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Abstract: This study measures changes in total factor productivity of agriculture for 25 European Union (EU) member states in 2004–2016 using the Färe-Primont index. It also attempts to answer the question whether in the analysed period the levels of total factor productivity in this sector were convergent between member states. To this end,
panel unit root tests were used. The study indicates that in new EU member states the level of total factor productivity
(TFP) was relatively lower than in most EU-15 states. It was also found that convergence occurred in agricultural
productivity almost in all EU member states (except Belgium and the United Kingdom). The research shows that
in new EU member states the process of making up differences in the productivity of agriculture was stronger than
in old EU member states.
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Agriculture is a significant part of the economy
in most member states of the European Union (EU).
There is a decreasing share of this sector in employment
and Gross Domestic Product (GDP) as a consequence
of economic progress (Byerlee et al. 2005; CervantesGodoy and Brooks 2008), but it does not mean that its
role in economic development has been decreasing.
Agriculture accomplishes not only economic but also
social, civil, cultural and environmental goals.
Therefore, the functioning of agriculture needs
to be analysed, and the changes occurring in this
area must be evaluated. The analysis of productivity
of production factor is particularly important as it is a
useful management tool at any economic level. At the
national and sector level productivity factors facilitate
evaluating the results of management and the quality
of social and economic policies (Prokopenko 1987).
According to a generic definition, productivity is the
ability of production factors to produce the output
(Latruffe 2010). Productivity in agriculture can be calculated as partial productivity referring to a single factor or as total productivity (multi-factor). Total factor

productivity (TFP) index is the relation of total production to total expenditure on such production (Coelli
et al. 2005). The wide applicability of total productivity
indices in economic analyses is associated with their
comprehensive nature resulting from the aggregate
analysis of expenditure. According to need, different
methods of TFP analysis are applied. Total factor productivity of agriculture in the member states of the EU
has been investigated quite extensively, but the studies
often focused on a selected group of states (Brümmer et al. 2002) or covered a short period (Čechura
et al. 2014). The most commonly applied TFP index
is the Malmquist productivity index (Brümmer et al.
2002; Coelli et al. 2005). In turn, alternative productivity indices, e.g. the Hicks-Moorsteen index or the
Färe-Primont index are rarely mentioned in reference
literature (Rahman and Salim 2013). One of the attractive features of the Färe-Primont index is that its
increase can be fully attributed to increases in scale
and mix efficiency (i.e. economies of scale and scope).
For example, the Malmquist index ignores productivity
changes associated with changes in scale. Moreover,
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the Färe-Primont index satisfies an identity axiom
and a transitivity test.
The productivity of the agricultural sector is quite
differentiated in respective member states of the EU
(Błażejczyk-Majka et al. 2012, Nowak et al. 2016).
Identification of the determinants of growth in agricultural productivity is the precondition to make up
differences in TFP between member states. Studies
on factors improving the productivity of agriculture
are described, among other works, in papers written
by Rao et al. (2004) and Kijek et al. (2016). They put
emphasis on the significance of education, health,
knowledge, experience, human capital, innovation,
expenditure on research and development (R&D),
infrastructure, institutions, economic openness, competition, and geographical situation.
Dudu and Kristkova (2017) investigated the impact
of payments under Common Agricultural Policy Pillar II on the productivity of agriculture in the member
states of the EU. The results confirmed significant
positive effects of physical, human capital and agri-environmental payments on factor-augmenting
technical change in agriculture. It was found that
human capital subsidies stimulate labour-augmenting
technical change, whereas physical capital subsidies increase capital-augmenting technical change.
Agri-environmental payments are in turn important
in stimulating land-augmenting technical change.
However, the identification of TFP determinants
is not the only significant issue of agricultural development. An important aspect of studies concerning
the differentiation of productivity in member states
of the EU is the analysis of trends in TFP variance
and evaluating whether the distance between EU
member states in terms of agricultural productivity
is reduced (Baráth and Fertő 2017). Analysis of the
process of aligning the economic growth between
member states with different operating conditions
(historical, institutional, and related to resources)
is a major issue which has concerned economists for
years. In order to determine the existence of TFP
convergence, it must be clearly defined, and a criterion for verifying the convergence hypotheses must
be set out. Convergence is interpreted as aligning
the level of the analysed indicator between member
states/regions in which initial levels of the indicator
were different. A contrary phenomenon – growth
in variance – is called divergence (polarization).
The first researchers who presented significant
empirical studies on convergence were, among others: Barro and Sala-i-Martin (1992) and Mankiw
2

