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ABSTRACT. The aim of the paper was to determine the links between SMP prices in Poland and
SMP prices in selected countries. The article uses secondary data for the monthly price of butter
at a level of countries collected by the Milk Market Observatory and the Italian Dairy Economic
Consulting portal for 2000-2016. The analyzed period was divided into two periods: 2000-2004
and 2005-2016. The article uses Johansen cointegration tests, and Granger’s causality analysis.
The analyzes in the first stage concerned the links between SMP prices in Poland and SMP prices
in Western Europe, the USA and Oceania. In the second stage, the links between SMP prices in
Poland and selected EU countries were identified. The results of the study confirmed a stronger
link between SMP prices in Poland and SMP prices in Western Europe and Oceania. It is worth
noting that these links mainly occurred in the period following Poland’s accession to the EU. Within
EU countries, SMP prices in Belgium, the Czech Republic, Germany, Ireland and the Netherlands
were related to prices in Poland.

INTRODUCTION

The mechanism of linking and transmitting prices between markets that are space-
separated has long been a subject of many scientific studies [Rembeza, Chotkowski 2006,
Rembeza, Seremak-Bulge 2007]. The market is a basic concept used in economics [Tirole
1994]. The main factor that affects the market is price. It contains vital information about, i.a.,
the value, usability and quality of a product. Moreover, price is an indicator of competitiveness
within the whole economy and selected markets [Judzinska 2015]. It was Alfred Marshall
[1920] who claimed that: “The more nearly perfect a market is, the stronger the tendency
for the same price to be paid for the same thing at the same time in all parts of the market”.

Globalisation processes and economic reforms that aim to liberalise the functioning
of internal markets may result in an enhanced linkage of agricultural product prices
between various countries [Dercon 1995, Baffes, Gardner 2003, Conforti 2004]. Such a
strengthening may manifest itself in the price alignment and price reaction of one market to
price changes in another market. Market integration processes are often considered better
indicators of changes in price rather than in trade volume [Barrett, Li 2002, Rembeza 2009].
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Price alignment between markets may be distorted or impaired by e.g. trade restrictions,
transportation costs, consumer preferences and economic crises, etc. These factors widen
the price range within which they differ in two different markets. Therefore, the analysis
of price linkage is often used in testing market integration [Dercon 1995, Conforti 2004].

The analysis of casual relations in the milk market was addressed by, i.a.: Jerzy
Rembeza, Jadwiga Seremak-Bulge and Krzysztof Hryszko [2005], who analysed the links
between milk purchase prices in Poland and Germany as well as France and Holland;
Zoltan Bakucs, Jan Fatkowski and Imre Fertd [2010] analysed integration between the
milk market in Poland and Hungary; while Jadwiga Seremak-Bulge and Monika Roman
[2016] analysed the influence of global prices on Polish butter, SMP and the cheese market.
Costas Katrakilidis [2008] studied the causal relations between raw milk prices in Germany,
France, Belgium, Denmark and the Netherlands, while Awadhesh Jha, Krishna Singh
and Ram Singh [2012] focused on the integration of the wholesale milk market in India.

MATERIAL AND METHODS

In order to determine the links between the prices of skimmed milk powder (SMP) in
Poland and selected countries of the world, secondary data — collected by Italian Dairy
Economic Consulting and the European Milk Market Observatory — on the country’s
monthly SMP prices were used.

Research consisted of two stages. In the first stage, the links between SMP prices in
Poland and Western Europe, the US and Oceania were analysed. The choice of foreign
markets was intentional, as Western and Central Europe, North America (excluding
Mexico) and Oceania form the “Triad” of the world’s dairy industry, which is characterised
by high production and consumption of milk per capita. Production in these regions
accounts for 35% of total output and is higher than consumption, as confirmed by high
self-sufficiency rates. What is more, these regions have a large share in global trade. In
2016, their total share in the volume of dairy exports was approx. 85%, and import —
approx. 60%. These are also known as places where numerous global dairy companies
have originated, which through direct foreign investments have expanded their businesses
to other regions.

