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Methodology for Assessing Scenarios of Tourism Industry Development in Kamchatka Krai...

The theoretical significance lies in the scientific justification of the digital twin concepts and their
application in simulation modeling in relation to the tourism industry. The practical significance is that
the digital twin allows simulating different scenarios of Kamchatka Krai tourism industry development,
thereby reducing the number of routine business processes and the influence of human factor on the quality
of service. Using the assessment results, we have identified optimal scenarios for the development of the
tourism industry in Kamchatka Krai, its bottlenecks, and determined that the introduction of scenario
simulation modeling will regularly calculate the basis the tourist expenses and, consequently, the tourist
industry income, and through multipliers — the regional budget income, and other integral indicators to
improve the competitiveness of the tourism industry in the region. In contrast to the traditional analytics
of processes based on tables and linear dependence, the developed digital twin makes it possible to observe
the detailed behavior of the system in time, to keep track of tourist preferences and the capacity of tourist
attraction points, to give recommendations on the placement of new objects. The obtained results can be
used in the formation of proposals for the development of the tourism industry, and the monitoring of its
condition and efficiency.

Key words: tourism, tourism industry, digitalization, digital model, simulation modeling, digital twin,

Kamchatka Krai.

Introduction

One of the main strategic technological trends
of economic growth in the Russian Federation
today is digitalization, which involves the creation
of scientific, technological, legal, financial and
organizational conditions that support the deve-
lopment of the digital economy in the country'.
Digital technology exponentially increases the
state of the information space, and thus the scale
of the transformation of economic activity?. In
this regard, the structure of the economic system
is changing, and with it its dynamic properties, as a
key element of the digital transformation process is
the transition from analog or physical technologies
to digital tools based on Big Data (Shpak et al.,
2020). In 2021, global digital investment reached

' On the Strategy for Scientific and Technological
Development of the Russian Federation: Presidential Decree
642, dated December 1, 2016 (ed. March 15, 2021 143).
Available at: http://www.kremlin.ru/acts/bank/41449

2 Nosova S., Norkina A., Makar S., Fadeicheva G.
(2021). Digital transformation as a new paradigm of economic
policy. Procedia Computer Science, 190(4), 657—665. DOI:
10.1016/j.procs.2021.06.077
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$4.24 trillion’. The emergence of digital simulation
3D models and Digital Twin is one of the results of
the development of digital manufacturing, Industry
4.0 and the Internet of Things (IoT) (Shpak et al.,
2020).

Conceptually, the basics of the digital twin
were presented as early in 2003 in the works of
M. Grieves (Grieves, 2005; Grieves, 2016). Before
2015, the term “digital twin” (DT) was usually
mentioned in cases of industrial twins. Further
issues of DT implementation were studied by
R. Soéderberg (Soderberg et al., 2017), F. Tao
(Tao et al., 2018), R. Bolton (Bolton et al., 2018),
A.E. Saddik (Saddik, 2018) and others. These
authors give a broader interpretation of the concept,
according to which the digital twin is “... a digital
copy of a living or non-living physical entity.

3 Digital transformation is going to step up in coming
years. Available at: https://www.comnews.ru/content/
218463/2022-01-26/2022-w04/cifrovaya-transformaciya-
podnazhmet-blizhayshie-gody
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Connecting the physical and virtual worlds, data
is transferred, allowing the virtual entity to exist
simultaneously with the physical entity” (Saddik,
2018); “...using a digital copy of the physical system
for real-time optimization” (Séderberg et al., 2017);
“...a real life representation of all components in
the product life cycle using physical data, virtual
data and interaction data between them”(Tao et al.,
2018), “...a dynamic virtual lifecycle representation
of a physical object or system using real-time data
for understanding, learning, and reasoning” (Bolton
etal., 2018).

According to the data*, 89% of all IoT platforms
will use digital twin technology by 2025, and by
2027 it will become a standard feature of IoT
solutions. 36% of executives from various industries
note the benefits of the DT, and 53% of them plan
to implement the DT by 2028. Credence Research
predicts that the global DT market will reach $57.38
billion by 2027 (it was $3.76 billion in 2018; up more
than 15-fold) (Prokhorov, Lysachev, 2020).

Simulation modeling allows us to forecast,
calculate and make the most effective financial and
investment decisions, taking into account a variety
of factors that affect economic development
(Molodetskaya, 2020; Novysh, Yurcha, 2020). In
this regard, the methodology for assessing scenarios
for the tourism industry based on digital twin
technology is of particular importance.

