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Evaluation of Agriculture’s Economic Role in EU Cou ntries

Daniela SPIRKOVA —Beata STEHLIKOVEA —Maria ZUBKOVA —
Marcel SEVELA** —Dusan STIGLIE*

Abstract

In this paper we investigate the position of agitiere in the economy of EU
countries. Agriculture in the EU is highly heterogeus — we characterise the
sector by using the share of agriculture workergsadhl employment, the share
of agriculture in total GDP, and the value addedagriculture per worker. To
guantify the economic importance of agriculture peuntry for acquired specific
condition, we construct the Agricultural Index-Tio(AGRIT) and Agricultural
Index (AGRI). We utilize the fuzzy set theory tatrdaute to the correct quanti-
fication of a country gap from the aimed-for coraditof agricultural position.
Using cluster analysis, we identify those countméth a similar position in
agriculture. We test the efficacy of EU agrarianlipp with the verification of
sigma and beta convergence. The Eurostat databasédes data for the evalu-
ated 2005 — 2015 period.

Keywords: agriculture position, cluster analysis, beta corgamce, fuzzy mem-
bership function

JEL Classification : All, O13, Q19

Introduction

The agricultural sector has historically represdran important yet changing
contribution to economic development. Johnson (1%8Bmarised the classi-
cal view of agriculture by underlining that both Rfaus and Ricardo viewed
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agriculture as a barrier to economic progress. @wepast two centuries, there
have been major changes in the role or roles at&ibto agriculture in economic
development.

Disparities in the development level of developed developing countries
are also related to the role of national agriceltubeveloped countries passed
through structural transformation of agricultureamearlier (Gollin, Parente and
Rogerson, 2002) a process acceleratedenbytegration and opening of internal
markets and a stronger competitive environmenilen otries joined the Euro-
pean Union (EU) in 2004 and two in 2007, ten of akhare from Central and
Eastern European Countries (CEEC). These accessitnfesi over 500 000 Km
of agricultural area to the EU. The developmenintéractions between CEEC
agriculture and EU agricultural policies have bpesfoundly affecting the over-
all ecological status of European ecosystems. Nemiper states adopted the
Common Agricultural Policy (CAP) and gained acces€U markets (Stoate
et al., 2009).

The central role of agriculture in EU countries f&en analysed in numerous
papers. Initial literature considered the role gfieulture in economic deve-
lopment as an industrial sector — such as enstiimgupply of affordable food
for workers in other sectors (Lewis, 1954). Agriauhl growth also contributes
to economic activity in the input, processing, misttion, and storage industries,
thereby generating multiplier effects far beyondiagture itself (Hazell and
Roell, 1983). As agriculture is an important ecormomsector for most new
member states, agricultural adaption was therefarajor challenge both for the
EU and accession countries (Kiss, 2011). The adgust process for the Bulgar-
ian agricultural sector is assessed, along witlchtsnging role in the economy
since the start of the transition period, by Ivame¥ al. (2000). The role of the
agricultural sector in the transition to a markedbreomy in Slovakia was inves-
tigated by Bozik et al. (2000). Doucha and Ratin@#f07) examined the role
of agriculture in rural development during the sition period in the Czech
Republic. Issues of Slowaiculture within the European Union are discussed
in depth by Ciaian, Pokrivcak and Bartova (2005)heir work. Falkner and
Treib (2007) discuss the similarities and differembetween ‘old’ and ‘new’ EU
member states.

A comparative analysis of EU countries in termstted economic role of
agriculture has been performed by numerous metbgaal approaches, one of
which is presented in this paper. It is questitmab determine an indicator to
measure the economic role of agriculture in a natieconomy since the formu-
lation of this task leads to a multidimensionaksiéication of countries in terms
of several partial indicators (Sojkova and Stehl&d2004).
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The underlying policy objective of creating andaneing jobs and employ-
ment in rural areas is linked to persistent stmatproblems in EU rural areas,
such as worker emigration, low employment rateskaghd unemployment rates,
mismatch between skills and human capital, and dddpportunities for women
and young people (European Commision, 2012). Dateal. (2012) study the
mechanism of job creation and destruction in EUcagiure. Ciaian, Kancs and
Swinnen (2010) state that land market and farmkirne changes represent the
most pressing factors analysed in terms of undeisig the new agricultural
systems’ transformation under agricultural reforms.