et al. (1992). Initially, studies focused on the analysis
of the convergence of GDP per capita. Currently,
empirical papers more and more often refer to the
convergence of economic growth indicators other
than GDP. Discussions on convergence or divergence,
in particular in the conditions of progressing globalisation, point to the multiplicity of approaches to this
issue and the possibility to interpret the observed
phenomena and processes. Studies on convergence
referring to the agricultural sector were carried out
by Rezitis (2010) who analysed the convergence
of agriculture in European countries and the United
States of America (USA). The results show a wide
variation in the rate of TFP growth across countries
with an average trend growth rate of 1.62%. Galanopoulos et al. (2011) evaluated the convergence
of agricultural productivity in 32 Western European
countries, countries of Central and Eastern Europe
and the Middle East and North Africa. The results
suggest that, despite the fact that the Central and
Eastern European (CEE) and Middle East and North
African (MENA) countries have exhibited a high
rate of productivity growth since the 1990s, absolute
convergence cannot be confirmed. In turn, Baráth
and Fertő (2017) investigated the convergence of total factor productivity of agriculture between EU
member states. The results imply that TFP slightly
decreased in the EU between 2004 and 2013, however, there were significant differences between old
member states and new member states. The results
suggest that productivity was generally converging
over that period, albeit slowly. However, they point
to a deficiency in studies in this area, and in particular, as regards the comparison of the levels of TFP
in agriculture between old and new member states.
The variety of convergence concepts makes their
classification difficult. The way of convergence classification depends on the assumed criteria. One of the
more detailed studies on convergence is presented
by Islam (2003), who distinguishes different types of
convergence according to the methodological criterion.
Next, to the so-called classical concepts of convergence
(β-convergence and γ-convergence) the researchers
employ the analysis of dynamics of income per capita
distribution and methods for panel data and time series data. Galor (1996) deals with the concept of club
convergence. In turn, Bernard and Jones (1996) pay
attention to technological convergence. A frequently
used method of empirical verification of technological convergence is the analysis of variance in labour
productivity. In the growth theory, one of the methods
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of verifying technological convergence is the analysis
of total factor productivity (TFP). Islam (1995) refers
to the convergence of TFP levels as ‘TFP-convergence’.
In addition, he identifies deterministic and stochastic
convergence. However, irrespective of its type, convergence always leads to the disappearance of inequalities
between entities that are different at the beginning.
Due to the high diversity of the level of agriculture
development in the member states of the EU and the
importance of convergence issue in this sector, the
objective of our study is to assess the changes in total factor productivity of agriculture in the member
states of the European Union in 2004–2015. We also
attempt to answer the question whether there was a
tendency to convergence or divergence of TFP levels
in these countries.

MATERIAL AND METHODS

Q(q) = DO (x0, q, t0)

(1)

X(x) = DI (x, q0, t0)

(2)

where Q(.) is an aggregate output function, X(.) is an
aggregate input function, x and q are input and output
quantity vectors, x0 and q0 are vectors of representative
input and output quantities, t0 denotes a representative
time period, and DO(.) and DI(.) are output and input
distance functions.

The aggregator functions (1) and (2) give rise to the
Färe-Primont index that measures TFP of country i
in period t relative to TFP of country h in period s.
The index takes the form (O’Donnell 2011):
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where α, β, γ, δ, φ, η are unknown parameters.

