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Executive Summary 
This deliverable outlines the processes, stages, and considerations involved in constructing 
the use cases for the Agricore project. The creation of these use cases relies on developing 
synthetic populations that accurately represent the social, economic, and agricultural 
characteristics of the diverse European farming landscapes addressed by the project. A 
robust method utilizing Bayesian networks is employed to generate these synthetic 
populations. 

The deliverable also covers various aspects related to the specific decisions made that 
determine the final outcome of the use case aspect. These are centred on crop 

grouping, subsidies selection and their interrelationships. An ad-hoc approach is applied 
and tailored to each use case, based on objective parameters observed in the data. This 
approach is used to make critical decisions that shape the final outcome of the synthetic 
population and influence its potential results in subsequent simulations. 

The building of each use case begins with a foundational dataset (based in FADN) that 
supports the creation of the final agricultural context. Gaps identified in these datasets are 
addressed by supplementing with information from additional data sources. 

Finally, a multidimensional evaluation of each generated synthetic population is provided, 
offering a comprehensive assessment of the fidelity of the constructed use cases relative to 
the parameters observed in real farms.   
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1 INTRODUCTION 

1.1 Context of the document 

The creation of this document arises in the context of the project Agricore, a simulation tool 
that allows stakeholders to make informed decisions by predicting potential outcomes and 
identifying the most effective strategies for sustainable agricultural development. The work 
covered and reflected in this document is within the scope the WP7 “”. Within this WP, it is 
the only deliverable associated with task 7.5 – Building of the use cases. The goal of this task 
is to perform the envisaged use cases in collaboration with the involved researchers. This 
deliverable is closely related to task 8.5 – Coordination with policy makers. - This is because 
it ensures that the development of the project meets the needs of policymakers in the 
different scenarios, reporting all the information generated to update the tool. Also, this task 
will allow the identification of additional needs that might not be covered by the proposed 
ABM approach and would therefore require the incorporation of new functionalities. 

With the aim of covering the project use cases, four different regions from four different 
countries are represented. These are the Andalusian use case, in which the transition from 
conventional to organic production regime in the olive production and its environmental 
and climatic effects is studied through the assessment of the impact of the M11: “Ecologic 
agriculture” [1], the Italian use case, in which the likelihood of dairy farmers accepting 
predefined policy scenarios that imply different levels of CO2 taxation on GHG emissions 
produced by the livestock sector in Emilia-Romagna is studied, the Greek use case, that 
focuses its study object on age renewal and the creation of entrepreneurial farmers through 
the Sub-Measure 6.1 “Start-up aid for young farmers” [2], and finally the Polish use case, 
focused on analysing the impacts of the national-level agricultural measure M10.1- Agri-
Environmental-Climate Commitments [3]. 

Although each use case focuses in one country, the scope of each study focuses on a 
particular region rather than an entire country. This fact simplifies the overall simulation 
process and computational cost and allows the targeting of specific areas with specific 
characteristics, namely the suitability for the cultivation of some vegetable species due to 
their climatic, geographical, topographical and environmental conditions. 

The building of such environments reflects particularities that each region owns, as well as 
the simplifications and assumptions made to create a coherent, trustworthy and 
manageable simulation environment tailored to the simulation engine capabilities. One of 
such simplifications is to limit the scope of the analysis by selecting a region within a 
country, but also selecting those features of the agricultural population useful for the 
simulation process and discarding those whose impact on the results evolution is negligible. 

The particularities of each use case are captured in original datasets. These are the basic 
material from which the building of the use cases starts. Different trends in agricultural 
production, crop selection and rotation, farms’ economic sizes, total area managed by farms, 
trending in subsidies according to techno-economic orientations and social profiles are the 
main aspects that differentiate the use cases according to data observed and that should be 
taken into account. As mentioned above, the building of each use case starts with different 
artifacts in form of empirical data and a specific frame that traces the basic information 
fields required to feed the generator of the use case. Basically, a use case representation is 
a dataset with a set of farmers with different social and agricultural characteristics 

Although each use case has intrinsically some characteristics inherited from the patterns 
shown by the real-world farms, the building of each use case is adjusted by some rules 
established to simplify and accelerate both the use case building and the simulations 
runtime. This means that use cases building varies according to the modeler criteria, and 
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thus different results can be obtained given specific building rules. Specifically, 
customization affects to the product grouping, which is related to how crop variables are 
merged and simplifies to put the focus on the most representative crops. 

The simulation engine used in the Agricore project is a generic model which performs short- 
and long-term simulations and whose performance has been validated. It has a clearly 
defined operational rules that convert an agricultural context into a future context through 
the performance of a simulation, thus allowing for assessing the evolutions, changes and 
impacts of various agricultural policies or practices over time. In this way, the only way to 
modify the simulation environment is by modifying the model initialization. This process is 
carried out by generating and ingesting synthetic populations that determine the evolution 
of the simulations and thus the obtained results and conclusions. In this way, it is possible 
to assume that the construction of the use cases revolves around the generation of the 
synthetic populations. This process is the cum of several considerations, assumptions and 
empirical data that finally make up an environment with a set of social, economic, 
demographic and behavioral features that characterize the target study population. The 
only requirements are that synthetic populations are adapted to the frame impose by the 
simulation engine, in qualitative and quantitative terms, expressing a good fidelity of the 
real attributes of the population analysed.  

In general, the content included in this deliverable is the building of the use cases studied in 
Agricore, which turns around the building of the synthetic populations. Thus, it is possible 
to assume that the synthetic populations are the basic artifact that captures the real-world 
farms features and guides the evolution of a simulation thorough their application during 
the initialization process of the agents composing the simulation environment, allowing for 
the assessment of different policies scenarios. In accordance with the differentiation and 
diversification of each use case, different results are expected, considering that the 
parameters considered when characterizing the agents have enough influence on the 
decision-making process of the virtual agents to gain knowledge and insights about the 
potential impacts of policy interventions. 
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2 General considerations 

2.1 Microdata format 

The objective of this project is to create a tool capable of simulating different agricultural 
scenarios to draw insights and conclusions about broader trends and patterns across 
regions and farm types under specific agricultural policy scenarios. The representation of 
the agricultural systems studied is facilitated by the generation of complete and 
comprehensive synthetic populations for each use case that represent the features of the 
farming sector in a reliable way.  

The building of each use case is sustained on the collection, processing and management of 
a different datasets containing economic, management, and agricultural information for the 
different use cases studied in this project. The main information source comes from FADN 
or related entities from each country that are in charge of collecting data trough surveys 
and other statistical methods aimed at capturing farm-level information across multiple 
agricultural sectors, thus providing comprehensive economic and operational realities of 
farms of the real world.  

The organizations in charge of collecting data do not capture and record the mentioned 
information from all the farms, but they sample data from representative fractions of varied 
sectors of the agricultural landscaped thus reflecting heterogenous economical, agricultural 
and operational realities. In this way, each farm represented in the dataset is serves as a 
proxy for a larger sector or farm typology of the agricultural population that shares key 
relevant features including economic size, amount of agricultural land, crops specialization, 
livestock specialization and other social aspects. 

The synthetic populations must represent accurately the insights of the original population, 
expressing similar patterns, data insights and variables interrelationships but also to obtain 
synthetic populations that represent the full-size of the real datasets, thus representing the 
total number of farms in the real use case. This later feature of the synthetic population is 
achieved through an extrapolation method that in a reliable way transforms the original 
data sample into a full-size dataset through the representativeness of each farm. Typically, 
this representativeness is known as weights, and data collection methodology include the 
information together with the microdata to facilitate and provide information about the 
true size of the population size that the sample is representing. Following the FADN 
methodology, weights are computed across three main characterization dimensions that 
define and characterize the farms typology: techno-economical orientation, economic size 
and geospatial region (NUTS3).  

According the material managed in this work, two different possibilities have been found 
when performing data extrapolation. The first one is the easiest one and consists into use 
the weights facilitated by the data providers, represented by the variable A_TY_80_W. This 
approach was followed when building the use cases Andalusia and Italy. This option is the 
most reliable as it comes from the entities that carried out the surveys and data gathering 
campaigns, and that known the total number of farms analysed across the agricultural 
sectors. But this option was not always available and alternative extrapolation techniques 
were used for some use cases.  



General considerations – 14 

 

 

AGRICORE – D7.6 - Use cases building 

 

 

Figure 1. Sample extrapolation using FADN weights 

For the cases of Grece and Poland, the most straightforward alternative method to 
extrapolate data consists into extrapolate data records across the three characterization 
dimensions utilized by the data gathering organisms. Then, using publicly available datasets 
containing information about the total number of farms present in the real world, the ratio 
between this value and the sample representation directly provides the weight of each farm. 
However, not all characterization variables, nor the same level of resoluti8on and detail 
were available as public data.  

To overcome this situation and obtain a reliable weight for each farm, other public data 
sources were used from Eurostat. Instead of using the original mentioned characterization 
dimensions, just economic size was kept from the original set, and techno-economic 
orientation and geospatial resolution at NUTS 3 level were replaced due to inconsistencies 
in data. The alternative to these two variables were the agricultural land area cultivated by 
farms and a higher level of geospatial resolution. This approach works in three dimensions, 
economic size, NUTS 2 and agricultural land, and provides an acceptable resolution level to 
compute the number of farms represented by each farm in the sample considering the 
amount of land worked and the amount of money managed. In this way, it is possible to 
obtain the real number of farms that match a specific economic level and work a specific 
amount of land at NUTS 2 level in accordance with the geo spatial resolution present in 
available microdata. 

 

 

Figure 2. Sample extrapolation using agricultural land and NUTS 2 
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2.2 Crop grouping: justification and methodology 

The purpose of the tool being developed in this project is to provide a mean of simulating 
and evaluating the behaviour of farmers and the evolution of the agricultural sector in 
response to the implementation of certain policies in the agricultural sector.  

From results-oriented perspective, it is intuitive assuming that, one of the main effects that 
specific policies may have on the farmers behaviour is the variation in the adoption of the 
crops linked to the applied policy, which ultimately will be translated into a cultivated area 
variation for the mentioned crop, and also the same variation but in the opposite sense for 
the crops that farmes typically combine with the previous one. This is mentioned because 
crops have an enormous weight on the simulation results analysis scope. Additionally, this 
is very relevant aspect, as some use cases as the Andalusia use case specifically address the 
cultivation of olive tree in Andalusia and the conversion from conventional production 
methods to organic production methods. 

From an operational perspective, the number of crops considered will have a direct impact 
on the computational effort made to run the simulations. This effect is enlarged considering 
that for each crop defined, there are 10 different crop-related variables defined for each 
agent that the simulation engine must manage.  

For the case of the FADN, there is a large list of crops defined. According to the 2020 FADN 
guide release, there are at least 103 individual codes defined for agricultural crops. 
Although this high resolution in crops definition may seem beneficial from an analysis point 
of view, it is necessary to consider that data source is a sample, and that in most of cases 
crops are not representative or they have a few records.  

Assuming that simulated regions contain between 40.000 and 150.000 farms depending on 
the use case, using the base FADN crop definition results in extremely high computational 
cost. Even if the simulation is successful and does not collapse, the balance between the high 
degree of resolution and the time required to perform such a simulation is not justified.  

Considering all above exposed reasons, a contingency measure has been adopted to 
simultaneously address all the mentioned issues: crop grouping. Crop grouping consists 
into create homogenous and representative crops named as product groups that encompass 
a set of individual FADN crops to reduce the number of crops utilized in the generation of 
the synthetic population and hence in the simulations. In this way, for each grouped crop 
and for each crop-related variable, the corresponding variables of the individual FADN 
crops are added to compose the homologous variable of the crop group. The following figure 
describes the process of product group building and how original individual variables 
concur to generate an aggregated variable of the same type: 
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Figure 3. Crop grouping representation 

 
The crop grouping application is a cross-cutting data transformation applied to all the use 
cases considered in the Agricore project, and, and inherently adds the following advantages: 

• Reduce the model complexity: grouping low representativeness crops into a low 
representative group will reduce the number of variables that the simulation engine 
has to manage with a negligible effect on simulation results. For all the use cases a 
group named OTHER has been created to contain all the crops with low 
representativeness.  

• Reduce the computational cost: the lower the number of variables, the lighter the 
simulation load and hence tengine has to manage. This aspect is directly related to 
the time each simulation takes. 

• Allows for specific ad-hoc crop grouping: in use cases where the evolution of specific 
crops must be tracked, crops can be set aside and conform a customized group with 
only the crop in question. This approach also allows for maintaining crops related 
with specific policies, which will be highly beneficial when evaluating policies 
impact. 

• Allows for methodological crop grouping: it is possible to perform the crop grouping 
process by analysing microdata and extracting information about crop-related 
variables. This analysis can be targeted to cultivated area, crop production, or total 
sold value, extending this analysis to economic indicators. In this way, it is possible 
to extract relevant information that shows the representativeness that crops show 
in each use case and perform a balanced crop grouping.  

• Allows for leveraging FADN crop categories: grouping method uses crop similarities 
to group specific crops in a product group. According to crop representativeness 
grouping method, the crop categories available in the FADN guide can serve to 
group crops according to their affinity and similarities. These categories group 
crops according to cultivation methods, productions and biological specie. As 
example, common wheat, rye, barley, and durum wheat are categorised as cereals, 
so a potential product group may be cereals. 

In counterpart to these advantages, a part of crop resolution is missing. But the 
methodology applied ensures that the impact is minimal, by using non-subjective grouping 
methods that ensure that target crops remain representative after crop grouping, thus 
allowing for analyzing key performance indicators derived from specific crop-related 
variables. 
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2.3 Methods and tools utilized to generate synthetic populations 

The methods and algorithms utilized when building the synthetic populations started from 
the work performed by [4]. This approach utilized Bayesian networks to capture the 
interdependencies between different social, economic and agricultural variables to later 
generate a synthetic population that follows such data patterns.  

A generic Synthetic population generation module was built by inheriting the mentioned 
theoretical approach in such a way that the process of generating synthetic data is 
automatized. The automatization capability of the module is also sustained on the software 
envelop created to encapsulate all the ancillary modules and code scripts that make up the 
synthetic population synthesis process.  

A specific Python class was created to orchestrate the whole process of data generation. 
This class acts as a pipeline to manage the artifacts necessary to build a reliable synthetic 
population according to the user specifications. In this way, the module automatically loads, 
microdata, process and transform variables, merges datasets and builds an object ready to 
be used by the generation algorithms following the generation rules set by the user. The 
orchestration applies sequentially different steps or data transformations, ensuring that 
each operation is completed before moving to the next. This process structuration in a 
modular step-by-step manner guarantees that the synthetic population generation follows 
a logical and reproducible workflow to ultimately reduce the risk of errors and increasing 
the flexibility when managing different data sources and use cases. 

The modular structure of the synthetic population generator does not only serve to obtain 
a consistent and ready-to-use synthetic population generation module, but also to facilitate 
its deployment across different devices without rely on external dependencies including 
modules, or python libraries or packages. This is achieved through the containerization of 
the module by using Docker. This containerization environment is the best way to isolate 
applications and avoid conflicts between different version of packages and libraries. 

Among the various steps applied, the module is responsible for data standardization, 
handling missing data, identifying outliers, removing unnecessary variables, generating 
synthetic population fidelity reports and standardizing variable names so that each field in 
the source dataset is mapped to an agent parameter. This is a key stage in data 
preprocessing because the main datasets originate from different sources, each with its own 
set of rules. Therefore, different preprocessing rules must be applied depending on the 
origin of the data and the entity generating it. Another preprocessing step applied is the 
croup grouping step explained in the previous section. The goal is to ensure that data 
processing is automatic and reliable, especially given the repetitive nature of the task and 
the potential for future modifications, to prevent errors and avoid skipping mandatory 
steps. 

