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ABSTRACT 

This study has investigated by a quantitative approach the impact of financial subsidies allocated by the 

Common Agricultural Policy to European farms; the aim was  to assess also the linkages among 

financial supports allocated by the Common Agricultural Policy and rural development by proposing a 

briefly definition of a rurality index.   

METHODS: In this research, it has used two quantitative approaches as the Self-Organizing Maps and 

the Partial Least Square Structural Equation Model (PLS-SEM) over two different years such as 2007 

and 2017 in a sample of farms belonging to the Farm Accountancy Data Network dataset.  

RESULTS: Findings have emphasized the impact and the main role of financial subsidies in stimulating 

rural growth even if there are also lots of unbalances between EU states. 

CONCLUSIONS: The role of the public administrations at a local level should be addressed towards a 

strictly severe task to condense main priorities of rural development and the needs of the rural 

population in specific and pilot initiatives. 
 

Key words: Kohonen’s maps, Partial Least Square Structural Equation Model, second pillar, rural 

areas. 

 

 

INTRODUCTION 

Since the foundation of the Common 

Agricultural Policy the main targets have been 

to support farmers by higher prices of ag-

commodities than international context (1-5). 

The main negative consequence of this excess 

ag-commodities production was to increase the 

financial budget towards farms at the expense 

of other economic and productive sectors 

stimulating in the public opinion a growing 

criticism to the Common Agricultural Policy. 

As a consequence of the awareness of two 

tightly linked concepts as the rural 

development and rural areas as well 

emphasized by the Cork Conference the 

European Union in the frame of the Rural 

Development Programme has subsidized by 

the Common Agricultural Policy rural areas 

able to produce positive externalities reducing 

in the same time the socio-economic 

marginalization in these territories (1, 4, 6).  
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As a consequence of the economic and 

management bottlenecks in a perspective of 

international trade and agreements, the 

European Commission has undergone the 

Common Agricultural Policy to crucial and 

complete significant transformations which 

comes under the framework of the 

development of a new integrated model of 

agrarian specialization and a more sensitive 

behaviour in urban citizens towards farmers, 

who are able to produce positive or negative 

externalities in the transition phase from a 

productivist model to a post productivist one 

based also on the multifunctionality (1, 2, 7). 

As argued by lots of scholars, farmers become 

dwellers and active agents of an endogenous 

cohesive and bottom-up rural process of socio-

economic development able to increase the 

level of involvement of rural communities in 

local development which are processes of local 

growth aimed at lessening socio-economic 

exclusion and marginalization as well (1, 8).  
 

It is important to underline as the main and 

priority changes in the Common Agricultural 

Policy have been radical because it is 

completely changed under the international 
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stimulus and pression proposed by the WTO 

and other international agreements by a 

transformation from a commodity-specific 

policy to a farmer-specific policy (9). The 

second pillar of the CAP has had the purpose 

to support by aids and financial subsidies the 

diversification in rural areas supporting also 

disadvantaged and stayed behind rural areas at 

risk of severe depopulation and emigration 

even if the budged allocated in the Common 

Agricultural Policy has been significantly 

lower than the first pillar.  
 

A definition of rurality is very complicated 

because many are the variables involved in this 

concept. A literature review in some European 

countries and in other countries has highlighted 

as harsh is to find studies and quantitative 

researches with the purpose to elaborate an 

index of rurality based on the quantitative 

estimation of the impact of financial subsidies 

and other aids to farms allocated by the first 

and second pillar of the Common Agricultural 

Policy (2, 3, 10-15). Halfacree in 1993 has 

argued as the lack in defining an index of 

rurality is due to a specific and complete 

definition of rural and rurality, liked also to its 

interpretation, because of different variables 

are involved in the process of explanation of 

the meaning of rurality and it is not easy to 

assess the main cause-effect relationships. 
 