DPIN estimates Färe-Primont aggregates by first
solving the following variants of linear programs
(O’Donnell 2011):
1
DO  x0 , q0 , t
min α,γ ,β {γ  x0' β:γ ι  X 'β  Q 'α;
0

q0' α  1; α  0; β  0}

(6)

DI  x0 ,
q0 , t0  1 max ф,δ,η {q0' ф  δ : Q 'ф  δ ι  X 'η ;

In the first step of our analysis, we calculated the total
factor productivity (TFP) defined as the aggregated
output-input ratio. For this purpose, we used the FärePrimont index. It is worth noting that this index satisfies all economically-relevant axioms and tests from
index number theory and is multiplicatively-complete
(O’Donnell 2011). The class of non-negative, nondecreasing and linearly homogeneous output-input
aggregator functions included in the Färe-Primont
index can be written as follows (O’Donnell 2011):

TFPhs ,it


to estimate the production technology and levels of
productivity. DEA is underpinned by the assumption
that the output and input distance functions representing the technology available in period t take the form:

x0' η  1; ф  0; η  0}

(7)

where α, β, γ, δ, φ, η are unknown parameters and
ι is an unit vector.
Going to TFP convergence analysis, firstly we tested
the existence of cross-sectional dependencies in the
calculated TFP scores, applying Pesaran (2004), Friedman (1937) and Frees (2004) test. The first two tests
involve the sum of the pairwise correlation coefficients
of the residual matrix. This feature implies that these
tests are likely to miss cases of cross-sectional dependence where the sign of the correlations is alternating.
Contrary to the tests by Friedman and Pesaran, Frees’
test provides the possibility of detecting a false null
hypothesis, even if there is plenty of cross-sectional
dependence left out in the disturbances. As a result
of the cross-sectional dependence tests we used Pesaran (2007) panel unit root test. Pesaran (2007) augments the standard Augmented Dickey-Fuller (ADF)
specification with the cross section average of lagged
levels and first-differences of the individual series.
This is done as follows:
Δyit 
ai bi yit 1  ci yt 1  di Δyt  eit

(8)

where:

(3)

Δyit yit  yit 1 , Δyt  yt  yt 1

(9)

yt (1/

N ) i 1
yit , yt 1 (1/N )  i 1 yit 1

In order to calculate the Färe-Primont index, we
employed the DPIN program. The program uses data where y it is value of dependent variable for unit i
envelopment analysis (DEA) linear programs (LPs) at time t, eit is error term and ai, bi, ci, di are coefficients.
N

N
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The unit root hypothesis is based on the t-ratio of the
estimate of bi bˆi in the above regression. A truncated
version of cross-sectionally augmented ADF t-statistics
is also considered to correct for undue influence
of extreme observations in short-T panels.
We conducted our empirical analysis for a sample
of 25 EU countries over the period 2004–2016 using
panel data from the Eurostat datasets. Croatia, Malta
and Cyprus were excluded due to missing data. For
the purpose of TFP estimation, we used one output
and three inputs. Our measure of the output variable
included production value of the agricultural sector
(producer prices) at constant prices (2005 = 100).
In turn, the input variables were agricultural labour,
capital and land. Labor input was measured in annual
work unit (AWU), which corresponded to the work
performed by one person who was occupied on an
agricultural holding on a full-time basis. Capital input
was retrieved from total intermediate consumption at
constant prices (2005 = 100). Intermediate consumption covers purchases made by farmers for raw and
auxiliary materials that are used as inputs for crop
and animal production. It also includes expenditure
on veterinary services, repairs and maintenance, and
other services (Eurostat 2017). Land input denoted
to the stock of utilised agricultural area. Since time
series data for the land input was incomplete, we decided to replace missing values by the previous year
non-missing values.

