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Introduction

We have been living in an unfavora-
ble epidemiological situation for 
the last three years. The pandemic 

dealt a significant blow both to the health of 
the population and to the economies of coun-
tries [1–3]. The largest rating agencies update 
monthly reports with an assessment of the 
losses of national economies. Countries with 
“emerging” economies and high debt loads 
were particularly affected. The UN report of 
January 25, 2021 indicates that in 2020 the 
world economy lost about 5%, which signifi-
cantly exceeds the consequences of the finan-
cial crisis of 2009. The UN calls for joint financ-
ing of certain industries by states to restore the 
economy. The most affected industry in need 
of support is the tourism industry [4].

The tourism industry is a vital part of the 
economy of countries. On average it accounts 
for 5–15% of gross domestic product (GDP) 
for developed countries and more than 40% 
for some individual states. The role of tourism 
in the well-being of the population is revealed 
through millions of jobs and enterprises. 
Tourism is also a driving force in the protec-
tion of natural and cultural heritage, being 
an additional source of funding. Moreover, 
the researchers note that economic growth is 
directly related to the development of tourism 
infrastructure, which in some cases can serve 
as a tool to overcome the economic crisis [5].

Taking into account all the new waves of 
morbidity, the recovery of the tourism sector 
should begin with the development of domes-
tic tourism. This strategy will reduce the risk of 
morbidity of citizens, increase the investment 
attractiveness of the country for foreign invest-
ment, and will also stimulate the development 
of entrepreneurial activity not only in the main 
cities but also throughout the country [6]. 

However, uncontrolled development of the 
tourism industry within one country can lead 
to a sharp imbalance of cash flows between 

regions, depletion of resources, monopoliza-
tion of individual enterprises and deterioration 
of historical sites [7, 8]. Each region is unique 
in its way, and it is necessary to provide invest-
ment support by their characteristics [9]. Such 
important management decisions cannot be 
made without full information and analytical 
support, which can be provided by the domes-
tic tourism model and the data model, respec-
tively [10, 11]. 

Modeling of socio-economic systems is asso-
ciated with several difficulties, expressed in a 
decrease in the level of determinism of the sys-
tem. To solve this problem, it is necessary to 
develop an approach that ensures the integra-
tion of the following modeling tools for tech-
nical systems.

At the first stage of the model development, 
it is necessary to focus on the development of 
a system-dynamic model that describes the 
interrelationships of key elements and facili-
tates assessing the mutual impact of economic 
growth [12–14]. Within the framework of this 
work, a high-level simulation model of tour-
ism industry dynamics has been developed. In 
addition, we consider the computable general 
equilibrium (CGE) model applicable to the 
tourism industry as a possible extension of the 
model [15–21].

1. Materials and methods

1.1. Analysis of the existing approach

Simulation models are used to replace 
the studied subject area with a model which 
describes its key indicators and connections 
between them. This approach ensures trans-
parency of the processes taking place inside the 
system, so it allows us to predict the behavior 
of the system. System dynamics as a method of 
simulation modeling considers the interaction 
of the following objects: stocks (accumulated 
values of indicators), flows (numerical equiva-
lents of values of indicators of a given period), 
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converters (auxiliary quantities for calculat-
ing flows and similar converters) [22]. Visual-
ization of models in system dynamics is based 
on a static combination of elements of all three 
types connected in a certain way. An impor-
tant feature of models in system dynamics is 
the ability to qualitatively predict the behavior 
of the system without conducting a simulation 
experiment based on cause-and-effect rela-
tionships, which are presented and visualized 
in the model [23–25]. 

The system dynamic modeling is used as 
an alternative to forecasting models for sce-
nario planning of tourist destinations [26]. The 
advantage of system dynamics models is the 
ability to take into account the natural limi-
tations of the system [27]. Simulation models 
are ideal for analyzing the risks and prospects 
of certain management decisions. The use 
of a CGE model adapted to the tourism sec-
tor makes it possible to assess the most prom-
ising areas of investment in terms of the sub-
sequent impact on the country’s economy and 
the durability of the results [9]. The model used 
allows economic agents to perfectly anticipate 
the demand for tourism so that they can fully 
adapt to future conditions.

