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The aim of this paper is to find a trend in air transport behaviour in the Czech Republic and Poland, based on data collected
between the years of 2004 and 2016. The choice of data period for the analysis was made because of the date when both mentioned
countries joined the European Union and availability of data. The data used in this article is provided from the Eurostat web page
wheremany revealing statistics are collected.The correlations of indicators were chosen as amethod of the analysis. It was observed
that the number of passengers increased up to 30% and 460%, respectively, in the Czech Republic and in Poland. The authors will
explain possible reasons and aspects of such behaviour in order to make some predictions for future trends in air transport. The
additional aim is to understand transport processes and economic growth in neighbouring countries during the period of focus.
The knowledge of conditional changes in the number of passengers utilizing air transport grants the ability to make forecasts about
the needed infrastructure, number of aircrafts, pilots, and staff needed at the airports.

1. Introduction

The increase in demand for air transport has led to special-
ization in a wide range of tasks. As a result of changes in the
development of air transport due to the use of different tasks,
it can be divided into transport aviation and general aviation
[1]. Transport aviation is the transport of goods and mail in
an organized manner by aircraft, i.e., airplanes, helicopters,
and airships. This type of air transport is characterized by
the highest transport speeds, adapted to the type of aircraft.
The dominant mode of air transport is passenger transport.
These may be scheduled flights, called scheduled flights, or
nonscheduled flights, of which an example would be charter
flights. In terms of coverage, we can distinguish between
short, medium, and long-haul passenger aviation.

The attractiveness of air passenger transport is deter-
mined by the high standard of service, its speed, regularity,
and safety. The statistical data confirms the safety of air
services in comparison with other modes of transport.

All authors have strongmathematical and statistical back-
ground, and they would like to point out some dependencies,
but they do not intend to interpret it very deeply from the
economical point of view.

2. Methodology

There are various statistical methods and algorithms that
can be used, so it is important to have a classification of
the existing methods. The choice of method depends on the
problem analyzed or the type of data available. The data
mining process is guided by the applications. For this reason,
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the usedmethods can be classified according to the aim of the
analysis. As a result, three main classes can be distinguished:

(i) Descriptive methods: they aim to describe groups
of data more briefly; they are also called symmetri-
cal, unsupervised, or indirect methods. Observations
may be classified into groups not known before-
hand (cluster analysis, Kohonenmaps); variables may
be connected among themselves according to links
previously unknown (associationmethods, log-linear
models, and graphical models). In this way, all the
variables available are treated at the same level and
there are no hypotheses of causality.

(ii) Predictive methods: they aim to describe one or more
of the variables in relation to other; they are also called
asymmetrical, supervised, or direct methods. This
is performed by searching for rules of classification
or prediction based on the data. These rules enable
us to predict or classify the future result of one or
more responses or target variables in relation to what
happens to the explanatory or input variables. The
main methods of this type are those developed in the
field of machine learning such as the neural networks
(multilayer perceptrons) and decision trees, but also
classic statistical models such as linear and logistic
regression models.

(iii) Local methods: they aim to identify particular char-
acteristics related to subset interests of the database;
descriptive methods and predictive methods are
global rather than local. Examples of local methods
are association rules for analyzing transactional data
and the identification of anomalous observations.

The method based on the relationship between two or more
variables was chosen to be the main method of the analysis.
This method is usually called correlation; however in this
analysis it is nonsensical correlation, an example being the
correlation between a decreasing number of passengers in
country A and country B. Such a correlation can be high
simply because both variables are related to the state of
economy [2].

To characterize this behaviour, parametric and nonpara-
metric measures may be used to assess the relationship
between the two characteristics. In this paper, a parametric
measure called the Pearson coefficient has been applied,
which determines the collinearity of the two features. It is
described by the following formula [3, 4]:

𝑟 = 𝑐𝑋𝑌𝑆𝑥𝑆𝑦 =
∑𝑛𝑖=1 (𝑥𝑖 − 𝑥) (𝑦𝑖 − 𝑦)

√∑𝑛𝑖=1 (𝑥𝑖 − 𝑥)2∑𝑛𝑖=1 (𝑦𝑖 − 𝑦)2
,

𝑖 = 1, 2, . . . , 𝑛
(1)

where 𝑐𝑋𝑌 = (1/(𝑛 − 1))∑𝑛𝑖=1(𝑥𝑖 − 𝑥)(𝑦𝑖 − 𝑦) is an estimator
of correlation cov(X,Y); 𝑆𝑥, 𝑆𝑦 are estimators of standard
deviation. If 𝜌—a population correlation—is zero, then the
probability for a given sample correlation—its statistical
significance—depends on the sample size [5]. Therefore, we

combine the sample size and r into a single number, our test
statistic t:

𝑇 = 𝑅√ 𝑛 − 21 − 𝑅2 (2)

Now, T itself is not interesting. However, it is needed to
find significant levels for some dependencies. T follows a t
distribution with n-2 degrees of freedom [6]. The strength
of the relationship varies in degree based on the value of the
correlation coefficient [7].

