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Abstract

Slovak agricultural markets became a part of the European Union’s markets
in May 2004, when Slovakia joined the EU. The paper aims to analyse the integration of
the Slovak and European agricultural market in the case of the most important cereal
crop - wheat. It studies two dimensions of market integration: foreign trade and price
relations. The results show that EU countries are the most important trade partners for
Slovakia with exports to the EU achieving up to 61% of domestic wheat production.
The same pattern in the development of Slovak and EU (French) wheat prices has been
revealed what indicates the cointegration of the Slovak and European wheat market.
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Introduction

Agriculture can be considered the first economic sector that has developed
in the human society. It is crucial to satisfy primary human needs and to provide
nutrition for the population, but it also serves other economic, social and environmental
functions (Van Huylenbroeck et al., 2007). Growing cross-national cooperation in
agricultural activities and in food production and the growing interdependence of
world agricultural markets are referred to as globalisation. The process means
global economic integration, rising trade and capital flows, internationalisation
and standardisation of production and lower transaction costs (FAO, 2003). Slovak
agricultural markets have been very tightly connected to the European markets since
May 2004, when the country joined the European Union (EU). Slovakia became an
integral part of the single EU market, what removed trade barriers and enabled free
trade with other Member States. However, trade with third countries is regulated by
EU trade policy, i.e. the import and export of agricultural commodities is subject to
import tariffs and is controlled by licenses (NPPC, 2019; Braha et al., 2017). Moreover,
the internal agricultural market of the EU is regulated by the Common Agricultural
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Policy of the EU (CAP). The CAP provides support to farmers with the aim to ensure
a stable supply of affordable food, to facilitate farmers’ income as well as to tackle
climate change, to maintain rural areas, and to manage natural resources sustainably
(EC, 2020; Tangermann - von Cramon-Taubadel, 2013; Tangermann, 2011). The
CAP applies market measures to regulate and to stabilise the whole EU market in
agricultural products. Market measures include for example public interventions by
Member States” governments in order to mitigate price fluctuations and to balance
demand and supply in sectors like wheat, barley, maize, rice, beef and veal, butter
and skimmed milk powder (EC, 2020). For wheat, the intervention price was EUR
101.31 per tonne for up to 3 mil. tonnes (NPPC, 2019). The EC (2014) argues that new
Member States (new EU Member States include: Czech Republic, Estonia, Cyprus,
Latvia, Lithuania, Hungary, Malta, Poland, Slovakia, Slovenia) benefit from the CAP as
access to CAP funding increased the income of agricultural companies, boosted
modernisation and restructuring of the agricultural sector, led to a growth in
agricultural trade and improved their competitiveness in the world market.

A significant part of total agricultural production (almost three quarters
globally) serves to meet food demand (FAO, 2018). More than 50% of world daily
caloric intake comes from cereal consumption (Awika, 2011). Global cereal production
and consumption is dominated by three crops: wheat, maize, and rice (Shewry - Hey,
2015; Shewry et al., 2013; Abdulai, 2000; Amikuzuno et al., 2013). The European Union
is one of the world’s most important cereal producers (EC, 2019) and given the climate
conditions in Europe, wheat is the most important cereal crop in the EU and in many
of its Member States. For Slovakia, the dominant position of wheat in the structure
of cereal production is very evident. Slovak data for 2018 show that wheat and spelt
covered the area of 403.4 thousand ha, which is 54.3% of total area cultivated under
cereals (743.2 th. ha), and production of wheat and spelt reached 1.9 mil. tonnes which
means 47.7% of total cereal production (Eurostat, 2020).

This paper aims to analyse the integration of the Slovak and European
agricultural market in the case of the most important cereal crop - wheat. We study
integration facilitated by foreign trade and evaluate Slovak wheat exports and imports
to/from the EU market. In addition, we also analyse development of Slovak and EU
wheat prices. If both prices move in a similar pattern, the national and European wheat
market are considered integrated.

