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Abstract: Although the EU and the USA are the largest players in the global agricultural market,
there are only a few up-to-date comparative studies concerning their agricultural potential and
performance. No comprehensive study covering all individual EU member states in relation to the
USA has been provided so far. Considering that in the light of the lasting impasse in the negotiations
on both international and transatlantic trade liberalization, differences in the production structures
seem to be a decisive factor affecting competitiveness of the EU and the US agriculture, the paper
attempts to identify the gap in the agricultural potential between individual EU countries and the
USA and determine which EU countries are able to face the competitive pressure exerted by the US
agricultural producers. Ward’s agglomerative hierarchical clustering method with the Euclidean
distance was used to separate the most and the least competitive countries depending on their
agricultural potential. Based on the conducted analyses it may be stated that the US agriculture is
characterized by more rational ratios between production factors, resulting in their higher efficiency
compared to the EU. The conducted typological analysis showed that thanks to the high standard
of capital assets per employee leading to high labor productivity, only such countries as Germany,
the Netherlands, France, Denmark, and Belgium may be considered as capable of meeting the
competitive pressure exerted by the US agriculture with its greater degree of concentration and
benefits from proper proportions between the production factors. A much more difficult competitive
situation is observed in the EU countries of Central and Eastern Europe as well as the Mediterranean
region, specializing in land- and labor-intensive production, in which the rational utilization of
the production potential is limited by the structural deficit, resulting from the fragmented agrarian
structure and manifested in the low level of land and capital assets assigned to labor actively involved
in the production process.

Keywords: agricultural resources; ratios between production factors; productivity; European Union
countries; United States; clustering

1. Introduction

One of the basic determinants in the international competitive capacity both on the
macro- and mesoeconomic levels is connected with the volume, quality, structure, and
efficiency of utilization for owned production resources. The importance of factors deter-
mining the long-term capacity of a given country to produce and distribute competitive
goods on the international market, was stressed, e.g., by Porter in the diamond of na-
tional competitive advantage model [1], at the same time indicating that determinants of
international competitiveness constitute a system of interconnected and interdependent
factors, which may be mutually strengthened or weakened. An optimal situation is found
when international competitiveness is determined by many factors simultaneously. If com-
petitive advantages result from only one or two factors, they are susceptible to “erosion”
and thus permanent competitive capacity will be hard to maintain. In these sectors of the
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economy, in which the availability of resources plays an essential role in the modification
of production and income outcomes, the role of the production potential and the ability of
its utilization becomes absolutely fundamental. Agriculture is undoubtedly such a sector.

The production potential of the agricultural sector is determined by natural resources,
workforce resources and technical means of production. While the volume and quality
of labor and capital resources as well as methods of their utilization may be considered
factors which are controllable or quasi-controllable by competing entities or the state, the
availability of natural resources is an uncontrollable factor [2–4]. Although due to the
natural and labor-intensive character of agricultural production the competitive position of
agriculture to a greater extent than in the other sectors of the national economy is affected
by the availability of natural resources and workforce (at a marked role of capital resources,
technologies, and modern management practices), the primary source of competitiveness
for the agricultural sector is connected with the ratios between production factors and
efficiency of their utilization. It should be noted here that the value-creating role of the three
traditional production factors—land, labor, and capital, results from the classical theory of
value, which was developed by Petty, Smith, and Say [5,6]. The role of quality of available
production factors, particularly the human capital, technical change and the capacity to
create innovations in stimulating economic growth and developing competitive advan-
tages was investigated by Schumpeter [7,8], Tinbergen [9], Solow [10], Fagerberg [11,12],
Porter [1], Dunning [13], and Hämäläinen [14]. The role of human factors, which mo-
bilize and utilize “physical factors” to attain competitive advantage was also stressed
by Cho and Moon [15,16]. In relation to the agricultural sector the importance of ratios
between production factors and the increasing role of their productivity to promote an
advantageous competitive situation were analyzed by Schultz [17], Brinkman [18], Abbott
and Bredahl [19], Ahearn et al. [20], Latruffe [21], Baer-Nawrocka and Markiewicz [22],
Shumway et al. [23], Wang et al. [24], and Rzeszutko and Kita [25].

It also needs to be stressed that a long-term ability to maintain a high level of pro-
ductivity in agriculture not only affects its competitiveness, but is also one of the key
reasons for the transition from industrial to sustainable agriculture [26,27], which describes
commercially competitive, socially supportive, and environmentally friendly farming
systems [28]. Under the paradigm of sustainable agriculture it is possible to use natural
resources efficiently in order to achieve a satisfying level of agricultural income, while
respecting the laws of nature and enhancing the quality of life for farmers and society as a
whole at the same time [29].

The European Union (EU) and the United States (USA) are the world’s largest agricul-
tural producers and consumers. The EU is one of the major trade partners for the USA, but
also a serious competitor in the international market [30]. Sustainable agriculture is among
the priorities when setting the objectives of economic policies in both economies. There
are at least three reasons for justifying that course. Firstly, sustainable agriculture helps
to preserve natural resources through reducing the carbon footprint, as well as air and
water pollution, sequestering more carbon in the ground, saving water and energy, and
protecting biodiversity and natural habitats. Secondly, a greater supply and availability
of nutritious food for healthy life is needed to reduce the risk of epidemic rates of costly
diet-related diseases. Thirdly, boosting an economic development in rural areas is necessary
to decrease the rate of poverty and improve economic access to food, which can be a more
serious threat to food security than shortage of food in absolute terms [31–33]. According
to the Eurostat, in 2019 around 21% of the EU population was at risk of poverty or social
exclusion [34], while in the USA the poverty rate reached 10.5% [35]. It is also confirmed
by the data that people living in rural areas are more exposed to the risk of poverty. In the
EU 22.6% of rural population was living at risk of poverty in relation to 22% in cities, while
in the USA the poverty ratios were 13.3% and 10%, respectively [34,35].

