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Abstract

The article is dedicated to methods of integrating the safety of air transport
in the mechanism of interaction between sustainable development goals and
strategic management of sustanable development security through managerial,
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functional, and informational links between subsytems of sustainable develop-
ment and different hierarchal levels of safety. This determines the place and role
of aviation safety in ensuring fundamental national interests, i.e. sustainable de-
velopment of national economy. The multifactor hierarchal model detailing the
level of safety of air transport was developed in accordance with the system ap-
proach in the context of sustainable development and combines the economic
and technological, social, and environmental components. It is proposed to con-
sider a total of 7 components and 29 indicators that include shadow economy
aspects, without which the current conditions cannot be estimated accurately.
The boundaries of safe existence have been defined for all indicators using Stu-
dent’s t-test. The conducted modelling has determined the current values of all
indicators and the safety level of air transport as a whole. Identification has been
carried out in accordance with the latest assessment methodology, including the
multiplicative integral indices, modified method of normalization and formalized
determination of dynamic weights. The list of threats and their severity have been
determined using two criteria. Distance from the point of sustainable develop-
ment, i.e. average value of the «homeostatic plateau», was used to identify the
list and importance of threats, while the severity of threats was calculated using
elasticity coefficients. The calculations show that the safety of air transport de-
pends foremost on the social component, as well as economic and technological
development of aviation.
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Topicality of Research Topic

Ukraine is one of the ten countries with a full cycle of development, serial
production, operation, technical support of aircraft, aircraft engines, avionics and
training / retraining of aviation specialists. Ukraine has a developed system of air
carriers, international airports and airfields, an air navigation service provider, or-
ganizations responsible for the development, serial production, maintenance of air-
craft, a network of aviation logistics companies, etc. Thus, the development of air
transport is undoubtedly a priority on the path to sustainable development of an in-
dependent state. Aviation is the calling card of our country on the world market and
is an important lever for strengthening the influence and image of our state.

Air transport is part of the transport complex of Ukraine and an important
component in the structure of the country's economy. It acts as a link between all
components of economic security to ensure basic living conditions and develop-
ment of the state and society. Aviation safety is an important component of the
concept of general national security, personal safety, public safety and transport
safety from external and internal threats. Maintaining an acceptable level of na-
tional air transport safety is a priority for the industry, as preserving human life
and health, property, maintaining economic stability, social standards and ensur-
ing environmental safety depends on addressing this challenge.

However, unfortunately, it can be argued that the potential of this system is
currently only partially used. The lack of a single mechanism for strategic man-
agement of air transport safety in terms of sustainable development of the na-
tional economy is one of the deterrents to quality management of air transport.
Objectively, this is due to the managerial, economic and technological diversity of
air transport organizations, the difference in their forms of ownership and subor-
dination, which creates certain chaotic trends in their development. On the other
hand, it is indisputable that the poor synergy of air transport leads to significant,
both PR and purely economic losses for the state.

In view of the above, the authors consider it prudent to apply a systematic
approach to determining the level of safety in sustainable development of air
transport, as well as to identifying major threats and to overcoming a range of
crises that hinder the development of sustainable development of air transport.

The advantages of a systematic approach to safety management are an
enhanced safety culture, a documented process approach to safety; better un-
derstanding of safety-related interfaces and relationships; improved early detec-
tion of safety threats; making decisions based on safety data; improved safety
communication, prioritization of security, efficiency gains, possible financial sav-
ings and cost reductions. All of the above create the conditions for achieving a
positive synergy effect for sustainable development of both air transport in par-
ticular and national economy as a whole.
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Literature Review and Problem Statement

Specialists of the International Civil Aviation Organization conduct ongoing
systematic research on the development of continuous monitoring of threats and
advanced risk management of the aviation safety (International Civil Aviation Or-
ganization, 2016, 2019a, 2019b, 2019¢; Convention on International Civil Avia-
tion (Doc 7300); Convention on the International Organization of Civil Aviation,
2013). Other organizations that conduct similar research include International Air
Transport Association (IATA), Airports Council International (ACI), Civil Air Navi-
gation Services Organization (CANSO), International Coordinating Council of
Aerospace Industries Associations (ICCAIA), Air Transport Action Group (ATAG),
European Union Aviation Safety Agency, European Civil Aviation Conference
(ECAC, 2020), European aviation safety agency EUROCONTROL, and other
global and regional civil aviation organizations. Leading manufacturers of the
aviation industry Boeing (2018) and Airbus (2014) make significant contributions
to the analysis of integrated air transport safety and forecasting of the air trans-
port market. The development of Ukrainian national aviation safety system is
subject to the Law of Ukraine «On National Security of Ukraine» (No. 2469-VIII of
21.06.2018). Periodic monitoring of its activities is carried out by the State Statis-
tics Service of Ukraine (2018), the Ministry of Infrastructure of Ukraine (2019)
and the State Aviation Administration of Ukraine (2017). The National Bureau for
Aviation Accidents Investigation of Ukraine analyses the state of flight safety
based on the results of the investigation of aviation events and incidents with civil
aircraft of Ukraine and foreign-registered vessels (2013, 2014, 2015, 2016, 2017,
2018, 2019).