Once data is processed the generation module fits a Bayesian network to capture the 
complex interdependencies present among the variables composing the dataset. This 
generation method is a probabilistic generation method that identifies and leverages the 
conditional relationships between variables to define dependency paths in form of direct 
acyclic graph. This graph is composed by nodes and arrows that determine such parent-son 
interrelationships and probabilities of each son variable of taking a specific value according 
to the value of its parent. The main generation algorithm linked to the Bayessian network is 
the Kernel Density Estimation. Additional details about this algorithm are included in Annex 
I. Kernel Density Estimation algorithm. The reason behind using this algorithm it that it is a 
high-accurate generation algorithm for non-dependent variables.  

The child variables have been generated by leveraging the relationships defined by their 
parent variables and the structure of the Bayesian network. These relationships are 
represented through the conditional probability distributions that describe how the values 
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of the child variables depend on the parent variables. Specifically, the generation process 
begins by first identifying the parent variables, which are the direct influencers of each child 
variable in the network. The next step involves determining the possible values of the 
parent variables as observed in the dataset. Using these values, the corresponding 
conditional probability distributions captured through statistical analysis of observed data, 
are applied to model the probabilistic dependencies between the parent and child variables. 
These distributions encode how likely certain outcomes for the child variables are, given 
specific combinations of the values of the parent variables. Through this process, the child 
variables are not generated arbitrarily, but rather they emerge as a result of the 
probabilistic relationships captured in the network. These relationships reflect the 
underlying structure and dependencies of the data analysed and enable the Bayesian 
network to model the complex relationships showed by data, in which in most of the cases, 
the behavior of one variable is contingent on others. Through the iterative application of 
this approach, probabilistic influences are propagated through the network. Ultimately, this 
is translated into an accurate synthetic population whose patterns are similar to the ones 
showed by the original data sample. 

For all the use cases, the generation algorithm performs this task in a methodical and 
systematic manner. Additionally, it allows the imposition of external constraints on the 
generation process, such as setting forbidden directions to ensure that a specific variable is 
not generated from other variables that are known a priori not to influence it.  

The end stage of this process is the generation of a report that comprehensively describes 
the fit between the original and synthetic data to be able to correct errors during the 
generation process, missing variables, and to objectively assess the goodness of fit of the 
synthetic population.  

Finally, the last component of the described module is a synthetic population importer, 
which is in charge of upload a package composed of the population generated and a specific 
set of associated metadata and configuration files that provides a comprehensive simulation 
initialization package. 

2.4 Techniques to compare and assess synthetic population 
fidelity 

When building a synthetic population, it is desired that the synthetic data follows the same 
patterns and interdependencies as the original data. For this reason, different statistical 
techniques have been applied to assess the goodness of each use case in an objective and 
diverse manner. 

The fidelity of the synthetic population is higher when it closely resembles the original 
dataset from which it is constructed. The synthetic population fidelity can be defined as the 
degree of accuracy to which synthetic data mimic the original data in terms of statistical 
properties and underlying characteristics of patters. 

The quality of the synthetic populations generated will strongly depend on the quality of 
the data source utilized and, on the models, and algorithms used to generate the synthetic 
data. These dependencies are recognized as challenges to be overcome during the synthetic 
data generation process. 

The importance of data source quality lies on how the biases and representativeness of the 
data are transferred to the synthetic data generated. The use of unrepresentative or biased 
data sources can result in synthetic data that do not accurately reflect real-world scenarios, 
ultimately undermining the effectiveness of simulations and the reliability of simulation-
based scenarios. 
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Models should be able capable of capturing data insights, identifying trends, and 
understanding the interrelationships between variables in order to translate this 
information into synthetic data. A model with poor performance will not be able to 
accurately represent the underlying patterns in the data, leading to synthetic data that lacks 
fidelity and fails to maintain the integrity of the original dataset. 

Synthetic data quality can be assessed across three dimensions: fidelity, utility, and privacy 
[5]. In this work, the dimensions of utility and privacy are not considered. Utility is typically 
used to evaluate the effectiveness of synthetic data for training ML models, while privacy is 
assumed to be protected, given that the original data already contains anonymized sensitive 
information. Therefore, in this study, fidelity is the sole dimension used to evaluate the 
quality of the synthetic population. 

Before going deeper in the techniques used to measure the synthetic population fidelity, it 
worth nothing to mention that synthetic populations do not have to be identical to real data. 
Instead, they should contain accurate and realistic properties extracted from the real-world 
datasets which mimic the underlying patterns, distributions, and relationships present in 
the original data. 

Synthetic data fidelity is related with the similarity between the original dataset and the 
synthetic data generated. In this case, the empirical and synthetic distributions for all 
variables used in the agent initialization are compared. According to data science theory 
and statistics, there are different methods and techniques that can be used to compare and 
assess the similitude or differences between two data distributions. A set of methods have 
been selected to target the measure of specific properties of data according to the purpose 
of this work. These include visual methods, descriptive statistics, non-parametric tests, and 
distribution comparison methods. 

The methods explained above are the scientific way applied to measure and reflect the 
synthetic population fidelity. For each of the synthetic populations generated, all of them 
have been applied, offering wide vision about what can be achieved utilizing the 
combination of the explained data sources and the algorithms and methods used to 
generate synthetic data. 

Kolmogorov-Smirnov test 

The Kolmogorov-Smirnov (KS) test is a non-parametric test that compares the cumulative 
distribution functions (CDF) of two pairs of random variables. 

Essentially, the test detects the maximum absolute difference between the CDFs of two sets 
of random variables. For any given pair of random variables, their respective CDFs increase 
monotonically from zero to one. If both samples originate from the same distribution, their 
CDFs will nearly overlap. In the opposite, a notorious gap between both CDFs will indicate 
that it is likely that both samples do not come from the same distribution. In this way it is 
possible to measure how similar or different these random variables are in an 
understandable manner, as the larger the difference between both CDFs the likely both 
samples come from different distributions [6].  

Although it is beyond the scope of this work, this test is useful for ranking generation models 
and algorithms, as it directly indicates how closely one random variable approximates to 
another. In addition, it allows to identify the weakest point in the data distribution. 
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Figure 4. Kolmogorov-Smirnov test illustration 

 

The interpretation of the results of this test is related to the p-value returned. A low p-value 
indicates that there is evidence that samples were not generated from the same 
distribution[7] . 

The problem statement is as follows: 

• Null-hypothesis 𝐻0: both samples come from the same distribution. 
• Alternative hypothesis 𝐻𝐴: at least one value does not match the specified 

distribution. 

The critical distance between both CDFs is computed as follows: 

𝐷(𝐹0, 𝐹𝑠𝑦𝑛𝑡ℎ) = max
−∞≤𝑥≤∞

|𝐹0(𝑋) − 𝐹𝑠𝑦𝑛𝑡ℎ(𝑋)| 

Where: 
• 𝐹0(𝑋): fraction of the original sample ≤ 𝑥. 
• 𝐹𝑠𝑦𝑛𝑡ℎ(𝑋): fraction of the synthetic sample ≤ 𝑥. 

• 𝐷(𝐹0, 𝐹𝑠𝑦𝑛𝑡ℎ): distance between the distributions 𝐹0(𝑋) and 𝐹𝑠𝑦𝑛𝑡ℎ(𝑋) at critical x. 

 
The KS test concludes by comparing the obtained value of D against a particular target that 
depends on the critical value and the samples size. This critical value is derived from 
statistical tables and calculated based on the significance level and sample sizes. Then, it is 
stated that two distributions are equal or differ at the significance level of alpha, where 
alpha represents the probability of rejection the null hypothesis when it is actually true. 
 
 

𝐷(𝐹0, 𝐹𝑠𝑦𝑛𝑡ℎ) = 𝑐(𝛼)√
𝑛1 + 𝑛2

𝑛1𝑛2
 

Where: 
• 𝛼: significance level of the hypothesis test. 
• 𝑐(𝛼): maximum allowable difference between the CDFs of original sample and 

synthetic sample for them to be considered statistically similar at the given 
significance level. 

• 𝑛1: size of the original dataset. 
• 𝑛2: size of the synthetic dataset. 

 

Cramer-von Misses criterion 
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Cramer-von Mises test is a powerful goodness-of-fit test that is largely utilized when 
comparing the good-of-fit between two random distributions. This test allows for 
introducing empirical data to perform the test, which in this case is the synthetic population 
variables[8][9]. 

To determine whether the differences between the original sample and the synthetic data 
are significant enough an hypothesis test is conducted. Here, the hypothesis is stated as 
follows: 

• Null-hypothesis 𝐻0: both samples come from the same distribution. 
• Alternative hypothesis 𝐻𝐴: data samples come from different distributions. 

The quantification of the evidence that both data samples come from the same distribution 
is given by the Cramér-von Mises distance as expressed the following formula: 

𝑊2 = 𝑛 ∫ [𝐹0(𝑥) − 𝐹𝑠𝑦𝑛𝑡ℎ(𝑥)]2𝑑𝐾(𝑥)
∞

−∞

 

Where: 
• 𝑊2: Cramér-von Mises test statistic. 
• 𝐹0(𝑥): original sample cumulative distribution function. 
• 𝐹𝑠𝑦𝑛𝑡ℎ(𝑥): synthetic sample cumulative distribution function. 

• 𝐾(𝑥): combined cumulative distribution function. 
• 𝑛: number of samples of the synthetic data. 

 
In practice, this formulation is simplified by switching from an integral to a sum of values 
and obtaining a computationally simple formula: 

𝑊2 =
1

12𝑛
∑ (𝐹𝑠𝑦𝑛𝑡ℎ(𝑋(𝑗)) −

2𝑗 − 1

2𝑛
)

2𝑛

𝑗=1

 

Where: 

• 𝐹𝑠𝑦𝑛𝑡ℎ(𝑋(𝑗)): empirical CDF of the synthetic data evaluated at the j-th order statistic 

of the original data. 
• 𝑋(𝑗): the j-th sorted observation from the original data. 

• 𝑛: number of observations of the original data. 
 
The procedure to perform the Cramer-von Mises test is as follows: 
Firstly, data samples are sorted and CDFs are computed for both data samples (empirical 
and synthetic). Then, both data samples are combined and sorted in a single sample in 
ascending order. With this new dataset, two new cumulative distribution functions are 
computed using the number of samples corresponding to the empirical dataset and the 
synthetic dataset. With these values, the statistic W can be obtained by applying the above 
formula. The value of the statistic W obtained is compared with the critical value 
corresponding to the desired significance level alpha, which is obtained from statistical 
tables or from mathematical solvers. Finally, the null hypothesis is rejected if the statistic W 
exceeds the critical value at the chosen significance level, and it is assumed that synthetic 
data has not been generated from original data. Otherwise, the null hypothesis is not 
rejected, suggesting that the synthetic data may have been generated from the same 
distribution as the empirical data. 
 
Kullback-Liebler divergence 

The Kullback-Liebler (KL) divergence is a useful tool that server to compare two 
distributions[10].  
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This a distance measure based on entropy and information theory and serves to measure 
the uncertainty gained or information lost when replacing distribution P with Q [11].  
 

𝐾𝐿(𝑃||𝑄) = ∑ 𝑝𝑖𝑙𝑜𝑔2

𝑝𝑖

𝑞𝑖

𝑑

𝑖=1

 

 
Where: 

• 𝐾𝐿(𝑃||𝑄): is the KL divergence for the probability distribution functions P(x) and 
Q(x).  

 
It is possible to notice from the above equation that, when distributions are the same, the 
KL divergence is zero, as nothing is gained or lost. Conversely, while when distributions 
largely differ, the value of KL divergence increases. 
It should be noticed that it is not a symmetric distance measure, as 𝐾𝐿(𝑃||𝑄)  ≠ 𝐾𝐿(𝑄||𝑃). 
 

Jenssen-Shannon divergence 

The Jenssen-Shannon (JS) divergence is a metric based on the KL divergence. In this case it 
is a symmetric distance measure and can be considered as a metric [11]. The formulation of 
the JS divergence is given by the following equation: 

𝐽𝑆(𝑃, 𝑄) =
1

2
𝐾𝐿(𝑃||𝑀) +

1

2
𝐾𝐿(𝑄||𝑀) 

 
Where: 

• 𝐽𝑆(𝑃, 𝑄): is the JS divergence. 
• 𝐾𝐿(𝑃||𝑀): is the KL divergence between 𝑃 and 𝑀. 
• 𝐾𝐿(𝑄||𝑀): is the KL divergence between 𝑄 and 𝑀. 
• 𝑀: is the average of 𝑃 and 𝑄, such that 𝑚𝑖 = (𝑝𝑖 + 𝑞𝑖)/2. 

 

This new formulation of distributions distance is symmetrical and preserves the properties 
of the KL divergence. As [11] suggests, it is the right function to use for measuring the 
distance between probability distributions. 

 

Descriptive statistics 

In addition to the methods previously discussed for measuring the similarity or divergence 
between the original and the synthetic data, other statistics have been included in the report 
to provide a more comprehensive evaluation of the data generated. The descriptive 
statistics are minimum value, maximum value, mean value and standard deviation. In this 
way, by comparing these parameters for both datasets is possible to affirm if the ranges of 
original data and synthetic data are aligned, if the mean values are comparable, and whether 
the overall dispersion of the data is similar. 

 

Visual methods 

Visual methods have been included in this work as complementary tools to statistical 
measures for comparing distributions. The plotting of the probability distribution functions 
or histograms of both datasets allows for a direct visual comparison of their distributions. 
This is an easy way to assess the shapes, ranges and overall structures of data distributions 
and how closely they match. For all the continuous numerical variables pairs of probability 
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distribution functions (original and synthetic) have been included to easily assess how 
closely the synthetic data approximates the distribution of the original data. 

Main indicators ratios 

Finally there is a last fidelity checking method to compare the totals obtained for the 
synthetic population against the totals expressed in the original data samples. These totals 
are computed for the different crops or product groups considered in each use case. The 
totals are computed for three different variables namely, cultivated area, expressed in 
hectares, crop production, expressed in € and quantity sold expressed in tons. Once totals 
area computed for al crops and for all variables, the ratio between the value expressed by 
the synthetic population versus the value showed by the data sample is obtained. The 
closest the value is to 1 the better the fit of the synthetic population. 
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3 UC1: Environmental impact assessment in the olive 
farming sector in Andalusia 

The first use case presented in this report corresponds to the Andalusian use case. The 
complete use case includes two different analyses, an Ex-ante (2014-2017) analysis and an 
Ex-ante analysis (2018-2020). The core of this use case is the cultivation of organic olive 
groves in Andalusia, although other different farming practices, factors and indicators are 
considered. Andalusia is not a random region chosen for this purpose, but it accounts with 
the regions with the highest production of olive in the world, and hence, this crop is one of 
the most representative in this Spanish region.  

The evolution of the olive groove cultivation is assessed considering the impact of Regional 
Measure 11, promoted by Junta de Andalucia government and which is part of “Programa 
de Desarrollo Rural de Andalucía 2014-2020”. This measure is focused on fostering the 
productive systems based on organic production methods, fostering the care of the 
environment, the promotion of sustainable practices and that respond to the increasing 
demand of products obtained through natural methods. 

In this context, the use case is designed not only to evaluate the current status but also to 
predict the widespread adoption of organic olive farming practices. Both the short-term and 
long-term effects of policies that support organic practices will be assessed. Conclusions 
about the trends in the adoption of organic olive farming will be drawn, considering the 
shift of farmers toward more environmentally conscious production methods. This analysis 
will also serve to provide insights into how environment-friendly practices are influenced 
by policy interventions, and how they can transform the agricultural sector more broadly, 
paving the way for a more resilient and eco-friendly agriculture. 