2.1. Data Sample. The data used in this analysis is taken
from the Eurostat web page [8]. The Eurostat web page
is provided free of charge via Internet and its statistical
databases are accessible via the Internet. The statistics are
hierarchically ordered in a navigation tree. Tables are dis-
tinguished from multidimensional datasets from which the
statistics are extracted via an interactive tool.Thedata from 31
European countries have been analyzed and they concern the
years 2004–2016.The analyzed period was selected according
to the day of joining the European Union by the Czech
Republic and by Poland (2004) and availability of data (2016).
These countries were selected due to nationalities of the
authors and close economic relations between them [9].
Additionally, countries with a similar average of passengers
in the investigated dates were chosen. The number of carried
passengers is presented in Table 1 and in Figure 1.

One of the goals of this analysis is to find some indicators
that can have an influence on the number of passengers in the
future. The most used include

(i) the total number of distinct (unique) passengers that,
in a given time interval, have travelled by plane,

(ii) mean passengers—the total number of passengers
divided by the number of analyzed periods.

3. Results and Discussion

The group includes five member states of the European
Union.Three of them—Austria, Belgium, and Finland—have
very strong mutual correlations (Table 2). Poland is strongly
correlated with Belgium and Finland. However, as for the
Czech Republic, no correlation in regard to the rest of the
group has been found. The discussed relationships are also
visible in the graphs (Figure 4). This fact should be taken
under analysis by economical experts.

3.1. Rate of Changes. In order to analyze the dynamics of
air passenger transport, the rate of change was determined
(Table 3). The rate of change is the speed at which a variable
changes over a specific period of time. The rate of change is
often used in regard to momentum, and it can be generally
expressed as a ratio of a change in one variable relative to a
change in another.

Year 2004 was chosen as the base. It is shown in the
table that the number of passengers increased every year.
The knowledge of the value of an increasing factor is very
important especially in the forecast analysis [10, 11]. Based on
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Figure 1: Number of passengers over the course of the analyzed years.
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Figure 2: Rate of change over the course of the analyzed years.

the presented trends, it can be predicted that in a few years a
higher number of pilots and staff at the airport will be needed.

The rate of change is also presented in Figure 2. Based on
the rate of changes shown, it can be concluded that the biggest
growth is seen in Poland, while the smallest is in the Czech
Republic. The authors of the paper do not intend to interpret
results from the economical point of view but they are going
to point out some possible causes of such a situation. One
of them can be the usage of other means of transport in the
analyzed countries [12]. The number of passengers who use
the international railway is presented in Figure 3.

The number of passengers has been compared with the
number of citizens and with the area of the Czech Republic
and Poland. Results are presented in Table 4. It has been
observed that, in 2004, the ratio of the passengers to citizens
was 5 times smaller in Poland than in theCzechRepublic.The
number of tourists was also significantly smaller. One of the
reasons for such a situation can be the level of net salary (the

salarywhich is left after deducting tax andNational Insurance
contributions). The ratio of net salary in the Czech Republic
and in Poland is presented in Figure 5.

The net salary can also have an influence on the number
of passengers. The comparison between Poland and the
Czech Republic is presented in Figure 4. The ratio between
salaries in the Czech Republic and Poland is presented in
Figure 5. It can be concluded that the discrepancy between
both countries in net salaries is decreasing.

4. Conclusions

The knowledge about the number of passengers and the
trends of changes will allow for predictions about the needs
of air transport in the future. One of them is the number of
pilots.One of the possibilities is to graduate from the academy
in Dęblin. It takes around 5 years and a number of flight
hours. Another possibility is to acquire a flight license on
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Figure 3: Rate of change of number of the railway passengers in the Czech Republic and Poland.
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Figure 4: Salary over the years in the Czech Republic and Poland. Linear function is presented to guide the eyes.

Table 2: Matrix of dependencies between selected countries.