The CGE model is a computable general 
equilibrium model and is used to ensure equi-
librium between industries in economic mod-
eling. The more industries, regions, types of 
consumers appear in the model, the more dif-
ficult it is to solve such a model analytically; 
therefore numerical methods processed by 
computer capacities are used. 

CGE models are used for various sectors of 
the economy, in particular, to assess the impact 
of investments on individual economic prod-
ucts [28, 29]. Among the most significant mod-
els based on the concept of calculated gen-
eral equilibrium models, we can single out the 
MONASH model of the Australian economy, 
as well as a similar model for the US economy –  
USAGE and RUSEC – the model of Russian 

economy [17, 18]. The RUSEC model is an 
example of the applicability of the CGE model 
to describe the impact of a particular indus-
try on the main macroeconomic indicators of 
the country [19, 20], so RUSEC-GAZPROM 
links changes in gas tariffs with the economic 
situation in the Russian Federation [21].

The basic structure of the CGE model con-
tains four economic agents:

 ♦ household;

 ♦ company;

 ♦ state;

 ♦ the outside world.

Each of the agents is connected to the oth-
ers and is both a source and a supplier. Thus, 
households are consumers of goods and finan-
cial support, but also suppliers of labor and tax 
payments. Firms receive income from goods, 
but also are consumers of labor. The state is 
responsible for investments and receives taxes. 
In this case, the outside world is an additional 
source of investment that consumes goods.

Each type of agent is guided by certain rules 
in decision-making. These rules are described 
by mathematical functions.

It is worth noting that the use of all four eco-
nomic agents is not mandatory. In some works, 
one can find a description of only three agents 
as the basis of the CGE model, and this allows 
us to conclude that such an approach is accept-
able.

By analogy with the basic structure of the 
CGE model, the dynamics of the tourism 
industry can be represented by the following 
elements:

 ♦ tourist profile (household);

 ♦ infrastructure of tourist products (firms);

 ♦ outflow of tourist flow (the outside world).

In this case, the tourist profile should be 
understood as an economic agent with its char-
acteristics and needs, the main consumer of 
tourist products.
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Under the infrastructure of tourist products, 
many companies source consumer products. 
This indicator includes accommodation, food, 
transport, events and much more.

The outflow of tourist flow in this case is 
equivalent to the outflow of income from tour-
ists. It is worth noting that it will be compen-
sated to some extent by inbound tourism.

It is necessary to keep the structure of the 
CGE model to further enable the model to 
include indicators of supply and demand in the 
tourism products market. Thus, the task of this 
work is to develop a high-level model, which 
will be finalized in the framework of further 
research according to the CGE concept [30–
36].

1.2. Initial data

To develop the model and test it, it was 
decided to independently find and select the 
data. When selecting data sources, emphasis 
was placed on their openness and reliability. 
In the end, all the data used in the model were 
taken from the website of the World Tourism 
Organization.

It is worth noting that as part of the devel-
opment and testing of the model, no emphasis 
was placed on the use of data about the Russian 
Federation. In this case, it was necessary to 
focus on a developed country with stable eco-
nomic indicators and with a minimum number 
of tourist zones. The latter requirement is due 
to the inability to obtain reliable results based 
on the average for several different points of 
attraction. Based on the stated requirements, 
the choice of the country for the study settled 
on Austria, for a number of the following rea-
sons:

 ♦ relative completeness of data in comparison 
with other countries;

 ♦ stable contribution of the tourism industry to 
the country’s GDP (about 6%);

 ♦ developed domestic tourism (at least 40% of 
the tourist flow);

 ♦ stability of economic indicators;

 ♦ the country is included in the list of devel-
oped countries;

 ♦ relative limitations of tourist points of attrac-
tion.

It was important to identify and provide at 
least a few necessary indicators [22–25]. Below 
is a list of indicators that could be found in open 
sources; the time range is 2008–2018:

 ♦ tourists, thousand people (inbound tour-
ism);

 ♦ tourism expenses in the country in millions 
of USD (inbound tourism);

 ♦ tourists, thousand people (outbound tour-
ism);

 ♦ tourism expenses in the country in millions 
of USD (outbound tourism);

 ♦ tourists, thousand people (domestic tour-
ism);

 ♦ tourism expenses in the country in millions 
of USD (inbound tourism);

 ♦ GDP;

 ♦ the contribution of tourism to GDP.