Material and Methods

To evaluate the integration of the Slovak and European wheat market, we
focus on two aspects: firstly, we analyse Slovak foreign trade in wheat and secondly,
we analyse relationship of Slovak and European wheat prices in the period 2004-2018.
We expect that international trade relations are getting more intensive and the share
of Slovak exports and imports in total domestic production of wheat is getting larger.
For prices we expect that the Slovak and European wheat market are cointegrated,
that is, a long run relationship of Slovak and European prices is anticipated. To verify
both hypotheses we use the following data and methods.

Eurostat data for annual wheat exports, imports and production in tonnes
for the period 2004-2018 (15 observations) are utilised to analyse Slovak foreign
trade in wheat and to calculate the share of export and import, respectively, in total
Slovak production of wheat:

S(EX,t):Q(EX,t/Q(S,t) (1a)
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S(IM,t)zQ(IM,t/Q(s,a) (1b)

where s, is share of wheat export in total production of wheat in
period t, s, is share of wheat import in total production of wheat in period t, Q. ,
quantity of exported wheat in period t, Q,, , is quantity of imported wheat in perlod t
Q. is wheat production in Slovakia in perlod t. Trade and production of all wheat in
quantitative terms is considered.

EC data for monthly prices of wheat in the period 2004-2018 (from May
2004; 176 observations) are used to analyse the cointegration of Slovak and European
wheat prices. Prices are represented by price indices with the average 2015 wheat price
equalling 100.

Markets are cointegrated if there is a long run equilibrium relationship
between the examined variables (Verbeek, 2004; Granger - Newbold, 1974). We run a
cointegration regression on the European and Slovak wheat prices:

P =f(P

(SK.)

(EU,t)) (2a)

in the form:

SKt ﬁ(} ﬁl EUt l (Zb)

where P, - is Slovak wheat price in period t, P, , is European wheat price in
period t, B, and B, are coefficients, ¢, is error term. Due to data availability, only prices
of bread wheat are considered. European bread wheat price is proxied by French bread
wheat price as France is the biggest wheat market in the EU. Prices in terms of price
indices are considered.

To analyse the cointegration of markets, price time series of both regions
must be stationary of the same degree. Therefore, we test stationarity of Slovak and EU
wheat prices with a Dickey-Fuller test (HO: non-stationarity, presence of unit root) and
a Kwiatkowski, Phillips, Schmidt, Shin test - KPSS test (HO: stationarity).

Consequently, we test residues from the cointegration regression with a
Dickey-Fuller test for residues (HO: no cointegrating vector; residuals non-stationary)
and a cointegrating regression Durbin-Watson test - CRDW test (HO: no cointegrating
vector; residuals non-stationary) to confirm the cointegration of wheat markets and
the existence of a long run equilibrium between Slovak and European wheat prices.

Results and Discussion

Gross agricultural production in Slovakia reached EUR 2,159.0 mil. in 2018.
Crop production made up 57.3% (EUR 1,236.4 mil.) of the total value of agricultural
production. Cereals play an important role in the composition of crop production; they
contributed EUR 575.6 mil. to the value of crop production (46.6%). Produced wheat
and spelt had the value of EUR 278.8 mil., which was almost a half (48.4%) of total
cereals output. In quantitative terms, Slovakia produced 1.9 mil. tonnes of wheat and
spelt and 4.0 mil. tonnes of cereals together (wheat is 47.7%).

Within the EU, the Slovak market is a rather small one. Gross agricultural
production of the EU was EUR 420,448.4 mil. in 2018 (Slovak share was only 0.5%),
the value of crop output was EUR 227,209.4 mil. (Slovak share 0.5%), the value of
cereals production was EUR 48,804.3 mil. (Slovak share 1.2%), and the value of wheat
and spelt production was EUR 23,592.9 mil. (Slovak share 1.2%). In 2018, total yield of
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cereals for the production of grain in the EU was 294.9 mil. tonnes (Slovak share 1.4%),
out of which wheat and spelt accounted for 137.9 mil. tonnes (Slovak share 1.4%). (all
data from: Eurostat, 2020).