3.1 Presentation of the data used for the generation of the 
synthetic population  

3.1.1 Used data sources 

The building of the Andalusian use case is sustained on the utilization of RECAN (Red 
Contable Agricola Nacional) database, from the Ministry of Agriculture, Fisheries and Food, 
from the Spanish Governement. RECAN represents a unique complete Spanish data-source 
that allows for evaluating the rent of the agricultural holdings and the impact of the 
agricultural policies that produce on it. As this tool is orchestrated by communitarian 
legislation (Reglamento (CE) 1217/2009 del Consejo, de 30 de Noviembre de 2009), the 
database is driven by similar accountancy principles than other EU countries. This 
harmonization enables for linking and comparing the information contained in RECAN with 
other European databases such as FADN.  

The data comes from surveys made to real holdings selected following a specific Selection 
Plan which is reviewed and updated annually. The dataset contains structured tabular data 
whose records have been anonymized, so data preserves privacy and confidentiality of the 
personnel represented in the sample. In this way, information susceptible to be identifiable 
and linkable to specific individuals has been removed, allowing the data to be used for 
research purposes.  

Originally the database was in a specific tabular data format with original data naming in 
Spanish and divided by the same topics as the ones used in FADN structure. This feature 
allows for a direct transcription through some data processing steps from RECAN structure 
to FADN structure, thus facilitating the homogenization of the data format. 
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After transforming data into FADN format, a total of 2583 variables were available. It is 
worth noting that from this large amount of data, a reduced number of them contained 
records while a large number of them were empty. This data lack is product of the high 
resolution and differentiation on economic profiles and activities which in turn, are a 
representation of the real agricultural sector. 

In addition to RECAN, other data sources of public nature were utilized to build the Andalusian 
use case. It is the case of Eurostat database, a comprehensive source of statistical information 
provided by the European Union. The Eurostat database offers a wide range of data on economic, 
social and environmental aspects across European countries. Agriculture related datasets 
contained in Eurostat have been used to complement specific simulator agent parameters that 
were not available on RECAN.  

Land value survey dataset was used to determine the value of the land in euros per hectare 
according to the land type (dry or irrigated, type of crops, permanent crops or arable land, 
etc..). This variable is used by the simulation module and its value serves to determine the 
land transaction operations. Although the crop resolution level found in this dataset was 
not very high, main crop categories were available, so it served to accurately infer the land 
value for the crops present in the use case. 

Agrarian region is a dataset build from statistical operations performed periodically in 
Spain by the INE (Instituto Nacional de Estadística). It contains detailed information about 
structural features of agricultural holdings, including holding structure, crop and livestock 
distribution, technology and agricultural practices. In this way, agrarian census was used to 
determine specific geospatial regions below NUTS3 level according to the mentioned farm 
features. Hence, similar to reality geospatial distribution are achieved. 

3.1.2 How the data sources were acquired 

Since the RECAN dataset is of private nature, its acquisition was made following the official 
procedure. This procedure encompasses the fulfillment of a set of requisites and conditions 
that guarantee the adequate utilization of the content of the dataset. Among these, the 
compromise to utilize the data uniquely for research purposes in the current project, the 
commitment to do not distribute data to third parties, the preservation of the anonymity of 
holdings represented in the dataset. The data request starts by filling a commitment form, 
which specifies all the clauses to which the receiving entity must adhere in case it receives 
the microdata. 

For the cases where data was publicly available (Eurostat, Land value survey and INE 
database), the target dataset were downloaded by setting some filtering conditions 
including regional and temporal selection, and data was treated accordingly to be used by 
the Agricore modules. 

3.1.3 Data sources limitations 

Although the labor of gathering data aimed to find all the information required to fill the 
agent attributes for the studied use case, some data limitations were found during the 
process. The first limitation was the content of the RECAN dataset. Using other different 
dataset partially mitigated the missing data issue. But even in this way, there still being 
agent attributes not available.  

The following table summarizes the missing information and the pertinence with the agent 
linked variable.  

Agent variable Definition Reason 
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holderSuccessors Whether the agent has 
successors or not.  

RECAN data did not contain this 
information. Additionally, other data 
sources did not contain specifically 
the holder successors distributions 
according farm features.  

holderSuccessorsAge Age of the successor 
who would continue as 
manager of the holding. 

RECAN does not contain this 
information. So it is not possible to 
infer the age of the successors 
according specific farm 
characteristics.  

holderFamilyMembers Number of persons 
making up the family 
for the holding under 
anlaysis 

Again, RECAN does not include this 
information. Possibly, this value can 
affect to anonymisation loss, or 
simply that this parameter is not 
considered in the scope of an 
economical statistical analysis. 

sellingPrice It is the price at which 
agricultural products 
are sold.  

This parameter was not directly 
included in the RECAN dataset. 

lat Latitude of farm 
location coordinates 

Due to anonymisation policies, 
specific farm location was not 
included in the datasets. 

long Longitude of farm 
location coordinates 

Due to anonymisation policies, 
specific farm location was not 
included in the datasets. 

variableCosts Costs derived from the 
production and 
cultivation of a specific 
crop in euros per ton 

The simulator engine needs this 
parameter to compute profitability of 
cultivated crops. 

Table 1. Limitation of data sources and linking to agent parameters 

3.2 Crop grouping analysis 

Crop grouping analysis is an intermediate process applied to each use case datasets to 
simplify the crops managed by the simulation engine by putting attention on those crops 
with higher relevance in the use case. The section Crop grouping: justification and 
methodology contains a detailed description of the reasons, motivations and methods 
studied and applied to perform crop grouping. After carrying out the relevant analysis, 
results for Andalusian use case are shown.  

3.2.1 Distribution of crops in Andalusia 

The first step in crop grouping step is to perform a crop representativeness analysis. This 
analysis will return as result the representativeness of each individual crop according to 
FADN crops nomenclature. Representativeness is not an indicator itself, but it can be 
evaluated according to economical or agricultural factors using variables cultivated area, 
total production and value sales. With these indicators, a ranking has been built using the 
microdata from the Andalusian use case. 
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The list of possible crops contains 103 different FADN codes, for which in turn, conventional 
and organic production are defined. In this way, the representativeness analysis 
encompasses 206 different crop-production method pairs combinations.  

The following pie chart shows the crops sorted by total area parameter: 

 

 

Figure 5. Andalusian crops by cultivated area 

 

Within the top five crops by total area, pasture and meadows and rough grazing together 
account for 35% of the total cultivated area. The next most important crop, unrelated with 
grassland, is olives for oil production. This preponderance and high regional orientation of 
olive cultivation reflects the optimal conditions of the Andalusian region for olive growing, 
the production of high-quality olive oil and its important contribution to the agricultural 
economy of the region. After the olive tree, sunflower cultivation stands out, reflecting its 
importance in crop rotation and oilseed production, being the first arable land in the list by 
land extension. The top five crops is closed by fallow land subject to the payment of 
subsidies, with no economic use, highlighting the role of agricultural policy in land use 
decisions. 

After the top five, different cereal varieties appear as the next crops on the list of 
representativeness. Wheat, including durum wheat and common wheat and spelt amount 
for a total of 9,4%, and cotton account for a 4.5% of the cultivated area, which is also a 
notorious quantity. 

With a lower representation, other crops like sugar beet, vegetables or legumes are present 
in the list, with percentages of around 1% of the total land cultivated. 
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Figure 6. Andalusian crops by sales quantity 

 

As for the quantity of sales, another distribution of crops is obtained. In this case, pasture-
related crops have disappeared from the equation as their main benefit is not the 
production of a measurable quantity, but a reward of another kind. Now, a higher diversity 
in crop cultivation is obtained, indicating high adaptability of the region analysed. 

Olives for oil production represent the 18.3% of the total surface capture by the microdata 
sample. It is followed by sugar beet, which approximately produces 460.000 Tons per year, 
a 21% of the total Spanish production. It is notable in this analysis that various types of 
vegetables occupy the highest positions, indicating high production ratios despite their 
absence in the cultivated area analysis. 

 

Figure 7. Andalusian crops by sales value 

Finally, the economic assessment of the crops present in the list remarks the high 
importance in economic figures of olive cultivation. It is the crop that reports the highest 
economic volume considering all olive related species. 31.1% of the economic value 
generated in the agricultural sector comes from olive tree growth. In other words, out of 
every 100€ generated in the agricultural sector, 31.1€ is attributed to olive growing.  

Fresh vegetables show also their weight in the agricultural sector considering their 
diversity and their representativeness in economic terms. Ranging from tomatoes, fresh 
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vegetables, other vegetables, strawberries, potatoes, and melons, it is notorious that 
farmers from these regions opt to cultivate these crops.  

There is also a significant presence of permanent crops. With the exception of olive tree, it 
is represented by citrus trees, nuts and stone fruit trees. Other notable crops include cotton, 
representing a 3.4% of the economic agricultural output, and a variety of cereals including 
wheat, rice, and maize. 

Overall, this crop variety is favored by optimal climatic conditions, and a fertile soil, which 
ensure excellent conditions for agricultural activities and the achievement of high 
productivity. The region, characterised by mild winters, long growing seasons and warm 
temperatures, offers and ideal environment for crop diversity and adaptation. 

Finally, it is worth nothing that crop under conventional production regime surpass organic 
crops in all the indicators. This means that organic crops will not be used to take crop 
grouping decisions, but conclusions extracted from conventional groups will be applied to 
organic crops. 

 

 

Figure 8. Crop representativeness results for Andalusia 

The figure displays the sorted results for the Andalusian use case according to total area 
represented. In addition to the mentioned indicators, other metrics included area the 
average area that farmers dedicate to the crop, the average percentage of area that the crop 
represents in the holding, and the number of crops that usually farmers combine in average. 

3.2.2 Crop grouping decisions in Andalusia 

Once the distribution of individual crops was analysed, the grouping operations were 
performed. Representativeness has been used to determine which crops, according to their 
similarity and presence in the dataset, should compose a dedicated product group.  

In the case of Andalusia, olive tree cultivation has its own product group. Although the crop’s 
representativeness (in terms of cultivated area and economic weight) already suggests the 
creation of a specific product group for olive, in this use case, olive is primary object of study, 
and some policies linked to the conversion from conventional production methods to 
organic production methods for this crop are analysed.  

Some product groups have been created for individual crop codes. These are cotton, 
sunflower and nuts. The idea behind the creation of such product groups is their high 
representativeness. Although some of them could have been included in other product 
groups, there is enough differentiation between them and other crops and enough crop 
representativeness to create a dedicated group for each, as they are typically used by 
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Andalusian farmers, and it will be interesting to analyse their evolution during the 
simulation periods.  

Citrus crops and fruits trees are another case of permanent crop with significant presence 
in the dataset analysed. While creating a dedicated product group for permanent crops is 
an option, the need to have a specific product group for olive, divides the major permanent 
crops category into three separate groups: olive, citrus and fruit, although fruits is not only 
limited to trees. 

Although with a high variety of vegetables, a specific product group was defined to 
encompass these crops. Thus, tomatoes, lettuce, potatoes, fresh vegetables (both under 
glass or open field), strawberries, garlic and carrots share the same product group. In fact, 
production methods are quite similar for all the crops mentioned, and they also share 
common agricultural practices such as soil preparation, irrigation, and pest management 
techniques. A similar case is cereals.  

Cereals is another product group that encompasses several individual crops. All these crops 
are similar in cultivation methods and schedule, and similar production ratios. Although 
wheat is the most representative cereal in the dataset, several less representative crops 
were added to form a larger group. 

Protein crops is a product group that must be created due to its particular features. 
According to the low representativeness of protein crops in the crops indicators, the most 
straightforward decision would have been to include these crops in other group. But it is 
necessary to create a dedicated product group to nitrogen-fixing crops.  

Set aside group has been defined due to the high representativeness of fallow land observed 
in Figure 5. In this way, the land destined to fallow land is isolated from other crops that 
require regular cultivation and nutrient inputs. 

Other group was created to include all remaining crops. Either by low representativeness 
of the crop or directly the unavailability of the crop in the use case, all crops with no 
interest of study were included in this group. 

This is the final composition of the product groups for the Andalusian use case: 

 

# Product 
group 

Abbreviation Description 

1 Olive OLIV Olive tree and all its varieties and derived 
products 

2 Cereals CER All kind of cereals, including maize, wheat, rice, 
rye, barley… 

3 Vegetables VEG All vegetables species, fresh vegetables, tomatoes, 
lettuce, garlic carrots, and potatoes. 

4 Grazing GRAZ All crops that can be used as fodder or as feed for 
livestock, including pasture, meadows, rough 
grazing, green maize and plants harvested green. 

5 Citrus trees CITRUS Fruit trees dedicated to the cultivation of citrus 
fruit, including oranges, lemons, tangerines… 

6 Fruit FRUIT All types of fruit-producing crops, fruit trees, 
melons, peaches, nectarines, strawberries. 
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7 Protein crops PROT Agricultural plants that are cultivated for their 
high protein content including lentils, chickpeas, 
beans… Crops that serve as nitrogen-fixing. 

8 Set aside SET_ASIDE Fallow land with or without subsidies. 

9 Nuts NUTS Nuts cultivation 

10 Sunflower SUNFL Sunflower cultivation 

11 Cotton COTTON Cotton cultivation 

12 Other OTHER Group of crops with low representativeness or 
without a relevant impact on the use case study. 
Grapes, wooded area, flowers,  

Table 2. Andalusia crops grouping 

 
Figure 9. Andalusia crop grouping result: frequency 
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Figure 10. Andalusia crop grouping result: total area 

 
Figure 11. Andalusia crop grouping result: production quantity 
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Figure 12. Andalusia crop grouping result: sales value 

The above figures show the result of the product grouping operations. There are some 
aspects to remark. Firstly, the frequency graph shows that olive and other groups are the 
most frequent crops according to the current grouping. Although other is a product that a 
priori has not much interest in assessing the policies evolution, its high appearance 
frequency is due to the large number of agglutinated FADN crops, with a total of 49 crops. 
Organic product groups are rarely represented. With the exception of organic olive, organic 
vegetables, and organic nuts, other organic product groups have a close to zero 
representation. In terms of total area, setting aside olive and grazing product groups, all 
remaining product groups are balanced in terms of area. Finally, olive product group, 
although it only encompasses olive tree derived crops and products, is within the most 
representative crops across all the dimensions shown. 
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These results present the final grouping decisions across various indicators. The following 
table provides a more detailed view, illustrating how individual FADN crops, identified by 
their code and description, were categorized using this grouping approach. 
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Table 3. Andalusia use case: crop grouping results 

3.3 Building of the synthetic population 

This section describes how the synthetic population was built for the Andalusian use case. 
For this use case, two different accountancy years were generated: 2014 and 2018. The 
synthetic population generation module generated the number of farms according to the 
real number of farms for each year. Not all existing farms are generated in the synthetic 
population. This is because there are some economic sizes that are not included in the 
microdata sample. Thus, the number of farms generated in the synthetic population for the 
Andalusian use case corresponds to the actual farms with economic sizes exceeding the 
threshold for professional holding, specifically excluding those with economic sizes below 
4000€ which corresponds to economic sizes equal or greater than class 3 according to 
FADN characterization. 

