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ABSTRACT

The use of economic and mathematical methods of
forecasting the results of activities of civil aviation organisations,
and in particular assessment of the volume of air passenger
traffic is quite relevant due to the importance of operational
planning of air transport processes, development of strategic
directions, technological and technical renewal of air
enterprises.

The objective of the study is to plan the traffic flow of air
passengers using a regression model, considering the results of
multifactorial selection of determinants, particularly distinguishing
fundamental macro indicators are distinguished, as well as
significant indicators of the aviation market.

The study of passenger air transportation was carried out
using methods of system analysis, methods of mathematical
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statistics and econometrics. Modelling of the process of passenger
transportation has identified the main determinants that positively
or negatively affect the dynamics of air passenger traffic. The
multiple regression of the study of the processes of connectivity
and synchronicity of changes in development of passenger traffic
and selected macro indicators in a generalised form is the sum
of vectors of influencing variables adjusted for the calculated
coefficients.

Six-, four- and three-factor regression models were
developed. The three-factor model turned to be more reliable with
values most close to actual data. Nevertheless, while applying
regression model for forecasting air traffic it is necessary to
consider not only theoretical aspects, data of official forecasts of
macro indicators but expert opinions as well.
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INTRODUCTION

The significance and degree of development
of transport, including air transport, follows in
many aspects the development trends of the global
and of the entire country’s economy. The modern
aviation business, and Russian air business makes
no exception, faces a whole set of problems and
challenges of social, economic, and technological
character, including fundamentally new ones® 2
[1-5]. The search for solutions to new problems
in the field of air transportation involves
a comprehensive analysis of long-term
fundamental factors and identification of new
factors that affect the change in the economic
performance of both airlines and aviation
enterprises, and of the entire industry. For the
purposes of modelling short- and long-term
forecasting, it is also important to identify the main
determinants that positively or negatively affect
the dynamics. This confirms the relevance and
necessity of applying economic and mathematical
methods for forecasting the results of activity of
civil aviation, and in particular of the volume of
air passenger transportation due to the importance
of operational planning of air transportation
processes, development of strategic development
guidelines, technological and technical renewal
of aviation enterprises.

Overview of Research

Many works dedicated to fundamental and
applied research refer to modelling of the
processes of transportation of goods and
passengers, differing in complexity, the possibility
of implementation, and the objectivity of
interpreting the data obtained [6—8]. They suggest
complex models such as neural networks,
artificial intelligence models, Markov chains, and
others. Certainly, forecasting techniques
developed by airlines can be useful. The Boeing
company? uses a passenger flow forecasting
model (Y, pass/km) based on the macroeconomic
indicator — gross product X:

! International Civil Aviation Organization. [Electronic
resource]: www.icao.intt. Last accessed 20.09.2022.

2 Business aviation portal ATO.RU. [Electronic resource]:
http://www.ato.ru/content/sita-aeroporty-nuzhno-srochno-
cifrovizirovat-chtoby-izbezhatmnogochasovyh-ocheredey.
Last accessed 20.09.2022.

% Boeing Current market outlook 2014-2033. [Electronic
resource]: http://www.boeing.com/assets/pdf/commercial/
cmo/pdf/Boeing_Current Market Outlook 2014.pdf.
Airbus Global market forecast 2014-2033. [Electronic
resource]: http://www.airbus.com/company/market/
forecast/?eID=maglisting_push&tx_maglisting_
pil %5BdocID%5D=40733.

InY=-3,21 + 1,88InX.

Aeroflot Airlines, as far as it is known, uses
a method for forecasting the volume of air
transportation based on the logarithm of the gross
product and the difference in income from
passenger air transportation:

InY=1,14 + 2,11InX - 0,63InZ,
where Y is air transportation pass/km;

X - GDP;

Z —income from passenger transportation per
pass/km.

Airlines’ data are used among other purposed
for planning of airport activity, slot distribution
among air carriers®.

