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Abstract. This paper attempts to determine the similarity 
between individual markets for agricultural products, consid-
ering the evolution of basic balance sheet data (production, 
domestic consumption, imports and exports) and real pur-
chase prices of agricultural products. The main markets for 
agricultural products include those demonstrating the highest 
production volumes of commodity such as cereals, potatoes, 
sugar beets (sugar), rape, fruit, vegetables, pork, beef and 
poultry, cow’s milk and eggs in the study period. Based on 
the search for data sources, and considering the specifics of 
empirical data collected, it was decided that the following 
methods will be used to pursue the objectives of this study: 
principal component analysis, cluster analysis based on the 
Ward’s method and k-means. The research allowed to iden-
tify three groups of Polish markets which followed a similar 
development trend after Poland’s accession to the European 
Union. The first group consisted of markets for cereals, rape, 
poultry and fruits. The second cluster included markets for 
cow’s milk, eggs and beef. The last one was composed of po-
tato, sugar beet, vegetable and pork markets.

Keywords: European integration, markets for agricultural 
products

INTRODUCTION

Searching for similarities and grouping repetitive pat-
terns in the surrounding world is an inherent part of hu-
man nature. While enabling a gradual reduction of en-
tropy, the simplification of complex processes and 
phenomena allows to discover some unknown relation-
ships (Marek, 1989). As regards economic sciences, 
methods for object grouping and sharing are an es-
sential element of many studies and analyses. Merging 
or dividing objects into clusters is a way to obtain ho-
mogeneous groups which, while being similar to each 
other, differ from external objects by a specific feature 
(or multiple features). Therefore, this paper attempts to 
determine the similarity between individual markets for 
agricultural products, considering the evolution of basic 
balance sheet data (production, domestic consumption, 
imports and exports) and real purchase prices of agri-
cultural products. Because of their aggregate nature and 
comparability, the above variables were found to be best 
suited to characterize the resources of specific markets.
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METHODS

The key aspect in this study was to select an appropriate 
method and way of grouping compound objects because 
many statistical methods fail to answer the question 
on the number of resulting groups (Fraley and Raftery, 
1998). Hence, the principal component method (Jol-
liffe, 2002) and the cluster analysis (Cormack, 1971; 
MacQueen, 1967), including the Ward’s method and k-
means, are among the most frequently used multidimen-
sional statistical methods for object grouping. Note also 
that depending on the purpose of the research, an object 
may be defined as a single market entity, a sector of the 
economy or the entire state (Pietrzykowski and Kobus, 
2006). The relevant literature provides many examples 
of the use of object grouping methods with respect to 
food economy and agricultural markets. This includes 
the works of the following authors: Błażejczyk-Majka 
and Kala (2005), Czyżewski (1976), Czyżewski and 
Czakowski (2017); Czyżewski and Guth (2016), Czy-
żewski and Strońska-Ziemann (2014), Grzelak (2006), 
Pietrzykowski and Kobus (2008), Poczta and Pawlak 
(2008).

The first of the research methods, i.e. principal com-
ponent analysis, is a technique referred to in statistics as 
factor analysis. Its main goal is to reduce the number of 
variables covered by the analysis by introducing syn-
thetic variables (factors) (Krzanowski, 2000). If the re-
duction of the number of variables has a relatively small 
adverse effect on the explanation of total variability by 
two or three synthetic variables, the differences between 
objects may be represented graphically (on a  two- or 
three-dimensional grid) (Mądry et al., 2011). On this ba-
sis, the principal components method can be used to pre-
liminarily assess the similarity between objects without 
grouping them, as it does not provide any suggestion on 
how objects should be grouped (Pietrzykowski and Ko-
bus, 2008). The second method used in this study was 
the clustering analysis which enables identifying inter-
nally homogeneous groups of objects. Depending on the 
techniques employed as a part of cluster analysis, a dis-
tinction is made between agglomerative and deglomera-
tive methods (Marek, 1989). Agglomerative methods, 
such as the Ward’s method, create clusters incrementally 
by adding subsequent objects to existing groups. In turn, 
the k-means method (classed as a deglomerative meth-
od), requires the target number of groups to be specified 
in advance. Therefore, it will be used as the last one, and 

the number of clusters will be determined based on the 
results of the Ward’s method and the principal compo-
nents analysis.

The preliminary study relied on data from 1994–
2013. This allowed to compare the evolution of the 
values covered during a  ten-year period prior to and 
following the accession. In the case of methods based 
on multivariate comparative analyses, one of the main 
requirements for diagnostic variables is their compa-
rability (Panek and Zwierzchowski, 2013). Therefore, 
the next step of this research was the standardization 
of variables. Further during the research procedure, it 
was decided to take into account the arithmetic mean 
of standardized variables in the second five-year post-
accession period (2009–2013). That time interval was 
chosen in order to rely on more recent data, and because 
it provides a  clearer picture of the effects of Poland’s 
accession to the European Union than the period im-
mediately following the accession. As an alternative to 
mean values, the analyses could be based on data from 
specific years. However, due to significant fluctuations 
being observed in prices and agricultural production 
volumes, it was decided to use the mean values which 
reduce the negative impact of production seasonality 
and price volatility.

