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ABSTRACT
The performance farming is a new bet for the EU in the context
of the present’s major climate and economic challenges. This
paper aims at defining a model of agricultural competitiveness
for the EU and its application for the evaluation of regional agri-
cultural performance, in relation to the global competitiveness
index, using the theory of catastrophes. The objectives of the ana-
lysis are: to evaluate the current growth theories in agriculture, to
conceptualize a new model of agricultural performance improve-
ment (RAP), to test the model and to obtain the relevant working
tools after its application. The used methods are: the study of the
general models of growth in agriculture; the dynamic analysis of
the Eurostat data on agricultural performance and Member
States’ data published in the National Accounts System; the con-
ceptualization of the RAP (Regional Agricultural Performance)
growth model; the statistical testing of the model, its connectivity
with global competitiveness indexes and climate change; the
hypotheses’ building in order to eliminate the climate transforma-
tions influences according to the catastrophe theorem’s results;
and providing a viable and sustainable tool for the national strat-
egy for agriculture’s forecasting changes to the Member States.
The novelty element brought by the present proposed model is
that of quantification in a broader and special way of the impact
of environmental changes on the performing agricultural output
in terms of National Accounting System.
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1. Introduction

The current global context is dominated by the strong population growth, which
reached 7.7 billion inhabitants in 2019, compared with 3 billion in the 1960s. The
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challenges to agriculture, which sustains the population’s food needs, become multiple
by enhancing the demand in relation to food security requirements. The function of
agricultural supply dissociates from the demand function due to the influences of the
catastrophes and the intensification of these influences.

Another challenge for the supply function is the decline in soil quality due to the
extensive use of the agricultural fertilizers and the food production with a high envir-
onmental risk. This general picture assesses the imbalance in global demand-supply,
an imbalance that is known by national and regional decision-makers and counterbal-
anced by the investment process, refining the human resource, importing technolo-
gies and mechanisms for the agricultural output storing and redistributing surplus.

This research aims to evaluate the current models and theories of the regional agri-
culture growth and to define a revelatory and easy to implement tool, namely the
RAP model.

The authors’ motivation regarding the present scientific approach lies in their pre-
occupation for the significant improvement of the agricultural performance, which in
Romania is much diminished compared to the other branches of the economy. Thus,
compared to an occupational employment process in agriculture of 30%, the agricul-
tural economic efficiency rate in recent years has not exceeded 5% of GDP.
Moreover, the organization of the agricultural entities and the climate disturbances
are other challenges for agriculture, which hinders the process of its sustain-
able growth.

In relation to the significant research directions identified by the authors during
the literature review (presented below), the authors found that there are multiple per-
formance concerns in the current research, but which do not reach all the necessary
aspects to identify the national performance in the European context. From our point
of view, it is necessary to implement a new model for the analysis of development in
the branch, a model that takes into account competitiveness for the EU and its appli-
cation for the evaluation of regional agricultural performance, in relation to the global
competitiveness index, using the theory of catastrophes. In this context, we consider
that it is opportune to develop the RAP model as a means of agricultural perform-
ance improvement.

2. Literature review

Against the background of the growing and intensifying challenges of increasing
regional disparities in agricultural systems, there is an intense concern of the
researchers in the field of providing viable models of industry growth and protection
against uncertainty factors. A synthesis of representative contributions in the field is
presented in Table 1, which quantifies the impact on regional agricultural perform-
ance, as well as the differences from the integrated approach proposed by the
RAP model.

All the above challenges are solved by RAP model proposed in this paper.
On a global scale, a variety of performance improvement models are used in agri-

culture, but these models are not correlated with the new socio-economic and cli-
matic challenges. The RAP model proposes an integrated vision of socio-economic
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and climatic factors and contributes to the improving predictability of the agricultural
performance.

The analysis of the specialized literature shows several strategic directions on
which the researchers focused mainly on the concept of agricultural performance.
Thus, the use of the sustainable sources in order to achieve performance is a signifi-
cant pillar which is transposed into current practice through the efforts of the inter-
national bodies to develop the sustainable economy.