According to Renwick et al. (2013), CAP reformedgess of agricultural struc-
tural change could lead to higher efficiency. Goweental policies universally
fail to accept the transfer of labour from farmsm-agricultural jobs as essential
for the economic health of the farming populatibrsuch labour transfer occurs
slowly relative to shifts in demand for and suppfylabour to agriculture, the
incomes of farming families will grow more slowllgan incomes in the rest of
the economy. In economies with a large percentddabour force engaged in
agriculture (i.e. 25% and over), rural per capitaoimes are significantly less than
their urban counterparts. Consequently, labourstermust be at a rate both to
absorb the annually generated excess supply ofitdbaural areas, and to fur-
ther reduce agricultural employment arising from thullification of differences
in labour returns for individuals with comparablenan capital (Johnson, 1993).

Productivity is another measure closely linke@dpicultural production per-
formance. Higher equality across Europe in the petidity of agriculture and
income has been a central goal of the European Qmitynsince the dawn of
European economic integration, with various pohogasures introduced to help
achieve this goal (Cappelen et al., 2003). A nggatlationship exists between
agricultural productivity and both GDP per capitaddhe share of employment
in agriculture. This same relationship holds fag tklative productivity of agri-
culture to non-agriculture. Evidence also show®sitive relationship between
growth in a country's agricultural productivity,datfabour movement from agri-
culture. This relationship also holds if we consideowth in food output per
capita rather than agricultural productivity (GollParente and Rogerson, 2002).
Beyond that point, there will be no more employmepportunities and dis-
guised unemployment. According to Hayami and Rufi##¥1), the public sec-
tor plays a key role in developing agriculturaliteclogy. Successful agricultur-
al growth is believed to be founded on ecologicaliyjapted and economically-
viable agricultural technology, which involves ooitg adaptation to available
resources, as well as a positive response fronuraliiteconomic and political
forces. Blaas (2004) also studied the petwditly of work in the agriculture.
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Technical changes from new and more productiveit;ymay be induced
primarily to save labour or protect land. The ngni@ultural sector is shown to
play a vital role in this process, as the suppifetechnical inputs which can be
substituted for land and labour in agriculturaldarction. It is then hypothesised
that developed countries’ high agricultural produdst is based on the develop-
ment of an industrial sector that can transferaased productivity to agriculture
as cheaper services, and the capacity of the statentinually generate tech-
nical innovation (Hayami and Ruttan, 1971). Thiplies that countries experi-
encing increases in agricultural productivity cafease labour from agriculture
into other economic sectors. As noted above, amitapt contribution of agri-
culture to economic growth was the transfer of lalio the non-farming sector.
Rizov, Pokrivcak and Ciaian (2013) investigated itnpact of CAP subsidies
on farm total factor productivity in the Europeaniah.

The role of agriculture in national economies éstbcharacterised by agricul-
ture’s contribution to GDP, which is declining wawlide (Csaki and Jambor, 2009).
The future outlook largely depends on CAP refoime, new EU budget, and the
domestic economic and agricultural status of nember states (Kiss, 2011).

The remainder of the paper is organised as follmgsaims to:

1. quantify the position of agriculture in the econouofyspecific EU coun-
tries, i.e. the national economic importance ofcadjure;

2. identify groups of countries with similar agricuisil status in the national
economy;

3. quantify the gap in particular indicators which ntries must overcome to
attain the required position of agriculture;

4. assess possible convergence of EU countries irstefrthe required im-
portance of agriculture.

The suggested methodology is general: with theaguiate indicators, the
methodology is applicable for any sector — not @gyiculture.

1. Methodology and Materials

Ad 1. Further, we will describe how the index attuantifies the economic
importance of agriculture — is compiled. The intlica “share of agricultural
employees in overall employment”, “agriculture dDB’ indicator and “agricul-
ture added value per worker” are accepted for #aduation of national agricul-
ture, and used as the basis for the index congiruof the required economic
importance of agriculture. We used fuzzy set thegorynodel indicators. Thus
constructed indicators can be understood as litiguariables (see e.g. Mendes,

Morooka and Guilhermeb, 2003).
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The indicator share of employment in agricultre df total employment,
we model using the fuzzy membership function