2. Model description

Within the framework of the study, a sim-
plified model of the dynamics of the tourism 
industry has been developed. The main pur-
pose of the model is to analyze the connection 
between the tourism industry and the well-
being of the country’s population. Such sim-
plification will allow us to refine the model in 
the future, considering the specifics of pric-
ing policy, production, the economic situation 
and measures to contain the epidemic of each 
country separately.
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The elements of the model being developed 
can be divided into three groups according to 
the purposes of the calculation:

 ♦ calculation of the contribution of the tour-
ism industry to GDP;

 ♦ calculation of profit from consumption of 
tourist products within the framework of 
domestic tourism;

 ♦ calculation of the tourist flow within the 
framework of domestic tourism.

The model we developed is presented below 
(Fig. 1).

The model presents two indicators contain-
ing the accumulated values of existing flows.

Total tourist flow (T.t.f.) – the accumulated 

value of the tourist flow, reflecting the num-

ber of tourist trips of citizens of a given country 

for a specified period. This indicator directly 

depends on the growth rate of the number of 

tourists (Tourist flow growth, T.f.g.):

     T.t.f.(t) = T.t.f.(t – dt) + (T.f.g.)  dt (1)

Total income (T.i.) – the accumulated value 

of profit from tourist products. This indica-

tor depends on the level of annual profit from 

tourist products (Yearly income, Y.i.):

            T.i.(t) = T.i.(t – dt) + (Y.i.)  dt (2)

GDP in other industries

Population

Max tourist flow
Max trips per year

Total 
tourist  
flow

Tourist  
flow growth

Outbound 
tourism share

Outbound tourists 
numberBaseline 

GDP Tourist flow 
growth rate

Domestic 
tourists 
number

Domestic tourism share

Cost per 
inbound 
tourist

Cost per domestic tourist

Inbound 
tourists 
number

Total  
income

Yearly income

Tourism share in GDP

Total GDP

Fig. 1. Model of domestic tourism.
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The model also includes two flows that pre-
cede changes in indicators containing accu-
mulated values of existing flows:

Tourist flow growth (T.f.g.) – the growth rate 
of the tourist flow. This indicator depends on 
the level of growth of the tourism industry 
(Tourist flow growth rate, T.f.g.r.), as well as on 
the maximum possible size of the tourist flow 
(Max tourist flow, M.t.f.), which is a limitation 
of the system:

                  (3)

Yearly income (Y.i.) – the rate of annual 
profit growth from the tourist flow. This figure 
depends on the number of domestic tourists 
(Domestic tourists number, D.t.n.), the number 
of inbound tourists (Inbound tourists num-
ber, I.t.n.), the average revenue per domestic 
tourist (Cost per domestic tourist, C.d.t.), aver-
age income from inbound tourists (Cost per 
inbound tourist, C.i.t.):

Y.i. = C.d.t.  D.t.n. + C.i.t.  I.t.n.        (4)

In the model there are also fifteen converters 
required for the calculation of stream values:

Baseline GDP (B. GDP)– is the basic value of 
Austria’s GDP. It is necessary to estimate the 
annual growth in GDP. A static value is set in 
the model:

  B. GDP = 426000000000 (USD).    (5)

Cost per domestic tourist (C.d.t.) – average 
income from domestic tourist. A static value is 
set in the model. However, this indicator is one 
of the main levers of influence on the model:

   C.d.t. = 600 (USD).               (6)

Cost per inbound tourist (C.i.t.) – the basic 
value of Austria’s GDP. A constant value is set 
in the model:

      C.i.t. = 800 (USD).                 (7)

Domestic tourism share (D.t.s.) – the share of 
tourists who prefer domestic tourism. A con-
stant value is set in the model, but this indica-
tor will be the lever of influence on the model:

                             D.t.s. = 0.5. (8)

Domestic tourists number (D.t.n.) – the actual 
number of domestic tourists. It depends on the 
accumulated value of the tourist flow (Total 
tourist flow, T.t.f.) and the share of domestic 
tourism (Domestic tourism share, D.t.s.):