Other directions aim at the interaction with the high-tech segments and the added
value of research-innovation in the branch, spatial models for sustainable agriculture
development, greening campaigns and investments in clean technologies, identifica-
tion of Input-Output type performance models to substantiate agricultural perform-
ance, the use of the predictive capacities to compare the European framework with
different development peaks in order to identify the impact of the performance
enhancing factors, including the environmental factors, transposition into practice of
composite environmental indices to mitigate regional disparities and create conditions
for performance, etc.

3. Research methodology

The authors identified four topics of interest in conceptualizing their new model.
These are aimed at: the dynamics of agricultural exploitation in the EU and on
Member States; the agricultural output, labour productivity in agriculture and occupa-
tional structure; the economic performance in agriculture, taken on the basis of
National Accounting System; and the agricultural production structure by types
of products.

In order to adjust the model, the global competitiveness indices were used. The cli-
mate change dynamics and the adaptive factors support the agricultural producers
behaviour in a climate crisis situation based on accumulated over time experience
(know-how). Starting from these aspects, the authors have established the following
working hypotheses:

H1: the regional economic performance in agriculture is directly proportional to
regional managerial goodwill in terms of sustainable economic growth and maximizing
the beneficial effects of investment in line with the national strategy in agriculture;

H2: the diversity of the agricultural production structure and the homogeneity of the
distribution in the territory are directly related to the economic performance, creating
the premises of sustainability in agriculture;

H3: the climate change evolution generates adaptive behaviour in the context of the
competitiveness constraints increasing, which eliminates through causal relationships the
economic failure in the branch;

H4: the economic performance in the agricultural sector is even higher as the
percentage of use of agricultural land is higher and the degree of concentration of the
agricultural producers is higher, too;
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H5: the optimization of economic performance in agriculture follows the cyclic process
of the Markov chains, in which the optimal area is defined on the basis of the previous
critical area, adjusted with the adaptive factor and the core of the policy adapted to
global trade.

We define the model of agricultural performance improvement (RAP) as follows:
� (Ǝ ) the regionally defined vector F that expresses the dynamics of agricultural

holdings in the region:

F̂ i ¼ cAai�cAhi� bSf i� bFf i ; (1)

where: i e (1, 5), respectively: EU28, Germany, France, Poland and Romania; Aa –
the use of agricultural areas in the region; Ah – agricultural holdings in the region at
a moment; Sf – small farms from an economic point of view (turnover< 8000
euros); Ff – family farms that cover more than 50% of employees from fam-
ily members.

We can define the vectors’ components in relation to the climatic transformations
and the adaptive factor as follows:

cAai ¼
Aai
AaEU

� FAi

DCi
; (2)

where: AaEU –EU farming area; FAi� the adaptive factor; DCi – the climate change.

cAhi ¼
Ahi
AhEU

� FAi

DCi
� Ii
IEU

, (3)

where: AhEU – agricultural holdings across the EU; Ii - the beneficial effects of invest-
ment in line with the national strategy in agriculture; IEU - the beneficial effects of
investment in line with the European agriculture strategy.

bSf i ¼
Sfi
SfEU

� FAi

DCi
� IEU
Ii

, (4)

where: SfEU – small farms across the EU.

cFf i ¼
Ffi
FfEU

� FAi

DCi
� IEU
Ii

, (5)

where: FfEU – family farms across the EU.
� (Ǝ) the regional Lf vector defined as expressing the dynamics of regional labour

productivity in the agricultural holdings:

cLf i ¼ cEai
Êi

�
dEaqicEai �

dEayicEai �
dEamicEai

; (6)

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 909



where: Ea – the absorption rate of the regional agricultural labour; Ei - the absorption
rate of the national agricultural labour; Eaq - the rate of absorption of the regional
qualified labour in agriculture; Eay - the absorption rate of the regional youth
employment factor (below 40) in agriculture; Eam - the absorption rate of the
regional male labour factor in agriculture.