3.3.1 Generation of synthetic data to solve data unavailability 

Data unavailability was an issue faced when generating synthetic population for Andalusia. 
Although the Andalusian use case was not the worst of the scenarios as most of the agent 
attributes were covered, some others were not available in the managed datasets. These 
attributes were described in Table 1. For the different attributes mentioned in the table 
these were the procedures applied to overcome the data unavailability: 

holderSuccessors: using Eurostat data of family structure and distribution this parameter 
was filled.  

holderSuccessorsAge: again, Eurosat data was used to obtain this information according to 
the age distribution of family members. 

holderFamilyMembers: this parameter was estimated using demographic data on family 
sizes and structures from Eurostat to accurately reflect the composition of farm-holder 
families. 

For the cases where synthetic data was generated (holderSuccessors, holderSuccessorsAge, 
and holderFamilyMembers), Kernel Density Estimation (KDE) was used as generation 
method. The generation method utilized for this set of variables follows a specific sequence 
as all variables are interrelated and must follow a logical sequence. This is as follows: 

holderAge -> holderFamilyMembers -> holderSuccessors -> holderSuccessorsAge. 

Firstly, the generator utilizes the holderAge available in the microdata from RECAN 
database to determine the age of the holder age. Based on this age, the generator assigns a 
specific value to holderFamilyMembers, representing the number of individuals in the 
family structure. Depending to this number, there are two scenarios: either family members 
value allows for successors, or they do not. If successors are possible, the last KDE module 
generates a random value following the patterns observed in historical data to determine 
the age of the holder successors. 

sellingPrice: using other variables present in microdata, sellingPrice was inferred. It was 
assumed that all the amount produced was sold in the current accountancy year, so the 
selling price was the ratio between the total value of the sales and the total amount 
produced in euros per ton. In this way, selling price value is variable for each agent.  

lat: latitude parameter was initialized to zero. The simulation engine processes this 
parameter according to other synthetic population variables related with the holding geo-
localisation 
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long: same as latitude parameter. 

Crops variableCosts: crop variable costs were not available for the Andalusian use case. 
Although RECAN dataset did contain the total agricultural costs, specific break down costs 
were not included.  

A mathematical approach has been followed to fill this agent parameter. Using the available 
information total crop costs and total quantity produced per crop, an optimization problem 
has been stated. The details of this mathematical formulation are included in the Annex B, 
as it is a cross-cutting approach followed for all the use cases in the Agricore project. 

 

3.3.2 Use-case's population-specific assumptions 

For the Andalusian use case, the synthetic population generated includes only regions 
within NUTS2 ES61 region. From a general point of view, all entries present in the dataset 
(especially in the RECAN dataset) with missing values are assumed to be zero. 

As mentioned before, only specific economic size categories have been generated, as there 
is no data available for farms with economic sizes below 4000€ in the RECAN database. In 
this regard, it is assumed that there is a large number of farms that will not be included in 
the synthetic population with the subsequent impact on macro indicators. It is notorious 
the amount of farms within this economic range. For example, in 2016 the total number of 
farms in Andalusia including all economic sizes was 244.300. From this figure only 167.250 
felt within economic sizes larger than 4000€. Although there is a notorious sub 
representation, the unavailability of data that describes the distributions, techno 
economical activities, crop specialization and other farms features impedes the generation 
and inclusion of this agricultural sector in the final synthetic population (31,53% of the 
holdings are missing). 

milkVariable costs do not change among farmers. There is a fixed value for all agents 
dedicated to livestock activity with dairy animals. The reliability of the data source found 
facilitates this assumption as no high variations are expected for this parameter. 

regionLevel3, or agrarian region, is considered the variable that expressed the highest geo-
spatial resolution. It is assigned randomly considering the number of farms present in each 
agrarian region according to INE statistics. Although Machine Learning based techniques to 
infer this parameter were tested, results were not satisfactory, and models trend to 
overload some agrarian regions while some other still empty. For this reason, agrarian 
regions assignation was done using empirical statistics, so a balanced farms distribution is 
obtained following real trends. 

With regard to greening area, some assumptions have been taken. If the holding of the 
synthetic population receives the greening subsidy, a variable amount of land less or equal 
than 5% is accounted for greening practices. Additionally, only the area used for crops with 
the Nitrogen fixing flag is included in the greening area. 

3.4 Analysis and verification of the synthetic population 

The content presented in this section depicts the results generated during the synthetic 
population analysis and verification. The methods and techniques utilized to objectively 
assess the synthetic population are described in [SECTION]. The section is organized into 
three main subsections. First, a graphical comparison of the categorical variables is 
presented, followed by a numerical and statistical validation. The section concludes with a 
graphical comparison of the synthetic variables against their counterparts, including 
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histograms of non-zero values, the probability density function, and the cumulative density 
function. This comprehensive presentation of results aims to provide a thorough 
assessment of the work performed and to establish a foundation for conducting realistic 
simulations. 
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3.4.1 Report on the generated population probability distribution vs 
the sample one 

Year 2014 

 

Figure 13. Comparison of Categorical Variables for the Andalusia Use Case 2014 
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Figure 14. Statistical results: Andalusia 2014 (sheet 1) 
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Figure 15. Statistical results: Andalusia 2014 (sheet 2) 



UC1: Environmental impact assessment in the olive farming sector in Andalusia – 41 

 

 

AGRICORE – D7.6 - Use cases building 

 
Figure 16. Statistical results: Andalusia 2014 (sheet 3) 
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Figure 17. Comparison of Continuous Variables: Andalusia Use Case 2014 (sheet 1) 
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Figure 18. Comparison of Continuous Variables: Andalusia Use Case 2014 (Sheet 2) 
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Figure 19. Comparison of Continuous Variables: Andalusia Use Case 2014 (Sheet 3) 
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Figure 20. Comparison of Continuous Variables: Andalusia Use Case 2014 (Sheet 4) 
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Figure 21. Comparison of Continuous Variables: Andalusia Use Case 2014 (Sheet 5) 
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Figure 22. Comparison of Continuous Variables: Andalusia Use Case 2014 (Sheet 6) 
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Table 4. Andalusia use case, 2014: cultivated area ratio comparison 

 
 

 
Table 5. Andalusia use case, 2014: crop production ratio comparison 
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Table 6. Andalusia use case, 2014: quantity sold ratio comparison 
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Year 2018 

 

Figure 23. Comparison of Categorical Variables for the Andalusia Use Case 2018 
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Figure 24. Statistical results: Andalusia 2018 (sheet 1) 
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Figure 25. Statistical results: Andalusia 2018 (sheet 2) 
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Figure 26. Statistical results: Andalusia 2018 (sheet 3) 
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Figure 27. Comparison of Continuous Variables: Andalusia Use Case 2018 (Sheet 1) 
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Figure 28. Comparison of Continuous Variables: Andalusia Use Case 2018 (Sheet 2) 
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Figure 29. Comparison of Continuous Variables: Andalusia Use Case 2018 (Sheet 3) 
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Figure 30. Comparison of Continuous Variables: Andalusia Use Case 2018 (Sheet 4) 
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Figure 31. Comparison of Continuous Variables: Andalusia Use Case 2018 (Sheet 5) 
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Table 7. Andalusia use case, 2018: cultivated area ratio comparison 

 
 

 
Table 8. Andalusia use case, 2018: crop production ratio comparison 
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Table 9. Andalusia use case, 2018: quantity sold ratio comparison 

 

3.5 Definition of the simulation scenario 

3.5.1 Policies scenario in Andalusia 

To trace the policies scenario, the first step is to perform an analysis on the subsidies values 
available in microdata. These values help to better understand the subsidies that typically 
farmers receive. Apart from the overall economic compensation, other relevant factors, are 
possible to determine by analysing the RECAN dataset. These include the years in which the 
subsidy was active, the crops associated in case of coupled subsidies and the economic 
compensation per hectare. 

The information above mentioned is sumarised in a table which contains all the fields 
required by the model to perform the simulations and load the data associated with policies. 
Basically, the information is disposed into two main groups of policies: decoupled policies 
and coupled policies. Decoupled policies are those policies where the actions or incentives 
are independent of the output or production level of the system. These policies provide 
financial support or regulatory conditions without being directly linked to specific 
production choices or levels. On the other hand, coupled policies are those that are directly 
linked to the output or production levels of the system. In this case, the incentives or 
regulations are designed to influence specific actions, such as increasing production of 
certain goods, reducing emissions to a particular level, or meeting other performance-
related metrics.  

In the case of coupled subsidies, the economic compensation has been adjusted for two 
different crop groupings. First, the FADN guide categorizes coupled subsidies by similar 
crops. For example, a subsidy linked to vegetables may apply to several individual crops 
according to the FADN methodology. Additionally, a crop aggregation is used to simplify the 
number of crops managed by the model. These two groupings have been linked by first 
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identifying the crops associated with each subsidy. Then, the crop representativeness from 
the product groups is used to weight the economic compensation of each subsidy according 
to the presence of each crop in the microdata. After this analysis, an approximate economic 
compensation by hectare is obtained for all the subsidies and product groups associated.  

An extra subset of subsidies should be described to fully capture the subsidies appearing in 
the table. These are the new subsidies that were not active in the analyzed data but are 
relevant for the use case in question. Two different subsidies can be identified: “Organic 
conversion of crops” and “Organic olive conversion”, both related to organic farming. In 
these cases, the economic compensations do not rely on computed values or data-derived 
information, but rather on known fixed values, as stipulated by official regulations or policy 
guidelines specific to organic farming practices. 

The information related with subsidies is provided to the model in two artifacts. The first 
one is the set variables contained in the synthetic population that contain the economic 
compensations for the virtual agents. These values will have the trends and 
representativeness shown by the real farmers considering different farming practices. The 
second artifact containing information about subsidies is the table subsidies. This table is 
presented below and contains not only economic compensation information but also other 
key parameters related to the subsidies managed by the simulation engine. The information 
ranges from the description of the subsidy, detailing its characteristics and scope, the 
unique FADN code associated with each subsidy, if the subsidy is coupled or not, and if it is 
coupled, the corresponding product group is also included in the aggregated product 
category. The “Economic Compensation” column shows the average amount received for 
decoupled subsidies by agricultural holding, while for coupled subsidies, it displays the 
compensation per hectare. Additionally, the table includes the years during which the 
subsidy was observable in the analyzed data, as well as labels that characterize the subsidy, 
such as the scheme it belongs to or any associated environmental practices. 

 

Table 10. Subsidies result, Andalusia 
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The subsidies included in the previous table correspond to the default subsidies defined and 
introduced into the platform. This means that using the default configuration to run a 
simulation will only consider the subsidies described in the table above. The interface 
allows the user to add new subsidies when setting the context for a simulation, which occurs 
during the simulation setup process. In this way, the list of subsidies managed by the model 
can be expanded with each new simulation, allowing for a more customized analysis that 
reflects evolving policies or specific user-defined scenarios. 
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4 UC2: Impact assessment on ecosystem services in 
Polish agriculture 

The second use case presented corresponds to the Polish use case. This use case focuses on 
the impact of M10.1-Agri-Environmental-Climate Commitments[12]. This measure is 
promoted under the European Union’s Common Agricultural Policy and it is focused on 
promoting environmentally sustainable farming practices. The measure aims to support 
farmers who voluntarily commit to practices that go beyond the mandatory environmental 
requirements, including the application of sustainable agricultural practices, to conserve 
the biodiversity, protect water resources, improve soil health, and overall, to mitigate 
climate change.  

The general landscape of the application of the measure requires that farmers to adopt 
these practices for a certain number of years, so they can receive the economic 
compensations for the additional costs and income losses associated with implementing 
more sustainable practices in their professional habits. 

The relevance of this use case stems from the high proportion of the rural population in 
Poland, which correlates with a significant number of agricultural holdings. This 
combination of regulatory and social factors creates an ideal context for analyzing the 
impact and implementation of EU environmental goals in a society where agriculture plays 
a crucial role. In alignment with the general commitments of the measure implemented for 
the Polish use case, the overall goals are well-defined. Therefore, the primary objective is to 
examine how farmers can enhance the environmental performance of agriculture while 
simultaneously contributing to broader EU objectives related to climate action and 
biodiversity. 

4.1 Presentation of the data used for the generation of the 
synthetic population 

4.1.1 Used data sources 

The development of the Polish use case involved utilizing a range of datasets to create a 
virtual representation of the agricultural landscape in Poland for the studied agricultural 
campaigns. 

Initially, a data requirement mapping was performed based on the estimations made during 
the project's development phase. The general design and parameterization of the virtual 
agents in the agent-based simulation scenario dictated the data needed to initialize all agent 
parameters. Essentially, these parameters are related to accounting from a farming 
perspective. 

According to this consideration, the most straightforward database available to be used in 
this use case is the Polish branch of the FADN. This is a comprehensive database collected 
by the Polish Agricultural Accountancy Department and follows the same methodologies as 
those used in other FADN member countries, thus emphasising consistency and 
compatibility across all the use case managed in the project.  

However, the request of Polish FADN data was not successful, and alternative databases 
were studied to fulfil the information gap. As contingency action, data was requested to the 
European FADN, who finally provided a dataset for several accountancy years. In this way, 
this database was finally used as starting point to build the Polish use case and obtain 
relevant information about the accountancy and farming activities across various regions 
of Poland.  
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The data was presented in a structured tabular format, gathered from surveys conducted 
on approximately 12,000 agricultural holdings of varying economic sizes and techno-
economic orientations, covering all NUTS2 regions of Poland. As noted, this dataset 
represents a sample of the broader agricultural sector. In fact, the sample is representative 
of around 700,000 farms, meaning that the selected holdings are carefully chosen to reflect 
specific groups and typologies within the sector, ensuring that the data accurately 
represents the diversity of Polish agriculture. The dataset utilised complies with the 
anonymity and confidentiality standards, and omitting any relevant identifiable 
information that may risk the privacy of the agricultural holdings represented.  

One key feature of this dataset is its significant heterogeneity, offering a broad 
representation of diverse farming practices, management styles, economic activities, social 
profiles, and the agricultural landscapes influenced by policy and environmental conditions 
across the entire country. This diversity ensures that the dataset accurately captures the 
complexity of the Polish agricultural sector, allowing for deeper analyses and evaluations of 
the impacts of agricultural policies across multiple dimensions. However, this richness 
presents a challenge from a modelling perspective: for many variables, there is a limited 
number of non-zero records, which can constrain the robustness of certain analyses. 

In addition to the FADN, other public databases were used to develop the Polish use case. 
Among them, Eurostat[13] was the most useful, as it provides a wide range of economic, 
social and environmental data for all European countries. However, despite the diversity of 
information available, the Eurostat dataset could not be used to create instances directly 
targeting farmers. Instead, it was mainly used to obtain statistics, averages and totals for 
the main agricultural indicators. These data were essential to initialise some agent 
parameters from empirical distributions, and also to verify the results obtained after the 
generation of the synthetic population. 

Finally, the Statistical Yearbook of Agriculture[14] was used as a complementary data 
source. This is a comprehensive publication in the scope of agriculture statistics produced 
by the Department of Agriculture of Poland. It is published in intervals of three years and 
covers topics related to the agricultural landscape. Specifically, information pertains to 
basic production factors, agricultural production results, and food economy among others. 
It is a hybrid between the FADN database, as it contains granular information about relevant 
agricultural topics and the Eurostat database, as it does not provide an instance-based 
format, but is based on aggregates and totals.  

4.1.2 How the data sources were acquired 

Two of the mentioned data sources were of public nature. This means that no request or 
formal procedure was necessary to obtain the data. Specifically, both the Eurostat database 
and the Statistical Yearbook of Agriculture are publicly accessible resources, which facilitate 
the retrieval of information without the need for special permissions. This public data 
access supports transparency and ensures that no issues related to data privacy arise, 
especially considering that neither of these datasets includes individual farmer information. 