HemdX) = (Max-x) / (max-min) (1)

wheremaxis the maximum value of the reference variable, @ is the
minimum value of the observed employment in agticel (% of total employ-
ment) in the analysed year at the level of EU memsbdes. From the construc-
tion of fuzzy membership function, it results ttla¢ higher valueg of employ-
ment in agriculture (% of total employment) corm@sg to the lower value of
fuzzy membership functiopen, Using simple adjustments, we obtgin,{X) =
= max/(max- min) — (/(max- min))x which means there is an indirect linear
dependence between the valxeand penp, That low values of employment in
agriculture (% of total employment) are desirabla icondition that corresponds
with subsequent statements accepted by the profedsind scientific communi-
ty. Countries with high employment in agricultudeoss a high proportion of
people falling below the poverty line, as a natwahsequence of the average
agriculture sector wage being lower than otheragectt is appropriate and in
accordance with EU agricultural policy that therghaf agricultural employment
is not too high according to total employment coregao agricultural output.

We model the share of agriculture in GDP courtuging the fuzzy member-
ship function

Hepp(X) = (max-x) / (max-min) (2)

wheremaxis the maximum value of the reference attributed min is the
minimum value of the observed agriculture in GDRha observed year at the
level of EU member states. Similarly as in the pes case, we see an indirect
linear dependence between the vakiesdugpe. Higher values of agriculture
in GDP in the given country correspond to the lowedue of the fuzzy member-
ship functionggpp. The form of fuzzy membership function resulisnira con-
dition not in accordance with EU policy to haveighhshare of agriculture in
GDP creation.

The agriculture valuaelad per workek indicator we model using the fuzzy

membership function

Maf(X) = 1 — (max-x) / (max-min) 3)

wheremaxis the maximum value arin is the minimum value of agriculture
value added per worker in the observed year atethed of EU member states.
With simple adjustments, we gei/(x) = - min/(max- min) + 1/(max- min)x.
This indicates a direct linear dependence betweenaluex andp,,. Higher agri-
culture value added per workecorresponds to the higher value of membership
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functionp,,. In each sector, it is necas$a have work productivity as high as
possible. Agriculture is not an exception, so higiiues of agriculture value
added per workex and high values qi,(x) are desirable.

Aggregation of several input values into one,dme sense the most informa-
tive value, is a basic processing method in ani fikealing with quantitative
information. The arithmetic mean of membership fioms is an aggregation
function (see e.g. Kacprzyk and Pedrycz, 2015; &hd Yuan, 1995). The re-
guired economic significance of the agriculture AGR a country with em-
ployment in agriculture (% of total employmeat) share of agriculture in GDP
b, and agriculture value added per workeis modelled using the arithmetic
mean of membership functions of these three indisat

iuemp(a) + iuGDP( b) + ,U av(C)
3

AGRIT=

(4)

From the construction of fuzzy membership fundipRm, Heor and Hay,
it results that the higher the economic importaofcagriculture in a country, the
higher the AGRIT index values. The higher the AGRMlue, the closer the
position of agriculture in the evaluated countrythe requiredeconomic im-
portance of agriculture.

The AGRI indicator is constructed in a similar wayhe AGRI index for
a country is

luemp(a) + ,L[ GDP( b)
2

AGRI= (5)

From economic theory we know the strong dependeh@griculture value
added per worker in agriculture and the share gflegment in agriculture. We
examined the dependence of these two indicatorsg usbnlinear regression,
which proved more suitable than frequently useddirrelations, and we evalu-
ated the intensity of dependence using the coefftoof determination. Finally,
we tested the statistical significance of regressioefficients in selected non-
linear models (see e.g. Long and Freese, 2006. ndm-linearity of relation
alone causes slight deviations in the evaluatiothefeconomic importance of
agriculture. Good availability, stable, and invateamethodology of presenting
employment indicators in agriculture (% of total@ayment), and the share of
agriculture in GDP supports AGRI for the approxienat/aluation of the condi-
tion of economic importance in agriculture.

Ad 2. Cluster analysis was used to create clusitigmilar EU countries
regarding the status of agriculture in their ecomsman approach that allows
clusters of similar objects to be created by siemdbusly considering multiple
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attributes (Anderberg, 2014). In cluster analysis,used the Euclidean distance
and Ward's method as characterised by forming cotrmgasters. The AGRIT
index reflects the state of intensification of aghiure in a country. The compi-
lation of indicators allows us to identify sequerbtgsters that indicate the status
of agriculture in EU economies.