Wheat Production

Wheat production in Slovakia from 2000 to 2018 was characterised by
increasing yields per hectare and almost constant harvested area. The average hectare
yield was 4.3 tonnes of wheat and the average area harvested was 378.0 th. ha. However,
yields per hectare fluctuate significantly because of weather conditions. The highest
wheat production could be observed in 2016, mainly due to higher yields per hectare.
In 2018, wheat production reached 1.9 mil. tonnes. Compared to the best year, 2016, it
is less by 0.5 mil tonnes and compared to the worst year, 2003, it is more by almost 1
mil. tonnes. (data source: SO SR, 2020). Wheat is mainly used by the milling and food
industry to provide human nutrition, but it is also used as animal feed or for seeds
(Jamborova, 2018; Matoskova et al. 2015).

Since 2000, the area under wheat in the whole EU-28 varied between 24.9
mil. ha (2003) and 27.2 mil. ha (2002). EU and EU-28 refer to 28 Member States although
the number of EU members increased in the period 2000-2018 from 15 (Austria,
Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg,
The Netherlands, Portugal, Spain, Sweden and The United Kingdom) to 28 states
(Cyprus, Czechia, Estonia, Hungary, Latvia, Lithuania, Malta, Poland, Slovakia,
Slovenia joined the EU in May 2004, Bulgaria and Romania joined in January 2007,
Croatia joined in July 2013). Yields per hectare show substantial differences among
Member States. While the minimum hectare yield was only 0.5 tonnes of wheat per
hectare (Cyprus, 2008), most productive countries often approach 10 tonnes per
hectare (Ireland, Belgium). (data source: Eurostat, 2020). Total production of wheat in
the whole EU reached on average 138.1 mil. tonnes with an annual variation of +/-
13% in the period from 2000 to 2018. The most cultivated species is common wheat,
more precisely common winter wheat and spelt. The biggest wheat producer in the EU
is France. France delivers one quarter of wheat to the European market and together
with Germany and the United Kingdom, the three countries produce 50% of EU wheat.

Graph 1: Wheat production in Slovakia and in the EU
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Data source: Eurostat (2020).
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Wheat Trade

Wheat production in Slovakia is sufficient to cover its domestic consumption
(self-sufficiency index was 1.4 on average for the period 2002-2018). After Slovakia’s
accession to the EU, foreign trade with other Member States was simplified, and excess
supply of wheat could be exported to other EU countries without any trade barriers.
In 2002-2004 the average amount of wheat exported was 37.3 th. tonnes, while in 2005-
2018 exports increased substantially to 590.2 th. tonnes on average. With the exception
of 2004, 2005 and 2006, more than 95% of wheat exported from Slovakia was designated
for other EU countries. Also, wheat imports increased, although at a lower rate than
exports - from an average 9.1 th. tonnes in 2002-2004 to 54.0 th. tonnes in 2005-2018.
Wheat is almost exclusively imported from other EU Member States, only in 2010 6.6%
of imports originated in non-EU countries, and in 2008, 2013, 2014, 2016 imports from
non-EU countries were recorded, however in quantities lower than 0.2% of total wheat
imports.

In 2018, 37.3 mil. tonnes of wheat were imported by all EU Member States,
thereof only 15.8% from third countries. Total EU exports of wheat reached 49.3 mil.
tonnes with 39.2% designated for the markets of non-EU countries. (data source:
Eurostat, 2020).

Graph 2: Slovak foreign trade in wheat
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Data source: Eurostat (2020).

Slovak foreign trade in wheat has intensified since 2002. The total volume
of wheat imports and exports was 61.2 th. tonnes in 2002 and it increased to 949.7
th. tonnes in 2018. The maximum quantity of wheat traded was 1 492.6 th. tonnes in
2016. The share of exported wheat to total wheat production in Slovakia changed from
3.9% in 2002 to 48.1% in 2018, with a maximum of 63.2% in 2017. The share of imported
wheat to total wheat production remained relatively low as Slovakia is self-sufficient
in wheat - it was only 0.1% in 2002 and 1.2% in 2018. For wheat export and import,
EU countries are the most important trade partners for Slovakia. The amount of
wheat imported from and exported to EU countries increased from 58.6 th. tonnes in
2002 to 938.7 th. tonnes in 2018. The maximum trade volume with EU countries was
recorded in 2016, i.e. 1,468.5 th. tonnes. Exports to the EU built up to 61% of Slovak
wheat production (in 2017) and imports from the EU built up to 7.6% of Slovak wheat
production (in 2011).
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Table 1: Share of wheat exports and imports to wheat production in Slovakia
2002 2003 2004 2005 2006 2007 2008 2009 2010

total s 3.9% 2.8% 1.5% | 19.0% | 29.6% | 10.3% | 7.5% | 24.4% | 33.7%

(EXb)
trade [ 01% | 25% | 01% | 26% | 42% | 39% | 56% | 55% | 31%

(IM,)