The first definition of a rural index has been 

proposed in 1977 by Cloke (15). This author 

has defined a pivotal guideline in investigating 

rural areas giving a holistic and complete 

definition of what can be defined as rural in a 

methodological and theoretical framework (2, 

3, 10-14). These authors have underlined as the 

concept of rural is useful in setting up lots of 

specific strategic actions to the countryside in 

an integrated and cohesive perspective. If the 

main target of the researchers is to assess the 

impact of the financial subsidies allocated by 

the Common Agricultural Policy the index of 

rurality can be considered quite adequate to 

this target. In fact, the index of rurality in a 

quantitative perspective is good enough in 

assessing which socio-economic variables have 

been involved able to explain if there is an 

effect on the socio-economic development in 

rural areas (2, 3, 10). The index of rurality is 

adequate in describing a different allocation of 

specific financial resources linked to other 

socio-economic variables aimed at reducing 

the marginalization in rural areas (2, 3, 10).  
 

 

AIM OF THE RESEARCH 

Considering the different enlargements of the 

European Union occurred in 2004 (Poland, 

Slovenia, Cyprus, Czech Republic, Estonia, 

Latvia Lithuania, Slovakia), in 2007 (Bulgaria 

and Romania) and in 2013 (Croatia), the core 

purpose of this research was to investigated by 

a quantitative approach the impact of financial 

subsidies allocated by the Common 

Agricultural Policy in all European Union 

countries. Still, another aim of this study was 

to assess in depth which variables have 

affected the rurality, hence an index of rurality 

can be very useful in addressing some actions 

and financial measures in the agricultural 

policy framework towards rural territories. In 

order to assess quantitatively the effects and 

impacts of the CAP financial subsidies, in this 

paper, it has used as a source of data a sample 

of European farms part of the dataset published 

by the Farm Accountancy Data Network from 

2004 to 2017. 
 

METHODOLOGY 

The Self Organized Map (SOM) or Kohonen’s 

maps is a non-supervision methodology able to 

define in a layout of hexagons, made by 

different neurons, a unique best neuron which 

is the winner and able to underline some main 

relationships among all analysed variables, 

visualizing also in a map the best neuron or 

winner neuron underlining the main relations 

among investigated variables as well (16-17). 

Summing up very briefly the Kohonen’s maps 

are pivotal in emphasizing some main effects 

generating also a unique winner neuron, which 

in this study has been represented in the maps 

by a black hexagon (18). By contrast, white 

hexagons are the looser neurons located far 

away from the winner neuron (16-18). In 

general, Self-Organizing Maps are useful in 

assessing the structure and the evolution of 

investigated variables over the time pointing 

out the best parameter able to summarize 

different clusters of interactions and 

similarities in all investigated variables as 

possible in using other quantitative approaches 

such as the Principal Component Analysis (19, 

20). 
 

Focusing the attention to the SOM it is 

possible to observe as a map is made by a 

neural network arranged in grids based on a 

lower dimension in connections to all neurons 

of all investigated inputs (16-18). Lucchini et. 

al. in 2011 have argued as each input is 

connected to other neurons of the output by a 

weight vector able to define the position of a 
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centroid in the space (21).The neuron with the 

weight vector the closest to the stimulus is 

called Best Matching Unit (BMU) and the 

intensity of the adjustment decreases in 

function of the distance of neurons from the 

BMU and the weight can be assessed in each 

neuron (Wv) as (16-20): 
 

Wv(t+1) = Wv(t)+Θ(v, t)α(t)(D(t) -Wv(t))   (1) 

 

α(t) is a decreasing monotonic learning 

coefficient 

D (t) is the stimulus vector.  
 

As proposed by above mentioned authors, the 

function for the neighbourhood or distance 

function Θ (v, t) depends on the distance in the 

lattice between the BMU and the neuron v (16-

21). In this paper we have used a quantitative 

approach using the Self Organizing Maps 

(SOM) proposed by Kohonen utilizing the 

software Spice_Som. 
 

