 otherwise. The rise in the proportion of farmers benefiting from DP is a significant
measure of shifts in DP access disparities because, as shown by Viegas et al. (2023), a
substantial portion of the unequal allocation of CAP support in Portugal stems from a
significant number of farmers who are marginalised from the system and do not receive
any form of subsidy.

Although the most recent programming period of the CAP does not align with the
2009-2019 decade, it is feasible to establish a connection between access to DP and
the 2014-2022 CAP programming period. This can be done by assuming that by the

3 In the Portuguese AC, the variable "Importance of subsidies and grants on income’ incorporates Payments for Agri-
Environmental Schemes and Least Favoured Areas from Pillar II in addition to Pillar I subsidies.
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Table 2 Dependent variables description

Variable Description

Location Categorical

LocEDM =1 if the commune is in Entre Douro e Minho and =0 otherwise
LocTM =1 if the commune is in Trds-os-Montes and =0 otherwise
LocBL =1 if the commune is in Beira Litoral and =0 otherwise

LocBI =1 if the commune is in Beira Interior and =0 otherwise

LocRO =1 if the commune is in Ribatejo e Oeste and = 0 otherwise

LocALT [Baseline]
LocALG

=1 if the commune is in Alentejo and = 0 otherwise
=1 if the commune is in Algarve and =0 otherwise

Page 9 of 23

LocMD =1if the commune is in Madeira and =0 otherwise
LocAZ 1 if the commune is in Azores and =0 otherwise
Size Continuous

Acreage Average UAA measured in hectare

Small 9% of small holdings (UAA <5 ha)

Landownership Continuous; % of UAA explored by owner farming
Crops Continuous

Fruit Fruit area in UAA (%)

Olive Olive groves area in UAA (%)

Vineyard Vineyard area in UAA (%)

Cereals Cereals area in UAA (%)

Vegetables Vegetables area in UAA (%)

Livestock Continuous

Cattle Number of cows per ha of UAA

Sheep Number of sheep per ha of UAA

Goat Number of goats per ha of UAA

Young Continuous; farmers under the age of 35 (%)

Farms Continuous; number of farms growth rate between 2009 and 2019 (%)

year 2009 farmers had already made the necessary adaptations to comply with the
SPS applied in Portugal between 2005 and 2014 and that they had already adjusted to
the BPS, implemented in the 2014-2022 CAP programming period, by 2019. Based
on the underlying assumption, it is reasonable to consider the years 2009 and 2019 as
the baseline and follow-up years, respectively, in order to assess the potential influ-
ence of agricultural structural conditions on farmers’ access to subsidies post-2013.

The agroecological conditions and, as a result, the agricultural systems exhibit sig-
nificant variations across different agrarian areas. The explanatory variable Location
is a categorical variable that considers territorial heterogeneity and varying choices in
CAP implementation in the autonomous regions of Acores and Madeira. The variable
Location has nine distinct categories, each corresponding to an agrarian region. How-
ever, the Alentejo region was used as the baseline category and hence excluded from
the model. The variable in each category has a value of 1 if the commune is in that
region and O otherwise. Two size variables were added to the model as explanatory
variables to determine whether size is a significant structural component in address-
ing access to DP. The first one (Acreage), representing the average Utilised Agricultural
Area (UAA), was complemented with the variable Small to also capture the effect of
the presence of small farms (with less than 5 hectares of UAA) in DP access.
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A continuous variable indicating the percent of UAA held by the farmers was added
to the model to capture the effect of Landownership on DP access.

Two sets of variables, namely crops and livestock, were used in the model to
account for the effect of crops and animal production on farmer’s access to DP. Five
crops were chosen to represent the diversity of farming systems across the country,
including three permanent crops (fruit, olive groves, and vineyards) and two tempo-
rary crops (cereals and vegetables). Three species were considered in livestock (cattle,
sheep, and goats). The crop variables were measured by their share of UAA, and the
livestock variables were measured by the number of animals per hectare of UAA.

Taking into account the implementation of the Young Farmers Scheme, a higher
response to DP payments may be expected in farming systems where the presence of
young farmers is higher. The variable Young, measured by the proportion of farmers in
the commune who are under 35, was included in the model to account for this effect.

Finally, the Farm variable was added to the logit model to control for changes in the num-
ber of farms in the communes between 2009 and 2019, because the change in the share of
farms receiving DP may be affected by the total number of farms existing in each year.

The livestock variable and the Young variable were added to the linear model in log-
arithmic form to deal with heteroskedasticity that was found during the estimation

process.