Thus, in the aviation business, when
forecasting passenger air transportation,
special models are used based on the
dependence on the gross product, but the
resulting forecasts may have errors, since only
a single factor is considered. Moreover,
according to several researchers and analysts
involved in the study of the economics of the
transport industry, the existing connection
between an increase in passenger air
transportation by 1 % and an increase in gross
domestic product by 1 % is not characteristic
for all the countries, since for developing
countries, this ratio is higher. Some research
based on data for 2008-2021 do not confirm
definitely those proportions due to the fact that
the dynamics of passenger turnover has some
limits of fall/growth, as well as time lags from
movement of economic factors till their impact
on the rates of air transportation, which is
reflected in the amplitude of traffic fluctuations
in periods of crisis and periods of economic
growth.

A more complex model for studying the
connectivity of passenger flow and tariffs, and
other factors is based on several indicators:

Y = a0X1a1X2a26a3X3,
where X, is GDP index;

X, — average airfare;

X, — consideration of other factors;

a;—a, — coefficients.

Scientific interest can focus on a debatable
discussion of the impact of new factorial realities,
such as global changes in aviation market,
institutional transformations of aviation
infrastructure, improvement of the technical and

4 IATA. [Electronic resource]: https://www.iata.org/
contentassets/4ede2aabfcc14a55919e468054d714fe/wasb-
guidance-temporarycapacity-reductions.pdf. Last accessed
20.10.2022.
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technological platform of the aviation business
[9-16]. But the results obtained have been till
now difficult to interpret and time-consuming for
the practical implementation for forecasting the
volume of air transportation.

However, the importance of forecasting air
travel processes based on econometric modelling
remains high, thanks first to possibility to obtain
more reliable results for practical use as
compared in comparison with the conclusions
obtained using other methods.

Statement of the Research Problem

The subject of research is the economy of the
aviation industry. At this stage of the study, the
object of the study is the dynamics of passenger
air transportation and economic indicators as the
main regressors.

The objective of this stage of the study is
presented as identification of the main factors
affecting air passenger traffic and improving the
efficiency of air passenger traffic modelling based
on multiple regression. Multiple regression
modelling allows us to include many factors with
establishment of the connectedness of the series
and identification of the individual influence of
each factor indicator on the simulated series of
air transportation, followed by the calculation of
the total impact.

The novelty of the study of the processes of
air transportation of passengers is associated with
development of a multiple regression model for
the time series of air passengers and economic
indicators, considering in full the information on
the correlation between the data of the simulated
series and the time series of factor indicators.
Also, the resulting model allows monitoring the
correlation of time series and the ability to rank
factors to ensure greater reliability of the results.

The study of passenger air transportation was
carried out using the methods of system analysis,
methods of mathematical statistics and
econometrics. Development of the experimental
base of the study comprised analysis of
information and statistics resources of
international organisations, state bodies of
statistical observation (Federal State Statistics
Service, EMISS?®), information and analytic
websites (Statista®), including those specialising

5 EMISS. [Electronic resource]: https://fedstat.ru. Last
accessed 10.09.2022.

5 Statista [Electronic resource]: https://www.statista.com/.
Last accessed 15.10.2022.

in aviation topics (Aviastat’, Aviaport and
Aviapro®), as well as data of research publications,
other statistical and analytical materials [12—16].

RESULTS
Construction of Fundamentals of the Model
and Algorithm

To build a multifactorial model for forecasting
air passenger flow, an important task is to select
significant indicators as factor variables and
determine the number of factors. The selection
of indicators that affect the dynamics of air
passenger flow for inclusion in the developed
regression model was carried out based on the
results of a qualitative and quantitative analysis.

The market mechanism for formation of
supply and demand depends on the price and
many non-price factors, among which the main
ones are the number and income of the population.
Accordingly, these factors are included in the
model. Other factors were ranked according to
the results of a survey of researchers involved in
the study of transportation processes, specialists,
and representatives of the aviation industry.
Nevertheless, it is impossible to consider and
include all factors in the regression, but this is
not so critical, since the regression calculates not
only the influence of the included regressors, but
also the influence of factors not included, but at
the same time associated with the main
explanatory variables. It should also be noted
that oversaturation of the model with factor
variables can lead to statistical insignificance of
the parameters according to Student’s t-test,
which will be further shown analysing six- and
more factor model.