In this context, problems of agricultural potential, its quality and productivity are
of key importance to both economies and have been the subject of numerous studies.
Differentiation of the production potential and efficiency of agricultural holdings in the EU
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countries were analyzed among others by Nowak and Różańska-Boczula [36], Tłuczak [37],
Smędzik-Ambroży and Sapa [38], or Guth and Smędzik-Ambroży [6]. It results from those
studies that there is a regional diversity of factor endowments in the agriculture of the EU,
which implies differences in the technical efficiency of agricultural farms. It was also found
that the level of technical efficiency in the agriculture of the new EU member states is higher
than in the EU-15 [6]. It should be mentioned here that when subclassifying the total factor
productivity into technical changes and efficiency changes, both technical progress and a
rise in production efficiency affected the increase in agricultural productivity in the EU-12,
while in the EU-15 changes in agricultural productivity were caused almost entirely by
improved efficiency [38]. According to Nowak and Różańska-Boczula [36], such countries
as the Netherlands, Denmark, Belgium, and Luxembourg were characterized by the highest
potential and efficiency of its utilization at the same time. Higher agricultural productivity
in the old member states of the EU compared to the new ones has already been shown
by Baráth and Fertö [39], Kijek et al. [40], and Smędzik-Ambroży et al. [41]. It was also
noticed that due to the more profound changes in the new EU member states, agricultural
productivity convergence occurred between the old and new EU countries [39,40,42]. Ratios
between factors of production and their linkage to the partial factor productivity in the
EU agriculture were discussed by Baer-Nawrocka and Markiewicz [22]. They showed that
in most of the analyzed countries the high/low levels of production capacity determine
the high/low level of partial factor productivity. In turn, trends in the US agricultural
productivity were analyzed by Ahearn et al. [20], Alston et al. [43] and Wang et al. [24].
It was noted that since 1948 total productivity growth was the major source of output
growth in the US agriculture (much more important than for the rest of the economy),
while the key driver of productivity growth in a long run was innovation. Relationships
between R&D spending and total factor productivity growth in the US agriculture were
discussed by Griliches [44], Fuglie and Heisey [45], Alston [46], Jin and Huffman [47], and
Fuglie et al. [48].

Although the EU and the US are the main players in the global agricultural market,
there are only a few comparative studies concerning their agricultural potential and perfor-
mance, including those by Bureau et al. [49], Gopinath et al. [50], USDA [51], and Pawlak
and Poczta [30]. All those analyses were based on data for the USA and the EU as a group
of countries [30,51] or a few selected EU countries alternatively [49,50]. There is no study
covering all individual EU member states in relation to the USA. As stated by Pawlak and
Poczta [30], due to more favorable ratios between production factors, higher productivity
levels, and a greater scale of advanced concentration processes, the competitive capacity of
the US agricultural sector is stronger compared to the EU. According to the classical theory
of comparative advantages attributed to David Ricardo and Robert Torrens [52], higher
productivity should make the US a supplier of agri-food products to the EU, while the EU
should specialize in other activities. However, in the agricultural sector such simplified
reasoning may not be accepted, among others due to the food security reasons, raising the
standard of living of the agricultural population or quality controls over the production
process. The last point is of particular importance to the EU tending to have more strin-
gent regulations for farming and livestock production than the USA, which reduces the
optimality of strategies based on imports from the USA. In fact, in 2019 the USA along
with Brazil were the leading suppliers of agri-food products to the EU, while at the same
time the US market was the largest export destination for the EU agricultural products [53].
Considering the existing impasse in the negotiations on both international and transatlantic
trade liberalization, differences in the production structures in the agricultural sector seem
to be a decisive factor affecting the competitiveness of the EU and the USA either on the
world agricultural market or in bilateral relations. At this point some questions arise:

1. What is the gap in the agricultural potential between individual EU countries and
the USA?
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2. Which EU countries are able to face the competitive pressure exerted by US agri-
cultural producers being more efficient and benefiting from economies of scale and
which ones lose this ability?

Hence, this paper aims at determining the spatial diversity of agricultural potential
and its productivity across the EU countries and the USA. The clustering method was
employed to separate internally homogeneous and externally heterogeneous groups of
countries based on their agricultural potential. This agglomerative procedure allowed
to indicate the most and the least competitive countries and verify specific features of
agricultural potential enhancing or hampering their competitive position.

2. Materials and Methods
2.1. Data

As mentioned, some of the most important determinants of international competitive
capacity in the agricultural sector include the volume, quality, structure, and efficiency of
utilization of owned production resources. For this reason, when attempting to identify
types of countries according to the production potential of their agricultural sector a set of
eleven characteristics was adopted defining:

1. The structure of global inputs (to eliminate the impact of the effect of scale on the
classification it was decided to use the structure of inputs of production factors rather
than their volume):

• The share of land in total inputs (%; input of land calculated as the hypothetical
cost of use of land based on its LIBOR interest rates, for the EU countries as-
suming the euro (EUR) LIBOR, while for the USA the US Dollar LIBOR average
interest rates for January 2017);

• the share of labor in total inputs (%; the input of labor calculated as the product
of the number of person employed multiplied by the average wage in a given
country and the number of work hours per year, assuming the latter at 2120 h);

• the share of intermediate consumption (current assets) in total inputs (%); and
• the share of depreciation (fixed assets) in total inputs (%).

2. Ratios between production factors:

• Utilized agricultural area (UAA) per 1 person employed in agriculture (ha);
• value of capital inputs per 1 person employed in agriculture (thousands of euro);
• value of capital inputs per 1 ha UAA (thousands of euro); and
• the ratio of current assets to fixed assets (euro/euro).

3. Efficiency of utilization of production factors:

• Land productivity (euro/1 ha UAA);
• labor productivity (euro/1 person employed); and
• productivity of current assets (euro/euro).

The characteristics were selected based on their substantive merits and a review of
literature on the subject. They were original characteristics, related with the available
volume of production factors in individual countries as well as the intensity and efficiency
of their utilization. Similar diagnostic characteristics were used in studies concerning
diversification of the production potential in agriculture conducted by Davidova et al. [54],
Baer-Nawrocka and Markiewicz [55], Łukiewska and Chrobocińska [56], Rzeszutko and
Kita [25], Nowak and Różańska-Boczula [36], and Poczta et al. [57].

This study was based on statistical data coming from the Statistical Office of the EU
(EUROSTAT) [58–61], the United States Department of Agriculture (USDA) [62], and the
U.S. Bureau of Labor Statistics [63]. Data on the volume of production factors (land, labor,
and capital inputs) in the agriculture of individual EU countries, as well as land prices
and wages necessary to calculate the structure of global inputs were retrieved from the
EUROSTAT resources. Analogous data for the USA were collected based on the USDA
reports from the countrywide Census of Agriculture. Average hourly earnings of all em-
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ployees in the US economy were assumed according to the U.S. Bureau of Labor Statistics.
The time scope of the analysis was determined by the availability of comprehensive data
comparable on the international scale and it covered the year 2017 (the year of the latest
census of agriculture in the USA). A descriptive analysis of the data collection is presented
in Section 3.1. Afterwards, the clustering procedure was employed to determine the spatial
diversity of agricultural potential and its productivity across the EU countries and the USA.
Based on the above, countries with the strongest and the weakest competitive capacity
were indicated, while specific features of agricultural potential enhancing or hampering
the competitive position of the analyzed countries were identified. Research results of the
agglomeration conducted are discussed in Section 3.2.