Analysis of recent publications on this topic indicates a fairly deep but
fragmentary nature of research on aspects of sustainable development of air
transport. Scientists have studied the impact of risks on the effectiveness of en-
suring economic security of air transport enterprises (Miziuk & Miziuk, 2016),
have conducted structural analysis of financial stability factors of aviation enter-
prises (Solovei & Kostiunik, 2018).

A number of publications have been devoted to the sustainable develop-
ment of the airport system. Ukraine partially introduced and implemented State
Target Program for the Development of Airports for the Period up to 2023 (Reso-
lution of the Cabinet of Ministers of Ukraine No. 126 of 24.02.2016). Institutional
aspects of airport development management were proposed, which included
consideration of aspects of sustainable development (Hrinchenko, 2020). Nota-
bly, many authors have given foremost priority to aspects of environmental safety
of airports. The results of the evaluation of environmental plans of European air-
ports as an integral part of their sustainable development strategy were pub-
lished (Dimitriou et al., 2014). Scientists have also proposed new approaches to
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forecasting the development of civil aviation as part of the transport system of
Ukraine (Petrovska & Havrylenko, 2011).

The search for new approaches to the analysis of conditions and assess-
ment of aviation safety has attracted considerable attention from scientists. An
analysis of the aviation safety system was performed using fractal and statistical
tools (Bugayko et al., 2019), while theoretical approaches to measuring safety
levels using the sequence factor test were proposed (Kharchenko et al., 2017).

According to the authors, the unresolved part of the problem requires re-
search to take strategic view at the management sustainable development safety
of air transport, as well as to develop effective tools for its implementation at the
national level. Existing publications do not pay attention to the identification of the
current level of aviation safety, in particular integrated assessment methods; do
not develop the structure and system of indicators for assessing aviation safety,
which is a necessary step before developing strategic scenarios for sustainable
development that corresponds to sustable development goals.

The strategic vision of management of sustainable development safety of
air transport involves first solving the problem of identifying the current level of
safety, and then strategizing for a given period. This article is devoted to solving
the problem of identifying the current level of safety of sustainable development
of air transport in Ukraine.

To solve these problems, the authors propose an organizational and eco-
nomic mechanism for the interaction of sustainable development goals with stra-
tegic management of sustainable development safety of air transport (Bugayko &
Kharazishvili, 2020) (fig. 1). This figure shows that the national aviation safety
management system is an open integrated system that has a number of man-
agement, functional and information links with the subsystems of sustainable de-
velopment and safety of different hierarchical levels.

In September 2015, world leaders gathered at the United Nations (UN)
and adopted the 2030 Agenda for Sustainable Development. This action plan is
aimed at achieving global sustainable development in the economic, social and
environmental spheres and ensures that no UN member state is left out. The 17
Sustainable Development Goals (SDGs) set out in the 2030 Agenda can be used
as benchmarks for the coordinated development of UN member states (Resolu-
tion of the UN General Assembly A/RES/70/1 of 25.09.2015). Air transport is an
open system that is affected by a wide range of technical, natural, human and
economic threats and risks. For its part, aviation is the generator of significant
threats to the environment. Therefore, we cannot imagine air transport without
looking for answers to the latest global challenges. Among the goals of sustain-
able development, air transport is directly related to achieving SDG4 Quality
education; SDG8 Decent work and economic growth; SDG9 Industry, innovation
and infrastructure; SDG11 Sustainable cities and communities; SDG13 Climate
action; SDG16 Peace, justice and strong institutions.
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Through information links, the goals of sustainable development of air
transport are connected with three hierarchical levels of strategic management of
air transport safety: global, regional and national level. These levels are structur-
ally interrelated through management (regions and countries mandatorily comply-
ing with the Standards and voluntarily complying with Recommended Practices
of ICAO), functions (interaction of global, regional aviation organizations and na-
tional regulators / stakeholders) and information links (exchange of air safety in-
formation).

The national strategic management of aviation safety in the context of sus-
tainable economic development should include the basic standards and recom-
mended practices of the global level of strategic aviation safety management.
They are developed by International Organization of Civil Aviation (ICAO), Inter-
national Air Transport Association (IATA), Airports Council International (ACI),
Civil Air Navigation Services Organization (CANSO). Regulations and regulatory
requirements of the regional level of strategic management of air transport safety
should also be taken into account (European Union Aviation Safety Agency
(EASA), European Civil Aviation Conference (ECAC), European aviation safety
agency EUROCONTROL, and other global and regional civil aviation organiza-
tions).

The main challenges for air transport lie in the development of air transport
at the national, regional and global levels in the way that ensures the priorities of
safety and security in economic, social and environmental spheres. Given the
specifics of economic and technological development, social and environmental
components of air transport, the authors propose the concept of integrated na-
tional safety of air transport, which is the quintessence of aviation safety, social
security and environmental safety, simultaneously achieving all components and
indicators of sustainable development through strategic management. Function-
ally subordinated to various organizations of air transport, aviation safety, social
security and environmental safety are deeply interconnected by information links,
as they characterize a single system of national air transport. The authors see
their task in the development of effective management links between different
types of safety and security on the basis of information links. This is the key to
the state’s implementation of an integrated system of preventative risk manage-
ment, which is a priority of the ICAO Global Safety Plan.