� (Ǝ) Ec regional vector defined as expressing the regional economic performance
in the agricultural holdings:

bEci ¼ dGDPaidGDPi

�
dGVAidGDPai �

dNGDPaidGDPai �Âi
; (7)

where: GDPa – agriculture’s contribution to the regional GDP; GVA – gross added
value in basic agricultural prices; NGDPa - the contribution of agriculture to the net
regional GDP; A –A factor (the agricultural income factor/annual labour unit); GDP
– regional GDP.

� (Ǝ) the AS regional vector defined as expressing the regional structure of agricul-
tural production on the seven basic components: cereals, root crops, permanent
crops, fresh vegetables, raw milk, bovine meat, pig meat and poultry meat:

dASi ¼

P7

j¼1
ASijP7

j¼1
ASEUj

� FAi

DCi
� Ii
IEU

, (8)

where: ASEU – the structure of European agricultural production.
We define the model of agricultural performance improvement (RAP) according

to the vector relation equation as follows:

RAPi ¼ F̂ i� bLf i� bEci�cASi
� �

� FAi

DCi
� ICi

ICEU
; FAi� DCi; ICi ¼

Pm
k¼1ICikPm
k¼1k

, (9)

where: IC – Global Competitiveness Index, ie components: Pillar 4 - Macroeconomic
stability, Pillar 5 - Health, Pillar 6 - Skills, Pillar 7 - Product market and Pillar 8 -
Labour market 1.

According to the Global Competitiveness Index, at the level of the analysed sam-
ple, there is a performance rating in favour of Germany and France, which manage
to reach and even exceed the European average on pillars 5, 6 and 8 (Table 2).

RAP model operates according to the catastrophe theorem, quantifying the nega-
tive amplitude of climate adjustments optimized by the adaptive factor according to
the substitution position and offsetting the negative impact of these climate transfor-
mations by increasing the restrictions on global competitiveness indices. The model
ensures a net growth of the vectors between two successive climatic events, thus opti-
mizing agriculture’s outputs by applying sustainable policies in line with the
national strategy.
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4. Results and discussion

For the RAP model’s testing/implementation, the authors analysed the statistical data
provided by Eurostat during 2010-20182. The authors collected the official final data
at the time of writing. For 2019, the data were provisional.

The collected data were analysed for EU28 and four Member States: France,
Germany, Poland and Romania, in order to create a generally confirmed/infirmed
profile at Member States’ level. Thus, there are over 10.5 million agricultural holdings
across the EU28, of which the most (2/3) have less than 5 ha land.

The total EU28 agricultural area used for productive purposes is 173 million ha3.
From the farm dynamics point of view, France (16.1% of all EU28 agricultural

land) has the highest land use rate, being far removed from the other analysed coun-
tries, which do not exceed 10%. The lowest share of agricultural used land is held by
Romania, which, although having the most agricultural holdings, does not resolve the
good the natural soil advantage of the good quality due to the deficiencies of the
regional administrative system and the lack of technology in agriculture.

A special case is represented by Germany, the country where agricultural holdings
are minimally represented by the EU average, but they are grouped on small and
very small farms with the aim of using the agricultural area within the upper 10%
range. Thus, a regional profile for the dynamics of agricultural exploitation is outlined
in the sense that European agriculture is concentrated in agricultural holdings whose
economic performance depends to a large extent on the capacity and autonomy of
the regional authorities to support the agricultural branch in regions. The agricultural
productivity is dependent on managerial and financial tools available to farmers
(Figure 1).

The aggregate indicator of labour productivity in agriculture and occupational
structure by age and gender, captures the complexity of agricultural supply through
the input of human resources segregated according to several structural criteria (voca-
tional training, age and sex of agricultural workers). There is an occupational asym-
metry within the agricultural branch.