2.2. Methods
2.2.1. Agglomerative Procedure

The cluster analysis was employed to group the analyzed countries into classes (types)
that are as homogeneous as possible [64] in terms of agricultural potential. Ward’s ag-
glomerative hierarchical clustering method was used in the typology construction process.
The agglomerative hierarchical clustering algorithm is often used for farm groupings and
assessing their agricultural potential (see e.g., [6,56,57,65–67]), while Ward’s method consid-
ered to be the most efficient among the hierarchical clustering methods [68]. This method
while using the analysis of variance makes it possible to combine objects into further,
increasingly greater clusters based on values of the function of probability with regard to
multiple variables. This means that two groups of objects, at any stage of classification,
are combined to form a group in order to reduce the sum of squares of deviations for all
the objects within a given cluster (for more on this see [69]). To determine the similarity
between the analyzed objects (in this case countries) the Euclidean distance was applied:

d(x, y) =
√

∑i(xi − yi)
2 (1)

An agglomerative procedure included five steps:

1. Selection of characteristics describing the production potential of the agri-food sector
in the population of investigated countries;

2. Classification of analyzed countries using Ward’s method;
3. Determination of the optimal division of the population of analyzed countries into

respective classes;
4. Identification of characteristic features in the classes and on this basis—identification

of types of countries; and
5. Description of types.

In the first step, since the classification is mainly affected by mutually uncorrelated
characteristics, the matrix of correlation was established and too strongly correlated vari-
ables were eliminated from the agglomeration procedure (values of Pearson’s linear corre-
lation were max. 0.63 and were statistically significant at p < 0.05). Finally, combining the
substantive and statistical criteria, the following 6 out of 11 characteristics were included
in the clustering procedure: The share of land in total inputs, the share of labor in total
inputs, UAA per 1 person employed in agriculture, the value of capital inputs per 1 person
employed in agriculture, the ratio of current assets to fixed assets and productivity of
current assets. In order to provide comparability of characteristics which values were
expressed in different units, prior to the computation of a Euclidean distance dissimilarity
measure the standardization procedure was performed (for more on this see [70,71]).

2.2.2. Tree-Diagram Division

Results of the classification are presented in the form of a tree-diagram, indicating
the order of connections between individual objects or classes of these objects. Various
procedures of the tree-diagram division may be applied in order to identify the most similar
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groups. In the conducted analysis the position of the tree-diagram division making it
possible to determine the number of clusters was established using three approaches [72,73]:

1. Indicating the measure maximum:

gi = di − di−1 . (2)

2. Calculating the measure of T. Grabiński:

q1 = max
(

di
di−1

)
. (3)

3. Applying the rule of R. Mojena [74]:

di+1 > d + k S(d) (4)

where: di—linkage distance (Euclidean distance of linking objects in the i-th step);
d, S(d)—arithmetic mean and standard deviation of linkage distances; k ∈ (2.75; 3.50).
Based on the study by Milligan and Cooper [75] the value of parameter k was estab-
lished at 1.25.

2.2.3. Identification of Characteristic Features

The characteristic and non-characteristic features for each type of countries were
identified by comparing means of metrics within classes with the general means obtained
from the total population of objects using the measure [76]:

zck(d) =
xck − xk

sk(w)
(c = 1, . . . , C; k = 1, . . . , K) (5)

where xck is the mean of the k-th feature in the c-th class, xk is the general mean of the k-th
feature in the population composed of N objects, sk(w) is average intraclass variation in the
value of the k-th feature, which is calculated according to the formula:

sk(w) =

[
1

N − C

C

∑
c=1

(Nc − 1)·s2
ck

]1/2

(6)

where:

s2
ck =

N − Nc

N − 1
·

s2
k

Nc
(7)

is the variance of the mean in the case of dependent sampling (without replacement) of Nc
objects of the c-th class, s2

k is the empirical variance of the k-th feature in the population,
N−Nc
N−1 is the so-called correction for finite population N.

The obtained values zck(d) were the basis for the identification of characteristic and
non-characteristic features in classes using the following scale of their values [76]:

• zck(d) ∈ 〈3;+∞〉: A very high intensity of the k-th feature is observed in the c-th class,
the feature is highly characteristic;

• zck(d) ∈ 〈2; 3): A high intensity of the k-th feature is observed in the c-th class, the
feature is medium characteristic;

• zck(d) ∈ (−2; 2): An average intensity of the k-th feature is found in the c-th class, this
is not distinguished and it is not characteristic;

• zck(d) ∈ (−3;−2〉: A low intensity of the k-th feature is found in the c-th class, the
feature is medium characteristic; and

• zck(d) ∈ (−∞;−3〉: A very low intensity of the k-th feature is found in the c-th class,
the feature is highly characteristic.
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3. Results and Discussion
3.1. Resources and Inputs of Production Factors in Agriculture—Their Ratios and Productivity

Land is the production factor playing a much greater role in agriculture than in the
other sectors of the national economy. On the one hand, due to its purely natural character
land is the least mobile and flexible resource among all the production factors, while on
the other hand it is a rare good, which supply is limited, thus solely the ownership of land
should constitute a source of income for the owner [77–79]. In 2017 agriculture in the EU
countries used 173.1 million ha UAA, of which almost 71.5% were concentrated in the EU-
15 countries (Table 1). The greatest resources of agricultural land were available in French
and Spanish agriculture, having 27.8 million ha UAA and 23.2 million ha UAA, respectively,
approx. 16% and 13.5% total UAA in the EU-28. Countries with considerable land resources
included also Germany (16.7 million ha UAA), the United Kingdom (16.4 million ha UAA),
Poland (14.4 million ha UAA) and Romania (12.5 million ha UAA), which jointly farmed
on almost 35% total UAA in the EU-28.