 

RESULTS AND DISCUSSION
Figure 1 presents the level of total factor productivity (TFP) index for particular EU countries from the
years 2004–2016.
The results indicate that the highest TFP index was
characteristic of Italy, Spain and Greece. However,
in the latter, a slight reduction in total factor productivity in the final years of the study period can be
observed, which may be attributed to the economic
crisis in that country. Similar trends regarding variance
in total factor productivity in Greece are also supported by the results of study carried out by Kijek et al.
(2016) for the period 2007–2013. In Spain, except for
two years (2012 and 2015), a systematic growth in the
analysed index has been observed since 2006. In turn,
Italian agriculture is characterized by area structure
of farms being less advantageous than in other old EU
member states and, despite higher increase in TFP, its
workforce productivity in agriculture is considerably
lower. In 2015, the gross value added (GVA) of 1 AWU
4

was 26 004.8 EUR, while the average for EU-15 was
30 535.4 EUR. It is also notable that in 2012–2015 total
factor productivity of agriculture clearly increased
in Belgium. Until 2012, TFP in that country presented
a downward trend, which was also noted by Baráth and
Fertő (2017) in their study. In countries such as the
Netherlands, France, Luxembourg and Germany,
TFP index remained at a relatively constant level
throughout the study period with its value ranging
between 0.4 and 0.5. It should be emphasised that the
above-mentioned countries are included in a group
of countries with the highest level of agricultural
development, determined, among other things, by a
high level of total factor productivity (Nowak et al.
2016). Alston et al. (2010) claimed that the growth
in agricultural productivity was lower, in particular
in the most developed countries of the world. However,
apart for the United Kingdom, they did not analyse the
situation in Europe in detail (Alston et al. 2010; Wang
et al. 2012). Nonetheless, these observations are supported by a stable level of TFP index in countries with
the highest level of development of the agricultural
sector. Productivity in the EU has increased over time,
albeit at a slower rate in recent years than in the past.
While the growth rate surpassed 1% per year between
1995 and 2005, it slowed down to around 0.8% between 2005 and 2015. Member states where a stable
but a little higher TPF index level than in the abovementioned countries is observed include Austria,
Portugal, Finland, Sweden, and the United Kingdom.
In turn, low fluctuations in the level of the analysed
index occurred in a group of five new member states
of the EU – Bulgaria, the Czech Republic, Estonia,
Latvia, and Lithuania, where it ranged from ca. 0.2
to ca. 0.35. In addition, it must be noted that Latvia
had the lowest level of TFP index out of 25 member
states of the EU covered by the study. Among new
member states, the highest level of TFP of agriculture
was recorded in Slovenia and Hungary. In addition,
studies by Hamulczuk (2015) indicates that changes
in TFP in Slovenia occur faster than in the remaining
new member states of the EU.
The processes of convergence of agricultural productivity level in the EU member states were analysed using panel unit root tests, that is, innovative
convergence testing methods. On the other hand,
conventional methods of beta and sigma convergence
analysis were consciously given up. The conventional
approach to the analysis of convergence is only justified when countries/regions form a homogenous
set of objects. Moreover, the conventional methods

Agricultural Economics – Czech, 65, 2019 (1): 01–09

Original Paper

0.7

0.6

0.6

0.5

0.5

0.4

0.4

0.3

0.2

0.1

0.1
0

04 05 06 07 08 09 10 11 12 13 14 15 16
BEL
DEN
GER
IRE
GRE

0.7

0.7

0.6

0.6

0.5

0.5

0.4

0.4

0.3
0.2
0.1
0

0.3
0.2

0

04 05 06 07 08 09 10 11 12 13 14 15 16
AUT
POR
FIN
SWE
UK

04 05 06 07 08 09 10 11 12 13 14 15 16
BUL
CZE
EST
LAT
LIT

Figure 1. Total factor productivity (TFP) level for EU countries in the years 2004–2016
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neglect the time dimension of analysis (Salmerón and
Romero-Ávilacross 2015). These shortcomings may
be overcome, at least in part, by employing panel unit
root tests. In addition, due to the small power of unit
root tests for one-dimensional time series they were
not taken into account.
If panel unit root tests are used, their application
should be preceded by cross-sectional dependence
(CD) analysis. Therefore, initially, the presence of CD
was analysed using three tests of cross sectional independence: Pesaran, Friedman and Frees test. Table 1
presents the results of the tests.
The results of three tests suggest rejecting the zero
hypothesis of cross-sectional independence at p < 0.01.
It means there is a cross-sectional dependence across