Results and discussion

Descriptive statistics

The main descriptive statistics on the study’s variables are displayed in Table 3. The per-
centage of farmers receiving DP in each commune in 2009 was 59.9% on average, and
between 2009 and 2019, that percentage increased in 48.8% of the communes. Addition-
ally, it reveals that 45% of the farms are concentrated in the northern part of the country, in
the agrarian regions of Entre Douro e Minho and Trds-os-Montes. The mean of the average
acreage is 11.9 ha, varying from 0.1 to 395.5 ha with the smaller farms (UAA <5 ha) repre-
senting on average 21.8% of the total number of farms. In terms of land ownership, farm-
ers hold, on average, more than 75% of the UAA. Permanent crops are quite important.
On average, more than 25% of UAA is dedicated to fruits, olive groves, and vineyards. On
average, farmers under the age of 35 represent 2.3% of the overall farmer population.

Multiple linear regression

The estimation results of the multiple linear regression model are displayed in Table 4.
The ordinary least squares (OLS) model has several strengths, such as the presence of
statistically significant coefficients, a relatively high R-squared value of 0.6355, and a low
p-value for the F-statistic, suggesting its general robustness. According to Ozili (2023),
an R-squared higher than 0.50 is considered acceptable in social science research. This is
particularly true when the majority of explanatory variables are statistically significant, as
is the case in the present study. In addition, other diagnostic procedures were conducted
to establish the validity and robustness of the model. The model proved to be quite sta-
ble since removing specific variables or observations did not seriously affect the signifi-
cance or the value of the coefficients. In order to assess the presence of multicollinearity,
a correlation matrix was built, and the Variance Inflation Factor (VIF) was calculated, as
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Table 3 Descriptive statistics

Variables Mean S.D Min Max
Receive09 (%) 599 237 0 99.2
Receivel9 (%) 588 244 0 99.2
ADP* 0.488 - 0 1
LocEDM* 0.291 - 0 1
LocTM* 0.159 - 0 1
LocBL* 0.168 - 0 1
LocBI* 0.106 - 0 1
LocRO* 0.112 - 0 1
LocALT* 0.074 - 0 1
LocALG* 0.022 - 0 1
LocMD* 0.017 - 0 1
LocAZ* 0.050 - 0 1
Acreage (ha) 11.9 283 0.1 3955
Small (%) 218 18.1 0 100
Landownership (% UAA) 772 209 0 100
Fruit (% UUA) 4.0 10.2 0 933
Olive (% UUA) 10.2 17.0 0 100
Vineyard (% UUA) 124 17.5 0 97.4
Cereals (% UUA) 11.0 12.1 0 100
Vegetables (% UUA) 35 8.1 0 834
Cattle (animals/ha UAA) 0.7 1.2 0 104
Sheep (animals/ha UAA) 0.9 13 0 35
Goat (animals/ha UAA) 04 0.8 0 18.7
Young (%) 23 36 0 50
Number of Farms 2009 99.2 90.3 1 918
Number of Farms 2019 935 87.9 1 831

*For binary variables the mean corresponds to relative frequency; standard deviations are omitted

shown in Appendix 1 (Tables 7, 8). The findings did not provide evidence for the existence
of collinearity. To evaluate the presence of heteroskedasticity, the Breusch—Pagan/Cook—
Weisberg test was conducted. The results suggest no violation of the assumption of con-
stant variance in the error terms of the regression model (P-value=0.1384). In contrast,
the residual analysis revealed a significant departure from a normal distribution, as shown
by the p-values of 0.000 obtained for both skewness and kurtosis. In order to account for
the deviation from normality in the residuals and minimise its possible influence, a robust
model was estimated (Table 4). Although the Hausman test suggests that the coefficients
in the two models cannot be considered equal (y* =265.10; P-value = 0.000), the interpre-
tation of the findings is similar in both cases. Except for location in Agores (LocAZ) and
Landownership, all the other explanatory variables present statistical significance, with
most of them exhibiting p-values under 1%.