For the case of the FADN data, a different approach has been followed. The first approach 
made to obtain this data was to directly communicate with the Agricultural Accountancy 
Department, as it is the organization responsible for collection the data. Several requests 
were made to the Dr. Eng. Joanna Pawłowska-Tyszko, the Plenipotentiary Director for the 
FADN and Head of the Department of Accounting and Agricultural Farms, by the end of 
2020. After some administrative operations including the elaboration of a letter to expose 
the necessary use of the data for administrative purposes and the contact with Department 
of Accounting and Agricultural Farms Manager, Dr Eng. Dariusz Osuch, the data request was 
finally denied, arguing confidentiality issues.  
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Ultimately, the issue was resolved, and the data was acquired through a formal request to 
the European FADN. The process was highly bureaucratic, requiring compliance with 
stringent cybersecurity protocols. Additionally, it was extremely time-consuming due to the 
imposed limit on the number of variables, all of which had to be selected and reviewed 
manually. This challenge was further compounded by the lack of prior knowledge regarding 
the most representative crops in the regions under analysis.  
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4.1.3 Data sources limitations 

For this use case several data limitations were found. Unlike other use cases in which the 
use case was built upon the FADN dataset as main dataset, different issues and errors 
provoked that for the Polish use case the FADN dataset did not serve as a comprehensive 
support to determine the actual agricultural landscape. As consequence, some key problems 
were derived from this misalignment in data. 

The first and most significant issue identified was the absence of the variable that indicates 
the representativeness of each farm in the real world, commonly referred to as "weights." 
This variable is crucial as it quantifies how many actual farms are represented by each farm 
included in the sample. As previously noted, the FADN data comprises a sample derived 
from surveys, where not all farms are interviewed. Instead, surveys are conducted with a 
selection of representative farms based on criteria such as economic size, techno-economic 
orientation, and geospatial location (NUTS2). The absence of this representativeness 
variable is a major drawback because it impedes the ability to accurately or directly 
extrapolate the true size of the entire population. Without these weights, the procedure to 
estimate the real size and characteristics of the farm population becomes both inaccurate 
and unfeasible. 

Another significant issue identified is the lack of adequate geospatial resolution in the 
microdata obtained. The ABM model relies on three geospatial resolution levels: NUTS2 
(regional level 1), NUTS3 (regional level 2), and agrarian regions (regional level 3). 
However, the data provided only included NUTS2-level information, without additional 
variables at finer levels of detail. This limitation restricts the accurate geospatial mapping 
of farms and reduces the ability to effectively address weighting issues. Since one of the 
dimensions used to compute weights is geospatial, higher-resolution data would have 
enabled more accurate weight calculations. Moreover, this finer granularity would have 
allowed the identification of distinct patterns in crop cultivation and livestock ownership, 
both of which are critical for determining farm representativeness. 

The data request to the FADN was submitted only once due to the lengthy and complex 
nature of the process. Although the issue primarily impacted the Polish use case—and the 
Greek use case, which will be addressed later—the Spanish and Italian use cases already 
had robust data support from FADN-related institutions. Nonetheless, the request was 
made to cover all countries involved in the AGRICORE project. Given this, the variable 
selection process should have been neutral, particularly for crop-related variables, as 
differing climatic conditions, soil suitability, and socio-economic contexts would naturally 
lead to different trends across countries. However, the selection process unintentionally 
focused on crops that were highly representative of the Spanish and Italian use cases, 
resulting in a biased selection. As a consequence, the microdata for the Polish use case 
includes only a limited and unrepresentative set of crops, while key crops specific to the 
Polish context were overlooked due to this oversight. 

This issue is not limited to crop codes; it also affects several crop-related variables. 
Specifically, the dataset does not break down crop costs by individual crops. Instead, these 
costs are aggregated under the variable SE284, as per the FADN guide. Additionally, the 
dataset lacks land value data specific to crop types. This is a significant omission since land 
quality varies, affecting land value, and permanent crops generally have a higher expected 
value compared to land used for arable or rotational crops. 

In addition to specific crops related variables, two other key variables were missing for all 
crop codes requested. There are the variables related to the production methods applied by 
the holding. One of them expresses the organic farming practices according to four different 
possibilities, being that the farm does not apply organic production methods, the farm 
applies only organic production methods, the farm applies both organic and conventional 
production methods or the farm is converting to organic production methods. Additionally, 
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the other variable missing is the sectors in organic farming in which the farm is specialized. 
This variable is relevant when the farm applies both production methods, as it is the only 
way to determine the sector or crops in which the farm is applying organic production.  

Finally, various social aspects related to farmers were also missing. This issue stems from 
two causes. First, some social variables are absent because they are not directly available 
through the FADN methodology. These include variables such as holder successors, their 
age, and holder family members. Second, there is another set of social parameters that, 
while defined in the FADN methodology, were not requested when the data was collected. 
These include the age and gender of the holder. 

As can be observed, there is an extensive and undesirable list of gaps in the analysis of the 
Polish use case. One potential consequence of these gaps is the distortion and lack of 
representativeness of the agricultural landscape, which could undermine the reliability of 
the simulation results for this use case. To address this issue, either a supplemental data 
request to FADN or a recalibration of the analysis to better account for the incomplete crop 
representation in the Polish context will be necessary. However, neither option is feasible 
in the short term, so these actions should be prioritized as part of the next steps in the 
continuation of the AGRICORE project. 

4.2 Crop grouping analysis 

Crop grouping analysis process was also applied for the Polish use case. This section 
contains the results of the analysis performed to base product grouping actions in informed 
decisions. Additional details are included in section Crop grouping: justification and 
methodology.   

4.2.1 Distribution of crops in the regions of interest  

As in the Andalusian use case, a crop representativeness analysis was performed for Poland. 
This analysis evaluates the representativeness of each crop based on various indicators, 
including the total cultivated area dedicated to each crop, total production, and economic 
indicators. These metrics were used to develop a ranking, ordering the crops according to 
their prevalence in the studied region. 

This use case includes a total of 19 individual crops, as described by FADN. While this is a 
notable reduction compared to the Andalusian use case, it is due to data limitations. When 
factoring in the breakdown between conventional and organic production methods, the 
total number of individual crops increases to 38. 

The following figure presents a pie chart showing the distribution of the individual crops 
based on cultivated area: 
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Figure 32. Polish crops by cultivated area 

 

As can be observed, the main crops reflected in the data belong to the cereal family. Common 
wheat, spelt, and barley, for both organic and conventional production methods, occupy a 
significant portion of the crop distribution. In general, most of the cultivated land is 
dedicated to crops under conventional production methods. This is evident in the trends 
shown in the graph, where crops with a smaller presence are grouped towards the tail of 
the pie chart, with lower percentages. 

A significant presence of pastures and meadows is notable, as they account for nearly 15% 
of the total cultivated area represented, for both conventional and organic production. 

Finally, the distribution of crops based on economic indicators is presented. In contrast to 
the area distribution, different crops emerge as more prominent in terms of gross income. 
Crops with relatively low cultivated areas, such as apples, tobacco, and sugar beet, stand out 
as the dominant crops in terms of economic value. Common wheat and spelt are the only 
crops that maintain a consistent level of representativeness across both cultivated area and 
economic indicators. 
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Figure 33. Polish crops by sales quantity 

In general, the data shown indicates a clear lack of crop related information due to the 
missing crops when requesting the data to the FADN. Despite this fact a crop 
representativeness analysis has been performed. It is possible to assume that, the crop 
variety is very low, and most of the most representative and important crops for the current 
use case are missing. 

 

 

Table 11. Crop representativeness results for Poland 

The above table contains all the information generated from the crop grouping analysis for 
the Polish use case. Crops have been ranked according to the total area dedicated to each. 
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4.2.2 Crop grouping decisions in Poland 

After analyzing the distribution of individual crops, a crop grouping transformation has 
been defined. The objective is to link each individual FADN crop to a defined ad-hoc product 
group based on crop similarities, representativeness, and relevance to the use case. 

Both the area dedicated to each crop and economic indicators have been crucial in 
determining the product groupings. 

Cereals represent the most significant family of crops, considering both area and economic 
impact. This group includes wheat, barley, oats, and other cereals, which share similar 
cultivation methods, campaigns, and production ratios. 

Sugar beet ranks as the fourth most economically significant crop. Given the lack of similar 
crops, it was decided to create a separate product group for sugar beet, as it differs from the 
other individual crops. 

Fruit product group was created to encompass all individual permanent crops present in 
the microdata, with apples standing out as the unique but highly representative crop in 
economic terms. 

Grazing product group includes pastures in various forms, mainly used as livestock feed. 

Maize has its own product group due to its possibilities during the simulation. Although it 
is a minority crop, it can server as feed for livestock, so it will have special product group 
characterization, so an isolated product group is defined to that end. 

Potato product group was created due to the lack of similar crops in the microdata. Although 
adding potatoes to the "other" group was considered, this would have reduced the 
variability of crops managed in the use case. 

Protein product group is defined by nitrogen-fixing crops, such as soybean, sunflower, 
beans, chickpeas, flax, and lentils. This group is essential for each use case, as the simulation 
engine needs to recognize it for model execution. Therefore, the decision is based on 
technical requirements rather than macro indicators. 

Other group was created to include remaining crops, either due to low representativeness 
or their absence from the use case. Tobacco, a non-common crop, is included here to balance 
indicators with other crops in this group. 

The final product groups for crops defined are presented in the table below: 
 

# Product 
group 

Abbreviation Description 

1 Sugar beet BEET Olive tree and all its varieties and derived 
products 

2 Cereals CER All kind of cereals, including maize, wheat, rice, 
rye, barley… 

3 Fruit FRUIT All types of fruit-producing crops, especially for 
the case of apples. 

4 Grazing GRAZ All crops that can be used as fodder or as feed for 
livestock, including pasture, meadows, rough 
grazing, green maize and plants harvested green. 

5 Maize MAIZE Maize crop for different purposes, including the 
production of grain and livestock food as fodder 
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6 Potato POTATO All types of potato. 

7 Protein crops PROT Agricultural plants that are cultivated for their 
high protein content including lentils, chickpeas, 
beans… Crops that serve as nitrogen-fixing. 

8 Other OTHER Group of crops with low representativeness or 
without a relevant impact on the use case study. 
Grapes, wooded area, flowers,  

Table 12. Andalusia crops grouping 

 

 
Figure 34. Poland crop grouping result: frequency 

 
Figure 35. Poland crop grouping result: total area 
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Figure 36. Poland crop grouping result: production quantity 

 
Figure 37. Andalusia crop grouping result: sales value 

The above figures show the results of the product grouping operations for the Polish use 
case. As previously mentioned, the results are strongly biased due to the lack of data for the 
most representative crops. Cereals stand out as the most representative product group in 
this classification, and this dominance is evident across all the analyzed parameters. Unlike 
the previous use case, the imbalance between conventional and organic production 
methods is less pronounced here. For most of the defined product groups, the difference is 
now below one order of magnitude.  
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The following table describes all the links identified for the current use case according to 
the product groups defined: 

 

Table 13. Poland use case: crop grouping results 
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4.3 Building of the synthetic population 

This section outlines the process used to build the synthetic population for the Poland use 
case. Two distinct accountancy years, 2014 and 2018, were generated for this use case. The 
synthetic population generation module created farms based on the actual number of farms 
for each year. However, not all existing farms were included in the synthetic population, as 
certain farms with smaller economic sizes were not represented in the microdata sample. 
As a result, the synthetic population for Poland consists of farms with economic sizes above 
the threshold for professional holdings, specifically excluding those below €4,000, which 
aligns with farms in economic size class 3 or higher according to FADN classification. 

4.3.1 Generation of synthetic data to solve data unavailability 

The building of the Poland use case faced strong challenges when generating the synthetic 
population. The main issue was the lack of variables in the base dataset, as explained in 
previous sections of the present document. When possible, different alternative data 
sources have been used to extract information and fill the encountered gaps, although the 
alternative data sources did not contain information specific to each individual farm. 

The main challenge in this use case was addressing the missing weights variable, which 
quantifies the representativeness of each farm within the dataset. To overcome this gap, the 
Empirical Likelihood (EL) method to estimate these weights was utilized. 

Empirical Likelihood is a non-parametric statistical technique that allows for the estimation 
of probability distributions without making strong assumptions about the underlying data 
distribution. This method is particularly useful when dealing with incomplete or missing 
data, as it leverages the available data to estimate parameters in a way that is robust to 
model assumptions. 

The application of the method starts with a data aggregation on the available data to 
compute the totals by crop and then to compute the averages. In this case, both cultivated 
area, crop production and economic indicators were utilized. Then, by using the empirical 
likelihood function, different weightings of the farms are computed. After that, an 
optimization process is applied to maximize the empirical likelihood function and hence the 
representativeness of each farm according to the totals and averages obtained. And finally, 
the optimized weights are extracted to be used as the representativeness of each farm in 
the dataset. 

Although this method can differ from the real representativeness of farms, the results 
showed a reliable view of how each farm in the synthetic population corresponds to the 
actual farms, and allowing for the extrapolation of the sample. 

Other social aspect variables were supplemented using the Eurostat database. Key 
statistical indicators for each variable were identified and integrated with the FADN 
microdata. This included data on farm structure, age distribution of family members, and 
other relevant indicators, which were crucial for filling these information gaps. 

The selling price for crops was calculated by dividing the total sales amount in euros by the 
total tons sold during the accounting year. 

Regarding geospatial location, Eurostat databases were utilized to compute the probability 
distributions for each region at level 2 (NUTS3) and level 3 (agrarian region). This provided 
the necessary geospatial resolution for the model. 

Finally, variable costs per crop were computed by solving an optimization problem. Details 
about the procedure applied are included in Annex B. 
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4.3.2 Use-case's population-specific assumptions 

The Polish use case was generated with a geospatial limitation, focusing on the Lubelskie 
region (PL81 NUTS2 code). It was assumed that any missing entries in the microdata 
represent zero values. Economic size limitations also apply to this use case. The FADN 
economic size classification does not include the three smallest categories, which 
correspond to economic sizes below €4,000. Consequently, the synthetic population will 
only reflect the data available, excluding farms with these unrepresented economic sizes. 

 

Additionally, assumptions were made regarding milk variable costs, as this information was 
not available in the database. A constant value was imputed based on trends observed in 
the Statistical Yearbook of Agriculture. 

For the greening area, the following assumptions were applied: If a synthetic holding 
receives the greening subsidy, a variable amount of land, no more than 5%, is allocated to 
greening practices. Furthermore, only areas used for crops with the nitrogen-fixing flag are 
included in the greening area calculation. 