Further, the expediency of including factors
in the model was carried out based on statistical
methods. The factors were analysed to
determine whether they have a correlation
dependence on the resulting factor. The
research studied the synchronism of changes
in development of the main indicator of
development of air transportation (passenger
traffic) and a number of macro-indicators:
gross domestic product, gross domestic
product per capita, population size, average
wages and average income of the population,
the exchange rate of the national currency to

" AviaStat. Analytics agency «AviaStat». [Electronic
resource]: https://aviastat.ru. Last accessed 15.09.2022.
8 AVIA.RU Network — poccuiickuii aBHalMOHHBIN MOp-

Taia. [DnekTpoHHbIH pecypc]: https://aviaru.net. JlocTyn
15.10.2022.
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inflation rate/

unemployment rate/

average oil price/

USD exchange rate/

population size/

Pic. 1. Diagram of the analysis of totality of economic factors [developed by the author].

dollar, inflation and unemployment, oil price
changes, airfare prices, etc. (Pic. 1) [14-16].

Interpretation of the obtained results of the
correlation study showed a different connection
and dependence of the data on the dynamics of
air passenger flow and the expected factor
indicators, which led to the exclusion of several
factors.

Among the remaining significant factors,
only those that have comparable units of
measurement should be left since different units
of measurement can lead to incomparable
coefficients of the equation.

Another important procedure for analysing
the significance of factor variables as regressors
is to bring the values of indicators to the same
measurement scale. The rule of including
a smaller number of factors compared to the
number of observations was also respected. Since
data from 2008 to 2021 were selected for the
study, 4-5 regressors can be considered optimal.

Based on the preliminary results of the study
of many economic factors, significant factor
variables were selected to develop the multiple
regression equation. The multiple regression of
the study of the processes of connectedness and
synchronism of changes in development of air
transportation (passenger traffic) and pf series of
macro indicators in general terms is the sum of
the vectors of influencing variables, adjusted for
the calculated coefficients, provided that they
must be consistent.

Model Formulation

Evaluation of the obtained regression
equation for the studied time series [17-19] is
performed by compiling a matrix (Table 1) and
of an inverse matrix.

The initial regression equation includes six
explanatory variables:

Y =-383,08-7,496X, + 1,093X, +2,293X, +
3,687X, +11,498X, + 1,091X,, @)
where X is average salary;

X, — average income of the population;

X, — population size;

X, — gross product;

X, — air ticket price;

X, —average oil price.

The calculated value of the constant in the
multiple regression equation (—383,08) is
negative and shows the total impact of
unaccounted factors on the result (air passenger
flow). And by the difference in multiple
determination (1 — R?) with the corresponding
residual variance, it is possible to determine the
share of influence of unaccounted factors.

The coefficients in front of the variables mean
adecrease or increase in air passenger flow under
the influence of the analysed factor, and the
significance of the influence is determined by the
value of the coefficient in front of the factor. The
air ticket price factor has the greatest influence
on the resulting indicator (passenger flow), which
shows the maximum coefficient of 11,498 in the
obtained regression model. The least influence
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;ffg a Table 1
. Matrix of paired correlation coefficients of the analysed indicators
‘ [developed by the author]
Passenger | Average salary | Average Size of the GDP Air ticket price | Oil price
flow income population of
the Russian
Federation
3 y > %9 %5 X4 %5 5
y |1 0,7033 0,8387 0,7646 0,8403 -0,1154 0,6834
moderate linear | strong linear strong linear strong linear | low linear moderate linear
connection connection connection connection connection connection
between x; between x, between x, between x, between x; between x
and y and y and y and y and y and y
x, 10,7033 1 0,9791 0,8568 0,9871 0,07357 0,5612
x, [0,8387 0,9791 1 0,891 0,9871 -0,0051 0,5791
x, |0,7646 0,8568 0,891 1 0,849 0,1705 0,3353
x, |0,8403 0,9871 0,9871 0,849 1 -0,04295 0,6392
X, |-0,1154 0,07357 -0,00518 0,1705 -0,04295 1 -0,2984
x, [0,6834 0,5612 0,5791 0,3353 0,6392 -0,2984 1
Table 2

Partial coefficients of elasticity of factorial variables
in a six-factor model [developed by the author]