The results show that, all other things remaining equal, the percentage of farm-
ers receiving DP in 2009 was smaller in the agrarian regions of Ribatejo e Oeste and
Algarve than in Alentejo (the baseline region that was left out of the estimation). The
opposite occurred in the other agrarian regions. The high coefficient for the Madeira
region is most likely due to the fact that the Portuguese autonomous regions have
their own distinctive array of agricultural policy tools. The geographic diversity of
agroecological conditions, as well as the varying dynamism of the regional services
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Table 4 Estimation results—multiple linear regression model

Variables OLS estimation Robust estimation

Coef t P>|t|  Coef t P>|t|
LocEDM 16.5591%* 9.25 0.000 16.5357%** 9.50 0.000
LocTM 16.3714%% 9.04 0.000 15.0888*** 8.56 0.000
LocBL 3.6477%* 1.99 0.047 3.9831** 2.23 0.026
LocBI 5.3799*** 2.95 0.003 5.2195%** 2.95 0.003
LocRO — 24.1299%** —13.00 0.000 — 254542%** —14.10 0.000
LocALG — 19.5764%*** —6.94 0.000 — 20.9193*** — 762 0.000
LocMD 73.0703%%* 19.37 0.000 76.7185%%% 20.90 0.000
LocAZ —3.1079 —1.18 0.238 — 39313 —1.53 0.125
Acreage 0.11955%% 10.08 0.000 0.2062*** 10.93 0.000
Small — 04116%** — 1351 0.000 — 0.4631%* —15.26 0.000
Landownership 0.0203 0.92 0.358 0.0169 0.79 0430
Fruit — 0.2246*** — 588 0.000 — 0.2277%** —6.13 0.000
Olives 0.25327%%* 8.91 0.000 0.2902%** 10.50 0.000
Vineyard — 0.2554*** —-9.16 0.000 — 0.2417%% — 891 0.000
Cereals 0.20237*** 6.20 0.000 0.1735%* 547 0.000
Vegetables — 0.4563*** — 883 0.000 — 0.4912%% —9.87 0.000
InCattle 0.6267** 2.30 0.021 0.8668*** 3.27 0.001
InSheep — 1.1426*** —3.61 0.000 — 1.1799%** —3.83 0.000
InGoat — 0.8749%** — 346 0.001 — 0.5827%** — 237 0.000
InYoung 1.9327%%% 3.67 0.000 2.0010%** 391 0.000
Constant 57.5027*** 22.83 0.000 60.4050*** 24.65 0.000

F=151.53; Prob > F =0.000@R* = 0.6355; Adjusted BP/CW x?=220;Prob>y*=0.1384

R?=06355 @

***p-value <0.01; **p-value < 0.05 *p-value < 0.1

provided by the Agriculture Ministry and non-governmental organisations engaged
in rural development, may help to explain the inequalities across the other locations.
As expected, regarding farm size, the proportion of farmers getting DP is higher in
communes with a higher average UAA, and the existence of farmers with less than 5 ha of
UAA has an evident detrimental effect. As stated by Hejnowicz et al. (2016), scheme pay-
ments are a real issue for farmers because they can have a considerable impact on overall
farm income. However, the complexity and bureaucracy involved are viewed as intimidat-
ing and can lower the number of potential applicants (Cross and Franks 2007). Smaller
farmers, in particular, who lack the funds to hire advisors who would assist them in apply-
ing for and implementing these schemes, are particularly discouraged (Ocean and Howley
2021). According to the results of the regression model, farmers getting subsidies decline
by 0.4 percentage points for every 1 percentage point rise in the number of small farms.
Apart from olive trees, all permanent crops have a detrimental impact on DP access.
The same happens with vegetables. This is an anticipated outcome that is consistent
with what has been reported in the literature. Unlike most permanent crops, olive
farms are among the most supported by CAP, with DP accounting for a very large
share of farm income (Severini and Tantari 2013a). Corroborating findings from Sev-
erini et al. (2016) in Italy, the weight of non-beneficiary farms was more visible in the
Portuguese communes oriented towards permanent crops (fruits and vineyards) and
vegetables and less oriented to cattle. In general, in the UE, DP constitutes a small
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share of total revenues in farms oriented towards the production of vegetables, fruits,
and other permanent crops (Brady et al. 2017).

Cereals, one of the main arable crops, have a positive effect on access to subsidies as
expected, reflecting, as mentioned by Guastella et al. (2018), the distribution of pay-
ments prior to the 2003 CAP reform, typically favouring arable crop and livestock farm-
ers as compared to other sectors. Contrary to Severini et al. (2016) findings, in Portugal,
other things remaining equal, goat and sheep production have a negative impact on the
percentage of farmers receiving DP. In general, our findings support the argument that
Continental products have benefited more from CAP support than Mediterranean prod-
ucts (Brady et al. 2017; Henke et al. 2015; Segrelles 2017).

