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Determinants of farm revenues  
in the EU-15 countries1

Abstract: The main purpose of this paper was to identify the determinants of farm 
revenues in the EU-15 countries. The study was based on FADN regional data 
for 2011-2013. Factor analysis was used to address the above issue. Based on 
this study, it may be concluded that the key determinants of farming revenues in 
the EU-15 countries are as follows: size of the farm (measured both with the pro-
duction potential and with the production value), operating subsidies, production 
intensity and plant production yields.
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Introduction

Despite multiple transformations in the functioning of the European Union 
(EU), its agricultural sector enjoys sustained interest from social and politi-
cal stakeholders (Poczta, Czubak and Pawlak, 2009). In particular, attention is 
focused on the outcomes generated by that sector, including revenues. The per-
formance of the agricultural sector is a derivative of microeconomic perform-
ance, i.e. of that recorded by farms (Poczta, 2010). The problem of low revenues 
earned by agricultural producers remains unsolved, despite the progress, new 
manufacturing techniques and the shift from agricultural to non-agricultural 
economic activity (Gołaś and Kozera, 2003). Revenue disparities are experi-
enced in virtually all countries around the world. Even the broad set of interven-
tion instruments deployed under the Common Agricultural Policy (CAP) fails 
to eliminate that issue in most of the EU countries, as noted by many authors, 
including Baer-Nawrocka (2015). Low revenues reported by a part of the farm-
ing population definitely affect the development levels of specific countries by 
lowering the domestic demand for products of other sectors of the economy, 
thus becoming an obstacle to the development (Niezgoda, 2009b).

The level of the farmers’ revenues is important not only from the perspective 
of the national economy as it is a fundamental determinant for the development 
of farms (microeconomic level). In a situation where supply exceeds demand, 
which is typical of agricultural products, it is desirable to attain such revenue 
levels that will enable the farmers at least to maintain their competitive edge 
(Niezgoda, 2009a). While the farms’ competitiveness is primarily determined 
by revenues, the revenue level is also decisive for the performance of both the 
consumption and production functions. Therefore, it decides not only about the 
consumption level of the farmers’ households, but also the development (invest-
ment) capacities of farms defined as production units (Poczta, 2010).

The determinants of farming revenue include endo- and exogenous parameters. 
According to Poczta (2010, p. 208), the first group includes the volume, scale 
and technical efficiency of production while subsidies and financial burdens are 
covered by the second group. Runowski (2014) cites the entrepreneurship of 
agricultural producers as an example of endogenous factors. The relevant litera-
ture provides several classifications of the determinants of farming revenue, as 
described by many authors, including Zawadzka, Ardan and Strzelecka (2011). 
However, other authors emphasize the key importance of endogenous factors 
(e.g. Rembisz, 2006; Gołębiewska, 2008; Poczta and Siemiński, 2009). At the 
same time, many researchers note the fundamental role of direct payments (in-
cluding Baer-Nawrocka, 2015; Runowski, 2014; Mądra, 2010). Based on the 
literature review and on previous research1, this analysis addresses endogenous 
factors and operating subsidies. The main purpose of this paper was to identify 
the determinants of farm revenues in the EU-15 countries.

1 Poczta, Średzińska and Mrówczyńska-Kamińska (2009), Średzińska and Poczta (2012) and publications 
prepared for printing.
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Methods of studies

The study was based on FADN (Farm Accountancy Data Network) regional 
data for 2011-2013. Choosing the three-year time scope was a deliberate deci-
sion as it allowed to mitigate the impact of unpredictable random factors on the 
results2. Also, it enabled more cases to be covered by the factor analysis. The 
study was based on data for 312 FADN macro-regions in the EU-15 countries.

The socio-economic development results in strengthening the relations be-
tween operators, regions and countries, and in intensifying the globalization 
and integration processes. As a consequence, the performance of operators, 
the dynamics of business processes, etc. are concurrently impacted by several 
various factors. Under these circumstances, there is a growing importance of 
multidimensional methods which enable taking into consideration more than 
one variable in economic research (Kisielińska and Stańko, 2009). An inter-
esting review of applications of the selected methods of multidimensional data 
analysis in agricultural economics was performed by Kisielińska and Stańko 
(2009). One of their findings was that the factor analysis, although very useful, 
is relatively rarely employed. And therefore, this is the approach to be used 
in this paper. Similar research was already carried out for another group of 
the EU countries, i.e. 11 Central and Eastern European (CEE) countries who 
joined the EU in 2004, 2007 and 20133. For a greater comparability of results, 
the same methodology and the same dataset are used in this analysis.