Partial coefficient of elasticity Coefficient value Value interpretation
Average salary significantly affects the effective
E 3,05
1 feature Y
Average income affects the effective feature Y
E 1,36
2 moderately
E 3.95 Number of the population significantly affects
3 > the effective feature Y
E, 3,50 GDP significantly affects the effective feature Y
E 1 Air ticket price significantly affects the effective
75
5 feature Y
Oil price affects the effective feature Y
E, 0,05 ST
insignificantly

in this six-factor multiple regression model is
exerted by indicators with the minimum values
of the coefficients: average income of the
population and average oil price. But before
substantiating and excluding insignificant factors
from the multiple regression model, it is
necessary to calculate the pair correlation
coefficients with the compilation of a matrix with
a dimension of 14 x 6, taking into account the
number of observations 14 and with 6 independent
variables and considering the sign (Tables 1
and 2). The significance of determining the pair
correlation coefficients is due to the fact that the
obtained values show the strength of the
correlation of an individual factor on air
passenger flow, while the influence of other
factors is eliminated. Small values of the
correlation coefficients mean that the relationship
between factors and air passenger flow is weak,
and, accordingly, considering the above feature,
such factors can be excluded from the model.

®  World of Transport and Transportation, 2022, Vol. 20, Iss. 6 (103), pp. 182—189

The next procedure in the study was
checking the functional relationship of the
analysed factors with each other using pair
correlation calculations to eliminate
intercorrelation. High intercorrelation of
factors in the multiple regression model leads
to distortion of the results. Therefore, according
to the results of pair correlation, collinear
variables with a high linear dependence were
established in the model (the value of the
coefficient is higher than 0,7 modulo) (Table
1). But due to the significance of the impact
on air passenger flow of such macro indicators
as gross domestic product and population, it is
not advisable to exclude them from the
regression model, therefore these factors are
integrated into a single variable: gross product
per capita.

To expand the possibilities of meaningful
analysis of the regression model, partial elasticity
coefficients were calculated (Table 2).
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Table 3

Estimated coefficient values and their statistical significance [developed by the author]|

Coefficients Standard error t-statistics p-value
Y-intersection -80,510 40,30838 -1,99736 0,073712
Variable X, -7,4466 2,051966 -3,62904 0,00462
Variable X, 6,1588 1,387849 4,437653 0,001259
Variable X, 14,689 5,286494 2,776724 0,041571

After calculating the partial coefficients of
elasticity, the factors that have the least and
insignificant influence were excluded.

After this procedure, a new multiple
regression model was developed with three
explanatory variables:

Y =-80,510-7,445X, +
6,159X, + 14,689X.,
where X, — average salary;

X, — gross product per capita;

X, — air ticket price.

Statistical analysis of the regression equation
was subjected to a standard test for the significance
of the equation and its coefficients, the study of
absolute and relative approximation errors.

Statistical analysis of the resulting regression
equation showed a small average approximation
error 0f 9,49 % and an estimate of the root mean
square deviation equal to 10,3 %. Part of the
errors in the resulting modelling equation can be
explained by the difference in the units of
measurement of indicators, scale and dimension.

The statistical significance of the regression
coefficients for factor variables is confirmed by
t-statistics since they are all less than Student’s
tabular ¢-test (Table 3). Comparison of the
p-value of all variable factors for which it is less
than the significance level we adopted (0,05),
showed that the obtained regressor coefficients
are significant, and in some cases they are
significantly less, respectively, the significance
of the alternative hypothesis and the rejection of
the null hypothesis are higher.

The resulting multiple correlation index of
0,929 and the determination coefficient of 0,862
show a good quality of design results compared
to the actual ones (Table 4).

To rank factor variables by the strength of
their influence on the result, a regression model
was calculated on a standard scale with
standardised coefficient values:

T, =-3,648x, + 4,457x, + 0,399x,. 3)

A stronger influence on air passenger traffic
will be exerted by such factors as average salary

2

Table 4
Regression statistics of the equation
[developed by the author]

Indicator Value
Multiple R 0,935201
R-square 0,8746
Normalised R-square 0,83698
Standard error 10,29697

and gross product per capita. According to the
coefficients of separate determination, the share
of each factor in the total variation of the effective
trait was identified:

d? = 0,77+(-3,648) =-2,821;

d?,= 0,844,457 = 3,741;

d?, =-0,120,399 =-0,046.