Ad 3. Membership functions for particular indicat@re constructed so that
their values correspond with the rate of meetirgrédquired ideal condition in
the given characteristic. Hence, we might condide values 1 Hemp 1 —Hepp
and 1 —y,, for the gap in a particular country in the evadabfield. From the
aforementioned and the AGRI and AGRIT indices cdatiain, it results that the
values 1 — AGRI or 1 — AGRIT represent the ovegaf) a country must overcome
to achieve the required position of the agriculiarthe country’s economy.

Ad 4. When analysing the position of agriculturghe economies of individ-
ual EU countries, we were interested in convergdaeards the desired state.
Kane (2001) states several methods to test forergewce: the sigma conver-
gence test is based on an examination of standanattns; while for testing
beta convergence we use the regression model

Y
Intiogas binY, + & (6)
t i,0 '

whereY,, is the value of the observed indicator in theestat timet, Y, is the

initial value observed indicator in stateandg is error. A iatige value of co-
efficientb is interpreted by Baumol (1986) as evidence olveogence.

All used indicators were taken from the Eurostatabbase. SAS and MS
Excel software were used in the calculations.

2. Results

Ad 1. This paper focuses on the aggregated apprb@cce the AGRIT was
used, which aggregates all the above-mentioned basables to describe more
general trends in the agricultural sector thatkane for national economies. As
mentioned, such comprise three partial indicatagsiculture in GDP, employ-
ment in agriculture (% of total employment), andiagture value added per
worker. The AGRIT index is formulated as a “defiwy rate” (or “surfeit rate”)
of a country in all three individual fields. Theghest AGRIT index values in
2015 were achieved by the Netherlands, Belgium,déweUnited Kingdom and
Luxembourg. Romania, Bulgaria, Greece, Croatia Bothnd had the lowest
AGRIT index value. AGRIT index values for all EUwtries (2000 — 2015) are
shown in Table 1.
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Table 1
Agricultural Indices — AGRIT and AGRI
AGRIT AGRI

Country 0 59
lyear S 8 S 3 3 S s 8 8 S 3 3 S RBS
o o o o o o | N o o o o o o | N
N 34 N 34 34 N O < 34 34 N 34 N N O <
Belgium 0.8390.834{0.863|0.866|0.876/0.880, 2. |0.967|0.964|0.956|0.964|0.966/0.948 4.
Bulgaria 0.2710.336/0.285/0.371/0.294/0.278| 26. |0.367|0.453|0.384/0.511|0.405|0.380| 25.

Czech
Republic 0.6180.663|0.618|0.655{0.576/0.573| 15. [0.838|0.845/0.819(0.837(0.733|0.734| 11.
Denmark 0.7760.821/0.786|0.792|0.780{0.821| 6. [0.899/0.927|0.920/0.925/0.852/0.886| 5.
Germany 0.752/0.756/0.808/0.826(0.796/0.797| 7. |0.968|0.965/0.943/0.950/0.962(0.956| 2.

Estonia 0.56%50.567|0.578)0.594(0.532/0.523| 17.|0.767/0.770/0.762|0.771|0.645/0.607| 18.
Ireland 0.6730.697|0.650[0.687|0.615/0.597| 14. |0.835|0.889/0.868|0.903|0.792/0.751| 10.
Greece 0.45P0.471/0.449|0.433|0.349|0.307| 25. |0.588|0.582/0.595|0.566|0.420{0.353| 26.
Spain 0.6820.670/0.678/0.682|0.658|0.647| 11. [0.792/0.793/0.768|0.760|0.717/0.686| 14.
France 0.7920.802|0.820{0.834/0.780|0.781| 8. |0.898|0.882/0.863/0.870/0.834/0.810| 8.
Croatia 0.4510.367/0.331{0.291{0.353|0.327| 24. [0.614/0.505|0.439/0.380|0.472{0.429| 24.
Italy 0.741)0.763|0.722/0.728|0.688| 0.665| 10. |0.861|0.854/0.810|0.807|0.773)0.729| 12.
Cyprus 0.7410.728|0.649|0.660{0.602| 0.604| 13. [0.826/0.821/0.791/0.783|0.736{0.702| 13.
Latvia 0.4520.432|0.453|0.421/0.438|0.403| 21. |0.654{0.615/0.634/0.569]0.589|0.537| 21.