Across the EU and each Member State, meaning that at most 4.2% of the EU
population is working in agriculture, but the disparities between Member States in
relation to this indicator are very high. The differences related to the labour employed
in agriculture are “in favour” of Romania, which held the largest number of farmers
from the four analysed Member States (1.96 million farmers) in 2016. Poland ranks
second, followed by France and Germany (Figure 2).

Table 2. Global Competitiveness Index’s structure on specific pillars (%).

Economy

Pillar 4 -
Macroeconomic

stability Pillar 5 - Health Pillar 6 - Skills
Pillar 7 -

Product market
Pillar 8 -

Labour market

EU28 100.0 88.5 75.3 80.0 63.8
France 99.9 99.1 72.6 62.5 61.5
Germany 100.0 94.5 85.4 72.0 74.1
Poland 100.0 86.2 72.9 61.2 59.8
Romania 89.2 79.8 61.8 57.3 60.7

Source: authors’ contribution using Klaus Schwab (2018).
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The agricultural output is quantified in terms of the branch’s contribution to GDP.
EU-level representativeness is 1.2% of GDP, which means a minimal contribution of
the branch to the total EU economy, including the orientation towards high value-
added commerce, perceived as a generator of economic welfare in the EU. The dis-
semination of national results on quartile representation intervals indicates that
France transposed the CAP most faithfully. The countries where economic develop-
ment is clearly inferior to France and Germany (Poland and Romania), have an agri-
cultural sector’s contribution to the GDP of 2 and 4 times greater than the EU
average. Germany has the lowest contribution of agriculture to GDP (0.6%), reflecting
the top position from the economic point of view, on the principle of supplying
goods and services with high added value. The agricultural output brings to EU an
annual plus of 188460 million euros at basic prices. The highest agricultural output
(29526 million euros) is held by France, namely 15.7% of gross value added at basic
prices. France is followed in the ranking of the analysed countries by Germany
(20882 million euros gross value added of the agricultural sector), the last place being

Figure 1. Dynamics of agricultural exploitation in the EU and on Member States. Source: author’s
contribution.
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ranked by Romania with a contribution of three times lower than that of France
(7845 million euros), (Figure 3).

We define the economic performance in agriculture, taken on the basis of the
National Accounting System (NAS), as the cumulative positive effects of the branch
in relation to the national economy, quantifiable at the NAS level by the gross
amounts contributed to the national/European GDP and by the direct influence of
the branch to the sustained growth of the economy, namely to obtain an annual
budget surplus and to keep the GDP growth synergy constant after harmonization
with the inflationist phenomenon. For the reporting unit, the authors analysed the
performance dynamics values using the basic price system to keep the proportions
and increase the degree of similarity between the data of the various
national economies.

The Performance Scoreboard is achieved by quantifying six indicators and calculat-
ing national representativeness in relation to the EU agricultural performance. The
six indicators included in the calculation are: Contribution of agriculture to GDP
(CA_GDP); Value of agricultural output (OUTPUT); Value of animal output
(ANIMAL_OUTPUT); Value of crop output CROP_OUTPUT); Gross value added
(GVA); Agricultural factor income per annual work unit (A). The values obtained
from the analysis of the indicators are compared on the basis of the impact weights
in relation to the European performance and allow to build a performance ranking
(Figure 4).

Figure 4 represents a diagram made by IBM-SPSS 25 software, which reflects hori-
zontally and vertically the ranking of the analysed items according to the segregation
criterion (zoning). In Figure 4, CA_GDP is represented vertically for the five analysed
economic entities (EU, France, Germany, Poland and Romania). It is found that
France occupies a significant share and holds the first position in the ranking, its per-
formance influencing the overall EU score. On second place is Germany, followed by
Poland and Romania.

Figure 2. Labour productivity in agriculture and occupational structure by age and gender. Source:
author’s contribution.
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In terms of agricultural output, Germany is the country closest to the EU average,
followed by France, Romania and Poland. The animal output has a similar structure
in terms of ranking as the agricultural output, excepting the change of positions
between Germany and France.