At the national level, information links of sustainable development goals
are the basis for a set of measures for the development of functional and mana-
gerial links aimed at systematically achieving goals at the national level and en-
suring the appropriate contribution of the state at the regional and global levels.

SDG 4 Quality Education is ensured through management of the social
component of AT. SDG 8 Decent Work and Economic Growth is achieved
through management of the social component using the indicators of the level of
wages in the production of air transport and the level of employment in air trans-
port in Ukraine. SDG9 Industry, Innovation and Infrastructure is achieved by
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managing the economic and technological component in the clusters «Economic
Development of Aviation» and «Aviation Infrastructure». Here, the indicators in-
clude level of investment in air transport, level of exported services of air trans-
port, level of imported air transport services, and ratio of domestic and interna-
tional air transport. SDG11 Sustainable Cities and Communities is achieved by
managing the economic and technological development, social and environ-
mental components of air transport within the scope of systematic approach to
determining the level of safety of sustainable development of air transport. Solv-
ing the problem of sustainable development of society is the quintessence of
strategic management of air transport safety in terms of sustainable development
of the national economy. SDG13 Climate Action is achieved through manage-
ment of the environmental component with the help of indicators of CO2 emis-
sions of Ukrainian air transport to GDP, the level of emissions of pollutants into
the atmosphere, and the level of environmental costs of air transport. SDG16
Peace, Justice and Strong Institutions is achieved within the economic and tech-
nological component. Ukrainian air transport takes an active part in UN humani-
tarian missions, especially in unstable regions, achieves significant results in
combating hunger and epidemics. A special role in this is played by Ukrainian
transport airlines, among which the undisputed leader is the Antonov airline,
which provides cargo transportation on the world's largest transport aircraft AN
225 «MRIYA» and AN-124 «<RUSLAN».

The results of strategic management of integrated national aviation safety
in the context of sustainable development of the national economy are achieved
by the state through managerial links, good indicators of national oversight over
aviation safety and ICAQ Critical Elements, namely CE1-CES8.

The aim of the article is to ascertain the level of safety of sustainable de-
velopment of Ukrainian air transport and to identify current threats from the
standpoint of sustainable development.

Research Methods

Determining the safety level of sustainable development of air transport
consists of several stages of the «concept of sustainable development»
(Kharazishvili, 2019, pp. 41-46):

Determining the structure and system of indicators. This stage involves de-
tailing the components and their indicators, the dynamics of indicators, as well as
classifying them as stimulators (S — whose increase is desirable), or de-
stimulators (D — whose decrease is desirable). Sustainable development of air
transport is an integral characteristic of the economic system, as it includes a
number of subsystems that are the most important interconnected structural
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components of the economic system development and that reflect the functioning
of certain areas of the subject of study: economic and technological, social, and
environmental components (see Fig. 1).

As there is no single common system of sustainable development indica-
tors in the world, each country that wants to implement a sustainable develop-
ment strategy seeks to develop its own set of sustainability indicators. Therefore,
most scientists currently disagree on the number of indicators and their content.
In addition, there are other issues. In particular, there is no single reliable statis-
tics database and the data on the same indicators often do not match. The lack
of necessary statistics complicates the use of indicators in many countries. This
means that the sustainable development strategy should also include the devel-
opment of statistical services in countries transitioning to this strategy.

Strategic management of air transport safety in the context of sustainable
development of the national economy includes three components, which are in-
tegrated in order to solve the complex problem of ensuring the safety of sus-
tainable development of air transport (Bugayko & Kharazishvili, 2020). The
economic and technological component includes economic and technological
development, aviation infrastructure, and aviation safety during regular commer-
cial, non-scheduled commercial and non-commercial flights, aviation training and
training flights). The social component includes wages, employment level,
population mobility rate, and «shadow» effects. The environmental component
includes offsetting climate change (CORSIA), aviation noise and emissions of
CO2, NOx..., eco-friendly technologies and operation, eco-friendly aviation fuel.
A total of 29 indicators have been proposed, the list of which is not a dogma and
may vary depending on the objectives and depth of the study.

Defining the boundaries of safe existence is the most important step in de-
termining the level of safety. A systematic study of the problem of sustainable
development from the standpoint of safety should include the definition of the
boundaries of safe system operation, without the knowledge of which it is impos-
sible to protect the vital safety interests. That is why for each indicator it is nec-

essary to determine the vector of threshold values: lower critical (x;, ); lower

threshold (x, ); lower optimal (x” ); upper optimal (x° ); upper threshold

nop onm onm
6
(x

wop )3 Upper critical (x;, ) (fig. 2).