Currently, under our leadership, the Eastern
State Planning Center (FASI “Vostokgosplan™)? is
actively working to create a digital twin (simulation
model) in relation to regional tourism. Kamchatka

4 The future of the digital twins industry to 2025 in
manufacturing, smart cities, automotive, healthcare and
transport. Available at: https://www.prnewswire.com/news-
releases/the-future-of-the-digital-twins-industry-to-2025-
in-manufacturing-smart-cities-automotive-healthcare-and-
transport-301028858.html

5 Federal Autonomous Scientific Institution “Eastern
State Planning Center” (FASI “Vostokgosplan™). Available at:
https://vostokgosplan.ru/wp/about/
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acts as a pilot region, the tourism potential of
which at present is not fully realized®. According
to expert data, the share of tourism in GRP of
Kamchatka Krai is extremely small and amounts
only to 2%’. Constraints for tourism development
in Kamchatka are insufficient recognition and
“media publicity” of Kamchatka Krai in domestic
and foreign markets; low level of development of
the industry material base and weak development
of transport infrastructure and service facilities; low
investment activity of business structures; difficult
transport accessibility of the region; short tourist
season. To solve these problems, the priority areas of
the Strategy in the field of digital transformation of
Kamchatka Krai®, actually serving as a starting point
for future promising technological breakthroughs
in the tourism industry, correlated with national
projects “Tourism and the hospitality industry”
and “Digital Economy”® and corresponding
implementation of the program “Industry 4.0”.

In turn, the introduction of a “digital twin”
includes effective scenario planning for the deve-
lopment of tourism and related industries in the
region. FASI “Vostokgosplan” acts as an operator
of the statistical monitor and aggregator of open
statistical data; data received from public authorities

of all levels; big data provided on a contractual basis

¢ Generalized analysis of the tourism industry in
Kamchatka Krai. Analytical report. (2021). Federal
Autonomous Scientific Institution “Eastern State Planning
Center” (FASI “Vostokgosplan”). Available at: https://
vostokgosplan.ru/wp/about

7 The share of tourism in GRP of Kamchatka is only
2%. Available at: https://kamchatinfo.com/news/economics_
and business/detail /48885/

8 Strategy for the digital transformation of the economy,
social sphere and public administration in Kamchatka Krai:
adopted by Kamchatka Krai Government Resolution 575-
P, dated December 23, 2021. Available at: https://digital.
gov.ru/uploaded/files/strategiya-final-kamchatskij-kraj-
podpisan-20082021.pdf

° The “Digital Economy of the Russian Federation”
program was approved by RF Government Resolution 1632-
r, dated July 28, 2017. Available at: http://government.ru/
govworks/614/events/
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by their suppliers. The list of indicators displayed
on the statistical monitor and the frequency of
data updates depend on cooperation with big data
providers. Obtaining relevant statistical data on a
regular basis and in a variety of sections directly
affects the degree of detail modeling of the tourism
industry.

The article presents the methodological aspects
of assessing scenarios of tourist industry deve-
lopment on the basis of digital twin technology. The
peculiarity of the proposed simulation scenario-
forecast model of regional tourism is the use of
methods of structural and situational dynamics
with the involvement of statistical data processing
methods in AnyLogic environment.

The purpose of the study is modeling scenarios
of tourism industry development based on digital
twin technology on the example of Kamchatka
Krai.

In accordance with the purpose of the study we
set and solved the following tasks:

1) development and testing of a simulation
scenario-forecast model of the tourist services
implementation on the example of Kamchatka
Krai, based on the principles of system dynamics;

2) calculation of scenarios for the tourism
industry development in the region, a description
of the modeling results.

The scientific novelty of the proposed asses-
sment methods is the use of methods of structural
and situational dynamics, involving statistical
methods of data processing in AnyLogic
environment.

The theoretical significance lies in the scientific
justification of digital twin concepts and their
application in simulation modeling in relation to
the tourism industry.

The practical significance lies in the fact that the
digital twin can simulate different scenarios of
Kamchatka Krai tourism industry, reducing thereby
the number of routine business processes and the
impact of human factors on service quality.
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Materials and methods

The concept of digital twins has been proposed
relatively recently, but the significance and impor-
tance of this study is supported by an appropriate
base of literature. The basic tenets of the digital twin
concept originated in the engineering paradigm and
have been applied mainly in industrial sectors, in
which a clear link between the digital model and the
real object is evident at all stages of manufacturing
(Boschert, Rosen, 2016; Kritzinger et al., 2018;
Mittal et al., 2018).

Scientifically, the foundations of the digital twin
concept were laid in 2003 in the M. Grieves’ works
(Grieves, 2005). Before 2015, the term “digital
twin” (DT) was usually mentioned in cases of
industrial twins. In particular, W. Wong'® introduced
the concept of an intellectual product and identified
its main characteristics. K. Hribernik and co-
authors (Hribernik et al., 2006) put forward the
concept of a product avatar, according to which
a product can have a virtual digital copy and be
able to access data collected during the product
life cycle, optimize the parameters of operation,
maintenance, repair, etc. The term “digital twin”
first got its official scientific meaning in the research
of M. Grieves and D. Vickers (Grieves, Vickers,
2017). Between 2010 and 2014, the DT concept
developed with close attention from the aerospace
industry, and the term was applied in industrial
product design primarily for the transportation
industry (Shafto et al., 2010; Glaessgen, Stargel,
2012). Later, the implementation of digital twins
in various industries of the economy was studied by
R. Bolton (Bolton, 2018), K. Boschert (Boschert,
Rosen, 2018), P. Coronado (Coronado et al., 2018),
J. Lee (Lee et al., 2015), A. Saddik (Saddik, 2018),
R. Séderberg (Soderberg, et al., 2017), F. Tao (Tao
etal., 2018).