At the final stage, the parameters of the
equation were checked for stability of the relation
(Table 5).

Checking the obtained model over a long
period showed fairly close values with the actual
data (Pic. 2), which indicates the quality and
reliability of the model obtained.

CONCLUSION

The study has confirmed the synchronism of
changes in development of the main indicator for
assessing air transportation (passenger flow) and of
anumber of macro indicators: gross product, gross
product per capita, population size, average salary

Table S
The values of parameters of the equations
of single-factor dependence
and the coefficients of stability
of the relation [developed by the author]

Factor | Parameters of the equations of Coefficient
single-factor dependence of stability of
the relation
1 Y, =128,1(1-0,85231+d, , ) 0,746
2 Y, = 128,1(1-1,09607+d, , ) {0,769
Y, =128,1(1-24,21201~d ) {0,732
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Pic. 2. Multiple regression model of the p

and average income of the population, the national
currency exchange rate to dollar, inflation and
unemployment rates, changes in oil prices, etc.

The correlation dependences of the time
series of passenger air transportation and
economic parameters from 2008 to 2021,
revealed using different methods, showed a direct
and close relationship with GDP, GDP per capita,
average income and average salary, population
size and exchange rate. For some economic
factors, an inverse dependence of different
correlation strengths in dynamics over the
analysed period was revealed. But since an
inclusion of larger number of factors in the
regression model causes a decrease in
interpretability of the results, and a more complex
identification of cause-and-effect relationships,
it is necessary to proceed with a high-quality
multi-stage selection of factors. Also, considering
the intercorrelation of factors and the
multicollinear effect on the result, it is advisable
to exclude several factors and to replace them
with an integrated factor. As a result, six, four-
and three-factor regression models have been
developed, of which the latter has the highest
reliability with values sufficiently close to the
actual data.

Further research plan includes the
development of an ARIMA autoregressive
integrated moving average model, autoregressive
and integrated components on analytical
platforms (Foresight), using the Python
programming language, in statistical programs.

The development of different aspects of
implementation of regression model for

flow [developed by the author].

forecasting future air passenger traffic which
is also the further task of the study is
associated with the complex process of
consideration not only of theoretical aspects,
data of official forecasts of macro indicators,
the factors influencing their stability and
volatility, but of expert opinions as well. The
obtained forecast results should be subject to
adjustment after discussion with the experts,
after renewal of statistical data, planned of
forecast indicators of social and economic
development.

Moreover, complex transformational
processes in modern world suppose the search
for new forecast methods as it is witnessed by
large number of recent research publications
(e.g., [20-25]), that’s why the further scientific
discussion on the topic is of great importance.

REFERENCES

1. Kholopov, K. V., Sokolova, O. V., Ahtanina, M. O. State
of the global and Russian markets for international air cargo.
Rossiiskiy vneshneekonomicheskiy vestnik, 2019, Iss. 8,
pp. 64-76. [Electronic resource]: https://www.elibrary.ru/
item.asp?id=41045892&ysclid=lc6bvxgke7257279721. Last
accessed 17.11.2022.

2. Russ, A. A., Smurov, M. Yu. State and problems of
the air transportation market [Sostoyanie i problemy rynka
aviaperevozok]. Vestnik Sankt-Peterburgskogo
gosudarstvennogo universiteta grazhdanskoi aviatsii, 2016,
Iss. 1 (10), pp. 5-19. [Electronic resource]: https://elibrary.
ru/item.asp?id=26087017&ysclid=lc6¢1711kz444529577.
Last accessed 17.11.2022.

3. Rublev, V. V. Prospects of air passenger market
development within the Eurasian Economic Union in
conditions of macroeconomic instability. Vestnik Samarskogo
gosudarstvennogo ekonomicheskogo universiteta, 2020,
Iss. 4 (186), pp. 18-37. [Electronic resource]: https://elibrary.
ru/item.asp?id=43085853 &ysclid=lc6c21bm9j918438433.
Last accessed 17.11.2022.