An important element co-determining the production potential of the agricultural
sector is connected with the number of persons employed. The level of employment and
the land-to-labor ratio directly determine productivity and efficiency of labor (see e.g., [80]),
and as a result also the competitiveness of agricultural production both on the domestic
and international markets. In 2017 in the agricultural sector of the EU countries employed
almost 9.5 million people (Table 1). The greatest resources of labor were found in the
Romanian and Polish agriculture, which employed approx. 2.0 million and 1.7 million
people, which jointly accounted for over 38% all employed in the agricultural sector of
the EU-28. Among the EU-15 countries relatively high employment rates in agriculture
were recorded in Italy (871 thousand people), Spain (819 thousand people) and France
(698 thousand people).

The UAA in the USA comprised 364.3 million ha and was over 2-fold bigger than in
the EU-28. Due to an almost 4.5-fold smaller number of employed, the UAA per 1 person
employed in agriculture in the USA in 2017 was around 166.5 ha, being 9-fold higher
than in the EU-28 (Table 2, cf. [30]). One person working in agriculture in the EU-28
farmed on average on approx. 18 ha UAA, while—excluding Cyprus and Malta—this
area ranged from 6–9 ha UAA in Romania, Poland and Slovenia up to 42–44 ha UAA in
Luxembourg, Denmark, Estonia, Ireland and the United Kingdom. In view of the above it
means that a much greater concentration of the agrarian structure is found in the USA, thus
promoting a greater labor productivity (Table 3). Moreover, relatively large resources of
land facilitate production of a lower capital consumption intensity, increasingly desirable
as being environmentally friendly. This is reflected in the capital-land ratio. In 2017 in the
USA the capital inputs per 1 ha UAA were over 3-fold lower than in the EU-28 countries,
which resulted in proportionally lower productivity of land (Tables 2 and 3). However,
it needs to be observed here that while land productivity in the USA lower than in the
EU countries is the matter of the farmers’ decision, in some farms in the EU-13 countries
extensive agricultural production to a considerable extent results from the deficit of capital.

Inputs of fixed and current assets in the EU countries vary significantly. In 2017 the
total value of capital inputs in the agricultural sector of the EU countries-28 amounted
to 304.2 billion euro, of which over 83% were incurred by the EU-15 countries (Table 1).
The highest such inputs were recorded in France (53.7 billion euro), Germany (46 billion
euro) and Italy (33.7 billion euro), which jointly accounted for almost 45% capital inputs
in the EU agricultural sector. Considerable capital inputs, amounting to 7–9% their total
value in the EU, were also observed in Dutch, British and Spanish agriculture. Among the
Central and Eastern European countries (CEEC) the highest capital inputs in agriculture
were incurred in Poland and Romania. Inputs reaching 16.8 billion euro and 12.1 billion
euro accounted for as little as 5.5% and 4% total capital inputs in agriculture of the EU-28.
The share of the other countries from that region in the total value of capital inputs in the
EU agricultural sector was slight and did not exceed 2%.
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Table 1. Utilized agricultural area (UAA), labor inputs and capital inputs in the agriculture of the EU and the USA in 2017.

Countries
UAA a Employment Capital Input (Intermediate Consumption and

Fixed Capital Consumption) b

Thous. ha % Thous. Persons % Million Euro %

Austria 2670 1.5 167.4 1.8 5831.3 1.9
Belgium 1354 0.8 54.0 0.6 6785.3 2.2
Denmark 2615 1.5 61.6 0.6 9443.9 3.1
Finland 2194 1.3 92.9 1.0 4302.4 1.4
France 27,814 16.1 697.9 7.4 53,726.2 17.7

Germany 16,715 9.7 532.0 5.6 46,009.8 15.1
Greece 4554 2.6 453.4 4.8 6821.1 2.2
Ireland 4884 2.8 110.4 1.2 6167.2 2.0

Italy 12,598 7.3 871.2 9.2 33,695.4 11.1
Luxembourg 131 0.1 3.1 0.0 407.1 0.1
Netherlands 1796 1.0 176.0 1.9 21,061.6 6.9

Portugal 3642 2.1 304.4 3.2 5446.1 1.8
Spain 23,230 13.4 819.4 8.6 26,983.6 8.9

Sweden 3021 1.7 91.5 1.0 5611.1 1.8
United

Kingdom 16,394 9.5 369.6 3.9 21,359.2 7.0

EU-15 123,612 71.4 4804.8 50.7 253,651.2 83.4

Bulgaria 4492 2.6 221.0 2.3 2735.1 0.9
Croatia 1563 0.9 113.3 1.2 1538.2 0.5
Cyprus 112 0.1 9.6 0.1 416.8 0.1
Czechia 3455 2.0 146.3 1.5 4121.2 1.4
Estonia 995 0.6 23.1 0.2 738.2 0.2

Hungary 4671 2.7 222.7 2.3 5794.9 1.9
Latvia 1931 1.1 61.4 0.6 1108.1 0.4

Lithuania 2925 1.7 105.5 1.1 2237.9 0.7
Malta 11 0.0 2.2 0.0 68.8 0.0

Poland 14,406 8.3 1672.2 17.6 16,758.0 5.5
Romania 12,503 7.2 1974.9 20.8 12,077.1 4.0
Slovakia 1890 1.1 68.5 0.7 1976.2 0.6
Slovenia 488 0.3 53.0 0.6 984.8 0.3

EU-13 49,442 28.6 4673.7 49.3 50,555.4 16.6
EU-28 173,054 100.0 9478.5 100.0 304,206.6 100.0
USA 364,305 100.0 2188.2 100.0 206,048.8 100.0

Note: a—data for EU countries for 2016; b—value of capital inputs in US agriculture converted from USD to EUR based on the mean annual
exchange rate of NBP [81]. Source: The authors’ calculations based on [58–63].

Apart from the land assets, capital assets determined the labor productivity. In 2017
per 1 person employed in the US agriculture there were over 94 thousand of euro capital
inputs, approx. 3-fold more than the average in the EU-28 and almost 9-fold more than
in the EU-13 (Table 2). In such countries as Romania, Poland, Bulgaria, or Croatia the
value of capital inputs per 1 person employed ranged from as low as 6 thousand euro to
13.6 thousand euro, thus resulting in the low labor productivity in the sector (Table 3). In
2017 the productivity of labor measured by agricultural production per 1 person employed
in those countries ranged from 8 thousand euro in Romania, though 15 thousand euro in
Poland to less than 19 thousand euro in Bulgaria and Croatia and it was 2- to 5-fold lower
than in the EU-28 and 8- to 20-fold lower than in the USA. Among the EU-15 countries the
lowest labor productivity was recorded in Greece and Portugal, but even in those countries
1 person employed contributed to the generation of 1.5- or 3-fold greater production
outcomes than in the four above-mentioned EU-13 countries. The greatest productivity
of labor, equal to that in the USA (157.5 thousand euro), was reached in Denmark, the
Netherlands and Belgium, where 1 person employed manufactured from 3.5 to 4 times
higher agricultural production than the average in the EU-28 and from 10 to 12 times higher
than in the EU-13 countries.
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Table 2. Ratios between production factors in the EU and US agriculture in 2017.