1 Wong W. (2018). What’s the difference between a
simulation and a digital twin? Available at: https://www.
electronicdesign.com/embeddedrevolution/what-s-
difference-between-simulation-and-digital-twin
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With the development of virtual models in
engineering, the characteristics and behavior of the
virtual apparatus began to be predicted through
mathematical modeling based on a numerical
model (Belinha et al., 2009; Lawson and Marion,
2008).

Referring to the currently available Russian
studies (Azrapkin, 2022; Gorelova, 2020; Kata-
levskii, Suslov, 2022; Savostyanov, 2021), it is easy
to note that mathematical models of economic
systems and simulation modeling tools are used
mainly to predict the development of economic
processes in time and the state in which the
economy will be, the characteristics of the studied
economic system under certain conditions.
However, the established methods of describing
the state and evolution of the economy sectors
use a small set of indicators, the values of which
change relatively smoothly, and the list remains
unchanged (Olenev, 2008). Also problematic is
the choice of variables that adequately reflect the
structure of the economic system, which leads
to the impossibility of a detailed description of
all processes, which raises difficulties with the
typology and mathematical description of typical
economic processes.

Despite the great interest to the DT topic, we
should note that in fact this technology, as well as
solutions based on it, is at an early stage of
development, when the professional community
has not yet developed generally accepted definitions
and standards, experts argue on many issues: what
a digital twin is, what types there are, in which
industry solutions this term is applicable, etc.

Our study is supposed to eliminate all the above-
mentioned gaps in this direction of economic
science. It is necessary to develop and implement
a program to calculate the characteristics of the
studied economic process (in our case the potential
of the regional development of the tourism
industry), to identify the model, that is to determine

Economic and Social Changes: Facts, Trends, Forecast
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the external values contained in it (coefficients,
parameters, factors), to verify the model, in other
words, to ensure that it gives practically acceptable
forecasts.

The article presents our simulation scenario-
forecast model of the implementation of tourist
services in Kamchatka Krai, based on the principles
of system dynamics (Akopov, 2019; Sidorenko,
1998; Forrester, 1958; Meadows et al., 2005). The
main provisions of structural and situational analysis
with the involvement of statistical methods of data
processing have been applied.

The developed model of tourist industry
development is a modern digital tool that converts
a set of diverse data into a timely and balanced
management decision, based on an understanding
of the current state of the industry and the prospects
of its development. The main goal of creating a
digital model of the tourism industry is effective
scenario planning for the development of tourism
and related industries in the region. Schematically,
the tasks and simulated processes are shown
in Fig. 1.

The model is developed in AnyLogic software
environment and is supplied as a jar file. Runs as
part of the Java virtual machine and requires jar files
of AnyLogic platform, a local HyperSQLDB and a
Web server. The user works with the model through
a standard browser. Data input-output in the
current version of the model is carried out through
xls files (modeldata.xlIsx for input data and results.
xlsx, resultsTData.xIsx for output data), it is also
possible to export calculation results to the database
PostgreSQL.

MS Excel files are used to enter data and
configure simulation model scenarios, and to
output and save the results. Moreover, two addi-
tional MS Excel files were created in the model:
“Connector” (for processing, systematization
and formatting of AnyLogic model output data
to be uploaded to the “results” file for further
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Figure 1. Tasks and processes of the regional tourism simulation model

Simulation model of regional tourism

Model tasks

Model processes

- assessment of scenarios for the industry's
development,  economic,  social  and
environmental effects and its contribution to
the regional economy;

- analysis of “bottlenecks” and opportunities in
the development of the industry;

- searching for ways to improve the efficiency of
the tourism industry.

Source: own compilation.

calculations) and “Scenario” (for calculation of
integral socio-economic indicators for tourism
and formation of data in the required structure for
further visualization in the BI-system — Yandex
Datalens).

Among the indicators calculated in the
“Scenario” file are the volume of gross value added
(GVA) of tourism industry; the share of GVA of
tourism industry in the planned gross regional
product (GRP) of the region; tax revenue from
the functioning of tourism industry; shortage of
accommodations; number of jobs provided by
tourism industry; average tourist spending. The
indicators are calculated for the whole period of
modeling. The article presents a detailed calculation
of each indicator.

GVA calculation

The methodology used to calculate the gross
value added created by the tourism industry in
Kamchatka Krai, consistent with the methodology
approved by Rosstat Order 267",

- the arrival and departure of tourists;

- visiting of tourist attractions;

- accommodation, food, shopping;

- internal transfers on the territory using
available transport.

GVA, created in the tourism industry, is
determined by the formula (1):

GVAL = 0f x S_GVAE, (1)

where:

GVA? — the gross value added created in year ¢
by providing the i-th type of tourist services;

0! — the output of the i-th type of tourist
services in the year #;

S_GVA! — the share of gross value added in the

output of the i-th type of tourist services in year .

The output of goods and services in this
methodology is accounted for the i-th type of
tourism services provided by the simulated objects
of the tourism industry in Kamchatka Krai. The
output for the i-th type of service in year ¢ is
determined by the formula (2):

0! = P} x Cost!, )
where:
P! — the number of provided services of the i-th

type in year ¢ (in appropriate units);

" On approval of the Methodology of indicators calculation “Gross Value Added of the Tourism Industry” and “Share of
Gross Value Added of the Tourism Industry in the Gross Domestic Product of the Russian Federation”: Rosstat Order 267, dated
May 14, 2019. Available at: https://rosstat.gov.ru/storage/mediabank/met_vds.pdf
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Cost! — the unit cost of providing the i-th type
of service in year ¢.