A pair of optimal values determines the homeostatic plateau, within which
there are the best conditions for system operation and negative feedback. The
concept of «<homeostatic plateau» was first proposed by Van Gigch (1978) in ap-
plied systems theory, which included the plateau itself and the breakdown of the
system on both sides.
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Figure 2
Extended homeostatic plateau of a dynamic system
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Source: adapted from Kharazishvili (2019).

The concept of <homeostatic plateau» has been further developed in the
work of Kharazishvili (2019, p.67) through the addition of a range of thresholds
and critical values with the areas of neutral and positive feedback. Moreover, the
change in the type of feedback does not occur immediately at the intersection of
areas: first, the existing type of connection decreases exponentially, and then the
other type of connection increases, likewise exponentially.

Among a number of methods for determining the vector of threshold val-
ues, it is possible to distinguish several that are most adequate and accessible.
These include macroeconomic models that meaningfully reflect the effects of de-
stabilizing factors on the conditions of a particular country in the current period;
functional dependencies methods (Kaczynski, 2013) (macro / microeconomic
analytical or statistical equations; Akhiezer-Goltz concept; information theory;
«golden section»); stochastic methods (t-test; cluster analysis, fuzzy sets, logistic
regression).

In the absence of a macromodel, the t-test is the most accessible of the
stochastic methods. It involves constructing a probability density function for a
given sample and calculating statistical characteristics: mathematical expecta-
tion, standard deviation and asymmetry coefficient. There is a variety of types of
probability density functions for all indicators, however, it is possible to distin-
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guish types with the most common modes distribution: normal, lognormal and
exponential. Formulae for calculation of a vector of threshold values are defined
for each of them (Table 1) (Kharazishvili, 2019, pp. 70-72) and distributions are
further divided into right-inclined and left-inclined (Sukhodolya et al., 2020, p. 29).

Table 1
Formalized threshold vector values

Type of indica- Lower Upper

tor probability thIFg;\;w%rI d optimal optimal thtjepsﬁw%rl d
density function value value
Normal U—tXOo H—O Ht+O U+tIXOo
Longnormal _ _ ‘o
(right-inclined) | #1<0/Kas | H=0/Kas # prixo
L I
(/g;}%zg;ir::d) U—txo H-—0O U+0 Ky H+txo/kyg
Exponential _ ‘o
(right-inclined) H=0Kas # # prixo
Exponential _ ps
(left-inclined) H-txo # # p+ 0/ Kas

Note: For critical values, £30 or more are used instead of t for short samples.

Source: Kharazishvili, Yu. (2019). Systemic security of sustainable development: Assess-
ment tools, reserves and strategic implementation scenarios: Monograph [in Ukrainian].
Institute of Industrial Economics, National Academy of Sciences of Ukraine.

Determining the level of safety of sustainable development of air transport
requires a step-by-step integral convolution of indicators and their threshold val-
ues (Kharazishvili, 2019; Kharazishvili et al., 2020). According to modern as-
sessment methodology, it involves:

Multiplicative form of the integral index (1):

n
/,=Hszt; Za,-=1; a; 20, (1)
i=1

where | —integral index; z— normalized indicator; a— weighting factor.

Combined normalizing method (2):
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X: K, — X
S:zj=—"1—, D:z,-:—”lo(p"” L

kHO,DM HopMm

kHOpM > Xmaxs (2)

where x — indicator value; k

wopw — NOrmalization factor; S— stimulator; D— de-

stimulator.

Dynamic weights method (involves application of the principal component
analysis and «sliding matrix» method) (3):

d1c11+d2012+...+djc1j wy
diCoy + dsCop +...+d;Cy Wy W

CixD; = I7el 2 . 8 = ~—1— (3)
.................................... Sw,
d1cj1+d20j2+"'+djcjj W]

where C — matrix of absolute values of factor loadings; D — vector matrix of
variances; a — weighting factor.

Determining the list and severity of threats. Note that the most common
ways to identify threats are based on the assessment of deviation of the integral
indices of components and their safety indicators from the target values and the
concept of risk:

Determining the list of threats by comparing the actual values of the inte-
gral indices of components and indicators with the target ones (sustainable de-
velopment imbalance method). If we use the existing dynamics of indicators with
the corresponding vectors of threshold values, integral indices of sustainable de-
velopment and integral threshold values, we can calculate the deviation of inte-
gral indices of components and safety indicators of sustainable development of
air transport from their average optimal values (homeostatic plateau), which can
be considered the criteria for achieving safe sustainable development
(Kharazishvili, 2019, p. 82). The set of threats is formed from a set of compo-
nents and indicators of sustainable development that have the largest (critical)
deviation from the «target» indicative value: the greater the deviation, the more
significant the threat.

Since the identified threats are part of the integral indices of safe sustain-
able development and directly affect the level of safety, we can calculate the ex-
tent of their impact on the integral index of sustainable development. To do this,
the coefficients of elasticity for each component and indicator are calculated.
They characterize the extent of the impact of individual components and indica-
tors on the level of sustainable development and are the necessary information
for the development of priority measures. The elasticity coefficients of each com-
ponent determine the change (in percent) in the dependent variable value (y) if

the input variable value ( x ) is changed by 1% (4):
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E_AY X (4)
Ax y

Thus, to determine the list of threats, two criteria are used: the distance
from the point of sustainable development (the list and importance of threats are
determined); the calculation of elasticity coefficients (degree of impact and sever-
ity of threats are determined).