AUT – Austria, BEL – Belgium, BUL – Bulgaria, CZE – Czech
Republic, DEN – Denmark, EST – Estonia, FIN – Finland, FRA
– France, GER – Germany, GRE – Greece, HUN – Hungary,
IRE – Ireland, ITA – Italy, LAT – Latvia , LIT – Lithuania,
LUX – Luxemburg, NED – Netherlands, POL – Poland, POR
– Portugal, ROM – Romania, SLO – Slovenia, SPA – Spain,
SWE – Sweden, SVK – Slovakia, UK – United Kingdom
Source: own elaboration

countries, which is supported by the average absolute value of correlation coefficients equal to 0.417.
Therefore, we employed second-generation panel unit
root tests to study convergence.
Table 1. Results of cross-sectional dependence (CD)
analysis tests
Test

Statistic

p-value

Pesaran

10.963

0.0000

Friedman

58.723

0.0001
critical values

Frees

3.068

0.1984*

0.2620**

0.3901***

*alpha = 0.10; **alpha = 0.05; ***alpha = 0.01
Source: own elaboration
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Table 2. Pesaran unit root test
Countries

t-bar

Z [t-bar]

p-value

All (number = 25)

–2.357

–2.893

0.002

Old members (number = 15)

–2.404

–2.395

0.008

New members (number = 10)

–2.258

–1.590

0.056

Source: own elaboration

is required in order to explain this situation. For this
purpose, we considered the values of coefficients for
the model (1) in the group of all EU member states and
presented them in Figure 2 (old EU member states)
and Figure 3 (new EU member states).
The results show that most old EU member states
gained higher productivity than the average for all
member states. Only in Sweden and Ireland, TFP was
clearly lower than the average. Such results comply
with the expectations and confirm the advantage
of old EU member states over new EU member states.
Also, as expected, nearly all new EU member states
(except Slovenia) had lower productivity than the
average for the EU.
For all the EU member states covered by the study,
apart from Belgium, the coefficient b had a negative
value, which testifies to the occurrence of convergence.
In Belgium, its value was slightly above zero (practically it was equal zero), which suggests divergence.
Only in the United Kingdom, the situation was similar
to that in Belgium, where the coefficient b was not
much below zero. According to the results, Belgium
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Figure 2. Values of a and b coefficients in old EU countries
Symbols of EU member states are used according to the key in Figure 1
Source: own elaboration
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Out of panel unit root tests in the presence of crosssection dependence, the Pesaran test was selected.
Simulations show that the cross-sectionally augmented
panel unit root tests have satisfactory size and power
even for relatively small number of cross sections N
and time periods T. TFP scores with cross-sectional
average subtracted were used to measure variance
in the productivity level between countries.
The Pesaran test assumed the lack of trend, whereas
the number of lags included in each individual regression was determined based on the Wald test.
In addition, in order to compare the phenomenon
of convergence between EU member states, panel unit
root tests were carried out in two groups. The first
group included old member states of the EU (members before 2004), while the second group were new
member states of the EU (members from 2004). The
results of the Pesaran test for all member states, both
old and new ones are presented in Table 2.
The results of the Pesaran test clearly indicate that
convergence exists across all EU member states. Detailed analysis in the groups of old and new member
states of the EU shows that convergence does exist
between old EU member states, whereas in the group
of new EU member states the situation is ambiguous.
For new EU member states, the p-value is slightly
higher than 0.05, which means that TFP convergence
between these countries is clearly weaker than for
the group of old member states of the EU and for
all the member states in total. A detailed analysis
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Figure 3. Values of a and b coefficients in new EU countries
Symbols of EU member states are used according to the key in Figure 1
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and the United Kingdom can be regarded as countries
where convergence did not occur. It may be explained
by a high level of agricultural development in those
countries as well as inhibited growth in total factor
productivity (in Belgium until 2012), which is also
supported by the results of a study carried out by the
European Commission (2016). In addition, Eurostat
databases indicate that the intensity of agricultural
production in Belgium decreased in 2004–2015 (Eurostat 2017). The value of intermediate consumption
in the analysed period decreased by as much as 25%,
while it went up in most EU member states. It can be
assumed that in other countries covered by the analysis convergence did occur but to a different extent.
The analysis for all countries shows that in new EU
member states convergence processes were clearly
stronger than in old EU member states. Thus, despite
weaker convergence between new EU member states,
there was a stronger tendency towards a common
development path for all EU member states. In turn,
old EU member states were more strongly converged
than new EU member states, and at the same time,
they were considerably closer to the common trend.
It resulted in weaker convergence processes for these
countries. Old EU member states characterised by the
strongest convergence were Sweden, Portugal, Germany, Italy and Finland. On the other hand, in new
EU member states, convergence processes were the
strongest in Hungary, Romania, the Czech Republic,
Slovakia and Estonia. New EU member states with