The CROP_OUTPUT value places Germany in first place in the European ranking,
followed by France, Poland and Romania (the analysis was performed for the sample
established in this research).

GVA confirms the GDP trend for France and Germany, but ranks Romania on
3rd, followed by Poland. Finally, A identifies vulnerabilities for Germany and an
improved position for Romania due to the fact that in Romania, a large part of the
rural labour factor works in agriculture.

The agricultural production structure by types of products covers: Cereals,
Permanent crops, Root crops, Raw milk, Pig meat, Bovine meat, Poultry meat and
Fresh vegetables. Across the EU, the main category of agricultural inputs to GDP is
Cereals, followed by Root crops and Raw milk (Figure 5).

France and Germany have the highest shares in European production of agricul-
tural products, compared to Romania, where the representativeness does not exceed
an average of 22% of the potential of these two. This aspect is primarily due to the
poor economic performance of the branch, amid the scarcity of investment programs
and cataclysms produced lately in Romania, cataclysms that, in addition to climate
change, are generated by systematic forest eradication (Figure 6).

There is a balance of agricultural production as a national representatively towards
the EU between Germany and France on Root crops and Raw milk. In terms of grain
production, France is the leader (21.8% representative), while in pork production,
Germany holds the first position (23.3%). Fresh vegetables are harvested by France
(11.4%) while Germany keeps a low interest (2.5% of EU production). Raw milk
products are exploited and marketed more heavily in Germany (19.2%), while these
products reach a representation of 15.3% in France. Poland holds the leading position
in poultry meat, while Romania is constantly on the last place at all chapters. The

Figure 3. Contribution of agriculture to GDP (%). Source: author’s contribution.
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most serious situation is recorded in the production of bovine meat for which
Romania owns only 0.8% of the EU production.

The average ranking of all categories of agricultural products is dominated by
France (15.51%), Germany (14.21%), followed by Poland (9.46%) and
Romania (3.19%).

According to Figure 6, it is observed that on the main agricultural products, the
representation of the country’s advantage ranks France on the 2nd place for fresh veg-
etables, raw milk and permanent crops, on the 3rd place for poultry meat and on the
4th place for cereals, pig meat and bovine meat. Germany ranks 1st place in poultry
meat, 3rd in cereals, raw milk and permanent crops, pork and bovine meat and fresh
vegetables. Poland ranks 1st place in cereals, 2nd in root crops and the last place in
the other analysed productions. Romania ranks 2nd place in permanent crops, 1st in
pork and bovine meat, 3rd in root crops and the last place for other productions.

From the climatic point of view, several databases have been investigated [www.
metnet.eu, www.aemet.ro, regional climate center (www.ecad.eu), global framework
for climate services (www.wmo.int)], which allowed the structuring of a current cli-
mate profile for the analysed countries and the EU28 (Table 3).

Figure 4. Agricultural performance ranking. Source: author’s contribution.
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The influence factors were defined on a scale of 1 to 5, in which 1 - low influence
and 5 - maximum influence. For the risk indicators whose impact was highlighted in
the above table, the frequency coefficients of influencing the model variables were
evaluated (under probabilities’ approach), resulting in a matrix distribution of envir-
onmental risk over the model (Table 4).

The probable matrix allocation on each variable of the risk factor model allowed
the calculation of the risk representativeness averages for each variable, weighted
averages for each analysed state in part according to the existing climate (IPCC classi-
fication at European level), and the effective risk-protection measures adopted by
each country. This resulted in a classification of vulnerability to climate change
applicable on the 1-4 scale, in which value 1 was allocated to Germany (the best
defence system against climate change), value 2 was allocated to France (opening to
the Atlantic Ocean and being more vulnerable to climate change than Germany), the
value 3 was allocated to Poland (the country that managed to create certain func-
tional mechanisms against natural calamities), and the value 4 was allocated to
Romania, the country that is currently very affected by the calamities that occur with
an increasing frequency (extreme temperature, floods).