Based on substantive and statistical grounds and available FADN data, this 
study covers 11 variables considered to be determinant for the revenue of fam-
ily farms. The selected characteristics reflect the production potential (Z1-Z6), 
production intensity (Z7-Z8), production value (Z9), plant production yields 
(Z10) and operating subsidies (Z11). For these variables, descriptive statistics 
were computed, i.e. the minimum, median and maximum values, and the co-
efficient of variation (based on median and quartile deviation)4. In this paper, 
factor analysis was performed with the use of Statistica 12. The use of factor 
analysis is justified if at least a part of variables are correlated (Poczta-Wajda, 
2010). The higher is the correlation between some of them, the more sense 
it makes to carry out a factor analysis. Therefore, the first step of this study 
was to analyse the variables correlation matrix, which allowed for concluding 
that the above postulate was complied with. Next, the fulfillment of the fac-
tor analysis assumptions was carefully checked using the methods designated 
for this. The rationale behind the use of factor analysis was confirmed by the 
Bartlett’s sphericity test. The correlation matrix was validated with the Kai-
ser–Meyer–Olkin (KMO) coefficient. Afterwards, the number of factors was 

2 The agriculture, more than other sectors of the national economy, depends on atmospheric conditions and 
other exogenous factors, resulting in a high variation of prices and production volumes.
3 Cf. Średzińska and Standar (2017).
4 As the classic coefficient of variation exceeded 50%, positional measures were used. The formulas are as 
provided in a paper by Wysocki and Lira (2005).
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set. For that purpose, the authors adopted the Kaiser’s criterion5, the Cattells’ 
Scree Test, the one-half criterion6 and the sufficient proportion7 criterion. The 
factors from the correlation matrix were selected based on the principal com-
ponent analysis (Stanisz, 2007). Afterwards, the factors were rotated, i.e. a lin-
ear transformation of factors was performed using varimax normalized rota-
tion. This is an orthogonal rotation which enables identifying non-correlated 
factors (Stanisz, 2007; Bartkowiak and Poczta, 2012).

Results of the study

Table 1 shows the basic descriptive statistics of factors considered to be the 
key determinants of farming revenues in the EU-15 countries. In one half of 
the farms covered by this study, the input in the manufacturing process was 
1.6 AWU8 or more. The highest labour inputs were reported in German regions. 
This feature was highly equalized in the group considered: the coefficient of 
variation was barely 21% and the maximum value was only around 10 times 
higher than the minimum. The area of agricultural land showed a much higher 
dispersion (with a coefficient of variation above 73%) and ranged from 2.7 ha to 
over 540 ha in the period considered. The smallest area was usually reported by 
farms located in Mediterranean countries, such as Spain, Italy and Greece. The 
largest farms with more than 400 ha of agricultural land were located in German 
regions. Their large area was accompanied by high capital levels, because these 
very regions demonstrated the highest value (beyond EUR 1 million) of assets 
less the value of land, permanent crops and production quotas. At the other end 
of the spectrum, the assets of Portuguese, Greek, Spanish and Italian farms were 
worth up to EUR 100,000. The median of this value was nearly EUR 260,000.

In addition to resources of productive inputs, the revenue levels also depend 
on proper relationships between them. Therefore, this analysis included the 
technical equipment of labour and land, measured as fixed assets per full-time 
employee and per hectare of agricultural land, respectively. The land-to-labour 
ratio was also taken into account. In this study, the population demonstrated 
an average equalization level of the aforesaid characteristics, as showed by 
the coefficient of variation ranging from 46% to around 66.5%. Half of the 
farms recorded a technical equipment of labour at the level of EUR 178,600 
per AWU or more. The highest fixed-assets-to-labour ratios were reported by 
Danish and British farms. The value of fixed assets per hectare of agricultural 
land ranged from EUR 1,300 to almost EUR 140,000. The agricultural land 
area per full-time employee varied from 1.2 ha to nearly 178 ha, with a level 
of 32.1 ha reported by half of the farms.

5 Therefore, the factors with eigenvalue above 1 were used.
6 It was assumed that the number of factors should be less than half of the number of variables, and each of 
the identified factors should explain at least 10% of the total variance.
7 The percentage of variance explained was assumed to be 80.
8 The Annual Work Unit is equivalent to 2120 working hours per year (Wyniki standardowe…, 2014)
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Table 1. Basic descriptive statistics of determinants of farm revenues  
in the EU-15 countries in 2011-2013

Specification Symbol Min Median Max Coefficient  
of variation (%)

Total labour inputs (AWU) Z1 1.0 1.6 10.3 20.7
Agricultural land area (ha) Z2 2.7 51.5 541.5 73.3
Value of assets less the value  
of land, permanent crops and  
production quotas (EUR thousand)

Z3 31.7 257.9 2,018.8 51.8

Technical equipment of labour  
(EUR thousand/AWU) Z4 23.1 178.6 1,292.2 46.0

Technical equipment of land  
(EUR thousand/ha) Z5 1.3 7.5 139.0 66.6

Land-to-labour ratio (ha/AWU) Z6 1.2 32.1 177.9 59.8
Current assets (EUR/ha) Z7 230.5 1,361.1 29,012.2 35.1
Fixed assets (EUR/ha) Z8 4.4 336.1 4,849.5 37.0
Total production (EUR thousand) Z9 19.1 108.7 1,299.9 73.4
Plant production  
(EUR/ha of agricultural land) Z10 36.8 1,180.8 46,335.9 70.4

Operating subsidies  
(EUR thousand) Z11 0.9 19.1 209.0 76.3

Source: own calculations based on http://ec.europa.eu/agriculture/rica/database/data-
base_en.cfm.