The cost of services is a scenario parameter.
The number of provided services is determined in
the simulation modeling with the input scenario
parameters of the tourist flow in Kamchatka Krai
and other infrastructure parameters.

Gross value added is defined as the value
of goods and services output minus the value
of intermediate consumption. The term “gross”
indicates that the indicator is defined before
deducting consumption of fixed capital'?. The
share of GVA in the output of the i-th type of
services in year ¢ is determined by the formula

(3):

S_GVAL =1 —S_IC¢, (3)

where:

S_IC! — the share of intermediate consumption
expenditures'® in the output of the i-th type of
service in year f.

In accordance with p. 37 of the Methodological
Recommendations', the estimate of GVA in
current prices of forecast years is recommended to
be formed as the difference between the output in
current basic prices of forecast years and the costs
of intermediate consumption in current prices of
buyers taking into account the forecasted indices-
deflators of output and indices-deflators of costs
for intermediate consumption. Then the share of
intermediate consumption costs in the output of

12 Rosstat Order 267, dated May 14, 2019.

the i-th type of product in year ¢ should be
determined by the following formula (4):

t t

S Ict — Zg:lKkiXDk

_ | t D)
PI;

4)
where:

K¢, — the amount of costs (in rubles) for the
intermediate consumption of products of the k-th
type of activity per ruble of output during the
provision of the i-th type of service (the coefficient
of the direct cost matrix);

D! — the accumulated deflator for the products
of the kth type of activity relatively to the base
period by the year z. The base period within the
model is 2018 (according to the year of the tables
of the use of goods and services, within which the
direct cost matrix is calculated);

n — the amount of production by type of activity,
net taxes and other components of intermediate
consumption; within the model, products and ser-
vices are grouped by type of economic activity
according to OKVED-2 classification (by sections
A-T); the amount of taxes minus subsidies is not
taken into account due to lack of data and also due
to the small share of this component in intermediate
consumption expenditures;

PI f — the accumulated price index for services
of the i-th type relatively to the base period by year
t; within the framework of modeling coincides with
the value of the accumulated deflator for the
aggregated industry, providing the service of the
i-th type.

13 Intermediate consumption is the total value of goods and services consumed as costs in the process of production,
excluding fixed assets, the consumption of which is reflected as the consumption of fixed capital (Rosstat Order 267, dated May

14, 2019).

4 On the approval of methodological recommendations for the development, adjustment and monitoring of the
medium-term forecast of socio-economic development of the Russian Federation and on the invalidation of Order 492 of
the Ministry of Economic Development of the Russian Federation dated November 30, 2009: Order 423 of the Ministry of
Economic Development of the Russian Federation, dated June 30, 2016. Available at: https://www.economy.gov.ru/material/
directions/makroec/normativnye _dokumenty po_voprosam_analiza i prognozirovaniya/prikaz_minekonomrazvitiya
rossii_ot 30062016 _n_423 ob_utverzhdenii_metodicheskih rekomendaciy po_razrabotke korrektirovke monitoringu_
srednesrochnogo_prognoza_socialno_ekonomicheskogo razvitiya rossiyskoy federacii i _o_priznanii_utrativshim_silu_

prikaza m.html
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The costs of intermediate consumption of
goods and services should be determined by a matrix
of direct costs for the provision of a particular type
of service. If such data are not available, the
coefficients of the direct cost matrix are calculated
on the basis of the basic “input-output” tables
(symmetric “input-output” table)'> or tables of
goods and services use published by Rosstat'®. The
coefficients of the direct cost matrix are determined
by the formula (5):

(%)
where:

ICy; — the amount of expenses (in rubles) for
intermediate consumption of products of the k-th
type of activity while providing services of the i-th
type;

0; — the amount of output in providing services
of the i-th type (in basic prices).

GVA of the entire tourism industry is calculated
as the sum of the results of all economic activities,
of the collective group “Tourism”.

To assess the contribution of tourism to the
economic development of the region, the share of
tourism GVA (tourism GVA is calculated in
AnyLogic environment) in the planned GRP of
Kamchatka Krai is calculated by the formula (6):

GVA;

S_GVA_GRPt = GRP ’
t

(6)
where:
S_GVA_GRP, — the share of the gross value
added of the tourism industry in relation to the gross

regional product, calculated for the year

15 Input-output tables of the RF for 2016. Rosstat.
Available  at: https://rosstat.gov.ru/storage/mediabank/
comment-tzv-2016.htm

16 Input-output tables of the RF for 2017. Rosstat.
Available  at: https://rosstat.gov.ru/storage/mediabank/
comment-tzv-2016.htm; https://rosstat.gov.ru/storage/
mediabank/comment-tri-2017.htm; National Accounts of
Russia in 2007-2014: Statistical Collection. (2015). Rosstat.
Moscow.
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GVA; — the gross value added of the tourism
industry created in year £

GRP; — the gross regional product of Kamchatka
Krai created in year ¢ .