Countries UAA per 1 Person Employed (ha) Value of Capital Inputs per 1 Person
Employed (Thous. Euro)

Value of Capital Inputs per 1
ha UAA (Thous. Euro)

Austria 15.95 34.83 2.18
Belgium 25.07 125.65 5.01
Denmark 42.45 153.31 3.61
Finland 23.62 46.31 1.96
France 39.85 76.98 1.93

Germany 31.42 86.48 2.75
Greece 10.04 15.04 1.50
Ireland 44.24 55.86 1.26

Italy 14.46 38.68 2.67
Luxembourg 42.26 131.32 3.11
Netherlands 10.20 119.67 11.73

Portugal 11.96 17.89 1.50
Spain 28.35 32.93 1.16

Sweden 33.02 61.32 1.86
United

Kingdom 44.36 57.79 1.30

EU-15 25.73 52.79 2.05

Bulgaria 20.33 12.38 0.61
Croatia 13.80 13.58 0.98
Cyprus 11.67 43.42 3.72
Czechia 23.62 28.17 1.19
Estonia 43.07 31.96 0.74

Hungary 20.97 26.02 1.24
Latvia 31.45 18.05 0.57

Lithuania 27.73 21.21 0.77
Malta 5.00 31.27 6.25

Poland 8.61 10.02 1.16
Romania 6.33 6.12 0.97
Slovakia 27.59 28.85 1.05
Slovenia 9.21 18.58 2.02

EU-13 10.58 10.82 1.02

EU-28 18.26 32.09 1.76

USA 166.49 94.16 0.57

Source: The authors’ calculations based on [58–63].

Lesser disproportions both between the EU-28 and the USA and among the EU-
28 countries were observed in terms of productivity of capital inputs involved in the
production process. In 2017 in the EU-28 countries capital input of 1 euro contributed to
the generation of 1.37 euro of agricultural production, which was by almost 20% less than
in the USA (Table 3). Among all the EU countries the highest value of production was
generated by unit capital input in the agriculture of Spain (1.83 euro), Cyprus (1.67 euro),
Malta (1.67 euro), Greece (1.61 euro), Poland (1.52 euro), Italy (1.51 euro), and Bulgaria
(1.50 euro). An above-average productivity of capital was also recorded for the agricultural
sector in Croatia, Hungary, Portugal, and Ireland. It may be observed that in many cases
the high average productivity of capital inputs was attained in countries with low levels
of capital inputs (Table 1), which is consistent with the theory production, according to
which efficiency of capital inputs is higher at their lower levels, while an increase in inputs
in developed agriculture leads to a decrease in their efficiency [82]. Similar regularities
were also observed in the productivity of current assets, although at a lesser discrepancy of
values between the EU-28 and the USA, but greater between the EU-15 and EU-13. This
is of significance, particularly that while fixed assets are needed to run the production
process, the income-generating role is played by current assets.
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Table 3. Productivity of production factors in the agriculture of the EU and the USA in 2017.

Countries
Agricultural Production

Per 1 ha UAA Per 1 Person Employed Per 1 Euro of Capital Inputs Per 1 Euro of Current Assets

Euro EU-28 = 100 Euro EU-28 = 100 Euro EU-28 = 100 Euro EU-28 = 100

Austria 2580 106.9 41,146 93.4 1.18 86.0 1.69 98.8
Belgium 6167 255.5 154,622 351.0 1.23 89.6 1.39 81.3
Denmark 4210 174.5 178,708 405.6 1.17 84.9 1.36 79.6
Finland 1710 70.9 40,385 91.7 0.87 63.5 1.21 70.6
France 2555 105.9 101,842 231.2 1.32 96.4 1.64 95.9

Germany 3388 140.4 106,437 241.6 1.23 89.7 1.58 92.6
Greece 2415 100.1 24,257 55.1 1.61 117.5 1.95 114.0
Ireland 1736 71.9 76,779 174.3 1.37 100.1 1.59 93.2

Italy 4025 166.8 58,210 132.1 1.51 109.6 2.14 125.4
Luxembourg 3002 124.4 126,845 287.9 0.97 70.4 1.28 74.5
Netherlands 15,667 649.3 159,877 362.9 1.34 97.3 1.64 95.7

Portugal 2042 84.6 24,427 55.4 1.37 99.5 1.60 93.4
Spain 2129 88.2 60,348 137.0 1.83 133.5 2.27 132.6

Sweden 2031 84.2 67,054 152.2 1.09 79.7 1.36 79.3
United

Kingdom 1718 71.2 76,203 173.0 1.32 96.1 1.56 91.3

EU-15 2812 116.5 72,345 164.2 1.37 99.8 1.73 100.9

Bulgaria 912 37.8 18,534 42.1 1.50 109.1 1.79 104.6
Croatia 1369 56.7 18,879 42.9 1.39 101.3 1.74 101.8
Cyprus 6217 257.6 72,527 164.6 1.67 121.7 1.73 101.2
Czechia 1423 59.0 33,608 76.3 1.19 86.9 1.44 84.3
Estonia 852 35.3 36,700 83.3 1.15 83.7 1.39 81.5

Hungary 1764 73.1 37,007 84.0 1.42 103.6 1.71 99.8
Latvia 668 27.7 21,007 47.7 1.16 84.8 1.32 76.9

Lithuania 952 39.5 26,406 59.9 1.24 90.7 1.47 85.7
Malta 10,465 433.7 52,327 118.8 1.67 121.9 1.84 107.8

Poland 1773 73.5 15,277 34.7 1.52 111.1 1.70 99.4
Romania 1271 52.7 8050 18.3 1.32 95.9 1.68 98.2
Slovakia 1199 49.7 33,095 75.1 1.15 83.6 1.30 76.2
Slovenia 2363 97.9 21,755 49.4 1.17 85.3 1.60 93.3

EU-13 1416 58.7 14,976 34.0 1.38 100.9 1.64 95.9

EU-28 2413 100.0 44,057 100.0 1.37 100.0 1.71 100.0

USA 946 39.2 157,535 357.6 1.67 121.9 1.91 111.4

Source: The authors’ calculations based on [58–63].