Lithuania 0.3830.377|0.434(0.461|0.384(0.372| 22. |0.557|0.548/0.606|0.643|0.535/0.514| 22.
Luxembourg|0.993| 0.887|0.795| 0.866|0.776(0.845| 5. |0.990[0.994|0.989/0.996/0.997|1.000| 1.
Hungary 0.5530.611/0.579|0.567|0.443|0.458| 20. [0.737|0.737/0.665|0.673|0.539{0.587| 19.
Netherlands| 0.849.839|0.831|0.858/0.883/0.881| 1. [0.905/0.883/0.856/0.857/0.824/0.821| 7.
Austria 0.6960.699/0.654| 0.656|0.648/0.634| 12. |0.900/0.881|0.826/0.836/0.831/0.809| 9.
Poland 0.4680.395|0.385/0.388|0.377|0.351] 23. |0.684{0.585|0.570|0.567|0.550[0.512| 23.
Portugal 0.5310.495/0.461/0.461|0.480/0.481| 19. |0.754{0.709|0.661|0.658|0.670/0.652 17.
Romania 0.0060.000| 0.006| 0.000/0.000{0.016{ 27. [0.010|0.000/0.009|0.000|0.000|0.024| 27.
Slovenia 0.5720.539/0.525| 0.508| 0.465(0.494| 18. |0.798/0.757|0.740|0.720/0.664/0.675 16.
Slovakia 0.5620.598|0.542/0.591{0.537|0.558| 16. [0.779|0.771/0.644/0.691|0.538/0.539| 20.

Finland 0.7170.765/0.710{0.724{0.715/0.713| 9. |0.831{0.826|0.768|0.751|{0.706|0.684| 15.
Sweden 0.8480.965(0.922|0.922(0.892/0.880| 3. [{0.931|0.948/0.883/0.883|0.884/0.860| 6.
United

Kingdom 0.8410.876|0.871/0.862{0.830{0.845| 4. |0.990|0.988/0.973|0.971/0.965/0.949| 3.

Source:Own calculations based on Eurostat database (2016)

Best placed in terms of the AGRI index are Luxeur, Germany, the United
Kingdom, Belgium and Denmark. The worst placedemis of the AGRI index
are Romania, Greece, Bulgaria, Croatia and Polahd.order of all the coun-
tries is shown in Table 1.

The values of AGRIT and AGRI indices are very &m{see Figure 1). It is
advisable to use the AGRIT index, as it reflects status of agricultural intensi-
fication in each country.

The strong dependence of AGRIT and AGRI is duthéostrong dependence
of agriculture value added per worker in agricdtand the share of employment
in agriculture, as can be seen from Figure 2. réiguhighlights the fact that the
lower the share of agricultural employment, thehkigthe productivity, as evi-
denced by the previous statement about the ordeahember states.
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Figure 1 Figure 2
Dependence of Indices: AGRIT and AGR Dependence of Indicators
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AGRI Share of employment in agriculture (%)
Source:Own calculations. Source:Own calculations.

The volume of agricultural production can be aebieby a country in two
ways: increasing labour productivity in agricultuoe increasing agricultural
employment. It can be stated that a more econolyidaleloped country is one
with higher productivity of labatin agriculture. From the constructed model

y = 66.873%°8%8 (7)

we can see that an increase (decrease) of the ghagecultural employment by
1% leads to a decrease (increas€)he indicator agriculture value added per
worker by 0.808%. The value of the coefficient of determination 18.55%,
which can be considered satisfactory. The regnessmdel as a whole is suitable.
Both coefficients are significant (p-values are E-69, respectively 6.5 E-08).

Figure 3
Similarity of Countries — Dendrogram
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Ad 2. Figure 3 shows thsult of cluster analysis based on the fuzzyfitate
indicators entering the AGRIT indeXhe dendrogram in Figure 3 visually pre-
sents five clusters of EU countries.