World of Transport and Transportation, 2022, Vol. 20, Iss. 6 (103), pp. 182-189

Sushko, Olga P. Modelling of Air Passenger Transportation in Russia




4. Matveeva, A. V., Maltsev, A. A. Low-cost airlines as
a vector of global air transport dynamic development.
Rossiiskiy vneshneekonomicheskiy vestnik, 2017, Iss. 8,
pp- 80-91. [Electronic resource]: https://elibrary.ru/item.asp
?1d=29898630&ysclid=lc6c2sikl1103823143. Last accessed
17.11.2022.

5. Gubenko, A. V., Rastova, Yu. I., Pankratova, A. R. The
current state and prospects of passenger air transportation
market development in Russia. Economics and Environmental
Management, 2019, Iss. 2, pp. 82-90. DOI: 10.17586/2310-
1172-2019-12-2-82-90.

6. Komaristiy, E. N. Information-model complex for
researching the civil air transportation market [ Informatsionno-
modelniy kompleks dlya issledovaniya rynka grazhdanskikh
aviaperevozok]. Novosibirsk, [IEOPP SO RAS, 2006, 144 p.
ISBN 5-89665-125-2.

7. Komaristiy, E. N. Mathematical approaches to the
analysis of demand for passenger air transportation
[Matematicheskie podkhody k analizu sprosa na passazhirskie
aviaperevozki]. Marketing i marketingovie issledovaniya,
2004, Iss. 3, pp. 10—-16. [Electronic resource]: https://elibrary.
ru/item.asp?id=9270850 [limited access].

8. Shchetinin, E. Yu. Study of the impact of the Covid-19
pandemic on international air transportation. Discrete and
Continuous Models and Applied Computational Science,
2021, Vol. 29, Iss. 1, pp. 22-35. DOI: 10.22363/2658-4670-
2021-29-1-22-35.

9. Kravtsov, S. V. Analysis of the possibilities of
implementing public-private partnership projects in certain
segments of the Russian air transportation market [4naliz
vozmozhnostei realizatsii proektov gosudarstvenno-
chastnogo partnerstva v otdelnykh segmentakh rynka
aviaperevozok Rossii]. Gumanitarnie i sotsialno-
ekonomicheskie nauki, 2021, Iss. 6 (121), pp. 108-113.
DOI: 10.18522/1997-2377-2021-121-6-108-113.

10. Savelieva, Yu. V. The Russian market of passenger
air transportation under the conditions of economic instability
[Rossiiskiy rynok passazhirskikh aviaperevozok v usloviyakh
ekonomicheskoi nestabilnosti]. In: Friendship without
borders: myth or reality. Proceedings of International
Scientific-practical conference «Public Chamber of the
Russian Federation; All-Russian public movement «Mothers
of Russia», Institute of Friendship of the Peoples of the
Caucasusy. Stavropol, 2017, pp. 508-510. [Electronic
resource]: https://www.elibrary.ru/item.
asp?id=32524718&pft=1. Last accessed 17.11.2022.

11. Moskvin, Sh. The development of civil aviation reveals
a new round of problems [Razvitie grazhdanskoi aviatsii
obnaruzhivaet noviy vitok problematiki]. Ekonomika i zhizn,
2014, Iss. 11 (9527). [Electronic resource]: https:/www.
eg-online.ru/article/241708/?ysclid=lc6cjczte2530028241.
Last accessed 17.11.2022.

12. Kulyasov, V. M., Mukhametzhanova, A. O. Global
passenger airflows in a pandemic crisis [Mirovie passazhirskie
aviapotoki v usoviyakh pandemiinogo krizisa). Aviatsionnie
sistemy, 2021, Iss. 8, pp. 2—43. [Electronic resource]: https://
www.elibrary.ru/item.asp?id=47116440 [limited access].

13. Kruglova, E. Yu. Civil aircraft market forecast.
Rossiiskiy vneshneekonomicheskiy vestnik, 2015, Iss. 10,
pp. 104-115. [Electronic resource]: https://elibrary.ru/item.
asp?id=24899635&ysclid=lc6ckn1162291745324. Last
accessed 17.11.2022.