It results from the conducted analysis that the efficiency of production in agriculture,
and as a consequence its competitiveness on the international scale, is to a considerable
extent determined by the ratios between the production factors. This is a confirmation of the
results presented in earlier studies by Baer-Nawrocka and Markiewicz [22], Tarnowska [83],
Guth and Smędzik-Ambroży [6], and Poczta et al. [57]. It may be observed here that the EU
agriculture is highly diverse in this respect. In such countries as Denmark, Germany, and
France much greater resources of land and capital are available per one person working in
agriculture than the average in the EU-28, while at the same time the level of capital inputs
per a unit of land resources also markedly exceeds mean values. In Belgian and Dutch
agriculture one person working in agriculture uses approximately the average UAA, but
the above-average level is observed in the available resources of capital, while capital inputs
per 1 ha UAA are also above-average. In most EU-13 countries the assets of capital resources
available to persons working in agriculture is well below the average value and the level of
capital inputs per 1 ha UAA is also less than average (cf. [84]). Except for the capital-land
ratio, a considerable gap in the case of the labor production factor is found in its assets of
the other two production factors—land and capital, which divides the EU-28 and the USA,
thus showing—in this reference system—the weakness of the production potential for the
EU agriculture. In order to strengthen competitive advantages of farms in the EU countries,
particularly those from the EU-13 countries characterized by lower productivity of land
and labor than those from the EU-15 countries (for more on this see [27,30,41,55,85,86]), it is
necessary to reduce the level of employment in agriculture, implement technical change and
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accelerate concentration processes, facilitating the beneficial effects of scale of production
and its increased efficiency. In earlier studies these issues were indicated by Burja and
Burja [87], Rzeszutko and Kita [25], Smędzik-Ambroży et al. [41], Bórawski et al. [88], or
Hornowski et al. [89]. It is also in line with the study by Špička and Smutka [90], who
found that especially in mixed crops and livestock farming the substitution of labor by
capital (or hired labor) may significantly affect labor productivity and income. In turn, a
positive relationship between the farm size and efficiency of the production factors was
shown by Latruffe et al. [91] and Bojnec and Latruffe [92].

3.2. Identification of Types of Countries in Terms of the Production Potential in Agriculture

As described in Section 2.2.2, three procedures of the tree-diagram division were
applied. The maximum difference in the distance measure and the Grabiński measure
were 3.40 and 2.60, respectively, thus indicating the division of the tree-diagram between
the 18th and 19th or the 17th and 18th steps (Figure 1) and leading to the isolation of 10
or 11 classes of analyzed countries (Figure 2). Applying the rule proposed by R. Mojena,
for parameter k = 1.25 the value of 4.46 was obtained, which suggests the position of
the tree-diagram division after the 21st step and thus distinguishes 7 classes of countries.
Considering the division of the tree-diagram at the linkage distance determined by the
value of the Grabiński measure as the most accurate, eleven classes of countries were
distinguished as differing in the structure, intensity, and efficiency of utilization of their
production potential in the agricultural sector (Figure 3). Values of class means for active
characteristics are given in Table 4, while Table 5 gives values of the measure of differences
between mean metrics, used to identify features characteristic to individual classes. Table 6
presents characteristics of typological classes of the analyzed countries depending on the
production potential of their agricultural sector.
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Figure 2. Tree-diagram division of the EU countries and the USA depending on the production potential of the agricultural
sector (Ward’s method, Euclidean distance). Note: Due to a lack of comprehensive data on land prices and wages making
the calculation of the global inputs structure impossible Cyprus and Malta were excluded from the typological analysis.
Source: The authors’ calculations based on [58–63].

Class 1 includes Poland, characterized by a high share of labor in total inputs—the
highest in the investigated population of countries—at the simultaneous low UAA per
1 person employed in agriculture (Figure 3, Tables 5 and 6). A lower level of land assets
for the labor production factor was recorded only in class 10 (Table 4), composed of Croa-
tia, Portugal and Greece, having much lower resources of land than Poland as well as
Romania, in which 300 thousand people employed more worked on almost 2 million ha
smaller total UAA than in Poland (Table 1). It may be stated that due to the considerable
resources of land and labor accumulated in Polish and Romanian agriculture their produc-
tion potential is considerable in relation to the agriculture of the EU-28, and in terms of
labor resources labor even compared to the USA. Nevertheless, it needs to be remembered
that both land and labor resources are “potentially dormant”, which under advantageous
external conditions may be effectively used, while under adverse conditions they will be a
burden and will hinder development. The fragmented agrarian structure in those countries
(see e.g., [30,87,93,94]), while not necessarily determining their production potential [95],
will nevertheless have a considerable impact and will negatively affect the level of labor
productivity, thus influencing also the level and accumulation of income. In turn, a factor
stimulating income of farms in Poland may be provided by the very high ratio of current
assets to fixed assets—by 75% exceeding the average for all the investigated countries
(Table 4). A high ratio of current assets to fixed assets, by 50% exceeding the average for
the analyzed population, was also recorded for Slovakia and Latvia constituting class 2
(Figure 3, Table 4). Importance of respective ratios between production factors modifying
the financial situation of farms in the EU countries was already shown by Poczta et al. [96].
They indicated that good levels of production factors, at their inappropriate ratios, do not
guarantee advantageous financial effects, whereas smaller economic entities, but this time
with more appropriate ratios between the production factors, may attain satisfactory values
of financial indexes.
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Table 4. Mean intraclass features describing production potential of the agricultural sector in the EU countries and the USA.

Feature
Class

Total
I II III IV V VI VII VIII IX X XI

Share of land in total inputs (%) 1.2 1.3 1.2 0.8 2.7 3.5 1.3 1.8 1.6 1.0 1.9 1.9
Share of labor in total inputs (%) 61.2 38.9 37.2 50.1 33.5 44.4 37.7 33.0 50.7 61.0 58.9 46.1
UAA per 1 person employed (ha) 8.6 29.4 23.0 28.3 166.5 44.3 33.0 34.3 21.2 7.8 14.3 46.1

Value of capital inputs per 1 person
employed (Thous. Euro) 10.0 23.7 21.7 53.8 94.2 57.3 86.0 140.4 35.9 9.1 30.9 43.7

Ratio of current assets to fixed
assets (Euro/Euro) 8.7 7.4 5.0 3.3 7.1 5.6 3.9 6.6 3.0 4.3 2.4 5.0

Productivity of current assets
(Euro/Euro) 1.7 1.3 1.6 1.3 1.9 1.6 1.6 1.4 2.2 1.7 1.7 1.8

Source: The authors’ calculations based on [58–63].

