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Abstract

The tourism industry covers various areas of economic activity. Tourism has various areas
and directions of its implementation. One of the significant areas of tourism is international
tourism. International tourism influences and reflects different spheres of human economic
activity. This type of economic activity can have a non-linear nature of the processes that
describe it. To analyze and identify such processes, the concept of a phase portrait is used.
The paper reveals the features of nonlinear dynamics of processes in the field of tourism. We
used real data to construct individual phase portraits in the tourism sector. A number of
specific examples of the analysis of indicators from the tourism sector are given.
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Introduction

The tourism sector is one of the areas of economic activity. Tourism is associated with the
travel of people (Butcher, 2019; Pencarelli, 2020; McKercher & Mak, 2019). Therefore,
tourism covers various areas of human activity. Also, the tourism sector affects various areas
of economic activity. Thus, the tourism sector can be considered as one of the factors of
economic development. The tourism sector has different classifications (Hashimli, 2019;
Alimova et al., 2020). International tourism is one of the directions of tourism development.
International tourism contributes to the development of international trade, international
development, international communication, economic development. This makes it important
to consider data that reveal the dynamics of the tourism sector.

Various methods and approaches can be used to study the dynamics of tourism data (Xu et
al., 2020; Akadiri et al., 2020; Baranova, 2020). These methods and approaches allow for
simple and complex data analysis. This analysis allows us to investigate the current state of
the tourism sector functioning, to show various problem situations. At the same time, we can
explore hidden trends in the development of the tourism sector. Therefore, it is important to
use a variety of analysis methods to research tourism data. One of these methods is phase
data analysis. This method is chosen for data analysis in the tourism industry.

Related Works

We have already noted that various methods and approaches can be used to analyze tourism
data. The most common methods for analyzing data in the field of tourism are statistical
analysis methods. A detailed review of various statistical analysis methods for exploring
tourism data (Li, 2018). Among such methods, the methods of descriptive statistics,
regression analysis, and cluster analysis are distinguished. At the same time, the authors note
that data from the tourism sector is big data. Therefore, to analyze such data, it is necessary to
highlight their common characteristics, and then it is necessary to select the appropriate
analysis tools.
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Use different statistical analysis methods to study data on different tourist flows (Li et al.,
2020). In their research, the authors use cluster and classification analysis. This approach
allows you to identify the same factors of influence on various tourist flows. This helps to
understand the general mechanism of tourism sector development. Various statistical models
to determine the individual classes in the structure of tourism expenditures (Ferrer et al.,
2016). These models allow for segmentation of big data. To do this, the authors use models
that are based on regression and cluster analysis.

At the same time use compositional analysis methods to analyze data in the tourism sector
(Coenders & Ferrer-Rosell, 2020). These methods are also based on standard statistical
approaches. Analyze the possibility and feasibility of using various mathematical methods in
the field of tourism (Shaidullina & Ikhsanova, 2019). Among such methods, the authors
investigate the methods of linear algebra, mathematical analysis, numerical analysis, and
mathematical statistics. The paper shows that the choice of each method is determined by the
conditions and the problem of data analysis in the field of tourism. Thus, we can say that
different methods are used to analyze data from the tourism sector. It makes sense to use
different analytical methods to research economic data. This is due to the fact that for such
studies a whole arsenal of analysis methods is used (Kuzemin et al., 2005; Dobrovolskaya &
Lyashenko, 2013; Kuzemin & Lyashenko, 2011; Lyashenko, 2014).

At the same time, it is important to understand that the dynamics of data describing economic
processes can have different haracteristics. One of these characteristics is the uneven change
in data in the time plane. Then the whole process can be characterized as nonlinear dynamics.
The apparatus of the theory of phase analysis is used to study such dynamics. This apparatus
is used in this work.

Phase Portrait as a Phase Analysis Tool

The key concept of nonlinear dynamics is the concept of a phase portrait of a statistical data
series. In the phase space of dimension 2, using Cartesian coordinates, the phase portrait of a
statistical data series in its simplest form is defined as a set of points:

@(CHR) ={(9(r; ), 9(ri,q )} i=1t-1,

where: CHR is a series of statistical data that corresponds to a certain set; g(r),9(f.q)—

the values of the studied data series at certain time intervals i =1,W , where W is the length
of the sought series.