The values of the planned GRP were taken from
the forecast of socio-economic development of
Kamchatka Krai until 20247 and the forecast of
socio-economic development of Kamchatka Krai
until 20358,

Calculation of the number of jobs

The number of jobs is calculated separately for
guides and separately for other areas of employment
in tourism. The number of required guides is
calculated according to the guide capacity, the
probability of using a guide in each tourist attraction
point’ and the number of tourists visiting it
(the number of visitors to each tourist attraction
point), in AnyLogic environment according
to the formula (7):

t

gof = TP )

where:

qGf — the number of guides needed at the i-th
attraction point in year f;

qT} — the number of tourists who visited the i-th
attraction point in the year

pUG; — the probability of a tourist using a guide
at the i-th attraction point;

GT — the capacity of a guide (the number of

tourists which take a guided tour per year).

17 Input-output tables of the RF for 2016. Rosstat.
Available  at: https://rosstat.gov.ru/storage/mediabank/
comment-tzv-2016.htm

18 Input-output tables of the RF for 2017. Rosstat.
Available  at: https://rosstat.gov.ru/storage/mediabank/
comment-tzv-2016.htm; https://rosstat.gov.ru/storage/
mediabank/comment-tri-2017.htm; National Accounts of
Russia in 2007—2014: Statistical Collection. (2015). Rosstat.
Moscow.

1% Forecast of socio-economic development of Kam-
chatka Krai until 2024. Information portal of the Kamchatka
Krai Government. Available at: https://kamgov.ru/minecon/
prognozy

Economic and Social Changes: Facts, Trends, Forecast
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Indicators of the probability of using a guide at
the i-th attraction point and the capacity of one
guide in the model are scenario-based and evaluated
expertly.

For other types of tourism activities, the number
of jobs in the base year is calculated according
to labor productivity (calculated by the volume of
GVA created by one worker) and the volume
of GVA created separately by areas of activity.
The labor productivity indicator for the base year is
determined by the following formula (8):

Lo

k Ly = # ®)

where:

k_LE" — the labor productivity for the i-th type
of tourism services in the base year #;

qLi" — the average annual number of people
employed in the i-th type of tourism services in the
base year 7 ;

GVA {° — the gross value added created in the i-th

type of tourism services provided in the base year .

Indicators of the average annual number of
people employed in the i-th type of tourism services
in the base year 7  and the gross value added created
in the i-th type of tourism services in the base year
f,, for the calculation of the scenario indicator
of labor intensity for the i-th type of tourist
services in the base year 7, were taken according
to Rosstat.

The number of jobs by type of tourist services for
the base year is determined by the formula (9):

t t t
L = GVA® x k_L°. 9)
The number of jobs by type of tourist services
for the forecast period is determined by the formula
(10):
1_.GVA!

10
ILP¢ ’ (10)

t _ jt-1
Lt =151 x

where:

Economic and Social Changes: Facts, Trends, Forecast
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L§ — the number of jobs for the i-th type of
tourism services in the year #;

Lt~! — the number of jobs for the i-th type of
tourism services in the year (f — 1);

I _GVAti — the ratio of the gross value added by
the i-th type of tourist services in year 7 to the gross
value added by the i-th type of tourist services in
year (t — 1);

ILPit — the index of labor productivity for the
i-th type of tourist services provided in the year 7.

The index of productivity indicator for the
base year was a scenario and was calculated by
the formula (11):

1AV,

to o
1qL;

t
ILP"° = (11)

where:

ILPit0 — the index of labor productivity for the
i-th type of tourist services in the base year 7 ;

I VA’;0 — the index of the physical volume of gross
value added for the i-th type of tourist services of the
base year 7, to the year (¢, — 1);

I thiO — the index of total labor costs for the
i-th type of tourism services of the base year 7, to the
year (¢, — ).

Forecast values of the productivity index were
estimated based on the growth rate of this indicator
according to the forecasts of socio-economic
development of Kamchatka Krai until 2024 and
2035.

The total number of jobs created by the tourism
industry is the sum of jobs by type of activity.

Calculation of tax deductions

The model calculates the volume of tax
deductions to the budget for three types of taxes:
value added tax (VAT), personal income tax (PIT)
and income tax.

To calculate the income tax, we use the
coefficient — the share of net income (NI) for the
base year, which was calculated as the average
between the shares of net income for 2016—2018.
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Indicators of NI share for 2016—2018 were
calculated as the ratio of net profit to output by
type of services provided at basic prices according
to the formula (12):

NP¢
Output! >

S_NP! = (12)

where:

S_NPl-t — the share of net profit for the i-th type
of tourist services provided in the year ¢;

NP} — the net profit on the i-th type of tourism
services provided in the year ¢;

Output ¢ — the output for the i-th type of tourist
services in basic prices in the year 7.

The values of net profit for the i-th type of
tourist services provided in year ¢ and the output for
the i-th type of tourist services provided in basic
prices in year ¢ are taken from the symmetric table
“input-output” and the tables of goods and services
use published by Rosstat. The values of the NP share
for the forecast years are equal to the values of the
NP share for the base year.