Table 5. Values of the measure of differences for mean metrics describing the production potential of the agricultural sector
in the population of analyzed countries and in classes (Ward’s method).

Feature
Class

I II III IV V VI VII VIII IX X XI
Share of land in total inputs (%) −1.7 −1.6 −1.7 −2.7 1.9 3.8 −1.4 −0.3 −0.8 −2.3 −0.1
Share of labor in total inputs (%) 2.6 −1.2 −1.5 0.7 −2.1 −0.3 −1.4 −2.2 0.8 2.5 2.2
UAA per 1 person employed (ha) −2.3 −1.0 −1.4 −1.1 7.3 −0.1 −0.8 −0.7 −1.5 −2.3 −1.9

Value of capital inputs per 1
person employed (Thous. Euro) −1.5 −0.9 −0.9 0.4 2.2 0.6 1.8 4.2 −0.3 −1.5 −0.6

Ratio of current assets to fixed
assets (Euro/Euro) 3.9 2.6 0.1 −1.7 2.2 0.7 −1.1 1.7 −2.1 −0.7 −2.7

Productivity of current assets
(Euro/Euro) −0.7 −3.4 −1.2 −3.5 0.8 −1.6 −1.2 −2.9 2.9 −0.4 −0.8

Note: Cells shaded in grey denote features characteristic to a given class. Source: The authors’ calculations based on [58–63].

Table 6. Characteristics of types of analyzed countries distinguished based on the production potential of the agricul-
tural sector.

Class Characteristics of Type

I High—the highest in the analyzed population—the share of labor in total inputs; small UAA per
1 person employed; very high ratio of current assets to fixed assets

II High ratio of current assets to fixed assets; very low productivity of current assets

III Average type, not distinguished by any particularly characteristic features from the other countries

IV Low share of land in total inputs—the lowest among analyzed countries; very low productivity of
current assets—the lowest in the analyzed population

V
Low share of labor in total inputs; very high UAA per 1 person employed—the highest in the analyzed
population; high level of capital assets per 1 person employed and high ratio of current assets to
fixed assets

VI Very high share of land in total inputs—the highest in the analyzed population

VII Average type, not distinguished by any particularly characteristic features from the other countries

VIII Low share of labor in total inputs; very high level of capital assets per 1 person employed—the highest
in the analyzed population; low productivity of current assets

IX Low ratio of current assets to fixed assets; high productivity of current assets—the highest in the
analyzed population

X Low share of land, but high share of labor in total assets; lowest level of land assets per 1 person
employed in the analyzed population

XI High share of labor in total inputs and low ratio of current assets to fixed assets

Note: In the description of type only these features were used, which based on the value of measure of differences in means were considered
characteristic to a given type (see Table 5). Source: The authors’ elaboration based on Tables 4 and 5.
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Class 3, which includes five EU-13 countries—Estonia, Lithuania, Czechia, Hungary,
and Bulgaria, showed no particularly characteristic features compared to the other countries
(Figure 3, Tables 5 and 6). When comparing this class to the entire investigated population
we may observe the ratio of current assets to fixed assets and the productivity of current
assets almost equal to the average, as well as lower assets of land and capital available to
labor assets and average values of the other characteristics (Table 4).

Class 4 comprises two Scandinavian countries—Sweden and Finland, in which the
share of land in total inputs was 2-fold lower than the average for all the investigated
countries, as well as the lowest productivity of current assets in the analyzed population
(Figure 3, Table 4). The value of agricultural production obtained from 1 euro of current
assets in those countries was 1.36 euro and 1.21 euro, respectively, and it was by approx.
20–30% lower than in the EU-28 and by 30–40% lower than in the USA (Table 3). However,
it results from a study by Kijek et al. [40] that Sweden and Finland belonged to the EU-15
countries characterized by the strongest convergence processes of agricultural productivity.

Class 5 was composed of 1 element, the USA with a low share of labor in total inputs,
but over 3.5-fold and 2-fold higher land and capital assets per 1 person employed compared
to the average for the investigated population of countries (Figure 3, Table 4). The ratio
of current assets to fixed assets in the USA was also by over 40% higher the average. As
mentioned in Section 3.1, advantageous ratios between production factors and a much
more concentrated agrarian structure [30] promoted high productivity of labor and capital
in the US agriculture (Table 3). It should be noted here that in 2017 in the USA farms with an
area exceeding 105 ha UAA accounted for almost 25% all farms, but used almost 90% total
UAA, while in the EU-28 less than 3% farms larger than 100 ha UAA concentrated almost
53% resources of agricultural land [30]. This is corresponding to the study by Huffmann
and Evenson [97], who found that the structural change in the US agriculture related to
farm size and specialization is an important source of total factor productivity growth both
in crop and livestock production.

Class 6 included the United Kingdom and Ireland (Figure 3), characterized by much
higher share of land in total inputs than in the other classes (Tables 4–6) as well as the
highest UAA per 1 person employed in the EU-28 (Table 2). It needs to be stressed here
that approx. 63% total UAA in the United Kingdom and as much as 90% in Ireland were
permanent grasslands used in extensive cattle rearing based on grazing [58], which was
reflected in land productivity by approx. 30% and 40% lower than the mean in the EU-28
and EU-15 (Table 3).

Class 7 comprised Luxembourg, Germany, the Netherlands and France, while class 8
included Denmark and Belgium (Figure 3) belonging to the group of most developed EU
countries in terms of their GDP per capita measured in the purchasing power parity [98].
Those countries incurred the highest capital inputs per 1 ha UAA and per 1 employed in
the EU-28 (Table 2), which contributed to the above-average productivity of land and labor
within the EU-28 (Table 3). The high agricultural productivity of the above-mentioned
countries was also indicated by Cuerva [99], Baer-Nawrocka and Markiewicz [22], Nowak
and Różańska-Boczula [36], or Smędzik et al. [41]. In view of the high level of capital assets
per 1 person employed and the recorded level of labor productivity, those two classes of
countries are likely to include those capable of meeting the competitive pressure exerted by
the more concentrated US agriculture, benefitting from the appropriate ratios of production
factors, and being more productive as a result.