4.4 Analysis and verification of the synthetic population 

The content presented in this section depicts the results generated during the synthetic 
population analysis and verification. The methods and techniques utilized to objectively 
assess the synthetic population are described in 2.4Techniques to compare and assess 
synthetic population fidelity. Due to the absence of categorical variables in the original 
dataset, comparisons for these variables have been omitted. Numerical and statistical 
validations for the remaining variables in the synthetic population are provided for both 
simulation years. Finally, the goodness-of-fit analysis includes a totals comparison, where 
ratios for key crop-related variables are examined. 
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4.4.1 Report on the generated population probability distribution vs 
the sample one 

Year 2014 

 

Figure 38. Statistical results: Poland 2014 (sheet 1) 
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Figure 39. Statistical results: Poland 2014 (sheet 2) 
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Figure 40. Statistical results: Poland 2014 (sheet 3) 
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Figure 41. Statistical results: Poland 2014 (sheet 1) 
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Figure 42. Statistical results: Poland 2014 (sheet 2) 
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Figure 43. Statistical results: Poland 2014 (sheet 3) 
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Figure 44. Statistical results: Poland 2014 (sheet 4) 



UC2: Impact assessment on ecosystem services in Polish agriculture – 83 

 

 

AGRICORE – D7.6 - Use cases building 

 

Figure 45. Statistical results: Poland 2014 (sheet 5) 



UC2: Impact assessment on ecosystem services in Polish agriculture – 84 

 

 

AGRICORE – D7.6 - Use cases building 

 

Figure 46. Statistical results: Poland 2014 (sheet 6) 
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Figure 47. Statistical results: Poland 2014 (sheet 7) 
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Figure 48. Statistical results: Poland 2014 (sheet 8) 
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Figure 49. Statistical results: Poland 2014 (sheet 9) 
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Figure 50. Statistical results: Poland 2014 (sheet 10) 
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Figure 51. Statistical results: Poland 2014 (sheet 11) 
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Table 14. Poland use case, 2014: cultivated area ratio comparison 

 
 

 
Table 15. Poland use case, 2014: crop production ratio comparison 
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Table 16. Poland use case, 2014: quantity sold ratio comparison 

Year 2018 
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Figure 52. Statistical results: Poland 2018 (sheet 1) 
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Figure 53. Statistical results: Poland 2018 (sheet 2) 
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Figure 54. Statistical results: Poland 2018 (sheet 3) 
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Figure 55. Comparison of Continuous Variables: Poland Use Case 2018 (Sheet 1) 
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Figure 56. Comparison of Continuous Variables: Poland Use Case 2018 (Sheet 2) 
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Figure 57. Comparison of Continuous Variables: Poland Use Case 2018 (Sheet 3) 
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Figure 58. Comparison of Continuous Variables: Poland Use Case 2018 (Sheet 4) 
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Figure 59. Comparison of Continuous Variables: Poland Use Case 2018 (Sheet 5) 



UC2: Impact assessment on ecosystem services in Polish agriculture – 100 

 

 

AGRICORE – D7.6 - Use cases building 

 

Figure 60. Comparison of Continuous Variables: Poland Use Case 2018 (Sheet 6) 
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Figure 61. Comparison of Continuous Variables: Poland Use Case 2018 (Sheet 7) 
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Figure 62. Comparison of Continuous Variables: Poland Use Case 2018 (Sheet 8) 
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Figure 63. Comparison of Continuous Variables: Poland Use Case 2018 (Sheet 9) 
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Figure 64. Comparison of Continuous Variables: Poland Use Case 2018 (Sheet 10) 
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Figure 65. Comparison of Continuous Variables: Poland Use Case 2018 (Sheet 11) 



UC2: Impact assessment on ecosystem services in Polish agriculture – 106 

 

 

AGRICORE – D7.6 - Use cases building 

 

Figure 66. Comparison of Continuous Variables: Poland Use Case 2018 (Sheet 12) 
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Figure 67. Comparison of Continuous Variables: Poland Use Case 2018 (Sheet 13) 
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Figure 68. Comparison of Continuous Variables: Poland Use Case 2018 (Sheet 14) 
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Table 17. Poland use case, 2018: cultivated area ratio comparison 

 

 
Table 18. Poland use case, 2018: crop production ratio comparison 
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Table 19. Poland use case, 2018: quantity sold ratio comparison 

4.5 Definition of the simulation scenario: 

4.5.1 Policies scenario: Poland 

To trace the policy scenarios, the initial step involves analyzing the subsidy values available 
in the microdata. These values provide insights into the typical subsidies received by 
farmers. In addition to overall economic compensation, other relevant details can be 
determined from the FADN dataset, including the years when subsidies were active, the 
crops associated with coupled subsidies, and the economic compensation per hectare. 

This information is summarized in a table that includes all necessary fields for the model to 
conduct simulations and incorporate policy-related data. The data is categorized into two 
main policy groups: decoupled and coupled policies. Additional details about the table are 
available in section 3.5.1Policies scenario in Andalusia 

 

Table 20. Subsidies result, Poland 
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5 UC3: Socio-economic impact assessment in Greek 
agriculture 

The third use case included is the Greek use case. This use case is focuses on assessing the 
impact of Sub-Measure 6.1, “Start-up Aid for Young Farmers”[15], which is part of the Greek 
Rural Development Programme for 2014-2020. This sub-measure aims to enhance the 
competitiveness of Greek agriculture by focusing on generational renewal and fostering 
entrepreneurial spirit among young farmers. Greece faces a significant demographic 
challenge in its rural areas, characterized by a very low proportion of young farmers and a 
high percentage of elderly farmers. This demographic imbalance poses difficulties for the 
future development of the sector. Given that a substantial portion of the Greek workforce is 
employed in agriculture, evaluating the socio-economic impact of Sub-Measure 6.1 is 
crucial. 

The measure is designed to address the demographic challenges faced by Greece, including 
the low proportion of young farmers and the high percentage of older farmers. By 
encouraging the next generation to engage in agriculture, this sub-measure aims to 
rejuvenate the rural workforce and sustain agricultural productivity. 

Given the significant role of agriculture in Greece and its impact on the rural economy, this 
use case is particularly relevant. It provides an opportunity to assess how effectively Sub-
Measure 6.1 can contribute to achieving EU objectives related to rural development and 
agricultural sustainability. The focus is on evaluating the success of initiatives that promote 
age renewal and enhance the competitiveness of young farmers, ultimately supporting the 
broader goals of economic revitalization and sectoral innovation in Greek agriculture. 

This use case is focused on the region of Central Macedonia, where agriculture plays a vital 
role in the local economy, but also represents one of the most productive agricultural areas 
in the overall Greek agricultural landscape. 

5.1 Presentation of the data used for the generation of the 
synthetic population 

5.1.1 Used data sources 

The Greek use case development is sustained on the utilization of the FADN microdata. In 
this case, the organizations in charge of gathering this data is the Ministry of Agricultural 
Development of the Greek government together with the Hellenic Statistical Authority 
(ELSTAT). These organisms are in charge of organizing and control the FADN program at 
Greece level. For that, they define the features of the farms that should be surveyed to carry 
out the surveys to build the annual FADN sample.  

Similar to other use cases, FADN microdata is crucial for constructing this use case. The 
diverse range of variables covering various aspects of the agricultural sector provides a 
comprehensive view of farmers' realities. This includes economic, social, and management 
dimensions, allowing for a nuanced and multi-faceted portrayal of agricultural practices. 

The process of acquiring this data was started by AUTH. For that, AUTH contacted with Unit 
of Agricultural Policy, Documentation, and International Relations at Ministry of 
Agricultural Development and Food. Dr. Apostolos Polymeros, Policy Officer and Head of 
the Unit, was thoroughly briefed on the AGRICORE project and its research objectives. As 
result, the AUTH team was granted access to the Greek FADN datasets for the years 2015, 
2016, 2017, and 2018 in early 2021. 
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The data was organized into a detailed tabular format, derived from surveys conducted on 
approximately 4.700 agricultural holdings throughout Greece regions. This sample 
provides an insight into the broader agricultural landscape, representing a variety of 
economic sizes and techno-economic profiles. It is carefully selected to ensure it mirrors the 
broader spectrum of Greek agriculture. The dataset follows rigorous confidentiality and 
anonymity protocols to protect the privacy of the agricultural holdings involved. 

In constructing the Greek use case, additional data sources were utilized alongside the 
FADN dataset. Eurostat [13] emerged as a key resource, offering a wide array of accessible 
economic, social, and environmental data. Its comprehensive coverage and user-friendly 
interface make it a valuable complement to the primary FADN data. 

5.1.2 Data sources limitations 

Greek use case building found meaningful limitations when building, similar as the ones 
occurred when building the Polish use case. In essence, limitations were similar, as in this 
case, farms representativeness were also missing. Again, statistical techniques must to be 
applied to overcome this situation. 

An important issue was the inadequate geospatial resolution of the microdata. The ABM 
model requires data at NUTS2, NUTS3, and agrarian region levels, but only NUTS2-level data 
was provided. This limitation impairs precise farm mapping and complicates the weighting 
process. Higher-resolution data would have improved weight accuracy and revealed critical 
patterns in crop and livestock management essential for assessing farm representativeness. 

The dataset once again faced limitations due to the restricted number of included crops. 
Many crops were omitted, resulting in reduced heterogeneity and representativeness. 
Additionally, crucial social features were missing from the FADN dataset, such as 
information on ages and family successors. 

5.2 Crop grouping analysis 

This section explain the different results obtained from the crops analysis to perform the 
crop grouping as well as the final decisions made and crops links established for the 
available crops. Additional details are included in section Crop grouping: justification and 
methodology.   

5.2.1 Distribution of crops in the regions of interest  

The decisions made on the product grouping are sustained on the typical 
representativeness analysis performed in previous use cases. Same indicators as in other 
cases were utilized to take the final decisions according to crop affinity, total cultivated area, 
economic indicators or alignment with the use case objectives. 

This use case includes a total of 23 individual crops, as described by FADN. While this is a 
notable reduction compared to the Andalusian use case, it is due to data limitations. When 
factoring in the breakdown between conventional and organic production methods, the 
total number of individual crops increases to 46. 

The following figure presents a pie chart showing the distribution of the individual crops 
based on cultivated area: 
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Figure 69. Greek crops by cultivated area 

 

The most representative crop family is cereals, with wheat, in its various forms such as 
durum wheat and other wheat species, leading in terms of cultivated area, both under 
conventional and organic production methods. Grain maize is also significant, accounting 
for almost 10% of the total cultivated area. Tobacco, though less common, holds meaningful 
representation in the crop landscape, ranking seventh overall. 

 

 

Figure 70. Greek crops by sales quantity 
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The figure above shows the economic weight of each crop in the region. Surprisingly, 
tobacco holds the top position, indicating that this crop plays a significant role in Central 
Macedonia. Grain maize also has substantial economic importance, contributing to 13% of 
the region's total agricultural economic activity. Several cereal species follow in terms of 
economic representativeness. Additionally, some vegetable varieties, with higher economic 
weight than their share of cultivated area, hold a notable portion of the region's agricultural 
economy. 

Despite a broader crop representation compared to the Polish use case, there is still a 
noticeable misrepresentation in crop variety. Based on these indicators, adjustments in 
crop aggregation decisions will be necessary. 

 

 

Table 21. Crop representativeness results for Greece 

The above table contains all the information generated from the crop grouping analysis for 
the Greek use case. Crops have been ranked according to the total area dedicated to each. 

5.2.2 Crop grouping decisions in Greece 

Following the analysis of individual crop distribution, a crop grouping transformation has 
been established. The goal is to align each FADN crop with a designated product group, 
considering crop similarities, representativeness, and relevance to the specific use case. 

Cereals represent the most significant family of crops, considering both area and economic 
impact. This group includes wheat, barley, oats, and other cereals, which share similar 
cultivation methods, campaigns, and production ratios. 
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Fruit product group was created to encompass all individual permanent crops present in 
the microdata, with apples standing out as the unique but highly representative crop in 
economic terms. 

Grazing product group includes pastures in various forms, mainly used as livestock feed. 

Maize has its own product group due to its possibilities during the simulation. Although it 
is a minority crop, it can server as feed for livestock, so it will have special product group 
characterization, so an isolated product group is defined to that end. 

Potato product group has been created considering the overall weight of the original crops 
related with potato in the economic landscape. 

Protein product group is defined by nitrogen-fixing crops, such as soybean, sunflower, 
beans, chickpeas, flax, and lentils. This group is essential for each use case, as the simulation 
engine needs to recognize it for model execution. Therefore, the decision is based on 
technical requirements rather than macro indicators. 

Tobacco has been assigned its own product group due to its distinct characteristics 
compared to other agricultural products and its leading position in terms of economic 
significance for the entire region. 

Vegetables product group includes both onions and carrots. The decision to create a 
separate group for these crops was made to enhance the use case by increasing the 
variability and diversity of crop selection options. 

Other group was created to include remaining crops, either due to low representativeness 
or their absence from the use case. Tobacco, a non-common crop, is included here to balance 
indicators with other crops in this group. 

The final product groups for crops defined are presented in the table below: 
 

# Product 
group 

Abbreviation Description 

1 Cereals CER All kind of cereals, including wheat, rice, rye, 
barley… 

2 Fruit FRUIT All types of fruit-producing crops, especially for 
the case of apples. 

3 Grazing GRAZ All crops that can be used as fodder or as feed for 
livestock, including pasture, meadows, rough 
grazing, green maize and plants harvested green. 

4 Maize MAIZE Maize crop for different purposes, including the 
production of grain and livestock food as fodder 

5 Potato POTATO All types of potato. 

6 Protein crops PROT Agricultural plants that are cultivated for their 
high protein content including lentils, chickpeas, 
beans… Crops that serve as nitrogen-fixing. 

7 Tobacco TOBACCO Cultivation of tobacco. 

8 Vegetables VEG All kind of vegetables, including onions, and 
carrots. 
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8 Other OTHER Group of crops with low representativeness or 
without a relevant impact on the use case study. 
Grapes, wooded area, flowers,  

Table 22. Greece crops grouping 

 

 
Figure 71. Greece crop grouping result: frequency 

 

 

Figure 72. Greece crop grouping result: total area 
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Figure 73. Greece crop grouping result: production quantity 

 

 

Figure 74. Greece crop grouping result: sales value 

The figures above illustrate the results of the product grouping process for the Greek use 
case. While the outcomes may exhibit a slight bias due to the moderate diversity of crops, 
the grouping was conducted based on key indicators derived from the available data. 

The next table illustrates all the links identified for the current use case according to the 
product groups defined: 
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Table 23. Poland use case: crop grouping results 
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5.3 Building of the synthetic population 

This section outlines the process used to build the synthetic population for the Greece use 
case. Two distinct accountancy years, 2014 and 2018, were generated for this use case. The 
synthetic population generation module created farms based on the actual number of farms 
for each year according to the representativeness found in the FADN microdata. In 
consequence, some economic size ranges were not included in the generation process as 
they did not appear in the base image of the real agricultural structure for the region of 
Central Macedonia. 

5.3.1 Generation of synthetic data to solve data unavailability 

As in the Polish use case, the main challenge to generate synthetic populations for Greece 
has been to compute accurate weights that allow to represent rigorously the real 
representativeness of the farms in base to specific crop related indicators. Details about the 
process and methods applied can be found in 4.3.1Generation of synthetic data to solve data 
unavailability. 

Although this method may not perfectly capture the true representativeness of farms, it 
provides a reliable approximation of how each farm in the synthetic population aligns with 
actual farms, thereby triggering the possibility to generate a synthetic population from the 
original sample. 

To address gaps in social aspect variables, data from the Eurostat database was used. Key 
statistical indicators were identified and merged with the FADN microdata, covering farm 
structure, age distribution of family members, and other relevant metrics essential for 
completing the information set. 

Crop selling prices were calculated by dividing the total sales revenue in euros by the total 
tons sold during the accounting year. 

For geospatial data, Eurostat databases were employed to determine probability 
distributions for regions at NUTS3 and agrarian levels, ensuring the required geospatial 
resolution for the model. 

Lastly, variable costs per crop were determined through an optimization process, with 
procedural details provided in Annex B. 

5.3.2 Use-case's population-specific assumptions 

The Greek use case was created with a geospatial limitation, concentrating on the Central 
Macedonia region (EL52 NUTS2 code). It was assumed that any missing entries in the 
microdata equate to zero values. Economic size constraints are also applicable to this use 
case. The FADN economic size classification excludes the three smallest categories, which 
represent economic sizes below €4,000. As a result, the synthetic population will only 
reflect the available data, omitting farms with these unrepresented economic sizes. 