The amount of income tax is calculated as the
product of the share of NP on revenue and the tax
rate according to the formula (13):

ToPf = S_NP} x Revenue! x n,,

13)

where:

ToP} — the amount of collected taxes on profits
for the i-th type of tourism services in the year

S_NPit — the share of net profit for the i-th type
of tourist services provided in the year ¢;

Revenue ! — the amount of revenue for the i-th
type of tourist services provided in the year ¢;

n; — the income tax rate in the year z.

The values of revenues for the i-th type of tourist
services in year ¢ are calculated in AnyLogic
environment. The values of the income tax rate are
set equal to 20% for the entire simulation period.
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The size of the tax rate is a scenario parameter
and can be changed in each individual scenario.
Total income tax is the sum of deductions
by type of activity.
VAT is calculated as the product of revenue
by the tax rate (14):

VAT} = Revenue} X n;, (14)

where:

VAT} — the amount of collected value added tax
on the i-th type of tourist services in the year #;

Revenue! — the amount of revenue for the i-th
type of tourist services provided in the year ¢;

n; — value added tax rate in the year 7.

The values of the volume of revenue for the i-th
type of tourist services in year ¢ are calculated in
AnyLogic environment. Values of the tax rate of
value added tax are set equal to 20% for the entire
simulation period.

PIT is calculated as the product of the average
salary, the number of jobs in the tourism industry,
the tax rate and the number of months per year
(15):

PIT, = AS; X qL; X ny X 12, (15)

where:

PIT; — the volume of collected taxes on personal
income in the year #;

AS; — the average salary in the tourism industry
in the year ¢ ;

qL; — the number of jobs in the tourism industry
in the year f;

n, — the rate of personal income tax in the
year f,

12 — the number of months in a year.

The values of average salary are a scenario
parameter for the model and is calculated on the
basis of Rosstat data on average salaries by type of
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tourist services provided. The indicator “Growth
rate of nominal average monthly salary of employees
of organizations” of the long-term forecast of socio-
economic development of Kamchatka Krai (the
base case) was used to predict the values of average
salary?®. The methodology for calculating the
number of jobs in the tourism industry in the year
t given above. The values of the tax rate of personal
income tax are set equal to 13% for the entire
simulation period.

Calculation of the shortage of jobs in collective
accommodation facilities

The model provides for the calculation of
the deficit of places in collective accommodation
facilities (CAF). The deficit/excess of places in
CAF is calculated by the formula (16):

__ dCAFP"

nCAFZ = — SCAF,, (16)

where:

nCAFta — average daily deficit (with a positive
value) / surplus (with a negative value) of places in
collective accommodation in the most popular
month of the year ¢

dCAF™ — the average value of daily demand for
beds in collective accommodation facilities in the
most popular month of the year #;

sCAF; — daily supply of beds in collective
accommodation facilities in the year 7.

Calculation of the average value of daily
demand for places in collective accommodation
facilities in the most popular month was based on
the results of simulation in AnyLogic environment.
Values of daily supply of places in collective
accommodation facilities in year ¢ were filled on
the basis of Rosstat data on the planned number of
places, as well as expert evaluation of the informal
part of the CAF.

20 Tables of resources and use of goods and services of the
Russian Federation for 2018. Rosstat. Available at: https://
docviewer.yandex.ru/view/566230844/?*
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The model also calculates the number of lacking
CAF objects by the formula (17):

nCAF¢

Add_CAFt = m .

(17)

where:

Add_CAF; — the number of collective accom-
modation facilities that cover the deficit of CAF
places in the year f;

nCAF{i — average daily deficit (with a positive
value) / surplus (with a negative value) of places in
collective accommodation in the most popular
month;

Av_P_CAF — the average number of CAF places
in one CAF object.

The value of the average number of CAF places
in one CAF object is a scenario parameter and set
expertly.

Calculation of average tourist spending

The average cost per tourist of each cluster for
the trip is calculated as the ratio of revenue (total for
the cluster) to the volume of tourist flow (total for

the cluster) according to the formula (18):

E{
qTit,

E{ = (18)

where:

Eit — the average spending of one tourist of the
i-th cluster during the whole stay in the year #;

Eit — total spending of all tourists of the i-th
cluster in the year #;

qT} — the number of tourists of the i-th cluster

in the year ¢.

The value of the indicator number of tourists of
the i-th cluster in year ¢ is a scenario parameter
and was set expertly on the basis of the data
provided by the Ministry of Tourism of Kamchatka
Krai. The values of the indicator total spending of
all tourists of the i-th cluster in year ¢ are calculated
in AnyLogic environment.
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A full calculation of economic indicators
occurs after unloading the output data of the
model in a separate model in MS Excel format.
Simplified calculation of economic indicators

allows us to preliminarily assess the modeling
results and is made on the basis of the total

statistics on the tourists’ number and their spending

(Tab. I).