Empirical Results and Discussion

Structure and system of indicators

This stage involves detailing the components and their indicators, the dy-
namics of indicators, as well as classifying them as stimulators (S — whose in-
crease is desirable), or de-stimulators (D — whose decrease is desirable). The
structure of sustainable development is developed taking into account the pro-
posed organizational and economic mechanism of interaction of sustainable de-
velopment goals with strategic management of safe sustainable development of
air transport (Fig. 3).

The structure represents the appropriate hierarchy of subordinate compo-
nents, taking into account the available macroeconomic indicators accessible in
official sources of information and the possibility of calculation using macroeco-
nomic models of general macroeconomic equilibrium (Table 2).

A distinctive feature of the proposed list of indicators is the presence of
«shadow» indicators (the level of shadowing of air transport, the level of shadow
capital utilization, the level of official GVA created by shadow wages, the level of
shadow intermediate consumption), without which the assessment of sustainable
development is inadequate.

The dynamics of the vast majority of indicators of air transport in Ukraine
were determined according to official data of the State Statistics Service of
Ukraine (2018).

Some indicators (share of air transport VA in transport and communica-
tions VA; ratio of investment in air transport to air transport output; coefficient of
automation of air transport, share of value added in output; capital utilization ra-
tio; level of renewal of fixed assets; level of wages in air transport manufactur-
ing), which are not calculated by the State Statistics Service of Ukraine, were de-
termined using the model of general macroeconomic equilibrium.
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Figure 3
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Components and
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indicators of subsystems of sustainable development

Components Indicators
1.1. Economic | —share of air transport VA in transport and communications
and techno- VA, % (S);
logical devel- — ratio of investment in air transport to air transport output, %
opment (S);
1.1.1 Economic | —ratio of exported air transport services to total export of
development transport services, % (S);
—ratio of imported air transport services to total import of
transport services, % (D);
— ratio of shadow air transport to official air transport, % (D);
1.1.2. Techno- — coefficient of automation of air transport, share of value
logical devel- added in output (S);
opment — capital utilization ratio (S);
— shadow capital utilization ratio, % of official utilization (D);
— level of use of passenger capacity of airplanes and helicop-
ters (S),%;
— level of renewal of fixed assets, (S) %;
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Components Indicators

1.2 Aviation —cargo transport capacity of GDP by air transport (ratio of
infrastructure cargo turnover to GDP) (D);

— passenger transport capacity of GDP by air transport (ratio
of passenger turnover to GDP) (D);

— average distance of cargo transportation (ratio of cargo turn-
over to volume of cargo transportation) (S);

—average distance of passenger transportation (ratio of passen-
ger turnover to the volume of passenger transportation) (S);

— ratio of domestic and international air transport (S);

1.3. Aviation — accident rates (crashes) (D);

Safety — accident rates (malfunctions) (D);

1.3.1. Regular — accident rates (serious incidents) (D);

commercial,

non-scheduled

commercial and

non-commercial

flights

1.3.2. Aviation — accident rates (crashes) (D);

training and — accident rates (malfunctions) (D);

training flights — accident rates (serious incidents) (D);

2.1. Social — wages in Ukrainian air transport manufacturing (S);
component —employment in aviation (%the average number of full-time

employees of air transport in relation to the total average
number of full-time employees (transport, warehousing, postal
and courier services)) (S);

— population mobility rate (S);

— ratio of official VA created by shadow wage to the official VA
of AT,% (D);

— ratio of shadow employment to official employment, % (D);

3.1. Environ- —ratio of CO2 emissions of Ukrainian air transport to GDP
mental com- (D);
ponent — emissions of pollutants into the atmosphere (D);

— environmental costs of aviation (S).

Determining the boundaries of safe existence

Formalized definition of the boundaries of safe existence — the vector of
threshold values — eliminates subjectivity and significantly enhances the scientific
and practical significance of the results. This is because their scientific substan-
tiation makes it possible to more accurately identify potential «danger zones», as
well as conditions for strengthening the economic immunity of the studied sys-
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tem, which is achieved by comparing integral indices with integral thresholds and
performing preventative risk management for all components of system of strate-
gic management of aviation safety.

The paper uses an array of statistical data and indicators from national
sources (State Statistics Service of Ukraine, 2018; Ministry of Infrastructure of
Ukraine, 2019; State Aviation Administration of Ukraine, 2017; National Bureau
for Aviation Accidents Investigation of Ukraine, 2013, 2014, 2015, 2016, 2017,
2018, 2019), and international sources (ICAO, 2016, 2019a, 2019b). These
characterize the level and structure of sustainable development for the last 10
years. Additionally, results for indicators that are missing in official statistics were
modelled and calculated by the authors. For specific indicators, the countries or
regions (mainly countries) were selected because they have the best values of
the respective indicators and can be a model for the future. A similar opinion is
expressed by Academician E.M. Libanova (2014, p. 4), «\When developing a hy-
pothesis, it is necessary to take into account not only the current trends in their
country, but also the parameters of their development in other countries, espe-
cially in those that can be considered as a reference for Ukraine.» Thus, deter-
mination of the vector of threshold values is similar to a construction of a hypo-
thetical country (region) — a benchmark with the best level of sustainable devel-
opment for all indicators (Grishnova & Kharazishvili, 2019, p.69).