Finally, the prevalence of young farmers in a commune has a positive impact on access
to DP. This outcome was anticipated because age and entrepreneurial activity are typi-
cally inversely correlated (Bohlmann et al. 2017; Lévesque and Minniti 2006). A combi-
nation of factors, including less formal education in agricultural sciences,” limited access
to internet connectivity, insufficient proficiency in using digital platforms, and physical
and health constraints that limit their access to agricultural public services, may make
it difficult for older farmers to apply for subsidies. Furthermore, older farms may have
obsolete infrastructure that does not meet modern regulatory standards and may be
more resistant to new practices and technologies in order to meet increasingly strin-
gent eco-environmental requirements, particularly if they have long relied on traditional
methods and have deeply rooted farming habits and beliefs.

Overall, the findings reveal that the distribution of DP benefited farming systems based
on larger farms run by younger farmers, producing olives, cereals, and cattle. Farmers
growing fruit and vegetables, mainly located in Ribatejo e Oeste and Algarve, as well as goats
and sheep producers, experienced restricted access to DP. This is consistent with the prior
discussion of the challenges encountered by Mediterranean farmers in obtaining DPs.

Logit model

The results of the logit estimation are presented in Table 5. Regarding the model good-
ness of fit, a test of the full model against a constant-only model was statistically sig-
nificant, indicating that the explanatory variables reliably predict “the increase in the
percentage of farmers receiving DP” (y*=616.01, p <0.000). The Hosmer and Lemeshow,
Pearson goodness-of-fit, and area under the ROC curve (AUC) tests, provided no seri-
ous reasons to think that the model does not fit well, and the prediction success overall
was 70.5%. (The classification table is displayed in the Appendix—Table 9.)

Similar to the approach employed in the regression model, the estimation of the logit
model involved conducting separate estimations for distinct groups and incorporating
various control variables. The analysis revealed that the coefficients’ sign and magnitude
remained consistent across groups and model specifications, thereby indicating a high
level of robustness in the model.

The findings indicate that the 2014—-2022 CAP played a very different role in the redis-
tribution of DP between farming systems and regions. All agrarian regions improved

4 The data used in the present study show a moderately positive correlation (r=0.3720; p-value=0.000) between farm-
ers’ age and the absence of formal education or training in agricultural sciences.
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Table 5 Estimation results—logit model

Variables Odds ratio z P>|z|
LocEDM 0.1872%** — 6383 0.000
LocTM 0.8328 —0.74 0460
LocBL 0.1459*** —762 0.000
LocBl 0.5003*** —289 0.004
LocRO 0.4339*** —335 0.001
LocALG 1.4649 0.96 0335
LocMD 04128* —1.76 0.079
LocAZ 3.7874*** 291 0.004
Acreage 0.9979 — 091 0.363
Small 1.0024 0.66 0.508
Landownership 1.0046* 1.72 0.085
Fruit 0.9939 —1.26 0.206
Olives 0.9740%** —839 0.000
Vineyard 1.0055*% 1.76 0.078
Cereals 0.9764*** —544 0.000
Vegetables 1.0040 0.63 0.530
Cattle 0.8284*** —3.89 0.000
Sheep 0.9448 —-1.29 0.198
Goat 0.9606 - 062 0534
Young 1.0474%* 2.66 0.008
Farms 0.9938 —4n 0.000
Constant 11.586** 2.15 0.031

Wald x°=616.01 Prob > x* =0.0000
Hosmer—Lemeshow y’ = 15.65; Prob >y’ = 0.058
Pearson y*=3870.16; Prob > x> = 0.000

Pseudo R?=0.1526

AUC=0.7585

Correctly classified: 70.50%

***p-value <0.01; **p-value < 0.05 *p-value <0.1

their access to DP less than the baseline region (Alentejo), with the exception of the
Azores and Algarve (which is not statistically significant). The probability of an increase
in the percentage of farmers getting subsidies was higher in communes with a larger
proportion of vineyards, while it was smaller in communes with higher weights of olives,
cereals, and livestock, particularly cattle. One percentage point increase in UAA used
for vineyards contributes to a 0.55% increase in the probability of higher DP access.
One percentage point increase in UAA producing olives or cereals, on the other hand,
reduces the odds of a higher DP access by about 2.5%, and a unit cattle density increase
has a negative effect on the probability of DP access increase by 17.2%. These results
suggest a redistribution of DP among farming systems, given that the probability of an
increase in the percentage of farmers receiving DP declined mostly in farming systems
that were more supported in 2009 while growing in vineyard farming systems.
Regarding farm size, probably due to Portugal’s decision to forgo implementing the
redistributive payment, the farm size-related variables (Acreage and Small) are not sta-
tistically significant. Even though it is important to note that, if statistically significant,
the negative impact of Acreage on the probability of an increase in the percentage of
farmers receiving DP would mean that some transfers were made from larger farmers
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to small farmers, most likely because of the simplified procedures for small farmers that
followed the implementation of the Small Farmers Scheme.