Table 1. Simplified calculation of economic indicators within the simulation model

Indicator

Source of information or calculation rules

Note

Volume of tourist flow

Of the simulated parameters (separately for
Russian and foreign tourists)

Gross value added of the industry
(million rubles)

Number of tourists who visited attractors and
infrastructure (accommodation, food, trade) x
avcost x industry value added rate

Norm of VA = 0.55

Share of tourism in the region’s GRP

GVA of the industry/GRP of the region

GRP is set by year according to the
forecast of socio-economic development
in the table general

The number of jobs created by the
tourism industry

GVA x labor costs (labor intensity)

Labor costs = 1.12 jobs /
1 million rubles

Hotels, campsites

The number of tourists who visited the
attractions and infrastructure group types
“Accommodation” x avcost x labor costs (labor
intensity)

Cafes, restaurants

Number of tourists who visited the attractions
and infrastructure group types “Food” x avcost x
labor costs (labor intensity)

Guide services

Number of tourists who visited attractions/guide
productivity (100 people per guide)

Integral level of tourist satisfaction, %

Share of visited tourist sites (50% more — xf less
red 50-70% yellow above green)

Completely satisfied

> 70% of successful days

Partially satisfied

50-70% of successful days

Unsatisfied

< 50% of successful days

The average expenditure of clusters of
tourists on a trip, thousand rubles

Sum (avcost of objects x number of visits of
these objects by tourists in the cluster) / the
value of the tourist flow of the cluster)

Taxes, thousand rubles

The method of calculation for each tax is given
below

VAT

Number of tourists who visited attractions and
infrastructure (accommodation, food, trade) x
avcost x 0.2

Income tax

Number of tourists who visited attractions and
infrastructure (accommodation, food, trade) x
avcost x net profit rate

Net profit margin = 0.289

PIT

AS by industry*Number of jobs created by the
tourism industry x 0.13

AS by year is given in the table general

Source: own compilation.
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Results and discussion

During the calculations of the main indicators,
tables with data are formed, which are loaded into
the PostgeSQL database, for subsequent
visualization in the BI-system — Yandex Datalens,
where a set of charts is formed, showing the results
of modeling for each scenario: number of tourists
by clusters; number of tourists by months, in the
selected year; number of visitors of attraction
points per year, by types of attraction points
(thousand people), with the possibility of dipping
to the level of individual attraction points; revenue
of attraction points per year, by type of attraction
points, with the possibility of dipping to the level
of individual points of attraction; the number
of visitors to attraction points by months in the
selected year, by type of attraction points, with
the possibility of dipping to the level of individual
points of attraction; revenue of attraction

points by months in the selected year, by type of
attraction points; share of GVA of tourist industry
in GRP; GVA volume of the tourism industry;
tax deductions from the tourism industry; jobs
in the tourism industry; average cost per trip of
one tourist, by cluster; level of tourist satisfaction;
number of tourists transported by different types of
transport; revenue from transportation by different
types of transport; deficit of places in the CAF.

These charts are shown on a single dashboard
(stand), with the ability to instantly switch between
scenarios and visually compare calculation results
for any two scenarios. Each dashboard chart
provides the ability to export the visualized data,
including MS Excel format. The list of information
displayed on the dashboard is not final and can be
expanded with further development of the model.

The main screen of the runtime model is shown
in Fig. 2.

Figure 2. Main model screen in runtime mode

FASI “Vostokgosplan” 0.3.4

Algorithms

...Attractors

...Industry sector

...Clusters
Settings

Displaying
(] Attractions
(3 Locations
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Source: own compilation.
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In the simulation mode, the user can also
select one of the tourist attractors by click to view
detailed information about it (Fig. 3).

This article presents only the main conclusions
from the modeling results. All the charts described
above and detailed data of the simulation results for
each scenario can be found in the dashboard of the
Bl-system Yandex Datal.ens with the possibility of
data export.

The model includes the following simulation
scenarios for the development of the tourism
industry in Kamchatka Krai.

Conservative scenario (S1) provides for the
continuation of the tourist flow growth trend at an
average annual rate identical to the observed from
2014 to 2019 — by 5% per year, starting from 2021,
where the volume of tourist flow is 210 thousand
people per year. In this scenario, all objects of the

model retained their characteristics throughout the
simulation period. There were no new points of
tourist attraction, infrastructure was not developed,
new routes were not created. The only variable in
the simulation is the volume of tourist flow.

The base scenario (S2) provides for the growth
of tourist flow at the level of 12% per year for the
entire modeling period.

Optimistic scenario (S3) provides for an active
growth of tourist flow from 2021 to 2027 by 15% and
then by 25% by the end of the simulation period due
to the introduction of several new major points of
attraction of tourists.

Cyclical pandemic (S4) provides for a general
trend of increasing tourist flow with a drop of 50%
every 4 years due to the worsening of the pandemic
and a recovery to the level of the year before the
pandemic.

Figure 3. Statistics on the object
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Note: The left side of this screen shows the integral indicators for the entire calculation time, the right side shows the
occupancy forecast on a daily basis. The purple line represents the maximum number of simultaneous tourists received

and the seasons during which the facility is open for visits.
Source: own compilation.
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Indicators of simulation modeling scenarios Comparative results of simulation scenarios of
for the development of the tourism industry in Kamchatka Krai tourism industry development are
Kamchatka Krai are shown in Tab. 2. shown in Fig. 4, 5.