RESULTS OF THE STUDY

The purpose of the research procedure was to identify 
the similarities and differences in the evolution of se-
lected variables in markets for agricultural products. 
The initial step was the principal component analysis. 
The study was based on the arithmetic mean of five 
standardized primary variables (x1: domestic production 
volume, x2: domestic consumption volume, x3: export 
volume, x4: import volume, x5: real purchase prices) 
from the 2009–2013 period. The key aspect of the prin-
cipal component analysis was the selection of the ad-
equate number of factors (principal components). While 
that decision is made arbitrarily, several techniques are 
available to support it. The most commonly used cri-
teria are as follows (Panek and Zwierzchowski, 2013):  
eigenvalues; scree plot; proportion of variance ex-
plained; and significance of principal components. In 
this study, the following were adopted as decisive tech-
niques: the Kaiser’s criterion (Kaiser, 1960) which is the 
basis for retaining the principal components with eigen-
values greater than one; the Cattell criterion (based on 
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the scree plot analysis); and the cumulative percentage 
of explained variance of variables covered by the analy-
sis. Therefore, for the next considerations, the first two 
components were selected, with a cumulative eigenval-
ue of 3.3, and a cumulative percentage of explanation 
of the total variation of 66.1% (Table 1). At the same 
time, it can be concluded that approximately 33.9% of 
information resources contained in input data were not 
represented in the further research procedure.

As shown by the correlation matrix between input 
variables and principal components (Table 2), the first 
component was the most strongly correlated (among 
the retained ones) with variables x1 (domestic produc-
tion) and x2 (domestic consumption). The relationship 
between the synthetic variable and both original vari-
ables was negative, which means they had an inhibitory 
effect. Considering the values represented by the first 
principal component, it may be defined as ‘domestic 
resource conditions.’ Therefore, in this study, objects 
with a  greater (lower) value of this component were 

characterized by a lower (greater) value of average na-
tional production and consumption levels in the post-
accession period. 

In the last stage of the analysis, the second factor 
represented all other input variables, i.e.: x3 (export), 
x4 (import) and x5 (real purchase prices). Considering 
these variables, the second principal component can be 
referred to as ‘trade and price conditions.’ Variables x3 
and x5 demonstrated positive correlation with the second 
factor while in the case of x4 the correlation was nega-
tive. Therefore, as the value of the second component 
increases in a given market, so do the trade balance and 
the level of real purchase prices of agricultural products.

The dispersion of objects in the system of the first 
two components revealed that each market for agricul-
tural products was somehow similar to another one dur-
ing the study period (Fig. 1). However, the sugar beet 
(sugar) and poultry markets were distinct from other 
objects. The first of them differed because of a very low 
value of the trade and price factor. This resulted mainly 

Table 1. Eigenvalues and percentage of the volatility of principal components in the post-accession period

Value number Eigenvalue % of total variance Cumulative 
eigenvalue Cumulative %

1 1.768604 35.37208 1.768604 35.3721

2 1.534682 30.69365 3.303286 66.0657

3 0.881099 17.62198 4.184386 83.6877

4 0.533187 10.66375 4.717573 94.3515

5 0.282427 5.64854 5.000000 100.0000

Source: own calculations performed with Statistica ver. 12, the econometric software suite. Based on: GUS, 1994–
2013; 1995–2014.

Table 2. Linear correlation coefficients between original variables and principal components in the post-accession period

Specification Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

Domestic production volume (x1) –0.690564 0.416000 0.479893 –0.201847 –0.281118

Domestic consumption volume (x2) –0.921662 –0.035788 0.062342 0.012747 0.381064

Export volume (x3) 0.303848 0.785895 –0.222101 –0.466860 0.150858

Import volume (x3) 0.439074 –0.557823 0.606076 –0.332788 0.134058

Real purchase prices (x5) 0.396428 0.656923 0.479853 0.404446 0.132137

Source: same as in table 1.
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from a considerable increase in the volume of imports in 
2009–2013, caused by the introduction of sugar quotas 
below the domestic production volume. In addition, the 
average purchase price of sugar beet was relatively low 
in the period concerned. The last aspect that made the 
sugar beet (sugar) market stand apart from other objects 
was a relatively small increase in the export volume. The 
distinctive feature of the second outlier (poultry market) 
was the lowest level of ‘domestic resource conditions.’ 
It means the largest standardized production volumes 
and domestic consumption levels were recorded on this 
market in the post-accession period (an inhibitory effect 
on the first component). Because of the value of the first 
factor, other three objects located within the shortest 
distance from the poultry market were the cereal, rape 
and fruit markets. The low value of the first component 
confirmed that all three of them, just like the poultry 
market, were characterized by a dynamic growth in the 
volume of domestic production and consumption.