In the second stage of the study, links between SMP prices in Poland and selected EU
countries were determined. The time period of analysis is 2004-2016 (period subject to
data availability). For the analysis of price linkage, six EU countries were selected. Their
selection was determined by data availability for the whole analysed period.

All analyses were conducted for the whole 2000-2016 (global market) and 2004-2016
(EU markets) periods. Additionally, as part of the global price analyses, a research for
two intentionally separated sub-periods was also carried out. While determining the sub-
periods, Poland’s accession to the EU and the related internationalisation of the dairy
industry were taken into account; thus, for the purposes of global market analysis, the
following sub-periods were distinguished: 2000-2004 and 2005-2016. Poland’s accession
to the EU has significantly altered the functioning of domestic agricultural markets,
including price levels and changes. As a result, two phenomena can be expected: an
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adjustment of the average price level to that of EU markets and an increase in the reactive
force of Polish prices to price changes in the EU. The second period of analysis is related
to reforms of the Common Agricultural Policy (CAP), which aim to liberalise the milk
market and support its exposure to the global market.

Due to the fact that the analysed time series were more multiplicative than additive
and that the least squares method was used, calculations were based on logarithmic data.
The time series transformation caused the volatility amplitude to remain at approximately
the same level [Hamulczuk 2007, Seremak-Bulge, Roman 2016]. Time series were also
cleared of seasonal variations using the X-12 ARIMA method in the Gretl programme'.

In order to determine the long-term linkage between prices in Poland and the world/
EU, cointegration analysis was performed, based on Johansen’s method. However, in the
analysis of the short-term linkage between SMP prices in Poland and the world/EU — the
Granger causality test was used.

Cointegration analysis focused on links between SMP prices in Poland and the world/
EU. The analysis facilitated the identification of false-positive links and enabled to
determine whether there is a certain balance between the price series, in which deviations
tend to be zero. These deviations are short-term in nature and do not determine the long-
term linkage between prices. Non-stationary variables demonstrating such links are called
cointegrated variables.

Johansen’s test was aimed to estimate the model of vector autoregression [Czapla
2010, p. 268] Ax, = [1x;—1 + X571 T x4 + @D, + &, the estimation of maximum
likelihood, the determination of IT matrix’s eigenvalues and the verification of non-zero
eigenvalues. In addition, Johansen’s method involved testing with unrestricted intercepts
and restricted trends. Trace statistics and maximum values were used to test cointegration.

However, in the analysis of the short-term linkage between SMP prices in Poland and
the world/EU — the Granger causality test was used. According to this method: “Variable
Xis said to Granger-cause variable 7, if current Y values are better explained using lagged
and current X values than without them” [Hamulczuk et al. 2012, p. 54]. Causality was
examined based on the following test [Hamulczuk, Klimkowski 2011]:

K K
Ve =AoDy + z Gyt ) Bixea t &
j=1 j=1

where: 4, o, p,— model parameters, D, — deterministic variables, y and x are the
analysed model variables, k — lags.

The deseasonisation procedure was implemented in the GRETL programme. Time series were
deseasonised because the prices of dairy products are characterised by seasonality.
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If ,= B,=...= B, = 0, thus the X variable is not the Granger-cause of the Y variable.

By contrast, if the X variable is the cause of the Y variable and the Y variable is the cause of
the X variable, then mutual causation exists. To verify this hypothesis, the Fisher-Sendecor
test was used [Charemza, Deadman 1997].

RESULTS

Poland is a significant EU producer of both skimmed milk powder and whey. These
products are mostly exported to international markets, including China. As a result, the
domestic price of SMP is strongly dependent on the global economic situation.

The study identified long-term links between SMP prices in Poland and those in Western
Europe and Oceania. Nonetheless, it is worth noting that these links mainly occurred
in the period following Poland’s accession to the EU (Table 1). Moreover, in the years
2005-2016, there were long-term links between Polish SMP prices and US SMP prices.