                       D.t.n. = D.t.s.  T.t.f. (9)

GDP in other industries (GDP.o.i.) – contri-
bution to the GDP of other industries. A con-
stant value is set in the model:

          GDP.o.i. =400000000000 (USD).        (10)

Inbound tourists number (I.t.n.) – the actual 
number of incoming tourists. A constant value 
is set in the model:

   I.t.n. = 25000000.                 (11)

Max tourist flow (M.t.f.) – the maximum pos-
sible number of tourists. Depends on the maxi-
mum number of trips per tourist per year (Max 
trips per year, M.t.y.) and on the actual value of 
the population (Population, P.):

                        M.t.f. = P.  M.t.y. (12)

Max trips per year (M.t.y.) – the maximum 
number of trips per tourist:

                             M.t.y. = 4. (13)

Outbound tourism share (O.t.s.) – the share of 
outbound tourists. A constant value is set in the 
model:

                           O.t.s. = 0.5. (14)

Outbound tourists number (O.t.n.) – the 
actual value of outbound tourists. Depends on 
the accumulated value of the tourist flow (Total 
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tourism flow, T.t.f.) and the share of outbound 
tourism (Outbound tourism share, O.t.s.):

                         O.t.n. = O.t.s.   T.t.f. (15)

Population (P.) – the actual value of the pop-
ulation. A constant value is set in the model:

                               P. = 8900000. (16)

Total GDP (T.GDP) – the value of GDP. It 
depends on the profit from other industries 
(GDP in other industries, GDP.o.i.) and on the 
annual revenue from tourism products (Yearly 
income, Y.i.):

                      T.GDP = GDP.o.i. + Y.i. (17)

Tourism share in GDP (T.s.GDP) – the share 
of the tourism industry in GDP. It is assumed 
that the growth of this indicator will posi-
tively affect the dynamics of the model indica-
tors. Calculated on the basis of annual income 
(Yearly income, Y.i.) from tourist products to 
the total value of GDP (Total GDP, T.GDP): 

                     . (18)

Tourist flow growth rate (T.f.g.r.) – increase 
in tourist flow. Depends on the total value of 
GDP (Total GDP, T.GDP) and the base value 
of GDP (Baseline GDP, B. GDP):

                      . (19)

All static values are set based on the analysis 
of the initial data and represent the average fig-
ures for 11 years.

As part of one of the goals of modeling, the 
preparation of an analytical base for mak-
ing informed management decisions, the goal 
will be to maximize the return on investment 
in tourism products, namely, to maximize the 
contribution of the tourism industry to GDP.

After the verification stage of the model on 
the available data, the model will be finalized 

considering the possible financing of individ-
ual tourist products (hotels, roads, events, and 
so on). The difficulty of this stage is the lack 
of data to test hypotheses about the impact of 
investments on increasing revenue from tour-
ism products, which is why this stage is not 
considered in this work. 

These values of indicators provide a static 
state of the model when the level of indica-
tors remains stable except for accumulated 
values.

3. Simulation results  
and discussion

To test the operation of the model, it is 
necessary to conduct a series of experi-
ments. Below is a table with a description 
of the experiment and the expected result. 
The extent to which the expected and actual 
results coincide determines the quality of the 
model (Table 1).

The proposed experiments are imple-
mented in the software environment iThink.

Based on the experimental data, the logical 
component of the model and their interrela-
tions are checked. Connections of the follow-
ing indicators are being worked out:

 ♦ the impact of the share of domestic tourism 
on tourism revenues and GDP growth;

 ♦ dependence of GDP on income from tour-
ism and income from other industries;

 ♦ the impact of income from one tourist on 
the annual income from tourism, the share 
of tourism in GDP.

We will conduct a test simulation for 10 years 
to check the stability of the model. 

The increase in total income from tourism 
increases evenly since there is an equal annual 
increase, as can be seen from the graphs of 
total income from tourist products (Fig. 2).

 The total tourist flow (Fig. 3) remains con-
stant.
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The annual income is stable, so the graph 

is a straight line parallel to the ordinate axis 

(Fig. 4). 