Therefore, using these approaches, we obtain the vectors of the threshold
values for indicators of sustainable development of air transport (Table 3).

Table 3

Vectors of threshold values for indicators of sustainable development
of air transport

Lower Lower Upper Upper | Current
Components and indicators | thresh- | optimal | optimal | thresh- value
old value value old 2020

Economic development

— share of air transport VA
in transport and communi-
cations VA, % (S); 5,0 6,6 8.5 10,8 4,37
— ratio of investment in air
transport to air transport
output, % (S); 11,6 12,8 14,6 17,7 5,03
— ratio of exported air
transport services to total
export of transport ser-
vices, % (S); 19,0 24,5 39,5 48,6 18,65
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Lower Lower Upper Upper | Current
Components and indicators | thresh- | optimal | optimal | thresh- value
old value value old 2020

— ratio of imported air
transport services to total
import of transport ser-
vices, % (D); 36 29 16 10,8 44 44
— ratio of shadow air trans-
port to official air transport,
% (D); 25 15 10 5 41

Technological develop-
ment

— coefficient of automation
of air transport, share of

value added in output (S); 0,47 0,51 0,56 0,65 0,458
— capital utilization ratio (S); 0,87 1,1 1,44 2,1 1,021
— shadow capital utilization
ratio, % of official utilization
(D); 17 10 7 3,5 41,97
—level of use of passenger
capacity of airplanes and

helicopters (S),%; 70 80 90 100 56
— level of renewal of fixed
assets, (S) %; 4 6,6 10 15 5,21

Aviation infrastructure

— cargo transport capacity
of GDP by air transport (ra-
tio of cargo turnover to
GDP) (D); 0,00182 | 0,00155 | 0,00111 | 0,00061 | 0,00158
— passenger transport ca-
pacity of GDP by air trans-
port (ratio of passenger
turnover to GDP) (D); 0,07978 | 0,06686 | 0,03674 | 0,01875 | 0,0785
— average distance of
cargo transportation (ratio
of cargo turnover to volume
of cargo transportation) (S); 2475 2963 3634 4462 3022
— average distance of pas-
senger transportation (ratio
of passenger turnover to
the volume of passenger
transportation) (S); 1800 1900 2200 2300 1142
— ratio of domestic and in-
ternational air transport (S); | 0,1274 | 0,1774 | 0,2429 | 0,3126 | 0,0921
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Components and indicators

Lower
thresh-
old

Lower
optimal
value

Upper
optimal
value

Upper
thresh-
old

Current
value
2020

Aviation safety:

Regular commercial, non-
scheduled commercial and
non-commercial flights*:

— accident rates (crashes) (D);
— accident rates (malfunc-
tions) (D);

— accident rates (serious
incidents) (D);

1,1561
1,55692

2,4254

0,7531
0,7531

0,8131

0,35
0,35

0,41

0,35
0,35

0,41

1,1118
0,35

0,41

Aviation training and train-
ing flights*:

— accident rates (crashes) (D);
— accident rates (malfunc-
tions) (D);

— accident rates (serious
incidents) (D);

8,234
11,301

8,234

5,167
5,167

5,167

2,1
2,1

2,1

10,78
10,78

2,1

Social component

—wages in Ukrainian air
transport manufacturing (S);
— employment in aviation,
% (S),

— population mobility rate (S);
— ratio of official VA created
by shadow wage to the of-
ficial VA of AT,% (D);

— ratio of shadow employ-
ment to official employ-
ment, % (D);

0,2
80
0,2

15

23

0,26

90
0,615

14

0,32

98
1,3

6,5

0,382

100
2,775

0,0938
73,15
0,2

56,67

53,49

Environmental component

— ratio of CO2 emissions of
Ukrainian air transport to
GDP (D);

— emissions of pollutants
into the atmosphere (D);

— environmental costs of
aviation (S).

0,82
0,0123

0,15

0,51
0,0076

0,17

0,32
0,0048

0,2

0,2
0,003

0,26

0,71
0,0093

0,1113

Note*: To exclude zero values, current values of indicators and their threshold values
were increased by 0.35; 0.35 and 0.41 respectively to maintain the proportions followed by
a return to original values in reverse conversion.
Note**: To exclude zero values, current values of indicators and their threshold values
were increased by 0.41; 0.41 and 0.41 respectively to maintain the proportions followed by
a return to original values in reverse conversion.
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Determining the level of safe sustainable
development of air transport

Determining the level of safe sustainable development of air transport is
conducted by applying the proposed methodology of integral assessment and
simultaneous integral convolution for both indicators (/) and their threshold val-
ues ( P), which is reflected in the multifactor hierarchical model (5).
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Modelling the dynamics of integral indices of components of sustainable
development of air transport in comparison with integral threshold values, i.e. in
the safety dimension, gives the following picture of the current state of air trans-
port safety by components (Fig. 4).