The obtained data were introduced in a forecast procedure, with an average
increase in the branch in line with the achievements reported by Eurostat for each of
the four countries and EU28 during 2009-2018, as follows:

� EU28’s branch (industry) growth: 33.82%;
� Germany’s branch (industry) growth: 9.87%;
� France’s branch (industry) growth: 20.11%;
� Poland’s branch (industry) growth: 18.72%;
� Romania’s branch (industry) growth: 143.8% (Eurostat, 2019).

The forecasted values for the 5 economic entities were rounded up for the first 4,
and in the case of Romania, the actual growth opportunities of the agricultural
branch were taken into account.

Figure 5. EU agricultural production structure (%). Source: author’s contribution.
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The investment impact on agricultural performance was quantified using the Eurostat
database for the value of national accounts in agriculture during 2009–2018 (Economic
Accounts for Agriculture - Values at Constant Prices” and European Commission 2018).4

According to these data, positive growth trends of investments in agriculture have
resulted for 4 of the 5 economic entities: EU 0.5% annual net investment growth
(30.4% of GVA in 2017), Germany 2.5% (a net investment of 92.7 billion euros),
Romania 2.5% (17.5% of national GVA) and Poland 2% (15.5% of national GVA).
The case of France is atypical because it shows a 0.1% reduction in investment in
agriculture calculated over the period 2009–2018 (36% of the national GVA).

In order to determine the projected values for the next 10 years, a forecasting func-
tion based on the current data adjustment with the direct investment values in agri-
culture for each variable of the model was used, thus obtaining the crude prognostic
growth by investment unitary series for each of the 23 variables of the model, which
have entered in an adjustment mechanism according to the climate impact assess-
ment of the model indicators (Table 4). Data in absolute figures were compared by
the average method with the current values, resulting in trending model indicators
for each entity in gross and adjusted predicted values. The statistical calculation

Figure 6. Ranking of agricultural performance by representative products. Source: author’s contribution.
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method of the representative statistical media for each analysed economy was applied
and the impact plot of the forecasting model based on the use of the investments and
the impact of the climatic factors on the indicators from the national accounts and
on the structural indicators of the model defined in the methodology (Figure 7).

The current data, crude/brut forecasting and net forecasting, allow the construction
of neural networks capable of highlighting the validation of the six hypotheses (H1-H6)
in the comparative analysis between the EU28 and each of the four Member States
under review. Using the multilayer perceptron model for Germany, the hyperbolic tan-
gent for 22 layers of the dependent variables in connection to EU28 are forecasted and
predict brut values based on investment allocation coefficients and values adjusted based
on climatic impact in relation to the current and predicted covariates in the two options
(brut and net) with an error for the scale of the 0.054 add-on variable at 0.106 in rela-
tion to the statistical error test on the covariance variables between 1.174 and 1.176,
depending on the type of data series (current, adjusted) (Table 5).

The configuration of the neural network for the case study was generated by SPSS
25 (Figure 8).

France faces to a 0 error for the scale of the dependent variable in relation to the
statistical error test on the covariance variables between 0.764 and 2.073, depending
on the data series (current, adjusted) (Table 6).

The configuration of the neural network for the studied case is presented in Figure
9, the degree of network dependence from the general model being smaller (the num-
ber of neural nodes being reduced by 4.5% compared to Germany).

Poland benefits of 0 error for scale of the dependent variable in relation to the
statistic error test on the covariance variables between 0.195 and 0.207, depending on
the data series type (current, adjusted) (Table 7).

The neuronal network configuration is shown in Figure 10, the degree of network
dependence from the general model being smaller (the number of neural nodes being
reduced by 9.1% compared to France).

For Romania, the analysis leads to 0.001 error for the scale of the dependent vari-
able in relation to the statistic error test on the covariance variables between 0.523
and 0.527, depending on the data series (current, adjusted) (Table 8).