Class 9 comprises Italy and Spain, in comparison to the other countries distinguished
by the ratio of current assets to fixed assets being by 40% lower, at a 20% higher productivity
of current assets (Figure 3, Tables 4–6). The level of capital inputs per 1 person employed
in those countries was relatively low, which was connected with the specialization in
plant production (fruit and vegetables, olives, vineyards), being more land- and labor-
intensive rather than capital-intensive. The other EU countries of the Mediterranean region
(Croatia, Portugal, and Greece) as well as Romania, similarly as countries from class 9
specializing in plant production, were assigned to class 10 (Figure 3). In the investigated
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population they were distinguished by a low share of land, but a high share of labor in
total inputs, comparable to that observed in in Poland and by over 30% higher than the
mean for all the analyzed countries (Tables 4 and 5). As was already mentioned, a relatively
small UAA or excessive level of employment in in agriculture in relation to the available
resources of agricultural land (Table 1) resulted in this class in the lowest level of land
assets per 1 person employed. Fragmentation of farms as well as high labor intensity and
lower capital intensity of production in countries of Southern Europe, related with the
production structure to a considerable extent focused on plant production promoted by the
advantageous climatic conditions was indicated by Baer-Nawrocka and Markiewicz [22].

Labor-intensive production of fruits, grapes and olives is also run in Slovenia, which
together with Austria, being a leading organic producers in the EU [100,101], was classified
to class 11 (Figure 3). For this class, similarly as for classes 1 and 10, a typical characteristic
was the high share of labor in total inputs (Tables 5 and 6), whereas in contrast to them in
Austria and Slovenia a low ratio of current assets to fixed assets was recorded (Table 4),
determining productivity of production factors lower than the EU-28 average (Table 3).

4. Conclusions

Although the EU and the US are the largest players in the global agricultural market
and major trade partners for each other, there are only a few comparative studies concern-
ing their agricultural potential and performance. No comprehensive study covering all
individual EU member states in relation to the USA has been delivered so far. Considering
the above and in view of the lasting impasse in the negotiations on both international
and transatlantic trade liberalization, differences in the production structures seem to be a
decisive factor affecting the competitiveness of the EU and the US agriculture, the paper
aims at determining the spatial diversity of agricultural potential and its productivity
across the countries under investigation. The study attempts to answer the questions: What
is the gap in the agricultural potential between individual EU countries and the USA?
Which EU countries are able to face the competitive pressure exerted by the US agricultural
producers and which ones lose this ability?

Based on the conducted analyses it may be stated that more appropriate ratios between
production factors, and as a result higher efficiency of their utilization are found in the US
agriculture, in which in 2017 the level of land and capital assets per 1 person employed was
9- and 3-fold higher, respectively, than in the EU-28. Such land-to-labor and capital-to-labor
ratios resulted in an over 3.5-fold advantage of the USA in terms of labor productivity. In
contrast, the inferior capital-to-land ratio made land productivity in the US agriculture
more than 2-fold lower compared to that in the EU-28. However, it needs to be emphasized
here that the extensive character of agricultural production in the USA comes from farmers’
decision tending to adopt cheaper and environmentally friendly production through
lower capital intensity of production, while a comparable type of farming in some CEEC
is a necessity resulting from the deficit of capital. Nevertheless, such an ecologically
desirable production type is in line with the paradigm of sustainable agriculture, which
is of high priority when setting the objectives for agricultural policies both in the EU and
the USA. Considering the relatively small cross-country disproportions in terms of capital
productivity, it may also be concluded that enhancing labor productivity can be of higher
importance to the agricultural productivity than an increase in capital productivity. This
deserves special attention in countries with abundant labor resources and a fragmented
agrarian structure, where simultaneous land concentration processes and rationalization of
employment are required. It is crucial for the improvement both in agricultural productivity
and incomes on a microscale. Increasing the level of agricultural productivity seems to be
particularly decisive to the competitive position of those EU-13 countries, which so far have
gained from cost and price advantages. Plentiful labor resources resulting in low wages do
not secure a steady and resilient competitive advantage over the more productive countries.
Moreover, considering the processes of price convergence in the EU countries posing a risk
of an almost complete loss of the cost advantage, improving the ratios between production
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factors and boosting the efficiency of their use is more and more vital to enhance the
competitive capacity of the agricultural sector in this group of countries.

It results from the conducted typological analysis that only among such countries as
Germany, the Netherlands, France, Denmark, and Belgium we may find those capable
of meeting the competitive pressure exerted by the more concentrated US agriculture,
benefitting from the proper ratios between production factors. A much more difficult
competitive situation is observed in the EU countries from Central and Eastern Europe as
well as the Mediterranean, specializing in land- and labor-intensive production, requiring
no major inputs of fixed capital. Even is some countries from those regions generated a con-
siderable production potential manifested in the resources of land and labor (e.g., Poland
and Romania), its rational utilization is hindered by structural deficits, resulting from
the fragmented agrarian structure and low levels of land and capital assets per 1 person
employed. In this context, in order to improve competitiveness of the agricultural sector the
EU countries from Central and Eastern Europe and from Southern Europe have to improve
the ratios of production factors. This may be stimulated by the institutional support for
the concentration of the agrarian structure and policies focusing on technical change and
innovation. In the case of countries with excessive employment in agriculture a key issue
is to reduce employment levels, which will make it possible to increase the productivity of
labor and the level of income from farms, as a result promoting modernization of farms
and leading to desirable, environmentally friendly production. Since the process leading to
reduced employment in agriculture to a considerable extent depends on the opportunities
to find employment outside agriculture, the structural transformation may be supported
by the properly designed labor market policy facilitating inter-sectoral labor flows and
increasing off-farm labor market participation.

Considering that both the EU and the US strongly support their agricultural sectors,
it may be of interest to revise the research results and measure agricultural productivity
using agricultural output increased by government payments. Calculating total factor
productivity instead of partial productivities and employing those values in the agglom-
erative procedure would also be valuable in the course of further research. Finally, a
long-run analysis of changes in the production structures and their efficiency would deliver
interesting findings. It would help to answer the question whether the distance between
these two serious competitors in the world agricultural market (and between individual
EU countries and the US) converged or diverged over last decades.
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26. Czyżewski, A.; Smędzik-Ambroży, K. Specialization and diversification of agricultural production in the light of sustainable
development. J. Int. Stud. 2015, 8, 63–73. [CrossRef] [PubMed]
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