14. Samoylov, . A., Stradomskiy, O. Y., Borodin, M. A.,
Lesnichiy, I. V., Samoylov, V. I. Tendencies and forecasts of
development of the market of air service and park of airlines.
Results of the last decade. Nauchniy vestnik GosNII GA,
2011, Iss. 1 (312), pp. 14-19. [Electronic resource]: https://
elibrary.ru/item.asp?id=20145059&ysclid=lc6¢19ql
jq150620564. Last accessed 17.11.2022.

15. Andribet, P., Baumgartner, M., Garot, J.-M.
Reinventing European air traffic control based on the
COVID-19 pandemic experience. Utilities policy, 2022, Vol.
75, 101343. DOI: 10.1016/j.jup.2022.101343.

16. Khachatryan, G. A. Forecasting of capacity of air
transportation in Armenia. Ekonomika i biznes: teoriya
i praktika, 2016, Iss. 12, pp. 149-161. [Electronic resource]:
https://elibrary.ru/item.asp?id=27810648&ysclid=lc6cn2uh
8525805944. Last accessed 24.11.2022.

17.Kitov, V. V., Mishustina, M. V., Ustyuzhanin, A. O. Time
series prediction survey of statistical, machine learning and
deep learning methods: historical aspects. Voprosy Istorii,
2022, Vol. 4 (2), pp. 201-218. DOI: 10.31166/
Voprosylstorii202204Statyi40. [Electronic resource]: https:/
www.elibrary.ru/item.asp?id=48412303 [limited access].

18. Petukhova, A. V., Kovalenko, A. V. Methods for
forecasting the development of complex systems using the
theory of fuzzy cognitive map. Computational Mathematics
and Information Technologies, 2022, Vol. 1, Iss. 2, pp. 81-95.
DOI: 10.23947/2587-8999-2022-1-2-81-95.

19. Baykal, T., Ergezer, F., Terzi, S. Airport passenger
forecast with time series: case of study Samsun Carsamba
Airport. Journal of Innovative Transportation, 2021, Vol. 2,
Iss. 1. DOI: 10.53635/jit.958682.

20. Ghosh, R., Terekhov, I. Future Passenger Air Traffic
Modelling: Trend Analysis of the Global Passenger Air Travel
Demand Network. AIAA 2015-1642. Session: Systems
Engineering I, 2015. DOI: 10.2514/6.2015-1642.

21. Ghosh, R., Kolker, K., Terekhov, I. Future Passenger
Air Traffic Modelling: A theoretical Concept to integrate
Quality of Travel, Cost of Travel and Capacity Constraints.
19" World Conference of the Air Transport Research Society
(ATRS), Singapore, 2015. [Electronic resource]: https://
www.researchgate.net/publication/285577429 Future
Passenger Air Traffic Modelling A_theoretical Concept
to_integrate_Quality _of Travel Cost_of Travel and
Capacity_Constraints. Last accessed 17.11.2022.

22. Chudy-Laskowska, K., Pisula, T. Seasonal
Forecasting for Air Passenger Traffic. Proceedings of the 4%
International Multidisciplinary Scientific Conference on
Social Sciences and Arts SGEM, 2017, pp. 681-692.
DOI: 10.5593/sgemsocial2017/14/S04.089.

23. Wang, J., Liu. X., Ding, J. Air passenger travel
forecasting model based on both dynamical individual
behavior and social influence force. Journal of Algorithms
& Computational Technology, 2019, Vol. 13.
DOI:10.1177/1748302619881392.

24. Solvoll, G., Mathisen, T., Welde, M. Forecasting air
traffic demand for major infrastructure changes. Research in
Transportation Economics, 2020, Vol. 82, art. 100873.
DOI: 10.1016/j.retrec.2020.100873.

25. Suryan, V. Econometric Forecasting Models for Air
Traffic Passenger of Indonesia. Journal of the Civil
Engineering Forum, 2017, Vol. 3, Iss. 1. DOI: 10.22146/
jeef.26594. (]

Information about the author:

Sushko, Olga P, Ph.D. (Economics), Associate Professor of Moscow State Technical University of Civil Aviation, Moscow, Russia,

o.sushko@mstuca.aero.

Article received 18.11.2022, approved 27.12.2022, accepted 29.12.2022.

®  World of Transport and Transportation, 2022, Vol. 20, Iss. 6 (103), pp. 182-189

Sushko, Olga P. Modelling of Air Passenger Transportation in Russia