Table 3. Current climate profile.
Decreasing the ecosystem service as a result of climate change (F1) 5
Variation of the demand of land (F2) 2
Warming trend (F3) 5
Extreme (þ/-) temperature (F4) 5
Extreme (þ/-) precipitation (F5) 4
The risk of flooding (F6) 4
The peak water discharges (F7) 3
Decrease in water for irrigation (F8) 5
Increasing costs for flood protection (1.7 billion euros) (F9) 4
Increasing sea levels (F10) 3
Grain harvest (losses of 20%) (F11) 4
Increased economic losses by extreme heat - crop production (F12) 5
Implementation of warning systems (F13) 4
Improving air quality (F14) 4
Improving wildfire management (F15) 5
More insurance products against weather-related yield variations (F16) 5

Source: Authors’ contribution.
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The degree of network dependence on the general model is lower (the number of
neural nodes being reduced by 4.6% compared to Poland).

The working hypothesis regarding the relationship between the regional economic
performance and the additional good management to sustainable economic growth
(H1), demonstrated by the authors for the four individual cases in relation to the EU
average, reflects the fact that, both in terms of the current situation and 10-year repre-
sentative statistical series obtained by the authors through the statistical forecasting pro-
cedure IBM-SPSS 25, the development poles France and Germany have and will
maintain a superior position compared to those of Poland and Romania. There is an
unfavourable difference on the forecast series in all situations involving Romania (sus-
tainable performance management maximized by strategic investments in agriculture)
while Germany mainly benefits from the forecast line by improving the situation by
using the same investment lever. In the case of France, the authors assessed vulnerabil-
ities only in terms of the interaction between strategic investment, sustainable growth
and climate change for the 10-year forecast horizon compared to the EU average.

Hypothesis 2 (H2), which was demonstrated by the authors, aims at the fact that
economic performance is directly influenced by diversified agricultural production
and higher distribution capacities in the territory. They are maximized in the cases of
Germany and France, containing a significant share (synaptic weigh> 0) on the pre-
dicted trend series both in relation to the EU average and in relation to the analysed
sample treated homogeneously. On the other hand, for Romania, the deficiencies
regarding the logistics chain and the rhythmic distribution capacity requested by the
big traders reside in a major structural difficulty that slows down the economic per-
formance and significantly diminishes the sustainability of the agricultural branch.

From the H3 point of view of, the authors analysed the possibility of improving
economic performance by creating the adaptive behaviour of agricultural entities in
relation to climate change. This aspect is highlighted in Figures 8–11, as a vulnerabil-
ity for all 4 analysed states, finding at most a link with a low synaptic weight (in the
cases of Germany and France) or lack of connection (in the cases of Romania and

Figure 7. Cumulative effect of climatic factors and investments on agricultural performance.
Source: author’s contribution.

920 R. V. IONESCU ET AL.



Table 5. Test statistic model multilayer perceptron for Germany.
Model Summary

Training Sum of Squares Error 1,839
Average Overall Relative Error ,072
Relative Error for Scale Dependents EU-28 act ,054

EU-28 F10Y ,056
EU-28 F10Y� ,106

Stopping Rule Used 1 consecutive step(s) with no decrease in errora

Training Time 0:00:00,00

Source: Authors’ calculation using IBM-SPSS 25.

Figure 8. Neural Network: The case of German agriculture. Source: author’s contribution.
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Table 6. Test statistic model multilayer perceptron for France.
Model Summary

Training Sum of Squares Error ,005
Average Overall Relative Error ,000
Relative Error for Scale Dependents EU-28 act ,000

EU-28 F10Y ,000
EU-28 F10Y� ,000

Stopping Rule Used Training error ratio criterion (,001) achieved
Training Time 0:00:00,02

Testing Sum of Squares Error ,017
Average Overall Relative Error 1,210
Relative Error for Scale Dependents EU-28 act ,764

EU-28 F10Y 2,073
EU-28 F10Y� ,788

Source: Authors’ calculation using IBM-SPSS 25.