In addition to productive inputs and their mutual relations, another important 
co-determinant of family farming revenues is the production intensity. In this 
analysis, it was reflected by two variables, i.e. current and fixed assets per 
hectare of agricultural land. It was assumed that the current and fixed assets 
expended are represented by intermediate consumption and by depreciation, 
respectively. For both of these features, the coefficient of variation was rela-
tively low (35% and 37%, respectively). However, their range was relatively 
high. This was particularly noticeable when it comes to the consumption of 
fixed assets per hectare, as the maximum value was several times higher than 
the minimum. The highest levels of extensive farming were recorded in Span-
ish and Portuguese regions whereas the highest levels of intensive farming 
were characteristic of one of the German regions. The production strategy, 
adopted more or less knowingly, is reflected by plant production yields which 
were 1,180 EUR/ha or more in half of the farms covered by this study. Both 
the variation and the range of this feature were very high.

An important factor contributing to the revenue is the production scale. Therefore, 
the set of variables under analysis also includes the production value which dem-
onstrated high dispersion levels in the period surveyed (with a coefficient of vari-
ation beyond 73%). That feature is related to the size of farms, measured as the 
area of agricultural land and as the availability of other productive inputs. A rela-
tionship also exists between the area farmed and the value of operating subsidies. 
The highest production and subsidy values were reported by farms with large 
resources of productive inputs, i.e. those located in German regions. In turn, the 
lowest values were observed in Portuguese, Greek, Italian and Spanish regions.
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Based on Table 1 data, it may be concluded that the level of determinants 
of family farms’ revenues in the EU-15 countries is highly diversified. The 
relationship between the elements discussed in this paper are complicated, 
ambiguous and difficult to interpret. Some farms with high rates of productive 
inputs develop improper relationships between them. Others, although hav-
ing a smaller production potential, seem to use it in a more reasonable way. 
Also, different outcomes are provided by the adopted (extensive or intensive) 
production strategies, irrespective of whether they are determined by objec-
tive reasons beyond the farmer’s control or are selected by the farmer. Note 
also that many of the factors listed above are strictly interrelated. Due to the 
complexity of this issue, it seems reasonable to use the factor analysis. It ena-
bles reducing the set of independent variables and finding the factors of rel-
evance for the identification of the essence of the issue covered by this study 
(Kisielińska and Stańko, 2009, as mentioned by Aczel, 2005).

The first step of the research procedure was the analysis of the variables cor-
relation matrix. High, statistically significant correlation levels were identified. 
To fully assess the rationale behind the use of the factor analysis, the Bartlett’s 
sphericity test was performed. Chi2 was 5,435 with a near-zero level of signifi-
cance (p). The calculated KMO coefficient was 0.7 which allowed us to confirm 
the sufficient adequacy of the selected variables. The next step was to specify 
the number of factors with the use of the criteria referred to above. In accordance 
with the Kaiser’s criterion, the factors with eigenvalues above 1 are used. Thus, 
three factors should be identified (Table 2). Each of them explained at least 10% 
of total variance, and the total variance explained by them was 88.3%, which 
is above the pre-established threshold. The decision to select three factors was 
confirmed by the scree plot. On the right side of factor C3, a smooth decrease of 
eigenvalues is noticeable, which may be referred to as the “factor scree” (Fig. 1).

Table 2. Results of the factor analysis: variance explained by specific factors 
(identified with the principal component method)

Factors Eigenvalue Percentage  
of the total population

Cumulative 
eigenvalue

Cumulative 
percentage

C1 5.09 46.24 5.09 46.24
C2 3.32 30.21 8.41 76.46
C3 1.31 11.86 9.72 88.32
C4 0.70 6.38 10.42 94.70
C5 0.28 2.51 10.69 97.21
C6 0.10 0.94 10.80 98.15
C7 0.08 0.77 10.88 98.92
C8 0.04 0.38 10.92 99.29
C9 0.03 0.31 10.96 99.61
C10 0.03 0.29 10.99 99.89
C11 0.01 0.11 11.00 100.00

Source: own calculations with the use of Statistica 12, based on http://ec.europa.eu/agri-
culture/rica/database/database_en.cfm.
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Figure 1. Scree plot
Source: own work based on http://ec.europa.eu/agriculture/rica/database/database_
en.cfm, processed with Statistica 12.