On the contrary, the proportion of young farmers in the communes (Young) had a
positive and statistically significant influence on the dependent variable. One percentage
point increase in the proportion of farmers under the age of 35 is associated with a 4.7%
raise in the odds of an increase in the proportion of farmers receiving DP, suggesting
that the Young Farmer Scheme enhanced young farmers’ access to DP and contributed
to increasing the probability of a better distribution of DP.

Although within the limits of statistical significance, Landownership also contributes
to explaining the changes in farmers DP access between 2009 and 2019. In communes
where more UAA was owned by farmers, the probability of an increase in the proportion
of DP beneficiaries was higher. The probability of greater DP access increases by 0.46%
for every 1% increase in the proportion of land owned by farmers.

In summary, young farmers growing vineyards and exploring their own property in
the Alentejo and Azores agrarian regions were better able to capitalise on the benefits
of CAP DP modifications between 2009 and 2019. On the other hand, the changes have
resulted in a detrimental effect on the accessibility of DP for olive, grain, and cattle
producers.

Comparative analysis of the models

Relating the two models estimated in the preceding sections can yield significant insights
regarding the determinants of farmers’ access to DP in the baseline year and the extent
to which these determinants contributed to the observed change in access over the
period 2009-2019. This facilitates the recognition of prevalent factors that consistently
impacted the accessibility of subsidies, as well as factors that exhibited varying degrees
of significance in clarifying the dynamics of DP access in the post-2009 period.

Looking at Table 6, it becomes evident that a redistribution of DP took place between
the years 2009 and 2019, at both regional and farming system levels. In most cases, the
location in regions that were the primary beneficiaries of DP in 2009 led to a subsequent
decrease in their access to subsidies, and the other way around. Likewise, the structural
factors that hindered the accessibility of subsidies in 2009 have, on the whole, played a
positive role in facilitating greater access to subsidies from 2009 to 2019. A similar pat-
tern was observed in the case of crops. Crops that impacted negatively on the access to
DP in 2009 were found to contribute to an increase in access to DP, and vice versa. It
should be noted, however, that not all of the coefficients were statistically significant.

The region of Ribatejo e Oeste, which had the lowest proportion of farmers accessing
DD, deviate from the overall trend as it experiences a further decline in the proportion
of farmers receiving subsidies after 2009. In the same direction, the adverse effects of
the presence of sheep and goats in 2009 were further emphasised in the following years,
albeit without reaching statistical significance. A similar pattern, but in the opposite
direction, was observed in the context of land ownership, wherein there was an observed
positive effect on farmers’ eligibility for subsidies in 2009, and this positive effect per-
sisted in the subsequent period.
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Table 6 Coefficient signs and significance in the linear and logit models

Variables Linear model Logit model
LocEDM
LocTM

LocBL

LocBI

LocRO

LocALG

LocMD

LocAZ

Acreage

Small
Landownership
Fruit

Olives

Vineyard
Cereals
Vegetables
Cattle
Sheep
Goat
Young
Positive effect statistically significant
H Negative effect statistically significant

Positive effect not statistically significant

Negative effect not statistically significant

It is highly probable that this redistribution has been facilitated by the new the redis-
tributive CAP schemes introduced in 2013, namely degressivity, the Young Farmers
Scheme, and the Small Farmers Scheme.

Conclusions

The literature has demonstrated that CAP DP has a significant impact on agricultural
resource use efficiency, on farmers and other rural actors’ income, and more broadly
on the sustainability and resilience of agriculture and rural communities. However, as
shown by the current research, it is evident that the inverse relationship holds true as
well, whereby the capacity of farmers to get CAP subsidies is influenced by several struc-
tural factors.