Figure 9. Neural Network: The case of French agriculture. Source: author’s contribution.

Table 7. Test statistic model multilayer perceptron for Poland.
Model Summary

Training Sum of Squares Error ,006
Average Overall Relative Error ,000
Relative Error for Scale Dependents EU-28 act ,000

EU-28 F10Y ,000
EU-28 F10Y� ,000

Stopping Rule Used Training error ratio criterion (,001) achieved
Training Time 0:00:00,00

Testing Sum of Squares Error ,007
Average Overall Relative Error ,203
Relative Error for Scale Dependents EU-28 act ,195

EU-28 F10Y ,207
EU-28 F10Y� ,207

Source: Authors’ calculation using IBM-SPSS 25.
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Poland). We consider that the approach of some European models of productive
behaviour adapted to climate change can be a safety element to avoid the significant
economic losses that Romania faces in 2020.

The percentage of the land use and the concentration of the producer associations/
holdings (H4) can be an engine for improving the economic performance of the agri-
culture. This is seen in Figures 8–11 as a significant advantage for Germany and
France and as a potential advantage for Poland. At this moment, Romania does not
benefit from agricultural performance by increasing the degree of concentration of
agricultural entities. In addition, their economic performance is well below the
European average.

The last hypothesis demonstrated by the authors aims at optimizing the economic
performance based on Markov chains of economic growth (H5) and brings to the
fore the importance of the management through advanced management of critical
vulnerabilities affecting agriculture and the use of levers to eliminate these

Figure 10. Neural Network: The case of Polish agriculture. Source: author’s contribution.

Table 8. Test statistic model multilayer perceptron for Romania.
Model Summary

Training Sum of Squares Error ,012
Average Overall Relative Error ,001
Relative Error for Scale Dependents EU-28 act ,001

EU-28 F10Y ,001
EU-28 F10Y� ,001

Stopping Rule Used Training error ratio
criterion (,001) achieved

Training Time 0:00:00,00
Testing Sum of Squares Error ,007

Average Overall Relative Error ,525
Relative Error for Scale Dependents EU-28 act ,523

EU-28 F10Y ,527
EU-28 F10Y� ,526

Source: Authors’ calculation using IBM-SPSS 25.

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 923



vulnerabilities cyclical recurrence in the future. Once again, the analysis shows that
Germany has higher synapse values on the forecast series than the European average,
with France also having an advantage in terms of cyclical process management.
Romania, due to structural deficiencies, is at a minimum level of performance and
needs to change the managerial mentality and the strategies adopted for medium and
long term agricultural development for the repositioning of agriculture as a basic
branch of the national economy.

5. Conclusions

The model proposed by the authors is a novel one with immediate and wide applic-
ability through the dimensioning of agricultural flows to investment realities and cli-
mate change with impact on agricultural development policies.

In the analysis, the working hypotheses were tested and validated, the direct and
indirect connections of the agricultural development under the unfavourable climatic
evolution were assessed objectively, the potential being determined over a 10-year
forecast of the branch development.

The proposed model in this paper combines the financial, economic, social, struc-
tural elements of investing in the configuration of the branch in the EU economy.
The model can be adopted by decision-making bodies to develop a sustainable agri-
culture strategy because it is based on concrete data, analysed over a representative
period and uses financial projections of data over the next decade interval.

We believe that for the next 10 years, a new regional approach to sustainable agri-
cultural development is required, which provides for the improvement of agricultural
infrastructure for countries with highly productive land, professional training of top
agricultural managers through exchanges of experience and practical guides available

Figure 11. Neural Network: The case of Romanian agriculture. Source: author’s contribution.
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to local communities. All these will be able to dilute regional disparity and increase the
average agricultural performance in Europe. On the other hand, the creation of climate
change forecasting models and adaptive behaviour models can be a medium-term solu-
tion for improving the performance of all EU states in agriculture and implicitly for
increasing the medium-term sustainable agricultural performance in the EU.
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