2011 2012 2013 2014 2015 2016 2017 2018

total s 17.3% | 23.2% | 33.6% | 40.4% | 49.1% | 60.7% | 63.2% | 48.1%

(EX,H)
trade |7 76% | 67% | 13% | 19% | 24% | 06% | 14% | 12%

(M,

2002 2003 2004 2005 2006 2007 2008 2009 2010

EU s 3.7% 2.7% 1.2% 6.3% | 16.6% | 9.8% 7.3% | 24.3% | 33.7%

(EX,H)
frade [ 01% | 25% | 01% | 26% | 42% | 39% [ 56% | 55% | 29%

1M,

2011 2012 2013 2014 2015 2016 2017 2018
17.3% | 23.1% | 33.6% | 40.2% | 48.8% | 59.7% | 61.0% | 47.5%

Sy 7.6% 6.7% 1.3% 1.9% 24% 0.6% 1.4% 1.2%
Own calculations based on Eurostat data (2020).

EU

S(Ex,x)
trade

The Slovak wheat market is interconnected with the European market
mainly via wheat exports. The share of wheat exported to the EU to domestic wheat
production has shown an increasing trend since Slovakia entered the EU (May 2004).
In 2014, 2015 and 2018 more than 40% of wheat harvested in Slovakia was exported
to the EU, in 2016 and 2017 even more than 50%. The figures show that the Slovak
and European wheat markets are integrated and the EU is an important market
for Slovak wheat producers.

Wheat Prices

The market price of wheat does not depend only on supply and demand for
wheat in the Slovak market. Due to free trade within the EU and a common European
market, wheat prices are affected by the situation in the whole EU, too. Total supply of
wheat in the Slovak market consists of domestic production and imports, total demand
for wheat consists of domestic consumption and foreign demand, i.e. exports (market
balance of individual commodities is completed by usually negligible changes in
stocks).

Slovak wheat prices and wheat prices in the EU over 2004-2018 suggest
similarities in their development. European wheat prices are represented by French
prices. France has been chosen as the representative of European prices because it is
the biggest cereal producer in the EU and thus, it can influence EU wheat prices. In
2018, France produced more than a quarter of EU’s wheat. Slovak and French prices
are investigated as monthly price indices from May 2004 (when Slovakia joined
the EU) to December 2018 for bread wheat with the average 2015 price representing
the index 100 (in absolute terms, the average 2015 wheat price in Slovakia was EUR
154.8 per tonne and in France it was EUR 173.0 per tonne) (data source: EC, 2020).
The highest wheat prices have been recorded in the Slovak and French market
at the turn of 2007/2008, followed by a decline and another peak in 2011 and at
the end of 2012. In 2014-2018, wheat prices did not change rapidly, there was only a
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slight decline followed by a slight growth. Prices at the end of the analysed period, in
2018, were almost at the level of prices ten years earlier. For wheat, producers’ price
of bread wheat reached EUR 155.75 per tonne, producers’ price of industrial wheat
was lower, EUR 140.44 per tonne in 2018 (NPPC, 2019).

Graph 3: Slovak and European (French) wheat prices
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Data source: EC (2020).

Similar development of wheat prices in Slovakia and in the representative
EU market, France, indicates the integration of the Slovak and European wheat market.
Cointegration of both markets had been confirmed through statistical tests.

Time series of Slovak and European (bread) wheat price indices are not
stationary (European prices are represented by French prices). However, the series in
first differences are stationary, hence, both price indices series are stationary of degree
1. Tests for the stationary series in first differences are provided in Table 2.