According to calculations, the level of economic development (Fig. 4a) has
a negative trend and is in the critical zone below the lower threshold since 2012,
while the level of technological development (Fig. 4b) has left the optimal zone in
2018 and has also been in the critical zone since. These two components cause
the negative trend of the economic and technological component of air transport
and put it in the critical zone (Fig. 4c).

Similarly, the quality of aviation infrastructure (Fig. 4d) has been deteriorat-
ing since 2014 and is in the critical zone. Level of flight safety (Fig. 4e) is more or
less satisfactory — below the optimal level, while safety during aviation training
(Fig. 4f) is almost at the optimal level according to the indicators of crashes, mal-
functions and serious incidents.
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Figure 4

Dynamics of integral indices of safe sustainable development

of air transport
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Unfortunately, all these components put the economic and technological
component in the crisis zone — between the lower optimal and lower threshold
values. The situation is much worse with the social component (Fig. 4i), which
has a negative trend and is in the critical zone (below the lower threshold), as
well as with the environmental component, which is also in the critical zone but
has a positive trend. In addition, some improvement in the aggregate indicators
such as «economic-technological development», «aviation infrastructure» and
«social component» reflects a general decline in the economy and a decrease in
demand, rather than a real improvement in the corresponding indicators.

Performing the next, final, integral convolution of the three components of
sustainable development (economic and technological, social and environmental)
both for the components and for their thresholds, we obtain the trend of the inte-
gral index for safe sustainable development of air transport compared to the inte-
gral thresholds. This allows us to identify the current level of safety, which is criti-
cal (Fig. 5).

Figure 5

Dynamics of the integral index for safe sustainable development
of air transport
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In general, the situation with the dynamics of integral indices of compo-
nents and the overall level of sustainable development of air transport show a
general rapid decline in the institutional and managerial capacity of the country to
implement the policy of ensuring the desired level of safe sustainable develop-
ment.

The trends in integral indices compared to integral thresholds are a clear
indication of the effectiveness of policy in this area. The task of the policy is to
move the integral index first into the crisis (orange) zone — between the lower
threshold and the lower optimal value, and then into the optimal (green) zone of
sustainable development. This is achieved through the introduction of appropri-
ate measures. Thus, the comparison of integral indices with integral threshold
values translates the concept of «development» into the concept of «safety».

Determining the list and severity of threats

The existing dynamics of indicators, integral indices of sustainable devel-
opment and integral thresholds are used to determine the list of threats by the
criterion of distance from the indicator of sustainable development (average op-
timal value — homeostatic plateau), taking into account the projected level of sus-
tainable development in 2030 (Fig. 6).

The calculations (Fig. 4-6) reflect the current level of safety of sustainable
development of air transport and illustrate which components and relevant indica-
tors fall short of the safe level of sustainable development and, accordingly, pose
a threat to safe sustainable development of air transport according to the criterion
of distance from the point of sustainable development (as of the end of 2020).
For example, at the level of the main subsystems of sustainable development,
the list of important threats is defined as follows (Fig. 5a): social, economic and
technological, environmental components. The use of the second criterion (se-
verity of impact) makes it possible to determine the extent of a threat’s impact
through the calculation of coefficients of elasticity. A clearer picture of imbalances
and a list of threats by importance can be obtained from the relevant indicators of
each component of the relevant subsystem.

The most important task of sustainable development is to eliminate imbal-
ances, i.e. to reduce the deviation of each component of sustainable develop-
ment to zero, for example, by the end of 2030. Elimination of disproportions and
minimizing of deviations from the criterion of sustainable development will ensure
balanced sustainable development.
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Figure 6
Deviations of integral indices from the criteria of sustainable development
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Imbalances in aviation safety
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Imbalances in the social component
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The list of ten most critical threats (indicators below the lower threshold) by
distance from the criterion of sustainable development (importance of threats)
and the severity of their impact on the safety of air transport achieved through the
calculation of elasticity factors are given in table 4.