With regard to the greening area calculation, a variable portion of land up to 5% is 
designated for greening practices if a synthetic holding qualifies for the greening subsidy. 
Additionally, for the calculation of greening area only land used for crop with nitrogen-
fixing properties is considered. 



UC3: Socio-economic impact assessment in Greek agriculture – 120 

 

 

AGRICORE – D7.6 - Use cases building 

5.4 Analysis and verification of the synthetic population 

This section presents the outcomes of the synthetic population analysis and verification. 
The methods and techniques used for objectively evaluating the synthetic population are 
detailed in the section on Techniques to Compare and Assess Synthetic Population Fidelity. 
Due to the lack of categorical variables in the original dataset, comparisons for these 
variables have been excluded. Numerical and statistical validations for the remaining 
variables in the synthetic population are provided for both simulation years. Finally, the 
goodness-of-fit analysis includes a comparison of totals, focusing on ratios for key crop-
related variables.  
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5.4.1 Report on the generated population probability distribution vs 
the sample one 

Year 2014 

 

Figure 75. Statistical results: Greece 2014 (sheet 1) 
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Figure 76. Statistical results: Greece 2014 (sheet 2) 
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Figure 77. Statistical results: Grece 2014 (sheet 3) 
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Figure 78. Statistical results: Greece 2014 (sheet 1) 
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Figure 79. Statistical results: Greece 2014 (sheet 2) 
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Figure 80. Statistical results: Greece 2014 (sheet 3) 
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Figure 81. Statistical results: Greece 2014 (sheet 4) 
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Figure 82. Statistical results: Greece 2014 (sheet 5) 
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Figure 83. Statistical results: Greece 2014 (sheet 6) 
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Figure 84. Statistical results: Greece 2014 (sheet 7) 
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Figure 85. Statistical results: Greece 2014 (sheet 8) 
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Figure 86. Statistical results: Greece 2014 (sheet 9) 
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Figure 87. Statistical results: Greece 2014 (sheet 10) 
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Figure 88. Statistical results: Greece 2014 (sheet 11) 
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Figure 89. Statistical results: Greece 2014 (sheet 12) 
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Figure 90. Statistical results: Greece 2014 (sheet 13) 
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Figure 91. Statistical results: Greece 2014 (sheet 14) 
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Figure 92. Statistical results: Greece 2014 (sheet 15) 
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Figure 93. Statistical results: Greece 2014 (sheet 16) 
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Table 24. Greece use case, 2014: cultivated area ratio comparison 

 

 
Table 25. Greece use case, 2018: crop production ratio comparison 
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Table 26. Andalusia use case, 2014: quantity sold ratio comparison 
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Year 2018 

 
Table 27. Statistical results: Greece 2018 (sheet 1)  
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Table 28. Statistical results: Greece 2018 (sheet 2) 
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Table 29. Statistical results: Greece 2018 (sheet 3) 
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Figure 94. Statistical results: Greece 2018 (sheet 1) 
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Figure 95. Statistical results: Greece 2018 (sheet 2) 
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Figure 96. Statistical results: Greece 2018 (sheet 3) 
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Figure 97. Statistical results: Greece 2018 (sheet 4) 
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Figure 98. Statistical results: Greece 2018 (sheet 5) 
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Figure 99. Statistical results: Greece 2018 (sheet 6) 
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Figure 100. Statistical results: Greece 2018 (sheet 7) 
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Figure 101. Statistical results: Greece 2018 (sheet 8) 
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Figure 102. Statistical results: Greece 2018 (sheet 9) 
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Figure 103. Statistical results: Greece 2018 (sheet 10) 
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Figure 104. Statistical results: Greece 2018 (sheet 11) 
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Figure 105. Statistical results: Greece 2018 (sheet 12) 
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Figure 106. Statistical results: Greece 2018 (sheet 13) 
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Figure 107. Statistical results: Greece 2018 (sheet 14) 
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Figure 108. Statistical results: Greece 2018 (sheet 15) 
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Figure 109. Statistical results: Greece 2018 (sheet 16) 
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Table 30. Greece use case, 2018: cultivated area ratio comparison 

 

 
Table 31. Greece use case, 2018: crop production ratio comparison 
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Table 32. Greece use case, 2018: quantity sold ratio comparison 

5.5 Definition of the simulation scenario: 

5.5.1 Policies scenario: Greece 

To depict the basic subsidies scenario, the Greek use case has followed an approach similar 
to the ones described in section 3.5.1Policies scenario in Andalusia. Accordingly the 
following table shows al the subsidies considered for this use case as well as the parameters 
related, including the economic compensations and product groups affected for the cases of 
coupled subsides. 

 

Table 33. Greece use case: subsidies 
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6 UC4: An additional use case for the Agricore project: use 
case Italy 

The last use case presented in this report corresponds to the Italian use case. This use case 
was not originally projected but it was born as an initiative to UNIPR and their possibility 
to access to farms microdata (RICA database). The goal of this use case is to test and validate 
the short-term period model and to assess the impact of introducing different levels of CO2 
taxation on GHG emissions produced by the livestock activity. As a general consideration, 
this use case focuses on a specific region in the north of Italy, Emilia-Romagna.  

6.1 Presentation of the data used for the generation of the 
synthetic population (Data Sources Analysis) 

6.1.1 Used data sources 

The construction of the Italian use case is based on the use of the FADN (Rete di 
Informazione Contabile Agricola) dataset as the main source of information. The FADN 
database is a comprehensive data source expressing the economic performance of 
agricultural holdings. It is an essential dataset for the mission at hand, as it constitutes a 
comprehensive resource aligned with the purposes of the project, and allows to understand 
the possible repercussions and effects of specific agricultural policies and environments on 
multiple dimensions of the Italian agricultural sector. This credibility is supported by a 
reliable source and a standardized approach to data covering economic, social and 
environmental factors. 

The alignment of this dataset with the project not only relies on the information contained, 
but also in the guidelines established to create it. These guidelines are marked by the EU-
wide Farm Accountancy Data Network, and hence RICA operates under the same 
harmonized rules (Council Regulation (EC) No 1217/2009 of November 30, 2009). Thus, 
the accounting principles and methodologies followed in the compilation of the FADN 
database are common to the compilation of other comparable databases produced by other 
EU countries. This valuable feature facilitates comparisons of data between different 
countries and the integration with European datasets in a single form. In this case, FADN, 
RECAN and RICA have followed a straightforward integration process by just overcoming 
minor differences in variables naming and datasets structure that Synthetic Population 
Generation module easily manages in an automated way. The module directly maps the 
different variables useful for the agents initialization and makes the appropriate conversion 
by just knowing the use case to be processed and the year of analysis. 

The data presented in the RICA dataset comes from surveys conducted on a representative 
sample of real agricultural holdings. Like other survey-based datasets referenced in this 
project, RICA follows a specific and rigorous selection plan that is reviewed and updated 
annually. This approach ensures a comprehensive coverage and representativeness across 
a diverse range of agricultural sectors, providing a reliable reflection of the economic and 
operational realities of Italian farms.  

Likewise in other mentioned databases, information is presented as an anonymized 
structured tabular dataset. Sensible information is omitted or removed, and the selection 
methods ensure that potentially identifiable farms are not included in the data to safeguard 
personal and sensitive information. In this way privacy and confidentiality are guaranteed, 
and thus the dataset can be utilized in a broad set of usages, including research, policy 
evaluation and other purposes.  
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In figures, originally the sample composing dataset contains 11.000 farms which represent 
a total of 566.338 farms in the field of observation, covering a wide ratio of total agricultural 
land (93% ~ 11.678 thousands of hectares). Its wider cover compared to other EC databases 
allows for carrying out agricultural at heterogeneous levels.  

6.1.2 How the data sources were acquired (public / private nature) 

RICA data acquisition was facilitated through UNIPR. This organization requested datasets 
for different accountancy years covering the entirety of Italy. 

As an academic and research organization, UNIPR is categorized as an eligible entity, 
particularly considering that the data is being used for agricultural research and policy 
analysis. They followed the formal procedure, submitting a request that included detailed 
information about the organization, the intended use of the data, and the procedures in 
place to ensure the protection of any personal or sensitive data. 

Eventually, the data was provided, granting access to download the requested datasets. In 
this case, the datasets covered the years 2018, 2019, and 2020. 

6.1.3 Data sources limitations (what is missing) 

The Italian use case benefited from the advantage of being supported by the RICA dataset. 
Unlike other use cases, the broad diversity of agriculture-related variables contained within 
this dataset helped to cover all the fields required to define the agent parameters. Indeed, 
the conceptual framework of the model required the definition of several agent parameters, 
despite uncertainty about the availability of relevant data. The analysis of the RICA dataset 
confirmed that these parameters could be populated with reliable information. 

This advantage is the result of a meticulous data-gathering campaign, which included 
detailed information about agricultural holdings and captured various aspects of 
agricultural activity, economic performance, and the structure of the farms. Unlike other 
datasets, this one specifically included crop costs, which were readily available in the 
original dataset. 

Due to these reasons, no significant limitations in the data sources used for the Italian use 
case were encountered, and therefore, there was no need to merge different datasets. 

6.2 Crop grouping analysis 

The crop grouping analysis for the Italian use case has been made following strict objective 
representativeness and crop affinity reasons. For this use case no outstanding crops have 
been considered.  

6.2.1 Distribution of crops in the regions of interest (produced 
quantity, used area, organic vs non-organic, ...) 

Before taking the decisions that definitively conduct to a specific crop grouping, a crop 
representativeness study has been conducted. This analysis aims to drive the crop grouping 
in an objective way based on different crop indicators. Then with this information and 
considering the crops affinity the final decisions about crop grouping are taken. 

The indicator reported in the analysis consider an extrapolation of the sample data to get a 
better understanding of how each crop is spreading across the studied region. This 
consideration is crucial considering that weights on the data sample are highly diverse, and 
hence they can strongly influence on the marco-indicators when computing the totals. 
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This use case considers 244 different crop species. Among the use cases studied is by far the 
most complex use case considering this aspect. If the use case would be developed by 
considering this initial number of crops, the complexity of the simulation and the model 
would scale up to be able to manage a number of variables close to 2500 variables. For this 
reason crop grouping for this use case is critical according to this context. Taking into 
account this figure, it is foreseeable that the product groups generated will be very extensive 
as they have to include a higher number of individual crops.  

The first results displayed are the representativeness according to the total area of each 
crop: 

 

Figure 110. Italian crops by cultivated area 

 

The five original crops with higher overall cultivated area are Uncultivated productive 
pastures, Durum wheat, Olive tree for olives for oil, Alfalfa and Hybrid corn. In this case, 
other is not a crop or a product group but it is a representation of many minor crops to 
through light to the graph and facilitate its comprehensibility. All the mentioned crops 
amount a total of 52,6% of the total cultivated are in the studied region. This figure is 
significative considering the original number of individual crops managed at the start of the 
study. In addition, it helps to create an idea about the potential product groups that must be 
created following crop similarity criteria. 

The different pasture characterisations amount a total of 25,4% including Uncultivated 
productive pastures, Permanent pastures, Pasture, and Generic permanent pasture. Setting 
aside the pastures and meadows, it is possible to observer a high predominance of cereals. 
Durum wheat, Hybrid corn, Soft wheat, Barely, Rice, Oats are some examples of this family 
of crops represented in the graph. The observed cultivated area destined to cereals is at 
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least of 28,8% of the available cultivated area, which is a meaningful figure. Alfalfa is a crop 
which occupies the fourth position in top cultivated area, although no similar crops are 
observed in this representation. The same happens with Olive tree for olives for oil. It covers 
the 8% of the total cultivated area and no other crops of its family are identified within the 
top vegetal species. 

 

 

Figure 111. Italian crops by sales quantity 

 

With regard to the economic indicators of the crops included in the use case, it is remarkable 
that the first two positions in the ranking are occupied by vine, a permanent crop, both for 
quality wine and for common wine. Following these are cereal crops, which as in the case of 
cultivated area, demonstrate a cross-cutting presence across several indicators. Next, it is 
possible to see the presence of some vegetables, including tomato, and with a representative 
figure, alfalfa. In general, the economic parameter show a more balanced distribution across 
all the available crops. In contrast to the previous graph, pastures and meadows do not have 
a predominant representation. This may be due to the linkages between the use of these 
crops and the techno-economic orientation of farms that include them. The primary 
revenue from these crops comes from their use as livestock feed, so their economic 
contribution is not reflected in agricultural output but rather in the livestock sector’s 
economic balance and output. 

Considering the purpose of this use case, factors related to interactions between crops and 
livestock must be taken into account. According to this reason, cultivated area parameters 
must be predominant over other indicators, so the presence of a specific product group to 
feed livestock is ensured.  
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Table 34. Crop representativeness results for Italy 

This table illustrates the results obtained by sorting the individual crops following a total 
cultivated area criterion. Other metrics related to each individual crops are also available, 
including the total productions in tons expressed through the variable Sales Quantity, the 
average percentage of the total cultivated area of a holding when the crop is present, 
expressed with average area, or how many crops are typically combined by farmers when 
they cultivate a given crop. 

6.2.2 Crop grouping decisions for Italian use case 

With the results shown for individual crops, a specific crop grouping plan for the Italian use 
case has been designed.  

Cereals product groups have been created to encompass all similar cereal crops due to their 
high representativeness, similar features, and comparable production methods and 
agricultural practices. The product group began with wheat, but all other cereals (excluding 
maize) have been included to build up this group. 

Olive has its own product group. Its unique features considering that it is a permanent crop 
and its high presence linked to a high economic indicators support the creation of a specific 
product group for olive related crops. 

Protein crops group is a distinct product group characterized by nitrogen-fixing crops. It is 
essential to create at least one product group with this feature for each use case because the 
simulation engine needs to recognize it in order to run the models. Therefore, this decision 
is not based on macro indicators but rather on the requirement for proper execution. 
Soybean, sunflower, beans, chickpeas flax or lentils are some of the examples of crops 
included. 

Maize accounts with its own product group. The total cultivated area destined linked to the 
multiple usages that this crop may have (production of grain or silage) poses a feature for 
its distinction from other cereals. 

Grazing is the product group that encompasses pastures in all their various forms. Their 
main purposes of the individual crops composing the group is to serve as livestock feed. 
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Alfalfa is an individual crop similar to maize considering the general features that 
characterize a product group in Agricore, but with the addition of being a nitrogen-fixing 
crop. Although it is linked to a single induvial crop, it has no negligible cultivated area and 
economic indicators. 

Industrial is a product group that encompasses crops that are primarily cultivated for their 
industrial applications rather than for direct human consumption. They are mainly 
cultivated for their material properties, which make them suitable to be transformed into 
food or industrial products through complex and specialized industrial processes. 
Processing tomato, sugar beet or potatoes are some of the crops included. 

Forage product group comprises crops specifically cultivated to provide feed for livestock. 
These crops are distinguished by their exceptional nutritional value and play a crucial role 
in enhancing animal productivity, creating a direct relationship with livestock production. 
The crops within this group share common processing techniques, primarily aimed at 
preserving them for longer periods. Additionally, some forage crops can be incorporated 
into rotation agriculture, allowing farmers to combine them with other arable crops. 

Other group encompasses all minority, low-presence or no aligned with the use case 
purposes crops. In this crops, low-representative crops are predominant, although the 
aggregated figures overcome other main product groups. Here, it highlights the presence of 
vine crops due their strong weight on the economic development of the agricultural sector 
in the region. Although the conditions of Emilia-Romagna are particularly suitable for the 
cultivation of vine due to mediterranean climatic conditions, the soil quality and other 
circumstances, it is not a crop aligned with the purposes of this use case despite the 
impressive figures shown regarding economic indicators. For this reason, vine related crops 
have been included within the other product group. 