Another important indicator that makes 

sense; displayed on the graph is the contribu-

tion of the tourism industry to GDP (Fig. 5). 

At the zero-modeling stage, the contribution 
is stable and amounts to just over 6%. 

We will conduct a test simulation for 10 
years, taking into account the increase in the 
share of domestic tourism to 65%. This result 
can be achieved by increasing the level of 
attractiveness of the country in comparison 

Table 1.
Description of experiments

No. Description  
of the experiment

Description  
of the expected results

0 Zero starts, the values are described above.
The model is in a static state; all indicators remain  
at the same level in all the periods under consideration.

1
We change the indicators of the share  
of the distribution of domestic tourism and  
outbound tourism: 0.65 and 0.35 respectively.

It is assumed that the annual income from tourism  
will increase and a slight increase in the tourist flow.

2
We are changing the contribution of other  
industries, increasing it to 500 000 000 000 (USD).

It is assumed that the share of the contribution of  
tourism will fall, and the tourist flow and GDP will grow.

3
We return the value for other industries and  
double the income from domestic tourism.

It is expected to increase the contribution of tourism  
to DP, as well as an increase in annual income.

400 000 000 000

350 000 000 000

300 000 000 000

250 000 000 000

200 000 000 000

150 000 000 000

100 000 000 000

50 000 000 000

0
0              1             2             3              4             5              6              7             8              9             10 

Fig. 2. Total income.

Total income,  USA

Zero test
Test No. 1

Test No. 2
Test No. 3.

Years
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Fig. 4. Yearly income.

Fig. 3. Total tourists flow.

with other places. Let’s see how the income 
from tourism will change after the result of the 
experiments.

The graph shows that the test gave similar 
values of the tourist flow in comparison with 
the zero tests. This is due to the slow growth of 
the tourist flow because of the relatively small 
contribution of the tourism industry to GDP 
(Fig. 2). 

Particular attention should be paid to the 
values of the following indicator (Fig. 4). The 
increase in annual income from tourism prod-
ucts should have caused an increase in the 
contribution of the tourism industry to GDP 
(Fig. 5). The indicator of the contribution of 
the tourism industry increased by almost a 
percentage point, which corresponds to the 
expected results.

40 000 000 000

35 000 000 000

30 000 000 000

25 000 000 000

20 000 000 000

15 000 000 000

10 000 000 000

5 000 000 000

0

0              1             2             3              4             5              6              7             8              9             10 

Yearly income,  USA

Zero test
Test No. 1

Test No. 2
Test No. 3.

Years

Years

300 000 000 000
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  200 000 000 000

  1500 000 000 000

   1000 000 000 000

      50 000 000 000

                               0

10
2 3 4 5 6 7 8 9 10

Zero test
Test No. 1
Test No. 2
Test No. 3.

Total tourists flow
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Since the share of tourism is about 6% of the 
total GDP, it is difficult to trace the change 
in tourist flow from GDP growth. Therefore, 
as part of the verification of the work of the 
model, we will increase the contribution of 
other industries to trace the dependence of the 
tourist flow on the level of well-being.

The graph shows a change in the trend of 
income growth from tourist products. In 
comparison with the results of the first exper-
iments, significant nonlinear growth of the 
indicator is observed.

The tourist flow, taking into account recent 
changes, has acquired a tendency to a non-lin-
ear increase in the values of the indicator.

Annual income has acquired an upward 
trend. The graph shows the nonlinearity of 
growth (Fig. 4). 

The graph shows the change in the share of 
the tourism industry, which is explained by the 
change in the share of other industries (Fig. 5). 
Interestingly, the share of the tourism indus-
try has acquired a tendency to non-linear, but 
tangible growth, which once again proves the 
mutual influence of the development of eco-
nomic sectors on each other.

Let’s conduct a third experiment. Let’s 
return the contribution values of other indus-
tries and return to modeling the tourism indus-
try. Suppose that the increase in the attrac-
tiveness of the country affected the share of 
domestic tourism, which led some of the cat-
egory of “expensive” tourists to the desire to 
relax in their native country. This caused a 
sharp increase in the average income per tour-
ist – twice. 