The assessment of the main correlations and 

cause effect relationships in the assessment of 

the rurality index it has used as a source of data 

the annual survey Farm Accountancy Data 

Network (FADN), comparing in the different 

years 2007 and 2017 all farms part of FADN 

dataset.  With the core purpose to estimate the 

rurality index, it has employed a non-

parametric methodology called Partial Least 

Square Structural Equation Modelling (PLS-

SEM) able to underline the main direct and 

indirect cause-effects relationships using the 

software Smart PLS 3 (22). The PLS-SEM is 

adequate for research’s targets aimed at 

defining an index of rurality because it fits well 

with the specific features of the analysis, which 

are not so common in literature or rather they 

do not have got consolidated models. 

Furthermore, the PLS-SEM is adequate to our 

analysis because of the sample of observation 

which is modest, a scarcity of theoretical 

models in literature and also because of 

theoretical constraints which do not need a 

priori assumptions (2, 3, 10, 23-27).  
 

The Structural Equation Modelling describes 

the causality relationships among latent 

variables by an iterative methodology with the 

purpose to estimate internal and external 

correlations in all latent variables using in this 

research formative relationships among items 

and latent variables (2, 3, 10, 23-29). The PLS-

SEM model can be investigated considering 

the differences between exogenous and 

endogenous variables, due to the different 

directions and links among investigated items 

and latent variables as argued by Monecke and 

Leisch in 2012 (30): 

Y = YB + Z                          (2) 
 

Summing up, in the equation Y is the 

exogenous or endogenous latent variable 

matrix, B is a parameter and Z is the stochastic 

error which is assumed to be E[Z] = 0 (2, 3, 10, 

30). Furthermore, some elements in the matrix 

of coefficients B are assumed to be equal to 

zero when the elements of the adjacency 

matrix are zero as well (30) and also each 

latent variable in the PLS model is correlated 

to the previous latent variable in an interrelated 

equations system (24, 26, 30).  
 

Table 1 describes the main endogenous 

variables investigated in the Partial Lest 

Square Structural Equation Model in all farms 

part of the FADN dataset over two-year time 

2007 and 2017. Each endogenous variable and 

also the exogenous variable RURALITY, 

dummy variable of the index of rurality, has 

been estimated by different items described 

shortly in Table 2. 
 

RESULTS AND DISCUSSION 

Considering a non-supervision approach as 

proposed by the Kohonen in the Self-

Organized Map (SOM), findings in 2007 have 

pointed out as Spain, Italy and Slovenia have 

had the best results(black hexagons)taking into 

account different socio-economic variables 

such as Usable Agricultural Areas, farm net 

income, payments to disadvantaged rural areas 

(LFA payments), total aids paid by the 

Common Agricultural Policy, decoupled 

payments disbursed by the first pillar, financial 

subsidies allocated in the second pillar of the 

CAP (Figure 1). 

 

Table 1. Description of the main endogenous variable investigated in the PLS-SEM 

Endogenous variables Description 

CAP 
Financial subsidies allocated by the first and second pillar of the Common 

Agricultural Policy 

Areas Areas cultivated in hectares in some main crops and animals in farms 

Income Farmers income in euro and assets in farms 

Production Main yields in some cultivations and breeding animals 

Cost Direct costs  in each farm 
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Table 2. Description of the main items used in the PLS-SEM 

Items Description 

RDP 
Financial subsides in euro allocated by the second pillar of the CAP 

to support rural development  

Total_direct_pay Decoupled payments in euro allocated by the first pillar of the CAP 

Cereals Areas in hectares cultivated with cereals 

Forage_crops Areas in hectares cultivated with forage 

Livestock_units Number of animals 

Orchards Areas in hectares with fruit 

Vegetables_and_flowers Areas in hectares cultivated with vegetables and fruit 

Total_assets Total assets in farms in euro 

FNI Farm net income in euro 

Farm_Net_Value_Added_MEDIAN Net added value in euro assessed in each farm 

Feed_livestock_cost Total costs for animals in euro 

Fertilisers_cost Cost for fertilisers in euro 

Labour_input Labour cost in euro 

Seeds_and_plants_costs Costs for plants and seeds in euro 

Cereals_y Yield of cereals 

Cows_milk_y Yield in milk 

Pigmeat_y  Yield in pig meat 

Sheep_goats Yield produced by sheep and goats 

Agritourism Financial subsidies to farms specialized in agritourism 

Environmental_subsidies Financial supports to the environment protection 

LFA_subsidies Direct payments to farms located in disadvantaged rural areas 

 