Table 2
Centroids of Clusters and their Characteristics (AQRIT Values)
© ISR °c
Tt 5 1E8| 5| 2
S20|ag Variable 5 | 28] E £
E2|ES S g 2 c x
2°128 < |58 5 | 2
z z
1 8 | Share of Agriculture Employees in the Total Eogment 0.769 0.110 0.572 0.921
Agriculture Value Added per Worker 0.195 0.1p0 @®020.408
Share of Agriculture in GDP 0.539 0.1837 0.3p7 Q.6
Characteristic of achievement of the desired stditeconomid
importance of the agriculture 1.503
2 6 | Share of Agriculture Employees in the Total Eoyment 0.911 0.040 0.868 0.957
Agriculture Value Added per Worker 0.753 0.185 ®.531.000
Share of Agriculture in GDP 0.629 0.111 0.5p0 Q.Y6
Characteristic of achievement of the desired stdteconomig
importance of the agriculture 2.283
3 7 | Share of Agriculture Employees in the Total Eogment 0.981 0.025 0.938 1.000
Agriculture Value Added per Worker 0.617 0.1p9 ©@470.744
Share of Agriculture in GDP 0.914 0.060 0.8833 0.00
Characteristic of achievement of the desired stditeconomid
importance of the agriculture 2.512
4 5 | Share of Agriculture Employees in the Total Eogment 0.763 0.150 0.515 0.910
Agriculture Value Added per Worker 0.261 0.1p1 @.070.596
Share of Agriculture in GDP 0.202 0.123 0.0p0 0.833
Characteristic of achievement of the desired stditeconomid
importance of the agriculture 1.226
5 1 | Share of Agriculture Employees in the Total Fogment 0.000 0.000 0.000
Agriculture Value Added per Worker 0.000 0.000 Q.
Share of Agriculture in GDP 0.048 0.048 0.048
Characteristic of achievement of the desired stdteconomig
importance of the agriculture 0.048

Source:Own calculations.

Ad 3. The desired status of agricultural economic impuar¢éais achieved
when the sum of fuzzy membership functions of tred indicators of the cluster
centroid (as well as individual countries) equaldm Figure 4 and Table 2,
we can see that the third cluster contains counwi¢h the most desirable agri-
cultural status in economies of EU countries: Betgi Denmark, Germany,
Luxembourg, and the United Kingdom. It shows thsirddle state of agriculture
with no need for major changes in agricultural poliThe gap of the third clus-
ter centroid is just 0.487. Slightly worse is trexaend cluster of countries of
Finland, France, Italy, Netherlands, Spain and ®wedhe gap of the second
cluster centroid is just 0.717 — they also needhdnge agricultural policy sig-
nificantly. The gap of the first cluster (Czech Rbjic, Cyprus, Ireland, Austria,
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Latvia, Lithuania, Poland, Portugal and Sloveni)tooid is 1.497, and the gap
of the fourth cluster (Bulgaria, Greece, CroatigtdBia, Hungary and Slovakia)
centroid is 1.775. Countries in the first and fouduster require significant
changes in agricultural policy to achieve the ddde state of countries in the
second and third cluster. Romania’s status is wniguwith very low labour

productivity in agriculture yet extremely high skasf employment in agricul-

ture. The sum of the three membership functioranig 0.048 with a very high

gap of 2.952. Distinctive changes are needed iic@tural policy to achieve the
required economic importance of agriculture in antoy.

Figure 4

Characteristics of Cluster Centroids in Terms of Dsired State of Economic
Importance of Agriculture

5 } 0,048
4 VA A7) 1225

2,513

Clusters
w

2 ANNENIARIRIIRNNNINRNIRNNINRNNNNNNNY 2,283

1 [444tttttttttststtttssl 1503

0,000 0,500 1,000 1,500 2,000 2,500 3,000
Sum of membership functions for 3 indicators

Source:Own calculations.

Ad 4. The EU aims for the gradual convergence of ecoesraf individual
member states, including agriculture. Beta and @igamvergence are the analytical
tools that allow us to examine these trends, whiethave applied to individual
indicators and AGRIT and AGRI indices. Using sigoaavergence on values of
fuzzy membership functions of the three indicatars,concluded that there is no
sigma convergence. We also achieved a similartrestl the use of the original
indicator values. AGRIT and AGRI indices do nabwsisigma convergence either.

We are aware that sigma convergence implies lmtaecgence, but we also
know that the opposite need not apply — hence argest the application of beta
convergence. If the regression coefficient in ¢thse of the indicator share of
agriculture employees being positive, that meana benvergence has not been
confirmed. The regression coefficient of agricidturalue added per worker
indicator is negative (—0.012), and the p-valu.@25, which is less than 0.05.
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That means it is significant at the significanceeleof 0.05. Based on the above,
we can conclude that in the case of agricultureevaldded per worker indicator,
beta convergence is confirmed. The regression icasft for agriculture of GDP
is —0.015. Its 0.0302 p-value indicates statistfighificance, which means for
agriculture in the GDP indicator there is beta @gence (see Table 3).