Table 1. Results of co-integration analysis between SMP prices in Poland and those in Western
Europe, the USA and Oceania

Region H, H 2000-2016 2000-2004 2005-2016
trace test | maximum | trace test | maximum |trace test| maximum
eigenvalue eigenvalue eigenvalue
test test test
test statistic [p-value]
W 0 | 36.021 29.811 20.063 17.425 29.469 23.232
r= r=
estern [0.001] | [0.001] | [0.227] | [0.094] | [0.015] | [0.011]
Europe
<1 ) 6.210 6.210 2.637 2.637 6.238 6.238
r r=
= [0.445] | [0.446] | [0.903] | [0.904] | [0.441] | [0.442]
0 1 18.572 11.200 16.226 13.246 33.499 25.122
r= r=
[0.313] | [0.505] | [0.483] [0.320] | [0.004] [0.005]
USA
<1 ) 7.372 7.372 2.980 2.980 8.377 8.377
r r=
= [0.317] | [0317] | [0.868] | [0.869] | [0.229] | [0.229]
0 | 29.311 23.626 19.164 16.389 32.087 24.425
r= r=
[0.016] | [0.009] | [0.277] | [0.131] | [0.006] | [0.007]
Oceania
<1 5 5.684 5.684 2.775 2.775 7.662 7.662
r r=
= [0.511] | [0.513] | [0.889] | [0.891] | [0.289] | [0.289]

Note — blue cells indicate cointegration at the significance level o= 0.05
Source: own study based on CLAL.IT data
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Table 2. Granger-Causality Tests

Hypothesis 2000-2016 2000-2004 2005-2016
tested Fisher- price Fisher- price Fisher- price
Sendecor |dependency| Sendecor |dependency| Sendecor |dependency
direction direction direction
test [p-value]
Poland — 1.341 0.052 2.9583
Western Europe | [0.248] [0.821] [0.055]
E —PL E—PL E —-PL
Western Europe | 76.720 18.251 25.774
_ Polska [0.000] [0.000] [0.000]
2.186 0.268 3.598
Poland — USA
[0.141] [0.607] [0.030]
USA — PL USA x PL USA < PL
20.703 0.502 10.492
USA — Poland
[0.000] [0.481] [0.000]
Poland — 2.165 0.501 3.690
Oceania [0.117] [0.482] [0.027]
O—-PL O—PL O« PL
Oceania — 19.440 7.212 16.926
Poland [0.000] [0.009] [0.000]

Note — blue cells indicate Granger causality at the significance level a = 0.05,
x — no causality, <> unidirectional, — bidirectional
Source: own study based on CLAL.IT data

In the case of SMP, prices in Europe, the US and Oceania influenced prices in Poland
(Table 2). Throughout the entire period under examination, as well as in all the sub-
periods, prices in Western Europe influenced SMP prices in Poland. On the other hand,
the direction of transmission of SMP prices from the US and Oceania to Poland varied.
For the US, no causality was identified between SMP prices in the US and Poland in
2000-2004, whereas in 2005-2016 a two-way causality occurred. For Oceania, SMP
prices in Oceania influenced prices in Poland in 2000-2004, and after 2004 — a mutual
causality was observed.

The comparison of Polish SMP prices to prices in selected EU countries revealed
long-term links between SMP prices in Poland and SMP prices in Belgium, the Czech
Republic, Germany, Ireland and the Netherlands (Table 3). SMP prices in Poland were
not cointegrated with prices in Latvia.
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Table 3. Results of co-integration analysis between SMP prices in Poland and those in selected

EU countries in 2004-2016

Country H, H Trace test Maximum eigenvalue test
test statistic [p-value]
] r=0| r= 37.428 [0.001] 31.228 [0.000]
Belgium
r<l | r= 6.201 [0.446] 6.201 [0.447]
Czech r=0| r= 56.895 [0.000] 50.428 [0.000]
Republic r<l| r= 6.467 [0.414] 6.467 [0.4149]
r=0| r= 34.888 [0.002] 29.368 [0.001]
Germany
r<l | r= 5.521[0.533] 5.521[0.534]
r=0| r= 46.134 [0.000] 46.134 [0.000]
Ireland
r<l | r= 7.596 [0.295] 7.596 [0.296]
] r=0| r= 24.835[0.065] 17.861 [0.081]
Latvia
r<l | r= 6.974 [0.357] 6.974 [0.358]
r=0| r= 46.165 [0.000] 40.863 [0.000]
Netherlands
r<l | r 5.302 [0.562] 5.302 [0.530]