This is the final composition of the product groups for the Italian use case: 

# Product 
group 

Abbreviation Description 

1 Olive OLIV Olive tree and all its varieties and derived 
products 

2 Cereals CER All kind of cereals, including maize, wheat, rice, 
rye, barley… 

3 Maize MAIZE Maize crop for different purposes, including the 
production of grain and livestock food as fodder 

4 Grazing GRAZ All crops that can be used as fodder or as feed for 
livestock, including pasture, meadows, rough 
grazing, green maize and plants harvested green. 

5 Alfalfa ALFA Alfalfa crop, which is commonly used as high-
quality feed for livestock due to its high protein 
content. 

6 Industrial INDUSTRIAL Crops grown for industrial uses. 

7 Protein crops PROT Agricultural plants that are cultivated for their 
high protein content including lentils, chickpeas, 
beans… Crops that serve as nitrogen-fixing. 

8 Forage FRG Crops grown specifically for grazing by livestock 
or for harvesting as hay or silage to feed animals 
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9 Other OTHER Group of crops with low representativeness or 
without a relevant impact on the use case study. 
Grapes, wooded area, flowers, 

Table 35. Italy crops grouping 

 
Figure 112. Italy crop grouping result: frequency 

 
Figure 113. Italy crop grouping result: total area 
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Figure 114. Italy crop grouping result: production quantity 

 
Figure 115. Italy crop grouping result: sales value 

This is the result of the crops grouping for the Italian use case. Overall, the group other 
occupies the first position for all the indicators. Although when speaking about cultivated 
area or frequency of appearance the difference with other crops is not exacerbated, what 
refers to productions and economic indicators do: in this case, it is about one order of 
magnitude higher. Basically this is due to the large number of individual crops aggregated 
under the product group other. Specifically 136 individual crops have been included for this 
denomination, among which, the vine related crops. This is specially important considering 
the high contribution to economic indicators of these kind of crops. 

Setting aside this group, the remaining product groups are quite balanced, considering the 
diversity arising from the range of crop species. This trend is hold also for organic 
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production, which reflect a similar structure than conventional production but with a lower 
scale. 

According to these results, the following tables summarizes the linkage between individual 
crops and the product group assigned. 

  

Table 36. Italy use case: crop grouping results (1) 
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Table 37. Italy use case: crop grouping results (2) 
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6.3 Building of the synthetic population 

This section contains the details about the generation of the synthetic population for the 
Italian use case. This use case considers the accountancy year 2019. According to Eurostat 
information, the total number of farms contained in Emilia-Romagna for the year 2019 was 
close to 52000 farms. This value slightly differs from microdata indicators, as the total 
number of real farms represented is the sum of the weights associated to each farm in the 
data sample, expressing a value of 42547. The variation is due to the misrepresentation of 
some economic sizes in the data sample. Despite this variation, the number of farms 
generated will be equal to the number of farms expressed by the microdata sample, as it is 
not possible to generate virtual farms that mimic real unrepresented entities. Essentially, 
the features that characterize this kind of farms and unknown, so generation module is not 
able to learn the data insights and variables interrelationships. 

6.3.1 Generation of synthetic data to solve data unavailability 

For this use case, data unavailability was a minor issue. In this case, all the agent features 
were available in microdata. The RICA dataset, being both extensive and granular, provided 
a diverse set of high-resolution farming attributes, offering a detailed and comprehensive 
representation of agricultural practices. Consequently, these unique features serve to map 
the information that would be useful when defining the agent parameters. As example, 
unlike FADN dataset, RICA dataset did contain a higher geospatial resolution level, so all 
agent geospatial variables were known beforehand without the necessity of performing 
merge operations. 

6.3.2 Use-case's population-specific assumptions 

The primary assumption in this use case relates to the farms represented in the main data 
source and, consequently, their economic sizes. It is assumed that some farms are not 
included in the synthetic population generated. Nevertheless, the economic, crop 
production, and livestock indicators closely align with the totals published by official 
sources [16]. This suggests that the missing farms primarily affect the total farm count in 
the population, while their influence on other agricultural indicators is minimal or 
negligible. Therefore, the decision to rely solely on known farming structures based on 
available data is expected to produce more accurate results. Attempting to artificially inflate 
the population by inventing additional farm structures could introduce unrealistic 
behaviors, leading to poor simulation performance and unreliable outcomes. 

This use case as the other use cases composing the project also accounts with some 
assumptions related to the greening area. As in other examples, a variable portion of land 
amounting to 5% or less is accounted for greening practices if the holding qualifies for the 
greening subsidy. This area destined to greening practices is only taken from the crops 
characterized as Nitrogen fixing. 

6.4 Analysis and verification of the synthetic population 

This section contains the synthetic population evaluation performed for the Italian use case. 
Here, results are presented to provide an objective indicator about the goodness of shape 
of the synthetic population generated. Methods and tools applied to perform such labor are 
described in section Techniques to compare and assess synthetic population fidelity. The 
complete synthetic population evaluation is composed of three different outcomes well-
differentiated alongside this section. 
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6.4.1 Report on the generated population probability distribution vs 
the sample one 

Year 2019 

 

Figure 116. Comparison of Categorical Variables for the Italian Use Case 2019 
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Table 38. Statistical results: Italy 2019 (sheet 1) 
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Table 39. Statistical results: Italy 2019 (sheet 2) 
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Table 40. Statistical results: Italy 2019 (sheet 3) 
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Figure 117. Comparison of Continuous Variables: Italy Use Case 2019 (Sheet 1) 
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Figure 118. Comparison of Continuous Variables: Italy Use Case 2019 (Sheet 2) 
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Figure 119. Comparison of Continuous Variables: Italy Use Case 2019 (Sheet 3) 
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Figure 120. Comparison of Continuous Variables: Italy Use Case 2019 (Sheet 4) 
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Figure 121. Comparison of Continuous Variables: Italy Use Case 2019 (Sheet 5) 
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Figure 122. Comparison of Continuous Variables: Italy Use Case 2019 (Sheet 6) 
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Figure 123. Comparison of Continuous Variables: Italy Use Case 2019 (Sheet 7) 
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Figure 124. Comparison of Continuous Variables: Italy Use Case 2019 (Sheet 8) 
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Figure 125. Comparison of Continuous Variables: Italy Use Case 2019 (Sheet 9) 
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Figure 126. Comparison of Continuous Variables: Italy Use Case 2019 (Sheet 10) 
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Figure 127. Comparison of Continuous Variables: Italy Use Case 2019 (Sheet 11) 
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Figure 128. Comparison of Continuous Variables: Italy Use Case 2019 (Sheet 12) 
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Figure 129. Comparison of Continuous Variables: Italy Use Case 2019 (Sheet 13) 
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Figure 130. Comparison of Continuous Variables: Italy Use Case 2019 (Sheet 14) 
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Figure 131. Comparison of Continuous Variables: Italy Use Case 2019 (Sheet 15) 
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Table 41. Italy use case, 2019: cultivated area ratio comparison 

 
 

 
Table 42. Italy use case, 2019: crop production ratio comparison 
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Table 43. Italy use case, 2019: quantity sold ratio comparison 

 

6.5 Definition of the simulation scenario: 

6.5.1 Policies scenario: 

For the Italian use case, a data analysis focused on subsidies has been performed. For this 
analysis, some tables from the RICA dataset have been used, and a report containing the 
required parameters for a proper model execution has been generated. The report or 
subsidies configuration contains the same fields explained in other use cases, but with the 
particularity than other subsidies are present and variable economic compensations can be 
observed.  

With respect to this information, same rules as explained in Policies scenario in Andalusia 
have been followed, and in fact, the subsidies configuration presents the same format. 

In this case, no other subsidies from the ones present in the RICA dataset were added. All of 
them were available in RICA microdata, as some of the farms sampled had received some 
economic benefits from these subsidies.  

Both the synthetic population generated for the Italian use case and the table containing 
subsidy-related information include all the data needed to perform the simulations. These 
datasets were uploaded together to the data warehouse and are used on demand whenever 
a new simulation request arises. 

In this case, just two subsidies are considered as decoupled subsidies, one as base payment 
and another one for greening practices. Regarding the coupled subsidies, there is a varied 
ranges of subsidies covering the different product groups defined.  
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Table 44. Subsidies result, Italy 

Although these are the default subsidies managed by the model, it is possible to manually 
expand the list of subsidies by adding new ones during the simulation configuration 
process. This is done by the user during the setup phase through a user-friendly interface, 
allowing for quick and seamless exploration of new simulations. This flexibility enables the 
user to test different scenarios and incorporate evolving policies or custom subsidy 
schemes into the analysis with ease. In this way, the overall tool is not limited to the existing 
policy context but can be adapted to new regulations, emerging subsidy programs, or 
unique user-defined conditions, ensuring the simulations remain relevant and up to date. 
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7 Conclusions 

 

This document outlines the methodology used to develop the use cases for the AGRICORE 
project. The creation of these use cases involves constructing synthetic populations that 
accurately reflect the economic, social, and agricultural characteristics of real farmers. This 
approach allows for the creation of a virtual ecosystem where farmer models simulate real 
behaviors based on the initialized parameters. 

Overall, the evaluation of synthetic populations shows a strong goodness of fit across nearly 
all variables. The generation method developed for the AGRICORE project efficiently 
handles tabular data, effectively capturing both individual relationships and inter-variable 
patterns. The Bayesian network-based approach performs well, ensuring that the synthetic 
data accurately mirrors the insights from the original sample. This strong performance 
provides a solid foundation for further leveraging the generation module, with only minor 
adjustments needed when working with tabular data. 

The comparison report reveals a high level of fit between original and synthetic data across 
all use cases and years. Statistical analysis indicates that most variables exhibit similar 
ranges and follow comparable probability density functions. While some tests for synthetic 
population goodness-of-fit suggest potential differences, these tests are stringent. Other 
metrics, which assess the divergence between distributions, generally show very low 
values. This discrepancy is more pronounced for variables with very few non-zero values, 
where generation relies on conditional probability distributions based on other parent 
variables. 

Results are highly dependent on data quality, a reality that has become especially clear 
when working with datasets from diverse sources. Despite following FADN standards, 
variations in data requests and formats across different countries and organizations have 
markedly impacted the outcomes of synthetic population generation. These inconsistencies 
not only affect the results but also require the creation of intricate extraction, 
transformation, and loading (ETL) pipelines. These pipelines are essential for handling the 
unique characteristics, nomenclatures, and information gaps present in each dataset. 

Datasets that included weights or farm representativeness, such as those from Andalusia 
and Italy, enabled a streamlined process for generating synthetic data. This facilitated 
efficient computation based on various farm features. Conversely, the Polish and Greek use 
cases, with the latter to a lesser extent, faced challenges in determining farm 
representativeness, necessitating the use of statistical methods. While these methods 
produce accurate results, they inherently carry some degree of uncertainty regarding their 
precision. Furthermore, validating this information against alternative solutions is not 
feasible, as different approaches might produce similarly adequate results. 

The work undertaken has been designed with flexibility to accommodate the various 
modifications in data and their implications for other simulation parameters. For example, 
the crop grouping approach was tailored specifically for each use case and adjusted 
according to user preferences. This adaptability required recalculating economic 
compensations for coupled subsidies based on available subsidies, crop representativeness, 
and the specific product grouping applied. To streamline the process and minimize the 
potential for errors, this work has been automated, ensuring a more efficient and accurate 
creation of the use cases. 
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Annex A. Kernel Density Estimation algorithm 

Kernel Density Estimation algorithm (KDE) is a non-parametric algorithm that allows for 
obtaining a continuous representation of data distribution[17]. This algorithm does not 

assume a specific data distribution but instead estimates the probability density function 
of the data by averaging over kernel function applied to each data point. 

The flexibility that characterizes KDE method reinforces its utilization for the 
characterization of complex and multimodal data distribution where traditional 

parametric models might fail to provide an accurate fit. This feature facilitates its 
utilization in generative data science[18]. 

The function that approximates the KDE algorithm is described above: 

𝑓ℎ(𝑥) =
1

𝑛ℎ
∑ 𝐾 (

𝑥 − 𝑥𝑖

ℎ
)

𝑛

𝑖=1

 

Where: 

• 𝑓ℎ(𝑥): estimated density at point x for the predicted random variable. 
• 𝑛: number of data points. 
• ℎ: bandwidth serving as a smoothing parameter. It determines the width of the 

kernel function, thus impacting the estimation fit. 
• 𝐾: kernel function. Function modeling the influence of a sample point within its 

neighborhood. It servers to determine the shape of the curve used to generate the 
density estimate around each data point. Traditional kernel functions are gaussian 
function, uniform or top-hat kernel and Epanechnikov kernel, although the impact 
of this parameter is low on the final result. 

• 𝑥𝑖: independent sample points of an observed random variable.  
• 𝑥: point at which density is estimated.  

 

 

Figure 132. KDE algorithm fitting example 
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Annex B. Variable costs crop inference 

Crop production costs data was not included in three of the four use cases of the Agricore 
project. To address this information gap, a mathematical formulation was developed as a 
linear optimization problem. The objective is to obtain the variable costs per crop in euros 
per ton of each of the product groups defined for each use case.  

The first step when building the optimization problem is to define the objective function 
𝑜𝑓(𝑥𝑖). In this, case, the objective function is the difference between the total costs per 
holding and the sum of the broken-down crop costs multiplied by the total quantity 
produced:  

𝑜𝑓 = ∑ ∑(𝑦𝑗 − 𝐴𝑖𝑗𝑥𝑖)

𝑛

𝑗

𝑚

𝑖

 

The available information contained in the FADN data is the total variable costs 𝑦𝑗  in euros 

and the total amount produced 𝐴𝑖𝑗  in Tons. In this case subscript i refers to crop and 

subscript j refers to holding. The decision variables in this case are the variable costs per 
crop 𝑥𝑖 in euros per ton. When solving the optimization problem, the solver adjusts their 
values, so the value of the objective function is minimal. 

Variable costs crops can vary from one farmer to another. Different ways of working, or 
different specific conditions can produce variations in the production costs. Additionally, 
the only source of information to drive this approach is the FADN/RECAN datasets. 
Moreover, data records may contain some noise or inaccuracies, so it is quite possible that 
trying to fit the sum of individual costs to total variable costs is not possible.  

The first mathematical formulation utilizes inequities to set the constraints or equations 
that determine the balance between the total costs and the aggregation of individual costs. 
Additionally, other constraints are set as the imposition of obtaining variable costs crops 
greater than zero. 

       min     𝑜𝑓                       

s. t.      𝐴𝑖𝑗𝑥𝑖 ≤ 𝑦𝑗  

     𝑥𝑖 ≥ 0 

Softening constraints method is used to undo the inequities by introducing some slack 
variables ℎ𝑗. Now slack variables represent the difference between the total costs measured 

and the sum of individual production costs. 

              min     𝑜𝑓 =    ∑ ℎ𝑗

𝑛

𝑗

                   

s. t.      𝐴𝑖𝑗𝑥𝑖 + ℎ𝑗 = 𝑦𝑗  

     𝑥𝑖 ≥ 0           

     ℎ𝑗 ≥ 0           

In this way the solver will try to adjust the variable costs of crops, represented by the 
decision variables 𝑥𝑖 while minimizing the value of slack variables which essentially 
represent the mismatch in total variable costs for the crops.  

A general script has been created to automatically formulate and solve the optimization 
problem. It simplifies the process by only requiring the user to set the use case. The script 
will then automatically load, process, and ingest the microdata to obtain the variable costs 
by crop, following the approach described above. The solver utilized for solving the 
optimisation problem is pulp[19]. 
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