The relationship between Slovak and European (French) wheat prices can be
described by the estimated cointegration regression (see Table 3) as:

P, =3.06+0.98P  +z, @)

Dickey-Fuller test for residues and CRDW test confirmed the cointegration
of the Slovak and European markets for wheat; results are given in Table 4. This means
that wheat prices in France and in Slovakia move in a similar pattern and a long-run
relationship between European (French) and Slovak wheat prices exists.

Table 2: Stationarity tests for Slovak and European wheat prices

A) Time series of Slovak wheat price indices (wheat_SK):

Dickey-Fuller test for unit root Number of obs

174

ey-Fuller
1 10% Critical
Value

Test 1% Criti
Statistic

HO: non-stationarity (unit root)

Z(t) -8.482 -1.615 |TS| > |1% critical value|, HO is
rejected, prices in first differences
D2.wheat_SK Coef.  Std. Err. t P>|t] [95% Conf. Intervall are stationary

wheat_:
L -.5871851  .0692233 -8.48  0.000 -.7238161  -.4505541
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KPSS test for D.wheat_SK

Maxlag = 13 chosen by Schwert criterion
Autocovariances weighted by Bartlett kernel

Critical values for HO: D.wheat_SK is level stationary
HO: stationarity

10%: 0.347 5% : 0.463 2.5%: 0.574 1% : 0.739 -
| TS| < |1% critical value| for all

Lag order Test statistic lags, HO is not rejected, prices in

0 -0869 first differences are stationary

1 .0615

2 0522 8 .0383

3 0468 9 .0383

4 .0432 10 .0389

5 .0409 11 -0399

6 .0396 12 ~041

7 .0388 13 -0421

B) Time series of European wheat price indices represented by French price indices
(wheat_FR):

Augmented Dickey-Fuller test for unit root Number of obs = 170

————— Interpolated Dickey-Fuller —————
1% Critical 5% Critical 10% Critical

Value Value Value
z(t) -2.591 ~1.950 ~1.615 HO: non-stationarity (unit root)
| TS| > |1% critical value|, HO is
D2.wheat_F Coef.  Std. Err. © P>lt] [95% conr. Interval) Tejected, prices in first differences
are stationary
-.5669648  .1333858  -4.25 0.000  -.8303277 -.3036019
-.0881405 .1233609  -0.71 0.476 -.33171  .1554289
L2D2. | -.2961746 .1108645  -2.67 0.008  -.5150705 -.0772786
13p2. | -.1422853  .0905144  -1.57 0.118  -.3210011  .0364304
LaDz. | ~-.2058763 .0770937  -2.67 0.008  -.3580937 -.0536589
KPSS test for D.wheat_FR
Maxlag = 13 chosen by Schwert criterion

Autocovariances weighted by Bartlett kernel

Critical values for HO: D.wheat_FR is level stationary HO: stationarity
| TS| < |1% critical value| for all
lags, HO is not rejected, prices in

10%: 0.347 5% : 0.463 2.5%: 0.574 1% : 0.739

Lag order Test statistic first differences are stationary

0 .07

1 .0543

2 .0518 : ‘0337

3 .0498 ; 2

10 .0418

4 .0478 B

: ks 11 .0427
O 12 .044

6 .0421 = i

7 .0411 B :

Ouwn calculations based on Eurostat data (2020).

Table 3: Cointegration regression for Slovak and European wheat prices

Regression for P =f(Py )

Source Ss daf MS Number of obs = 176

F({ 1, 174) = 642.36

Model 118575.729 1 118575.729 Prob > F = 0.0000
Residual 32119.5133 174 184.594904 R-squared = 0.7869

Adj R-squared = 0.7856

Total 150695.242 175 861.115668 Root MSE = 13.587
wheat_SK Coef. Std. Err. t P>t [95% Conf. Interval]
wheat_FR .979142 . 0386329 25.34 0.000 . 9028925 1.055391
_cons 3.060256 3.995275 0.77 0.445 -4.825184 10.9457

where wheat  is Slovak wheat price (PSK,t) and wheat,, is European wheat price
(PEU,t) represented by French wheat price.
Ouwn calculations based on Eurostat data (2020).
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Table 4: Stationarity of residues from the cointegration regression
Time series of residues from cointegration regression (wheat_res)