the lowest degree of convergence were Lithuania,
Bulgaria and Slovakia. In the two latter countries,
the value of agricultural production also decreased
in 2004–2015 (in Bulgaria by 9% and Slovakia by 14%).
Poudel et al. (2011), investigating reasons for the lack
of convergence between respective states in the USA,
point to differentiation in their development paths,
which can be also observed for two groups within the
EU (old and new member states). This situation is a
result of different historical conditions that shaped
the trajectories of development for respective member
states. Research by Bah and Brada (2009) indicates
that capital accumulation plays an important role
in per capita income convergence, and thus future
convergence also depends on continued high rates
of capital accumulation.
It should be considered that the strategy of further
development of the agricultural sector, in particular
in new member states, will remain the improvement
of efficiency of production factors, which ought to support reducing differences in the level of agricultural
development. However, this requires structural transformations in the agriculture of new member states,
which are promoted by the mechanisms and instruments of the Common Agricultural Policy.

CONCLUSION
The presented study measures the changes in total
factor productivity of agriculture for 25 EU member
7
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states in 2004–2015 using the Färe-Primont index.
It also attempts to answer the question whether in
the analysed period the levels of total factor productivity in this sector converged. According to the
results of research, in new EU member states, the
level of TFP index was relatively lower than in most
EU-15 countries. It was also found that in nearly all
EU member states (apart from Belgium and the United
Kingdom) agricultural productivity convergence occurred. The study shows that in new EU member states
the process of reducing differences in the productivity
of agriculture was stronger than in old EU member
states. It may be attributed to the fact that they are
less developed than EU-15 countries. In addition,
an intensified support to structural transformations
in new member states, which could add dynamics to
the increase of agricultural productivity, seems reasonable. The effective use of funds from the second
pillar of the CAP should be helpful in this case.
This study contributes to the literature in the field
of productivity of agriculture and convergence processes for three reasons. Firstly, the subjective scope
of the study is the community of 25 EU member states.
Secondly, this research refers to changes in total factor productivity measured by the Färe-Primont index.
It is multiplicatively complete and allows for taking
into account the impact of all main production factors in agriculture, that is, labour, land and capital.
Thirdly, the paper attempts to fill the gap in studies
on TFP convergence in the agricultural sector. As far
as we are concerned, the main contribution of the
article is the identification of individual indicators
of TFP convergence for EU countries, which allowed
for more detailed analyses. To our knowledge, such approach to the study of TFP convergence in agriculture
is novel and opens a new research area in this field.
The study has not exhausted the options for evaluating convergence processes occurring in the member
states of the European Union. Further studies need
to be carried out in this field, in particular with reference to the evaluation of the impact of the cohesion
policy and Common Agricultural Policy on reducing
disparities between countries with different levels
of agricultural development.
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