Table 3
Beta Convergence of Partial and Aggregated Indicats
Indicator Regression coefficients p-value R (%)
and their standard error
—0.00075
Share of Agriculture a (0.00103) 0.475959 0.76
Employees 0.001915
b (0.004479) 0.672756
—0.00048
Agriculture Value a (0.008744) 0.956638 19.16
Added per Worker —-0.01193
b (0.005003) 0.025317
a -0.0273 5.3E-05 14.69
) (0.0056)
Agriculture on GDP
b ~0.0152 0.03024
(0.0066) )
a 0.01037 4.9E-5 56.98
(0.0022)
AGRIT
b -0.01137 5.37E-06
(0.001976) :
a ~0.01249 1.39E-06 62.52
(0.001985
AGRI
b —0.01349 9.17E-07
(0.002089) :

Source:Own calculations.

Finally, we were interested in the beta convergeot AGRIT and AGRI
indices. The value of regression coefficient fa& &AGRIT index is —0.011. The
corresponding p-value is 5.37E-06, indicating ttegistical significance of the
regression coefficient. This confirms the beta @vgence of the AGRIT index.
We also get similar results for the AGRI index (TEaB). These results confirm
the beta convergence of the AGRI index.

3. Discussion
3.1. Discussion of the Methods

An alternative way to obtain the AGRIT or AGRI gxdshould be the use of
multicriteria methods or ranking methods. In ortiecompare the results have
used average ranks method. Average ranks methad asehe name suggests,
individual rankings to derive an overall rankindhelbest value of the indicator
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will be assigned rank 1, the next, 2, and so o flital ranking is obtained by
ordering the average ranks. The results using tGRIA index and average
ranks method are not contradictory.

Some units of measure may cause some signs tarag@inant, while other
signs hardly influence the result at all. A fregiymised solution is data trans-
formation to unit interval, including min-max norhzation. The values of fuzzy
membership functions and “formulas” of this tramefation are identical from
the formal perspective. Using such a procedure,esknown indices are con-
structed such as the Human Development Index (HIDIg. values are equal; the
difference is that the values are not consideréaegaof membership function.

The approach from the position of fuzzy set thasnyseful. This theory ena-
bles the detection of the gap between particulamge@s in the investigated
indicators, and the desirable position of agriaeltun country’s economy.

Ad 1. Firstly, we investigate the AGRIT values and courdrder gained
using average order. The orders for particulareslof indicators we assign so
that first is the country with the best value. Tiral order is an arithmetical
average of partial orders. The quotient of deteatiom for the regressive line is
a high 0.9582. Both quotients of the regressive ke significant (p-value is
6.45E-24, or 9.43E-19).

From Figure 5 we see that the higher the AGRITueal i.e. the gap of the
country since meeting the desirable ideal conditibaconomic importance — the
lower the order of the country, i.e. the betterabradition. So, in prominent places
are countries closer to the desirable ideal camditf economic importance of agri-
culture. The statistically significant confirmatiaf dependence of both methods
allows us to state the suggested procedure ablsuita the evaluation of achiev-
ing the desirable economic importance of agricaliara given country.

Figure 5
Dependence of AGRIT and Ranking Gained Using the Aarage Order Method
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Ad 2. We now focus on the interpretation of each clistasmmon character-
istics, and their reflection in individual counsieThe first best cluster includes
third cluster countries — studied indicators denratsd the effectiveness of
agriculture in economies of the given cluster. Réigg the share of agricultural
employment, the mean value of fuzzy membershiptfondgs 0.981, which is an
almost perfect condition. The same is the sharagoculture of GDP (0.914).
Closest to the desirable state is Belgium, which tha third lowest agricultural
employment, the fourth lowest share of agriculiar&DP, and the fourth high-
est productivity. Luxembourg and Germany have adtvare of employment in
agriculture, and also a low share of agricultur&DP due to the structure of the
countries’ economy. Germany is a typical indudiriakiented country. Den-
mark is in seventh place for employment in agrioé fifth place for share of
agriculture in GDP, and sixth place for productividence it can be character-
ised as a country with developed agriculture.

The second-best cluster consists of countriekebecond cluster. Total score
of second cluster averages is slightly less (2.288) the third (2.513) cluster.
Average share of employment is almost perfect (0.9Regarding productivity,
the status is better than the third cluster; prodilg has a fuzzy membership
function at 0.753. The average share of agricuitu®DP is considerably larger
(0.619) than in the third cluster (0.914). The Ne#nds, Sweden and Finland
have the highest productivity in agriculture in 8. They are in the second
cluster due to their high share of agriculture DR5 Spain is in ninth place in
highest productivity, and directly followed by kain tenth. Closest to the de-
sired position of agriculture are countries chaased as:

« developed, industry-oriented countries with litdenployment in agricul-
ture, low share of agriculture in GDP, and highdutivity;

« developed countries with a focus on agriculturghhproductivity, higher
employment corresponds to a higher share of a¢mieuin GDP.