A more complex method for constructing a phase portrait of a time series is to take into
account the first and second derivatives of the original series. So if we have a certain series of
statistical values of the g(r;), then its first and second derivatives can be found by the

following formulas:
9'(q;)=9(ri+1)-9(%)
9"(dc)=9(aj41)-9(a;)
where: g'(q;) — the values of the series of the first derivative of the original series g(r;),
j=1W -1; g"(d. ) — the values of the series of the second derivative of the original series
g(r), c=1W-2.
Then the required phase portrait is defined as a set of points:
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B(CHR) = {(0'(a; )("(de D)} f=c=IW =2, (4)
or

@(CHR) = {(g'(1)),(g"(tHht=i, (5)

where: t-a time parameter that determines the change in the values of a series of statistical
data.

Data for Analysis

Among the data that are characteristic of tourism activities are (Jahani et al., 2020):
international tourism, expenditures, international tourism, expenditures for passenger
transport items, international tourism, expenditures for travel items, international tourism,
number of arrivals, international tourism, number of departures, international tourism,
receipts, international tourism, receipts for passenger transport items, international tourism,
receipts for travel items. These data refer to international tourism in general. Let's consider
some data in more detail.Figure 1 shows the dynamics of the characteristics of international
tourism expenditures (Figure 1a) and receipts from international tourism (Figure 1b).
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Figure 1. Dynamics of expenditures on international tourism and receipts from international
tourism

Figure 2 shows the dynamics of expenditures for passenger transport items (Figure 2a) and
receipts for passenger transport items in terms of international tourism (Figure 2b).
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Figure 2. Dynamics of expenditures for passenger transport items and receipts for passenger
transport items in terms of international tourism

We see that the dynamics of the data in Figure 1la and Figure 1b, as well as Figure 2a and
Figure 2b are comparable. But we can also see some time intervals when there are non-linear
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changes in the dynamics of the processes that are being investigated. Therefore, we will
conduct a more detailed analysis of the data.

Results and Discussion

Figure 3 shows the phase portraits of the dynamics of spending on international tourism
(Figure 3a) and receipts from international tourism (Figure 3Db).
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Figure 3. Phase portraits of the dynamics of spending on international tourism and receipts
from international tourism

It should be noted that the phase portraits presented in Figure 3 reflect the general dynamics
of a positive trend in the change in the data of expenditures on international tourism and
receipts from international tourism. Moreover, such dynamics can also be considered
comparable. At the same time, we can observe some differences.

Figure 4 shows the phase portraits that reflect the rate of change in the dynamics of spending
on international tourism (Figure 4a) and receipts from international tourism (Figure 4b).
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Figure 4. Phase portraits that reflect the rate of change in the dynamics of spending on
international tourism and receipts from international tourism

We see that the phase portraits of the rate of change in the dynamics of spending on
international tourism and receipts from international tourism differ from each other. This
difference is characterized by different quasi-cycles. At the same time, we can talk about the
imbalance of the dynamics, which is reflected in the presented portraits. This fact underlines
the nonlinearity of the data on the dynamics of expenditures on international tourism and
receipts from international tourism. Such dynamics should be taken into account when
predicting the development of processes in the tourism sector. Figure 5 shows phase portraits
that reflect the rate of change in the dynamics of expenditures for passenger transport items
(Figure 5a) and receipts for passenger transport items from the point of view of international
tourism (Figure 5b).
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Figure 5. Phase portraits that reflect the rate of change in the dynamics of expenditures for
passenger transport items and receipts for passenger transport items from the point of view of
international tourism

We see that the phase portraits of the rate of change in the dynamics of expenditures for
passenger transport items and the rate of change in the dynamics of receipts for passenger
transport items differ significantly from the point of view of international tourism. These
differences are due to significant differences between the basic quasi-cycles between the data
series that are being investigated. It should also be noted the imbalance between the dynamics
of the data that we observe (see Figure 2). This suggests the need to take into account all the
factors that affect the dynamics of processes in the tourism sector. This is important when
making forecasts for the development of the tourism sector. It should also be noted that it was
the influence of the dynamics of expenditures for passenger transport items and the rate of
change in the dynamics of receipts for passenger transport items that influenced the dynamics
of expenditures on international tourism and receipts from international tourism. This can be
seen from the phase portraits, which show the rate of change of the corresponding data.

Conclusion

The paper discusses some issues of data analysis from the tourism sector. We have shown
that different methods and approaches can be used to analyze data from the tourism sector.
However, it should be taken into account that such data can represent nonlinear dynamics
processes. Therefore, we used the phase analysis methodology. In particular, we used the
concept of phase portrait to analyze data from the tourism industry. The paper shows that the
data we processed have a non-linear relationship. This is important when making forecasts
for the development of the tourism sector. The research results can be used to build
information systems in the field of tourism industry regulation.
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