Table 2. Scenarios of simulation modeling of tourism industry development in Kamchatka Krai

Tourist flow, people

Scenario
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Conservative

. 91,000 | 210,000 | 220,500 | 231,525 | 243,101 | 255,256 | 268,019 | 281,420 | 295,491 | 310,266 | 325,779
scenario (S1)

Basic scenario

(S2) 91,000 | 210,000 | 235,200 | 263,424 | 295,035 | 330,439 | 370,092 | 414,503 | 464,243 | 519,952 | 582,346

Optimistic

; 91,000 | 210,000 | 241,500 | 277,725 | 319,384 | 367,291 | 422,385 | 485,743 | 607,178 | 758,973 | 948,716
scenario (S3)

Cyclic

. 91,000 | 210,000 | 241,500 | 277,725 | 138,863 | 277,725 | 319,384 | 367,291 | 422,385 | 211,193 | 422,385
Pandemic (S4)

Note: The simulation period in all scenarios is 11 years — from 2020 to 2030. The starting year is 2020 (pandemic); the inclusion of 2020
allows for more accurate consideration of possible scenarios within a cyclic pandemic (S4).
Source: own calculations.

Figure 4. Volume of tourist flow depending on the development scenario, 2020-2030,
thousand people
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Figure 5. Volume of GVA of tourist industry, 2020-2030, billion rubles
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Source: own compilation.

Comparative results of simulation scenarios
show that with the development of a conservative
scenario in 10 years, the volume of tourist flow in
Kamchatka Krai will reach a peak and the slow
development of the industry will be replaced by
degradation. The share of tourism industry GVA
in GRP in the conservative scenario increased
slightly: from 2.11% to 2.47%. In the base scenario,
the share of GVA of the tourism industry to GRP
exceeds the values of the corresponding indicator in
the conservative scenario almost 2-fold. In absolute
terms, GVA of the tourism industry will increase
from 5.86 billion rubles in 2021 to 23.67 billion
rubles in 2030. Optimistic scenario shows that
Kamchatka will be able to receive even 950 thousand
tourists a year with a multiple increase in economic
indicators of the tourism industry (increase in tourist
flow by 15% from 2021 to 2027, and then by 25% by
the end of the simulation period). At the same time,
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it is necessary to consistently develop infrastructure
to ensure a comfortable stay of tourists and reduce
the negative impact on the landscape. In absolute
terms, the volume of GVA of the tourism industry
will grow by almost 6-fold and will amount to 35
billion rubles. In a cyclical pandemic, there is a
general trend of increasing tourist flow with a drop
of 50% every 4 years as the pandemic worsens and
recovers to the level of the year before the pandemic.
In post-recovery periods, the annual growth rate is
12%.

When considering the results of modeling
different scenarios of tourist industry development
on the example of Kamchatka Krai, the urgent need
to develop infrastructure and tourist attraction
points in Kamchatka Krai has been revealed. The
most acute problems in increasing the tourist flow
include the lack of CAF places and low capacity of
most tourist attraction points.
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Conclusion

In the course of the study, the methodology for
assessing scenarios of tourist industry development
based on digital twin technology, developed by FASI
“Vostokgosplan”, was designed and tested. We
propose a model for the development of the tourism
industry, which is a modern digital tool that converts
a set of diverse data into a timely and balanced
management decision based on an understanding
of the current state of the tourism industry and the
prospects for its development. Kamchatka Krai was
chosen as a pilot region in the project for tourism
industry digitalization.

The scientific novelty of the proposed
assessment methods is the use of methods of
structural and situational dynamics, involving
statistical methods of data processing in AnyLogic
environment. In contrast to traditional process
analytics based on tables and linear dependence,
the developed digital twin makes it possible to
observe the detailed behavior of the system over
time, to keep record of tourist preferences and
point capacity, and to make recommendations for
the placement of new facilities. After conducting
the necessary experiments and obtaining the
output data, the optimal scenarios of tourist
industry development were found, the weak points
were identified and it was determined that the
implementation of scenario simulation modeling
will allow us to calculate on a regular basis tourist
expenditures and, consequently, the tourist industry
income, and through multipliers, regional budget

income, and other integral indicators to improve
the competitiveness of the tourism industry in
Kamchatka Krai.

The proposed methodology of forming scenarios
of tourism industry development on the basis of
digital twin technology is of particular importance
in modern conditions. We have identified a
theoretical gap in scientific knowledge, which
allows us to justify the need for the development
of a simulation scenario-forecast model for the
implementation of tourist services. The practical
significance lies in the fact that the digital twin
allows us to simulate different scenarios for the
tourism industry development in Kamchatka Krai,
thereby reducing the number of routine business
processes and the impact of the human factor on
the service quality. The sources of effects in this
case are the indicators of attracted investments in
commercial infrastructure, the financial results of
commercial projects in the territory; investments
made in the basic and supporting infrastructure of
the region without reference to specific projects;
natural indicators, indicating the development
of tourism and socio-economic potential of the
territory. In conjunction with the sum of budget
and social effects, and qualitative indicators of
territory attendance, the proposed methodology
will strengthen the arguments in favor of the
need to develop tourism infrastructure and create
new tourist destinations in the region within the
Strategy for Tourism Development in the Russian
Federation.
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