The third best cluster consists of first clusteurries. These countries have
an average share of agricultural employment (0,/6@) share of agriculture in
GDP is 0.539, but productivity is only 0.195. Intsienth place for employment
and productivity is Austria, which has extensiveefitock in Alpine counties.
This supports the seventh lowest share of agri@ilio GDP. Ireland ranked
eighteenth in agricultural employment, and fiftdeimt productivity with a 10%
share of agriculture in GDP. These facts highlightindustrialised country but
with high agricultural employment with relativelpw productivity, indicating
extensive farming. Countries in the fourth clustave employment level of 0.763.
Productivity with value of 0.261 compared with dedistate of 1 is at very low
level, but countries in the cluster have a reld§iv@gh proportion of desired
state of 1 of GDP (0.202).
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As there was little difference between the secamd third clusters according
to the desirable state of agriculture, there’s alssmall difference between the
first and fourth clusters (1.503 and 1.225). In tnerth cluster are countries in
last place (Bulgaria, Croatia). Another group ilgs countries with relatively
good status of productivity, but opposite shareraployment in agriculture and
agriculture in GDP (Slovakia, Estonia). This highlis the overall weak eco-
nomic performance of these countries. It is necgsarealise that the same
value of agriculture share in GDP is lower dueawdr performance as well as
a weak economy. The achieved desired state ofudigmie in these countries can
increase economic growth so that agriculture regmtssa lower share in GDP.
Another option is also the intensification of agitare. In the fifth cluster is
Romania, furthest from the desired position of agture.

Ad 3. Based on the gap values from the required econionpiortance of agri-
culture, we recommend fundamental agro-policy chang the Czech Republic,
Cyprus, Ireland, Austria, Latvia, Lithuania, Polambrtugal and Slovenia, re-
spectively Bulgaria, Greece, Croatia, Estonia, HimpgSlovakia and Romania.
Gap is caused by the various size structures ofwdgral farms. Small farms
cannot compete with large holdings in terms of enpénting new technologies,
which causes lower work productivity. The more drifaims, the less intensive
the agriculture. New technologies also increaseevablded per worker.

Despite some structural changes, the farm streciinew EU member states
is still characterised by a high share of smaltfa(Kiss, 2011).

Ad 4. In old EU membeatsst, the redistribution of the agrarian population
to other economic branches was a lengthy process 1870 to 2010. The active
population employed in the agricultural sector Heesmatically declined due to
the massive transformations in the agriculturat@epesulting from the CAP
impact on intensive agriculture (Ciutacua, Chivid adndrei, 2015). As new
member states could not completely use CAP berfedits the first day of EU
accession, especially in the case of direct paysnensignificant difference re-
mained between old and new member states’ agriallsubsidy level. As this
gap was accompanied by high productivity differertbe competitive edge of
old member states has been retained (Kiss, 201iff¢rént geographical condi-
tions will always preclude the complete convergeoicagriculture performance
of various member countries.

Conclusion

The agricultural sector in the EU is highly hetggpeous — it's troublesome
to find indicators that describe the position ofiagiture in a nation’s economy.
As it's ambiguous to assess agriculture throughrabver of variously-calibrated
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indicators, it's appropriate to derive one oveiradlex from such indicators. Using
methodology (AGRIT and AGRI indices) allows us tmmgerly quantify the
position of agriculture as well as the deviatiotfisselected countries from the
desired status.

The statistical methods applied herein allow far tescription and quantifi-
cation of the similarities and dissimilarities oUEnember states in terms of
agriculture. A benefit is also the quantificatiohElJ member states’ gap from
the desired state of agriculture in their respectigonomies.

We detected that the closest to the desired paosdf agriculture there are
countries characterised as developed, industryvardiecountries with little em-
ployment in agriculture, low share of agricultuneGDP, and high productivity or
developed countries with a focus on agriculturghhproductivity, higher em-
ployment corresponds to a higher share of agrieiituGDP. In the paper, there
are determined the countries (most of them belontheé new member states),
requiring significant changes in agricultural pglio achieve the desired state.
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