 

 

   
All variables First pillar decoupled payments Second pillar subsidies 

Figure 1. Main results in the SOM in the year 2007 in farms part of FADN dataset  

Source: elaboration on data https://ec.europa.eu/agriculture/rica/database/database_en.cfm 

 

 

Addressing the attention to the subsidies 

allocated by the Rural Development 

Programme in the second pillar, research’s 

outcomes have underlined as two EU countries 

such as Germany and Belgium have had the 

best results in terms of payments allocated by 

the second pillar. In 2017 the main results of 

the SOM analysis have pointed out as the best 

results (black hexagon), considering all 

variables (Usable Agricultural Areas, farm net 

income, LFA payments, total aids paid by the 

Common Agricultural Policy, decoupled 

payments disbursed by the first pillar, financial 

subsidies allocated in the second pillar of the 

CAP) in two EU countries such as the United 

Kingdom and Ireland; focusing the attention to 

the first pillar and to the second pillar financial 

supports the best results have been respectively 

found in the Czech Republic, Slovakia and in 

Spain and Sweden considering only the RDP 

subsidies paid (Figure 2). 
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All variables First pillar decoupled payments Second pillar subsidies 

Figure 2. Main results in the SOM in the year 2017 in farms part of FADN dataset  

Source: elaboration on data https://ec.europa.eu/agriculture/rica/database/database_en.cfm 

  
 Year 2007 

 
Year 2017 

Figure 3. Analysis and index of rurality in 2007 and in 2017 in all farms part of FADN dataset.  

Source: elaboration on data https://ec.europa.eu/agriculture/rica/database/database_en.cfm 
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The last part of this research has investigated 

in 2007 and in 2017 the index of rurality, 

which is a multidimensional latent variable, 

taking into account all economic variables 

correlated to the rurality and also able to asses 

a quantitative index in all farms part of FADN 

dataset (Figure 3). Comparing two-year times 

2007 and in 2017, findings have underlined as 

the endogenous variable CAP has been able to 

explain more than 0.80 of the variances in the 

model even if during the year 2017 there has 

been a significant increase of the variance 

examined, in terms of R
2
, by the endogenous 

variable Income.  
 

Focusing the attention on the endogenous 

variable CAP both in 2007 and also in 2017 

the item rural development programme has had 

the highest impact compared to the item total 

direct payments. The items areas cultivated 

with cereals and forage have acted directly to 

the endogenous variable Areas. Summing up, 

in the two years of observation (2007 and 

2017), there has been a growth of the impact of 

the endogenous variable income to the rurality 

which has explained as the rurality has a 

significant connection to the level of farm 

income. 
 

CONCLUSION 

The effects and impacts of the Common 

Agricultural Policy have been investigating 

considering two different quantitative 

approaches that have corroborated meaningful 

and noteworthy effects in different European 

countries of the financial subsidies allocated 

towards farmers. Some imbalances among 

countries are a consequence, in particular in 

new member states belonging to the European 

Union, of a modest land capital endowment.  
 

Findings have corroborated the main role of 

financial subsidies allocated by the first pillar 

than the second in terms of impact on the 

rurality in all farms part of the FADN dataset. 

For the future it is important to allocate major 

financial resources to the second pillar in order 

to support farmers and in all European areas 

characterised by a poor level of land capital 

and a situation of backwardness in skills and 

technologies.  
 

Drawing some final remarks the role of the 

public administration should be addressed to a 

strictly severe task to condense main priorities 

of rural development in specific and pilot 

initiatives able to protect the rural space 

avoiding to drain financial resources from the 

second pillar of the Common Agricultural 

Policy at the light of a possible decline in the 

financial budget of the EU due to the Brexit 

and other economic constraints which have 

implied a deep rethinking of the European 

common policies such as the CAP. 
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