Consider the change in total income (Fig. 2). 
The graph shows that the total revenue from an 
increase in income from one tourist is grow-
ing significantly better than with an increase in 
total revenue from other industries.

The tourist flow is leveling off again to the 
previous values (Fig. 3).

The graph shows that the total income 
from an increase in income from one tour-
ist is growing significantly better than with an 
increase in total revenue from other indus-
tries.

The annual income returned to a stable level 
but exceeded it significantly in comparison 
with the results of previous experiments.

Fig. 5. Tourism share in GDP.
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3
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0
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Test No. 2
Test No. 3.
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Table 2.
Description of results

No. Description  
of the experiment

Description  
of the expected results

Compliance  
with the results

0 Zero starts; the values  
are described above.

The model is in a static state;  
all indicators remain at the same 
level in all the periods under 
consideration.

Successfully, all indicators  
remain unchanged at all intervals.

1

We change the indicators  
of the share of the distribution  
of domestic tourism and  
outbound tourism: 0.65  
and 0.35 respectively.

It is assumed that the annual  
income from tourism will increase  
and there is a slight increase  
in the tourist flow.

Successfully, the increase in annual 
income and contribution of the  
tourism industry to the stable  
values of the tourist flow.

2

We are changing the  
contribution of other 
industries, increasing it to 
500 000 000 000 (USD).

It is assumed that the share  
of the contribution of tourism  
will fall; the tourist flow and GDP  
will grow.

Successfully, the share of the  
tourism industry fell but showed 
 growth trends due to an increase  
in the accumulated value of income. 
The tourist flow schedule also showed  
a significant increase. The limitations  
of the model also work and have  
shown themselves in a drop in the 
growth rate of the tourist flow after 
reaching a maximum.

3

We return the value for other 
industries and double the  
income from domestic 
tourism.

It is expected to increase the  
contribution of tourism to GDP,  
as well as an increase in  
annual income.

Successfully, the contribution  
of the tourism industry has  
increased, as has the total  
income.

The increase in the value of one tourist caused 

a significant increase in the share of the tour-

ism industry in the country’s GDP; now this 

figure is more than 8%.

As part of this work, a series of experiments 

were carried out. At this stage, it is necessary to 

compare the expected results from the actual 

results of the model.

A comparative analysis is presented below 

(Table 2).

The experimental results confirmed the 
applicability of the model for assessing the eco-
nomic dependence of the level of well-being of 
citizens, the size of the tourist flow and the con-
tribution of the tourism industry to GDP. The 
relevance of investing in the tourism industry 
as a way to restore the economy and increase 
profits for business and the state is confirmed.

Based on the experiments, we can conclude 
about the stability of the model and the logi-
cally correct relationship of the indicators. 
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The results of the experiments do not contra-
dict logic and fit into the general concept of 
the interrelation of elements in the model of 
domestic tourism. Accordingly, the results of 
the first high-level model can be considered 
successful.

The resulting model is a high-level simu-
lation model of the dynamics of the tourism 
industry. There are plans to develop the model 
considering the analysis of intersectoral rela-
tions, the contribution of various tourist prod-
ucts and the seasonality of demand. It is also 
necessary to integrate into the model ele-
ments of the impact of Covid-19 restrictions 
and changes at the macroeconomic level on 
the tourist flow.

Conclusion

This article is devoted to the development 
of a model based on data available in open 
sources. The purpose of this is to model the 
dependence of the economic condition of 
the state on the development of the tour-
ism sector. As part of the work, a high-level 
model of domestic tourism was developed 
with a description of the functional depend-

encies of the model elements. The result-
ing model was tested for compliance with the 
logic of functional dependencies between ele-
ments determined as a result of the analysis 
of international experience in modeling tour-
ist processes. The results obtained link the 
indicators of the contribution of the tour-
ism industry to the country’s GDP, the tour-
ist flow and revenue from the consumption of 
tourist products. This study is the first stage 
in a project to develop a model of domestic 
tourism that considers the natural limitations 
of the system, such as the environmental situ-
ation, available labor resources and the con-
dition of historical heritage monuments, also 
taking into account functional descriptions of 
the propensity of tourists to save and spend for 
different groups of profitability, the division of 
tourist products by type and other economic 
indicators. 
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