Augmented Dickey-Fuller test for unit root Number of obs = 165
— Interpolated Dickey-Fuller —
Test 1% Cr ical 5% al 10% Critical
Statistic Value Value Value
z(t) -3.606 -3.488 -2.886 -2.576
MacKinnon approximate p-value for Z(t) = 0.0057
D.wheat_res Coef. Std. Err. t P>|t [95% Conf. Interval]
HO: non-stationarity (unit root)
-.3091484  .0857418  -3.61  0.000 -.478539  -.1397578 o .
2857702 .0951731 3.00 0.003 0977471 ~a737032 | TS| > |5% critical value |, HO is
.000108  .0929131 0.00 0.999  -.1834502  .1836663 ; i i
0967477 0920149 .08 01205 _.ossoae:  .27asara Tejected, residues are stationary
0198033  .0890496 0.22 0.824  -.1561224  .1957289
1571919  .0882684 1.78  0.077  -.0171902 .331574
1228649 0879849 1.40  0.165  -.0509572  .2966869
0124693  .0854183 0.15 0.884  -.1562822  .1812208
.1459813  .0812504 1.80 0.074  -.0145363  .3064989
-.0784007  .0784277  -1.00 0.319  -.2333417  .0765403
-.1557494  .0785057  -1.98 0.049  -.3108446 ~-.0006543
_cons | -.1404001 .6203814  -0.23 0.821  -1.366019  1.085219
5% critical value = -3.34 (Verbeek, 2004)
Durbin-Watson d-statistic( 2, 176) = .4246969
5% critical value for 100 observations = 0.38, HO: non-stationarity
5% critical value for 200 observations = 0.20 (Verbeek, 2004) | TS| > |5% critical value |, HO is
— 5% critical value for 176 observations = 0.22 rejected, residues are stationary

Ouwn calculations based on Eurostat data (2020).

Conclusion

Cereals are a pillar of crop production in Slovakia (Jamborova, 2018).
The most cultivated cereal is wheat. Slovakia is self-sufficient in wheat, hence the supply
of wheat in the Slovak market consists mainly of domestic production, and imports
of this commodity are minimal. In addition, Slovak wheat production is exported
and serves to cover foreign demand. Since Slovakia’s accession to the European
Union, Slovak producers have used the opportunity to trade with crops in the markets
of other EU Member States without any trade barriers.

Kaliska (2019) points out that the integration of the Slovak and European
market is supported by intensive trade relations: she expects that more than a half of
Slovak wheat should go for export in 2019. Moreover, she adds that overproduction of
wheat in the EU, especially in France (which should reach the second highest wheat
harvest in history in 2019), leads to a relatively low market price of wheat. Low wheat
prices, despite of good domestic production, lead to unsatisfactory economic results
of Slovak farmers. The finding of Jamborova (2018) confirms our results regarding
market integration; the author states that the development of cereal prices in Slovakia
is related to price volatility in the European and world market.

The integration of the Slovak and European market is an ongoing process
facilitated by the existence of a single European market. The domestic and the
EU wheat market are interconnected through international trade and a common
movement of wheat prices. In general, a cointegration approach has been used to
estimate the significance of European regional integration. Studies suggest a small
but positive effect of EU integration on trade and that regional integration has a
more beneficial effect on trade (Stack - Pentecost, 2011). In other studies in the case
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of EU, it has been found that the intra-union trade-creation effect is much larger than
extra-union effects in contrast to other regional zones where either exports to third
countries are significantly diverted or results indicate that the integration has
not contributed to intra-union trade as well as in few cases the members are still
significantly dependent on extra-union imports (Geldi, 2012). To design appropriate
measures for Slovak wheat growers, we recommend to further study trade creation
and trade diversion effects and also price relations and price transmission from
the European to the national market (for price transmission see e. g. Moser et al., 2009).
Wheat is of importance not only for Slovak farmers, it has a role in providing food
for the population; therefore, wheat market should be a subject of interest for both
researchers and policy makers.
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