As regards other objects, markets for cow’s milk, 
vegetables and pork were relatively close to each other. 
These sectors showed the least diversified values of the 
two principal components. On the other hand, the mar-
kets for potatoes, eggs and beef were similar to each 
other, especially because of a  significant decrease in 
the volume of domestic consumption of products; as it 

reached the smallest value for the eggs market, that mar-
ket was closer to the ordinate axis than the other two. 
The potato market was the most distant from it because 
the decline in domestic demand in this market was ac-
companied by a  decrease in production volumes. The 
above was not true for the eggs and beef market, where 
domestic production volumes increased over the study 
period due to the dynamic growth of exports. Hence, 
despite the similarity of these objects on the scatter plot, 
there was a significant difference between them as re-
gards the causes behind the high value of the resource 
factor.

Although the choice of the number of clusters in the 
Ward’s method is arbitrary, there are some criteria and 
techniques that help making the decision. It is a com-
mon practice to use the agglomeration graph showing 
the distances between the clusters at the time of their 
creation. The cut-off line runs at the level where the 
graph becomes noticeably flat (Stanisz, 2007). During 
the agglomeration of individual groups in this study, 
the flattening is clearly visible, and extends to the ninth 
step. Therefore, considering the distances between suc-
cessive links, the cut-off line should definitely be placed 
between the ninth and tenth step. On that basis, the ob-
jects were divided into three clusters. The clustering or-
der and the distances between successive clusters are as 

Projection of the cases on the factor-plane (1 × 2)
Cases with sum of cosine square ≥ 0.00
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Fig. 1. Tested objects (agricultural product markets) mapped in the space of the first two principal components 
in the post-accession period
Source: same as in Table 1.
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shown on the dendrogram (Fig. 2). The Ward’s method 
resulted in the identification of the following clusters:
•	 1 – cereals, rape, poultry, fruit,
•	 2 – cow’s milk, eggs, beef,
•	 3 – potatoes, sugar beets (sugar), vegetables, pork.

The research procedure based on the k-means meth-
od resulted in the identification of the same clusters as in 
the case of the Ward’s method. As shown in Figure 3, the 
greatest differences between the clusters were caused by 
variable x1 (domestic production) and x2 (domestic con-
sumption). In turn, variable x3 (export) had the smallest 
impact on the dispersion of objects. The average levels 
of features under consideration, as calculated for each 
group, revealed the differences between clusters.

The most favorable levels of variables under con-
sideration were recorded in the first two groups. Note 
also the division of agglomerations by type of agricul-
tural production. In the first group, except for poultry, 
there were three plant markets, while the second cluster 
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Fig. 2. Dendrogram of agricultural markets grouped into subsets by supply/demand condi-
tions in the post-accession period
Source: same as in Table 1.
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Fig. 3. Arithmetic mean of explanatory variables for the clus-
tered markets for agricultural products in the post-accession 
period
Source: same as in Table 1.
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consisted exclusively of animal markets. The last clus-
ter, however, covered three markets for plant products 
and one for animal products.

CONCLUDING REMARKS

To conclude, the markets for agricultural products cov-
ered by this study can be divided into three aggregates 
which followed a similar development trend. The first 
group was composed of markets where both supply and 
demand demonstrated a  consistent growth trend. This 
group includes cereal, rape, poultry and fruit markets 
(Czakowski, 2013). The characteristic shared by the ob-
jects in this agglomeration was a simultaneous increase 
in domestic supply and demand in the post-accession 
period (Czakowski, 2015; Czyżewski and Czakowski, 
2016). In addition, these markets improved their in-
ternational competitiveness, which was reflected by 
a consistently higher trade balance. On the other hand, 
because the (domestic and foreign) demand doubled, 
production levels were growing steadily in these mar-
kets, although no noticeable price increase was recorded 
in the post-accession period.

The second group covered markets demonstrating 
high levels of international competitiveness; in this 
case, the increase in production volume was primarily 
caused by the dynamic growth of exports in the post-
accession period. This group included markets for cow’s 
milk, eggs and beef. An additional stimulus for the de-
velopment of these markets was a  relatively favorable 
price formation in the post-accession period. However, 
the development of supply and demand on these mar-
kets was disturbed by a noticeable decline in domestic 
demand, as reflected by a significant surplus of domes-
tic production. Nevertheless, it can be assumed that as 
long as domestic agricultural producers have a  com-
parative advantage (mainly related to lower labor costs 
compared to EU countries), markets grouped in this 
cluster should continue enjoying favorable conditions.

The third group of markets extends to potatoes, sug-
ar beets (sugar), vegetables and pork. Similarly to the 
first cluster, the supply/demand relationship remained 
stable in this group. However, this resulted from a de-
cline in both quantities. Note that the reduction in po-
tato consumption was caused by the decrease in both 
consumption and use of potatoes for processing and 
industrial purposes, while the core reason for the de-
crease in the quantity of pork produced was the poor 

international competitiveness of this sector, resulting 
in a significant increase in imports to this market (Cza-
kowski, 2012). The decline in vegetable and sugar beet 
yields was clearly smaller. In particular, the sugar beet 
market may expect the economic situation to get better 
soon, especially considering the abolition of sugar pro-
duction limits.
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