Table 4

Critical threats and the severity of their impact on the safety
of sustainable development of air transport

Components and indicators of
the safety level —threats by dis- | Components and indicators of Elasticit
tance from the criterion of sus- the safety level — threats by nery
; . . . coefficient
tainable development (impor- severity of impact
tance of the threat)
By components
1. Social 1. Environmental 0,3959
2. Economic development 2. Social 0,2264
3. Technological development 3. Aviation infrastructure 0,1340
4. Flight safety 4. Flight safety 0,0672
5. Aviation infrastructure 5. Aviation training safety 0,0664
6. Environmental 6. Economic development 0,0543
7. Aviation training safety 7. Technological development 0,0525
By indicators
1. Level of shadow intermediate | 1. Level of shadow intermedi- -0.4324
consumption ate consumption ’
2. Ratio of official VA created by | 2. Accidents rates (crashes)
. ; -0,3024
shadow wages during flights
3. Shadow capital utilization ratio | 3. Ratio of official VA created
-0,2174
by shadow wages
4. Level of shadow air transport 4. level of investment into envi-
0,0802
ronment
5. Share of wages in output 5. Accidents rates (crashes)
. - ; -0,0741
during training flights
6. Level of imported services 6. Level of imported services -0,0709
7. Ratio of investment to output 7. Share of wages in output 0,0502
8. Average distance of passen- 8. Population mobility rate
: 0,0470
ger transportation
9. Ratio of domestic and interna- | 9. Shadow capital utilization -0.0454
tional flights ratio ’
10. Use of aircraft capacity 10. Accidents rates (malfunc-
. . L . -0,0424
tions) during training flights
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Analysis of the calculations shows that 5 of the 7 components of air safety
are the most critical, i.e. are in the red zone — below the lower threshold. These
are social component, economic development, technological development, avia-
tion infrastructure, environmental component. One component (flight safety) is in
the orange (crisis) zone, another (aviation training safety) is in the green (opti-
mal) zone. The results are even worse in terms of indicators, as out of 29 total,
eighteen (62%) are in the red and present critical threats, six indicators are in the
orange (crisis) zone, and only 5 indicators are in the green (optimal) zone.

Therefore, the components and indicators that are in the critical zone are
the main threats to safety of sustainable development of air transport. They influ-
ence the level of safety to a great extent, which is why they should be given par-
ticular consideration during reforms. In fact, monitoring the integral indices of
safety levels of sustainable development of air transport is the most effec-
tive assessment tool for determining the efficiency of governmental and
state actions. It is better than mere comparison of separate macro-indicators
that leaves out all others. Therefore, government’s first priority should be chang-
ing the dynamics of components and indicators from positive to negative, in order
to ensure their movement to the optimal zone. This should become an objective
gauge of reform’s effectiveness in any area of safety.

Conclusions and Directions
for Future Research

The authors propose an organizational and economic mechanism for the
interaction of sustainable development goals with strategic management to solve
the problems of strategic management of safe sustainable development of air
transport. It follows that the national system of managing air transport safety is an
open integrated system that has a number of management, functional and in-
formation links to the subsystems of sustainable development and different hier-
archical levels of safety.

Economic and technological, social and environmental components are
combined in the proposed model for determining the level of air transport safety
based on the application of a systems approach in the context of sustainable de-
velopment. It is proposed to consider a total of 29 indicators that include shadow
economy aspects, without which the current conditions cannot be estimated ac-
curately. The boundaries of safe existence — vectors of threshold values — have
been defined for all indicators using functions of probability density, calculation of
statistical characteristics, determination of affiliation to the type of distribution and
formalized calculation of Student’s t-test. This presentation makes it possible to
identify the level of safety of sustainable development of air transport as a state
of security and the ability of the system to adapt to new challenges.
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To solve the problem of determining the level of safety, a universal meth-
odology of identification and strategizing in the field of national security is used,
which allows us to compare indicators of different security areas and substantiate
strategic scenarios of security development. The methodology is based on the
concept of sustainable development from the standpoint of security, which pro-
vides for the definition of the boundaries of safe existence (vector of threshold
values) and justification of the criterion of sustainable development as the aver-
age value of «<homeostatic plateau».

An integrated multifactor model of air transport safety in the context of sus-
tainable development has been developed. Simulations were performed to iden-
tify the existing level of safety both for individual components and for the safety of
air transport in general. The results indicate a critical level of safety — the inte-
grated index is below the value of lower threshold. Of the 29 indicators, 18 (62%)
are in the red zone and pose a critical threat, 6 indicators in the orange (crisis)
zone and only 5 indicators are in the green (optimal) zone.

The list of the most important threats is determined by distance from the
criterion of sustainable development, and first places are occupied by «shadow»
indicators. This leads to the conclusion that without a significant reduction in the
level of shadowing and corruption in the country, achieving the desired level of
safety for the sustainable development of either air transport or national security
is impossible. The significance of the impact of threats on the overall level of air
transport safety was determined in order to develop appropriate institutional
measures to respond to identified threats.

The calculations show that the safety of air transport foremost depends on
the social component, as well as economic and technological development of air
transport.

Considering the classical forecasting principle of «the past determines the
future» unacceptable for strategizing in this case, in the context of future re-
search, a new approach to strategic planning is proposed, based on the principle
«the future is determined by the trajectory into the future». It consists first in de-
termining the distance between the criterion of sustainable development (the av-
erage value of the «<homeostatic plateau») and the integrated security index, set-
ting the trajectory of achieving desired goals (strategic scenarios) and solving the
problem of synthesizing the necessary values of components and indicators. The
latter can be done using the methods of adaptive control from the theory of con-
trol by solving the inverse problem that provides the desired trajectory of air
transport safety in the context of sustainable development (Kharazishvili, 2019).
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