Country Austria Belgium Czech Republic Finland Poland
Austria 1 0.92 -0.25 0.97 0.90
Belgium 0.92 1 -0.24 0.93 0.99
Czech Republic -0.25 -0.24 1 -0.26 -0.16
Finland 0.97 0.93 -0.26 1 0.91
Poland 0.90 0.99 -0.16 0.91 1

their own and pay for every single hour. Even then, it takes
at least 2 years. In the Czech Republic, there is a possibility to
study at the Faculty of Transportation Sciences at the Czech
Technical University in Prague. It is a bachelor study program
and it takes 3 years. Another possibility is to study at the
University of Defence in Brno; however it is dedicated only
for military pilots. Nevertheless, some continue their career
as airline pilots after completing military service.

Other requirements that may occur in relation to the
expected growth of demand for air transport are demands
for a trained crew, aircraft maintenance workers, and other
related professions. These are such specific professions that
a sufficient number of “free” workers of such professions
cannot be found on the labour market. Therefore, it is
necessary to be aware of this need and start planning the
education and training well in advance.

The increase of requirements of air travel brings along
not only increased requirements of a trained personnel,
but also technical equipment, i.e., the number of aircrafts.
With regard to the fact that ordering and production of an
aeroplane are very costly and time-consuming, it is another
reason for conducting statistical research, market mapping,
and observing trends of market development.

In transport analysis, the term “reliability” usually means
punctuality [13–16] but for the purpose of this analysis it has
been redefined. Based on the number of passages, the number
of passengers expected in the near future can be predicted.
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Table 3: Rate of change in the analyzed countries in 2004–2016.

Country Year
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Average rate of change%

Austria 1.000 1.070 1.127 1.235 1.288 1.177 1.268 1.352 1.395 1.381 1.421 1.443 1.464 3.40
Belgium 1.000 1.020 1.098 1.196 1.271 1.236 1.311 1.445 1.490 1.514 1.656 1.784 1.719 5.40
Czech Republic 1.000 1.119 1.214 1.307 1.344 1.238 1.224 1.263 1.175 1.185 1.203 1.276 1.362 2.60
Finland 1.000 1.045 1.139 1.233 1.269 1.182 1.220 1.406 1.411 1.419 1.471 1.494 1.547 3.70
Poland 1.000 1.162 2.224 2.816 3.075 2.806 3.026 3.394 3.590 3.825 4.226 4.756 5.309 14.9

Table 4: Number of passengers as related to salary. The analysis is based on the Eurostat data.

Poland
2004 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Number of passengers (millions) 6 7 13 17 19 17 18 21 22 23 26 29 32
Area (km2) 312 679
Number of citizens (millions) 38
Number of tourists (millions) 9 10 10 11 10 10 10 11 12 12 13 14 15
Number of passengers per area 19 23 43 55 59 55 59 66 70 75 82 93 103
Number of passengers per citizens 0,2 0,2 0,4 0,5 0,5 0,5 0,5 0,5 0,6 0,6 0,7 0,8 0,9

Czech Republic
Number of passengers (millions) 10 11 12 13 14 13 12 13 12 12 12 13 14
Area (km2) 78 866
Number of citizens (millions) 10
Number of tourists (millions) 19 19 20 21 20 18 18 19 22 22 22 23 24
Number of passengers per area 129 144 156 168 173 159 157 163 151 153 155 164 175
Number of passengers per citizens 1,0 1,1 1,2 1,3 1,3 1,2 1,1 1,2 1,1 1,1 1,1 1,2 1,3
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Figure 5: Ratio of net salary in the Czech Republic and in Poland.

This article was mainly focused on two countries, both
belonging to the EU and being neighbouring countries. Nev-
ertheless, the performed analysis showed different results.

If the rate of change remains on the current level within
5 years, it can be expected that the number of passengers in
Poland will increase up to 44 million. This means that not
only a larger crew, but alsomore aircraftwill be necessary.The

forecast of air traffic presented by the Civil Aviation Office in
2017 shows that, in 2035, over 94 million passengers will be
transported at the Polish airports, almost three times more
than in 2016. According to the experts from the Civil Aviation
Office, Poland makes up for the distance to the Western
European markets which is why further growth is expected
in subsequent years [17].
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On the other hand, increasing expectations are not so
high in the Czech Republic. This is the consequence of the
transport policy, published by the Ministry of Transport
in June 2013 which suggests shifting 50% of medium and
long-distance freight transport from the road to the rail and
waterborne transport and, in the case of passenger transport,
significantly raising the proportion of rail transport (also
moving away from air transport in distances under 1,000 km,
making room to air transport for long-distance flights [17].
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