The results align with previous studies, indicating that the regional significance of ara-
ble crops (namely cereals) and cattle farming practices, together with the prevalence of
larger farms and younger farmers, all lead to enhanced accessibility to DP. In contrast,
traditional Mediterranean farming systems have generally faced obstacles in obtaining
access to DP, especially in the case of olive groves. However, some redistribution appears
to have occurred between 2009 and 2019, from larger to smaller farmers, from older to
younger farmers, and from olives, cereals, and cattle to other types of production, par-
ticularly vineyards.
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The study’s findings can be a useful tool for policymakers in improving and working
towards a fairer and more effective agricultural support system by identifying the par-
ticular groups of farmers who suffer disproportionately from the unequal distribution
of CAP direct payments. This issue holds particular significance in the current context,
as the CAP has shifted towards a more adaptable and contextually responsive approach,
enabling each MS to determine and execute its own national objectives and strategies by
means of National Strategic Plans. The utilisation of the entire population of farmers in
Portugal presents a significant opportunity for elucidating disparities in the access to DP
at the national level.

Although this study provides a better understanding of the structural conditions that
affect farmers access to DP as well as their ability to react to changes in the agricultural
policy, the results are, however, restricted to a single European country, making extrap-
olation to other locations unwise. It is important to contextualise the results within
specific geographic and institutional settings to avoid overgeneralisation. Besides, the
unequal distribution of CAP payments is influenced by various factors, including agro-
ecological local characteristics, farm size, production type, land ownership, and policy
options. Isolating the impact of individual factors and determining causality is challeng-
ing, and the models used in the present study may not have been able to capture the
full complexity of the system. Furthermore, the study’s findings reflect the distribution
patterns within a specific policy framework and time period. As CAP evolves, the DP
distribution may also change, potentially affecting the relevance and applicability of the
study’s conclusions to future policy contexts. Another constraint of the research per-
tains to the temporal scope of the data. Using 2009 as the reference year instead of 2013
may have introduced a potential limitation in the analysis, as it could have concealed
any changes that have place during this period and their subsequent influence on the
outcomes. Furthermore, the current study quantifies CAP support in aggregate form,
without making distinctions between different kinds of DP. A separate examination of
each type of payment (decoupled, coupled, agri-environmental and less favoured area
payments) will allow for a better understanding of disparities in DP access at the local
level and to promote more effective policy decisions.

Given the limited amount of information gathered by the AC on DP, it is recom-
mended that the data collection mechanisms be improved. This improvement would
allow for the collection of accurate and comprehensive data on the recipients of these
payments as well as each type of subsidy. As a result, it would make it easier to imple-
ment more effective monitoring and evaluation processes, as well as evidence-based
decision-making, in anticipation of future CAP reforms. Qualitative research methods
could be useful to examine how farmers perceive the fairness and effectiveness of pay-
ment distribution mechanisms, as well as their suggestions for improving equity, to
supplement quantitative research, improve our understanding of farmers’ perspectives,
and facilitate a more efficient evaluation. It would be beneficial to expand the research
to additional European countries that have implemented comparable CAP schemes in
order to gain a more comprehensive understanding of policy effectiveness and identify
potential areas for policy improvement.
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Table 8 Variance inflation factor (VIF)

VIF 1/VIF
LocEDM 741 0.134924
LocTM 477 0.209464
LocBL 524 0.190974
LocBI 344 0.290316
LocRO 3.38 0.295942
LocALG 1.65 0.605534
LocMD 254 0.393298
LocAZ 290 0.345054
Acreage 2.35 0424733
Small 238 0419989
Landowner 1.69 0.590568
Fruit 134 0.744037
Olive 161 0.622874
Vineyard 147 0.681980
Cereals 141 0.707908
Vegetables 1.56 0.642384
Cattle 1.77 0.565142
Sheep 125 0.799897
Goat 1.26 0.792082
Young 1.33 0.754693
Mean VIF 2.54
Table 9 Probit model classification table
Classified D ~D Total
+ 974 388 1362
— 471 1079 1550
Total 1445 1467 2912
Classified + if predicted Pr(D) > =.5
True D defined as aumentosub =0
Sensitivity Pr(+|D) 67.40%
Specificity Pr(—|~D) 73.55%
Positive predictive value Pr(D]+) 71.51%
Negative predictive value Pr(~D|-) 69.61%
False + rate for true ~D Pr(+|~D) 26.45%
False—rate for true D Pr(—|D) 32.60%
False + rate for classified + Pr(~D|+) 28.49%
False—rate for classified - Pr(D]) 30.39%
Correctly classified 70.50%

Abbreviations
CAP Common agricultural policy

DP Direct payments
SPS Single payment scheme
BPS Basic payment scheme

MS Member(s) state

FADN  Farm accountancy data network
EU European Union

AC Agricultural census

UAA Utilised agricultural area
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