Figure 2 and Table 3 show the post-rotation values of loads of variables for 
the identified factors. Values beyond 0.7 are marked in bold. A summary of 
variables describing the identified factors is shown in Table 4.

Figure 2. 3D load plot
Source: own work based on http://ec.europa.eu/agriculture/rica/database/database_
en.cfm, processed with Statistica 12.
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The first of the identified factors (C1) explains over 46% of the extent of com-
mon variation, and is represented by five variables (Z1, Z2, Z3, Z9 and Z11). The 
features represent the farm’s size as they reflect its production potential, pro-
duction value and the largely related level of production subsidies. Variables 
Z9 and Z11 have the highest factor loads, and therefore it may be concluded 
that the production scale and subsidy level had the highest importance for the 
size of farms in the EU-15 countries in 2011-2013. Note that the loads of other 
variables covered by this factor are also very high, especially in the case of 
land resources (0.95).

The next of the identified factors (C2) explains more than 30% of the total vari-
ation, and is represented by four variables. Three of them (Z5, Z7, Z8) inform of 
the farm’s production intensity as they reflect the resources and consumption 
of fixed and current assets per hectare of agricultural land. A component of 
that factor, Z10 is (to a large extent) a derivative of the value of characteristics 
discussed above as it demonstrates the efficiency of plant production. The val-
ues of factor loads allow to conclude that inputs of fixed assets (with a load of 
0.972) contributed the most to the levels of that factor in the EU-15 countries 
in the period under consideration. The inputs of current assets and the plant 
production yields were slightly less important.

Table 3. Factor load matrix (varimax normalized rotation; loads s > 0.700000 are 
highlighted)

Specification Variable 
symbol

Factor 
C1

Factor 
C2

Factor 
C3

Total labour inputs Z1 0.950 0.078 -0.156

Agricultural land area Z2 0.942 -0.205 0.126
Value of assets less the value of land,  
permanent crops and production quotas Z3 0.941 -0.019 0.190

Technical equipment of labour Z4 0.069 0.047 0.962

Technical equipment of land Z5 -0.198 0.757 0.340

Land-to-labour ratio Z6 0.463 -0.432 0.474

Current assets expended per ha Z7 0.055 0.937 -0.076

Fixed assets expended per ha Z8 -0.033 0.972 -0.030

Total production value Z9 0.967 0.033 0.096

Plant production per ha of agricultural land Z10 -0.020 0.945 -0.134

Operating subsidies Z11 0.960 -0.121 0.026

Value of variance explained 4.796 3.542 1.377

Share 0.436 0.322 0.125
Source: own calculations with the use of Statistica 12, based on http://ec.europa.eu/agri-
culture/rica/database/database_en.cfm.
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Table 4. Determinants of farm revenues in the EU-15 countries in the light of the 
results of factor analysis

Factor Variable

C1

Z1: total labour inputs
Z2: agricultural land area
Z3: value of assets less the value of land, permanent crops and production quotas
Z9: total production value
Z11: operating subsidies

C2

Z5: technical equipment of land
Z7: current assets expended per ha
Z8: fixed assets expended per ha
Z10: plant production per ha of agricultural land

C3 Z4: technical equipment of labour
Source: own study based on Table 3.

The third and the last factor is represented by only one variable (Z4) which 
supplements the information on relationships between productive inputs, 
some of which are included in the second factor. This factor is the value of 
fixed assets per full-time employee. The role of this aspect seems to be impor-
tant for the farm revenue levels in the EU-15 countries, having in mind that it 
explains nearly 12% of the total variation.

Summary and conclusions

The purpose of this paper was to specify the determinants of farming revenue 
in the EU-15 countries. Based on the research, it may be concluded that the key 
determinant of family farm revenues in the 2011-2013 period was the size of 
the farm. This means not only the area of agricultural land or other resources 
of productive inputs. What seems to be particularly important is the production 
scale, measured with production value. Indirectly, this also suggests that an im-
portant role is played by business operations, quite strongly linked to production 
volumes. This was directly confirmed by the results of this study because the 
subsidies turned out to be a component of the first factor which explained the 
largest extent of the total variation. Moreover, they also had a high factor load.

Another factor that largely contributed to the level of revenues earned was the 
production intensity and its derivative, plant production yields. The technical 
equipment of labour and land seems equally important. The latter was actually 
a separate factor.

Note that the results of factor analysis of the EU-15 countries are largely con-
sistent with those obtained in previous studies for Central and Eastern Euro-
pean countries of the EU9. Therefore, irrespective of how long a country is 
a member of the Union structures and is covered by the CAP instruments, the 
set of revenue determinants and their mutual relationships seem to be similar.

9 Cf. Średzińska and Standar (2017).
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