Note — blue cells indicate cointegration at the significance level o = 0.05
Source: own study based on EU Milk Market Observatory data

Table 4. Granger-Causality Tests

Hypothesis tested

Fisher-Sendecor test Price dependency direction
[p-value]

Poland —Belgium

3.223[0.075]

Belgium — Poland

Belgium — Poland
61.467 [0.000]

Poland — Czech Republic

66.740 [0.000]

Czech Republic — Polska

Poland — Czech Republic
0.009 [0.921]

Poland — Germany

5.583[0.019]

Germany — Poland

Poland <> Germany
95.772 [0.000]

Poland — Ireland

19.123 [0.000]

Ireland — Poland

Poland < Ireland
5.696 [0.004]

Poland — Latvia

10.850 [0.001]

Latvia — Poland

Poland — Latvia
3.251 [0.073]

Poland — Netherlands

4.310 [0.040]

Netherlands — Poland

Poland < Netherlands

86.428 [0.000]

Note — blue cells indicate Granger causality at the significance level o= 0.05,

<> unidirectional, — bidirectional

Source: own study based on EU Milk Market Observatory data
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Taking the direction of causality into account, as determined by the Granger method,
it was Polish SMP prices that influenced prices in the Czech Republic and Latvia. In the
case of Germany, the Netherlands and Ireland, a two-way causality with respect to prices
in Poland was observed (Table 4). Moreover, the changes of SMP prices in Belgium had
a strong impact on Polish prices (F = 61.5).

CONCLUSIONS

The milk market in Poland has undergone significant changes over the last several
years. There is a surplus supply on the Polish milk market and foreign trade constitutes a
key element of market equilibrium. As a result, the domestic market is highly dependent
on prices in foreign countries.

Research proved that in the period 2005-2015, as compared to the period 2000-2004,
the interdependence of SMP prices in Poland with prices on the markets of Western
Europe and Oceania has significantly increased. Substantial links were identified between
SMP prices in Poland and EU countries such as Belgium, the Czech Republic, Germany,
Ireland and the Netherlands. Therefore, the results suggest that the SMP market has a
transnational spatial dimension. Such a conclusion has been reached by other researchers
as well [Seremak-Bulge, Roman 2016, Roman 2017, Baran 2019].

Taking the above research results into account, it would be worthwhile extending
analysis and including price linkage of other dairy products, for example raw milk. It
should also be noted that economic crises (together with the COVID-19 pandemic) in
various foreign markets may affect the dairy sector’s situation in Poland and the world, and
thus change price correlations, which may also constitute an interesting topic for research.
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koK

POWIAZANIE CEN OMP MIEDZY RYNKIEM POLSKIM
A WYBRANYMI RYNKAMI SWIATA

Stowa kluczowe: rynek OMP, ceny, analiza szeregdw czasowych, testy kointegracji,
analiza przyczynowosci

ABSTRAKT

Celem artykutu jest okreslenie powigzan migdzy cenami odtluszczonego mleka w proszku
(OMP) w Polsce a cenami OMP w wybranych krajach $wiata. Wykorzystano dane wtorne dotyczace
miesi¢gcznych cen OMP na poziomie panstw, gromadzone przez EU Milk Market Observatory oraz
portal Italian Dairy Economic Consulting za lata 2000-2016. Analizowany okres podzielono na dwa
podokresy: 2000-2004 i 2005-2016. Do analizy powigzan zastosowano testy kointegracji Johansena
oraz analiz¢ przyczynowosci Grangera. Analizy w pierwszym etapie dotyczyty powigzan cen OMP
w Polsce z cenami OMP w Europie Zachodniej, USA i Oceanii. W drugim etapie zidentyfikowano
powiazania miedzy cenami OMP w Polsce i wybranych krajach UE. Badania potwierdzity
dtugookresowe powigzania migdzy cenami w Polsce a cenami OMP w Europie Zachodniej i Oceanii,
ktore wystapity gtoéwnie w okresie po akcesji Polski do UE. W ramach krajow UE ceny OMP w
Belgii, Czechach, Niemczech, Irlandii i Holandii byty powiazane z cenami w Polsce.
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